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RISR B.4-4 Cross-Sections G-G', H-H', and I-I'

RISR B.4-5 Cross-Sections J-J', K-K', and L-L'

RISR B.4-6 Cross-Sections M-M', N-N', and 0-0'

RISR B.4-7 Cross-Sections P-P' and Q-Q'
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LIST OF ABBREVIATIONS

Analyte Groups and Selected Analytes

DBCP Dibromochloropropane
DCPD Dicyclopentadiene
DDT Dichlorodiphenyltrichloroethane
DIMP Diisopropylmethyl phosphonate
DMMP Dimethylmethyl phosphonate
GB Nerve agent Sarin
ICP metals Metals analyzed for by inductively coupled argon plasma spectroscopy;

includes cadmium, chromium, copper, lead, and zinc
OCP Organochlorine pesticides
UDMH Unsymmetrical dimethylhydrazine

National Acts and Organizations

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
EPA U.S. Environmental Protection Agency
NCP National Contingency Plan
NPL National Priorities List
SARA Superfund Amendments and Reauthorization Act
USATHAMA U.S. Army Toxic and Hazardous Materials Agency
USFWS U.S. Fish and Wildlife Service

Local Terminology

CAR Contamination Assessment Report
CMP Comprehensive Monitoring Program
EA Endangerment Assessment
FS Feasibility Study
FY Fiscal year
HBSF Hydrazine blending and storage facility
IRA Interim Response Action
IRDMIS Installation Restoration Data Management Information System
JP-4 Aviation fuel
JPX Jet propellant
OAS Organizations and State
PEO-PMCD Program Executive Officer-Program Manager for Chemical Demilitarization
PM-10 Respirable particulates (less than 10 microns)
PMRMA U.S. Army Program Manager for Rocky Mountain Arsenal
QA Quality assurance
QC Quality control
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LIST OF ABBREVIATIONS
(continued)

RI Remedial Investigation
RISR Remedial Investigation Summary Report
RMA Rocky Mountain Arsenal
RMACCPMT Rocky Mountain Arsenal Contamination Control Program Management Team
SAR Study Area Report
TSP Total suspended particulates
TX Crop agent for "wheat rust"
UXO Unexploded ordnance
VX Nerve agent

Companies

CF&I Colorado Fuel and Iron
EBASCO Ebasco Services Incorporated
ESE Environmental Sciences and Engineering, Inc.
MKE Morrison-Knudsen Engineering
Shell Shell Oil Company

Measurements. Quantities. and Parameters

b.c.y. Bank cubic yards
ft Foot, feet
lb Pound
mm Millimeters
pH A measure of acidity or alkalinity
ppb Parts per billion
ppm Parts per million
sq ml Square mile
pg/g Micrograms per gram (equivalent to parts per million)
pg/kg Micrograms per kilogram
pg/I Micrograms per liter

Analytical Methods

GC/MS Gas chromatography/mass spectrometry

CVAA Cold vapor atomidc absorption

xxxiv
RF5[rOC023 11/15J91 10:56 am sma



Executive Summary

Remedial Investigation Summary Report



EXECUTIVE SUMMARY

The Remedial Investigation Summary Report (RISR) presents a summary of the program and

findings of the U.S. Army's Remedial Investigation (RI) conducted at Rocky Mountain

Arsenal (RMA).

A variety of contaminants were released to the environment at RMA during nearly 40 years

of military, agricultural, and industrial chemical manufacturing, storage, handling, and

disposal activities. In 1984, this 27-square-mile facility became the subject of one of the

most complex and challenging remedial investigations in history. The RI included the

detailed study of each of the five environmental media at RMA (soils, water, structures, air,

and biota) and consisted of historical document searches, personnel interviews, field

inspections, sample collection and analysis, and various specialty studies such as soil gas and

geophysics surveys, soil/water partitioning studies, aquifer tests, and others.

The investigation included the entire facility, and was coordinated with similar investigation

efforts in adjacent off-post areas. During the course of the on-post RI, the following numbers

of samples were collected:

Medium Sampling Locations Number of Samvles

Soils 4,015 bores, 39 nonbore 9,692
Surface Water 27 locations 297
Groundwater 619 wells 1,982
Structures 110 locations 151
Air 13 stations 886
Biota 96 locations 494

Samples were analyzed for as many as 60 target analytes and were screened for thousands of

nontarget organic analytes. Volatile and semivolatile organics were analyzed using gas

chromatography and gas chromatography/mass spectrometry (GC/MS) techniques, metals by

atomic absorption techniques, Army chemical warfare agents by specialized instruments and

xxxv
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techniques, and rocket fuels and breakdown products by high pressure liquid chromatography,

GC/MS, and spectrophotometry techniques.

Contaminants were initially introduced into the RMA environment via liquid waste disposal in

open basins, solid waste burial in trenches, accidental spills of feedstock and product

chemicals, leakage from sewer and process water systems, emissions from permitted air

stacks, and use of commercial chemical products during normnal facility operation. The RI

investigated over 320 locations of suspected contamination and identified 178 contaminated

sites at RMA. The bulk of these contaminated sites are in the central sections of RMA, in

and around manufacturing complexes, solid waste disposal areas, and liquid waste disposal

basins. Other contaminated sites include storage areas, maintenance areas, and sewer lines.

Infiltration of contaminated water and liquid wastes from these source areas transported

contaminants into subsurface environments including the unsaturated zone and the unconfined

flow system. The resultant contaminant plumes are moving towards the north and northwest

boundaries of RMA where they are intercepted by boundary containment systems designed to

prevent further migration of contaminated groundwater off post. Although local volatilization

and eolian mechanisms have introduced contaminants into the air medium, RI data show

RMA air quality to be superior to that of nearby urban areas with respect to criteria National

Ambient Air Quality Standard (NAAQS) pollutants. Detections of organochlorine pesticides

in surficial soils indicate that eolian processes have caused redistribution of contaminants in

surficial soils. Elevated concentrations of organochlorine pesticides, arsenic, and mercury

detected in biota samples collected in the central portions of RMA indicate that these

contaminants have entered the food chain via contaminated soil and water.

All five environmental media listed above were found to be impacted by the contamination.

The contaminants of greatest concern included organochlorine pesticides, arsenic, mercury,

volatile halogenated organics, volatile aromatic organics, volatile hydrocarbons, semnivolatile

halogenated organics, dibromochloropropane, and fluoroacetic acid.
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This report summarizes the findings of the RI, and serves as a guide to the 216

Contamdination Assessment Reports, Phase II Data Addenda, and Data Presentation Reports

prepared on a site-by-site basis; the four media reports for water, structures, air, and biota;

and the seven Study Area Reports which, on a geographic basis, integrated the soils data with

information from the other media reports. The Chemical Index and the Toxicity and

Exposure Assessment Reports (not discussed in this report) provide a description of the

contaminants, an analysis of the effects of the contaminants on potential human receptors, and

an analysis of the likelihood of threats to projected human populations.

By its very nature, this summary report excludes many of the details of the investigative

techniques and results; however, together with the reports listed above, this report and its

appendices fully document the findings of the RI program at RMA. Included in the

appendices are discussions of the environmental setting at RMA and the investigative

strategies employed in the RI; presentations of the RI findings regarding the nature and extent

of on-post contamination for the various environmental media; results of a database analysis

regarding the vertical extent of groundwater contamination; results of special investigations of

surficial (0 to 2 inch depth) soils and ground disturbances; a review of the interim response

actions (IRAs); and a detailed discussion of contaminant fate and transport, and migration

pathways for the groups of target analytes investigated and detected at RMA. The reader is

encouraged to explore the appendices to this report, and the more detailed reports described

above, and the vast collection of technical reports, agreements, maps, and other documents

that form the administrative record for the RMA RI program.

The comments of the organizations and State (the parties), and the responses of the Army, are

appended to and constitute an integral part of this report. In order to gain a complete

understanding of this document, the reader's attention is directed to these appendices.
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1.0 INTRODUCTION

The Remedial Investigation Summary Report (RJSR) introduces and summarizes the Remedial

Investigation (RI) conducted at Rocky Mountain Arsenal (RMA) for the purpose of

determining the nature and extent of contamination associated with past activities at the site.

RMA is a 27-square-mile (sq mi) U.S. Army facility located northeast of Denver, Colorado

(Figure RISR 1.0-1), that was formerly used for the production of munitions, chemical

warfare agents, industrial chemicals, and agricultural chemicals. Pursuant to Section 105 of

the Comprehensive Environmental Response, Compensation, and Liability Act of 1980

(CERCLA) as amended by the Superfund Amendments and Reauthorization Act of 1986

(SARA), 42 U.S.C. S9605, RMA in its entirety has been listed on the National Priorities List

(NPL) of hazardous waste sites designated for long-term remedial evaluation and response.

The RI at RMA was initiated in October 1984 at the direction of the Acting Assistant

Secretary of the Army, Installations, and Logistics. The RI is an integral part of the

Remedial Investigation/ Feasibility Study (RI/FS) and Remedy Selection Process that has been

developed in conformity with the requirements of CERCLA, 42 U.S.C. S9601 et seq., and the

National Contingency Plan (NCP) as revised 40 CFR Part 300, for the reduction of actual and

potential risks to human health and the environment, both on- and off-post, through the

implementation of measures designed to remove or to prevent the further spread of existing

contamination.

Results of the RI have been published previously in 124 Contamination Assessment Reports

(CARs), 2 Data Presentation Reports, and 90 Phase II Data Addendum Reports prepared for

each potential hazardous waste site and for each nonsource area (the balance of each square-

mile section on post not considered likely to harbor contaminant sites); 4 media reports,

prepared for the water, structures, air, and biota environmental media; and 7 Study Area

Reports (SARs), prepared for each geographical study area at RMA, with primary emphasis

on the soils/sewers environmental media. In addition, analytical results of the investigative

programs conducted during the RI, as well as prior and subsequent to it, are stored and
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maintained in the RMA Installation Restoration Data Management and Information System

(IRDMIS) database by the Program Manager for RMA (PMRMA).

The RISR is a formal RI Product prepared in accordance with the terms of the proposed

Consent Decree in United States v. Shell Oil Company (Shell), Civil Action No. 83-C-2379

(D.Colo) (1988/RIC 88341R01), the Federal Facility Agreement of February 17, 1989 (U.S.

Environmental Protection Agency [EPA], U.S. Department of the Army [U.S. Army], U.S.

Department of the Interior, and the Agency for Toxic Substances and Disease Registry,

1989/RIC 89068R01), the Settlement Agreement of February 17, 1989 between the United

States and Shell concerning the Rocky Mountain Arsenal, (U.S. Army, 1989/RIC 89068R02),

the RMA Final Technical Program Plan FY88-FY92 (U.S. Army Program Manager for Rocky

Mountain Arsenal [PMRMA], 1988/RIC 88131R01), the June 1985 Ri/FS Guidance

Document (EPA, 1985/RIC 88341R02), and the October 1988 RI/FS Guidance Document

(EPA, 1988) (Figure RISR 1.0-2). The parties participating in or signatories to the Federal

Facility Agreement, and the State of Colorado, are jointly referred to as the organizations and

State or OAS, throughout the administrative record of the Remedial Investigation/

Endangerment Assessment/Feasibility Study (RI/EA/FS) and in this report. Signatories to the

Federal Facility Agreement include the U.S. Army, EPA, U.S. Fish and Wildlife Service (U.S.

Dept. of Interior), Agency for Toxic Substances and Disease Registry (U.S. Dept. of Health

and Human Services), U.S. Dept. of Justice, and Shell Oil Company. This summary report,

and the related documents previously mentioned, collectively fulfill the requirements of

defining the nature and extent of contamination and complete a comprehensive RI for the on-

post operable unit of RMA as required by CERCLA and the National Contingency Plan.

These documents also provide the site-specific information required as input to the EA and

FS. As a summary document, this report cannot and does not provide the level of detail of

the CARs, SARs, and media reports. Rather, it provides a broad overview of the RI program

and serves as a road map to the more detailed information in other RI documents.
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1.1 OBJECTIVES

The purpose of the RISR is to summarize the Army's RI program and its findings. The RISR

also descr-ibes the interrelationships between the contamination conditions and the various

environmental media of RMA, and provides a road map to the RI reports that document the

contamination at RMA. Appendix A presents background information on the environmental

setting; the RI investigative approach, media sampling and analysis programs, and the nature

and extent of contamination. Appendices B, C, and D supply information on the vertical

extent of groundwater contamination, the interim response actions (IRAs), and the results of

the surficial soil and ground disturbance investigations, respectively. Appendix E describes

the physical and chemical properties that influence contaminant mobility, environmental fate

and transport, and migration pathways.

To help identify the contaminants and develop and implement remedial actions, RM A and the

surrounding impacted area are considered as two operable units, the on-post unit and thle off-

post unit. This report addresses only the on-post operable unit. Separate reports address thle

off-post operable unit.

1.2 ORGANIZATION

The structure of the RIIFS process at RMA is defined by the Technical Program Plan, which

was prepared by PMRMA pursuant to Section 120 of CERCLA and approved by EPA and

Shell. The Technical Program Plan conforms with the subsequent Federal Facility Agreement

and outlines the manner in which the Army and other parties responsible for the RMA site

intend to comply with CERCLA. As required by the Technical Program Plan, information

obtained in the RI is presented in 12 designated Product Reports and a number of Subproduct

Reports. The 12 RI Products (Table RISR 1.2-1) designated by the Technical Program Plan

include four RI media reports (water, air, structures, and biota), seven SARs, and the RISR.

RI Subproducts include Phase I CARs and Data Presentation reports and Phase II Data

Addendum reports, all of which concern specific contamination sites.
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Table RISR 1.2-1. RMA Remedial Investigations and Study Area Reports. Page 1 of 1.

Report Volume

Remedial Investigation Summary Report I

Water Remedial Investigation Report II

Air Remedial Investigation Report III

Biota, Remedial Investigation Report IV

Structures Survey Report V

Southern Study Area Report VI

Eastern Study Area Report VII

South Plants Study Area Report ViII

North Plants Study Area Report IX

Central Study Area Report X

North Central Study Area Report XI

Western Study Area Report XII
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Although the RI/FS process at RMA is an iterative and interactive process in which data and

information developed under the RI, EA, and FS are freely exchanged, it is also a concurrent

and sequential progression of activities, as shown in Figure RISR 1.2-1. The RI was

separated into discrete media-oriented tasks that addressed individual contamination issues

because of the complex, interactive nature of the environmental media. The internal structural

subdivision of the RI into specific tasks was necessary to ensure that multiple undertakings

necessary for the comprehensive investigations of this highly complex site were coordinated

and accomplished both expeditiously and economically within the overall scope of the

program. An awareness of the RI task subdivisions helps to facilitate an understanding of the

components comprising the RI for RMA.

Subproduct Reports were prepared for specific site and nonsource area investigations as data

were received and evaluated in order to identify significant aspects of the emerging findings,

focus additional studies, and facilitate the interactive nature of the overall process.

Figure RISR 1.2-2 summarizes the RI tasks and identifies the various Products and

Subproducts to which these activities contributed data. Product Reports incorporated and

synthesized data presented elsewhere with other task findings as appropriate.

Prior to the initiation of field work, technical plans were prepared by PMRMA and reviewed

by the organizations and State. Each technical plan commonly cross-references universal

investigation methods (i.e., sampling techniques and health and safety plans) and should be

consulted for investigative rationale and the approach specific to each task. The Technical

Program Plan provides a more detailed discussion of the media investigative approach. It

also highlights more specific infonrmation about the organization and scope of the RI/EA/FS

process at RMA.

Aside from this summary report, the on-post RI Product Reports are of two types: RI media

reports and SARs. The media approach to the RI was chosen to address the unique data

collection needs of the various media and to most efficiently provide infonmation to the FS.

1-7
RF5/RPT0024 11/4/91 9:13 am pf



"hMm

W -m-

ftuwftl Mhwmgelb

, ,, i "- -h*"-

Prepred fo Figure RISR 1.2-1
U.S. Army Program Manager Rocky Mountain Arsenal RI/EA/FS Process Flow Diagram

for Rocky Mountain Arsenal
P,,rep,,,• tmed 191~i Prepared by: Ebasco Serices IncoItnted



Stib Prduats
uct

Task umbe, Nam 4f$

0. RksIirch1. Setion 6 InvstiI

4. Water OuantIty/OusIft Survey* a

6. Basins Area, Phase I* *
7. Lower LaikessPasel I
9. Blots Assessment . *

10. Sewers investigatione *
11. Hydrazine Facility Investigation . *

12. Derby La~kes, Phase I e a
14. Army Sites North, Phase I * e

is. Army Sit"sSouth, Phasel I
IS. Air Monitoring a

19. Basins Atea, Phase 111 0

20. Lakes, Phase 11 9

21. Army Sites Norh, Phase HIa
22. Army Sites South, Phase 11e
23. .Soil/Water Integrationa
24. Army Spills, Buildings e 5

25.. Boundary Systems Groundwater Monitoring C.

36. North Boundary System Response Action Assessmnente e

38. Western Tier TCE Study a. a
42. North Plants Investigation e e

.44. Croundwater/Surface Water Monitoring
47. Supplemental Phase 11 Surveys, North

48. Supplemental Phase U Surveys.South 41

RIFS2 Fl/EA, Blots, Water, SARa, Exposure Assessment e * a
R1FS5 Remedial Investigation Summary

Shall Blots Studiese e

Shell Remappinig of Arsenal Solst*
Shell AlluvialI Form ation Interpretati o n

Prepared for: Figure RISR 1.2-2
U.S. Army Program Manager Remedial Investigation Product/Task Input
for Rocky Mountain Arsenal Matrix for On-Post Operable Unit
Prepared August 1991 Prepard by: Ebesc Swrice k~conxmted

1-9



Five environmental media have been identified at RMA, soils/sewers, water, structures, air,

and biota. The four RI media reports address the water, air, structures, and biota media on an

RMA-wide basis. The water, air, and biota media are treated as separate RI entities as these

media do not represent original sources of contamination; rather, they are migration pathways

and receptors of contamination. Structures (buildings, tanks, tank farms, sumps, etc.) are

treated as a separate medium because they possess a unique character as centers that once

housed chemidcal and waste generation, handling, and/or storage processes. Soils and sewers

were considered to be so intimately linked that they are treated as a single medium. The

soils/sewers medium is the primary repository of solid wastes disposed at RMA, and is

typically the first medium into wvhich wastes are introduced by accidental spills, leaks, or

seepage. Soils/sewers are commonly the primary source for secondary releases into thle other

environmental media by way of available migration pathways. The soils/sewers mediumn is

addressed in multiple CARs (RI Subproducts) due to its complex and varied nature.

The soils/sewers medium was divided into distinct sites for investigation based on the 1984

report, Decontam-ination Assessment of Land and Facilities at Rocky Mountain Arsenal,

prepared by the Rocky Mountain Arsenal Contamination Control Program Management Team

(RMACCPMT, 1984/RIC 84034R01). The map accompanying that report, comnmonly

referred to as the "Tricolor Map," depicts the entire facility, using three colors to represent the

likelihood of contamination at each site. Potential or suspected contamnination sites were

identified through historical informnation, and preliminary site designations were assigned as

the basis for the Phase I RI. As field and historical studies progressed in the RI, several

additional sites were added, modified, or determidned to more appropriately belong in

nonsource areas. All portions of RMA were investigated, including those that had no

documented history of contamination. The revised site lists (Table RISR 1.2-2) and

boundaries are presented in the SARs and are based on the overall assessment of all RI data.
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Table RISR 1.2-2. Sites Identified During the RI by FS Site Type Page 1 of 7

RMACCPMT
Site Desi --ation Site Number(s) Site Description

SPSA-Ic, Lime Pits 1-5 Lime pits used for lime slurries and limited chemical disposal

SPSA-le, Buried M-1 Pits 1-13 Buried M-I pits that received neutralized waste streams from lewisite production and related
activities.

SPSA-7b, Lagoon 2-3 Topographic depression that collected surface runoff

SPSA-12a, Aeration Basin 2-7 Aeration basin used to cool and recirculate process water from the power plant condenser and turbine

SPSA-12b. Sedimentation Pond SPRS Sedimentation pond used to settle particulate matter from cooling tower blowdown water

NCSA-la, Basin A 36-1 Basin A; received South and North Plants aqueous wastes

NCSA-lb, Lime Settling Basins Area 36-4,36-5, 36-10 Lime settling basins area; primary repository for South Plants aqueous wastes; acetylene production
waste disposal

NCSA-Id, Liquid Storage Pool 36-11 Liquid storage pool that received runoff from South Plants

NCSA-2a, Basin C 26-3 Basin C; primary repository for Basin B overflow, 1954-57

NCSA-2b, Basin D 264 Basin D; received Basin B overflow, 1943-54 and Basin C overflow, 1954-57

. NCSA-2e, Basin E 26-5 Basin E; received Basin D overflow, 1954-57
., NCSA-3, Basin F 26-6 Basin F; primary repository for North and South Plants aqueous wastes, 1957-81

- NCSA-5a, Basin B 35-3 Basin B; received Basin A overflow, 1943-57
NCSA-9s, Isolated Detection 36-22 Localized area of mercury detections

Ditches. Lakes. Ponds

SSA-la, East Upper Derby 6-2 Eastern Upper Derby Lake, received overflow process water from Upper Derby Lake

SSA-lb, Upper Derby 1-2 Upper Derby Lake; formerly part of process water return system

SSA-l c, Lower Derby 1-2 Lower Derby Lake; formerly part of process water return system

SSA-ld, Rod and Gun Club 12-2 Rod and Gun Club Pond; depression receiving overflow from Lower Derby Lake

SSA-le. Lake Ladora 2-17 Lake Ladora; formerly part of process water return system

SSA-If, Lake Mary 2-17 Lake Mary; used for recreational purposes

SSA-2a, Process Water Ditch System 1-1 Process water ditch system used as a conduit for cooling waters from the South Plants

SSA-2b, Sand Creek Lateral 2-1 Sand Creek Lateral; receives drainage from South Plants and off-post sources

SSA-2c, Overflow Basin and Ditch 3-2, 3-3 Overflow basin and ditch that receive overflow from Lake Mary and Lake Ladora

SSA-5b, Havana/Peoria St. Ponds I 1-UNC Havana/Peoria Streets ponds and ditches; receive runoff from off-post areas south of RMA

SSA-5e, Uvalda Ditch I 1-UNC Uvalda Ditch; carries runoff from off-post areas south of RMA

ESA-3h, Open Storage Area Ditch 31-7 Open storage area ditch; reported agent migration from ESA-3g

ESA-3i, Toxic Storage Plots Ditch 31-7 Toxic storage plots ditch; reported agent migration from Toxic Storage Yanr Plots

ESA-6c, Ditch from North Plants 30-UNC, 25-UNC Isolated detection of arsenic in ditch

SPSA-ld, Drainage Ditches 1-1 Drainage ditches that carried surface runoff and process water from the Processing Area (SPSA-la)
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Table RISR 1.2-2. Sites Identified During the RI by FS Site Type Page 2 of 7

RMACCPMT

Site Designation Site Number(s) Site Description

SPSA-2d, Drainage Ditches 1-1,1 1-8, PWS Drainage ditches that carried surface water runoff and process water from the Processing Area
(SPSA-la)

SPSA-3a, Drainage Ditches 2-1 Drainage ditches used to carr surface runoff away from the chlorin plant area
SS5A-4a, Drainage Ditches 2-1, SPRS Drainage ditches used to carry surface runoff and process water
SPSA-5a. Drainage Ditches *Drainage ditch used to carry surface runoff and process water
SPSA-7a, Drainage Ditches 2-1 Drainage ditches used to carry surface runoff
SPSA-8b, Drainage Ditches 2-1, I-UNC Drainage ditches used to carry surface runoff and process water
SPSA-9a. Drainage Ditches I-1 Drainage ditches used to carry surface runoff and process water
NPSA-8a, Miscellaneous Drainages 25-UJNC Surface drainage features known or inferred to contain contaminants
NPSA-8b, Miscellaneous Drainages 25-UNC Surface drainage features known or inferred to contain contaminants
NPSA-8C, Miscellaneous Drainages 25-UNC Surface drainage features known or inferred to contain contaminants
NCSA-Ic, Basin A to Basin B Ditch 36-7,36-8 Drainage ditch used to transport liquid waste from Basin A to Basin B
NCSA-I f, South Plants Drainage Ditches 36-8 South Plants drainage ditches that currently receive runoff from South Plants; continues into Section

35 as NCSA-5d
NCSA-2d, Basin B to Basin C Ditch 26-3,26-5, Pre-RMA drainage ditches; transported wastes from Basin B to D., 1943-54; from Basin B to C,

26-UNC, 35-4 present
tj NCSA-5b, Drainage Ditches 35-4,.26-7 Miscellaneous drainage ditches between Basins A, B, D, and D

NCSA-5c, Sand Creek Lateral 35-UNC Sand Creek Lateral; transported South Plants wastewaters to First Creek; Basin B overflow to
Basin C

NCSA-5d, Surface Drainage Canal 35-UNC Surface drainage canal dug in 1975 to channel South Plants runoff away from Basin A; continues
into Section 36 as NCSA-lIf

NCSA-7, North Bog 24-7 North Bog occasionally used as a recharge basin for the NBCS before 1983; in continuous use from
1983 to present

NCSA-8b, Sewage Treatment Plant 24-6 Domestic sewage treatment plant area
WSA-6a. Drainage Ditch 4-6 Drainage ditch receiving motor pool are runoff
WSA-6d Drainage Area 4-6 Drainage area for Buildings 624 and 631
WSA-6e, Culvert Outfall 4-6 Culvert outfall from south motor pool area

Ordnance Testing and Disuoda

ESA-la, Section 19 Surface Burn 19-1 Surface burn determined by analytical data and visible boundary of surface slag
ESA-Ib, Section 20 Surface Burn 20-1 Surface bum determined by analytical data and visible boundary of surface slag
ESA-Ic, Section 29 Surface Bum 29-1 Surface bunm determined by analytical data and visible boundary of surface slag
ESA-Id Section 30 Surface Bumn 30-2 Surface burn determined by analytical data and visible boundary of surface slag
ESA-2a, Section 32 Burn Pits 32-5 Bum pits used to incinerate munitions and incendiary devices, numbered 1-7
ESA-2c, Open Trenches 30-6 Open trenches used for disposal of ammunition and empty shells
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Table RISR 1.2-2. Sites identified During the RI by FS Site Type Page 3 of 7

RMACCPMT
Site Designation Site Number(s) Site Description

ESA-4a, Impact Area 30-1 Impact area with possible remnant unexploded ordnance
ESA-4b, Demolition Area 29-4 Bermed demolition area used for detonating explosives
ESA-4c, Trench and Mound 28-4 Trench and mound with unknown use, scattered metal and wood debris

CSA-2a, Munitions Testing Area 36-2 Area including buildings 725,726, NN3603, NN3604, and NN3605 used for testing various
munitions

CSA-2c, Munitions Test Site 36-6/25-17 Incendiary munitions test site active from 1943-50
CSA-2d. Incinerator NN3601 36-7 Inferred contamination from incinerator NN3601 used from 1969-70 for mine destruction

SSA-3a, Ladora Lake Sediments 11-1 Buried sediments dredged from Lake Ladora in 1964-65
SSA-3b, Derby Lakes Sediments 12-1 Buried sediments dredged from Upper and Lower Derby Lakes in 1964-65
ESA-2b, Sanitary Landfill 30-4 Sanitary landfill used for disposal of on-post sanitary wastes
ESA-3k, Suspected Trash Pit * Trash pit, reported trash disposal area south of Plot 8
SPSA-If, Buried Hex Pit 1-13 Buried barrels containing residue from the production of hexachlorocyclopentadiene

'A SPSA-8a, Sanitary Landfill 2-14 Sanitary landfill used for disposal of domestic solid wastes

CSA-la, Pesticide Pits 36-3 Pesticide pits used for pesticide waste disposal from 1952-65
CSA-I b. Complex Disposal Area(S) 36-17,36-16 Complex disposal area (south) used contaminated waste storage and disposal

CSA-Ic, Complex Disposal Area (N) 36-17,36-16 Complex disposal (north) used for burning of waste and contaminated equipment, and for munitions
destruction

CSA-ld, Sanitary Landfill and Incinerator 634 36-7 Sanitary landfill and Incinerator 634 used for burning and burial of rubbish in trenches
NCSA-le, Bum Site 36-15 Bum site for miscellaneous trash from South Plants operations
WSA-2, West Landfill 4-2 Landfill trenches used for disposal and burning of potentially contaminated wastes
WSA-3b, Disposal Pit 4-3 Disposal pit
WSA-3c, Surface Disposal Area 4-3 Main surface disposal area
WSA-5a, Inferred Trench 4-5 Inferred landfill trench indicated by magnetometer survey
WSA-5b, Bum Pit 4-5 Burn pit
WSA-5c, Inferred Trench 4-5 Inferred landfill trench indicated by air photo
WSA-5d, Trenches 4-5 Landfill trenches

Storage Sites. Buildings. Equiment

SSA-4, Trash Dump 1-12 Former trash dump used for surface disposal of miscellaneous debris
ESA-3a, Section 5 Storage Yard 5-2 Storage yard used for agent-filled bombs
ESA-3b, Section 6 Old Storage Yard 6-6 Old toxic storage yard used for storage of agent-filled bombs and toxic gas containers
ESA-3c, Section 31 New Storage Yard 31-4 New toxic storage yard used for storage of incendiary and agent-filled bombs
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Table RISR 1.2-2. Sites Identified Durnit dhe RI by FS Site Type Page 40(f7

RMACCPMT
Site Desianation Site Number(s) Site Description

ESA-3d. Section 31 Toxic Yard Plots 31-6, 31-7 Toxic yard plots used for storage of incendiary and agent-filled bombs
ESA-3e, VX Demilitarization Pad 31-4 Concrete VX demilitarization pad
ESA-5, Demilitarization Activity 30-5 Are arun buildings used for GB-bomb fuze
ESA-6a, Stored Ton Containers 6-UNC Isolated detections of chromium, copper. lead, and zinc near ton containe storage area
SPSA-Ia. Processing Area 1-13, SPRS, SSS. Army agents and Shell pesticides processing area

AMSS
SPS A-I b, Mounded Material 1-3 Location of historic mounds of unknown materials
SPSA-2a, South Tank Farm 1-10 South tank farm area surrounding eleven 200,000 to 400,000 gallon chemical storage tanks
SPSA-2b, Open Storage Area 1-9 Open storage area used to store chemicals in barrels and tanks
SPSA-2c, Salvage Yard 1-8 Salvage yard used to store tanks. barrels, and equipment
SPSA-3b, Salt Storage Pad 2-6 Concrete salt storage pa used to store GB brine, pesticide and mustard wastes, contaminated dirt-

debris
SPSA-3c, Former Tank Storage Area 2-8 Former tank storage area used for the storage and treatment of brine, crude caustic, and chlorine
SPSA-3d, Revetted Tank Storage 2-12 Revetted tank storage area used to store diesel fuel and fuel oil
SPSA-6, Hydrazine Area 1-7 Hydrazine rocket fuel blending and storage facility
NPSA-2, Tank Farm 25-3 Area surrounding Tank Farm 1403 and associated under- and above-ground piping

A~NPSA-3, GB Manufacturing Area 25-2,.25-4, 25-5, Area surrounding GB manufacturing Buildings 1501, 1503, 1504, 1506, 1602, and 1603
25-6.25-7,25-9

NPSA-4, Fuze and detonator Magazine 25-2 Area around Building 1606 fuze and detonator magazine and downgradient surface drainage
NPSA-5, Special Weapons Plant 25-2 Area surrounding Special Weapons Plant Building 1611
CSA-2b, Parking Lot/Scrap Storage 36-23 Parking lot used for storage of metal scrap and debris from Section 36 recovery operations
WSA-4b, Storage Area 4-4 Main storage area used as support for salvage yard operations
WSA-6b. Fuel Storage Area 4-6 Area surrounding-fuel storage tanks
WSA-6c, Building 631 Area 4-6 Roundhouse (Building 63 1) area and old septic tank system

SVfl ie

ESA-3f, Rail Loading Area 31-4 Rail spur and loading dock; reported agent spill
ESA-3g, Open Storage Area 31-7 Open drum storage area; reported agent spill
NPSA-6, Underground Spill Area 25-2,25-14,25-15 Underground diesel fuel spill area around Buildings 1703 and 1727
NPSA-7, Oil Spill Area 25-2,25-15 Surface diesel fuel spill area around Building 1705
NPSA-9a, Isolated Detection 25-UNC Isolated detections of benzene and several polynuclear aromatic compounds along railroad tracks
NPSA-9d, Isolated Detection 25-UNC Isolated detections of benzene and zinc
NPSA-9e, Isolated Detection 25-UNC Isolated detections of 2-butoxyethanol along railroad tracks
NCSA-8c, Lift Station No. 2 34-UNC Isolated detection of mercury in overflow basin at Lift Station No. 2
WSA-la, Isolated Detection 3-UNC Isolated detection or pyrene or fluoranthene
WSA-lb, Isolated Spill 3-4 Isolated spill and wood preservative derivative along railroad tracks
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Table RISR 1.2-2. Sites Identified Duringt the RI by FS Site TYpe Palte 5 of 7

RMACCPMT

Site Designation Site Number(s) Site Description

WSA-lc, Wood Preservatives 3-UNC Wood preservative derivative along railroad tracks

WSA-ld, isolated Detection 3-4 Isolated detection of zinc
WSA-le, DBCP Spill Area 3-4 Dibrornochloropropmne (DBCP) spill area
WSA-7b, Sanitary Sewer Overflow 34-2 Sanitary sewer overflow area

SPSA-IO, Chemical Sewer System 1-13/2-19 Chemical sewer system that carried aqueous wastes from the process facilities in the SPSA to
Basins A and F

SPSA-I 1. Sanitary Sewer System 1-13/2-18 Sanitary sewer system that carried domestic sewage from buildings in the SPSA to the Sewage
Treatment Plan

SPSA-12, Process Water lines Lines distributing water to the process facilities and returning water to the lakes

NPSA-l, Chemical Sewer System 25-3 System that carried industrial aqueous wastes from North Plants complex to Basins A and F

CSA-3, Chemical Sewer 36-20 Chemical sewer system that carried North Plants aqueous wastes to Basins A and F

NCSA-4a, Deep Disposal Well Facility 26-1 Deep disposal well facility used to inject Basin F fluid to deep bedrock, 1962-66

NCSA-6a, South Plants Chemical Sewer 35-2/26-9 Chemical sewer system that carried South Plants aqueous waste to Basin F

SNCSA-6b, North Plants Chemical Sewer MKE Chemical Chemical sewer system that carried North Plants aqueous waste to Bain F
Sewer

NCSA-8a, Sanitary Sewer Lines 24-5, 25-2,26-8, Sanitary sewer lines that carried domestic sewage to the Sewage Treatment Plant
35-1

WSA-7a. Sanitary Sewer Sediment 34-2 Sanitary sewer internal sediment

SFSA-1g, Balance of Subarea 1-5, 1 -UNC, SPRS, Locations of known or inferred contaminants attributed to wind/surface water trasport
AMSS, 1-13

SPSA-2e, Balance of Subarea 1-UNC, 1-3 Locations of known or inferred contaminants attributed to wind/surface water transport

SPSA-3e, Balance of Subarea 2-18 Locations of known or inferred contaminants attributed to wind/surface water transport

SPSA-4b, Balance of Subarea 2-1, 2-18 Locations of known or inferred contaminants attributed to wind/surface water transport

SPSA-5b. Balance of Subarea I1-1l, 1 -LINC, Locations of known or inferred contaminats attributed to wind/surface water transport
SPRS, AMSS

SPSA-7c, Balance of Subarea 2-2, 2-4,2-13, Locations of known or inferred contaminants attributed to wind/surface water transport
2-14b, 2-UNC

SPS A-SC, Balance of Subarea 2-UNC Locations of known or inferred contaminants attributed to wind/surface water transport

SPSA-9b, Balance of Subarea l-UNC Locations of known or inferred contaminants attributed to wind/surface water transport

CSA-4, Balance of Areas Investigated 36-2,36-12,36-19, Shallow, low-level OCP contamination attributed to wind dispersion from nearby sites
36-UNC
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Table RISR 1.2-2. Sites Identified During the RI by FS Site TIMe Pae 6 of 7

RMACCPMT
Site Designation Site Number(s) Site Description

NCSA-Ig, Inferred Wind Dispersion 36-5 Inferred surficial contamination attributed to wind dispersion
NCSA-4b, Basin F Exterior 26-6 Basin F exterior area attributed to wind dispersion of contaminants from Basin F

isolated Contamination

SSA-5a, Isolated Detection I-UNC Isolated detection of dibromochloropropane (DBCP)
SSA-5c. Isolated Detection 12-UNC Isolated detection of lead
SSA-5d, Isolated Detection 12-UNC Isolated detection of lead
ESA-3j. Toxic Storage Yard Fence 31-7 Toxic storage yard fence; reported pesticide spraying around fence

ESA-6b. Trench 30-1 Isolated detection of fluoroacetic acid in trench
ESA-6d, Isolated Detection 20-UNC Isolated detection of hexachlorobenzene not associated with any identifiable feature
NPSA-9b, Isolated Detection 25-UNC Isolated detection chromium
NPSA-9c, Isolated Detection 25-UNC Isolated detection zinc
NPSA-9f, Isolated Detection 25-UNC Isolated detection arsenic
NCSA-9a, Isolated Detection 23-UNC Localized area of diisopropylmethyl phosphonate

-. NCSA-9b, Isolated Detection 23-UNC Isolated detection of cadmium
NCSA-9c. Isolated Detection 23-UNC Isolated detection of cadmium
NCSA-9d, Isolated Detection 23-UNC Isolated detection of cadmium
NCSA-9e, Isolated Detection 24-UNC Isolated detection of zinc
NCSA-9f, Isolated Detection 25-UNC Isolated detection of zinc and copper
NCSA-9g, Isolated Detection 26-UNC Isolated detection methylene chloride
NCSA-9h, Isolated Detection 26-UNC Isolated detection cadmium
NCSA-9i, Isolated Detection 26-UNC Isolated detection butoxyethanol
NCSA-9j, Isolated Detection 26-UNC Isolated detection of mercury
NCSA-9k, Isolated Detection 26-UNC Isolated detection trichloropropene
NCSA-91, Isolated Detection 27-UNC Isolated detection of arsenic
NCSA-9m, Isolated Detection 35-6 Isolated detection of zinc in a bedrock sample
NCSA-9n, Isolated Detection 35-UNC Isolated detection trichloropropene
NCSA-9o, Isolated Detection 35-UNC Isolated detection of arsenic
NCSA-9p, Isolated Detection 36-7 Isolated detection of arsenic and mercury
NCSA-9q. Isolated Detection 36-10 Isolated detection of mercury
NCSA-9r, Isolated Detection 36-10 Isolated detection of cadmium
WSA-If, Isolated Detection 3-4 Isolated detection of aldrin and dieldrin
WSA-Ig, Isolated Detection 3-4 Isolated detection of mercury
WSA-3a, Isolated Detection 4-3 Isolated detections of toluene, trichloropropene, and cadmium
WSA-3d, Isolated Detection 4-3 Isolated detection of methylisobutyl ketone
WSA-4a, isolated Detection 4-4 Isolated detection of methyl cyclohexane
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Table RISR 1.2-2. Sites Identified During the RI by FS Site TypePae7o7

RMACCPMT

Site Designation Site Number(s) Site Description

WSA-8a. isolated Detection 33-UNC isolated detection of copper

WSA-8b. Isolated Detection 33-UNC Isolated detection of zinc

WSA-8c. isolated Detection 4-UNC Isolated detection of II.,2,2-tetrachlotoethalle in salvage yard

WSA-8d . Isolated Detection 3-IJNC Isolated detection of phosphoric acid, tributyl ester

WSA-8e, isolated Detection 3-UNC Isolated detection of phosphoric acid, tributyl ester

WSA-Sf, Isolated Detection 9-UNC isolated detection of methyl naphthalene

AMSS = Aimy Spill Sites
PWS = Process Water System

RMACCPMT = Rocky Mountain Arsenal Contaminiationl Control Program Managers Team

SPRS = South Plants Regional Study
SSS = Shell Spill Sites

UNC a Nonsource area of numbered section, formerly referred to as uncontaminated area.

* = Includes nonsource area not investigated as potential contamination sites in RMACCPMT (1984)
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The on-post operable unit was subdivided into seven separate study areas for tile pillpose of

the RI because of the size, geographic diversity, and varied land use history of RMA. The

seven study areas include the following (Figure RISR 1.2-3):

* Southern Study Area

* Eastern Study Area

" South Plants Study Area

* North Plants Study Area

* Central Study Area

" North Central Study Area

* Western Study Area.

For each study area, a SAR was compiled from the RI media reports and from the pertinent

CARs.

As part of the RI process, a system of review and comment was provided to the organizations

and State to allow input into the RI and subsequent FS. The rev'iew and comment process is

described in detail in the Technical Program Plan and the Federal Facility Agreement. In all

phases of the program, comments by the organizations and State have been considered.

Modifications to the RI have been made in many areas to address both specific and general

concerns of the organizations and State, including comnments on the RI approach in the

guidance documents and technical plans, as well as reports presenting results and conclusions

regarding the assessment of contamination. In both Product and Subproduct Reports,

responses to comments comprise an integral part of the total document and should be

consulted for a complete perspective on the contamination assessment at RMA.

1.3 HISTORY

The history of RMA was originally researched as part of the RI in order to determine

potential contaminants, possible quantities and modes of occurrence, probable areas of

contamination, and potential pathways of contaminant migration (e.g., ditches, abandoned
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wells, sewers, air, etc.). An accurate history of RMA was a prerequisite to developing an

appropriate analytical strategy to determine the actual nature and extent of contamination.

Sources of historical information included facility engineering drawings, operating records,

historical aerial photographs, and personal interviews (depositions). Historical details

pertinent to individual sites, nonsource areas, and media are documented in individual CARs,

SARs, and RI media reports. RMA history is summarized here for the purpose of explaining

the activities and events leading up to the RI and how they contributed to the documented

contam-ination of RMA.

A discussion of World War II and post-World War II military operations is presented first.

This is followed by a discussion of post-World War 11 industrial operations and the resultant

contamination of the lakes region south of South Plants. Finally, waste disposal operations

are discussed, including a brief history of environmental investigations, control, and litigation.

1.3.1 Military Op~erations

The U.S. Army established RMA in 1942 to manufacture chemnical. warfare agents and agent-

filled munitions and to produce incendiary munitions for use in World War 11. Initial facility

building activities included construction of thle South Plants manufacturing complex, extension

of the Union Pacific and Chicago and Burlington and Quincy railway systems onto RMA,

construction of a railway classification yard and service and maintenance facilities in

Sections 3 and 4, modifications to preexisting irrigation reservoirs (Lake Ladora, Lower

Derby Lake) and construction of a new reservoir (Upper Derby Lake) to supply thle South

Plants complex with process cooling water, and construction of three seepage ponds in a large

earthen depression in Section 36 (which eventually overflowed to form Basin A for the

disposal of liquid industrial wastes). A map of the RMA cultural features is presented as

Plate RISR 1.3-1. Prior to this date the area was largely undeveloped ranch and farm land.

From December 31, 1942, to May 28, 1943, the Army manufactured the chemical warfare

agent Levinstein Mustard (dichloroethyl sulfide) in the South Plants area. Lewisite
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(chiorovinyldichioroarsine) was manufactured only between April and November 1943. Whlen

lewisite production ended in November 1943, virtually all finished product lewisite was

transferred from RMA to the U.S. Army Arsenal at Pine Bluff, Arkansas. In late 1944 or

early 1945, the Army developed a water wash/distillation process to remove various

impurities in finished product Levinstein (or "crude") Mustard. With the passage of timne,

these impurities caused the agent to deteriorate, whether the agent was in storage or in filled

munitions. Between July 5, 1945, and November 1, 1946, the Armny purified all existing

stockpiles of Levinstein Mustard at RMA using the water wash/distillation method. Mustard-

and lewisite-filled munitions, as well as bulk mustard and lewisite in 55-gallon drums and

1-ton containers, were stored in toxic storage yards in Sections 5, 6, and 31. These

compounds are classified as vesicant or blister agents due to the severe blistering they cause

upon contact with human tissues, especially the skin, eyes, and upper respiratory tract. III

addition, lewisite contains arsenic, which exerts a systemic poisoning effect (Prentiss, 1937).

Acetylene, chlorine/caustic, sulfur monochloride, sulfur dichloride, arsenic trichioride, and

thionyl chloride were produced as feedstock chemicals for manufacture of these agents.

Phosgene, although not manufactured at RMA, was shipped to RMA, stored in RMA's toxic

storage yards, and loaded into 500- and 1,000-pound (Ib) bomnbs (EBASCO, 1989e/RIC

89166R04; EBASCO, 1988d/RIC 88306R02). Phosgene gas (carbonyl chloride) is a lung-c

injurant agent that corrodes lung tissue, leading to pulmonary edemna and, often, death

(Prentiss, 1937).

Incendiary munitions were produced at RMA both during and after World WVar II. Five types

of incendiary bombs were either filled or produced at RMA fromn 1942 to 1946. The 100-lb

M-47 bomb was filled with a napalm gel that wvas produced at RMA. The 10-lb M-74

bomblet was filled with a pyrotechnic incendiary mixture, not produced at RMA, that was

composed primarily of magnesium dust, sodium nitrate, and gasoline. The bomblets were

subsequently assembled into 500-lb cluster bombs. Other bomblets, cluster bombs, and fire

bomb igniters were filled with white phosphorus, which was also shipped to RMA (EBASCO,

1988d/RIC 88306R02). Once filled, incendiary and cluster bombs were stored both in open
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storage areas and in storage bunkers in Sections 5, 6, 7, and 8, east and southeast of South

Plants (EBASCO, 1989c/RIC 89166R02). Typically, when munitions were shipped off post,

they were transported from storage areas to the railyard west of South Plants in Sections 3

and 4.

Military activities continued at the South Plants after the end of World War II, but parts of

the South Plants complex were leased out to private industry. Existing stocks of Levinstein

Mustard were distilled until November 1946. At various times between 1946 and 1966, the

Army used buildings it had not leased in the South Plants to demilitarize munitions containing

mustard and cyanogen chloride and to recondition 1-ton containers that had stored mustard,

phosgene, and lewisite. From 1953 to 1955, the Army filled 105-millimeter (trnm) shells and

4.2-inch mortars with distilled mustard, and from 1952 to 1954, intermittently renovated

mustard-filled bombs. The Army manufactured approximately 1,700,000 10-lb M-74

bomblets at RMA. Stockpiles of 10-lb bomblets, 6-lb bomblets, and 4-lb bomblets were

routinely tested in a munitions testing facility in Section 36. In 1951, during the Korean

conflict, the Army reworked approximately 36,000 incendiary bomb clusters and proof-tested

them on a weekly basis. In 1952 and 1955, approximately 785,000 white phosphorus

grenades were filled and proof-tested. During the Vietnam conflict, the Army manufactured

various antipersonnel devices including approximately 1,270,000 white phosphonrs grenades,

7,760,000 button bombs, 12,200,000 microgravel units, and 7,000,000 experimental sandwich

button bombs (EBASCO, 1989e/RIC 89166R04).

During the 1950s and into the 1960s, obsolete and deteriorating World War II ordnance were

demilitarized at RMA by either draining and neutralizing the contents and burning the

remains, or by controlled detonation or open burning. From 1957 to 1959, four areas in

Sections 19, 20, 29, and 30 were used for surface detonation and burning of more than 22,000

500-lb incendiary bombs. Two open trenches in Section 30 were used for disposal of white

phosphorus-filled grenades and demilitarized artillery shells; however, these trenches were

routinely excavated and emptied. In 1953 and 1954, more than 86,000 white phosphorus-

1-22
RF5/RPT0024 11/4/91 9:13 am pf



filled incendiary bombs were demidlitarized by burning in seven open pits in Section 32.

Boxed bombs were dumped into the pits and ignited, causing the bombs to detonate. Each pit

was reportedly allowed to cool for at least one day prior to being refilled for another burn.

Other materials incinerated in the Section 32 pits during the 1950s and 1960s include: 500-

and 1,000-lb cluster bombs containing magnesium, white phosphorus, and black powder;

incendiary bombs; incendiary bomb clusters; rocket motors containing solid propellants; and

other incendiary munitions including napalm bombs (EBASCO, 1989c1RIC 89166R02).

From 1950 to 1952, the Army designed and constructed the North Plants complex in

Section 25 to manufacture the nerve agent GB, also called Sarin (isopropylmethyl

phosphonofluoridate). Nerve agents, including GB, are probably the most potent of chemical

warfare agents as exposure may result in almost immediate disruption of nerve function and

death (PEO-PMCD, 1988). GB was manufactured in the North Plants from 1953 to 1957,

and filled into munitions shortly after its manufacture was initiated in 1953 to 1969 on an

intermittent basis. GB was redistilled from 1964 to 1970. GB munitions were demilitarized

in the early 1970s. One-ton containers of bulk GB, bulk VX nerve agent, GB-filled bomb

clusters, and GB-filled Weteye bombs were stored in toxic storage yards in Sections 5, 6, and

31. Chemical compounds used in the manufacture of GB included methyiphosphonic

d ichloride (dichlor), hydrofl uoric acid, isopropyl alcohol, tributyl amine, methyl alcohol,

carbon tetrachloride, methylene chloride, calciumn chloride, and dii sopropylcarbod iiimide.

Chemical wastes generated in the course of GB manufacture contained diisopropylimethyl

phosphonate (DIMP), isopropylmethyl phosphonochloridate, isopropylmethyl phosphonic acid,

sodium isopropylmethyl phosphonate, isopropanol, methanol, carbon tetrachloride, sodiumn

fluoride, and sodium hydroxide. Dimethylmethyl phosphonate (DMMP) has been identified

as both a by-product of GB manufacture and organophosphorous pesticide manufacture

(EBASCO, 1988c/RIC 90326R01).

From the 1950s through the 1980s, a wide variety of items were demilitarized at the North

Plants, including GB-filled munitions, VX-filled munitions, phosgene-filled munitions,
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chemical agent identification sets, bulk Adamsite, and Adamnsite-filled grenades. Adanisite is

a riot-control agent that contains arsenic. There is evidence of possible release of arsenic to

the environment as a result of the incineration of Adamsite in Building 1611 (EBAS CO,

1989/RIG 89166R05).

Between 1962 and 1968, wheat was cultivated on nearly 600 acres in portions of Sections 23,

24, 25, and 26 for the purpose of producing TX, a crop agent. TX consists of uredospores of

Puccinia graminis, var. ri[tici, a plant pathogen commonly known as "wheat rust," that does

not affect animals or humans (ESE, 1988b1RIC 88063R09). In 1972, stockpiled TX was

incinerated and the ash buried in Section 19 (Kuznear and Trautmann, 1980/RIG 84269R01).

The Hydrazine Blending and Storage Facility (HBSF), located just east of the South Plants in

Section 1, is owned by the U.S. Air Force and was operated by the Arn-y betwveen 1961 and

May 5, 1982. The facility was used to blend equal quantities of anhydrous hydrazine and

unsymmetrical dimethylhydrazine (UDMH) to produce Aerozine 50, a rocket fuel primarily

used in the Titan and Delta missile programs (EBASCO, 1988c1RIC 90326R01). An

estimated 40 to 50 million pounds of Aerozine 50 were produced. In addition, the HBSF was

used between 1967 and 1973 to blend JPX jet propellant at the request of the U.S. Air Force.

JPX consists of JP-4 aviation fuel and UDMH blended in various ratios (60/40, 50/50,

and 83/17). Blending operations at the HBSF were halted in 1982 because

nitrosodimethylamine, a suspected carcinogen formed when UDMH contacts air, was detected

in the ambient air within the facility. Operations never resumed, and hazard abatement plans,

including removal of all fuel and decontamiination of the entire facility, were implemented

(EBASCO, 1988b1RIC 88287R01).

In addition to its military operations, at various times the Army purchased and applied a

variety of pesticides, including DDT, in various areas on RMA.
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1.3.2 Industrial Operations

Portions of the South Plants manufacturing complex were leased to private industry following

World War 11, primarily for the production of pesticides. The conversion to pesticide

production was a logical step in the transition to a peace-time economy because the organic

insecticides as a group were discovered during the World War HI era and some (e.g.,

organophosphate insecticides) were discovered in the chemidcal warfare laboratories of World

War II (Carson, 1962). Records have been located of nine companies that conducted

manufacturing or processing operations in the South Plants between 1946 and 1982, when all

manufacturing operations in the South Plants ceased. The two major lessees of facilities in

the South Plants were Julius Hyman and Company (1947-1954) and Shell Chemical

Company, a division of Shell (1954-1987) (EBASCO, 1988d/RIC 88306R02).

Colorado Fuel and Iron (CF&I) manufactured chlorinated benzenes, chlorine, naphthalene, and

caustic, and undertook the manufacture of dichlorodiphenyltrichloroetliane (DDT) at the South

Plants between 1946 and 1948. Julius Hyman and Company (Hymnan) occupied South Plants

facilities beginning in 1947. In 1952, Shell acquired the Stock of Hyman, which continued as

a lessor until 1954, when it was merged into Shell Chemical Company. Hyman manufactured

chlorinated pesticides including aldrin, dieldrin, and chlordane, and also manufactured or

brought to RMA feedstock chemidcals used in manufacturing its commercial products. These

included thermal hexachlorocyclopentadiene, bicycloheptadiene, dicyclopentadiene (DCPD),

cyclopentadiene, hydrogen peroxide, acetylene, and chlorine. Hyman also operated a muriatic

(hydrochloric) acid recovery unit associated with the thermal hexachlorocyclopentadiene

production and laboratory facilities to support all of its RMA activities (EBASCO, 1987b/RIC

87196R04).

In 1942, a tank farm was constructed in the northwest quarter of Section 1 in an area in the

southern part of South Plants as part of the initial construction at RMA. The south tank farm

included 11 storage tank locations that were used for storage of fuel oil and alcohol by the

Army, and subsequently for storage of dicyclopentadiene, crude bicycloheptadiene bottomns,
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isopropyl alcohol, sulfuric acid, D-D fumigant, and dibromochloropropane by Hyman and

Shell. In 1948, during the period when CF&1 was leasing facilities at South Plants, 100,000

gallons of benzene were spilled in an undisclosed location. In 1979, Shell detected benzene

in soil samples collected in the south tank farm area (EBASCO, 1987a/RIC 87127R01).

Subsequent RI sampling detected benzene, toluene, xylene, dicyclopentadiene, and

bicycloheptadiene in groundwater in the area.

In 1952, Shell acquired the stock of Hyman, and following the Hyman merger with Shell in

1954, subsequently leased and constructed additional facilities in the South Plants. Shell

began leasing RMA facilities effective July 6, 1955. At RMA, Shell produced chlorinated

hydrocarbon insecticides, organophosphate insecticides, carbamnate insecticides, herbicides, and

soil fumigants. These products include Akton, aldrin, Azodrin, Bidrin, Bladex, Ciodrin,

Dibrom, dieldrin, endrin, ethyl parathion, Gardona, Landrin, methyl parathion, Nemnagon

(dibromochloropropane, or DBCP), Nudrin, Phosdrin, Planavin, Pydrin, ravap, and Supona.

Other products manufactured in the South Plants include bisphenol A, Vapona (a forerunner

of NO-PEST insecticide strip), vincofos, epon adhesive and curing agent, ional antioxidant,

gear oil and cutting oil additives, and Shell poultry spray. Chlorine, acetylene, DCPD,

bicycloheptadiene, thermal hexachlorocyclopentadiene (including muriatic acid recovery), and

hydrogen peroxide were used as feedstock chemicals. Shell also operated a

monomethylamine dilution unit associated with its Azodrin production process, and laborator-Y

facilities to support all of its manufacturing operations in the South Plants. Shell products

were shipped off-post via the railyard in Sections 3 and 4, which had been installed by thle

Armny in the 1940s to handle railcars entering and leaving RMA. DBCP was shipped by rail

from RMA as late as 1976 and was probably spilled in the railyard (EBASCO, 1985/RIC

87006R01; EBASCO, 1988d1RIC 88306R02; EBASCO, 1989a/RIC 89166R03; Knaus, 1977;

Shell, Undated-a; Shell, Undated-b; Shell, 1964; Shell, 1977; Shell, 1978).

The process water system installed by the Armny in 1942 circulated cooling waters fromn lakes

south of South Plants through the South Plants and back to the lakes. In May 1951 there was
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an accidental discharge of caustic soda into the process water system at RMA, resulting in a

massive fish kill in Lake Ladora (Arrnitage, 1951; Goodall, 1951). In 1952, dieldrin was

detected in Lake Ladora water and aldrin was detected in Lake Ladora surface foam (Julius

Hymand and Co., 1952). In 1959, dieldrin was detected in the tissues of animals collected

near the lakes, and both aldrin and dieldrin were detected in sediment samples from Upper

Derby Lake, Lower Derby Lake, and Lake Ladora (Finley, 1959/RIC 87091R06). In 1964,

dieldrin and aldrin were detected in sediments from the lakes (DOD, 1964). In 1970, water

from the inlet to Lake Ladora was found to contain very low concentrations (<1 ppb) of

aldrin and dieldrin (Ferentchak, 1970), and in 1972, aldrin and dieldrin were detected in

Lower Derby Lake water (Kauffman, 1972). Contamination was also suspected in Upper and

Lower Derby Lakes. Because there was no indication of direct waste disposal in the lakes,

contamination was attributed to either accidentally contaminated process water or to surface

runoff (RMA, 1964; Lang, 1967; Adcock, 1978; Unauthored, 1952; Wingfield, 1977/RIC

81266R68; Lando, 1957). In 1964 a closed-loop cooling system was installed in the "East

Plants" section of the South Plants.

In the early 1950s, field and laboratory studies were conducted by the U. S. Fish and Wildlife

Service (USFWS) after observing a substantial number of waterfowl deaths on RMA (Sciple,

1952). Pesticide poisoning was indicated. A subsequent USFWS study found a significant

correlation between duck mortality and the amount of exposed contaminated lakebed (Finley,

1959b). In 1964, contaminated sediments from Lower Derby Lake, portions of Upper Derby

Lake, and Lake Ladora were dredged and disposed south of the lakes in Sections 11 and 12

(Sheldon and Crabtree, 1965/RIC 87091R03; Messex, 1966). In the early 1980s, mercury

contamination was identified in the South Lakes (Myers et al., 1983/RIC 84086R01; Myers

and Gregg, 1984/RIC 86192R01), and in 1984 tissue samples from fish were found to contain

elevated levels of mercury (Rosenlund et al., 1986/RIC 86041R02).
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1.3.3 Waste Disposal Operations

During the history of RMA, both solid and liquid waste stream handling procedures were

developed and modified along with the various military and industrial operations. Wastes

from a variety of chemical manufacturing, munitions production, testing, and demnilitarization

activities, off-post sources, shipping and handling procedures, and associated operations were

generated and disposed in various manners. Some of these wastes, their residues and

byproducts, and wastes formn ancillary activities associated with the operation and

maintenance of RMA ultimately found their way into the soils, water, air, and biota.

Throughout the 1940s, 1950s, and 1960s solid wastes generated at RMA were disposed ill

Section 36, east of Basin A. The Army's operations at RMA generated miscellaneous solid

chemical wastes, as well as potentially contaminated tools, equipment, unwanted containers,

rejected incendiaries, and empty munitions casings. These materials were decontaminated

with caustic or other appropriate decontaminating agents and the residue was hauled to

burning pits for incineration. Medical materials from off-post and overseas sources, including

drugs, chemicals, bandages, and medicines may also have been disposed by incinerationl and

burial at RMA.

The bum pits or trenches were normally 8 to 10 feet (ft) deep and 100 to 200 ft long, and

were usually dug with earth moving equipment and draglines. Four to five tons of lumber

were placed in the bottom of the pit and the potentially contaminated materials were placed

on top of the lumber. When the pit became full, additional wood was placed on top of the

materials, 300 to 500 gallons of fuel oil were poured onto the heap, and the contents were

burned. Sometimes rejected lots of napalm or M-47 incendiary bombs were used as fuel for

the fire. After burning, the metal was tested to determine whether it was free of

contamination. If testing revealed contaminants, the metal was burned again. In 1957,

several hundred tons of scrap metal were recovered from the burn pits and sold. In addition,

16 mustard-contaminated forklifts were retrieved and salvaged. After use, burn pits wvere

backfilled with excavated soil. In 1969, the Army halted decontamination of contaminated
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materials by open pit burning; contaminated material was subsequently stored in contaminated

equipment dumps, which began to increase substantially in size. Open pit burning continued

only for the purpose of destroying explosives, burster charges, rocket propellant, and rocket

motors (EBA SCO, 1 989h/R.IC 891 66R07).

In addition to the solid waste burn pits, the Army operated a number of sanitary landfills in

Section 36 (north of South Plants), in Section 4 (west of South Plants), and in Section 30

(northeast of North Plants). Although sanitary landfills were generally used for disposal of

uncontaminated wastes, contaminated wastes may have been occasionally disposed at these

sites.

Part of the solid waste disposal area in the south central portion of Section 36 was set aside

for the exclusive use by Hyman in 1952. From 1952 through 1965, a variety of solid and

liquid wastes from Hyman and later Shell's production facilities were buried at the site, both

in bulk form and in drums. The area became known as the Insecticide Pits. In 1966, Shell

discontinued burial of contamninated waste in the area and installed an incinerator for thle

purpose of waste decontamination and disposal. The incinerator was used by Shell and

occasionally by the Armny from 1966 to 1970, but was eventually shut down due to particulate

emissions levels.

Beginning in 1942, most aqueous wastes fromn South Plants operations were treated with

sodium hydroxide, calcium hydroxide, or calcium hypochlorite and were discharged thirough

the chemical sewer into the Basin A area. Aqueous waste from the chlorine plant at thle west

end of South Plants was initially discharged into thle Sand Creek Lateral, and ultimately into

First Creek in Section 25. However, the resulting dissolved solids levels in First Creek were

considered too high, so this waste stream was subsequently diverted into unimproved

Basins D and E in Section 26. In 1946, overflow from Basin A was channeled into Basin B

and subsequently into Basins D and E (EBASCO, 1989f/RIC 89166R05).
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In 1953, the unlined basin network was upgraded to facilitate handling of all liquid wastes

from both the North Plants and the South Plants. Basin C was constructed to handle all

liquid wastes from the South Plants plus overflow from Basin A. Overflows fromn Basin C

were in turn channeled into Basins D and E.

In 1954 and 1955, farmers irrigating crops adjacent to the northwest boundary of RMA with

well water reported severe crop losses. They believed their crops had been damaged by

groundwater contaminated with chemicals manufactured at RMA. Several studies were

undertaken to investigate the groundwater chemistry, determine if there was a toxic

component in the groundwater, identify it, and recommend corrective procedures (Ralph M.

Parsons Co., 1955/RIC 84192R06; Petri and Smith, 1956/RIG 81325R22; Bonde et. a],

1959/R.IC 84262R01; Walton, 1959/RIG 81325R23).

In an effort to consolidate aqueous wastes, and in response to complaints by nearby residents

about contaminated groundwater, the Army constructed Basin F in late 1956 (Kuznear and

Trautmann, 1980/RIG 84269R01). Basin F was the only disposal basin at RMA equipped

with a catalytically blown asphalt liner to protect the substrate from infiltration by

contaminated material. In 1957, Basins A and C were used to temporarily hold Basin F

wastes while wave damage to the Basin F liner was being repaired. With this exception,

Basin F was the only basin used for aqueous waste disposal after 1956.

In 1961, the Army commenced what was hoped to be the final solution to RMA's chemnical

waste disposal problem. An injection well was drilled 12,045 ft deep into Precambrian rocks

beneath Basin F. Between March 8, 1962, and September 30, 1963, approximately

103,600,000 gallons of treated effluent waste from Basin F were injected into the deep

disposal well at rates of 100 to 300 gallons per minute. Disposal operations were suspended

for one year, but resumed in September 1964, and another 60,960,000 gallons of waste were

injected into the well. Operations were suspended again on February 20, 1966, due to

growing suspicion that the injection operations had caused an unusual series of earthquakes
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centered in the RMA area. The quakes came to be known as the "Denver earthquakes" or the

"Derby earthquakes" and caused considerable public alarmn and concern over the Army's

activities at RMA (Healy et al., 1968; Major and Simon, 1968). Injection of wastes never

resumed after February 1966. In July and August 1968, the Army Corps of Engineers

performed a series of cleanout operations at the deep disposal well including scraping the

scale from inside the 5.5-inch casing, and the removal of contaminated fluid from the well.

In September and October 1968 the Army Corps of Engineers conducted four pump tests at

the deep well, removing approximately 367,000 gallons of contaminated fluid from the well.

At least 4,960 gallons were later returned to the well, and the remainder were pumped to

Basin F. During the test operations in 1968 it was noted that the hole appeared to be cored

below the casing shoe, although comparison of actual to theoretical productivity index showed

well bore improvement (Van Poollen, 1989). In October 1985, materials including drill

casing, sucker rod, a stringer and instrument package, copper tubing, a packer, and waste fluid

were retrieved from the well and the well was plugged with cement and abandonment mud

(Harrison-Western, 1 985/RIC 881 30R02).

Wastes from GB manufacture and munition-filling production activities were carried by the

chemical sewer system to a chemical sump in Building 1727, where they were treated with a

sodium hydroxide solution to convert the waste stream components into their corresponding

sodium salts. From October 1956 until 1973, with the exception of a brief period in 1957,

waste from the Building 1727 sump was discharged via the chemical sewer directly to

Basin F. In 1973 and 1974, these and other wastes (contaminated wash-down water and

spent scrubbing solution) associated with the Project Eagle GB demilitarization activities were

desiccated using a spray dryer. The resulting solid waste was stored in 55-gallon drums and

ultimately shipped to an EPA-approved storage site in Utah. Use of the spray dryer was

halted in 1974 due to the excessive energy consumption associated with its use. Thlereafter

the wastes were treated in the Building 1727 sump and discharged directly to the chemical

sewer. However, the Army continued to use the spray dryer for the desiccation of neutralized
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GB agent that had been removed from bulk stocks and munitions throughout Project Eagle

(Byrne, 1976; Thomas, 1976; Thomas, 1977; U.S. Army, 1978/RIC 83235R02).

Shell constructed and operated two waste disposal systems at the South Plants. The vent gas

burner system was constructed in 1968 to burn and scrub vent gases and waste liquids from

some of Shell's manufacturing buildings. The vent gas burner replaced an existing flare

system. In 1975, Shell constructed the Denver Effluent Treatment Facility, which was

designed to treat all the aqueous chemical wastes originating in the South Plants area

(EBASCO, 1988d/RIC 88306R02). Prior to the completion of this system, Shell had

discharged its aqueous chemical wastes into the chemical sewers system connecting to

Basin F (EBASCO, 1989h1R1C 89166R07), but had stopped using these facilities for disposal

of liquid wastes by March 31, 1978. The Denver Effluent Treatment Facility was responsible

for pretreatment operations consisting of methyl chloride recovery units, copper removal, and

a phase separator and yielded a clarified aqueous effluent free of heavy metals and organics.

The final treatment involved distillation operations, incineration, vent gas burning, and a

solids handling operation. The system was brought on line over a number of years as various

units were completed. By March 1978, the effluent produced by Shell exceeded the capacity

of the effluent treatment incinerator. The liquid wastes were temporarily stored in existing,

tanks in South Plants and were disposed in the Lowry Ponds off post beginning in 1979

(Knaus, 1978; Lundahl, 1978a, 1978b; Shell, 1979).

In addition to normal waste disposal, wastes, feedstock, and product chemicals have been

inadvertently discharged into the RMA environment via accidental spills, which have occurred

throughout RMA history. Spills have been associated with both military and industrial

activities, and have occurred particularly in the South Plants, North Plants, railyard, motor

pool, and toxic storage yard areas.
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1.3.4 Environmental Investi nations and Controls

Environmental investigations have been an increasingly important activity at RMA during thle

1970s and 1980s. In May 1974, DIMP and DCPD were detected in surface water at the

northern boundary of RMA. Later in 1974, the Colorado Department of Health detected

DIMP in a groundwater well north of RMA.

Also in 1974, the Army established a Contamination Control Program at RMA to ensure

compliance with federal environmental laws, including the National Environmental Policy Act

of 1969 and the Federal Executive Order 11507 of February 1970, which directed federal

installations to refrain from polluting groundwater through the discharge of wastes, and

further directed these installations to prepare air and water pollution abatement projects for

review by the Bureau of the Budget. As a part of the Contamination Control Program, thle

U.S. Army Toxic and Hazardous Materials Agency (USATHAMA) conducted a number of

investigations. These studies indicated that the contamination at RMA was concentrated

mainly in the alluvial sediments and alluvial groundwater with minor amiounts in the

underlying Denver Formation. The contaminants apparently entered the surface water and

groundwater from the basin network, the chemical sewer, the South Plants area, and from

other storage, disposal, spill, and leak sites. Potential and actual sites of contamnination were

identified, pathways by which contaminants migrate into thle environment were characterized,

and three groundwater interception and treatment (boundary containment) systems were

installed along the north and northwest borders of RMA to intercept contaminated

groundwater (ESE, 1987a/RIC 88204R02). These boundary containment systemns are the

North Boundary Containment System, thle Northwest Boundary Containment System, and thle

Irondale Containment System. All three systems include an array of extraction wells to

remove contaminated groundwater, a carbon adsorber treatment plant to treat the water, and

an array of recharge wells to reinject the treated water. In addition, the North Boundary

Containment System and the Northwest Boundary Containment System contain a soil-

bentonite barrier between the extraction wells and recharge wells. In addition, recharge
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trenches have been installed at the North Boundary Containment System. These systems,

along with other IRAs, are discussed in Appendix C of this report.

In April 1975, three administrative orders were issued to the Army and/or Shell. These Cease

and Desist orders cited various sections of the Colorado Water Quality Control Act,

Section 25-8-101 et seg., Colorado Revised Statutes 1973, and directed Shell and/or RMA to

immediately stop the off-post discharge of DIMP and DCPD in surface and subsurface water

(ESE, 1987a/RIC 88204R02).

Two lawsuits were filed in 1983 as a result of the contamination at RMA. The first suit wvas

filed by the U.S. Department of Justice on behalf of the U.S. Department of the Army against

Shell for reimbursement of environmental response costs and for damnages to the natural

resources at RMA. The second suit was filed by the State of Colorado onl behalf of the

Colorado Department of Health against Shell and the U.S. Department of thle Army for both

on- and off-site environmental damages.

In September 1983, the RMACCPMT outlined the procedures for the development of a

contamination control strategy for RMA (RMACCPMT, 1983/RIC 83326R01). The report

documented thle results of a 2-1/2-year study of potential contamination control strategies to

ensure compliance with pertinent state and federal statutes. The report included an extensive

technical review and analysis of the sources and migration pathways of hazardous

contaminants, an assessment of applicable environmental laws, development of corrective

strategies within available technology constraints, screening and evaluation of alternative

strategies, and the selection of a preferred strategy.

Based on the 1983 RMACCPMT report and on personal interviews, the Army produced the

Decontamination Assessment of Land and Facilities at RMA Report (RMACCPMT, 1984/RIGC

84034R0 1). This report identified and classified more than 150 potential sites of

contamination. These sites were depicted on the RMA Tricolor Map, and provided a
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preliminary assessment of the extent, probable use, boundaries, and possible contamination

profile of each site. The report also discussed environmental laws affecting decontamination

activities and evaluated technical approaches for attaining decontamidnation. Cost estimates

for four cleanup scenarios were developed.

USATHAMA, under a separate division created specifically to deal with the contamination at

RMA (the PMRMvA), initiated an RI, an EA, and an FS to remediate RMA. The RI

commenced in October 1984 and culminates with the present report. Remediation of RMA

will proceed with the acceptance of the Record of Decision, currently planned for 1994.

Limited remedial activities are taking place in various areas of RMA prior to the Record of

Decision as a part of interim response actions. These include such things as groundwater

treatment system construction, operation, and improvement; fugitive dust control; asbestos

abatement; and other activities as discussed in Appendix C of this report. In addition, the

South Adams County Water and Sanitation District completed the Klein Water Treatment

Facility in Section 33 in November 1989. The purpose of this facility is to remove volatile

organic contaminants originating at multiple sources, the majority of which are off post and

unrelated to RMA activities from groundwater withdrawn fromn municipal supply wells near

the-western boundary of RMA and in the Commerce City Area. The facility has a capacity

of 12 million gallons per day.

1.4 SCOPE OF INVESTIGATION

The RI was designed to define the nature and extent of contamination on RMA to a degree

sufficient to permit an assessment and selection of viable cleanup options for RMA. It was

not designed to collect all possible information about contamination or the RMA ecosystemn.

The RI program was divided into five major categories, namely soil/sewers, water, buildings,

air, and biota. This section discusses the scope and components of the RI, and describes the

various RI reports that have been produced. The detailed scope and rationale of each
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environmental medium investigation are presented in one or more task technical plans. Thle

task versus Product breakdown is presented in Section 1.2 and Figure RISR 1.4-1.

Table RISR 1.4-1 lists technical plans issued for the RI tasks. These include stand-alone

technical plans such as those for Tasks 1 and 2, as well as work plans for specific sites such

as CARS with proposed Phase HI soil sampling plans. Table RISR 1.4-1 is organized by

medium.

RI results were assessed and presented in a variety of reports. CARs and Phase 11 Data

Addenda were initial subproduct reports of the RI, characterizing the nature and extent of thle

contamination at RMA. The Data Addenda augmented the CARs and presented results of

specific investigations proposed in the CARs to further characterize the contamination inl thle

water and soils. The four media reports for water, structures, biota, and air, as wvell as thle

SARs, were products of the RI, but dealt with contamination in each medium individually'.

The seven SARs, while emphasizing the soils/sewers media, included summaries of the results

for the other four media investigations. Other results were included in subproduct technical

reports that addressed a particular time interval of data collection, such as the Initial

Screening Program Report (ESE, 1987b/RIC 87203R07) and the Final Screening Program

Report (ESE, 1988d/RIC 88173R06) completed under Task 4. Additional reports addressed a

specific operational component at RMA, such as the North Boundary Containment System

Component Response Action Assessment Draft Final Report (ESE, 19881/RIG 88344R02).

The ground disturbance and surficial soils programs were initiated after thle SARs were

completed to investigate other areas of potential ground disturbance and contamination in thle

0- to 2-inch depth interval, respectively.

1.4.1 Components and Results

Each medium required a specific investigative approach. Table RISR 1.4-2 shows tile media-

specific applications of each of the six investigation components. Some elements, such as thle

IRDMIS database and quality assurance/quality control (QA/QC) procedures, are common to
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Table RISR I.4- 1. List of Technical Plans for RMA On-Post Operable Unit Page 1 of 9

Media Tide Version Date Task Contents RIC Number,

Soils/Sewers Final Technical Program Plan, FY88-FY92 3/88 RI/EA/FS and IRA program overview 88131iROI

Procedures Manual to the Technical Plan. Vol 1: Sampling 8/85 Sampling methods overview 86241R0I

Procedures Manual to the Technical Plan. Vol U: Project ** 8M5 QA methods overview 8624 1R02

Quality Assurance Plan

Procedures Manual to the Technical Plan. Vol III: Project 8/85 Health and safety protocols. 8624 1R03
Health and Safety Plan

Procedures Manual to the Technical Plan. Vol. IV: Project 8/85 Analytical methods overview 8624 1R04

Specific Analytical Methods Manual

Section 36 Contamination Survey Final Technical Plan ** 3/85 1 Sample locations and methods overview 86246R04

South Plants Contamination Survey Final Technical Plan Rev. 1 8/85 2 Sample locations and methods overview 87006ROI

00

Sections 26 and 35 Contamination Survey Final Technical Plan 12M8 6 Sample locations and methods overview 87343R01

Phase I Survey of Lower Lakes Area Final Technical Plan *0 2/86 7 Sample locations and methods overview 86238R02

Sewers and Process Water System Investigations Final 3.1 11/87 10 Sample locations and methods overview 87336R03
Technical Plan

Hydrazine Blending and Storage Facility Final Technical Plan *0 3/86 11 Sample locations and methods overview 86238R03

Phase I Survey of the Derby Lakes Area Final Technical Plan 2/86 12 Sample locations and methods overview 86238ROI

Phase I Survey of Army Sites - North, Final Technical Plan ** 12187 14 Sample locations and methods overview 873431102

Phase I Survey of Army Sites - South, Final Technical Plan 3.2 11/87 15 Sample locations and methods overview 87336R02

Final Letter Technical Plan, Phase 11 Survey of the Lakes Area, ** 11/87 20 Sample locations
from Program Manager to Parties and State, Dated Nov. 23,
1987

UNC and NSA are used interchangeably in CARs and SARs;, nonsource area is the appropriate definition for both.
** -Publications printed prior to 1988 were not required to have a version number; version numbers were not required for all techniical plans.
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Table RISR 1.4- 1. List of Technical Plans for RMA On-Post Operable Unit P2age 2 of 9

Media Title Version Date Task Contents RIC Numnber

SoilqsSewers overall Soil Assessment and Ground Water Integration Final 3.2 7/88 23 Fate/transport of contaminants, methods 882031105

(continued) Technical Plan, Volumes I and 11 overview

Technical Plan - Determination of Partition Coefficients for the ** 10/86 23 Partition coefficient study for selected 87013RI0

Primary Contaminant Sources of Section 36 contaminants in Section 36

Program for Army Spill Sites Final Technical Plan, Volume I 3.2 11/87 24 Sample locations and methods overview 87336R06

Sampling Wastes Handling Final Technical Plan 3.2 11/87 32 Procedures for wastes generated during field 880761103
activities

Western Tier Trichioroethylene Investigation Final Technical 3.1 10/87 38 Sample locations and methods overview 87336R08

Plan

phase I Survey of North Plants Frinal Technical Plan 3.2 11/87 42 Sample locations and methods overview 97336R01

Final Phase I CAR, North Plants Complex 3.2 9/88 42 Sample locations - Phase 1I Survey 882561105

Final Phase I CAR, Section 1 - Uncontaminated Area 3.3 4/87 7 Sample locations - Phase BI Survey 87127R06

Final Phase I CAR. Site 1-1, Drainage Ditches 3.4 5/87 7 Sample locations - Phase 11 Survey 87196RO1

Final Phase I CAR, Site 1-2, Upper and Lower Derby Lakes 3.2 6/87 12 Sample locations - Phase II Survey 871961102

Final Phase I CAR, Site 1-3, Mounded Material 3.2 2/88 2 Sample locations - Phase 11 Survey 88046R04

Final Phase I CAR, Site 1-5, Lime Pits 3.2 2/87 2 Sample locations - Phase 11 Survey 87006R15

Final Phase I CAR, Site 1-8, Salvage Yard 3.3 5/87 2 Sample locations - Phase 11 Survey 87127R105

Final Phase I CAR, Site 1-9, Open Storage Area 3.4 5/87 7 Sample locations - Phase 1I Survey 871271107

Final Phase I CAR, Site 1- 10, South Tank Farm 3.2 4/87 2 Sample locations - Phase 11 Survey 87127R101

Final Phase I CAR, Site I1-11, Sanitary Landfill 3.3 7/87 2 Sample locations - Phase II Survey 87216R101

UNC and NSA are used interchangeably in CARS and SARs; nonsource area is the appropriate definition for both.

** -Publications printed prior to 1988 were not required to have a version number; version numbers were not required for all technical plans.
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Table RISR I.4- 1. List of Technical Plans for RMA On-Post Operable Unit Pane 3 of 9

Media Title Version Date Task Contents RIC Number

Soils/Sewers Final Phase I CAR, Site 1-12, Trash Dump 3.2 3/87 12 Sample locations - Phase I Survey 871271103
(continued)

Final Phase I CAR, Site 2-1, Drainage Ditches 3.3 7/87 7 Sample locations - Phase HI Survey 87216R06

Final Phase I CAR, Site 2-2, Test Site 3.2 7/87 2 Sample locations - Phase HI Survey 872 16R02

Final PAse I CAR, Site 2-3, Lagoon 2/87 2 Sample locations - Phase 11 Survey 87006R16

Final Phase I CAR, Site 2-5, Trench 3.2 7/87 2 Sample locations - Phase HI Survey 87216R03

Final Phase I CAR, Site 2-6, Salt Storage Area 3.2 4/87 2 Sample locations - Phase HI Survey 87127R02

Final Phase I CAR, Site 2-7, Aeration Basin ** 2/87 2 Sample locations - Phase 11 Survey 87006R18

Final Phase I CAR, Site 2-S, Former Tank Storage Area 3.2 5/88 2 Sample locations - Phase II Survey 88166R01

Final Phase I CAR, Site 2-9, Open Storage Area 2/87 2 Sample locations - Phase 11 Survey 87006R19

Final Phase I CAR, Site 2-12, Revetted Tank Storage Area 2/87 2 Sample locations - Phase H1 Survey 870061120

Final Phase I CAR, Site 2-13, Former Open Storage Area 3.2 7/87 2 Sample locations - Phase HI Survey 87216R04

Final Phase I CAR, Site 2-14a and 2-14b, Sanitary Landfills 3.2 7/87 2 Sample locations - Phase HI Survey 87216R05

Final Phase I CAR, Site 2-17, Lakes Ladora and Mary 3.2 7/87 7 Sample locations - Phase 11 Survey 87216R07

Final Phase I CAR, Site 3-2/3-3, Drainage Ditch and OverFlow 3.2 12/87 7 Sample locations - Phase II Survey 87336RI2

Basin

Final Phase I CAR, Site 3-4, Nemagon Spill Area 3.2 3/88 7 Sample locations - Phase 11 Survey 88076R04

Final Phase I CAR, Section 4 Nonsource Area 3.1 6/88 15 Sample locations - Phase 11 Survey 88196R0l

Final Phase I CAR, Site 4-2, Burning Pit 3.2 1/88 15 Sample locations - Phase II Survey 880461102

UNC and NSA are used interchangeably in CARs and SARs; nonsource area is the appropriate definition for both.
** -Publications printed prior to 1988 were not required to have a version number; version numbers were not required for all technical plans.
RIFS 5/Table 1.4-1 RISR - 1115/91 11:22 AM tjr



Table RISR 1.4- 1. List of Technical Plans for RMA On-Post Operable Unit Page 4 of 9

Media Tide Version Date Task Contents RIC Number

Soils/Sewers Final Phase I CAR, S ite 4-3 , Burning Pit 3.2 4/88 15 Sample locations - Phase H Survey 88126R01
(continued)

Final Phase I CAR, Site 4-4, Open Storage and Salvage Yard 3.2 4/88 15 Sample locations - Phase II Survey 88126R03
Support Amea

Final Phase I CAR, Site 4-5, Burning Pits 3.2 2/88 15 Sample locations - Phase 11 Survey 88076R02

Final Phase I CAR, Site 5-2, Potential Mustard and Distilled 3.2 5/88 15 Sample locations - Phase 11 Survey 88196R05

Mustard Contamination

Fina Phase I CAR, Section 6 Nonsource Area 3.1 6/88 15 Sample locations - Phase 11 Survey 88196R08

Final Phase I CAR, Site 6-2, Eastern Upper Derby Lake 3.2 5/87 12 Sample locations - Phase 11 Survey 87196R03

Final Phase I CAR, Site 6-6 Former Toxic Gas Storage Yard 3.2 6/88 15 Sample locations -Phase 11 Survey 88196R02

Final Phase I CAR, Section 9, Uncontaminated Area 3.2 12/87 15 Sample locations - Phase II Survey 87336RI0

Final Phase I CAR, Section I1I - UNC*, Nonsource Area 3.1 7/87 15 Sample locations - Phase 1I Survey 87216R10

Final Phase I CAR, Site I11- 1, Buried Lake Sludge 3.3 6/87 12 Sample locations - Phase II Survey 87196R04

Final Phase I CAR, Section 12 Uncontaminated Area 3.2 7/87 15 Sample locations - Phase 1I Survey 872 16RI 1

Final Phase I CAR, Site 12- 1, Buried Lake Sludge 3.2 12/87 12 Sample locations - Phase H Survey 88096R01

Final Phase I CAR, Site 12-2, Rod and Gun Club Pond 3.3 4/87 12 Sample locations - Phase 1H Survey 871271104

Final Phase I CAR, Site 19-1, Burn Site, Inicendiaries 3.2 1/88 14 Sample locations - Phase 11 Survey 88063R02

Final Phase I CAR, Site 24-6, Sewage Treatment Plant 3.2 7/87 7 Sample locations - Phase 11 Survey 872 161108

Final Phase I CAR, Site 24-7, North Bog 3.2 3/88 7 Sample locations - Phase H Survey 88076R05

Final Phase I CAR, Section 25-Nonsource Area 3.2 3/88 14 Sample locations - Phase 11 Survey 88063R09

UNC and NSA are used interchangeably in CARs and SARs; nonsource area is the appropriate definition for both.
** -Publications printed prior to 1988 were not required to have a version number; version numbers were not required for all teclumical plans.
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Table RISR 1.4-1. List of Tecnica Plans for RMA On-Post Opeable Unit Paite 5 of 9

Media Tide Version Date Task Contents RIC Number

Soils/Sewers Final Phase I CAR, Site 36-6, Probable Test Site with Trench 3.2 2/88 14/21 Sample locations - Phase 11 Survey 880631105
(continued) (Site 25-17)

Final Phase I CAR, Section 26-Nonsource Area 3.3 9/87 6 Sample locations - Phase 11 Survey 87293R02

Final Phase I CAR, Site 26-1, Deep Disposal Well and 3.2 3/88 6 Sample locations - Phase 11 Survey 88103R02
Chemical Sewers

Final Phase I CAR, Site 26-3, Basini C 3.3 12/87 6 Sample locations - Phase 11 Survey 873431103

Final Phase I CAR, Site 26-4, Basin D 3.3 10/87 6 Sample locations - Phase 11 Survey 87293R0I

Final Phase I CAR, Site 26-5, Basin E 3.2 7/87 6 Sample locations - Phase HI Survey 872031104

Final Phase I CAR, site 26-6, Basin F 3.3 5/88 6 Sample locations - Phase 11 Survey 88173R02

.r.PMRMA. Oct. 12,1988. Letter to Jeff Edson, CDII; 10/88 6 Sample locations - Phase 1I Survey
from D.L. Campbell, Deputy Program Manager, RMA
Subject Modified Phase II Sampling Plan for Basin F

Final Phase I CAR, Section 29 - Nonsource Area 3.2 3/88 14 Sample locations - Phase II Survey 880631112

Final Phase I CAR, Site 29-4, Disposal Site, Explosives, and 3.2 4/88 14 Sample locations - Phase 11 Survey 881031104

Incendiaries

Final Phase I CAR, Section 30 - Nonsource Area 3.1 4/88 14 Sample locations - Phase II Survey 88133R01

Final Phase I CAR, Site 30-1, and 30-7 Impact Area)AGround 3.3 1/88 14 Sample locations - Phase 11 Survey 88033R03
Disturbance

Final Phase I CAR, Site 30-5, M34 Demilitarization Operation 3.3 1/88 14 Sample locations - Phase II Survey 880131107
Area

Final Phase I CAR, Site 30-6, Liquid Disposal Trenches 3.2 2/88 14 Sample locations - Phase 11 Survey 88063R03

Final Phase I CAR, Section 31- UncontaminatedArea 3.2 12/87 15 Sample locations - Phase 11 Survey 87336RI 1

UNC and NSA are used interchangeably in CARs and SARs; nonsource area is the appropriate definition for both.
** -Publications printed prior to 1988 were not required to have a version number; version numbers were not required for all technical plans.
RIFS 5/able 1.4-1 RISR - 11/5/91 11:22 AM tjr



Table RISR 14- 1. List of Technical Plans for RMA On-Post Operable Unit Pate 6 of 9

Media Title Version Date Task Contents RIC Number

Soils/Sewers Final Phase I CAR. Site 31-4, Toxic Storage Yard 3.1 6/88 15 Sample locations - Phase 11 Survey 88196R09

(continued)

Final Phase I CAR, Site 31-6, Toxic Storage Yard Storage 3.2 6/88 15 Sample locations - Phase IU Survey 88196R03

Sheds

Final Phase I CAR, Site 31-7, Toxic Storage Yard Storage 3.1 5/88 15 Sample locations - Phase U Survey 88166R02

Sheds

Final Phas I CAR, Section 32- Nonsource Area 3.1 6/8 15 Sample locations - Phase II Survey 88196RI0

Final Phase I CAR, Site 32-5, Burning Pits 3.2 7/88 15 Sample locations - Phase 11 Survey 88256R0l

Final Phase I CAR, Site 32-6, Burning Pits 3.2 8/88 15 Sample locations - Phase 1I Survey 882561102

Final Phase I CAR, Section 35 - Nonsource. Area 3.3 11/87 6 Sample locations - Phase II Survey 87313R0l

Final Phase I CAR, Site 35-3, Basin B 3.3 7/87 6/19 Sample locations - Phase HI Survey 87203R05

Final Phase I CAR, Site 35-4 and 26-7, Basin A Drainage 3.2 7/87 6/19 Sample location - Phase II Survey 872031106

Ditches

Final Phase I CAR, Site 35-7, Firing Range 3.1 3/88 14 Sample locations - Phase 11 Survey 88103R05

Final Phase I CAR, Site 36-1. Basin A 3.2 7/87 1 Sample locations - Phase II Survey 872031107

Final Phase I CAR, Site 36-2, Munitions Test Ame and 3.2 2/88 14 Sample locations - Phase 11 Survey 88063R04

Incendiary Drop Site

Final Phase I CAR, Site 36-3, Insecticide Pit 3.3 6/87 1 Sample locations - Phase 11 Survey 87203R01

Final Phase I CAR, Site 36-4, Lime Settling Basins 3.3 6/87 1 Sample locations - Phase II Survey 872031102

Final Phase I CAR, Site 36-7, Solid Waste Burial/Sanitary Pits 3.1 2/88 1 Sample locations - Phase 11 Survey 880631107

Final Phase I CAR, Site 36-8, Chemical Drainage Ditch 3.2 4/87 1 Sample locations - Phase 11 Survey 871 13R01

UNC and NSA are used interchangeably in CARs and SARs; nonsource area is the appropriate definition for both.

** -Publications printed prior to 1988 were not required to have a version numnber; version numbers were not required for all technical plans.
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Table RISR 1.4- 1. List of Technical Plans for RMA On-Post Operable Unit Page 7 of 9

Media Title Version Date Task Contents RIC Number

Soils/Sewers Final Phase I CAR, Site 36-11, Liquid Storage Pool 3.2 5/87 1 Sample locations - Phase 11 Survey 871 13R01

(continued)

Final Phase I CAR, Site 36-15, Burning Site 3.2 7/87 1 Sample locations - Phase 11 Survey 87203R03

Final Phase I CAR, Site 36-17, RMA Complex Disposa 3.2 1/88 1 Sample locations - Phase U Survey 880131105
Activity

Final Phase I CAR, Site 36-20, Chemical Sewer 3.1 8/88 1 Sample locations - Phase H Survey 871331102

Final Phase I CAR, Site 36-21, Drainage Ditch 3.2 4/87 1 Sample locations - Phase 11 Survey 87133R03

Various Letter Technical Plans appended to Final Phase I CARs Sample locations or geophysical surveys

or Final Task Technical Plans

SWater Final Technical Program Plan, FY88-FY92 3/88 RI/EA/FS and IRA program overview 88131iROl

Procedures Manual to the Techntical Plan. Vol. 1: Sampling * 8/85 Sampling methods overview 86241iROI

Procedures Manual to the Technical Plan. Vol. II: Project 8/85 QA methods overview 8624 1R02

Quality Assurance Plan

Procedures Manual to the Technical Plan. Vol. III: Project 8/85 Health and safety protocols 8624 1R03

Health and Safety Plan

Procedures Manual to the Technical Plan. Vol. IV: Project 8/85 Analytica methods overview 8624 1R04

Specific Analytical Methods Manual

Section 36 Contamination Survey Final Technical Plan 3/85 1 Sample locations and methods overview 86246R04

South Plants Contamination Survey Final Technical Plan Rev. 1 8/85 2 Sample locations and methods overview 87006R0I

RMA Water Quantity/Quality Survey Final Technical Plan 9/86 4 Sample locations and methods overview 87103R0I

Overall Soil Assessment and Ground Water Integration Final 3.2 7/88 23 Fate/transport of contaminants-, methods 882031105

Technical Plan, Volumes I and II overview

UNC and NSA are used interchangeably in CARs and SARs; nonsource area is the appropriate definition for both.
** -Publications printed prior to 1988 were not required to have a version number; version numbers were not required for all technical plans.

RIFS 5/Table 1.4-1 RISR - 11/5/91 11:22 AM tjr



Table RISR 1.4- 1. List of Technical Plans for RMA On-Post Operable Unit page 8 of 9-

Media Tidle Version Date Task Contents RIC Nwinber

water Boundary Systems Monitoring Final Technical Plan 9/88 25 Sample locations and methods overview 88293RI0

(continued)

Sampling Wastes Handling Final Technical Plan 3.2 11/87 32 Procedures for wastes generated during field 88076R03
activities

North Boundary System Component Response Action 3.2 5/88 36 Investigation overview 9023RO1

Assessment, Final Technical Plan

Western Tier Trichloroethylene Investigation Final Technical 3.1 10/87 38 Sample locations and methods overview 87336R08

Plan

Letter Technical Plan for Installation of Monitoring Wells in 3.2 9/88 42 Sample locations and methods overview 882561105

RMA North Plants (Section 25) under Task 42 appended to
Final Phase I CAR, North Plants Complex

ftOn-Post/f-Post. Ground/Surface Water Monitoring Program 3/88 44 Sample locations and methods overview 88063RI 1

Final Technical Plan

Structures Final Technical Program Plan, FY88-FY92 3/88 R1jVEA/FS and IRA program overview 88131R0l

Procedures Manual to the Technical Plan. Vol. 1: Sampling 8/85 Sampling methods overview 86241iROI

Procedures Manual to the Technical Plan. Vol. II: Project ** 8/85 QA methods overview 862411R02

Quality Assurance Plan

Procedures manual to the Technical Plan. Vol. III: Project 8/85 Health and safety Protocols 8624 1R03

Health and Safety Plan

Procedures manual to the Technical Plan. Vol. IV: Project ** 8/85 Analytical methods overview 8624 1R04

Specific Analytical Methods Manual

Structures Survey Program Final Technical Plan, Vol. 11 3.1 11/87 24 Sample locations and methods overview 87336R07

South Plants Contamination Survey Final Technical Plan Rev. 1 8/85 2 Methods overview 87006RO1

UNC and NSA are used interchangeably in CARs and SARs; nonsource area is the appropriate definition for both.

** -Publications printed prior to 1988 were not required to have a version number; version numbers were not required for all technical plans.
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Table RISR 1.4-1. List of Technical Plans for RMA On-Post Operable Unit Pagie 9 of 9

Media Title Version Date Task Contents RIC Number

Air Final Technical Program Plan. FY88-FY92 3/88 RI/EA/FS and IRA program overview 88131ROI

Pmcedures Manual to the Technical Plan. Vol. I: Sampling ** 8/85 Sampling methods overview 86241RO0

Procedures Manual to the Technical Plan. Vol. 11: Project * 8/85 QA methods overview 86241R02

Quality Assurance Plan

Procedures Manual to the Technical Plan. Vol. III: Project * 8/85 Health and safety protocols 86241R03

Health and Safety Plan

Procedures Manual to the Technical Plan. Vol IV: Project * 8/85 Analytical methods overview 86241R04

Specific Analytical Methods Manual

Task 18 (Air Monitoring) Final Technical Plan * 2/87 18 Sample location and methods overview 88203R02

Biota Final Technical Program Plan, FY88-FY92 3/88 RI/EA/FS and IRA program overview 8813 IR01

Procedures Manual to the Technical Plan. Vol. I: Sampling ** 8/85 Sampling methods overview 86241RO0

Procedures Manual to the Technical Plan. Vol. 11: Project * 8/85 QA methods overview 86241R02

Quality Assurance Plan

Procedures Manual to the Technical Plan. Vol. mI: Project ** 8/85 Health and safety protocols 86241R03

Health and Safety Plan

Procedures Manual to the Technical Plan. Vol. IV: Project ** 8/85 Analytical methods overview 8624 IR04

Specific Analytical Methods Manual

Biota Assessment Final Technical Plan 3.2 7/88 9 Program overview 88243R05

UNC and NSA are used interchangeably in CARs and SARs; nonsource area is the appropriate definition for both.

** -Publications printed prior to 1988 were not required to have a version number; version numbers were not required for all technical plans.
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Table RISR 1.4-2. Media Investigation Components Palge I of 1

Medium Investiiraton Comnonent

Historical Research Field Studies Field Sampling Antalyses QA/QC Data Management

Soil/Sewers Personnel interviews, Site conditions, soil Spatial and vertical Phase I screen for Field data, IRDMIS database
facilities records, aerial types, surface features, intervals, physical and organics by GC/MS, laboratory
photographs, previous geophysics, trenching, chemical parameters, agent screening (likely dkva
investigations, Shell geologic logging of suspected sources and areas); Phase II specific
and Juris databases bores nonsource areas GC methods for organics;

metals; arsenic, mercury

water Previous investigations, Water levels, well Physical and chemical Specific CC methods Field data, IRDMIS database
RMA database review, installation, geologic parameters, water quality, for organics, 10% GC/ laboratory
DP Associates database, logging, geophysical spatial and temporal MS organics screening, diat
well records, facilities logging, aquifer tests components metals; fluoride, chloride,

rewind¶major ions; arsenic, mercury

Structures Facilities records, aerial Visual inspection, Limited sampling of OCYMS organics screen- Field data, Structures
photographs, Juris and buildings inventory standing liquids and ing; metals; asbestos; laboratouy database, IRDMIS
Shell databases building materials arsenic, mercury daa databas

Air Facilities records, previous Meteorological data Particulates, metals, Total suspended and Field data, IRDMIS database
investigations, Stapleton organics; temporal respirable particulates; laboratory
Airport data and spatial components GC/MS organics dian

at ambient conditions, screening; metals;
high-event conditions asbestos; arsenic, mercury

Biota Previous investigations, Biota surveys, Representatives of food Specific GC methods Field data, IRDMIS database
aerial photographs off-post control surveys web levels, spatial and for organics; arsenic, laboratory

temporal components, mercury diat
contaminated vs control
populations

RIFS 5Irablc 1.4-2 RISR 11/5/91 11:16 AM rmlI



all media, while other elements such as historical research, field studies, field sampling, and

analytical methods differ for each medium.

Media investigations were generally conducted in two phases to allow the screening analyses

to be followed by more site-specific determinations. Only media with substantial amounts of

data available from previous investigations (i.e., groundwater and structures) were investigated

in a single phase. A brief review of each medium investigation follows. Each discussion is

supported by a flow chart that outlines the typical investigation. A detailed discussion of

media sampling and analysis strategies is presented in Appendix A.2 of this report.

Table RISR 1.4-3 is a tabulation of all reports that present data and/or provide assessments of

contamination at RMA.

1.4.1.1 Soils/Sewers

A phased field investigation to deten-ine the nature and extent of soils/sewers contamination

was conducted. The objectives of Phase I were to verify or refute the existence of

contamination and to screen each site for a wide variety of potential contaminants. Sample

collections and GC/MS analytical methodologies were employed to establish the presence or

absence of organic contaminants at suspected sites and in nonsource areas. Inorganics were

analyzed using inductively coupled argon plasma spectroscopy (ICP) and graphite furnace and

cold vapor atomic absorption (CVAA) methods. The Phase II objectives were to verify

Phase I results and further characterize contaminant distribution and migration potential.

Detailed sampling and specific analytical methodologies were employed to establish the

general areal and vertical extent of contamination and contaminant concentrations, and to

provide data to determine transport mechanisms.

The soils/sewers investigation at RMA was the most extensive component of the RI and

yielded the largest volume of data. The soils investigation was initiated with a historical

records review that included interpretation of aerial photographs and field reconnaissance of

all suspected sites and nonsource areas. The Phase I investigation commenced after the

1-48
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Table RISR IA-3 Liii of Remedial Investigation Repo"t for RMA On-Post Operable Unit Palte 1 Of 9

Media Tide Version Dafte Task RIC Number

C0n[hGA ASESENT RPW

Soils/Sewers Draft Final Phase I - Introduction to the CARs 2.3 4/87 1 88204R02

Final Phase I CAR, Section 1 - Uncontaminated Area 3.3 4/87 7 871271106

Final Phase I CAR, Site 1-1, Drainage Ditches 3.4 5/87 7 87196R0l

Final Phase I CAR, Site 1-2, Upper & Lower Derby Lakes 3.2 6/87 12 871961102

Final Phase I CAR, Site 1-3, Mounded Material 3.2 2/88 2 880461104

Final Phase I CAR, Site 1-4, Borrow Pit 3.2 4/87 2 870971108

Final Phase I CAR, Site 1-5, Lime Pits 3.2 2/87 2 87006R15

Final Phase I CAR, Site 1-7, Hydrazine Blending and Storage Facility 3.2 9/88 11 882861109

Final Phase I CAR, Site 1-8, Salvage Yard 3.3 5/87 2 871271105

Final Phase I CAR, Site 1-9, Open Storage Area 3.4 5/87 7 871271107

Final Phase I CAR, Site 1-10, South Tank Farm 3.2 4/87 2 87127RO1

Final Phase I CAR, Site 1-11, Sanitary Landfill 3.3 7/87 2 87216R0I

S.Final Phase I CAR, Site 1-12, Trash Dump 3.2 4/87 12 871271103

Final Phase I CAR, Site 1-13, 2-18, South Plants Manufacturing Complex Shell Chemical Co. 3178 8810
Spill Sites3.7/8 28867

Final Phase I CAR, Section 2 - Uncontaminated Area 3.3 5/87 7 871271108

Final Phase I CAR, Site 2-1, Drainage Ditches 3.3 7/87 7 872161106

Final Phase I CAR, Site 2-2, Test Site 3.2 7/87 2 872161102

Final Phase I CAR, Site 2-3, Lagoon 2/87 2 87006R16

Final Phase I CAR, Site 2-4, Excavation Pit 2/87 2 870061117

Final Phase I CAR, Site 2-5, Trench 3.2 7/87 2 872 16R03

Final Phase I CAR, Site 2-6, Salt Storage Pad 3.2 4/87 2 871271102

Final Phase I CAR, Site 2-7, Aeration Basin 2/87 2 870061118

Final Phase I CAR, Site 2-8, Forner Tank Storage Area 3.2 5/88 2 88166R01

Final Phase I CAR, Site 2-9, Open Storage Area 2/87 2 87006R19

Final Phase I CAR, Site 2-12, Revetted Tank Storage Area 2/87 2 870061120

Final Phase I CAR, Site 2-13, Former Open Storage Area 3.2 7/87 2 872161104

Final Phase I CAR, Site 2-149/2-14b, Sanitary Landfills 3.2 7/87 2 872161105

Final Phase I CAR, Site 2-17, Lake Ladora and Lake Mary 3.2 7/87 7 872161107

Final Phase I CAR, Section 3 - Nonsource Area 3.2 2/88 15 88076R01

Final Phase I CAR, Site 3-2/3-3, Drainage Ditch & Overflow Basin 3.2 12/87 7 873361112

Final Phase I CAR, Site 3-4, Nemagon Spill Area 3.2 3/88 7 880761104

*UNC and NSA are used interchangeably in CARs and SARs; nonsource area is the appropriate dermition for both.
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Table RISR IA-3 List of Remedial Investigation Reports for RMA On-Post Operable Unit Page 2 of 9

Media Title Version Date Task RIC Number

Soils/Sewers (continued) Final Phase I CAR, Section 4 - Nonsource Area 3.1 6/88 15 88196R01

Final Phase I CAR, Site 4-2, Burning Pit 3.2 1/88 15 88046R02

Final Phase I CAR, Site 4-3, Burning Pit 3.2 4/88 15 88126R01

Final Phase I CAR, Site 4-4, Open Storage and Salvage Yard Support Areas 3.2 4/88 15 88126R03

Final Phase I CAR, Site 4-5, Burning Pits 3.2 2/88 15 88076R03

Final Phase I CAR, Site 4-6, Motor Pool Area 3.1 7/88 38 88196R12

Final Phase I CAR, Section 5 - Nonsource Area 3.1 1/88 15 88046R03

Final Phase I CAR, Site 5-2, Potential Mustard and Distilled Mustard Contamination 3.2 5/88 15 88196R05

Final Phase I CAR, Section 6 - Nonsource Area 3.1 6/88 15 88196R08

Final Phase I CAR, Site 6-2, Eastern Upper Derby Lake 3.2 5/87 12 87196R03

Final Phase I CAR, Site 6-6, Former Toxic Gas Storage Yard 3.2 6/88 15 88196R02

-Fina Phase I CAR, Section 7- Nonsource Area 3.2 12/87 15 87336R13

Final Phase I CAR, Section 8 -Nonso0rce AreaSFinal Phase I CAR, Section 8 - Nonsource Area 3.3 12/87 15 88006R01

Final Phase I CAR, Section 9 - Unconaminated Area 3.2 12/87 15 87336R10

Final Phase I CAR, Section 11 - UNC*, Nonsource Area 3.3 7/87 15 87216R10

Final Phase I CAR, Site 11-1, Buried Lake Sludge 3.3 6/87 12 87196R04

Final Phase ! CAR, Section 12 - Uncontaminated Area 3.2 7/87 15 87216R11

Final Phase I CAR, Site 12-1, Buried Lake Sludge 3.2 12/87 12 88096R01

Final Phase I CAR, Site 12-2, Rod and Gun Club Pond 3.3 4/87 12 87127R04

Final Phase I CAR, Section 19 - Nonsource Area 3.1 12/87 14 88013R06

Final Phase I CAR, Site 19-1, Bum Site, and Incendiaries 3.2 1/88 14 88063R02

Final Phase I CAR, Section 20 - Nonsource Area 3.1 5/88 14 88173R05

Final Phase I CAR, Site 20-1, Bum Site, and Incendiaries 3.2 9/88 14 88293R01

Final Phase I CAR, Section 22 - Nonsource Area 3.1 12/87 14 88013R01

Final Phase I CAR, Section 23 - Nonsource Area 3.3 8/88 14 88243R02

*UNC and NSA are used interchangeably in CARs and SARs; nonsource area is the appropriate definition for both.
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Table RISR IA-3 List of Remedial Investilaition Reports for RMA On-Post Operable Unit Paxe 3of 9

Media Tide version Date Task RIC Number

Soils/ewers (continued) Final Phase!I CAR, Section 24 - Nonsource Area 3.2 6/88 14 88203R03

Final Phase I CAR, Site 24-6, Sewage Treatment Plant 3.2 7/87 7 7216R08

Final Phase I CAR, Site 24-7, North Bog 3.2 3/88 7 880761105

Final Phane I CAR, Section 25 - Nonsource Area 3.2 3/88 14 880631109

Final Phase I CAR, Section 26 - Nonsource Area 3.3 9/87 6 872931102

Final Phase I CAR, Site 26-1, Deep Disposal Well and Chemical Sewers 3.2 3/88 6 88103R102

Final Phase I CAR, Site 26-3, Basin C 3.3 12/87 6 87343R03

Final Phase I CAR, Site 26-4, Basin D 3.3 10/87 6 87293RO1

Final Phase I CAR, Site 26-5, Basin E 3.2 7/87 6, 19 872031104

Final Phase I CAR, Site 26-6, Basin F 3.3 5/88 6 881731102

Final Phase I CAR, Section 27 - Nonsource Area 3.1 12187 14 880131102

Final Phase I CAR, Section 28 - Nonsource Area 3.1 12/87 14 880131103

Final Phase!I CAR, Section 29 - Nonsource Area 3.2 3/88 14 88063R12

Final Phase I CAR, Site 29-1, Burn Site, Incendiaries 3.1 12/87 14 88013R04

Final Phase I CAR, Site 29-4, Disposal Site, Explosives, and Incendiaries 3.2 4/88 14 881031104

Final Phase I CAR, Site 29-5/32-1, Bomb Disposal Site 3.2 9/88 14 882931102

Final Phase I CAR, Section 30 - Nonsource Area 3.1 4/88 14 88133R01

Final Phase I CAR, Site 30-1/30-7, Impact Area/ Ground Disturbance 3.3 1/88 14 88033R103

Final Phase I CAR, Site 30-2, Burn Site, and Incendiaries 3.2 9/88 14 88293R03

Final Phase I CAR, Site 30-3, Mustard Training Area 3.1 5/88 14 88173R03

Final Phase I CAR, Site 30.4, Sanitary Landfill 3.2 7/87 7 87216R09

Final Phase I CAR, Site 30-5, M34 Demilitarization Operation Area 3.3 1/88 14 88013R07

Final Phase I CAR, Site 30-6, Liquid Disposal Trenches 3.2 2/88 14 88063R03

Final Phase I CAR, Section 31 - Uncontaminated Area 3.2 12/87 15 87336RII

Final Phase I CAR, Site 31-4, Toxic Storage Area 3.1 6/88 15 88196R09

Final Phase I CAR, Site 31-6, Toxic Storage Yard Storage Sheds 3.2 6/88 15 88196R03

Final Phase I CAR, Site 31-7, Toxic Storage Yard Storage Sheds 3.1 5/88 15 88166R02

Final Phase I CAR, Section 32 - Nonsource Area 3.1 6/88 15 88196RI0

*IJNC mnd NSA are used interhangeably in CARs and SARs; nonsource area is dhe appmropate definition for both.
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Table RISR 1.A-3 List of Remedial Investi"t•on Reports for RMA On-Post Operable Unit Page 4 of 9

Media Title Version Date Task RIC Number

Soils/Sewers (continued) Final Phase I CAR, Site 32-5, Burning Pits 3.2 7/88 15 88256R01

Final Phase I CAR, Site 32-6, Burning Pits 3.2 8/88 15 88256R02

Final Phase I CAR, Section 33 - Nonsource Area 3.1 4/88 15 88126R02

Final Phase I CAR, Section 34 - Nonsource Area 3.2 7/88 14 88203R04

Final Phase I CAR, Section 35 - Uncontaminated Area 3.3 11/87 6 87313R01
Final Phase I CAR, Site 35-2/26-9, Chemical Sewer 3.1 5/88 14 88133R02
Final Phase I CAR, Site 35-3, Basin B 3.3 7/87 6,19 87203R05
Final Phase I CAR, Site 35-4/26-7, Basin A Drainage Ditches 3.2 7/87 6,19 87203R06

Final Phase I CAR, Site 35-6, Possible Munitions Test Area 3.2 9/88 14 88293R04

Final Phase I CAR, Site 35-7, Firing Range 3.1 3/88 14 88103R05

Final Phase I CAR, Section 36 - Nonsource Area 3.2 5/88 1 88173R01

* Final Phase I CAR, Site 36-1, Basin A 3.2 7/87 1 87203R07

Final Phase I CAR, Site 36-2, Munitions Test Area and Incendiary Drop Site 3.2 2/88 14,21 88063R04

Final Phase I CAR, Site 36-3, Insecticide Pit 3.3 6/87 1 87203R01

Final Phase I CAR, Site 36-4, Lime Settling Basins 3.3 6/87 1 87203R02

Final Phase I CAR, Site 36-5, Mercury Spill 3.3 1/88 1 88063R01

Final Phase I CAR, Site 36-6(25-17, Probable Test Site with Trench 3.2 2/88 14,21 88063R05

Final Phase I CAR, Site 36-7, Solid Waste Burial/ Sanitary Pits 3.1 2/88 1 88063R07
Final Phase I CAR, Site 36-8, Chemical Drainage 3.2 4/87 1 87113R01

Final Phase I CAR, Site 36-9, Incendiary or Munitions Test Area 3.3 9/88 14,21 88293R05

Final Phase I CAR, Site 36-10, Pit 3.2 1/88 1 88033R02

Final Phase I CAR, Site 36-11, Liquid Storage Pool 3.2 5/87 1 87133R01

Final Phase I CAR, Site 36-12, Pits/Trenches 3.2 1/88 1 88013R08
Final Phase I CAR, Site 36-13, Trenches 3.2 9/88 14 88293R06

Final Phase I CAR, Site 36-14, Mustard Plant Disposal Site 3.2 9/88 14 88293R07

Final Phase I CAR, Site 36-15, Burning Site 3.2 7/87 1 87203R03

Final Phase I CAR, Site 36-16, Incendiary Burial Site 3.2 9/88 14,21 88293R08

Final Phase I CAR, Site 36-17, Complex Disposal Activity 3.2 1/88 1 88013R05

Final Phase I CAR, Site 36-18, Possible Trench Disposal Site 3.2 2/88 14 88063R06

Final Phase I CAR, Site 36-19, Grading Scars 3.2 2/88 14,21 88063R10

Final Phase I CAR, Site 36-20, Chemical Sewer 3.2 4/87 1 87133R02

Final Phase I CAR, Site 36-21, Drainage Ditch 3.2 4/87 1 87133R03

Final Phase I CAR, Site 36-22, Liquid Storage Pool 3.2 3/88 1 88103R01

*UNC and NSA are used interchangeably in CARs and SARs; nonsource area is the appropriate definition for both.
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Table RISR IlA-3 Liut of Remedial Investlitation Reports for RMA On-Nist Operable Unit page 5 of 9

Media Tide Version Defte Task RIC Number

Soils/ewers (continued) Final Phase I CAR,. Site 36-23, Scrap Metal Storage/Parking Lot 3.1 5/88 14,21 881731104

Final CAR, Sanitary Sewer - Railyard and Administration Areas 3.2 8/88 10 88256R03
Final CAR, Sanitary Sewer - South Plants 3.2 6/88 10 88196R06
Final Phase I CAR, Chemical Sewers - North Plants and South Plants 3.2 9/88 10 882861108
Final Phase I CAR, Sanitary Sewer - North Plants 3.2 4/88 10 881261107
Final Phase I CAR, Sanitary Sewer Interceptor Line 3.2 4/88 10 881261106
Final Phase I CAR, Process Water System 3.2 8/88 10 882561104
Final Phase I Data Presentation Report, South Plants Regional Study 3.2 10/88 2 88306RO1
Final Phase I Data Presentation, Army Spill Sites (South Plants) 3.2 9/88 24 88286RI0
Final Phase I CAR, North Plants Complex 3.2 9/88 42 882561105

Final Phase UI Data Addendum, Section I -UNC, Nonsource Area 3.1 10/88 20 871271106A
Final Phase II Data Addendum, Site 1- 1, Drainage Ditches 3.1 10/88 20 87196R0IA

O.AFinal Phase 11 Data Addendum, Site 1-2, Upper & Lower Derby Lakes 3.1 10/88 20 871961102A
Final Phase II Data Addendum, Site 1-3, Mounded Material 3.1 10/88 2 880461104A
Final Phase 11 Data Addendum, Site 1-5, Lime Pits 3.1 9/88 2 870061115A
Final Phase II Data Addendum, Site 1-6, Former Ton Container Storage Area 3.1 10/88 20 883061103
Final Phase II Data Addendum, Site 1-7, Hydrazine Blending and Storage Facility 3.1 2/89 11, RIFS2 882861109A
Final Phase H Data Addendum, Site 1-8, Salvage Yard 3.1 10/88 2 871271105A
Final Phase II Data Addendum, Site 1-9, Open Storage 3.1 10/88 20 871271107A
Final Phase II Data Addendum, Site 1-10, South Tank Farm 3.1 10/88 2 87127R0IA
Final Phase U Data Addendum, Site 1-11, Sanitary Landfill 3.1 9/88 2 87216R01A
Final Phase II Data Addendum, Site 1-12, Trash Dump 3.1 10/88 20 87127R03A

Final Phase Hl Data Addendum, Site 2-1, Drainage Ditches 3.1 10/88 20 872161106A
Final Phase II Data Addendum, Site 2-2, Test Site 3.1 9/88 2 872161102A
Final Phase 11 Data Addendum, Site 2-3, Lagoon 3.1 9/88 2 87006R116A
Final Phase 11 Data Addendum, Site 2-5, Trench 3.1 10/88 2 872161103A
Final Phase II Data Addendum, Site 2-6, Open Storage Area 3.1 10/88 2 871271102A
Final Phase 11 Data Addendum, Site 2-7, Aeration Basin 3.1 9/88 2 870061118A
Final Phase II Data Addendum, Site 2-8, Former Tank Storage Area 3.1 10/88 2 88166R01A
Final Phase 11 Data Addendum, Site 2-9, Open Storage Area 3.1 9/88 2 87006R19A
Final Phase H Data Addendum, Site 2-10, Ground Scar 3.1 10/88 20 883061104
Final Phase II Data Addendum, Site 2-11, Open Storage 3.1 10/88 20 883061104
Final Phase II Data Addendum, Site 2-12, Former Tank Location 3.1 10/88 2 87006R120A
Final Phase 11 Data Addendum, Site 2-13, Former Open Storage Area 3.1 9/88 2 872161104A

*UNC and NSA are used interchangeably in CARs and SARs; nonsource area is the appropriate defimition for both.
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Table RISR 1.4-3 List of Remedial Investigation Reports for RMA On-Post Operable Unit Page 6 of 9

Media Title Version Date Task RIC Number

Soils/Sewers (continued) Final Phase II Data Addendum, Site 2-14a, Sanitary Landfill 3.1 10/88 2 87216R05A

Final Phase II Data Addendum, Site 2-15, Open Storage 3.1 10/88 20 88306R04

Final Phase II Data Addendum, Site 2-16, Pit 3.1 10/88 20 88306R04

Final Phase II Data Addendum, Site 2-17, Lake Ladora and Lake Mary 3.1 10/88 20 87216R07A

Final Phase II Data Addendum, Site 3-2/3-3, Drainage Ditch & Overflow Basin 3.1 10/88 20 87336R12A

Final Phase 11 Data Addendum, Site 3-4, Nemagon Spill Area 3.1 10/88 20 88076R04A

Final Phase 11 Data Addendum, Section 4-UNC, Nonsource Area 3.1 10/88 22 88196R01A

Final Phase II Data Addendum, Site 4-2, Burning Pit 3.1 10/88 22 88046R02A

Final Phase II Data Addendum, Site 4-3, Burning Pit 3.1 10/88 22 88126R01A

Final Phase 11 Data Addendum, Site 4-4, Open Storage and Salvage Yard Support Areas 3.1 10/88 22 88126R03A

Final Phase II Data Addendum, Site 4-5, Burning Pits 3.1 10/88 22 88076R02A

Final Phase H Data Addendum, Site 5-2, Potential Mustard and Distilled Mustard Contamination 3.1 10/88 22 88196R05A

Final Phase H Data Addendum, Site 6-UNC, Nonsource Area 3.1 10/88 22 88196R08A

Final Phase HI Data Addendum, Site 6-2, Eastern Upper Derby Lake 3.1 10/88 20 87196R03A

Final Phase II Data Addendum, Site 6-6, Former Toxic Gas Storage Yard 3.1 10/88 22 88196R02A

Final Phase II Data Addendum, Section 9-UNC, Nonsource Area 3.1 10/88 22 87336RIOA

Final Phase 11 Data Addendum, Section 11-UNC, Nonsource Area 3.1 10/88 20 87216R10A

Final Phase II Data Addendum, Site 11-1, Buried Lake Sludge 3.1 10/88 20 87196R04A

Final Phase II Data Addendum, Section 12-UNC, Nonsource Area 3.1 10/88 22 87216R11A

Final Phase II Data Addendum, Site 12-1, Buried Lake Sludge 3.1 10/88 20 87216R01A

Final Phase II Data Addendum, Site 12-2, Rod and Gun Club Pond 3.1 10/88 20 87127R04A

Final Phase H Data Addendum, Site 19-1, Burn Site 3.1 10/88 21 88063R02A

Final Phase H Data Addendum, Section 23 - Nonsource Area 3.1 4/89 21,RIFS2 88243RO2A

Final Phase IH Data Addendum, Site 24-6, Sewage Treatment Plant 3.1 10/88 20 87216R08A

Final Phase II Data Addendum, Site 24-7, North Bog 3.1 10/88 20 88076R05A

Final Phase II Data Addendum, Section 25 - Nonsource Area 3.1 10/88 14,21 88063R09A

*UNC and NSA are used interchangeably in CARs and SARs; nonsource area is the appropriate definition for both.
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Table RISR 1.4-3 List of Remedial Investination Reports for RMA On-Post Operable Unit Page 7 of 9

Media Title Version Date Task RIC Number

SoiW*Sewers (continued) Final Phase II Data Addendum, Site 25-16, North Plants Complex 3.2 11/88 42,45,48 88256R05A
Final Phase 11 Data Addendum, Site 25-17/36-6, Probable Test Site with Trench 3.1 9/88 21 88063R05A

Final Phase II Data Addendum, Section 26 - Nonsouice Area 3.1 8/88 19 87293R02A

Final Phase II Data Addendum, Site 26-I, Deep Disposal Well 3.2 8/88 19 88103R102A

Final Phase 11 Data Addendum, Site 26-3, Basin C 3.1 9.88 19 87343R03A

Final Phase 11 Data Addendum, Site 26-4. Basin D 3.1 9/88 19 87293R0IA

Final Phase 11 Data Addendum, Site 26-5, Basin E 3.1 9/88 19 87203R04A

Final Phase 11 Data Addendum, Site 26-, Basin F 3.1 9/88 19 88173R02A

Final Phase 1I Data Addendum, Site 26-, Basin F 3.1 1/89 19 88173R02B

Final Phase H Data Addendum, Section 29 - Nonsowvce Area 3.1 8/88 21 88063R12A

Final Phase 11 Data Addendum, Site 29-4, Disposal Site, Explosives, and Incendiaries 3.1 8/88 21 88103R04A

Final Phase II Data Addendum, Section 30-Nonsource Area 3.1 8/88 21 88133R01A

Final Phase 11 Data Addendum, Site 30-1, Impact Area 3.1 9/88 21 88033R03A

Final Phase 11 Data Addendum, Site 30-4, Sanitary Landfill 3.1 10/88 20 872 16R09A

Final Phase 11 Data Addendum, Site 30-5, Liquid Disposal Area 3.1 9/88 21 88013R07A

Final Phase H Data Addendum, Site 30-6, Liquid Disposal Trenches 3.1 9/88 21 88063R03A

Final Phase 13 Data Addendum, Section 31-UNC, Nonsource Area 3.1 10/88 22 87336RI IA

Final Phase 11 Data Addendum, Site 31-4, Toxic Storage Yard 3.1 10/88 22 88196R09A

Final Phase II Data Addendum, Site 31.6, Toxic Storage Yard Storage Sheds 3.1 10/88 22 88196R03A

Final Phase II Data Addendum, Site 3 1-7, Toxic Storage Yard Storage Sheds 3.1 10/88 22 88166R02A

Final Phase 19 Data Addendum, Section 32-tJNC, Nonsource Area 3.1 10/88 22 88196RIOA

Final Phase II Data Addendum, Site 32-5, Burning Pits 3.1 10/88 22 88256RO1A

Final Phase 11 Data Addendum, Site 32-6, Burning Pits 3.1 10/88 22 88256R02A

Final Phase 11 Data Addendum, Section 35-UNC, Nonsource Area 3.1 9/88 19 873 13ROIA

Final Phase 11 Data Addendum, Site 35-3, Basin B 3.1 9/88 19 87203R05A

Final Phase 11 Data Addendum, Site 35-4, Drainage Ditches 3.1 9/88 19 87203R06A

Final Phase II Data Addendum, Site 35-7, Firing Range 3.1 8/88 21 88103R05A

Final Phase II Data Addendum, Site 36-1, Basin A 3.1 9/88 1,47 87203R07A

Final Phase 11 Data Addendum, Site 36-2, Munitions Test Area and Incendiary Drop Site 3.1 9/88 21 88063R04A

Final Phase II Data Addendum, Site 36-3, Insecticide Pits 3.1 9/88 1,47 87203R01A

*UNC and NSA are used interchangeably in CARs and SARs; nonsource area is the appropriate definition for both.
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Table RISR 1.4-3 List of Remedial Invesfiitation Reports for RMA On-Post Operable Unit page 8 Of 9

Media Title Version Dafte Task RIC Number

Soils/ewers (continued) Final Phase H1 Data Addendum, Site 36-4, Lime Settling Basins 3.1 9/88 1 872031102A
Final Phase 1I Data Addendum, Site 36-7, Solid Waste Burial/ Sanitary Pit 3.1 9/88 1,47 880631107A
Final Phase 11 Data Addendum, Site 36-8, Chemical Drainage Ditches 3.1 8/88 1 871 13ROIA
Final Phase 11 Data Addendum, Site 36-11, Liquid Storage Pool 3.1 8/88 1 87133R01A
Final Phase U Data Addendum, Site 36-15, Burning Site 3.1 8/88 1 872031103A
Final Phase H Data Addendum, Site 36-17, Complex Disposal Activity 3.1 9/88 1,47 880131105A
Final Phase 11 Data Addendum, Site 36-19, Grading Scars 3.1 9/88 21 88063RI0A
Final Phase 11 Data Addendum, Site 36-20s, Chemical Sewer 3.1 8/88 1 871331102A
Final Phase 11 Data Addendum, Site 36-21, Drainage Ditch 3.1 8/88 1 871331103A
Final Phase 11 Data Addendum, Site 36-23, Scrap Metal Storage/ Puking Lot 3.1 9/88 21 881731104A

OTHER REPORTS
Final Summary Report. Western Tier TCE Soil Gas Investigation 3.2 1/88 38 88046R01
RMA Chemical Index Vol. 1.11 and III Overall Soils Assessment and Groundwater Integration -

Proposed Final Report 8/88 90326RO1
Development and'Evaluation of Analytical Methodologies Used in RMA Soil Investigations 4/88 88127R02

ON Determination of Partition Coefficients for the Primary Contaminant Source of Section 36 -
Draft Final Report 2.1 9/88 23 88264R01

Soil Investigation and Inventory of RMA 10/88 (MICE) [Not in RIC]

Final Ground Disturbance Investigation Data Summary Report 3.1 8/90 RIFS2 90247R01

Final Surficial Soils Investigation Data Summary Report 3.1 4/91 RIFS2 91121R01

STUDY AREA REPORTS
Final Remedial Investigation Report, Volume VI, Southern Study Area 3.3 6/89 RIPS 2 89166RO1
Final Remedial Investigation Report, Volume VII, Eastern Study Area 3.3 6/89 RIFS 2 89166R102
Final Remedial Investigation Report, Volume VIII, South Plants Study Area 3.3 7/89 RIPS 2 89166R04

Final Remedial Investigation Report, Volume IX, North Plants Study Area 3.3 7/89 RIFS 2 89166R105
Final Remedial Investigation Report, Volume X, Central Study Area 3.3 7/89 RIFS 2 89166R106
Final Remedial Investigation Report, Volume XI, North Central Study Area 3.3 7/89 RIFS 2 891661107
Final Remedial Investigation Report, Volume XII, Western Study Area 3.3 5/89 RIFS 2 89166R103

Water Water Quantity/Quality Survey-Final Initial Screening Program Report, Vol. 1-3 8/87 4 87253ROI
Water Quantity/Quality Survey - Final Screening Program Report 3rd/4th Quarter 1987 5/88 4 881731106

Final Water Remedial Investigation Report 3.3 7/89 44,RIFS2 89186R0I

Overall Soils Assessment and Groundwater Integration - Draft Final Report 2.2 9/88 23 88344R01

*UNC and NSA are used interchangeably in CARs and SARs; nonsource area is the appropriate definition for both.
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Table RISR 1.A-3 List of Remedial Investigation Reports for RMA On-Post Operable Unit Pane 9 of 9

Media Tide Version Daft Task RIC Number

Determination of Partition Coefficients for the Primary Contaminant Sources of Section 36 -

Draft Final Report 2.1 9/88 23 88264R01

Boundary Control Systems Assessment Remedial Investigation Draft Final Report 2.1 12/88 25 89024R02

North Boundary System Component Response Action Assessment Draft Final Report,
Vol. I, II, and 111 3.1 2/89 36 89103R01

Composite Well Program Draft Final Report 2.3 7/88 44 88244R02

Structures Final Structures Survey Report, Vol. I, 1I, and III 2.2 10/88 24 88306R02

Air Air Remedial Investigation Report 3.1 8/88 18 88263R01

Biota Biota Remedial Investigation Final Report, Vol. 1, II, and II1 3.2 5/89 9 89186R01

Biota Assessment Bald Eagle Study, Winters 1986-1987/1987-1988 Final Report 3.1 9/88 9 88293R09
Black-Tailed Prairie Dog Populations of Rocky Mountain Arsenal Draft Final Report 2.1 5/88 9 88204R01

*UNC and NSA are used interchangeably in CARs and SARs; nonsource aea is the appropriate definition for both.
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technical work plans were developed for each task investigating soil contamination.

Typically, soil borings were drilled after geophysical surveys and/or site clearance were

completed for health and safety reasons. Chemical analyses were performed on soil samples

using the Phase I screening methods. Field and analytical data were checked by QA/QC

procedures and stored in the IRDMIS database.

Phase I soils/sewers investigations results were evaluated and presented in thle CARs. The

CAR for each site describes the site's physical setting and history and presents Phase I

analytical results, a contamination assessment, the proposed Phase II program (if any), and a

preliminary contaminated soil volume (if any) for individual sites and nonsource areas. In

addition to CARs for individual contaminated sites, 28 CARs were compiled for all of the

areas not suspected to be contaminated (nonsource areas) in each of the 28 sections that RMIA

occupies. Site boundaries were adjusted at that time to reflect areas of potential

contamination, and a Phase 11 program was proposed if appropriate. The purpose of the

Phase II assessments was to collect the additional information necessary to refine and more

thoroughly assess the boundaries and depths of suspected areas of contamlination. In addition,

the Phase II Program was used to evaluate several additional areas identified subsequent to or

not previously studied in the Phase I programn.

Phase 11 data were collected using thle same procedures as in Phase I, except that compound-

specific analytical procedures generally achieved lower reporting limits for the organic

compounds identified in the Phase I program. These data were compiled, checked, and

entered into the IRDMIS database. When a Phase II program was conducted, results were

published in the Final Phase II Data Addenda. Phase I and Phase II data were assessed on a

study-area basis in the SARs. The SARs characterize the study areas at RMA in terms of

environmental setting and history, present all Phase I and Phase II soil data, incorporate

analytical data from other media, and provide an integrated assessment of the nature and

extent of contamination. Pathways and receptors of contamination are identified, and

preliminary contaminated soil volume estimates, based on indicator levels, are presented.
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Indicator levels vary for specific analytes, and are taken at the upper end of the indicator

range. An indicator range is the range of concentration for a specific analyte indicative of

natural or background concentrations. A more detailed discussion of indicator ranges is

presented in Appendix A2.

Similar investigations were conducted for the sewers. However, because of the unique

character of the sewers (including the chemical sewers, sanitary sewers, and the process water

system) as linear systems where leaks may occur at discrete and difficult to identify points, an

IRA was initiated to cutoff contamination migration routes at key locations, and visual

inspection and historical documentation were used to focus sampling efforts on lines in the

worst condition. In addition to the soil samples collected from beneath sewer lines in the

sewers investigation, sediment samples from within the sewer lines were also collected and

analyzed. Results from sampled sections of the sewers system were extrapolated to other

portions of the intact and removed sewers system. Data were handled and assessed in the

same manner as soils data. Figure RISR 1.4-2 outlines the soils/sewers RI process.

In addition, there are a number of other soils/sewers-related reports. The introduction to the

CARs (ESE, 1987a/RIC 88204R02) discusses the investigative strategy of the Phase I and

Phase II soil investigations. The Overall Soil Assessment and Groundwater Integration,

Interim Draft Final Report (ESE, 1988f/RIC 88203R05) provides an RMA-wide assessment of

soil and groundwater contamination, and discusses contaminant fate and transport processes in

both media. The Determination of Partition Coefficients for the Primary Contaminant

Sources of Section 36, Draft Final Report (ESE, 1988j/RIC 88344R01) discusses the complex

interaction of contaminants with both sediment and groundwater in the saturated zone below

three highly contaminated sites in Section 36. The Final Summary Report, Western Tier TCE

Soil Gas Investigation (EBASCO, 1988a/RIC 88046R01), summarizes the results of the soil

gas investigation in the Western Study Area. The Final Ground Disturbance Investigation

Data Summary Report (EBASCO, 1990/RIC 90247R01) presents results of the ground

disturbance investigation conducted following the completion of the SARs. Results of the
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surficial soil investigation were published in the Surficial Soil Program Data Summary Report

(EBASCO, 1991/RIC 91121R01). Both programs are summarized in Appendix D.

1.4.1.2 Water

The water medium, including surface water and groundwater, was investigated on regional,

local, and temporal scales. The substantial number of previous water investigations, including

the expansive 3600 Monitoring Program initiated in 1976 and the resulting large water

database provided a basis for designing the RI water investigation. Initially, building on the

3600 Monitoring Program, wells in the available well network were evaluated in terms of

location, depth, and construction method and material for inclusion in a regional monitoring

program sampling network (Task 4). In addition, appropriate task-specific well Subsets for-

contaminant source definition and operation and maintenance considerations of existing

groundwater containment systems were also selected for sampling. Details of the wvater

medium sampling and analytical program strategies are presented in Appendix A.2 of this

report.

Samples wvere analyzed using parameters that were based on the results of previous Sampling

programs. Subsequent sampling was based on thle assessment of previous RI data. Sites w~ere

selected and prioritized for well installation on thle basis of geologic, hydrologic, and

geochemnical criteria. In addition, some wells were selected for replacement on the basis of

construction criteria. Well installation was coordinated through the Composite WVell Program

Technical Plan (ESE, 1988g/RIC 88244R02). Data from the water samples were evaluated by

the established QA/QC procedures and compiled into the IRDMIS database for storage and

retrieval. Data were assessed in individual task reports and as part of the Water RI report

(EBASCO, 1989d/RIC 89186R01). Figure RISR 1.4-3 shows the water RI process.

In addition, to ensure continuity of adequate data collection beyond the RI-specific tasks, thle

Comprehensive Monitoring Program (CMP) was instituted to conduct regularly scheduled

wvater quality, air, and biota sampling throughout the RI/EA/FS process.
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Results of RI groundwater and surface water studies are presented in regional reports focusing

on a specific sampling event at one short time interval, and in local reports that focus on a

limited geographic area while integrating several sampling events covering longer time

intervals. The regional reports include the Water Quantity/Quality Final Initial Screening

Program and Final Screening Program reports (ESE, 1987c/RIC 87253R01; ESE, 1988a/

RIC 88034R03), the Water RI Report (EBASCO, 1989d/RIC 89186R01), and the SARs

(EBASCO, 1989a-c, e-h/RIC 89166R01 through 89166R07). The first three reports present

and assess data from the combined first and second quarters, FY 86, the third and fourth

quarters, FY 86, and the third quarter, FY 87, respectively.

Several local groundwater reports have been generated, including the Boundary Control

Systems Assessment Remedial Investigation Draft Final Report (ESE, 1988k/RIC 89024R02),

which assesses groundwater quality in the vicinity of the North Boundary and Northwest

Boundary Containment Systems and the North Boundary System Component Response Action

Assessment Final Report (ESE, 1989a/RIC 89103R01) which discusses the quality of

groundwater upgradient and downgradient of the North Boundary Containment System.

An evaluation and assessment of all Denver Formation groundwater data was conducted

following completion of the Water RI in order to determine the vertical extent of groundwater

contamination at RMA. Details of that study and its results are presented in Appendix B.

1.4.1.3 Structures

Beginning in fall 1987, the structures survey conducted a records search for physical setting,

description, history, references, and relevant drawings for each existing structure including

buildings, foundations, and tanks. Each structure was assigned a contamination classification

based on historical information. A field reconnaissance program verified the presence, use,

condition, and material volume of each structure. It also verified electrical substations and

miscellaneous piping. A database was developed to manage the data gathered, and existing

Basic Information Maps were updated to reflect the current configuration and location of each
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structure. Limited sampling of materials that typically contain asbestos and of liquids found

in structures was undertaken to identify contam-inants in structures. The Structures Survey

Report (EBASCO, 1988dfRIC 88306R02) summarizes the results of the investigation and

previous investigations and cites relevant references. Figure RISR 1.4-4 outlines thle

Structures RI process.

The Structures Survey Report consists of three volumes. Volume I explains the purpose and

objectives of the investigation; structure categorization procedures; the survey, sampling,

analysis, and data management methods; and tables summarizing the inventory, contamination

classifications, estimated material volumes, and sampling results for the structures medium.

Volume 11, divided into 11 separate subvolumes, lists the building's identified during thle

literature search, and the physical setting, facility description and history, any available

drawings and references, and an output from the structures database. Volume III describes

the data contained in each field of the database, the assumptions used during the estimation of

material volumes, and structure location maps.

1.4.1.4 Air

The air medium was monitored and studied under Task 18 at RMA in order to evaluate

ambient air quality and to establish baseline conditions against which to compare levels

attained during and after remediation activities, and to support the EA/FS. Historical records,

in conjunction with meteorological records, were used to site permanent air quality stations in

appropriate locations to monitor ambient conditions as well as major emission sources.

Sampling was conducted on both a spatial and a temporal basis. In addition, portable air

quality stations monitored high wind events for a variety of contaminants. Thle analyte suite

for the air medium was selected to monitor organic and inorganic contaminants common to

the other media, as well as standard air quality parameters such as total suspended particulates

(TSP), particulate material finer than 10 microns (PM-10), and asbestos. As with thle other

media, the data were subjected to standard QA/QC procedures and incorporated into the
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IRDMIS database. The Air RI Report (ESE, 1988h/RIC 88263R01) presents and assesses air

quality sampling data collected during the RI, and discusses RMA's air quality and

meteorological setting. Figure RISR 1.4-5 illustrates the Air RI process. Air quality

continues to be monitored on a regular basis as part of the ongoing CMP.

1.4.1.5 Biota

Figure RISR 1.4-6 presents the Biota RI process. The objectives of the biota investigation

were to evaluate the collected and historical data regarding sources, types, distribution, and

concentration of RMA contaminants in biota; provide specific information on pathways for

tile movement of contaminants through regional food webs in relation to important species

and overall ecosystem effects; and assess the environmental effects of contamination of the

biota medium. Details of the investigative strategy employed for the Biota RI are

summarized in Appendix A.2.

The Biota RI Report (ESE, 1989bIRIC 89173R02) characterizes the biological resources of

RMA and evaluates the analytical results of the biota sampling programn. Data were assessed

on a regional scale in the report. In addition, preliminary soil and water criteria for 39

contaminants of concern are presented, based on a preliminary assessment of biota exposure

to RMA contaminants. Statistical analyses and pathways analyses were conducted after

appropriate QA/QC and data management procedures were performed as part of the Biota RI.

Other reports prepared as part of the Biota RI include the Bald Eagle RI Report (ESE,

1988i1RIC 88293R109) which presents the findings of the bald eagle study, and the Black-

Tailed Prairie Dog Populations of RMA Draft Final Report (ESE, 1988e/RIC 88204R01),

which characterized the prairie dog population on RMA.

The RI Product and Subproduct documents collectively satisfy the RI objective of describing

the nature and extent of contamination at RMA. The description of contamninant conditions
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presented in these documents will support the data needs of both the EA and FS. Additional

data may be collected throughout the FS as necessary to satisfy specific needs.
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2.0 INTERPRETATIONS AND CONCLUSIONS

The fundamental objectives of the RI data collection effort were to develop a database and

formulate conclusions regarding the nature and extent of contamination at RMA sufficient for

the EA to assess the human health and environmental effects of contaminant exposure, and to

aid the FS in evaluating remedial alternatives. Every effort was made to ensure the adequacy

and relevance of the RI for this purpose. Detailed integration of the RI, EA, and FS planning

processes at the early stage of the RI/PS program allowed substantial achievement of this

objective.

The selection of sampling and analytical strategies employed in Phase I and Phase I1 of the

RI for the soils/sewers medium represented the best available methods for screening,

identifying, and quantifying the extent of soil contamination within reasonable limits of timie

and funding. One-hundred-seventy-eight sites with varying degrees of contamination, ranging

from areas of several hundred acres with multiple contaminant occurrences at concentrations

up to a few parts per hundred, to isolated occurrences of single analytes at a few parts per

billion, were delineated. The water medium investigations identified and determined the

locations, concentrations, and movement dynamics of multiple-contaminant plumes. In

conjunction with the soil data and historical records, specific source-plumne relationships were

identified where possible; more commonly, areas where plumnes originated were defined. A

total of 1,285 structures were investigated in the structures survey and classified by

contamination condition. Air quality was monitored and sampled on both a routine and an

"event" basis. Event-related volatile and semnivolatile emissions from specific sources were

observed. Lower overall TSP and PM-10 levels were detected in the RMA interior than at

the boundaries, where urban and other off-post influences are felt. Biota samples collected

throughout RMA showed the presence of certain contaminants and, although detections were

sporadic and in some cases ambiguous, a pattern of contamninant migration through the RMA

ecosystem was revealed.

2-1
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A comprehensive database containing all RI data was created to manage the more than

600,000 records generated by the RI, as well as by other investigative programs at RMA.

This database was the source for the tables and graphics compiled to support the summary of

the nature and extent of contamination in Appendix A3 and the evaluation of the vertical

extent of contamination in the Denver Formation presented in Appendix B. The site

characterization and investigative strategies employed in the RI are summarized in

Appendix A.

Conclusions presented in this report are based not only on the results of the environmental

studies and mitigation efforts undertaken in the course of the RIIFS, EA, and IRAs, but also

on previous studies completed under RMA and Defense Installation Restoration Program

direction. These results are, therefore, the comprehensive compilation of more than 15 years

of investigative effort. A vast amount of new information was obtained during the RI

regarding the boundaries of plumes and sites, the identity of the contaminants found in these

locations, and contaminant concentrations. The results obtained are generally consistent with

those of earlier studies and tend to validate previous understandings of the general location of

plumes and sites, the identification of major contaminants, and the magnitude of

contamination. The identification of the 178 designated sites of soil contamination shown on

Plate RISR 2.0-1 is a major result of the RI. In addition, as a result of special investigations

conducted after completion of the SARs (see Appendix Dl), generally low-level

organochlorine pesticide contamination (0.002 pg/g to - 4 pg/g outside designated sites) has

been identified in the surficial soils (0- to 2-inch depth interval) throughout most of RMA.

These sites form the basis for the EA and represent the starting point for the FS. While

remedial alternatives for mitigating or eliminating contamination in the other media are also

evaluated by the FS, the soil sites compose the bulk of the primary contamination sites, that

is, sites with the potential to impact other media via ongoing transport mechanisms and

available migration pathways. Several high-priority areas so identified are being addressed by

IRAs and other contaminant mitigation measures. In particular, impounded liquid and

contaminated bottom sludges and underlying soils have been removed from or contained
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within a double-lined and capped waste pile at the location of the former Basin F, and

boundary containment systems have been constructed to intercept and treat contamninated

groundwater that previously flowed off site. These early corrective actions have largely

controlled these contaminant sources and associated transport mechanisms. Appendix C

summarizes the IRA activities.

Although nearly 14,000 samples were collected and analyzed during the RI, the data

collection effort continues. For instance, programs to further investigate ground disturbances

and surficial soils have been undertaken, and additional data for all five environmental media

will continue to be collected under the CMP and the FS data collection program.

Appendix D summarizes the results of the surficial soil and ground disturbance programs.

The long-term monitoring efforts of the CMP will provide a continuing source of information

regarding contamination at RMA and the effectiveness of programs undertaken to remnediate

the site. The FS data collection effort will gather specific data required to adequately

evaluate remedial alternatives. Further sampling will be undertaken during and after

remediation activities in order to assess their effectiveness.

2.1 CONTAMINANT SOURCES AND PATHWAYS

The RI identified many areas of soil contamination that are potential sources of exposure to

environmental receptors. For purposes of the RISR, these sites are grouped into site types,

and these site types are qualitatively ranked and discussed in order of decreasing relative

importance with respect to their potential to continue releases to the other environmental

media. One of the first criteria for ranking sites and site types as sources is the presence of

contaminant migration pathways. Other criteria include the variety and concentration of

contaminants and the lateral and vertical extent of contamination. The site types are

discussed in subsections 2.1.1 through 2.1.11 in descending order of importance.

Table RISR 2.1-1 lists 178 sites by site type and gives the approximate volume of

contaminated material associated with each site, as determined from estimates developed and
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Table RISR 2.1-1. Estimated Volumes of Contaminated Soils by Site* Page 1 of 6
Estimated

Site Designation Contaminated Potentially Affected Media
Volume (b.c.Y.) (excluding biota)

Basins. Lagoos

SPSA-Ic, Lime Pits 10,000 Soil
SPSA-le, Buried M-1 Pits 31,000 Soil, Groundwater
SPSA-7b, Lagoon 2,600 Sodl
SPSA-12a, Aeration Basin 830 Soil
SPSA-12b, Sedimentation Pond 800 Soil, Groundwater
NCSA-la, Basin A 520,000 Soil, Groundwater
NCSA-lb, Lime Settling Basins Area 88,000 Soil, Groundwater
NCSA-Id, Liquid Storage Pool 47,000 soil
NCSA-2a. Basin C 2,000,000 Soil, Groundwater
NCSA-2b, Basin D 160,000 Soil, Groundwater
NCSA-2c, Basin E 410,000 Soil, Groundwater
NCSA-3, Basin F 1,000,000 Soil, Groundwater

aNCSA-5a, Basin B 37,000 Soil, Groundwater
NCSA-9s, Isolated Detection 23 soil
SUBTOTAL 4ý300,000

Ditches. Lakes. Ponds

SSA- la, East Upper Derby 88,000 Surface Water, Groundwater, Lake Sediment

SSA-lb, Upper Derby 400,000 Surface Water, Groundwater, Lake Sediment

SSA-lc, Lower Derby 430,000 Surface Water, Groundwater, Lake Sediment

SSA-lId, Rod and Gun Club 78,000 Surface Water, Groundwater, Lake Sediment

SSA-le, Lake Ladora 240,000 Surface Water, Groundwater, Lake Sediment

SSA-lIf. Lake Mary 63,000 Surface Water, Groundwater, Lake Sediment

SSA-2a, Process Water Ditch System 52,000 Soil, Surface Water

SSA-2b, Sand Creek Lateral 77,000 Soil, Surface Water

SSA-2c, Overflow Basin and Ditch 54,000 Soil, Surface Water

SSA-5b, HavanalPeoria St. Ponds 160,000 soil
SSA-5e, Uvalda Ditch 4,000 soil
ESA-3h, Open Storage Area Ditch 2,600 Soil
ESA-3i, Toxic Storage Plots Ditch 5,300 Soil
ESA-6c, Ditch from North Plants 5,200 soil
SPSA-ld, Drainage Ditches 2,900 Soil, Surface Water

SPSA-2d, Drainage Ditches 3,200 Soil, Surface Water, Groundwater

*These volume estimates are based on detections only and are not indicative of actual volumes that will require remediation as determined by the EA, risk assessments, and FS.

**The air media can theoretically be affected by virtually any site for short durations given the proper meteorological conditions and/or a physical disturbance at the site.
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Table RJSR 2.1-1. Estimated Volumes of Contaminated Soils by Site* Page 2 of 6
Estimated

Site Designation Contaminated Potentially Affected Media
Volume (b.c.y.) (excluding biota)

SPSA-3a, Drainage Ditches 2,900 Soil, Surface Water
SPSA-4a, Drainage Ditches 20,000 Soil, Surface Water, Groundwater
SPSA-5a, Drainage Ditches 950 Soil, Surface Water
SPSA-7a, Drainage Ditches 900 Soil, Surface Water
SPS A-Sb, Drainage D)itches 1,200 Soil, Surface Water, Groundwater
SPSA-9a, Drainage Ditches 15,000 Soil, Surface Water, Groundwater
NPSA-8a, Miscellaneous Drainages 130 Soil, Surface Water
NPSA-8b, Miscellaneous Drainages 200 Soil, Surface Water
NPSA-8c, Miscellaneous Drainages 4,900 Soil, Surface Water
NCSA-lc, Basin A to Basin B Ditch 22,000 Soil, Surface Water, Groundwater
NCSA-lf, South Plants Drainage Ditches 4,000 Soil, Surface Water
NCSA-2d, Basin B to Basin C Ditch 11,000 Soil, Surface Water, Groundwater
NCSA-5b, Drainage Ditches 12,000 Soil, Surface Water, Groundwater
NCSA-5c, Sand Creek Lateral 67,000 Soil, Surface Water, Groundwater
NCSA-5d, Surface Drainage Canal 1,300 Soil, Surface Water

t; NCSA-7, North Bog 4,400 Soil, Surface Water, Groundwater
~ANCSA-8b, Sewage Treatment Plant 77,000 Soil

WSA-6a, Drainage Ditch 1,800 Soil, Surface Water, Groundwater
WSA-6d Drainage Area 390 Soil, Surface Water, Groundwater
WSA-6e, Culvert Outfall 34 Soil
SUBTOTAL 1,900,000

Ordnance Testingr and Dispoal

ES A-la, Section 19 Surface Bum 6,400 Soil, Surface Water, Air
ESA- lb. Section 20 Surface Burn 4,600 Soil, Surface Water, Air
ESA-ic, Section 29 Surface Burn 32,000 Soil, Surface Water, Air
ESA-ld Section 30 Surface Burn 43,000 Soil, Surface Water, Air

ESA-2a, Section 32 Burn Pits 200,000 Soil, Groundwater
ESA-2c, Open Trenches 12,000 Soil
ESA-4a, Impact Area 100,000 Soil
ESA-4b, Demolition Area 7,400 Soil
ESA-4c, Trench and Mound 900 Soil
CSA-2a, Munitions Testing Area 3,300 Soil
CSA-2c, Munitions Test Site 2,200 Soil
CSA-2d, Incinerator NN3601 550 Soil
SUBTOTAL 410,000

*These volume estimates are based on detections only and are not indicative of actual volumes that will require remediation as determined by the EA, risk assessments, and FS.

"*The air media can theoretically be affected by virtually any site for short durations given the proper meteorological conditions and/or a physical disturbance at the site.
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Table RISR 2.1-1. Estimated Volumes of Contaminated Soils by Site* Pae 3 of 6

Estimated
Site Designation Contaminated Potentially Affected Media *

Volume (b.c.y.) (excluding biota)

SSA-3a, Ladora Lake Sediments 100,000 Soil

SSA-3b, Derby Lakes Sediments 100,000 Soil

ESA-2b, Sanitary Landfill 440,000 Soil, Groundwater, Air

ESA-3k, Suspected Trash Pit 7,400 Soil
SPSA-If, Buried Hex Pit 1,200 Soil, Groundwater

SPSA-8a, Sanitary Landfill 10,000 Soil, Groundwater

CSA-la, Pesticide Pits 110,000 Soil, Groundwater

CSA-lb, Complex Disposal Area(S) 200,000 Soil, Groundwater

CSA-lc, Complex Disposal Area (N) 710,000 Soil, Groundwater

CSA-Id, Sanitary Landfill and Incinerator 634 180,000 Soil
NCSA-le, Burn Site 10,000 Soil, Groundwater

WSA-2, West Landfill 110,000 Soil, Groundwater

t; WSA-3b, Disposal Pit 2,000 Soil

O' WSA-3c, Surface Disposal Area 3,600 Soil
WSA-5a, Inferred Trench 17,000 Soil

WSA-5b, Bum Pit 8,500 Soil
WSA-5c, Inferred Trench 3,800 Soil

WSA-5d, Trenches 21,000 Soil

SUBTOTAL 2,000,000

Buildings. Fuirment. and Storage Sites

SSA-4, Trash Dump 12,000 Soil

ESA-3a, Section 5 Storage Yard 3,700 Soil
ESA-3b, Section 6 Old Storage Yard 130,000 Soil, Surface Water, Groundwater

ESA-3c, Section 31 New Storage Yard 78,000 Soil
ESA-3d, Section 31 Toxic Yard Plots 190,000 Soil, Surface Water, Groundwater

ESA-3e, VX Demilitarization Pad 57,000 Soil

ESA-5, Demilitarization Activity 420 Soil
ESA-6a, Stored Ton Containers 4,800 Soil

SPSA-la, Processing Area 160,000 Soil, Surface Water, Groundwater

SPSA-lb, Mounded Material 1,600 Soil

SPSA-2a, South Tank Farm 7,500 Soil, Groundwater

SPSA-2b, Open Storage Area 4,600 Soil, Groundwater

*These volume estimates are based on detections only and are not indicative of actual volumes that will require remediation as determined by the EA, risk assessments, and FS.

**The air media can theoretically be affected by virtually any site for short durations given the proper meteorological conditions and/or a physical disturbance at the site.
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Table RISR 2.1-1. Estimated Volumes of Contaminated Soils by Site* Page 4 of 6
Estimated

Site Designation Contaminated Potentially Affected Media~
Volume (b.c.y.) (excluding biota)

SPSA-2c, Salvage Yard 14,000 Soil, Groundwater, Surface Water

SPSA-3b, Salt Storage Pad 32,000 Soil
SPSA-3c, Former Tank Storage Area 8,700 Soil
SPSA-3d, Revetted Tank Storage 1,400 Soil

SPSA-6, Hydrazine Area 25,000 Soil

NPSA-2, Tank Farm 17,000 Soil, Groundwater

NPSA-3, GB Manufacturing Area 17,000 Soil, Groundwater

NPSA-4, Fuze and detonator Magazine 1,500 Soil
NPSA-5, Special Weapons Plant 8,100 Soil

CSA-2b, Parking Lot/Scrap Storage 24,000 soilnrudae
WSA-4b, Storage Area00 oGoudae

WSA-6b. Fuel Storage Area 370 Soil, Groundwater

WSA-6c, Building 631 Area 23 Soil, Groundwater

SUBTOTAL 890,000

SpllSie

ESA-3f, Rail Loading Area 56,000 Soil
ESA-3g, Open Storage Area 230 Soil

NPSA-6, Underground Spill Area 52,000 Soil, Groundwater

NPSA-7, Oil Spill Area 2,900 Soil
NPSA-9a, Isolated Detection 500 Soil

NPSA-9d, Isolated Detection 23 Soil

NPSA-9e, Isolated Detection 23 Soil

NCSA-8c, Lift Station No. 2 180 Soil, Groundwater

WSA- Ia, Isolated Detection 23 Soil

WSA-lb, Isolated Spill 34 Soil, Groundwater

WSA-lc, Wood Preservatives 330 Soil

WSA-ld, Isolated Detection 110 Soil, Groundwater

WSA-le, DBCP Spill Area 8,700 Soil, Groundwater

WSA-7b, Sanitary Sewer Overflow 89 Soil
SUBTOTAL 120,000

SewerSystem

SPSA-I0, Chemical Sewer System 120,000 Soil, Groundwater

SPSA-l 1, Sanitary Sewer System 38,000 Soil

*These volume estimates are based on detections only and are not indicative of actual volumes that will require remediation as determined by the EA, risk assessments, and FS.

**The air media can theoretically be affected by virtually any site for short durations given the proper meteorological conditions and/or a physical disturbance at the site.
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Table RISR 2.1-1. Estimated Volumes of Contaminated Soils by Site* Page 5 of 6
Estimated

Site Designation Contaminated Potentially Affected Media **

Volume (b.c.y.) (excludinig biota)

SPSA-12, Process Water Lines 380,000 Soil, Groundwater

NPSA-I, Chemical Sewer System 130,000 Soil, Groundwater

CSA-3, Chemical Sewer 53,000 Soil

NCSA-4a, Deep Disposal Well Facility 39,000 Soil

NCSA-6a, South Plants Chemical Sewer 30,000 Soil, Groundwater

NCSA-6b. North Plants Chemical Sewer 25,000 Soil

NCSA-8a, Sanitary Sewer Lines 81,000 Soil

WSA-7a, Sanitary Sewer Sediment 100 Soil

SUBTOTAL 900,000

Surficial Soil and Other Predominantly Near-Surface Contamination

SPSA-Ig, Balance of Subarea 150,000 Soil, Surface Water

SPSA-2e, Balance of Subarea 74,000 Soil, Groundwater

SPSA-3e, Balance of Subarea 68,000 Soil

t SPSA-4b, Balance of Subarea 99,000 Soil

00 SPSA-5b, Balance of Subarea 74,000 Soil

SPSA-7c, Balance of Subarea 70,000 Soil

SPSA-8c, Balance of Subarea 22,000 Soil
SPSA-9b, Balance of Subarea 97,000 Soil
CSA-4, Balance of Areas Investigated 360,000 Soil
NCSA- I g, Inferred Wind Dispersion 21,000 Soil

NCSA-4b, Basin F Exterior 950,000 Soil

SUBTOTAL 2,000,000

Isolated Contamination

SSA-5a, Isolated Detection 57 Soil
SSA-5c, Isolated Detection 57 Soil

SSA-5d, Isolated Detection 57 Soil

ESA-3j, Toxic Storage Yard Fence 460 Soil

ESA-6b, Trench 5,400 Soil
ESA-6d, Isolated Detection 23 Soil
NPSA-9b, Isolated Detection 20 Soil
NPSA-9c, Isolated Detection 34 Soil

NPSA-9f, Isolated Detection 57 Soil

NCSA-9a, Isolated Detection 330,000 Soil

*These volume estimates are based on detections only and are not indicative of actual volumes that will require remediation as determined by the EA, risk assessments, and FS.

**The air media can theoretically be affected by virtually any site for short durations given the proper meteorological conditions and/or a physical disturbance at the site.
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Table RISR 2.1-1. Estimated Volumes of Contaminated Soils by Site* Page 6 of 6
Estimated

Site Designation Contaminated Potentially Affected Media *

Volume (b.c.y.) (excluding biota)

NCSA-9b, Isolated Detection 58 Soil
NCSA-9c, Isolated Detection 58 Soil
NCSA-9d, Isolated Detection 58 soil
NCSA-9e, Isolated Detection 58 Soil
NCSA-9f, Isolated Detection 23 Soil
NCSA-9g, Isolated Detection 35 Soil
NCSA-9h, Isolated Detection 23 Soil
NCSA-9i, Isolated Detection 23 soil
NCSA-9j, Isolated Detection 23 soil
NCSA-9k, Isolated Detection 57 Soil
NCSA-91, Isolated Detection 35 soil
NCSA-9m, Isolated Detection 210 Soil
NCSA-9n, Isolated Detection 57 Soil
NCSA-9o, Isolated Detection 58 Soil
NCSA-9p, Isolated Detection 87 Soil

SNCSA-9q, Isolated Detection 23 Soil
SNCSA-9r, Isolated Detection 87 Soil

WSA-If, Isolated Detection 57 soil
WSA-Ig, Isolated Detection 86 soil
WSA-3a, Isolated Detection 110 soil
WSA-3d, Isolated Detection 23 Soil
WSA-4a, Isolated Detection 23 soil
WSA-8a, Isolated Detection 57 soil
WSA-8b, Isolated Detection 57 Soil
WSA-8c, Isolated Detection 57 soil
WSA-8d, Isolated Detection 57 Soil
WSA-8e, Isolated Detection 57 Soil
WSA-8f, Isolated Detection 23 soil
SUBTOTAL 340,000

TOTAL 13,000,000

*These volume estimates are based on detections only and are not indicative of actual volumes that will require remediation as determined by the EA, risk assessments, and FS.

**The air media can theoretically be affected by virtually any site for short durations given the proper meteorological conditions and/or a physical disturbance at the site.
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presented in the SARs. Figure RISR 2.1-1 shows the location of each site and site type. A

total of approximately 13 million bank cubic yards (b.c.y.) of soil materials are estimated to

be contaminated by organic and/or inorganic analytes at RMA. These volume estimates are

based on detections only, and are not indicative of actual volumes that will require

remediation as determined by the EA, risk assessment, and FS. It should be emphasized that

the distribution of contaminants in soils is typically irregular because of the heterogenous

nature of the soil matrix; therefore, these volume estimates can only be considered

approximate.

Direct exposure to these sources and to the migration pathways potentially threatens human

and other biological receptors. By relating contaminants, contamination sources, and

migration pathways, the interactive nature of contaminants and the environment into which

they are introduced can be understood.

Contamination was detected in soils, ditches, stream, and lakebed sediments, sewers,

groundwater, surface water, biota, structures, and, although to a much lesser extent, air. Soil

and alluvial aquifer materials in the central and northern portions of RMA contain most of the

contaminant sources. Less extensive or less concentrated sources occur only sporadically

within the relatively uncontaminated buffer zone along the eastern, southern, and western

boundaries. The most highly-contaminated sites (highest concentrations and/or greatest

variety of contaminants) are concentrated in the central manufacturing, transport, and waste

disposal areas. The greatest contaminant concentrations and distributions tend to occur in the

upper 5 ft of the soil column, although exceptions are noted, particularly in the case of waste

burial trenches and leaks from subsurface structures. In general, contaminant distribution is

influenced most significantly by the physical and chemical properties governing contaminant

behavior, by soil type, and by former manufacturing and disposal practices.

Groundwater contaminant plumes predominantly consist of organic compounds and arsenic,

fluoride, and chloride. The relative contributions of various sources to groundwater plumes
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are often difficult to ascertain. Rarely are unique contaminants present at a source to

unequivocally associate to a groundwater plume. Therefore, conclusions focus on

contaminant sources, emphasizing their relationships to migration pathways.

The principal contamidnants at RMA are pesticides, metals (including arsenic and mercury),

Army agent degradation products, and chlorinated or aromatic solvents. Contamination in

soils and groundwater is domidnated by relatively mobile volatile compounds (volatile

halogenated organics, volatile hydrocarbon compounds, and volatile aromatic organics) and

less mobile contaminants, principally organochlorine pesticides and arsenic, which were

detected over widespread areas at low to high concentrations.

Plate RISR 2.1-1 is an exploded three-layer isometric view of RMA displaying RMA sources

(as soil contamination sites) in the top layer, the alluvial groundwater aquifer with the 1989

total organic analytes plume in the middle layer, and contaminant occurrences in the confined

Denver -Formation aquifer on the bottom layer. One purpose of this graphic presentation is to

relate RMA sources to migration pathways in the alluvial aquifer. In this manner, sources

may be spatially related to plumes. Comparison of these two layers, wvith thle Denver

Formation aquifer detections mapped on the lowest layer, shows the spatial relationship

between sources, plumes, and underlying contamination. Although this graphic is useful for

visualizing major contaminant pathways, it should be noted that plumes may have migrated

downgradient from their original sources, and preferred pathways are not always apparent.

However, many of the conclusions presented here are illustrated on Plate RISR 2.1-1.

2.1.1 Basins and Laaoons

There are 14 basin and lagoon sites containing approximately 4.3 million b.c.y. of

contamninated material (Table RISR 2.1-1). Basins and lagoons formerly used for liquid waste

disposal are among the most contaminated sites at RMA. Although the degree of

contamidnation varies among sites within this site type, basins and lagoons are important

contaminant sources because they generally exhibit a wide variety of contaminants at a wide
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range of concentrations and are really extensive. Contamrinant concentrations in soils at

several of these sites exceed levels detected elsewhere at RMA, and groundwater contaminant

plumes are observed to originate below basin sources. The continuous presence of

contaminant occurrences throughout the unsaturated soil column below many of these sites

supports the conclusion that the more contaminated basins and lagoons are sources of

groundwater contamination.

Basin F, Basin A, and the lime settling basins are (or were) of primary concern due to their

high potential for contaminant release to the environment. Although the Basin F IRA has

contained contaminated liquids and surface soils, a 40-ft column of contamninated soil that

remains at this site is a possible source of groundwater contamination. Tile highest

concentrations of volatile halogenated organics in soils were detected throughout thle soil

column below the eastern margin of Basin F. Other volatile organics, pesticides, and agent

degradation products were also detected. Inorganic contaminants are primarily confined to

shallow soils and were not observed to impact groundwater quality in the area.

Basin A and the lime settling basins in Section 36 contain a wide variety of contaminants,

representing nearly all contaminant groups analyzed during thle RI. Basin A is known to have

received indeterminate amounts of nearly every chemical (or breakdown product thereof) used

or demilitarized in the South Plants and North Plants until 1956. RI data also indicate that

Basin A and related sites are sources of many contamidnants in groundwater. However,

contamidnant loading from upgradient sources in the South Plants area and the Section 36

disposal trenches have also contributed to contamination in groundwater below Basin A. Thle

depth to the water table in the area ranges from 1.5 ft to 10 ft. The proximity of the water

table to these liquid waste storage and treatment basins is a makjor factor in assigning a high

priority to these sites. The potential for rapid infiltration and groundwater- surface water

interchange greatly facilitates contaminant migration in the area. The potential for eolian

transport of contaminated dust is high because these sites are sparsely vegetated. This

problem also exists for other poorly vegetated basin and lagoon sites. Air monitoring has
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shown very erratic results indicating that while volatile and semivolatile organic compounds

were sporadically detected during "event" sampling, air impacts are primarily limited to

particulate transport during high wind conditions. The Fugitive Dust Control IRA (see

Appendix C) implemented at Basin A and Basin F is expected to minimize and mitigate

windblown transport of dust from these sites.

Other basins and lagoons may exhibit a wide variety of contaminants; however, their

contaminant concentrations and areal extent are smaller than those in Basin F, Basin A, and

the lime settling basins. As contaminated liquids were stored in these basins, the potential for

infiltration and downward transport to the water table has been greater for this site type than

for all other site types except the ditches, lakes and ponds, and sewer sites.

2.1.2 Solid Waste Burial Sites

There are 18 solid waste burial sites containing approximately 2.0 million b.c.y. of

contaminated material (Table RISR 2.1-1). Solid waste burial sites exhibit a high potential

for environmental release of contamination. The Army and Shell disposal trenches in

Section 36 warrant the greatest concern. Like the disposal basins, these burial trenches

contain a wide variety of contaminants, most notably Army agent breakdown products,

volatile organic compounds, and metals. Some of these trenches were originally excavated to

the water table. Consequently, favorable conditions for leaching and infiltration of waste

materials have minimized the opportunity for attenuation of contaminants such as volatile

organic compounds and the Army agent breakdown product DIMP, which tend to partition to

the aqueous rather than the solid phase. These trenches have been identified as sources of

pesticides, agent breakdown products, and volatile organics in groundwater. However, metals

at these sites appear to concentrate in soils at or near the bottom of the trenches.

Concentrations of organochlorine pesticides in soils from the Shell trenches are some of the

highest at RMA. Potential for unexploded ordnance and Arnmy chemical agents exists in the

Army trenches, despite geophysical screening and exploratory excavation conducted at this
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site. Although these sites may exhibit contaminant distribution at depth throughout the

unsaturated zone, the distributions are not really extensive when compared to other site types.

Other solid waste burial sites include landfills in the Western and Eastern Study Areas and

buried lakebed sediments in the Southern Study Area. Potentially hazardous materials were

not disposed at these sites in large quantities. Thus, contaminant concentrations are generally

low when compared to the trenches in Section 36. In addition, these less contaminated solid

waste burial sites were typically separated from the water table by unsaturated zones 5 to

60 ft thick; three to six times as thick as those at the Section 36 trenches. These thicker

unsaturated zones provided greater opportunity for attenuation, mitigation, or isolation of

contamninants and therefore reduce the potential for releases to groundwater. Nonetheless, RI

data provide some evidence indicating limited groundwater impact fromn the Western Study,

Area landfills, primarily from volatile organic compounds.

2.1.3 Buildings. Equipment, and Storage Sites

Twenty-five buildings, equipment, and storage sites containing approximately 0.89 million

b.c.y. of contaminated soils (Table RISR 2.1-1) comprise this site type at RMA. In addition,

1,285 structures were catalogued as a part of the RI. These structures included buildings,

tanks exterior to buildings, tank farms, foundations of former buildings, electrical substations,

and pipe runs. RMA structures themselves consist of an estimated 250,000 b.c.y. of building

materials, including 185,000 b.c.y. of concrete, brick, and structural steel; 10,000 b.c.y. of

wood; 5,000 b.c.y. of asbestos-containing materials; and 50,000 b.c.y. of tile, piping, minor

equipment, nonstructural steel, and miscellaneous building materials. The following

discussion relates to contamination sites rather than the structures themselves. Also, since no

bores were drilled beneath existing structures, these results (and volume estimates) do not

address possible contaminant conditions in soils beneath structures.

As buildings, equipment, and storage sites vary in nature, the character of contamination

varies from site to site. Only those sites that contain a wide variety of contaminants in soils
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at concentrations comparable to those found at Basins A and F and the Section 36 disposal

trenches are discussed here individually. They include the South Plants processing area, thle

South Plants tank farm, the HBSF, and several North Plants buildings and storage tank areas.

A variety of contaminants occur in soils at these sites, most notably organochiorine pesticides,

volatile organic compounds, DuMP, arsenic, and mercury. Spills of product and feedstock

chemicals have occurred historically in these areas, and soil contamination at these sites is

extensive and at sufficient concentrations to impact other media.

In the South Plants processing area volatile organic compounds, dibrornochloropropane, and

herbicide-related organosulfur compounds predomidnate in groundwater. The presence of

Army agent breakdown products in soils or groundwater in the area is limited. However,

lewisite contamination was detected in the M-1 settling basins. Concentrations of volatile

organic compounds in groundwater at the South Plants tank farm exceed 10,000 pgil, and

appear to be the result of leaking storage tanks. Wind transport of surficial soils

contaminated with organochlorine pesticides is also a notable migration pathway in this area.

Volatile and semnivolatile organic compounds, organochlorine pesticides, and inorganics were

detected in the HBSF area of South Plants, and leaks and spills were documented at the

facility during its operation. Hydrazine was not detected in the area because a certified

method for detecting hydrazine was not available at the time of thle RI.

In the North Plants, the GB manufacturing area, Buildings 1703 and 1727, and the North

Plants tank farms are considered possible sources of groundwater contamination. While thle

North Plants chemical sewer may also have impacted groundwater, data do not confirm this

suspicion. The primary contaminants at these North Plants sites are volatile organic

compounds such as benzene and chloroform and the Army agent breakdown product DIMP.

IRAs have already been implemented or initiated to address contamination in North Plants

Building 1727, and at the HBSF in the South Plants. Additional information regarding these

IRAs can be found in Appendix C.
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Other buildings, equipment, and storage sites typically showed less soil contamination (for

example, lower target analyte concentrations), but did contain asbestos. Although there is no

widely accepted method for assessing contamination within structures, the majority of

structures on RMA, particularly those within the manufacturing areas, are suspected to be

contaminated based on history of use, visual inspection, and limited sampling (see

Appendix A3). However, the likelihood of migration and exposure from these sites is

believed to be considerably less than for the specific areas described above.

2.1.4 Ditches, Lakes, and Ponds

There are 36 ditches, lakes, and pond sites containing approximately 1.9 million b.c.y. of

contaminated material on RMA (Table RISR 2.1-1). This site type includes a variety of

contaminant sources that exhibit variable potential for release and migration of contaminants.

All of the lakes are hydrologically connected (to each other and) to the alluvial aquifer.

Hence, any contamination observed in lake sediments must be considered a possible source of

groundwater contamination. In addition, the lakes provide an opportunity for contaminant

exposure to aquatic species, waterfowl, and other biota. Lakes have provided contaminant

migration pathways resulting in documented adverse waterfowl impacts in the past. Dredging

and burial of lakebed sediments, termination of South Plants manufacturing processes, and

discontinued use of the ditch system have improved lake habitats considerably.

The enhanced sorptive capacity of the organically rich, fine-grained lake and pond sediments

allows increased retardation for most analytes observed in these environments. Thus,

although the opportunity for interaction with the alluvial aquifer exists, a natural sorption

mechanism is also in place to mitigate contaminants currently present in lakebed sediments.

An analysis of Phase II RI data and Waterways Experiment Station data from Lower Derby

Lake showed that aldrin concentrations in lake sediments range from the detection limit to

13,000 micrograms per kilogram (pig/kg), i.e., 13 parts per million (ppm), and dieldrin

concentrations in lake sediments range from the detection limit to 320 pg/kg (0.32 ppm).
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Aldrin/dieldrin ratios range from less than 1 in some shallow areas of the lake to over 100 in

deep areas of the lake (Gushing, 1990). These results are surprising because, in general, most

field and laboratory studies indicate that aldrin should be converted to dieldrin within a short

time in an aquatic environment. The generally high aidrin/dieidrin ratios indicate that

something is blocking the mechanisms available to convert aldrin to dieidrin. When taken in

conjunction with evidence showing detectable aldrin and dicidrin in sediments and biota but

not lake waters, and sedimentation rates showing aldrin/dieldrin persistence in lake sediments

for up to 40 years, these data suggest that aidrin and dieldrin are so strongly sorbed to

sediment materials that normal conversion mechanisms may not operate (Gushing, 1990).

Due to the strong sorption of these compounds to sediments, the potential for groundwater

migration of organochlorine pesticides from lake sediments should be reduced, although the

potential for bioaccumulation may still remain as indicated by detections in biota.

For ditches that are presently dry except when carrying surface runoff or overflow, a direct

hydraulic connection with groundwater is generally not present. Contaminants detected in dry

ditch sediments may migrate by leaching during infrequent periods of surface water flow or

by eolian transport. The rate of migration by these mechanisms is expected to be much

slower than in the past when surface water transport was the dominant transport mechanism.

However, if the ditches are to be returned to service in the future, they must be remediated to

prevent ditch contaminants from migrating to the water table via direct hydraulic connection.

The volume of contaminated soil assigned to ditches is considerably less (i.e., less than 1/10)

than for larger sites discussed above.

A limited set of contamdinants including low to high levels of organochlorine pesticides,

dibromochloropropane, arsenic, mercury, cadmidum, chromidum, copper, lead, and zinc was

commonly detected in ditches, lakes, and ponds. Despite a potential for biota and limited

.human exposure, the contamination at these sites is considered less threatening than that

found at basins and lagoons, or other sites described above, due to the relatively low

concentrations.
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2.1.5 Sewer Sie

There are 10 sewer sites containing approximately 0.90 million b.c.y of contaminated material

(Table RISR 2.1-1). The sewers site type consists of three systems: chemical sewers,

sanitary sewers, and the process water system. The importance of the chemidcal sewers and

process water systems far outweighs that of the sanitary sewers as an historical source of

contamination. Due to the influence of other contamination sources, the contaminant

contribution from chemical sewers is difficult to assess. However, groundwater contaminant

plume configurations and localized high concentration occurrences within the plumes (hot

spots) suggest influences from the South Plants and Basin F chemical sewers. Contributions

from the North Plants chemical sewers are suspected but unconfirmed. Detections related to

the sanitary sewer and sewage treatment plant are generally sporadic at low concentrations

and do not follow apparent trends. Remediation of the sanitary sewers is the object of an

ongoing IRA (Appendix C).

Chemical sewers, used to carry waste products from the manufacturing plants to the disposal

basins, were critical sources by nature of their characteristically high flow of liquid wastes

and their presence below the surface. Leakage from faulty joints and fractures historically

allowved infiltration of wastewater into subsurface soils at various points along their routes.

The excavations created during installation of the sewer pipes and trenches that were

backfilled after removal of much of the pipe could also provide conduits for groundwater

flow. The direct availability of groundwater pathways has apparently caused elevated

concentrations and hot spots within plumes that are generally attributed to Basin A

and former Basin F. Several portions of the chemical sewer are characterized by a wide

variety of contaminants at moderate to high concentrations. Although these sites are not

really extensive, they are significant because of their potential to contribute large volumes of

contamninants to soil and groundwater. As these sites are underground, their potential for

direct exposure to humans and biota is limited. Environmental impacts related to the sewers

are largely restricted to adjacent subsurface soils and to the groundwater mediurn. Actions

have been and are currently being undertaken to eliminate the sewers as active sources of
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contamination. Contamination in soils adjacent to sewers will be handled by the FS when it

addresses the sewers systems.

2.1.6 Spill Sites

Fourteen spill sites containing approximately 0.12 million b.c.y. of contaminated material

(Table RISR 2.1-1) comprise this site type at RMA. The overall impact of spill sites on

environmental media at RMA appears to be less important than impacts from the site types

described above. Generally, contamination resulting from individual spills on soils is not

laterally or vertically extensive, and involves a limited number of contaminants. Exceptions

are in the Western Study Area, where a dibromochloropropane spill in the railyard and a

possible trichloroethylene spill in the motor pool area have generated well-defined

groundwater plumes in the alluvial aquifer. These soluble compounds are widely distributed

once they reach the water table. The sandy soils of the Western Study Area have limited

sorptive capacities for organic contaminants, and therefore do not significantly retard the

migration of spill products in the 30- to 40-ft thick unsaturated zone. The impacts associated

with the majority of spill sites, however, are far less significant. Most other spills occunred in

the manufacturing areas where other contaminant sources are more significant and mask their

effects.

2.1.7 Ordnance Testing and Disposal Areas

There are 12 ordnance testing and disposal sites at RMA containing approximately 0.41

million b.c.y. of contaminated material (Table RISR 2.1-1). Ordnance testing and disposal

areas are generally characterized by lower contaminant concentrations, limited distribution,

and a lower potential for contaminant migration than the sites described above. Typically,

ordnance testing and disposal areas contain a limited variety of low-mobility contaminants

such as heavy metals and polynuclear aromatic hydrocarbons. Although concentrations of

metals have been detected as high as 10,000 micrograms per gram (pg/g), other contaminants

generally are present at concentrations less than 10 pg/g. Most of these sites are shallow pits

and trenches or artillery ranges, and much of the associated contamination occurs at less than

2-20
RF5/RPT0074 11/4/91 9:41 am sma



5 ft in the soil column. Deeper zones of contamination are associated with trenches, and do

not necessarily represent enhanced migration and transport. Only one of these sites, a burn

pit in the Eastern Study Area, is tentatively considered a potential source of groundwater

contamination. This conclusion, however, is based on a single benzene detection noted in

soils near the water table at this site.

2.1.8 Surficial Soil and Other Predominantly Near-Surface Contamination

There are 11 designated sites of windblown contamination (not including the surficial soil

sampling locations) containing approximately 2.0 million b.c.y. of contamninated material

(Table RISR 2.1-1) at RMA. Widespread areas of low concentration, surficial organochiorine

pesticide and arsenic contamination surrounding Basin A, Basin F, and South Plants are

inferred to have been transported by wind. Once in surface soils, organochlorine pesticides

and arsenic are considered to exhibit low mobility, and are not expected to migrate

downward. Areas of windblown contamination are not considered potential sources of

groundwater contamination.

In addition, the surficial soil sampling program (Appendix Dl) detected widespread

organochlorine pesticide contamination in very shallow (0- to 2-inch depth) soils on post.

This contamination is not caused by the direct release of contamrinants, but rather by the

secondary airborne transport of contaminated dust or liquid spray, as from liquid-filled basins

and lagoons. Although widespread contaminant distribution is associated with this transport

mechanism, concentrations in near-surface soils (typically parts per billion) pose negligible

potential for detectable release to other media. These occurrences do carry a potential for

biota and human exposure. Direct exposure to the top few inches of soil is considered an

important potential exposure pathway. An IRA to control fugitive dust at RMA is ongoing

(Appendix C).
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2.1.9 Off-Post Sources

Off-post sources are included here in recognition of their relative importance in contributing

to on-post contamination conditions in the water medium. While off-post sources are not

actually designated as site types, surface water and groundwater contamination that enters

RMA along the southern boundary is significant. Routes of surface water transport from off-

post sources to the south include the Peoria and Havana Interceptors. Contaminants in

surface water entering RMA from the south include volatile organic compounds,

organophosphorus and organosulfur compounds, semivolatile halogenated organics, pesticides,

arsenic, and zinc. Concentrations are within the range of surface water contamination

observed elsewhere at RMA. The occurrence of many of these compounds is consistent with

manufacturing and industrial activity south of RMA.

Groundwater entering RMA from the south contains detectable volatile organic compounds

and associated breakdown products. A site at 49th and Havana, less than 1-1/2 miles

upgradient of the Western Study Area, is documented as a source of trichloroethane

contamination to groundwater (E&E, 1989).

Plumes originating off-post merge with RMA plumes as they follow alluvial paleochannels

that flow under the Western Study Area (see Appendix A). The volatile organic plume that

flows below the Western Study Area and eventually flows off post at the western boundary

appears to consist largely of contamination originating off post.

2.1.10 Isolated Contamination

There are 38 sites of isolated contamination containing approximately 0.34 million b.c.y. of

contaminated material (Table RISR 2.1-1). These occurrences generally consist of a single

detection that was anomalous, not repeated, or not associated with any recognized site, source,

or historical use activity. These occurrences are not considered sources, as their isolated

nature and the available data do not suggest associations with contamination in other locations

or in other media via intervening migration pathways. While they may be the result of
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anthropogenic or even anomalous natural occurrences in some cases, their potential for further

releases is considered to be very low.

2.1.11 Balance of Areas Investigated

This group includes detections that have been attributed to sampling error, analytical error, or

natural occurrences in the areas of RMA not included in designated sites (Plate 2.0-1). They

are not considered sites or sources. Mildly elevated concentrations of arsenic and ICP metals

encountered in bedrock and clay-rich soils were interpreted as natural occurrences.

Anomalous methylene chloride detections at low concentrations have been attributed to

laboratory contamination, and oxybisethanol detections are attributed to the antifreeze agents

used in the steam cleaners for decontaminating sampling equipment during winter operations.

2.2 POTENTIAL FOR OCCURRENCE OF CHEMICAL WARFARE AGENTS AND

UNEXPLODED ORDNANCE

The handling of chemical warfare agents has been strictly monitored throughout RMA history

and agent compounds have been the focus of specific actions designed to mitigate the

potential for their release to the environment. Furthermore, agents generally have short

half-lives when exposed to the natural elements and, with the exception of mustard that may

have been trapped in voids beneath buildings, are generally not persistent in soils. Agents

occur within some buildings, containment vessels, piping, and other structures within which

they were manufactured, handled, demilitarized, or stored.

Figure RISR 2.2-1 is a map of areas at RMA that are considered to have potential for thle

occurrence of agents. The map was drawn conservatively as a "worst-case" scenario

representing the maximum possible geographic extent of potential agent occurrences. Areas

on the map were delineated on the basis of a review of the RMA database, pertinent historical

information and RI reports. Specifically, the SARs were surveyed and all references to agent

occurrences noted. Individual CARs for those areas where agent presence at some time was

referenced were reviewed by identifying on a map all locations and sample collection points
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where agent occurrence was suspected, recounted, or analytically examined. An audit of thle

IRDMIS database consisting of a query and plot of the resulting data points for all agent

detections was accomplished and compared and combined with the results of the literature

review. Finally, a second review in the literature and by interview with knowledgeable

individuals was accomplished to cross-check for all reported detections in the database only.

While detections of both Lewisite and mustard are reported in the RMA database, it is

considered unlikely that actual agent would be detected in the area delineated in Figure

RISR 2.2-1. With the exception of mustard under certain conditions where it is protected

from weathering effects (e.g., in soils beneath a concrete pad), chemical warfare agents are

highly unstable and very rapidly degrade to breakdown products which, though still

considered contaminants, do not constitute the immediate threat to life or health posed by tile

chemical warfare agents. Prior reports including the Basin A CAR (ESE, 1987b, RIG

87203R07) have erroneously reported that mustard was detected in Basin A during a study

done by the Office of the Surgeon General (Cogley, 1976, RIC 81226R09). That study did

not report the detection of mustard in Basin A. All reported mustard detections in soils on

RMA (four records in the RMA database) were less than 50 percent of thle CRL value for this

agent. The Lewisite detections reported in the RMA database outside of the South Plants area

are suspect; the method is known to give false positives and no detections were made in those

samples collected for verification of specific detections. Historical accounts of agents are

presented in the CARs and SARs, and by historical documentation and individual deposition

in the administrative record; an account of sample collection and handling protocols for

potential agent occurrence is presented in Appendix A2.

RMA has also been used historically to manufacture, store, test, demilitarize, and dispose a

variety of conventional munitions. Figure RISR 2.2-2 is a map of areas of RMA that are

considered to have potential for the occurrence of unexploded ordnance (UXO). These areas

were delineated based on a review of pertinent historical information and RI reports. The

map was drawn conservatively as a "worst-case" scenario representing the maximum possible

geographic extent of potential UXO occurrences. It is emphasized that the likelihood of
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actual UXO occurrence in most of the areas indicated in Figure RISR 2.2-2 is low. The

majority of areas considered to have potential for UXO are former munitions testing and

disposal areas.

2.3 MIGRATION PATHWAYS

Historic and current migration pathways have been identified as a result of the observed

contaminant distribution and the RI fate and transport studies. A summary of major

contaminant migration pathways is useful to understanding RMA contaminant distribution and

for prioritizing potential sources requiring remediation. These pathways provide a conceptual

link between sources and receptors, a critical element of contaminant assessment. The

following primary pathways are summarized:

0 Unsaturated zone

* Unconfined groundwater flow

* Confined Denver Formation groundwater flow

0 Wind

• Surface water.

A more detailed description of these pathways and their various transport mechanisms can be

found in Appendix E.

Contaminants have historically migrated from production, transport, and disposal areas along

unsaturated zone, surface water, groundwater, and eolian (windblown) pathways. In the past,

human and other biological receptors, both on and off post, have potentially been exposed to

contaminants via these pathways. The surface water pathway has been greatly reduced by

discontinuing use of the liquid waste disposal and process water networks. IRAs have been

designed to reduce and control the threats to off-post receptors, and land-use restrictions have

minimized risks to humans on post. IRAs have also been designed to isolate biota from the

most toxic sources, (Basin F liquids and Basin A dust). However, other sources continue to

2-27
RF5/RPT0074 11/4/91 9:41 am sma



pose a risk for exposure to biota; some contamidnants are present and continue to migrate

within the food chain. These risks are examined in the Biota RI.

Although on-post sources have historically generated the most concern, contamination from

unidentified off-post sources is known to have migrated on post in groundwater and surface

water.

2.3.1 Unsaturated Zone

The unsaturated zone is the usual pathway by which contaminants enter the alluvial aquifer.

The properties of this zone as a pathway and as an attenuating medium are largely determined

by its thickness, soil properties, and permneability. The unsaturated zone transmits

contaminants to the alluvial aquifer most effectively when it is thin and/or highly permeable.

High permeability allows rapid infiltration and vapor migration. A thin unsaturated zone is

conducive to elevated transport rates and therefore diminishes the possibility for attenuation

by retardation or degradation. The unsaturated zone at RMA is relatively thin beneath

Basin A, the lime settling basins and the Section 36 disposal trenches and the northcentral

portion of the South Plants. The thickest unsaturated zone at RMA occurs in the Western

Study Area, but the soils and alluvium in that area are more permeable and the potential for

release of contaminants to groundwater is greater there than in many other areas of RMA.

In some areas, where large volumnes of concentrated liquid wastes were stored for relatively

long periods of time, the effective thickness of the unsaturated zone may have been decreased

at times by up to 100 percent due to saturation of all or part of the zone by downward-

migrating contaminants. Such areas included portions of Basin F, Basin C, the Section 36

disposal trenches, and the North and South Plants tank farms. Removal of the Basin F

liquids, sludges and soils, and capping of the Basin F area as part of an IRA have

substantially altered conditions there, and reduced or eliminated the potential for further

contaminant migration from beneath the former basin.
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2.3.2 Unconfined Flow System

The unconfined flow system is a major migration pathway capable of transporting observable

contamination over long distances. Groundwater transport is most efficient within the alluvial

deposits overlying bedrock along fairly continuous paleochannels filled with sediments.

These deposits are generally several orders of magnitude more permeable than the underlying

Denver Formation. Unconfined groundwater follows the major flowpaths across RMA

towards the Irondale, North, and Northwest Boundary Containment Systems. Contaminant

plumes aid in identifying these flowpaths and depict the confinement of contaminants within

these pathways. The unconfined flow system is also the route by which contaminants are

introduced into the confined flow system in the Denver Formation aquifer.

Many RMA sources are capable of impacting the unconfined flow system. Sandy soils and

topographic depressions allow infiltration of contaminated surface water that may result in

recharge to the unconfined aquifer. In addition, wastewater discharges, sewer leaks, and

chemical spills are capable of infiltrating directly to the water table. Direct introduction to

groundwater may also occur at sources such as underground storage tanks, transfer pipelines,

sewers, sumps, basins, ditches, and disposal pits that are in direct contact with the water table.

Factors that affect the transport of analytes in groundwater include analyte solubility,

dispersion, facilitated transport by colloids or cosolvents, retardation with respect to

groundwater flow rates, biodegradability, aquifer composition, complexation, flow velocity,

and analyte chemistry. The unconfined flow system exhibits variable retardation due to

varying properties of aquifer materials.

The unconfined flow system has carried contaminants off post along paleochannels within the

alluvial unit during RMA's 40-year history. Contamination has entered this uppermost

aquifer primarily from sources in the waste disposal basins and manufacturing areas, and has

migrated north and northwest of RMA. The most contaminated portions of the plume are

below or downgradient of major sources in the RMA interior. The overall plume

concentrations and configuration suggest that the greatest contaminant releases to the
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unconfined flow system have occurred from Basin A and the lime settling basins, thle Soulth

Plants chemical sewer, South Plants tank farm and production area, and the Army and Shell

trenches in Section 36. Subsidiary contributions from former Basin F to the contaminant

plume migrating beneath Section 26 are indicated. The motor pooi area and rail classification

yard in the Western Study Area, and sources in North Plants such as the tank farm, are major

sources of contaminant releases to the unconfined flow system. Spatial relationships alone

are not sufficient to identify a site as the source of an unconfined flow system contaminant

plume. For the RI, extensive soil data in conjunction with the fate and transport studies

(Appendix E) have been used to identify major sources to the unconfined flow system.

However, in some areas, such as the North Plants and the southern part of Section 36,

discrete contributions from one of many closely spaced sources cannot always be identified.

For these cases, overall impacts are associated with several nearby sites.

2.3.3 Confined Denver Formation Aquifer

Contaminants have been identified in confined Denver Formnation groundwater, although

contaminant plumes have not been delineated. Unlike the unconfined flow systemn, pathways

in the confined flow system in this aquifer are difficult to identify and generally consist of

fine-grained, discontinuous sand lenses and lignites separated by fine-grained siltstones and

claystones. Permeability and corresponding groundwater flow rates are significantly less than

in the alluvium of the unconfined flow system.

As shown on Plate RISR 2.1-1, Denver Formnation detections do not appear to be spatially

related. However, confined flow system detections generally correspond spatially with

plumes in the overlying unconfined flow system. These data suggest that, locally,

contaminants migrate from the unconfined flow system to the confined flow system. Thle

presence of detections at varying depths in the Denver Formation indicate that vertical

pathways exist within this aquifer. Although contamination has migrated from the unconfined
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flow system to the confined flow system within the Denver Formnation, the degree and extent

of confined flow system contamination, and its rate of migration, generally are substantially

less than in the unconfined flow system. In isolated locations, however, contamdinant

concentrations in the confined flow system may approach or exceed those in the overlying

unconfined flow system. Given the coal-bearing nature of the Denver Formation in the RMA

area, and the occurrence of hydrocarbon deposits in the Denver in other localities, naturally

occurring concentrations of some organic compounds such as benzene, cannot be ruled out.

2.3.4 Eolian Transport

Eolian transport appears to be the most important atmospheric migration pathway at RMA.

Prior to the Basin F and Basin A IRAs, volatilization from surface water and soils accounted

for low but detectable concentrations of volatiles and semidvolatiles in air peripheral to these

basins. IRAs have been instituted to mitigate these low-level releases (Appendix C).

Volatilization, photolysis, oxidation, and hydrolysis are responsible for transformation and

attenuation of many organic contaminants that are transported by air pathways. Contaminants

exhibiting relatively high environmental mobility due to their volatility or solubility have a

limited ability to persist in surficial soils. Consequently, residual windblown contamination

observed in surface soils is composed primarily of organochlorine pesticides, arsenic, and ICP

metals. Windblown transport of these analytes is believed to be responsible for broad areas

of low-level surficial contamination shown on Plate RISR 2.0-1. Further inv'estigations of

surficial soil (0- to 2-inch depth interval) contamination are discussed in Appendix D.

IRAs have addressed the most significant sources of windblown contamination originating

from dust, and have contained volatile liquids from Basin F. Although disturbance of

contamidnated soils during implementation of IRAs and remedial actions will provide the

potential for volatilization, suspension, and transport of contamination away from the

contaminated areas, these effects can be controlled through the use of adequate engineering
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and management measures. Air monitoring, which is currently part of the CMP, will continue

to assess air impacts at RMA.

2.3.5 Surface Water Transport

Historically, surface water transport was a major contaminant transport pathway, contributing

to the rapid and efficient spread of contaminants in basins, ditches, lakes, ponds, and land at

RMA. Use of the disposal ditches and process water system has now been discontinued. The

two most highly contaminated surface water samples were collected from the Basin A

sampling station in Section 36 and the South Plants sedimentation pond in Section 1. Runoff

from major storm events or snow melt is expected to transport contaminants present in

surficial soils, although the efficiency of this mechanism is limited for most areas. The

transport of contaminants in surface waters onto RMA from sources to the south has been

documented, as has the past transport of contaminants from RMA to off-post areas north of

RMA.

2.4 RECEPTORS

Contaminant sources and pathways are identified to allow a qualitative and conceptual

assessment of the potential for exposure to human health and to the environment. Land-use

restrictions and health and safety requirements for site workers have minimized the potential

for human exposure to contaminants on post. Under current conditions, biota are the primary

receptors of RMA contamination in surficial soils, lakebed sediments, and surface water.

Because of this, significant wildlife management practices have been implemented to attract

wildlife to uncontaminated areas of RMA and also to eliminated contaminated biota in

contaminated area. A preliminary exposure assessment conducted as part of the Biota RI

identified 39 contaminants of concern and established preliminary criteria for soil and water

contamination. The primary routes for biota exposure are ingestion, dermal contact, and

inhalation. Consumption of contaminated prey is a concern at higher trophic levels due to

contaminants such as organochlorine pesticides, which are known to bioaccumulate and

biomagnify in the food chain.
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Arsenic levels in the terrestrial plant species sampled near Basin A (morning glory, co111mon1

sunflower) were within the range that could produce phytotoxic effects; however, no such

effects were noted. Organochiorine pesticides at nontoxic levels were also detected in these

plant species. Organochlorine pesticides, in particular, are known to bioaccumulate and

produce effects higher in food chains. Portions of Basin A are free of vegetation and the

phytoxicity of overall contaminant conditions in Basin A is an obvious factor, as are high

levels of physical soil disturbance and compaction.

Invertebrate populations did not appear reduced as an effect of RMA contamination.

Organochlorine pesticides at levels that could prove hazardous to higher-trophic-level species

were detected in invertebrates sampled at contamination sites. Mercury was detected in

grasshoppers collected from Basin A and in earthworms collected from the southeast corner

of Section 5 in the Eastern Study Area at concentrations exceeding recommended acceptable

dietary levels for birds such as kestrels and young pheasants. Mercury was also detected in

earthworms collected in the South Plants. Arsenic, which does not tend to bioaccurnulate,

was also detected in both invertebrate species.

Black-tailed prairie dog populations were not reduced as a result of RMA contamination, but

organochlorine pesticides were detected in some prairie dog samples collected near the

primary source areas in the central section of RMA at levels that could be hazardous to

eagles, other raptors, and mammalian predators. While the two golden eagle samples of

opportunity at RMA showed contaminant levels below those known to produce adverse

effects in birds, ferruginous hawk, red-tailed hawk, and great-horned owl brain tissue samples

from RMA showed lethal levels of dieidrin. Other data for these raptor samples indicated the

typical signs of pesticide poisoning. Based on knowledge of foraging range, feeding habits,

and seasonal use patterns of these species, the probable sources of the detected contaminants

were interpreted to be within the RMA boundaries.
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Avian reproductive success studies indicated significant reduction in mallard reproduction on

post, apparently attributable to organochlorine pesticides contamination from RMA sources.

In the case of mallards such reductions can probably be linked to contamination in lake

sediments. Organochlorine pesticides and mercury were detected in these species both

on-post and from off-post control locations. Pheasants collected from on- and off-post

locations also contained organochlorine pesticides, and arsenic. However, tissue samples from

pheasants, mourning doves, and waterfowl collected in interior regions of RMA contained

dieldrin levels in excess of Food and Drug Administration action levels, and higher than for

off-post controls.

Of the 14 mule deer collected on RMA, only one sample had detectable levels of any of the

contaminants for which analyses were conducted. Dieldrin was detected in this sample, as it

was in the one coyote sample of opportunity collected at RMA. The dieldrin level in die

coyote sample was at the lower end of the lethal concentration range for dogs. Given the

omnivorous behavior of coyotes, and the potentially large areal extent of their range, it cannot

be concluded that RMA sources were solely responsible for the dieldrin level detected. In

general, concentrations of dieldrin increase in higher trophic levels, indicating

bioaccumulation of this analyte through the terrestrial food chain.

Data from aquatic plant, plankton, and fish samples collected from the lower lakes and the

North Bog and from off-post control sites indicated that some aquatic communities on RMA

are contaminated by organochlorine pesticides and mercury.

The frequency of organochlorine pesticide, arsenic, and mercury detections in soils

corresponds to the frequency of detectable levels in terrestrial carnivores. Similar

relationships are less apparent in aquatic systems, although contaminant detections in aquatic

biota are widespread, and mortality attributed to contamination has been historically reported.
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2.5 RMA ACTIONS TO CONTROL RELEASES AT PRIMARY SOURCES

Throughout the course of the RI, PMRMA has undertaken interim actions as necessary to

restrict contaminant releases that posed an immediate threat to human health and thle

environment, and to partially fulfill the goals of the RIIEA/FS program.

Thirteen IRAs have been initiated or planned at RMA. The purpose of the IRAs is to

proceed with actions considered "necessary and appropriate" for implementation prior to the

final remedial decisions (FFA, 1989/RIC 89068R01). These actions are designed to control,

reduce, prevent, or eliminate the potential for contaminant releases from thle most important

sources on post, and to reduce or eliminate further contaminant migration and the potential

for human exposure, both on and off post.

IRAs have been instituted to:

" Contain contamidnated basin liquids, sludges, soils, and vapors

* Control contaminant migration in groundwater, both on post and off post

* Dismantle, remove, clean, or remediate contaminated structures

" Eliminate the potential for the sanitary sewer to serve as a contamidnant migration
pathway

* Control fugitive dust from the Basin A and former Basin F areas

* Mitigate the potential for releases from other hot spot contamlination sources.

The IRAs are discussed in more detail in Appendix C of this report.

In addition to the IRAs, the ongoing FS will identify and evaluate a variety of alternatives

designed to remediate or isolate all sources of contamination at RMA. The FS wvill also

control, mitigate, or eliminate transport of contaminants along active midgration pathways.

Data collected in the RI serve as the basis for the FS evaluations, but do not constitute the

complete body of data that will eventually be available to characterize and understand
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conditions at RMA. During rernediation, data collection efforts will continue as necessary.

Actions may be taken to reduce or prevent contaminant exposures whenever warranted by the

available data and the overall goals of the RI/EAIFS program.
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APPENDIX A - LIST OF ABBREVIATIONS

Analyte Groups and Selected Analytes

DBCP Dibromochloropropane
DDE Dichlorodiphenylethane
DDT Dichlorodiphenyltrichloroethane
DIMP Diisopropylmethyl phosphonate
GB Nerve agent Sarin
ICP metals Metals analyzed for by inductively coupled argon plasma spectroscopy;

includes cadmium, chromium, copper, lead, and zinc
OCP Organochlorine pesticides
ONC Organonitrogen compounds
OPHGB Organophosphorous compounds, GB-agent related
OPHP Organophosphorous compounds, pesticide related
OSCH Organosulfur compounds, herbicide related
OSCM Organosulfur compounds, mustard-agent related
PAH Polynuclear aromatic hydrocarbons
SHO Sernivolatile halogenated organics
SVOC Sernivolatile organic compounds
TCE Trichloroethylene
VAO Volatile aromatic organics
VHC Volatile hydrocarbons
VHO Volatile halogenated organics
VOC Volatile organic compounds

National Acts and Organizations

AMC U.S. Army Materiel Command
DOD U.S. Department of Defense
EPA U.S. Environmental Protection Agency
USATHAMA U.S. Army Toxic and Hazardous Materials Agency
USDA-SCS U.S. Department of Agriculture - Soil Conservation Service
USFWS U.S. Fish and Wildlife Service

Local Terminology

ACM Asbestos-containing materials
AGM Adjusted geometric mean
ANOVA Analysis of variance test
AQ Air quality (station)
BDL Below detection limit
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BEMA Bald Eagle Management Area
CAR Contamination Assessment Report
CDH Colorado Department of Health
CEC Cation exchange capacity
CFS Confined flow system
CMP Comprehensive Monitoring Program
CO Colorado
CRL Certified reporting limit
DFA Direct flow area
EA Endangerment Assessment
ESA Eastern Study Area
FS Feasibility Study
FY Fiscal year
GT Greater than
ICS Irondale Containment System
IR Indicator range
IRA Interim Response Action
ISP Initial Sampling Program
LA Lignite A (also LB, LC, LD)
LT Less than
M Meteorological dam collection site
MDL Method detection limit
N Number of detections
NA Not analyzed
N/A Not applicable
NBCS, North Boundary Containment System
NC Not calculated
NCSA North Central Study Area
ND None detected
NI Not identified
NWBCS, Northwest Boundary Containment System
OAS Organizations and State
PM-10 Respirable particulates
PMRMA Program Manager for Rocky Mountain Arsenal
RI Remedial Investigation
RIC Rocky Mountain Arsenal Information Center
RI/FS Remedial Investigation/Feasibility Study
RISR Remedial Investigation Summary Report
RMA Rocky Mountain Arsenal
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RMACCPMT Rocky Mountain Arsenal Contamination Control Program Management Team

S Number of samples analyzed
SAR Study Area Report
SPSA South Plants Study Area
TIC Tentatively identified compound
TMP Transitional Monitoring Program
TSP Total suspended particulates
UFS Unconfined flow system
USCS Unified Soil Classification System
WRIR Water Remedial Investigation Report
WSA Western Study Area

Companies

CAL California Analytical Laboratories, Inc.
EBASCO Ebasco Services Incorporated
ENSE ENSECO Inc. (formerly Rocky Mountain Analytical Laboratories)
ESE Environmental Sciences and Engineering, Inc.
DataChem DataChem, Inc. (formerly Utah Biomedical Test Laboratory, UBTL)
HB&A Harland Bartholomew and Associates, Inc.
H177 Hittman-Ebasco
MKE Morrison-Knudsen Engineering
MRI Midwest Research Institute
RCI Resource Consultants, Inc.
RLSA R.L. StoUar & Associates, Inc.
Shell Shell Oil Company
WWE Wright Water Engineers

Analytical Methods

AA Atomic absorption spectroscopy
CVAA Cold vapor atomic absorption spectroscopy
GCIECD Gas chromatography/electron capture detector
GC/FID Gas chromatography/flame ionization detector
GC/FPD Gas chromatography/flame photometric detector
GC/HECD Gas chromatography/Hall electrolitic conductivity detector
GC/MS Gas chromatography/mass spectrometry
GC/NPD Gas chromatography/nitrogen phosphorous detector
GFAA Graphite furnace atomic absorption spectroscopy
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APPENDIX A - LIST OF ABBREVIATIONS
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HPLC High pressure liquid chromatography
ICP Inductively coupled argon plasma spectroscopy
IONCHROM Ion chromatography
SPEC Spectrophotometry

Measurements, Ouantities, and Parameters

a. Concentration of the Nth detection
atm Atmosphere
atm-m`/mol Atmospheres-cubic meters per mole
cfs Cubic feet per second
OF Degrees Farenheit
ft Foot, feet
ft, Square feet
Kd Soil-water partition coefficient
mg/l Milligrams per liter
ml/9 Milliliters per gram, a measure of aqeous solubility
mm Hg Millimeters mercury, a measure of vapor pressure
msl Mean sea level
pH A measure of acidity or alkalinity
sq mi Square mile(s)
yd 3 Cubic yards
pg/g Micrograms per gram (equivalent to parts per million)

Pg/l Micrograms per liter (equivalent to parts per billion)

pg/mý Micrograms per cubic meter
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Al ENVTRONMENTAL SETTING

The Rocky Mountain Arsenal (RMA) covers 27 square miles (sq mi) in western Adams

County, CO, approximately 8 miles northeast of Denver. Areas bordering RMA exhibit

varied land use. To the north and east the land is primarily agricultural, although a great deal

of business and residential activity is anticipated because the new Denver airport site is

located adjacent to the eastern boundary of RMA. The southern boundary is adjacent to the

Denver residential, commercial, and industrial community of Montbello and to Stapleton

International Airport. Commerce City borders RMA on the west, where land use is also

residential, commercial, and industrial.

ALI PHYSIOGRAPHY

RMA is located at the western edge of the Colorado plains, near the foothills of the Rocky

Mountains. It occupies an area of rolling terrain characterized by grasslands, shrublands,

wetlands, aquatic habitats, and extensive weedy areas, and supports a variety of plant and

wildlife species. The elevation above mean sea level ranges from 5,330 feet (ft) at the

southeastern boundary of RMA to approximately 5,130 ft at the northwestern boundary.

Maximum local topographic relief in the area is approximately 200 ft. An exaggerated

isometric view of RMA surface topography is shown in Plate RISR A1.1-1.

Regional surface drainage is toward the northwest into the South Platte River, which flows

parallel to the northwest boundary of RMA and eventually joins the North Platte River in

Nebraska. The land surface of the RMA has been largely shaped by fluvial processes

associated with the South Platte River and its tributaries. Alluvial terraces dominate the

landscape, and are accompanied by steeper sloped terrace escarpments. Eolian sand deposits

mantle and obscure the alluvial land surface in many areas, particularly in the southern and

western portions of RMA. Landforms in these areas include stabilized dunes and water-

reworked eolian plains with poorly integrated and partially buried drainage channels (J.P.

Walsh, 1988).
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A1.2 CLIMATE

Climatic data were collected at a National Weather Service meteorology station at Stapleton

International AirporL Because of the close proximity and relatively uniform topography

between the airport and RMA, the meteorological conditions are similar at the two sites. The

area is generally classified as mid-latitude and semi-arid. The climate is characterized by low

relative hum1dity, abundant sunshine, relatively low rainfall, moderate to high winds, and a

wide daily range in temperature.

The mean maximum temperatures range from 43*F in January to 88*F in July; mean

minimum temperatures range from 16'F in January to 59F in July. The average diurnal

fluctuation is about 28F. Fluctuations of 20* to 35'F may occur in just a few hours during

the winter due to warm, high intensity "chinook" winds caused by migrating air masses.

A summary of precipitation data at Stapleton is given in Figure RISR A1.2-1. Annual

precipitation averages approximately 15 inches. Average monthly precipitation is highest in

May and lowest from December through February. The maximum precipitation events are

heavy localized thunderstorms that occur during late spring and summer. Tornadoes may

develop during frontal activity and convective instability commonly associated with intense

thunderstorm activity. Several work trailers and buildings at RMA were damaged by

tornadoes in the summer of 1986. Tornadoes touched down but did little damage in the

summers of 1987 and 1988. Severe hailstorms may also occur in association with intense

thunderstorm activity. Snowfall normally occurs from September through May, although

snow has also been recorded in June and August. July is the only month with no recorded

snowfall. Annual snowfall averages 63 inches. Average monthly snowfall is highest in

March when snow also tends to have the highest moisture content. Snow generally melts

rapidly at RMA and normally does not cover the ground for extended periods.

RMA wind data are presented in the form of a wind rose in Figure RISR A1.2-2. The length

of the bars indicates the percent of time that the wind blows from each of the indicated
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directions, and the coded segments along each bar depict the relative frequency of each wind

speed category. The figure shows that prevailing winds originate in the south and the

south-southwest. Annual mean wind speed is approximately 9 miles per hour (mph). In

summer the strongest winds am associated with thunderstorms. In other seasons the strongest

winds are generally from the northwest quadrant and are downslope "chinook" winds. During

the 1951 to 1980 time period, the highest windspeed recorded at Stapleton as a 1-n-dnute

average was 44 mph from the northwest.

A1.3 CULTURAL FEATURES

The prominent cultural features at RMA are shown on Plate RISR 1.3-1. RMA was

established in 1942 to produce and test chemical warfare agents and incendiary munitions.

Most military and industrial activities occurred at three sites: North Plants, South Plants, and

the Rail Classification/Maintenance Yard, and most of the structures at RMA are found at

these sites. The primary roads at RMA form a grid with 1-mile spacing corresponding to

Section lines.

According to the Structures Survey Report, there are 982 structures on RMA. Of these, 524

are buildings and foundations; 239 are tanks, tank farms, and piperuns; and 219 are electrical

substations. Most of these structures (53 percent) are located in the South Plants area

(Sections 1 and 2), 12 percent are located in the North Plants area (Section 25), 8 percent are

located in the Rail Classification/Main ten ance Yard (Sections 3 and 4), and the remaining

27 percent occur individually or in small clusters throughout RMA. Information on specific

structures can be found in the Structures Survey Report (EBASCO, 1988c/RIC 88306RO2).

There are five forTner disposal basins at RMA. Basin A (Section 36) was originally

developed as an unlined evaporation basin for disposal of mustard and lewisite aqueous waste.

Basin B (Section 35) was used as a holding pond for overflow from Basin A. Basins C, D,

and E (Section 26) were created from natural depressions to hold overflow aqueous wastes

from pre-existing basins. Basin F (Section 26) was a lined evaporative disposal basin
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constructed in 1956. An interim response action (IRA) for Basin F to containerize the liquids

and stabilize soils and sludges in a waste pile was completed in May 1989. A discussion of

the Basin F IRA is presented in Appendix C.

Three groundwater interception/treatment systems, the North Boundary Containment System

(NBCS), the Northwest Boundary Containment System (NWBCS), and the Irondale

Containment System (ICS) are present at RMA. These systems are designed to treat and to

control the migration of groundwater contamination to offpost areas. The NBCS is located in

Sections 23 and 24. It was constructed in June 1978 and expanded in January 1982. The

NWBCS, located in Section 22, was completed in October 1984. The ICS, located at the

northwest boundary in Sections 28 and 33, was completed in December 1981. Each

groundwater interception/treatment system consists of an array of extraction wells, water

treatment facilities, an array of injection wells, and, at the NBCS, recharge trenches (ESE,

1988VMC 89024RO2). Recent or pending IRA activities at the boundary systems include

installation of fine recharge trenches at the NBCS; extension of the slurry wall and

installation of extraction, injection, and monitoring wells at the NVVBCS; and at the ICS,

installation of extraction, injection, and monitoring wells and improvements to the treatment

facilities to allow for increased flow from the Rail Classifications Yard/Motor Pool Area to

the ICS.

AIA GEOLOGY

RMA is located in the Denver Basin, an asymmetrical structural depression that formed

approximately 67 million years ago as the present Rocky Mountains began to rise. The basin

is approximately 300 miles long and 200 miles wide. The eastem flank of the basin dips

very gently, while the westem flank of the basin dips steeply along the Colorado Front

Range, exposing most of the sedimentary section underlying RMA. RMA is situated near the

structural axis of the basin. The uppermost sediments beneath RMA dip gently to the

southeast at less than one degree. The sedimentary rocks in the Denver Basin are over

10,000 ft thick and contain units that range in age from Cambrian (approximately 500 million
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years old) to Recent. In addition to the surficial soils, only the two uppennost units are of

interest for the purpose of the remedial investigation (RI) because, based on existing

information, only they are potentially affected by RMA contamination in either soils or

groundwater. These units are the Quaternary unconsolidated alluvium and the underlying

Tertiary/Cretaceous Denver Formation, a member of the Dawson Group. Figure RISR A1.4-1

presents a general geologic map of the RMA vicinity.

A1.4.1 Soils

Soil associations at RMA were originally described and mapped by the U.S. Department of

Agriculture Soil Conservation Service (USDA-SCS) (Sampson et al., 1974/RIC 81266R54).

Shell and Morrison-Knudsen Engineering (MKE) recently remapped the soils because of

observed discrepancies and lack of detail in previous studies. Soils maps in the study area

reports (SARs) and in this report are based on the new dam from this investigation (J.P.

Walsh, 1988). Unified Soil Classification System (USCS) designations, used throughout the

RL are textural terms that generally correspond to Walsh's (1988) soil series and

classifications.

Figure RISR A1.4-2 is a generalized map showing the distribution of RMA soils. The soils

include three subgroups (Typic Haplustolls, Aquic Haplustolls, and Petrocalcic Paleustolls),

six series (Bresser, Weld, Ascalon, Nunn, Satanta, and Truckton), and one undifferentiated

soil (Disturbed Lands). Disturbed Lands comprise undifferentiated soils, fill and borrow

materials, and industrial structures. Three phases of disturbed lands were recognized by

Walsh (1988), based on texture of the soil series that likely occurred prior to the disturbance,

and were classified accordingly as sandy, loamy, or clayey. Waste basins fit the concept of

disturbed lands, but were mapped separately (J.P. Walsh, 1988) and are designated as such on

the soils map.

Several physical, hydrological, and chemical properties of soil series and subgroups were

identified that may influence contarninant migration. Cation exchange capacities (CECs) tend
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to be highest in soils containing argillic, or clay, horizons. The Weld, Satanta, and Nunn

series, and to a lesser extent, the Aquic and Typic Haplustolls, contain clayey soils with high

CECs. Clay minerology is primarily double-latticed smectites that could potentially absorb

inorganic and some organic contaminants more strongly than single lattice clays. The

infiltration potential of these clayey soils is low, and is conducive to runoff.

Sandier soils include the Ascalon, Bresser, and Truckton series. These soils have low clay

percentages throughout their respective soil profiles, retain less water then do the clayey soils,

and have fairly low bulk densities. Consequently, the infiltration potential of contaminants

through the soil profile is enhanced. Soil pH ranges from slightly acid to strongly alkaline

across RMA, and tends to increase with depth. Soil pHs above 7 tend to inhibit vertical

migration of metals by enhancing the tendency for metals to precipitate. Alkaline soils

include the Petrocalcic Paleustolls, and to a lesser extent, the Bresser and Satanta series.

A1.4.2 Alluvium

Virtually all of RMA is covered with unconsolidated Quaternary alluvial and eolian sediments

that may locally reach thicknesses of up to 130 ft (Lindvall, 1980a; Lindvall, 1980b). Figure

RISR A1.4-3 presents an isopach map of alluvium thickness across RMA. Eight distinct

alluvial units are recognized; from oldest to youngest these are: the Verdos, Slocum,

Louviers, Broadway, Loess, Eolian, Piney Creek, and Post Piney Creek. These units can be

correlated with Pleistocene and Holocene glacial and interglacial (e.g. eolian) stages. The

older Verdos, Slocum, Louviers, and Broadway units have a coarse texture indicative of

high-energy, alluvial-fluvial depositional environments. These units generally coarsen

westward. The remaining units are fine-grained, indicating eolian or low-energy fluvial

environments (EBASCO, 1989h/RIC 89166RO7; ESE, 1988h/RIC 88344ROl). Figure

RISR A1.4-4 illustrates the varied and heterogeneous nature of the materials composing the

alluvium. Due to the nature of alluvial deposition and erosion and the irregular bedrock

surface on which the alluvium lies, there is little lateral continuity in the alluvial units, and

the spatial relationships between them are complex.
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A1.4.3 Alluvium -Bedrock Contact

The unconformable contact between alluvium and Denver Formation bedrock is irregular but

distinct. The coarser sandy and gravelly materials constituting the alluvium contrast sharply

with the much finer grained sandstones, siltstones, and claystones of the Denver Formation.

The bedrock surface is weathered in places at the contact and varies from friable, fractured

and jointed, and heavily altered to more lithified, compacted material. The weathered portion

of the Denver Formation is typically less than 10 ft thick, however, recent information

collected subsequent to the RI indicates that it may locally extend to as much as 45 to 65 ft

thick, particularly on bedrock topographic highs. Weathered bedrock depths are typically on

the order of 15 ft at bedrock highs, and 5 ft at bedrock lows. The contact is irregular because

deep paleochannels were incised in the bedrock surface and subsequently infilled with coarse-

grained alluvium (ESE, 1988h/RIC 88344ROI). Principal paleochannels are identified in

Figure RISR A1.4-5, the bedrock surface contour map. Plate RISR A1.1-1 presents an

exaggerated isometric view of the bedrock topography. The paleochannels facilitate

groundwater migration and influence the direction and rate of movement of groundwater

contaminant plumes at RMA.

A1.4.4 Denver Formation

The Late Cretaceous to Paleocene Denver Formation was deposited following the broad

downwarp of the Denver Basin in Laramide time (67 million years ago). Tertiary and

Quaternary erosion removed up to 700 ft of Denver Formation in the RMA area and incised

deep channels in its erosional surface (MKE, 1988). At RMA the Denver Formation is

exposed in only a few isolated outcrops and has been characterized almost entirely by

subsurface data. The unit ranges from approximately 200 ft to 500 ft in thickness and is

separated from the underlying Arapahoe Formation by a 30- to 50-ft-thick relatively

impermeable claystone interval referred to by some hydrogeologists working in the Denver

Basin as the "buffer zone" (Romero, 1976). Detailed lithologic and stratigraphic study of the

Denver Formation has resulted in the identification of several sandstone-lignite/claystone
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sequences or "zones." Although sedimentary facies in the Denver Formation vary widely,

they are generally interpreted as representing a low-energy fluvial depositional environment.

Stratigraphic relationships of the Denver Formation zones within RMA are illustrated in

Figures RISR A1.4-6, Al.4-7, and in detailed cross-sections in the SARs (EBASCO, 1989a-c,

e-h/RIC 89166ROl through 89166RO7). The nomenclature scheme for the Denver Formation

stratigraphy used in the RI reports is based on the occurrence of a thick, laterally continuous

lignitic interval identified as Lignite A (LA). Subsequent lignitic intervals were designated

LB, LC, and LD down-section from this marker. Using LA as the marker bed, Denver

Formation zones were assigned a number based on proximity to this unit. The Denver

Formation zone immediately below LA is called the number I upper (1U) zone, and is, in

turn, underlain by the number 1 through 9 zones. Denver Formation zones above LA were

assigned a letter designation based on proximity to the lignite marker, with the A zone

immediately above LA. Above zone A is a volcaniclastic interval and an associated clay-rich

strati graphically equivalent zone. Zone B is the uppermost zone of the Denver Formation at

RMA (ESE, 1988h/RIC 88344R01). Sandstone units within these stratigraphic zones are

designated with an "S" prefix, as shown in Figure RISR A1.4-6.

A1.5 HYDROLOGY

Flow of surface water at RMA occurs through a network of streams and lakes and by

infiltration and percolation into the unsaturated zone. Groundwater flow occurring within the

alluvium and the uppermost part of the Denver Formation has been designated as the

unconfined flow system (UFS). Within the Denver Formation, the series of bedrock strata

that composes the Denver aquifer is designated as the confined flow system (CFS).

Depending on site-specific hydrologic characteristics, varying degrees of hydraulic interchange

are possible between surface water and groundwater and between the UFS and CFS.
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A1.5.1 Surface Water

Five principal drainage basins and three smaller subcatchments are recognized within RMA

and include the First Creek, Irondale Gulch, South Platte, Sand Creek, and Second Creek

Drainage Basins, and the Basin A, Basin F, and Sand Creek Lateral subcatchments. Lakes,

ditches, and creeks also exist within smaller subcatchments. Surface water features and

monitoring and gaging station locations are shown in Figure RISR A1.5-1.

First Creek drains approximately 27 sq nli upstream of the Arsenal and 12 sq rrd on RMA.

Flow is northwest to the confluence of First Creek and O'Brian Canal north of the R.T%4A

boundary. In dry years, flow in First Creek is continuous only during spring runoff and

during major storms (RLSA, 1990). Soil infiltration capacities are low to moderate in tile

drainage basin off post, and moderate on post (RCI, 1982/RIC 82096R01). As First Creek

traverses RMA, several tributaries have the potential of contributing to its flow, including

tributaries draining Upper Derby Lake in Section 6, the old Toxic Storage Yard in Section 31,

and North Plants in Section 30. The Sand Creek Lateral joins First Creek in Section 25;

however, because of infrequent flows and infiltration, water in the lateral normally has not

reached the confluence in several years. Effluent from the Sewage Treatment Plant enters

First Creek in Section 24, and just before First Creek crosses the north boundary, it intercepts

a small channel which drains overflow from the North Bog. North Bog is a 2.7-acre body of

water, located in the northwest comer of Section 24, that was used as a natural recharge for

treated groundwater from the NBCS (RLSA, 1990).

Irondale Gulch drains 11.5 sq n-d upstream from RMA and 6.5 sq rrd within the southern

portion of RMA. Flow is to the northwest. Four lakes (Upper Derby Lake, Lower Derby

Lake, Lake Ladora, and Lake Mary) and two ponds (Rod and Gun Club Pond and Havana

Pond) lie within the 1rondale Gulch Drainage Basin. Surface areas for these water bodies

range from 5 acres at the ponds to 94 acres at Lower Derby Lake. Average depths range

from 3 ft at Rod and Gun Club Pond to 10 ft at Lower Derby Lake (RLSA, 1990). The

Havana, Peoria, and Uvalda Interceptors and the Highline and Sand Creek Laterals originate

south of RMA and flow north to the lakes in the Irondale Gulch drainage. The Sand Creek
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Lateral continues northward across RMA and empties into First Creek in Section 25. Because

the Sand Creek Lateral intercepts surface flow within the Irondale drainage, it is considered a

subcatchment area (RLSA, 1990).

The South Platte Drainage Basin includes 6 sq mi in the northwestern comer of RMA. It is

characterized by a large number of natural depressions and no distinct channel, similar to the

Sand Creek Drainage Basin (RLSA, 1990). Soil infiltration capacities are high in the central

portions of the drainage basin, low in the northern portions, and moderate elsewhere. Two

subcatchment areas, Basin A and the Sand Creek Lateral, have been delineated because they

intercept surface flow within the South Platte drainage (RLSA, 1990). Formerly, Basin F

comprised a third subcatchment, however, as a result of the IRA activities completed in 1988

(see Appendix A of this report), Basin F is no longer present and the site is graded to drain to

the northwest.

The Sand Creek Drainaze Basin includes 2.2 sq n-d of the Arsenal in the southwestern corner.

Lack of channelized flow in the Sand Creek drainage has been attributed to high infiltration

capacities of the soils in the area, which are mostly sandy Bresser and Truckton series soils

(RCI, 1982/RIC 82096ROl). Many natural depressions in the basin intercept runoff, so that

surface flow tends to be local. The Sand Creek drainage is also interrupted by the airport

runways and drainage system that extend into Section 10 adjacent to RMA.

Only a small portion of the Second Creek Drainage Basin is present in the northeast corner of

RMA (0.6 sq mi out of a total drainage area of 20.6 sq md). The main stream channel

crosses RMA at the extreme northeast comer (RLSA, 1990). Drainage is to the northwest.

Soils of the Second Creek drainage have low infiltration capacities off post (upstream) and

low to moderate infiltration capacities on post. The more incised and sinuous nature of the

channels in this drainage, in comparison with that of First Creek, may be attributed to the

lower infiltration rates exhibited by the soils in this drainage basin (RCI, 1982/RIC

82096ROI).
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Strearriflow at RMA is highly variable. Seasonal variations in stream discharge are generally

greater than average year-to-year variations and are strongly affected by the amount of urban

runoff, released or diverted flow, and direct precipitation. Streams on RMA are generally

intem-duent, and highest flows tend to occur during spring runoff and during major storms.

Streams with highest discharge are the Havana and Uvalda Interceptors and First Creek.

During the period 1986 to 1988, while the RI was being conducted, a maximum of 6 cubic

feet per second (cfs) was measured in the Havana Interceptor in April 1988. Maximum

discharges in First Creek south and the Uvalda Interceptor during this same period were 5 cfs

and 25 cfs, respectively. Both measurements were taken in April 1986. Water levels in the

lakes are less variable than stream discharge and are regulated. Peak storage volumes usually

occur in spring or early summer.

According to a study of flooding potential at RMA (COE, 1983/RIC 84066ROI), a 100-year

flood would cover the projected floodplain illustrated in Figure RISR A1.5-2. This study was

based on existing development and existing drainage facilities; however, continued urban

development of areas south of RMA would cause flooding potential to increase if detention

facilities were not constructed. Recent studies of flood potential at RMA incorporated

consideration of continuing urban development in areas to the south to define flood peaks and

volumes for runoff from the 2-, 5-, 10-, and 100-year floods for various development

conditions. These included existing development and existing drainage facilities, future

development and existing drainage facilities, and future development and proposed drainage

facilities (WWE, 1988a/RIC 88188R01; WWE, 1988b/RIC 89111R01). Flood hazards were

determined for the watersheds based on comparisons of the system's capacity to projected

flood peaks. It was concluded that, whereas many of the channels could convey the flood

peaks, the increase in depth and velocity of flow would cause extensive channel bank and bed

erosion. Various alternatives were considered and an outfall system plan was developed to

increase channel capacity and storage volume in the First Creek, Irondale Gulch, and Direct

Flow Area (DFA) 0055 systems (WWE, 1990a/RIC 9011 SR02; WWE, 1990b/RIC

901 ISR01).
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A1.5.2 Unsaturated Zone

The unsaturated zone consists of unsaturated material between the land surface and the water

table. Interconnected pore spaces in this zone serve either as conduits through which fluid

migrates toward the saturated zone or as areas in which water is retained. The interaction

between surface and subsurface fluids is significantly impacted by the thickness of the

unsaturated zone. Tbickness ranges from less than 5 ft in the area of the lakes, Basin A, and

First Creek and the northcentral portion of South Plants to greater than 60 ft in the Western

Tier area and part of Section 19 (Figure RISR A1.5-3).

Soils at RMA have been grouped into areas of low to high infiltration capacity based on

USDA-SCS maps and published values of permeability and hydraulic conductivity. In

general, highly permeable soils are located in the southwestern part of RMA (within Irondale

Gulch Drainage Basin) while less permeable soils tend to be present in the northeastern part

of RMA.

Fluid movement through the unsaturated zone varies seasonally. Soil moisture content

generally increases during winter when plant transpiration is low and during spring when

precipitation is high. Increased soil moisture increases the likelihood of percolation and

groundwater recharge. During periods of snow melt or high precipitation, local runoff may

cause ponding in low lying areas, enhancing the opportunity for movement through the

unsaturated zone.

A1.5.3 Unconfined Flow System

The UFS includes saturated alluvium, eolian deposits, and permeable subcrops and of the

Denver Formation. Impermeable clay zones in the Denver Formation occur at the base of the

UFS. Saturated thickness varies from less than 10 ft to approximately 70 ft (Figure

RISR A1.5-4). Horizontal hydraulic conductivity estimates from aquifer tests in the UFS

range from 0.2 ft/day in the Denver Formation to greater than 900 ft/day in alluvial terrace

gravels (EBASCO, 1989d/RIC 89186ROI). Hydraulic conductivities in the alluvial portions

of the UFS are approximately two orders of magnitude greater than those in the Denver
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Formation portions. A potentiometric surface map of the UFS shows groundwater flow

toward the north and northwest (Figure RISR Al.5-5). Spatial variations in hydraulic

gradients may be attributed to variations in saturated thickness, hydraulic conductivity,

locations of recharge and discharge, and configuration of the bedrock surface. Hydraulic

gradients in areas of saturated alluvium are typically 0.002 to 0.009 ft/ft (EBASCO,

1989dIRIC 89186ROl). Gradients are typically larger in the Denver Formation portions of the

UFS. Water table fluctuations at RMA generally average 1 to 3 ft; however, seasonal

fluctuations as large as 7 ft have been measured beneath South Plants. Fluctuations in the

water table are artificially induced in the vicinity of the boundary containment systems and

near the western RMA boundary, where the water table drops approximately 11 ft during the

summer due to withdrawal of water from nearby Adams County Water and Sanitation District

public water supply system wells. Currently, no production wells obtain water from tile UFS

on RMA.

Historical water level data indicate that hydraulic heads in the vicinity of Basin C and

Basin F were 20 to 30 ft higher when the basins were in use than they are today (Smith et al.,

1963/RIC 84324RO2). The water table in these areas has continued to drop in recent years.

Long-term water level fluctuations have been small in other areas of RMA.

Present-day recharge to the UFS occurs as infiltration of precipitation, seepage from lakes,

reservoirs, streams, canals, and buried pipelines, and flow from the underlying CFS.

Discharge occurs as seepage to lakes, underflow to off-post areas north and west of RMA,

and as downward flow into the CFS.

Mass balance calculations have been used to estimate rates of hydraulic interchange between

the lakes and basins and the UFS. Results indicate that Lower Derby Lake, Havana Pond,

and Basin C are areas of groundwater recharge, whereas Lake Ladora, Lake Mary, and

Basin A receive groundwater in upgradient areas and lose it in downgradient areas.

Recharge-discharge conditions at Upper Derby Lake depend on lake level. Strearnflow loss

and gain studies indicate that all streams and canals at RMA lose water to the UFS over the
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course of a water year. However, actual recharge or discharge rates vary substantially in

response to changes in stream discharge and aquifer head (EBASCO, 1989d/RIC 89186ROl).

AI.5.4 Confined Flow System

The CFS consists of strata within the Denver Formation collectively referred to as the Denver

aquifer, where water residing in permeable sandstone or lignite horizons is confined above

and below by relatively impermeable shale or claystone horizons. The confining effect of the

claystones and upgr4dient off-post recharge of the Denver aquifer produces artesian conditions

in much of the CFS underlying RMA. That is, the potentiometric surface is above the upper

confining horizons.

In other areas the potentiometric surface is below the water table of the UFS, allowing

recharge of the CFS by leakage from the overlying UFS. Water enters the CFS by vertical

leakage from the overlying UFS in areas where bedrock is predominantly shale or claystone.

Rates of leakage per unit area are small but may be enhanced by movement through fractures.

Both head difference and vertical hydraulic conductivity influence rates of leakage. Water

also enters the CFS by underflow from areas south and east of RMA. These relationships are

more fully explained in the Water RI Report (EBASCO, 1989d/RIC 89186ROl).

Adjacent sand zones within the CFS are hydraulically connected. Hydraulic conductivity

estimates vary spatially and reflect variations in lithology: estimates range from 10 -4 to 10-2

feet per day (ft/day) for shale and claystone to 0.03 to 4 ft/day for sandstone (Figure

RISR A1.5-6). In areas where hydraulic interchange is relatively unrestricted, water levels in

adjacent sand zones tend to be similar. In areas where hydraulic interchange is small, water

levels tend to be unrelated.

Discharge from the CFS probably occurs by lateral flow into the UFS locally where

transmissive strata of the Denver aquifer contact the UFS and may occur by leakage to the

Arapahoe aquifer. Currently, no production wells obtain water from the CFS on RMA.
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A1.6 BIOLOGICAL HABITAT

RMA lies within the High Plains District of the North Temperate Grassland biome (Shelford,

1963). The region is dominated by a mosaic of grassland communities with a diverse

component of wildflowers. Tall grass species are common in moist areas and short grass

species prevail in dry areas. Historical patterns of land use have altered the original

vegetation. Much of the off-post area north and east of RMA is used either as cropland or

pasture. Most of the areas to the south and west of RMA are heavily urbanized. On-post

human activity has resulted in vegetation dominated by weedy species and early successional

colonists typical for the region.

Regional wildlife is dominated by species of prairie, steppe, and savannah communities. The

wildlife species inhabiting RMA are those found in similar habitats off-post. RMA supports

large populations of some species such as deer, hawks, and eagles. In contrast to surrounding

areas where these species are hunted or are sensitive to human presence, RMA provides an

oasis for wildlife. Its large acreage of diverse open habitats interspersed with lakes, small

wooded areas, a mixture of native grasses and tall weedy forbs, along with a lack of hunting

pressure and disturbance, have contributed to an abundance of many wildlife species greater

than occurs off post. The abundance and availability of prey species attracts avian and

mammalian predators.

AI.6.1 Vesietation

Vegetation at RMA is dominated by five broad community types: weedy forbs,

cheatgrass/weedy forbs, cheatgrass/perennial grassland, native perennial grassland, and crested

wheatgrass (Figure RISR A1.6-1) (ESE, 1989b/RIC 89173RO2). Trees, shrubs, and minor

communities occur within these five broad communities, providing support for diverse plant

and animal species. Minor community types include sand sagebrush shrubland, rubber

rabbitbrush shrubland, yucca grassland, cottonwood/willow stands, bottomland meadows,

cattail marshes, and ornamental trees and shrubs. More detailed information on vegetation is

available in the Biota RI Report (ESE, 1989b/RIC 89173RO2).
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A1.6.2 Wildlife

The wildlife component of RMA and the control areas contain the major species and most of

the less common species found in similar habitats elsewhere in the region.

A1.6.2.1 Reptiles, Amphibians, and Fish

The most conspicuous reptiles at RMA are bullsnakes, which are frequently observed sunning

themselves along roads. Other snakes commonly encountered are the western hognose snake

in sandy terrain, the common gartersnake and plains gartersnake near water, and the yellow-

bellied racer and plains rattlesnake in a variety of habitats. Three species of lizards are

known to inhabit RMA; the lesser earless lizard, short-horned lizard, and the many-lined

skink.

The northern chorus frog is probably the most abundant amphibian on RMA. It breeds in

cattail stands and intermittent wet areas near Upper Derby Lake, Rod and Gun Club Pond,

Havana Pond, and the North Bog. Bullfrogs and northern leopard frogs have been observed

in wet areas near Lake Mary, Lake Ladora, and the North Bog. Upper Derby Lake, Rod and

Gun Club Pond, Havana Pond, and the North Bog provide habitat for Woodhouses's toads,

great plains toads, and plains spadefoot toads. Tiger salamanders are found in the North Boc,

(ESE, 1989b/RIC 89173RO2).

First Creek supports plains killifish, fathead minnows, and some green sunfish. North Bog

supports carp and fathead minnows. Largemouth bass, bluegill, bullhead, channel catfish, and

northern pike are found in Lower Derby Lake, Lake Mary, and Lake Ladora. Sport fishing in

the lakes is catch and release only.

AI.6.2.2 Birds

Waterfowl are conspicuous at RMA. Canada geese and various ducks (mallard, gadwall,

blue-winged teal, and green-winged teal) are all known nesters. Other dabbling (surface-

feeding) ducks include the northern shoveler, cinnamon teal, and American widgeon. All of
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these species are common on small ponds and lakes at RMA. Diving ducks prefer large

waterbodies such as Lake Ladora and Lower Derby Lake and include the canvasback,

redhead, ringnecked duck, lesser scaup, common goldeneye, bufflehead, ruddy duck, and the

common and hooded mergansers. Only the redhead has been documented as an RMA

breeder. Coots and grebes are nesters and migrants on RMA and are also found on large

water bodies. Wading birds observed at RMA are the great blue heron and black-crowned

night heron. Great blue herons do not nest on post, but feed regularly in the shallows of the

lower lakes, Havana Pond, and marshy areas along First Creek. The most commonly

observed gulls and shorebirds are herring and ring-billed gulls, killdeer, American avocets,

willets, greater and lesser yellowlegs, long-billed dowitchers, and spotted sandpipers.

Wilson's phalaropes, white-faced ibis, Virginia rails, and soras are also observed. Killdeer

and avocets nest on post in small numbers and the Virginia rail and the sora apparently nest

along the inlet of Lake Ladora, near Rod and Gun Club Pond, and on First Creek northeast of

the North Plants. White pelicans and double-crested cormorants are occasionally seen in the

summer.

Prevalent breeding songbirds of open habitats at RMA are the homed lark, western

meadowlark, grasshopper sparrow, lark sparrow, and lark bunting. Deciduous trees along

roadsides or in clumps are used for nesting by northern flickers, eastern and western

kingbirds, black-billed magpies, American robins, loggerhead shrikes, northern orioles, lesser

goldfinches, and lark sparrows. Ornamental and shade trees near buildings are attractive to

house finches, house sparrows, Brewer's blackbirds, common grackles, and starlings. Denser

tree stands with more diverse understory in riparian areas provide nesting habitat for the

downy woodpecker, western wood-pewee, tree swallow, black-capped chickadee, gray catbird,

red-eyed vireo, warbling vireo, yellow warbler, black-headed grosbeak, and indigo bunting.

Also found in this habitat on post are house wrens, ruby-crowned kinglets, Swainson's

thrushes, brown thrashers, orange-crowned warblers, yellow-rumped warblers, Wilson's

warblers, chipping sparrows, white-crowned sparrows, Lincoln's sparrows, American

goldfinches, and pine siskins.
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Other common songbirds nesting at RMA include red-winged blackbirds, yellow-headed

blackbirds, common yellowthroats, and song sparrows in cattail marshes. Rock doves, Say's

phoebes, and barn swallows are common around abandoned buildings. RMA supports

breeding populations of several species that breed only locally or rarely on the eastern plains:

the short-eared owl, tree swallow, northern mockingbird, sage thrasher, and orchard oriole.

Common winter birds are the western meadowlark, homed lark, and water pipit in open areas;

the American tree sparrow, dark-eyed junco, and white-crowned sparrow in brushy areas; and

the black-capped chickadee, brown creeper, and white-breasted nuthatch in wooded areas.

Other prominent winter species include northern shrikes and Townsend's solitaires, and year-

round residents such as house finches, house sparrows, starlings, and magpies (ESE,

1989b/RIC 89173RO2).

Al.6.2.3 Raptors

The high density of raptors observed during the winter at RMA is attributable to the

abundance of prey and perching habitat and the lack of human disturbance. Rough-legged

hawks, ferruginous hawks, and red-tailed hawks are common during winter, as are golden

eagles. Wintering owls include long-eared, short-eared, bam, and great homed.

Two species of high Federal concern, the bald eagle and the ferruginous hawk, are cornmon

winter residents. The Bald Eagle Management Area (BEMA) is a 6,700-acre area in the

eastern and southern portions of RMA (Figure RISR A1.6-2). The BEMA is managed and

maintained by the U.S. Fish Wildlife Service (USFWS) during the winter (October through

April) and provides a roosting area for the bald eagle. More than 20 bald eagles wintered in

the region during 1986-1987, and 1987-1988. Food habit studies have indicated bald eagle

preference for a diet consisting primarily of prairie dogs and rabbits, many of which are

stolen from ferruginous hawks. Eagles were rarely observed fishing on the RMA lakes during

the winters of 1988 and 1987 (ESE, 1988gIRIC 88293RO9).

Al-18
RF5/RPT0014 1117191 8:37 wn pf



Abundant suitable nesting habitat contributes to large breeding populations of hawks and

owls. During the summer, Swainson's hawks and American kestrels are common and

dominant breeders; great-homed, long-eared, short-eared, and burrowing owls are common

breeders; and red-tailed hawks are also prevalent. Less common raptor species on RMA

include Cooper's and sharp-shinned hawks, prairie falcons and merlins, and occasionally

turkey vultures and osprey (ESE, 1989b/RIC 89173RO2).

A1.6.2.4 Mammals

Coyotes are the largest and most conspicuous carnivores inhabiting RMA. "Me species is

widespread on post, particularly in and near prairie dog towns. Badgers are also common and

have been frequently observed in prairie dog towns during night surveys. Red fox, gmy fox,

swift fox, raccoon, striped skunk, and long-tailed weasel are other carnivores present at RMA.

Both mule deer and white-tailed deer are common and conspicuous at RMA. Ground counts

conducted at RMA in 1986-1987 revealed up to 350 mule deer and 125 white-tailed deer.

Such counts are high for the region, and both species are more abundant at RMA than off

post (ESE, 1989b/RIC 89173RO2).

Desert cottontails and black-tailed jackrabbits are abundant throughout RMA. Eastern

cottontails and white-tailed jack-rabbits also occur in small numbers in thickets and riparian

areas.

Black-tailed prairie dogs are the most conspicuous mammal at RMA. Aerial photographs and

a literature review suggest colonies have expanded in recent years. Extensive colonies were

documented in 1986 and 1987. An outbreak of silvatic plague at RMA in the winter of 1988

markedly decreased the number of prairie dogs; such occurrences are cyclic. Other rodents

observed at RMA include thirteen-lined ground and spotted squirrels in open habitats, fox

squirrels in riparian woodlands, muskrats on all permanent bodies of water, and pocket

gophers throughout RMA. Small mammal trapping efforts in 1988 resulted in identification
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of deer mouse, plains harvest mouse, western harvest mouse, northern grasshopper mouse,

prairie vole, meadow vole, Ord's kangaroo rat, hispid pocket mouse, and silky pocket mouse.

Tall weedy forbes, yucca, sand sagebrush, and cattails are the most productive habitats for

small rodents.

A1.6.3 Conservation and Management of Fish and Wildlife Resources

Conservation and management of fish and wildlife resources is accomplished through a

cooperative agreement between the USFWS and the Army. The USFWS has three areas of

responsibility under this agreement: contaminants, conservation and mitigation, and public

relations. Under the first area of responsibility, the USFWS reviews contaminant-related

studies including the Comprehensive Monitoring Program (CMP), remedial investigation/

feasibility study (RI/FS), and IRA documents; identifies ways to minimize contaminant

exposure to fish and wildlife-, and makes recommendations concerning contaminant exposure

to the CMP, RI/FS, and IRA programs. Under the second area of responsibility, the USFWS

conserves and protects wildlife and mitigates habitat losses during cleanup. Providing public

relations support on wildlife issues is the third area of responsibility. Included in this area is

a program that enables the public to learn more about the natural resources at RMA through

wildlife tours and other activities involving the local community.
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A2 RI APPROACH: STRATEGIES OF MEDIA SAMPLING AND
ANALYSIS PROGRAMS

The strategies developed to assess the nature and extent of contarnination in each of the

media at the RMA were directed by the characteristics of the media and the objectives of the

various sampling and analytical programs. One of the initial steps in assessing the

contan-dnation involved the selection of target analytes (organic compounds and metals) for

laboratory analysis within each of the media. From the analyses performed, nontarget

analytes were also tentatively identified, if possible. A summary explanation of the target and

nontarget analytes is presented below, followed by specific discussions of the strategies for

collecting and analyzing samples of the soils and sewers, water, structures, air, and biota

media.

In order to manage, evaluate, interpret, and present the array of information collected by the

RI in an accessible manner, the many hundreds of analytes and their breakdown products that

were identifiable by the certified analytical methods used at RMA were organized into

@I target" and "nontarget" analytes. "Target" analytes are those that were identified in advance

of the field investications, and were deemed to have a high likelihood of being present at

RMA based on knowledge of the activities that occurred there. For each of the media, the

basis for designating a target analyte, the list of target analytes, and the analytical methods are

presented in the media-specific discussions below.

The "nontarget" analytes are compounds that were not expected to be present at RMA in

large quantities and that were not analyzed for specifically by a U.S. Army Toxic and

Hazardous Materials Agency (USATHAMA) certified method. However, some of the

analytical methodologies employed for soil, water, liquid, and air samples permitted

identification of nontarget analytes. Depending on the analytical method, detected

concentration, matrix effects, background noise level, and other factors, nontarget analytes

were identified at varying levels of confidence. The nontarget analytes that could be

identified were called tentatively identified compounds (TICs).
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Thencswereidentified using gas chromatography/mass spectrometry (GC/MS) techniques.

A gas chromatogram and a mass spectrum were produced for each separated compound

detected at a concentration sufficient to generate a signal in the GC/MS instrument. The

spectra obtained from the samples were compared with those stored in a computer library and

best rnatches were recorded. This method was applied to all compounds with a GC peak area

response greater than 10 percent of the interrial standard's response. The spectral

identifications were further reviewed by the analyst to produce a final tentative identification

based on analyst experience and "best fit" of the data. In cases where spectral information

was less complete, only a structural skeleton and general compound class were reported. In

some cases, insufficient information was available from both the GC and MS data, and an

identification could not be made.

The TICs differ from the target analytes in the degree of certification attached to the

qualitative identification. This is discussed in detail in Section 1.4 of the Chemical Index

(EBASCO, 1988b/RIC 88357R01), Section 2.2.2 of the Introduction to the Contamination

Assessment Reports (CARs) (ESE, 1987a/RIC 88204RO2), Section 2.1.1 of the SARs

(EBASCO, 1989a-c, e-h/RIC 89166ROl through 89166RO7), Section 2.2.2 of the Overall Soil

Assessment and Groundwater Integration Technical Plan (ESE, 1988b1RIC 88203RO5), and in

various USATHAMA Certified Methods Manuals. Many of the TICs are uniquely identified;

others are only generally described. All TICs are less confidently identified than are the

target analytes and comprise a subset of the nontarget analytes. The TICs for each of the

media are listed in the following media-specific discussions.

A2.1 SOILS AND SEWERS

In order to increase program efficiency at sites designated as potentially contaminated, the

primary soil sampling and analysis program of the RI was conducted in two phases. The

Phase I program was designed to identify the presence of potential contaminants within

designated sites and surrounding areas. The objective of the Phase II program was to more

precisely estimate the areal and vertical extent of contaminated soil within designated sites.
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Separate sampling strategies were executed for potential source and nonsource areas.

Potential source areas, as defined by the Rocky Mountain Arsenal Contamination Control

Program Management Team (RMACCPMT, 1983/RIC 83326ROl), were assigned to

desipated site investigation programs for in-depth study. Nonsource areas, defined as

regions where no known disposal practices had occurred, were also investigated. The

nonsource area investigations were designed to confirm historical records as well as to screen

for previously unrecognized site activities. Both portions of the soil program provided for

analysis of a wide variety of potential contaminants.

For each phase, a geotechnical strategy, a chemical identification plan, and an analytical

strategy were formulated. Detailed descriptions of the soil sampling program, including

physical sample collection and handling techniques, are presented in the technical plans for

the individual tasks (referenced in Section 1.4 of this report) and die Phase I Introduction to

the CARs (ESE, 1987a/RIC 88204RO2). Details of the sampling and analytical results for

individual sites, including any variations to the original plan, are included in the CARs and

the Phase 11 Dam Addenda, which have been cited in Section 1.4 of this report. Sediment

and soil sampling of the sewers was primarily conducted in a single phase and is discussed in

Section A2.1.3.

In addition to the two-phase soil program and the sewers investigation, other sampling and

analytical programs were conducted to address specific concerns related to soil contamination.

These programs are discussed below following discussions of the Phase I and II programs,

and the sewers investigation.

A2. 1.1 Phase I

The Phase I program was developed to investigate the suspected contamination of designated

sites identified by the RMACCPMT, and previously unidentified sites. The designated sites,

which were shown on the "Tricolor Map," were areas in which contamination was suspected

to occur based on historical records, aerial photographs, and interviews with RMA and Shell
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personnel (RMACCPMT, 1984/RIC 84034ROI). The scope of the Phase I program included

an investigation of nonsource areas that comprised large portions of RMA with no known

history of manufacturing, waste handling, or waste disposal. To these ends, a geotechnical

strategy, chemical identification plan, and analytical strategy were developed.

A2.1.1.1 Geotechnical Strategy

Soil boring and sampling was conducted on all designated sites under Phase I investigations.

These designated sites were identified through review of historical records by the

RMACCPMT (1983, RIC 83326ROI). Geophysical or soil gas investigations were included

on a site-specific basis dependent on the nature of the site and on the applicability of these

screening techniques. These data were used whenever possible to help design Phase I soil

sampling efforts by directing sample collection to areas with a high potential for

contamination. Integration of geophysical, soil gas, and sampling techniques produced the

most cost-effective Phase I soil sampling program.

Although a wide variety of chemicals were handled at RMA, large portions of the site appear

to have never been used for the manufacture or disposal of hazardous materials. This fact has

been documented by several methods including interpretation of historical aerial photographs,

examination of RMA records, examination of litigation interrogatories, and interviews with

RMA and Shell personnel. Portions of RMA that had no historical evidence of

manufacturing, waste handling, or waste disposal were designated as nonsource areas for the

RL

During the period when manufacturing and disposal occurred at RMA, attempts were made to

leave a mile-wide buffer zone between RMA operations and the RMA boundary. Preliminary

investigations indicate that the buffer was maintained, as sections located along the perimeter

of RMA contain few potential contan-dnation sites. Most manufacturing and disposal sites

occur in interior sections of RMA, and the vast majority of potentially contaminated soils
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occur within these sections. Large portions of some of these interior sections, however, may

not have been affected by RMA operations.

Nonsource areas were investigated under the RMA Phase I program to confirm the absence of

contaminants. The Phase I program for nonsource areas involved soil boring, collection of

soil samples, and chemical analysis of the collected samples. If contaminants were detected,

the area in question was either included within the boundary of an existing site or designated

as an additional site and subjected to an appropriate Phase I or Phase II investigation.

Borine Density

A rigorous statistical approach to sampling program design was considered early in the

Phase I planning stages, but was found to be neither practical nor cost effective. The size and

complexity of the RMA site, and the large number of potential sources of contamination,

made the use of a statistically rigorous approach impossible. Therefore, a sampling program

was designed using best professional judgment and considering all available historical

information. The selected program design removed some of the bias associated with

designing sampling programs for different types and sizes of contaminant sources by

establishing a systematic approach based on the estimated areal extent of the source. The

program relied on soil boring techniques for collection of samples in both designated sites and

nonsource areas. Drilling was generally organized in a flexible grid pattern. The program

included uniform sampling intervals so that the vertical extent of contamination could be

calculated.

The density of Phase I borings at each designated site was determined through the use of

empirical relationships based on past site experience. A boring density curve, shown in

Figure RISR A2.1-1, was developed based on knowledge of soil investigation data from other

hazardous waste sites throughout the country, historical data concerning contaminant disposal

practices, and the estimated areal extent of each site. The curve provides closer borehole

spacing at smaller sites, allowing multiple sample collections at even the smallest sites.

A2-5
RFSRPT0025 11/11/91 9:45 am pf



160

WONOW --- own
140

120

Z

Go-100 80

0 /Oor
z 60-

Q 80 010ý

cn 040
0-
cn

> 60 T- 1020
'ej w I z

00% CO - -A
1 40 01

0 50K 1OOK 150K 200K 250KI

-A AREAL EXTENT (feet 2)
SEE

20 INSET

0
0 200K 400K 600K 800K IM 1.2M 1.4M 1.6M 1.8M 2M

J AREAL EXTENT (feet 2)

Prepared for: FIGURE RISR A2.1-1

U.S.Army Program Manager Borehole Spacing for Designated Sites

for Rocky Mountain Arsenal Based on Site Areal Extent

Rocky Mountain Arsenal

Source: ESE 1985 Prepared August 1991 Prepared by: Ebosco Services Incorporated



During the soil program design phase, the curve was used to estimate the total number of

Phase I and II soil borings and to allow prelin-dnary estimates of required effort and schedule.

Exceptions to this initial design of the program were allowed for site-specific reasons.

Nonsource areas defined as the balance of the area within each of the I-square-mile sections

of RMA, excluding the designated sites within that section, were investigated by sampling on

a more or less evenly spaced sampling grid. Borehole spacing was selected based on the

occurrence of designated sites within the nonsource area. A closer borehole spacing was

chosen for nonsource areas with a greater number of designated sites in the section, based on

the greater potential for contamination in these areas. Once the grid was established, actual

bore locations were adjusted based on field inspection to ensure that samples were collected

from areas most likely to contain or concentrate contaminants (e.g., depressions, scarred areas,

and similar features).

horine and Sami)linu Methods

Soil borings were sampled using a continuous core augering technique. A core barrel

containing a clear polybutyrate tube was placed inside a hollow-stem auger such that the soil

core entered the tube as the auger advanced. The entire core was examined by the field

geologist in order to determine geologic conditions, and generally samples were collected

from standard depth intervals. Zones with visible evidence of potential contamination were

sometimes substituted for, or added to, the standard intervals. A photoionization detector was

used during boring to screen the borehole and breathing zone for volatile organics. In areas

that were inaccessible to the drilling rig, samples were obtained by hand auger.

In areas where chemical warfare agents were anticipated based on site history, agent screening

was conducted both in the field, for health and safety reasons, and in the laboratory at RMA.

Field screening techniques included using portable chemical warfare agent test kits in the field

primarily to ensure the health and safety of field personnel and not to assess contamination.

Small subsamples were obtained from each core and composited over a sampling day to be
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analyzed by the RMA laboratory for chemical warfare agents. This screening by the RMA

laboratory was conducted to prevent agent-contaminated materials from leaving RNIA.

Sampling Depths

Standard depth intervals were selected for sampling to maintain consistency and facilitate

spatial interpretation of contaminant concentration data for all sites. Selected intervals were

0- to I-ft, 4- to 5-ftý 9- to 10-ft, 14- to 15-ft, and 19- to 20-ft below ground surface. Below

20 ft, soil samples were typically collected at 10-ft intervals to the maximum borehole depth.

Figure RISR A2.1-2 illustrates these standard sampling intervals. Field personnel typically

deviated from the standard sampling procedure when visual evidence of potential contamina-

tion was observed, high readings of organic vapors were noted on field monitoring equipment,

the water table was encountered, or drilling became difficult. In these instances, samples

were collected at nonstandard intervals. Exceptions to the uniform sampling approach and the

reasons for the exception are listed in Table RISR A2.1-1. Site-specific exceptions are

explained in the Phase I CARs. Phase I sampling was conducted primarily in the unsaturated

zone. Approximately 30 percent of the Phase I borings were drilled to the water table, with

deeper borings located near the center of sources or in areas suspected to host deep

contamination. In some cases, because of changes in the water table, previously dry trench or

disposal sites were saturated during the RL In these areas, samples were collected from

below the water table to the maximum estimated depth of trenching or disposal activities.

In nonsource areas, samples were collected at 0- to 1-ft and 4- to 5-ft depths to investigate

the possibility of shallow and deep contamination of the type observed elsewhere in the

designated sites. The 0- to 1-ft interval was selected to detect the presence of contaminants,

such as organochlorine pesticides or trace metals, that may have been disposed of surficially

or transported by wind. The 4- to 5-ft interval was selected to screen for the presence of

deeper contamination associated with previously unidentified waste burial activities. The

purpose of nonsource area sampling was to screen for the presence or absence of target

analytes, rather than to quantify the concentrations of these contaminants. Consequently, the
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Table RISR A2.1-1. Examples of Exceptions to Uniform Soil Sampling Approach. Page I of 1.

Site Exception Reason for Exception

Lakes and Ponds Boreholes not advanced to Able to penetrate and
design depths and samples not recover only shallow
obtained from standard intervals. bottom sediments due to

compacted, wet clays.

Ditches Borehole spacing of 100 to Linear physical dimen-
1,000 ft along ditch, rather than sions not conducive to
uniform grid sampling, depending uniform grid sampling.
on probability of encountering Uniform sampling does
contamination, proximity to known not allow for locating
sources, and physical configuration. borings where hillhest

potential for contami-
nation exists.

Sewers. removed Average borehole spacing of Linear physical dimen-
200 to 500 ft within back- sions not conducive to
fill of former sewer uniform grid sampling.
location, rather than uniform Uniform sampling does
grid sampling. Spacing based not allow for locating
on estimated length, proximity borings where highest
to discharge or effluent point, potential for contami-
and whether a chemical or nation exists.
sanitary sewer.
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0- to I-ft sample and the 4- to 5-ft sample from each boring were composited for chemical

analysis. This approach provided an efficient and cost-effective method to screen the nearly

20 sq mi of nonsource areas, although this procedure had the potential of doubling certified

analytical reporting limits. That is, if a sample with no contamination were composited with

a contaminated sample, the concentration of the contaminated sample would have to be at

least two times the certified reporting limit in order for any detection to be quantified. This

loss of sensitivity was deemed acceptable, given the relatively low probability of finding new

contarriination sources, and the need to maximize the effectiveness of limited analytical

resources.

Geophvsical Methods

Geophysical methods were used in the Phase I program for several purposes. Metal detectors,

and in some cases magnetometer surveys, were used to clear boring locations where

contamination was suspected in order to limit the risk of encountering buried unexploded

ordnance or metal debris while drilling. Magnetometers were employed to locate boundaries

of geophysical anomalies potentially associated with waste disposal.

A2.1.1.2 Chernical Identification

Prior to implementation of the Phase I program, procedures were developed to select the

chemicals associated with RMA that should be included in the list of target analytes. Three

mechanisms were used to ensure consideration of all potential contaminants.

First, a review of available literature describing past activities conducted by the Army and

tenants during the entire history of RMA was performed. An extensive list of 333 chemicals

used by the Army or lessees at RMA was developed and is presented in the RMA Chemical

Index (EBASCO, 1988b/RIC 88357ROI). The following criteria were used as general

guidelines for evaluation of chemicals on the list and the selection of the target analytes:

1) The analyte was produced or disposed of in large quantities at RMA

2) The analyte is toxic
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3) The analyte is persistent in the environment

4) The analyte is an Army agent material, or degradation product of an agent material,
still likely to be present in the RMA environment

5) The analyte was included in ongoing monitoring and investigatory programs being

carried out at and in the vicinity of RMA.

Emphasis was placed on the second and third criteria listed above, which were interpreted in

a broad sense. Any analyte not obviously benign was considered potentially toxic, and any

analyte maintaining its integrity in the environment for more than a few days was considered

potentially persistent. If an analyte met the first, fourth, or fifth criterion listed above but did

not meet the second or third criterion, it was generally not included on the target analyte list.

Forty-eight analytes were selected as the initial targets.

Next, in response to comments from concerned parties, all GC/MS data from the Phase I

program were examined to ensure that nontarget compounds warranting inclusion into the

target list were not overlooked. Frequency of detection and the range and mean of detected

concentrations were tabulated, and the physical properties, probable origin, and toxicity of

each nontarget compound was determined.

Finally, as the Phase I program progressed, analytes were added to the initial target list based

on recommendations from parties involved in the investigation. These additional analytes

included Army agent degradation compounds and organonitrogen compounds. Some Army

agents were added later due to difficulties associated with developing acceptable analytical

methodologies.

The Phase I target analytes for soil are organized into the analyte groups presented in the

SARs, and are listed in Table RISR A2.1-2.
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Table RTSR A2.1-2. Phase I Target Awlytes for Soil Samples. Pane I of 2.

Analytes

Volatile HnIoeenited Orainics (VHOs)
1.1-Dichloroethane
1.2-Dichloroethane
trans- 1,2-Dichloroethylene
1,1.1-Trichloroethane
1,1,2-Trichloroethane
Carbon tetrachloride
Chlorobenzene
Chloroform
Methylene chloride
Tetrachloroethylene
Trichloroethylene

Volatile HArocarbons (VHCs)
Bicycloheptadiene
Dicyclopentadiene
Methylisobutyl ketone

Volatile Aromatic Oreinics (VAOs)
Benzene
Ethylbenzene
rn-Xylene
o- and p-Xylene
Toluene

Ominosulfur Compounds. Mustird-Aaent Related (OSCMs)
1,4-Oxathiane
Dithiane
Thiodiglycol*
Chloroacetic acid*

Oreinnsulfur Compounds, Herbicide Related (OSCHs)
Chlorophcnylmethyl sulfide
Chlorophenyimethyl sulfone
Chlorophenylmethyl sulfoxide
Dimethyidisulfide

Orainophosphorous Compounds. GB-Agent Related (OPHGBs)

Diisopropylmethyl phosphonite
Dimethylmethyl phosphonate
Isopropylmethyl phosphonic acid*
Methylphosphonic acid*

*Analyies addcd to the target analyte list during later Phase I investigations.
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Tnble RISR A2.1-2. Phase I Target Analy1cs for Soil Samples. Page 2 of 2.

Analyies;

Organophosiftrous Compounds. Pesticide Related (OPHPs)
Atrazine
Malathion
Parathion
Supona
Vapona

Dibromochloroprovine (DBCP)

Oroanonitrooen Compounds (ONCs)
Hydrazine*
Mcthylhyd=ine*
n-Nitrosodimethylamine*
n-Nitrosodi-n-propylnmine*
Unsymmetrical dimethylhydrazines*

Fluoroncetic ncid*

Semivolitile Hiloeennted Or2inics (SHOs)
Hexichlorocyclopcntidicne

Or!!nnochlorine Pesticides (OCPs)
Aldrin
Chlordane
Dichlorodiphenylethane
Dichlorodiphcnyltrichloroeth-,ine
Dieldrin
Endrin
Isodrin

Arsenic

Mercury

ICP Metals
Cadmium
Chromium
Copper
Lead
Zinc

*Analytes added to the taget analyte list during later Phase I investigations.

Source: ESE. 1985.
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A2.1.1.3 Analytical Strategy

Phase I anal tical methods were selected to provide versatile screening capabilities with tile

potential to provide serniquantitative information on a wide variety of potential contaminants.

Interpretation of Phase I data was performed to estimate the concentrations of target and

nontarget analytes present at each source area, and to provide information on the approximate

vertical and areal extent of detectable target compounds. The analytical methods for the

Phase I samples are presented in Table RISR A2.1-3. An exception to this standard suite of

analyses was made with respect to volatile organic compound (VOC) analyses. Because

volatilization processes were expected to have eliminated VOCs in surface soils, VOCs were

not analyzed for in 0- to 1-ft samples. In areas where site history indicated that volatiles had

not been disposed, only 10 percent of the samples collected from deep intervals were

analyzed for VOCs.

The analytical methods for Phase I were chosen to provide positive identification of the target

analytes. Serniquantitative and quantitative methods were used to determine the level of

organic contaminants, and quantitative methods were used to determine the level of inorganic

contaminants. The serniquantitative results for organic compounds identified in the GC/MS

analyses are due to the use of a one level standard for calibration as compared to a calibration

curve of multiple standards. The one level calibration standard contains all of the target

analytes being screened for in the method. The injection of surrogate compounds into all

samples before being extracted allows for analyte extraction efficiencies to be determined,

thus lending a higher level of confidence to the data. Use of this seiTýiquantitative GC/N4S

analysis is an efficient way to produce a positive identification for all target analytes; these

data are typically not reported to the same level of precision (number of significant figures) as

are the aton-dc absorption (AA) and inductively coupled argon plasma (ICP) spectroscopy

results. With few exceptions, aU target analytes were screened in samples collected during

Phase I Analytical methods certified for discrete groups of compounds were used in a few

later Phase I investigations, as indicated in Table RISR A2.1-3. These quantitative methods

were also used in Phase Il investigations.
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Table RISR A2.1-3. Summary of Phase I Analytical Methods for Soil Sampling. Page I of 1.

Analyte Group Analytical Method

Volatile and Sernivolatile Organic Compounds Gas Chromatography/Mass Spectrometry
(VOCs and SVOCs)

Organosulfur Compounds, High Perfomance Liquid Chromatography
Mustard-Agent Related (OSCMs)

Chloroacetic acid*
Thiodiglycol*

Organophosphorous Compounds, Ion Chromatography
GB-Agent Related (OPHGBs) Gas Chromatogrnphy/Flame Photometric Detector

Isopropylmethylphosphonic acid*
Diisopropylm ethyl phosphonate*
Dimethylmethyl phosphonite*

Dibromochloropropane (DBCP) Gas Chromatography/Electron Capture Detector
Gas Chromatournphy/Mass Spectrometry

Organonitrogen Compounds (ONCs) Gas Chromatogrnphy/Nitrogen Phosphorous Detector
n-Nitrosodimethylamine*
n-Nitrosodi-n-propylamine*

Hydrnzines (ONCs) Spectrophotomctry
Hydrazine*
Methylhydr,tzinc*
Unsymmetrical dimethylhydr.izine*

Arsenic Graphite Furnace Atomic Absorption Spectroscopy

Mcrcury Cold Vapor Atomic Absorption Spectroscopy

Mctals (ICPS) Inductively Coupled Argon Plasma Spectroscopy

*Samples collected in later Phase I investigations were analyzed for these compounds.
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For each of the analytical methods discussed above, analyte concentrations can be quantified

within a specified concentration range. The lower limit of this range was designated by

USATHAMA as the lower certified reporting limit (CRL). This estimate for each analyte is

numerically and philosophically different from the method detection limit (MDL) estimated

by U.S. Environmental Protection Agency (EPA) protocols. The CRLs and MDLs are

discussed and compared in Development and Evaluation of Analytical Methodologies used in

RMA Soil Investigations (EBASCO, 1988a/RIC 88127RO2). A greater degree of confidence

is obtained by using CRLs as opposed to MDLs because the method of CRL determination

accounts for normal variability associated with day-to-day variations, the range expected for

real samples, and uncertainties in the calibration function. The CRL estimates from the

USATHAMA procedure were believed to be better representations of what would be achieved

in long-term programs conducted by contractor laboratories. In addition, there is a range of

concentrations below the CRL where signals can be detected. Although a large uncertainty is

associated with signals detected in this range, the raw data can be used to supplement

reported results where there may be ambiguities or contradictory analyses.

The reporting limits for each of the target analytes are method-, laboratory-, and instrument-

specific. Six laboratories performed analyses on the Phase I soil samples. The lower CRLs

for each laboratory and for each analyte are listed in Table RISR A2.1-4. For comparison

purposes, this table also includes the CRLs for the Phase II investigation which will be

discussed in Section A2.1.2. The CRLs generally vary between laboratories, with a range of

CRLs established by the most and least sensitive methods used by the different laboratories.

Dam from GC/MS analyses performed for target analytes during Phase I were also examined

to tentatively identify any other organic compounds present in the sample. This tentative

identification of nontarget compounds was undertaken to ensure the identification of major

contarriinants; present, whether or not they were included in the target list. The overall

procedures used for identification of nontarget compounds involved the review of all

instrument response peaks meeting the response criteria. Available GC/MS libraries were
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Table RISR A2.14 Phase I and If Anallies. Methods. and rtirted RepQrting Limits (CRLs) faf Soil Samples, Bw I-oft

Phase I Phasell
CertirrA Reporting Limits (pg/g) Cerfirsed Reporting Limits (pg/g)

Laboratory Laboratory

Analytical Groups/Analytes Me" CAL ESE MR1 DataChern HITT ENSE Mediod CAL RMA ESE DataChern

Yolafile H maW QMmics (YHOs) 
I

1.1-Dichtoroethane GCIMS 0.9 0.3 0.5 2 2 GC/HECD - 0.055 0.074

1,2-Dichloroethane GC/MS 0.3 0.3 0.4 0.6 2 GC/HECD - 0.071 0.085

)J-Dichloroethylene GC/MS - - - - - GC/HECD - 0.051 0.24

nns-1.2-Dichloroethylene, GCIMS 0.3 0.3 0.8 2 - 2 GC/HECD - 0.063 0.26

l,l,2,2-TetrachkwoeWne* GC/MS 0.3 0.3 0.3 0.3 0.3 0.6 GC/MS - 0.3 0.3

0.1-Trichloroethane GC/MS 0.3 0.3 0.5 0.4 - I GCIHECD - 0.040 0.088

1,1,2-Trichlorocthane GC/MS 0.3 0.3 0.6 0.4 1 GC/HECD - 0.081 0.26

Carbon tetrachloride GC/MS 0.3 0.3 0.4 0.3 1 GC/HECD - 0.044 0.12

ChlOFobenzcne GC/MS 0.3 0.3 0.3 1 1 GC/HECD - 0.026 0.20

Chloroform GCIMS 0.3 0.3 0.7 0.3 1 GCIHECD - 0.038 0.069

Methylene chloride GC/MS 0.7 0.3 - 2 2 GC/HECD - 0.083 3.7

Teuachloroethylm GC/MS 0.3 0.3 0.5 o.3 I GC/l-lECD - 0.045 0.27

00 Trichloroethylm GC/MS 0.3 0.3 0.6 0.5 1 GCAIECD - 0.049 0.14

TrichloropropeneO GC/MS 0.3 0.3 0.3 0.3 GCIMS - 0.3 0.3

VoWle HYdrocaiko (YW.J)

2-Butoxycthanol* GC/MS 0.3 0.3 0.3 0.3 0.3 GCIMS - 0.3 0.3

4-Hydwxy4-methyl-2-pentanone* GCIMS 0.3 0.3 0.3 0.3 0.3 GCIMS - 0.3 0.3

I-Mcihyl-1,3-cyclopentadiene* GC/MS 0.3 0.3 0.3 0.3 0.3 GC/MS - 0.3 0.3

2,2-Oxybisethawl* GCIMS 0.3 0.3 0.3 0.3 0.3 GC/MS - 0.3 0.3

2-Pentanone* GC/MS 0.3 0.3 0.3 0.3 0.3 GCIMS - 0.3 0.3

Bicycloheptadiene GC/MS 0.3 0.3 0.8 0.4 1 GC/FlD - 5.1 1.1

Dicyclopentadiene GC/MS 0.3 0.3 0.3 0.7 1.0 1 GC/FlD - 4.27 0.45

Methylcyclobexane* GC/MS 0.3 0.3 0.3 0.3 0.3 - GCIMS - 0.3 0.3

Methylisobutyl ketone GC/MS 0.3 0.5 0.4 0.7 2 GC/FlD - 4.61 0.64

Certification not received
Tentatively idenVied compounds MCs) elevated so target analyte status in the SARx; there is no CRLjor 77Cs. For the purpose of this report. a CRL ofO.30 pg1g

was used
Ortho- and para- (o-and p-) Xylenes coetute under the GC conditions specified in this method

+ Caprolactant never detected in soil samples
Note: CRLsfor sigmficantformer nontarget compounds are italicized.
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lable RISK A2.1-4 Phase I and 11 Analyles. MclbWs. and Cenified RcpQnint Limits (CRL-s) for Soil Samples. -- Pan 2 o(A

Phase I Phase 11
Certified Reporting Limits (pg/g) Certified Reporting Limits (pg/g)

Laboratory Laboratory

Analytical Groups/Analytes Method ("%L ESE MRI DataChem HITT ENSE Mediod CAL RMA ESE DataChern

Volatile Armatic OrgaWcs (YAOs)

Bcnmm GCIMS 0.3 0.3 1 0.3 1 GC/PlD - 0.081 0.085

Ethylbenzene GC/MS 0.3 0.3 o.4 0.4 2 GC/PlD - 0.043 0.16

m-Xylcnc GC/MS 0.7 o.3 0.3 0.8 1 GC/PlD - 0.053 0.26

o- and p-Xykm** GC/MS 0.3 0.5 0.5 5 3 GC/PlD - 0.086 0.39

Toluene GC/MS 0.3 0.3 0.3 0.3 - I GC/PlD - 0.0% 0.19

Q[ganosulfur Componds
Musimd-Avent Related (OSCMs)

1,4-Oxathiam GCfMS 6 0.3 0.5 0.3 0.9 1 GC/FPD - 0.90 1.7

> Chlorowetic acid HPLC - 18 - 36 - HPLC - 18 36

Dithiane GCfMS 7 0.3 2 0.4 0.3 1 GC/FPD - 1.5 1.4

Thkxfiglycol HPLC - 2.6 - 4.2 - HPLC - 3.9 4.2

Organosulfur ComMnds
Herbicide Related (OSCH31

Benzothiazole - - - - - - GC/FPD - - 1.1 2.0

Chlorophcnylmcthyl sulfide GC/MS 4 0.3 0.3 0.9 0.5 1 GC/FPD - - 1.1 4.4

Chlorophenylmethyl sulfone GC/MS 0.6 0.3 0.4 0.3 0.6 0.8 GC/FPD - 2.4 9.0

Chlorophcnyknethyl sulfoxide GC/MS 7 0.4 1 0.3 0.7 0.4 GC/FPD - 2.3 4.8

Dimethy1disulfide GC/MS 0.8 0.3 4 20 - 3 GC/FPD - 0.70 M

Certification not received
Tentatively identified compounds (770) elevated to target analyte status in the SARs; there is no CRLfor TICs. For the purpose of this report, a CRL ofO.30 pglg

wo used
Ortho- and para- (o-and p-) Xylenes coelute under the GC conditions specified in this method

+ Caprolactam never detected in soil samples
Note: CRI-sfor sigmficaniformer nontarget compounds are italicized
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Table RISE A2.1-4 Phase I and 11 Anallies. Methods, and Certified RcRQrting Limits (CRLS) for Soil Samples, Page 3 of.6

Phase I Phase 11
Cenified Reporting Limits (pgtg) Ceitifled Reporting Limits 4Wg)

Laboratory Laboratory

Analytical Groups/Analyms Method CAL ESE MRI DataChein MIT ENSE Method CAL RMA ESE DaIaChem

Q[gAGoVhQOQrous ComMunds.
GB-Agent Related (OPHGBs)

Diisopropylineftl phosphonaie CC/MS 0.3 0.5 0.3 1 0.8 0.4 GC/FPD 0.050 0.11
Dimethy1methyl phosphonate GC/MS - 2 - - 2 0.6 GC/FPD 0.050 0.13
Isopropy1mcthyl phosphonic acid IONCHROM 5 2 - IONCHROM 4.7 2.1

Methylphosphonic acid IONCHROM - 2.0 - - - - IONCHROM - 2.o

Phosphoric acid, tributyl ester* GC/MS 0.3 0.3 0.3 0.3 03 - GCIMS 0.3 0.3

Phosphoric acid, triphenyl e9er* GC/MS 0.3 0.3 0.3 0.3 0.3 GC/MS Oj 03

ranwhooborous COMOMM&
Pesticide Related (OPHPs)

Awaine GCIMS 0.3 0.7 0.5 0.3 3 0.4 GC/NPD 0.25

Malathion GC/MS 0.3 0.6 2 0.7 0.4 0.3 GC/NPD - 0.25 -

Parathion GCJMS 0.4 0.7 2 0.9 0.6 0.6 GCINPD - 0.25 -

Supona GC/MS 0.3 0.5 0.9 0.6 0.3 0.6 GC/NPD - 0.25 -

Vapona GC/MS 0.3 0.3 0.3 3 0.6 1 GC/NPD - 0.70 -

D*bromochkmWmMW (DOM GC/MS 0.3 0.3 0.6 0.3 0.3 1 GC/ECD 0.014 0.0050 0.0050

GC/ECD 0.014 0.0050 - 0.0050 - -

Orgammetrogen Compwnds

Caprolactam*+ GUMS 0.3 0.3 0.3

Hydraziw SPEC - - - 50 SPEC - - 50

Whythydrazine SPEC - - - 200 SPEC - - 200

n-Nitrosodifwthylamine GC/NPD - - - 0.26 GC/NPD - 0.11 0.26

n-Niuosodi-n-propylamine GC/KPD - - - 0.10 GC/NPD - 0.16 0.10

Unsymmetrical dimcthylhydraziw SPEC - - - 200 SPEC - - 200

Certification not received
Tentatively identifwd compounds (710) elevated to target analyte status in the SARs: there is no Mfor TICs. For the purpose of this report, a CRL ofO.30 pglg

*w used
Ortho- and para- (o-and p-) Xylenes coelute under the GC condidQns specified in this method

+ Caprolactam never detected in soil samples
Note: CRUfor significantformer nontarget compounds are italicized.
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Table RISR A2,14 Phase I and 11 Analytes. Methods. and Ccnified RcQQnint Limits (CRLs) for Soil Samples, Nee 4 of 6

Phase I Phase 11
Cerlified Reporting Limits (pg/g) Certified Reporting Limits Wg)

Laboratory Laboratory
Analytical Groups/Analytes Method CAL ESE MRI DalaChern HITT ENSE Method CAL RMA ESE DataChem

Fluoroacelic Acid IONCHROM - 2.0 - - - IONCHROM - - 2.0 -

Polylluckar Aromatic Hydrocarbons (PAHs)

Fluoranthene* GC/MS 0.3 0.3 0.3 0.3 0.3 OCIMS 0.3 - 0.3 0.3
Mc1hyinaphthalene* GC/MS 0.3 0.3 o.3 0.3 0.3 GC/MS 0.3 - 0.3 0.3
Phenanthrene* GC/MS 0.3 0.3 0.3 0.3 0.3 GC/MS 0.3 - 0.3 0.3
PYMW GC/MS 0.3 0.3 0.3 0.3 0.3 GCJMS 0.3 - 0.3 0.3

Sem*volatilc Halogenated (kgonics (SH_

Hexachlorobenzene* GC/MS 0.3 0.3 0.3 0.3 0.3 GC/MS 0.3 - 0.3 0.3
Hexachlorobutadiene* GC/MS 0.3 0.3 0.3 0.3 0.3 GC/MS 0.3 - 0.3 0.3

it Hexachlorocyclopentadiene GC/MS 0.3 1 1 0.6 0.3 1 GC/ECD - 0.0026 0.0018
t4 Pentachlowbenzenes GC/MS 0.3 0.3 0.3 0.3 0.3 GC/MS 0.3 - 0.3 0.3
O-A Tcowhkxdxnzene* GC/MS 0.3 0.3 0.3 0.3 0.3 - GCIMS 0.3 - 0.3 0.3

TrichlonAxnzene* GC/MS 0.3 0.3 0.3 0.3 0.3 - GCIMS 0.3 - 0.3 0.3

0[ganochlorine Pesticides (Q=

Akkin GC/MS 0.3 0.9 0.5 0.3 0.6 0.3 GCIECD - - 0.0018 0.0019
Chlordane GC/MS 0.6 1 6 2 2 2 GC/ECD - 0.11 0.023
Dichlorodiphenylcthane (DDE) GC/MS 0.3 0.3 0.5 0.6 0.9 0.3 GC/ECD - 0.0010 0.0024
Dichlorodiphenyltrichloroethane (DDI) GC/MS 0.6 0.4 2 0.5 o.3 0.5 GC/ECD - 0.0023 0,0020
Dicldrin GC/MS 0.3 0.3 0.6 0.3 0.8 0.3 GC/ECD - 0.0012 0.0033
Endrin GC/MS 0.3 0.7 4 0.5 0.6 0.7 GC/ECD - 0.0010 0.0058
ISO" GC/MS 0.3 0.3 0.6 0.3 0.5 0.3 GCJECD - 0.0011 0.0011

Certification not received
Tentatively identified compounds (770) elevated to target analyte status in the SARs; there is no CRL for TICs. For the purpose of this report. a CRL ofO.30 pglg
was used
Ortho- and para- (o-and p-) Xylenes coelute under the GC conditions specified in this method

+ Caprolactam never detected in soil samples
Note: CRLsfor signifwantformer nontarget compounds are italicized.
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Table RISK A2,14 Phasc I and 11 Analyles. Mcthods- and Ccnified Reggrting Limits (CR I for Soil Sampks. Pagc 5 of 6

Phase I Phase 11
Certified Reporting Limits (Itg/g) Certified Reporting Umits OWg)

Laboratory Laboratory

Analytical Groups/Analyt" Method CAL ESE MRI DataChem MIT ENSE Melhod CAL RMA ESE DataChem

Armnic GFAA 5.0 4.7 2.5 2.5 2.0 GFAA 5.0 - 4.7 2.5

Melcua CVAA 0.060 0.050 0.070 0.050 0.037 CVAA 0.060 - 0.050 0.050

ICP Metal

Cadmium 1CP 0.66 0.90 0.51 0.74 - 0.31 1CP 0.66 0.90 0.74

Chromium 1CP 5.2 7.2 7.4 6.5 - 2.5 1CP 5.2 7.2 6.5

copper 1CP 4.9 4.8 4.9 4.7 3.4 1CP 4.9 - 4.9 4.7

Lead ICP 13 17 16 8.4 8.0 1CP 13 - 17 8.4

zinc ICP 9.5 16 28 8.7 12.8 ICP 9.5 - 16 8.7

Mustard 2nd F%= 11 GC/FPD - - 2.0 - -

Lewisite GC/ECD 5.0

Sarin GC/FPD - 0.075

Vx GC/FPD - 5.0

Certification not received
Tentatively identilled compounds (TICS) elevated to large# analyle status in he SARS; here is no CRLjor TICs. For the purpose of this report. a CRL ofO.30 Pg1g

wat used
Ortho- and para- (o-and p-) Xylenes coetwe wider the GC conditions specified in this method

+ Caprolactain never detected in soil samples
Note: CRLsfor significantformer nontarget compounds are italicized.
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Table RISR A2,14 Phase I and 11 Analytes, Methods, and Certified RepQrting Limits (CRLs) for Soil Samples. Pagg 6 of 6

Phase I Phase If
Certified Reporting Limits Qug/g) Catified Reporting Limits (tig/9)

Analytical Groups/Analytes Method CAL ESE MRI DataChem WIT ENSE Method CAL RMA ESE DataChem

Notes:

CAL California Analytical Laboratory, W. Sacramento, CA.
DataChem formerly UBTL, Salt Lake City, UT.
ENSE ENSECO Inc., formerly Rocky Mountain Analytical Laboratories, Arvada, CO.
ESE Environmental Science and Engineering. Inc., Gainesville. FL.
WIT Hittman-Ebasco, Columbia, MD.
MR[ Midwest Research Institute. Kansas City, MO.
RMA Rocky Mountain Arsenal Laboratory. Rocky Mountain Arsenal

Medxd-

CVAA Cold vapor atomic absorption.
GC/ECD Gas chFornalographylelectron capture detector.
GC/FID Gas chromatography/flame ionization detector.
GC/FPD Gas chromatography/flame photometric detector.
GC/HECD Gas chromalography/Hall electrolytic conductivity detector.
GC/MS Gas chromalography/mass spectrometry.
GC/NPD Gas chromatography/nitfogen phosphorous detector.
GC/PH) Gas chromalography/pholoionization detector.
GFAA Graphite furnace atomic absorption.
HPLC High performance I*id chromatography.
ICP Inductively coupled argon plasma specuoscopy.
IONCHROM Ion chromatography.
SPEC Swcuophotometry.
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searched to develop the best three computer-aided identifications. Once this was complete, a

GC/MS expert reviewed all data to determine which, if any, of these three matches best fit

the data. In some cases, none of the computer matches adequately fit the dam. For other

samples, the spectra were of inadequate quality to allow characterization. The expert then

attempted an identification based on his or her analytical experience and training. Wherever

possible, the best fit identification was made. While examining the mass spectra, the expert

made note of any unusual patterns that might indicate the presence of oil, other petroleum

products, or other chernicals common to hazardous waste areas.

These TICs are listed in the Phase I CARs, and comments are provided there to explain the

presence of certain chernicals that may have been naturally occurring or artificially introduced

during sampling and analysis. These compounds will be discussed in more detail in the

review of the Phase II program presented in Section A2.1.2.

TICs have no CRL because the method used for identification is not USATHAMA-certified.

Therefore, the lower limit of detection was assumed to correspond to 10 percent of the

internal standard for the GC/MS method used. For the purposes of this report, a value of

0.3 pa/g was use&

In a few cases Phase I samples required dilution to facilitate analysis, and the dilution may

have potentially masked the presence of some compounds by raising the effective detection

level. These situations were examined individually, and comparisons were made with data

from surrounding areas. If necessary, an expanded suite of Phase II analyses and/or

additional GC/MS analyses were used to ensure that all target analytes were examined.

In some cases, based on the analytical procedure or results, an extended Phase I prograrn was

performed. These circumstances included the following:

The sporadic detection of one or more of the analytes at a particular site led to the
uncertainty that these measurements were true detections.

A2-24
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" Concentrations detected were very close to background concentration levels or the
method detection limit.

" Adherence to the Phase I protocol was not complete.

" A field sampling or laboratory analysis error during the Phase I program possibly
affected the analytical results.

" Further characterization of the site was necessary using investigative methods other
than sampling and analysis, such as geophysics.

Results of these extended Phase I programs were included in the CARs for the individual

sites investigated.

A2.1.2 Phase 11

The goal of the Phase Il sampling program was to estimate the areal and vertical extent of

contamination initially identified during Phase L and to more precisely quantify the

contaminants present. Therefore, the investigative approach in Phase II was strongly

influenced by the results of Phase I sampling.

Phase 11 soils investigation sampling patterns, boring densities, and boring numbers were

detern-dried individually for each site upon evaluation of Phase I results. The Phase II boring

programs were designed by a committee comprising personnel from the contracting teams, the

Program Manager for RMA (PMRMA), EPA, and EPA's contractors.

A2.1.2.1 Geotechnical Strategy

Phase II programs were implemented for all Phase I sites where organic compounds were

detected. Concentrations of target organic analytes in Phase I above the CRL were

considered indicative of contamination. The Phase II program was designed to further

determine the extent of this contamination.

A2-25
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Phase II investigations were generally not conducted at sites where only inorganics were

detected if the inorganic concentrations were within or below the indicator range (IR). The

IR is defined as the range of concentrations in soils of a particular analyte considered

indicative of natural occurrences. Concentrations above the upper end of the IR are typically

considered to indicate possible contamination. For the organic analytes, since these

compounds are not naturally occurring, the upper end of the IR, or indicator level, is the

CRL. For the inorganic analytes (arsenic, mercury, and the ICP metals) the IRs were

established both by reference to the published literature for background concentrations in soils

in similar areas and by evaluation of data collected at RMA and off-post areas (ESE,

1987a/RIC 88204RO2).

The IRs for the inorganic analytes are:

Metal Concentration (ug/er)

Arsenic CRL - 10
Mercury CRL - 0.10
Cadmium CRL - 2.0
Chromium CRL - 40
Copper CRL - 35
Lead CRL - 40
Zinc CRL - 80

While natural occurrences of the metals and many hydrocarbon compounds are documented in

surface water and groundwater, no IRs for the water medium or any other environmental

media have been established at RMA.

During Phase H, site boundaries were revised based on the extent of contamination suggested

by Phase I results and other available data. Boundaries were adjusted to include sites of

similar contan-driation or disposal history and to accommodate physical features and adjacent

sources.
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Although the design of the Phase II sampling program was site specific, general guidelines

were established to standardize sampling rationale for sites with similar characteristics.

Generalized soil sampling locations for areas investigated in Phase II are summarized in

Table RISR A2.1-5. The soil sampling program in Phase H was organized to complement the

network established in Phase I. Basically, Phase II soil borings were positioned to determine

the extent of contamination identified by Phase I detections. An example of the Phase II

methodology used to refine the Phase I extent-of-contamination estimates is illustrated in

Figure RISR A2.1-3.

Uniform sampling intervals were proposed for Phase R site investigations with the stipulation

that these could be altered or augmented by the site geologist depending on field

observations. Sampling intervals were either the same as those used in Phase I or were

selected to bracket Phase I target analyte detections by sampling above and below the

interval. Sampling intervals were not composited in Phase II sampling. An example of the

depth intervals sampled in Phase II is illustrated in Figure RISR A2.1-4. This method was

chosen to provide better vertical definition where necessary.

The maximum depth of Phase II soil sampling was deterrr-dned based on contaminant

distributions and the depth to the water table at each site. Generally, Phase II soil samples

were collected in unsaturated soils. However, soil samples were collected in Phase II from

both the saturated and unsaturated zones where contaminants were present in significant

concentrations immediately above the water table, where the water table appeared to have

risen since contaminant disposal, or where liquids were disposed into unlined basins and the

depth to water table was shallow. These samples were collected to investigate the potential

for downward contaminant migration and degradation of groundwater quality suggested by the

Phase I results.

In the bottoms of steep-sided ditches or drainages where drilling was logistically impossible,

borings were placed as close to the edge of the feature as possible. The first soil sample was
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Table RISR A2.1-5. General Soil Sampling Locations for Areas Investigated in Phase II. Pane I of 1.

Descripdon of Area Soil Sampling Location Purpose for Location

Elevated levels of Locate borings approximately More accurately define

organics and/or metals halfway between Phase I the extent of contami-

detected over large borings with detections. nadon within the site.

are,, of a site. (Figure RISR A2.2-3A)

Analytes sporadically Skew sampling towards the More accurately define

detected in outermost site boundary. Figure the site boundary.

boreholes of a site. RISR A2.2-3B)

Isolated detections Locate three borings in a Determine the areal

(i.e., a boring with triangular pattern around extent of contami-

detections surrounded by isolated boring and nation.

borings with no approximately 10 ft to 50 ft
detections). away. (Figure RISR A2.2-3C)

Linear features (i.e., Locate borings approximately Determine extent of

ditches) with isolated halfway between or at contamination along

analyte detections. regularly spaced intervals linear feature.

between Phase I borings,
in line with feature.
(Figure RISR A2.2-3D)

Elevated levels of Locate borings in a perpendicular Determine extent of

organics and/or metals transect to central alignment contamination beyond

within a linear feature. of feature approximately 5 ft physical boundaries

to 20 ft from center. (Figure of linear feature.
RISR A2.2-3D)

Areas around Basin F and Locate shallow borings alone Determine if surfi-

Basin A with detections wind direction vectors cial contaminants have

of potentially windblown emanating from the basins. been transported by

nnalytes in surficial (Figure RISR A2.2-3E) the wind from Basin F

Soil. and Basin A and
deposited in surface
soils of adjacent areas.

Trenches used for burning Construct narrow, shallow Determine soil quality

or disposal that may excavations perpendicular in areas unsafe for

contain metal or to site trench and obtain drilling; determine the

unexploded ordnance grab samples from soil, if vertical extent of con-

debris. possible, collect sample from tamination below the
0- to 1-ft interval and 4- to 5-ft trenches; and estimate
interval below the bottom width, spicing, and
of the trench. (Figure number of trenches.
RISR A2.2-3F)
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then obtained from approximately the same horizon as surface sediment within the bottom of

the drainage or ditch, and subsequent samples were obtained from intervals below this

horizon.

Geophysical and soil gas surveys were included in the Phase 11 program design when

necessary to help locate Phase II boreholes, and when historical information indicated that

these methods would perform suitably. Standard soil sampling alone may not give the

continuous, detailed assessment of contamination extent that geophysical and soil gas surveys

can provide. Geophysical surveys were particularly useful in defining the boundaries of

trench and bum sites, which are poorly suited to a grid sampling program. Soil gas was

emphasized where sources of volatile or sernivolatile contaminants observed in groundwater

were uncertain. In such instances, soil sampling was used to confirm the results of

geophysical and soil gas surveys and identify specific contaminants of concern.

A2.1.2.2 Chemical Identification

During Phase II, specific analytical parameters were selected for individual sites based on

results of the Phase I investigation and on additional historical document searches, field

inspections, results of groundwater sampling, and other factors. These parameters were

chosen in order to further quantify and define the extent of contamination by analytes

detected in Phase 1. The Phase 11 analytical suite included Phase I analytes listed in

Table RISR A2.1-2, as well as 1,1-dichloroethylene and benzothiazole. Benzothiazole was

recommended for inclusion by the parties involved in the investigation.

An examination of the TICs from Phase I and Phase 11 investigations was conducted to

determine whether specific chemicals should be incorporated in the list of target analytes to

be considered by the RI and the endangerment assessment (EA). Some or all of the following

criteria were used as the basis for upgrading nontarget compounds:

" Confidently identified according to analytical technique

" Clearly arsenal-activity or fuel-component related, rather than naturally occurring
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" Moderate to high carcinogenicity and/or toxicity, as outlined in the Chemýical Index
(EBASCO, 1988b/RIC 88357ROI)

" Frequency of occurrence and concentration

" Co-occurrence with target analytes on a site-by-site basis.

A summary list of TICs compiled from the Phase I CARs and the Phase II Data Addenda is

presented in Table RISR A2.1-6. The 20 compounds indicated on this list by an asterisk

were elevated to target analyte status by the criteria listed above. These 20 compounds,

discussed in the SARs and evaluated by the EA, are frequently referred to as significant

nontarget compounds. The summary list also includes naturally occurring compounds,

suspected laboratory contaminants, and compounds not specifically identified.

To facilitate discussions of soil and water contamination in the SARs, the analytes were

organized by analyte groups. Each analyte group is comprised of several analytes with

similar composition, use, chemical behavior, and/or history of origin and disposal. The

chemical analytes and analyte groups for soil and water samples, used in the SARs, are

outlined in Table RISR A2.1-7. Significant nontarget compounds that were reviewed and

added to the list of target analytes in the SARs, are noted in Table RISR A2.1-7 with an

asterisk.

These analyte groupings are convenient to facilitate summary data presentations, but in some

cases, represent fairly broad associations of compounds. For example, dimethylmethyl

phosphonate is grouped with the GB-related organophosphorous compounds (OPHGBs) as a

possible by-product of GB agent manufacture, but it could also be grouped with the pesticide-

related organ ophosphorous compounds (OPHP) as a by-product of pesticide manufacture

(EBASCO, 1988b/RIC 88357ROI).
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Table A2.1-6. Summary of Tentatively Identified Compounds in Phase I and Phase II Soils Samples. Page I of 8.

Compound Comments

Chlorinated Compounds:

1.1,2-Trichloro-1.2.2-trifluoroethane Also known as freon 113; used in manufacturing of button and sandwich

bombs.
1.2-Dichlompropane Used in manufacture of d-d soU fumigant for nematodes.

1,2-Dichloro-I,I-difluoroethane
I-Chkxv-4(methylsulfonyl)-benzene
2-Chlorophosphaie ethanol (3:1)
Aldrin isomer
Amines
Chlorinated compound
Chlorinated compound ------

Chlorobenzene Raw chemical used in RMA operations and solvent in thionyl chloride

synthesis.
Chlorocyclobexane ......

Chlorocyclohexanol ......

2-Chlorocyclohexanone .....

Chloroethane -- ---

Chloromethane Raw material used in Planavin manufacture.
2-Chloro-i-phenyi-ethinone ......

Chlorophenylmethyl sulfide isomer ------

Chlorophenylmethyl sulfoxide isomer ------

Cyclobutane, 1.2-dichloro-3.4-
bis(dichloromethylene)

1-1-Cyclopentadiene, 1.2.3,4-
tetrachloro-5-(dichloromethane)

Dichlorobenzene Raw material used in Akton manufacture.
1,2-DichloTo-3,4-bis(dichloromethane) ----

cyclobutane
Dichlorodiphenylethane isomer
Dichlorodiphenyltrichloroethane isomer ......

Dichlorocyclohexane ------

Dichlorofluoromethane ------

2.2-Dichloro-3-hydroxyl-l-phenyl-
propanone

Dichloromethylbutane isomer
Dichloromethylene tetmchloropentadiene Chlorinated compound possibly related to OCP.
Dichloro-1.5-naphthyridine isomer ------

1.3-DichloTo-2-propane -----

13-Dichloro-2-propanone ......

Dichloro-2-propanone isomer ------

Dieldrin isomer
Dimethylmethylphosphom,ite isomer ---

Endrin intermediate ......

* Signiticant former nontarget compound
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Table A2.1-6. Summary of Tentatively Identified Compounds in Phase I and Phase 11 Soil Samples. Page 2 of 8.

Compound Comments

Ethylhexyl trichloTophenoxyethanolte Chlorinated compound possibly related to OCP.
Heptachlor Produced prior to 1952.
Heptachlorinated compound
Heptachlorobicycloheptene Endrin intermediate.
Heptachlorobornene Possible endrin intermediate?
Hexachlorirmted compound
Hexachlorobenzene* Placed in SHO analyte group.
Hexachlorobicycloheptene
Hexachlorobutadiene* Placed in SHO analyte group.
Hexachlorocyclopentadicne impurity
Hexachlorobicycloheptadiene Isodrin and endrin intermediate.

Hexachloroethane Chlorination by-product, minor use in insecticides.

Hexachlorornethane ......

Isodrin isomer ------

Ninochlorinated compound ------

Octachlorinated compound ------

Octachlorocyclopentene ------

Octachlorodibenzofuran ------

Octachloropentafulvalene ......

Octachloropentafulvalene/ ------

octachlorobiphenyl
Peniachlorinated compound ------

Pentachloro octahydromethanycyclo- ------

propapentalene
Pentachlorobenzene* Placed in SHO analyte group.
Pentachloro (trichloroethenyl) benzene Chlorinated compound possibly related to OCP.
Pentachlorocyclopentene Possible HCCPD impurity.
Perchlorobiphcnyl Chlorinated compound possibly related to OCP.
Polycyclic chlorinated biphenyl PCB.
Tetrachlorinated compound ------

Teirachlorobenzenc* Placed in SHO inilyte group.
Tetrachlorocyclopentadiene OCP impurity?
Tetra chlorocyclopentene HCCPD impurity.
Tetrnchloro(dichloromethylene)cyclo- Possible HCCPD impurity.

pentadiene
1.1.2,2-Tetrachloroethane* Placed in VHO analyte group.
1.1.2,3-Tetrachloroethant ------

1,1.33-Tetmchloro-2-propanone
Trichlorinated compound ......

Trichloroaniline ......

Trichlorobenzene* Placed in SHO analyte group, raw material used in Gardona manufacture.

Trichlorobenzenamine Possible product of anifines in high chloride environmenL or reactive
intermediates; possibly pesticide related.

Trichlorobiphenyl isomer PCB.
Trichlorocyclopentene ------

Trichlorofluoroethane Possibly freon 113; used in manufacture of button and sandwich bombs.

* Significant tormer nontargct compound
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Table A2.1-6. Summary of Tentatively Identified Compounds in Phase I and Phase 11 Soil Samples. Page 3 of 8.

Compound Comments

Trichlorophenol Commonly used fungicide, bactericide.
1.2,3-Trichloropropane
Trichlompropene isomer
Trichloropropene* Placed in VHO analyte group.
1.1.2-Trichlom-l-pmpene
1,1,3-TTichloro-l-propene

Other Compounds:

1.2-Dihydmacenaphthalene In petroleum residues. used as insecticide.
1.2-Dimethylcyclopentane ------

13.5-Cycloheptatriene
1.3-Butanediol Intermediate in manufacture of polyester plnsticizers. mold inhibitor.

13-Cyclopentadiene Raw material used in aldrin, dieldrin. and heptachlor manufacture.

I -Phenylethanone Possibly related to Ciodrin manufacture?
17-Pentatriacontene ------

23-Dimethylpentane . ....

2-Ethylhexyldiphenylphosphonate Breakdown of parathion/malathion?

2-Hydroxy-l-phenyi-ethanone ------

3-Ethylpentane ......

3-Methylhexane

4-Oxide-1,4-oxathi.ine Probable mustard degradation product.

5-Methyl-2-hexane ------

Acenaphthylene A polynuclear aromatic hydrocarbon compound.

Acctate-l-heptadecanol ......

Acetate- 1-hexadecanol ......

Acetone Solvent associated with Azodrin and Planivin production.

Acetylhydroxydimethylpyridinone Ketone.

Alkyl acid ------

Alkyl benzene ------

Alpha-methy-benzene methanol ......

Aminophenol Intermediate in manufacture of dyes.

Anthracene A polynuclear aromatic hydrocarbon compound.

9,10-Anthracenedione ------

Benzaldehyde Used in manufacture of dyes. perfumery, cinnamic and mandelic acids, as

solvent.

7H-Benz[DE]anthracene-7-one ......

1.3-Benzediol monobenzoate ------

1,3-Benzenediolimonobcnzoate ------

Benzolalanthracene ......

Benzocoumarin Possibly related to rodenticide or pesticide?

Benzo[b1fluoranthene ------

Benzo[k]fluoranthene ...

Benzoic acid

2H-1-Benzopyran-2-one ------

* Significant former nontarget compound

RF57frBLOO47.RF5 1118/91 9:47 ain spl A'27-35



Table A2.1-6. Summary of Tentatively Identified Compounds in Phase I and Phase 11 Soil Samples. Page 4 of 8.

Compound Comments

Benzothiazole A heterocyclic aromatic compound, prevalent in manufacturing pesficides.

Bicycloheptadiene Process intermediate during aldrin and dieldrin manufacture.

Bicycloheptane
Bicyclo[3,1.0)hex-2-ene, 4-methyl-

1-(methylethyl)
Bicyclo(2.2.2)oct-5-en-2-ol or isomer
Biphenyl
bis(2-Methylpropyl) ester-2-

butenedioic acid
Bromocyclohexane
2-Butanone
2-Butoxyethanol* Placed in VHC analyte group.

Butyl ester of 4-methyl benzene, ------

sulfonic acid
Butyl-p-toluene sulfonate ------

Caprolactam* Placed in ONC analyte group.

Carbazole ......

Carbon sulfide -----

Carboxylic acid ------

Chalcone ......

Chlordene Human waste.
Chrysene A polynuclear aromatic hydrocarbon compound.

Chrysophenol Possible natu ". compound?

Cyclobutanediylbenzene Related to solvent or burning fuel.

Cyclohexane Solvent for lacquers and resins.

Cyclohexanone
Cyclohexene Alkylation component.

Cyclohexenol isomer ......

2-Cyclohexen-l-one Raw material used in Landrin manufacture.

13-Cyclooctadiene
13.5,7-Cyclooctitetraene ------

Cyclopentaphenanthrene
Cyclotetradecane
Decahydromethylnaphthalane Related to solvent or burning fuel.

Decamethy(cyclopentasiloxane)
Dibenzofuran Related to benzocoumarin?, rodenficide?, or pesticide?

n-n-Dibutyl-l-butanamine
Dicthylbenzene
Diethylmethylphosphorothioate Insecticide?

Dinuorobenzene isomer ......

Dihydroacen,iphthylcne A polynticlear aromatic hydrocarbon compound; fuel burning residue related.

Dimethoxy meftne
Dimethyl benzene Also known as xylene, used as solvent and in manufacture of dyes and other

organics.

a-Dimethylcyclohexane ......

* Signiticant former nontarget compound
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Table A2.1-6. Summary of Tentatively Identified Compounds in Phase I and Phase 11 Soil Samples. Page 5 of 8.

Compound Comments

Dimethylethylbenzene
2.6-Dimethylheptane
2,2-Dimethylhexane
7.11-Dimethyl-3-methylene-

1,6,10-dodecatriene
1.6-Dimethyl-4-(I-methylethyl)

naphthalene
Dimethylnaphthalene ------

3,7-Dimethyl-2,6-octadien-l-ol
Dimethylphenanthrene
Dimethylpropylcyclohexane A polynuclear aromatic hydrocarbon compound; tar or creosote related. burn

product.
Dimethyltetrahydromcnihoindine ------

Dimethyltrithialane An organosulfur compound.
Dioctyl adipate ......

Diphenylethanedione ------

Diphenyl methanone ------

1.1-Diphenyl-2-propanone ...

1.1-Diphenyl-l-propene-2-thiol ------

Dodecannmide
1.6.10-Dodecatriene-7,1 1-dime(hyl- ......

3-methylene
9-Dodecyltetmdecahydrophenanthrene

isomer
Endo.exo,endo-ociahydrodimeth.ine ......

benze(f)indene
Endosulfan ......

Endrin ketone Endrin transformed by sunlight to form ketone.

22(l.2-Ethanediyl-bis) oxybis ethanol ......

Eihendiylbisbenzene ......

Ethylbenzene isomer ......

Ethylcyclohexane ------

Ethyldimethyl azulene
Ethane-diyl-bis oxybis ethanol ------

3-Ethyl-3-heptane
Ethylmethylbenzene Related to solvent or burning fuel?

Ethylmethylcyclohexane
Ethyinaphthalene
Ethylpropylcyclohexane Related to solvent or burning fuel? Possibly related to CBDP.

Fuel/oil hydrocarbons ------

Fluoranthene* Placed in PAH analyte group.

Fluorene A polynuclear aromatic hydrocarbon compound.
9H-Fluoren.9-methylene
Fluorenone, A polynuclear aromatic hydrocarbon compound.
9H-Fluomn-9-one ......

ig,niticant former nontargct compound
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Table A2.1-6. Summ.,uy of Tentatively Identified Compounds in Phase I and Phase 11 Soil Samples. Page 6 of 8.

Compound Comments

Fumanic acid, diisobutyl ester
Glycolacetate
Hexachlorepoxide, Possible degradation product of heptachlor (produced by Hyman).

Hexachlorethane Used as solvent and in explosives.

Hexadecane
Hexandiocic acid, mono (2-ethyl

hexyl)ester
Hexane Solvent associated with Ciodrin and Nudrin.

Hexathiapane
2-Hexenal
2-Hydrobenzaidehyde
4-Hydroxy-4-methyl-2-pentanone* Placed in VHC analyte group.

Hydroxyphenyltrimethylammonium
hydroxide

Isobcnzofurandione Related to solvent or burning fuel.

Isobutyl butenediol ......

Isobutyl butenonte
I-Isocyanonaphthalene
IH-Isoindole-1.3(2H)-dione,

2-hydroxymethyl
Junipene Related to turpentine/solvents?

Methano-3h-cyclobuta(cd)pentaten-3-one ------

Methoxybenzenemethanamine ------

I-Methoxy-2-(methoxymethoxy)ethane ------

2-Methylanthracine ------

Methylanthracine isomer ------

4-Methylbenzene-sulfonic acid ......

butyl ester
Methylbromocyclohexane ......

3-Methyl-2-butanone
Methylcyclohcxane* Placed in the VHC analyte group.

Methylcyclopentane ------

2-Methylcyclopentenol ......

I-Methyl-1.3-cyclopent,idiene* Placed in the VHC analyte group-, chemical used by Shell at RMA.

2-Methy1cyclopentanone
4-Methyidibenzylfuran
Methyl ester acetic acid ......

Methylethylbenzene
a-(Methylethyl)-dimethyl naphthalene
Methyl hexanone
Methylhexane ......

2-Methyl-3-hydroxy-2,4.4-trimethyI
pentyl ester of propanoic acid

5-Methyl-2-(I-methylethylidene)
cyclohexanone

Significant former nontarget compound
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Table A2.1-6. Summiry of Tcntntively Identified Compounds in Phase I and Phise 11 Soil Samples. Page 7 of 8.

Compound Comments

Methyl-(methylethyl)n,ipth.-dene ......

Methylnaphthalene* Placed in the PAH analyte group, natural sources are coal and petroleum.

Methyinaphthalene isomer
2-Methyl-l-naphthalenol or isomer ---

Methylpentanediol
2-Methyl-l-penten-3-yne or isomer
Methylphenanthrene isomer
Methyl phenol isomer
4-Methyl phenol
I-Methyl-2-pyrrolidinone ...

Methylsulfonyidinitrodipropylben- An organophosphorous compound-, pesficide.

zenamine (planavin)
4-Methy"H-1.2,4-triazole
Mirex Insecticide.
Molecular sulfur Related to mustard production.
Monobenzoate.1-3benzenediol
Monobenzoatebenzenediol Related to resorcinol.
Mustard Army surety compound. possible interference from detected mustard

degradation product.
Naphthacene ------

Niphthalene A polynuclear aromatic hydrocarbon compound.
I-Naphthalene acetonilrile ......

IH-3H-Naphtho[1,8-CD]pyr.in-1.3-dione ------
Nitrophenol Hydrolysis product of ethyl pan. thion and methyl pin. thion.

Nonadecane ------

Nonanedioic acid, diester ------

Nonanedioic acid, tributyl ester ------

o,o-Diethyl-o-methyl phosphorothicate Insecticide?
Octadecadienyloxycthanol ------

9-Octadecanamide ......

Ociadecenyloxyethanol ------

Octahydromethenecyclobutapent:ilene ------

Octane ------

1,4-Ox.ithiane,4-oxide Decomposition product of musLird.
Oxatricyclooctanone OCP impurity?
Oxidboxathiane Probable mustard degradation product.
Oxybisbenzene Used as heat transfer medium and in organic synthesis.

2.2-Oxybisethanol* Placed in VHC analyte group.
1.1,1,3,3-Pentachloro-2-propanone ---

Pentadeca e ---

2-Pentanol,4-hydroxy-4-methyl
2-Pentanone* Placed in the VHC analyte group.
Pentatriancontane .....

Phenanthrene* Placed in the PAH analyte group.

Phenylbenzoate ......

Phenylethylphenol Naturally occurring') - phenols are widely used in cleaning agents.

Pheny1naphthalene A polynuclear arornafic hydroc,arbon compound; fuellburning residue related.

Phenylnaphthalene isomer ......

I-Phenyl-1,2-propanone ......

Phosphoric acid, tributyl ester* Placed in the OPHGB analyte group.
Phosphoric acid, Lriphenyl ester* Placed in the OPHGB analyte group.

* Significant former nontarget compound-_
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Table A2.1-6. Summary of Tentatively Identified Compounds in Phase I and Phase 11 Soil Samples. Page 8 of 8.

Compound Comments

Photodieldrin Decomposition product associated with dieldrin.
Phthalate Ubiquitous, plasticizer.
Propanediylbisbenzene
Propanoic acid, 2-methyl-2,2-dimethyl-

1-(2-hydroxy-l-methyl) propylester
Propanoic acid, 2-methyl,3-hydroxy- Solvent?

2,4,4-trimethyl pentyl ester
1,2.3-Propantril,triacetate
2-Propenyl benzene ------

4-Propyl heptane ------

Pyrene* Placed in the PAH analyte group.
Silicone
1.1-Sulfonylbis benzene ----

Terphenyl
Te=zatricyclodecane
Tetrahydrofuran Solvent for polyvinyl chloride, vinyl chloride copolymers, and vinylidene

copolymers.
Tetrahydromethanoindene Raw material used in aldrin and endrin manufacture
2.2,3.3-Tetramethylbutane
Tetramethylhexadecane
Tetrarnethylpentadecane Lubricant, anti-corrosion agent.
Triethylester of phosphorodithioic acid ......

Tributylamine Used as a stabilizer in production of GB.
Tributylester ------

Tricycloheptane -----

Trimethylbenzene Occurs in coal tar and in petroleum crudes.
Trimethylester of phosphorodiihioic acid ------
Trimethylnaphthalene A polynuclear aromatic hydrocarbon compound, tar or creosote related, bum

product.
Trimethylpentadecane ------

Triphenylene A polynuclear aromatic hydrocarbon compound: fuellburning residue related.

Significant former nontarget compound
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Table RISR A2.1-7. Chemical Analytes and Analyte Groups for Soil Samples. Page I of 3.

Analyte Groups/Analytes

Volatile Halooenated Organics (VHOs)
1.1-Dichloroethane
1.2-Dichloroethane,
1.1-Dichloroethylene
bans-1.2-Dichloroethylene
1.1=-Tetrachloroethane*
1,1.1-Trichloroethane
1.1.2-Trichloroethane
Carbon tetrachloride
Chlorobenzene
Chloroform
Methylene chloride
Tetrachloroethylene
Trichloroethylene
Trichloropropene*

Volatile Hydrocarbons (VHCs)
2-Butoxyethanol*
4-Hydroxy-4-methyl-2-pentanonc*
I-Methyl-1,3-cyclopentadiene*
2,2-Oxybisethanol*
2-Pentanone*
Bicycloheptadiene
Dicyclopentadiene
Methylcyclohexane*
bkthylisobutyl ketone

Volatile Aromatic Orizanics (VAOs)
Benzene
Ethylbenzene
m-Xylene
o- and p-Xylene
Toluene

Oreanosulfur Compounds, Mustard-Agent Related (OSCMs)
1.4-Oxathiant
Chloroacetic acid
Dithiane
Thiodiglycol

Significant former nontarget compound
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Table RISR A2.1-7. Chemical Analytes and Analyte Groups for Soil Samples. Page 2 of 3.

Analyte Groups/Analytes

OrganosulfuT Compounds, Herbicide Related (OSCHs)
Benzothiazole
Chloraphenylmethyl sulfide
Chlorophenylrnethyl sulfone
Chlorophenylmethyl suffoxide
Dimethyldisulfide

Orizanwhomharous Conivounds, CB-Aizent Related (OPHGBs)
Diisopropylrnethyl phosphonate
Dimethylmethyl phosphonate
Isopropylmethylphosphonic acid
Methylphosphonic acid
Phosphoric acid, tributyl ester*
Phosphoric acid, triphenyl ester*

Orizano0hosphorous Compounds. Pesticide Related (OPHN)
Aftzrine
Malathion
Par2thion

Supona

Vapona

Dibromochloroprovane (DBCP)

Oroanonitrogen Cornvounds (ONCs)

Caprolwtam* -

Hydraine

Methylhydrazine

n-Nitrosodiinethylamine

n-Nitrosodi-n-propylamine

Unsymmetrial dimethylhydrazine

Fluoroncetic Acid

Polynuclear Aromatic Hydrocarbons

Fluoranthene*

Methyl naphdWene*

Phenanthrene*

PMW

Significant former nontarget compound
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Table RISR A2.1-7. Chemical Analytes and Analyte Groups for Soil Samples. Pace 3 of 3.

Analyte, Groups/Analytes

Semivolatile Halogenated Organics (SHOs)
Hexachlorobenzene*
Hexachlorobutadiene*
Hexachlorocyclopentadiene
Pentachlorobenzene*
Teowhlorobenzene*
Trichlombenzene*

Organochlorine Pesticides (OCPs)
Aldrin
Chlordane
Dichlorodiphenylethane (DDE)
Dichlonxbphenyltrichloroethane (DDT)
Dieldrin
Endrin

Isodrin

Arsenic

Mercury

ICP Metals

Cadmium

Chromium

Copper
Lead

Zinc

Significant former nontarget, compound
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A2.1.2.3 Analytical Strategy

Phase H analytical methods were specifically developed and certified for use in quantifying

the concentration of target analytes identified in Phase I. The Phase H analytical techniques

for organics were GC methods, which were certified for discrete groups of analytes that were

generally, but not always, at lower CRLs than the less sensitive GC/MS methods used in

Phase L A summary of Phase II analytical methods for soil sampling is presented in

Table RISR A2.1-8. The quantitative analytical methods for metals, arsenic, and mercury

remained the same as in Phase I. The analytical methods and CRLs for specific Phase II

analytes are listed in Table RISR A2.1-4. For the majority of organics, CRLs in Phase II

were lower than in Phase I, providing a more precise quantification of the concentration of

target organic analytes.

The Phase II investigation contained provisions for GC/MS confirmation of GC findings to

ensure that analytes were being correctly identified. Approximately 10 percent of the positive

GC findings were selected for confirmation by GC/MS. These were selected according to site

and sample location to ensure the confirmation of significant analytes at all sites.

Field samples were exan-dned for laboratory-induced contamination primarily by comparing

analytical results for these samples with the associated laboratory blank sample. A blank

sample was analyzed along with each lot of field samples. When a target or nontarget

analyte was detected in the blank sample at concentrations similar to those in the field

sample, the presence of that analyte was generally attributed to laboratory contamination. In

some instances, determination of laboratory contamination was made by the laboratory analyst

based on other factors. Methylene chloride was frequently suspected to be a

laboratory-introduced contaminant during the RI due to its widespread use as a laboratory

solvent. Toluene and tetrachloroethylene were suspected laboratory contaminants in samples

from the Section 31 toxic storage yard plots because an inferior lot of sealing caps were used

in the laboratory.
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Table RISR A2.1-8. Summary of Phase II Analyfical Methods for Soil Sampling. Page I of 1.

Analyte Types and Groups Analytical Method

Volatile Organic Compounds Gas Chromatography/Mass Spectrometry

(VHOs, VAOs. some VHCs) Gas Chromatography/Photoionization Detector
Gas Chromatography/Hall Electrolyte Conductivity Detector

Volatile Hydrocarbon Compounds (VHCs) Gas Chromatogrnphy/Flame Ionization Detector

Sernivolatile Organic Compounds Gas Chromatography/Mass Spectrometry

(OCPS. OSCHs. OPHPs, DBCPs, VHCs, Gas matography/Electron Capture Detector

OPHGBs, OSCMs, PAHs*, SHOs) Detector

Organosulfur Compounds (OSCMs, OSCHs) Gas Chromatogrnphy/Flame Photometric Detector
High Performance Liquid Chromatography

Orginophosphorous Compounds Gas Chromatography/Flame Photometric Detector

(OPHGBs. OPHPs) Gas Chromatography/Nitrogen Phosphorous Detector
Ion Chromatography

Organonitrogen Compounds (ONCs) Gas Chromatogrnphy/Nitrogen Phosphorous Detector

Fluorocetic Acid lonchrom.itography

Organochlorine Pesficidcs and DBCP (OCPs) Gas Chromitogmphy/Electron Capture Detector

Hydrazines (ONCs) Spectrophotometry

Arsenic Graphite Furnace Atomic Absorption Spectroscopy

Mercury Cold Vapor Atomic Absorption Spectroscopy

Metals (ICPs) Inductively Coupled Argon Plasma Spectroscopy

Significant former nontarget analyte
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A2.1.3 Sewers

Included in the previous discussions of Phase I and Phase 11 soil sampling programs are the

investigative strategy for sewer lines that have been previously removed, and ditches that

comprised portions of the process water system. Chemical identification and analytical

strategy for sewer sampling is the same as that discussed in Sections A2.1.1.2 and A2.1.1.3.

For existing portions of the sewers systems, the rationale used for sewer sampling was based

on the physical nature of the systems. Sediment and soil samples were collected from

manholes and beneath manholes to determine which portions of the system were possibly

contaminated, and soil samples were collected beneath trenches excavated along potentially

contaminated segments of the system. These two aspects of sampling are summarized below.

Specific details of these sampling methodologies are provided in the Task 10 Technical Plan

(EBASCO, 1987/RIC 87336RO3) and in several CARs referenced in Section 1.4 of this

report.

A2.1.3.1 Sampling at Sewer Manholes

The objectives of sampling at sewer manholes were to locate leaks, estimate the vertical and

horizontal extent of contamination in the soil beneath the manholes, and examine portions of

the sewer systems where contamination was anticipated. A reconnaissance survey was

conducted initially to select manholes for sampling. Sediment grab samples were collected

from manholes at strategic locations along the system. Borings were drilled through the

bottoms of selected manholes and soil samples were obtained from the 0- to 1-ft and 4- to

5-ft depth intervals below each drilled manhole (Figure RISR A2.1-5). Additional samples

were collected at greater than 5-ft depths in drilled manholes along segments of the sanitary

sewer and in all drilled manholes along the chemical sewers because historical information

suggests that these systems transported contaminants.

A2.1.3.2 Sampling Beneath Excavated Trenches

Trenches were excavated along segments of the sewer lines that may have contributed to soil

contamination as determined by historical data review, visual observation of manholes, and

tracer dye tests. The tracer dye tests involved injecting a dye solution into an isolated
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segment of pipe, excavating around the pipe, and examining the soil for evidence of leakage.

Generally, a backhoe was used to remove soil down to approximately 6 inches above the pipe

and 5 ft on one or both sides of the pipe. The remaining soil around the pipe was removed

manually with shovels to avoid disturbing or damaging the pipe. To avoid the potential for

spreading contamination, excavations were conducted to expose only those sections of the

pipe necessary for sampling, and all excavations were backfilled with the excavated materials.

Figure RISR A2.1-6 illustrates the soil sampling scheme at excavation sites. The number of

borings drilled or hand augered within the trenches and the number of samples collected was

determined by the degree of observed damage of the pipe, or the results of the tracer dye

tests. Samples were typically collected from directly beneath exposed pipe joints and from

the 1-ft-depth interval below the pipe joints. In some cases, samples were collected from a

boring on one side or both sides of the pipe, approximately 1 ft away from the joint. In

instances where tracer dye studies were used and joints exhibited significant leakage, samples

were collected from directly beneath and at 1-ft and 5-ft distances from the joints, on one or

both sides of the pipe. To provide additional information on the extent of contamination,

samples were collected in some excavations from beneath the midpoint of the pipe sections

located on either side of a leaking joint, as illustrated in Figure RISR A2.1-6.

Borings I ft away from the pipes were, if possible, drilled to the water table, and borings 5 ft

away were drilled to the water table or 15 ft, whichever was encountered first. The purpose

of sampling at these depths was to estimate both the vertical and lateral extent of

contarnination associated with leaks.

A2.1.4 Other Soil Programs

Additional soil sampling and analysis programs were conducted to rectify observed data

deficiencies and to assist in the assessment of the RI data. Detailed explanations of these

programs can be found in the documents cited in the following subsections.
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A2.1.4.1 Partitioning Study

A field investigation was conducted in Section 36 of RMA to exan-dne the partitioning of

selected contaminants between soil and water, quantified as the partition coefficient Kd (ESE,

1988h/RIC 88344ROI). This document also summarizes and cites other RMA partitioniný

studies.

A2.1.4.2 Soil Gas Programs

Soil gas sampling programs conducted at RMA included a pilot program and a program to

sample spill sites in South Plants. The pilot program (EBASCO, 1986/RIC 86239RO3) was

conducted to determine the effectiveness of soil gas methods in detecting the presence of

VOCs in groundwater and in the unsaturated zone. Areas in the western portion of RMA and

in South Plants were tested where VOCs, particularly trichloroethylene (TCE) and

dibromochloropropane (DBCP), were known or suspected to be present in the groundwater or

vadose zone. Soil gas surveys were conducted at spill sites in South Plants (EBASCO,

1989e/RIC 89166RO4) in order to place soil borings in locations with the highest probability

of contamination.

A2.1.4.3 Soil Characterization Studies

Investigations of the surficial soil units on RMA have been conducted by MKE for Shell

(MKE, 1987; MKE, 1988; and J.P. Walsh, 1988). These studies were performed to examine

the physical, chemical, and hydrologic properties of the surficial soil types at RMA.

A2.2 WATER

The water quality sampling program at RMA has evolved through a series of investigations

that began with the 360* Monitoring Program in 1976. Water quality programs were

developed to provide a regional monitoring network, to define contan-Linant contribution from

specific source areas, and to assist in the operation and maintenance of active remediation

systems. These goals were addressed by a series of sampling and analysis programs which

were each designed to complement the information collected by the others. While objectives

for each investigation have varied and sampling networks have been tailored to meet those
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objectives, results of earlier investigations were used to improve the design of later

investigations. For example, new information about contaminant sources frequently resulted

in the addition of new sampling locations. Similarly, as understanding of hydrologic and

geologic conditions has increased, data-collection networks have been revised to improve the

monitoring of contaminant distribution. Table RISR A2.2-1 provides a summary of water

sampling programs conducted as part of the RI.

A2.2.1 Surface Water

While the 360* Monitoring Program was initiated in 1976 primarily to characterize groundwa-

ter quality (see Section A2.2.2 Groundwater), surface water monitoring was also included in

the program. Initially, 12 on-post and 10 off-post surface water locations were monitored on

a quarterly basis. Surface water quality monitoring continued through 1985 with minor

changes and ended in 1986. Beginning in 1982, stream gaging stations were installed at ten

on-post locations, stage and discharge data were collected, and rating curves were developed.

Surface water monitoring in 1985 was conducted as part of the Task 4 Water Quantity and

Quality Survey Program. Stream stage and discharge were measured at the existing on-post

gaging stations. Water diverted from Lake Ladora and effluent from the Sewage Treatment

Plant were also measured. Surface water elevations of Upper Derby Lake, Lower Derby

Lake, Lake Ladora, and Lake Mary were recorded weekly. Stream stage at gaging stations

was continuously recorded. Water quality samples were initially obtained on a quarterly basis

at 16 designated on-post locations. This program was subsequently expanded to include

25 on-post locations by the completion of Task 4 in 1986.

The objective of Task 39 was to complete RI work initiated under the off-post contan-dnation

assessment study. Eleven off-post surface water sites were sampled. The results of the Task

39 Investigation are presented in the "RMA Off-post Operable Unit Remedial Investigation

and Cherriical Specific Applicable or Relevant and Appropriate Requirements Final Report"

(ESE, 1988f/RIC 89173ROI).
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Table RISR A2.2-1. Summary of 1985 to 1989 Water Sampling Programs. Page 1 of 2.

Number of
Number of Surface-Water

Task/ Sampling Number of Wells Stations

Program Sampling Period Frequency Wells Sampled Installed' Sampled

42 ISP3: October 1985 to Single event 321 0 25

March 1986

3rd & 4th Quarter April Quarterly' 3rd Quarter 180 0 3rd: 30

to September 1986 4th Quarter 182 4th: 30

11 1986 Single event 12 2 0

1988 Single event 13 0 0

25 September 1986 to Quarterly 117' 10 0

December 1987

36 June 1987 to October Quarterly 97 18 0

1987

38 December 1986 to Quarterly 5V 31 0

September 1987

39 June 1987 to October Quarterly 73 15 11

1987

42 January 1988 Single event 6 6 0

Additional wells completed under soils tasks included in the Composite Well Program Report (ESE, 1988d/RIC
88244RO2).

2 Third and fourth quarter program contained an additional 43 off-post wells and I I off-post samples in the 360*

Monitoring Program; numbers not included in well totals.
3 Initial Screening Program.
A Quarters by 3-month increments, with October to December = first quarter, etc.

Number of wells sampled in third quarter (April-June) 1987; see task reports for number of wells sampled

during other quarters.
6 Dates of well installation: May 1987-January 1988.
7 Comprehensive Monitoring Progrum.

Source: Modified from EBASCO. 1989d/RIC 89186ROL
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Table RISR A2.2-1. Summary of 1985 to 1989 Water Sampling Programs. Page 2 of 2.

Number of
Number of Surface-Water

Task/ Sampling Number of Wells Stations
Program Sampling Period Frequency Wells Sampled Installed' Sampled

44 September 1986 to Quarterly 55 0 41

March 1987

April 1987 to June 1987 Single event 311 0 37

July 1987 to September Single event 55 226 27

1987

Shell February 1988 to April Single event 95 0 0
South 1988
Plants
K152 Wober 1988 to Single event 75 41 U

February 1989

CW Winter 1987/88 Annually 255 0 0

Spring 1988 Semi-annually 307 0 14

Summer 1988 Quarterly 46 0 13 (annual)
4 (storm)
2 (special)

Fall 1988 Annually 488 0 12

Winter 1989 Quarterly 62 0 0

Additional wells completed under soils tasks included in the Composite Well Program Report (ESE, 1988d/RIC

2 88244RO2).

Third and fourth quarter program contained an additional 43 off-post wells and I I off-post samples in the 360*
Monitoring Program-, numbers not included in well totals.

4 Initial Screening Program.

Quarters by 3-month increments, with October to December - first quarter, etc.

Number of wells sampled in third quarter (April-June) 1987; see task reports for number of wells sampled during other
quarters.

7Dates of well instalkition: May 1987-January 1988.

Comprehensive Monitoring Progrim.

Source: Modified from EBASCO, 1989d/RIC 89186RO1.
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Task 44 was initiated in 1986 to monitor changes in water quality, assess regional distribution

and concentration of contaminants, and identify areas of potential public exposure. A total of

41 on- and off-post locations were monitored quarterly for water quality from September

1986 to March 1987. Water quality samples were obtained in the third and fourth quarters of

fiscal year (FY) 87 from 37 and 27 sites, respectively. Stream discharge and lake levels

previously monitored on post under Task 4 continued to be monitored under Task 44. Results

of Tasks 4 and 44 monitoring are summarized as part of the Water Remedial Investigation

Report (WRIR) (EBASCO, 1989d/RIC 89186ROI). The WRIR includes discussions of water

balances, stream-aquifer and lake-aquifer interactions, and surface water quality data from fall

1985 to fall 1987.

Since 1988 surface water data have been obtained and interpreted as part of the

Comprehensive Monitoring Program (CMP). Although not a part of the RI, the CMP is

designed to provide continual long-term verification monitoring of environmental conditions

at RMA. Continued monitoring serves, in part, to verify data collected and results obtained

in the RL Emphasis has been placed on refining and extending rating curves for stream gages

by increased monitoring of peak flow periods, collecting stream-sediment data, and improving

estimates of stream-aquifer and lake-aquifer interactions. A total of 35 sites have been

designated for on- and off-post sampling. CMP data for the period extending through

February 1989 are incorporated into the evaluation of conmmination presented in this report.

A2.2.2 Groundwater

The 360* Monitoring Program was initiated in 1976 to provide regional monitoring of

groundwater quality. Fifty-five on-post and 20 off-post wells were initially included in the

well sampling network. The well sampling network was expanded as contaminant distribution

became better defined. Approximately 130 wells were monitored quarterly from 1976 until

1985. The on-post portion of the 360* Monitoring Program was replaced by the Task 4

program in 1985, and the off-post wells were incorporated into the Task 44 program in 1986.

The Task 4 program was designed to provide verification of historical results collected under

the 360* Monitoring Program by using approved USATHAMA sample collection and
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analytical methodologies, and by comparing curTent, rigorously collected data to earlier

sampling results. This verification effort was required in order to avoid the loss of these

valuable historical records of groundwater and surface water quality, and to ensure the

suitability of these records for use in the RL Other monitoring programs conducted

concurrently with the 360* Monitoring Program included:

" Basin F Monitoring Program - Initiated to evaluate potential leakage from Basin F (10

wells sampled quarterly from 1975 to 1985). Monitoring of this site was incorporated

into Tasks 4 and 44.

" NBCS and NWBCS Monitoring - Initiated in 1978 and 1981, respectively, to assess

effectiveness of the boundary containment systems (80 and 45 wells sampled quarterly,

respectively). Monitoring was continued under Tasks 25 and 36.

" ICS Monitoring - Analyses for DBCP were conducted on quarterly samples between

1981 and 1986 (approximately 58 wells).

" U.S. Army Corps of Engineers, Waterways Experiment Station Monitoring Program -

Groundwater samples were collected in four on-post areas referred to as the Northwest

Boundary, South Plants, Basin A Neck, and Eastern Arsenal (approximately 245 wells

sampled between 1980 and 1983).

Regional groundwater monitoring was conducted between October 1985 and September 1986

as part of Task 4. Initial sampling of 321 on-post wells was conducted and results were

presented in the Initial Screening Program Report (ESE, 1987c/RIC 87253ROl). As part of

the Initial Screening Program, well completion information was reviewed. This review

formed the basis for selecting wells to include in a sampling network. Sampling was

conducted for two additional quarters (April-June 1986 and July-September 1986) for

approximately 180 wells each quarter, and results were presented in the Final Screening

Program Report (ESE, 1988a/RIC 88173RO6).

Regional groundwater monitoring continued during 1987 as pan of Task 44. Data collection

for the task included installation of 22 wells, quarterly sampling of 55 wells from September

1986 to March 1987, a single sampling event of 311 on-post wells from April to June 1987,

and a single sampling event of 55 wells from July 1987 to September 1987. The well

network used in Task 44 was based on the network used in the Initial Screening Program.
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However, minor modifications of the network resulted from previous sampling results.

Results of the Task 44 program formed the basis of the WRIR.

A number of subregional monitoring programs were conducted concurrently with Tasks 4

and 44. Monitoring of the NBCS and NWBCS was conducted as part of Tasks 25 and 36

(ESE, 1988VRIC 89024RO2; ESE, 1988j/RIC 88344RO2). Quarterly sampling of UFS and

CFS wells upgradient and downgradient of the boundary systems was conducted under these

tasks between September 1986 and December 1987. Task 38 was designed specifically to

characterize the distribution of trichloroethylene and related contaminants in the western tier

of RMA (EBASCO, 1989a/RIC 89166RO3). Thirty-one wells were installed, and 52 wells

were sampled quarterly between December 1986 and September 1987. The Shell South

Plants Monitoring Program was conducted to obtain water quality data from the UFS in the

vicinity of South Plants (EBASCO, 1989e/RIC 89166RO4). The program was undertaken

from February to April 1988 and included the sampling of 95 wells. Additional site-specific

monitoring was conducted as part of Task 39 (Off-Post Remedial Investigation, ESE,

1988f/RIC 89024ROI), Task 42 (North Plants, EBASCO, 1989f/RIC 89166RO5), and Task 11

(Hydrazine Facility, EBASCO, 1989e/RIC 89166RO4).

Since the completion of Task 44, regional groundwater monitoring has been conducted in

conjunction with the S;Rs under the RIFS2 task and as part of the CMP. Data collection for

RIFS2 included installation of 41 wells and a single sampling event of 75 on-post wells from

October 1988 to February 1989. The groundwater element of the CMP is designed to

maintain regional and project groundwater monitoring programs for regulatory database

maintenance, RI/FS verification, and system operational purposes. Groundwater quality and

hydrology are monitored to assess changes in the rate and extent of contarriinant migration

and the distribution of contaminants both in on- and off-post areas. The well network used

for regional monitoring in the CMP is based on the network used in Task 44. However,

additional wells have been installed in areas where greater detail is needed. Subregional

monitoring, using a greater density of wells than required for regional monitoring, is also

included within the CMP. Monitoring is conducted in specific areas requiring further

A2-56
RF5RPT0025 11/11/91 9:45 am pf



evaluation of contaminant distribution. Wells monitored on a quarterly basis provide water

quality data to support ongoing IRA projects in the Basin F area. CMP data collected

through February 1989 are incorporated into the evaluation of contamination included in this

report.

The Transitional Monitoring Program (TMP) was the first annual sampling round conducted

under the CMP. It was designed to provide continuity with the previous regional and

boundary systems monitoring programs conducted under the RI/FS contracts. A total of

255 wells were sampled under this program in winter 1987-1988. Additional wells were

sampled for Tasks 25 and 44 during this time period. The semiannual well network consisted

of 307 wells, and quarterly sampling was conducted for 46 wells. During the FY 89 CMP,

488 wells were monitored in the fall of 1988 and 62 wells were monitored in the winter of

1989. Water quality monitoring was conducted after this date for the CMP; however, with

the exception of the total organic analyte plume maps presented in Appendix A3 of this

report, dam collected after February 1989 are not discussed.

Several investigations have been conducted recently or are planned to investigate light, non-

aqueous phase liquids (LNAPLs), dense, non-aqueous phase liquids (DNAPLs), and absorbed

contarTdnation. In the South Tank Farm Area of Sections 1 and 2, LNAPL investigations

have been conducted to determine the extent, composition, and thickness of the LNAPL,

monitor the leading edge, and characterize the hydrogeologic sitting (Shell, 1989/RIC

89216RO1; 1989/RIC 89264ROI; 1990/RIC 91002RO6). In addition, there is a current study

designed to evaluate the applicability and effectiveness of soil vapor extraction (SVE)

processes for cleaning LNAPL contarninated soil and free product in the weathered Denver

Formation (Shell, 1990/RIC 91002ROI). Field investigations conducted at the Shell Section

36 trenches indicated the presence of a DNAPL in one well (Shell, 1989/RIC 90262RO5).

Installation of monitoring wells are planned to investigate the extent of the DNAPL (Shell,

1990/RIC 91002RO4). An investigation designed to characterize rates of desorption from the

unsaturated alluvium is planned to be conducted north of Basin F in Section 23. Multiple

well tests and laboratory analyses will be performed to monitor elution rates and the potential
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that dissolved organic matter might contribute to contaminant mobilities (RLSA, pending).

Other investigations of NAPLs in the South Plants area are included in the Phase H FS Field

Data Collection Program. Results of these investigations are forthcoming.

A2.2-3 Analytical Proarams

The number and types of contaminants included in recent groundwater and surface water

monitoring programs have increased substantially from the number and types included in29

earlier monitoring programs. The 360' Monitoring Program, which extended from 1976 to

1986, included diisopropylmethyl phosphonate (DIMP), DBCP, aldrin, dieldrin, endrin,

isodrin, dithiane, oxathiane, chlorophenylmethyl sulfide, chlorophenylmethyl sulfoxide,

chlorophenylmethyl sulfone, and major inorganic constituents. Results of the Regional

Groundwater Study of RMA conducted during the early 1980s (Spaine et al., 1984/RIC

85133R04) indicated the presence of volatile organics including toluene, xylene, benzene,

chlorobenzene, chloroform, methylene chloride, carbon tetrachloride, dichloroethylene,

trichloroethylene, and tetrachloroethylene. Historical information was combined with results

of an evaluation of contaminant source characteristics at RMA and a review of compounds

attributable to historical activity to derive the list of analytes used in Tasks 4 and 44

monitoring programs. Target analytes for Task 44 included those analyzed in Task 4, and

benzothiazole and chlordane. The CMP target analytes were similar to those analyzed in

Task 44. Additional CMP analyses include thiodiglycol, phenols, cyanide, and the pesticide-

related organophosphorous compounds (OPHPs) (atrazine, malathion, parathion, supona, and

vapona). The RIFS2 program was similar to the CMP, with the exception of thiodiglycol and

nitratdhitrite analyses. Ile target analytes selected to fulfill the individual task and program

objectives are listed in Table RISR A2.2-2. In general, target analytes for each site-specific

program were selected on the basis of site history and previous investigations. Analytical

methods for these analytes did not tend to differ between programs. Rationale for the

selection of specific analytes is discussed in the task and program reports. General criteria

used as guidelines for selecting target analytes at RMA are presented in Section A2.1 of this

report.
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Table RISR, A2.2-2. Target Analytes for Water Sampling Programs, 1985 to 1989. Page I of 3.

Tasks
Analyte 4 11 25 36 38 39 42 44 RIFS2 CNT

Volatile Halogenated Orianics (VHOs)
1.1-Dichloroethane x - x x x x x x x x

1.1-Diddomethylene x - x x x x x x x x

1,2-Dichloroedme x - x x x x x x x x

n-ans-1.2-Dichloroethylene x - x x x x x X X x

1,1,1-TrichloToethane x - x x x x x x x x

1,1.2-Trichloroethant x - x x x x x x x x

Carbon tetrachloride x - x x x x x x X x

Chlorobenzene x x x x x x x x x

Chloroform x - x x x x x x x x

Methylene chloride x - x x x X X X X x

Tetrachloroethylene X - x x X X X X X x
Trichloroethylene X - x x x x x x x x

Volatile Hydrocarbons (VHCs) 
xBicycloheptadiene

Dicyclopentadiene x - x x - x x x x x
Methylisobutyl ketone x - x x - x x x x x

Volatile Aromatic Oroanics (VAOs)
Benzene X - x x x x x x x x
Ethylbenzene x - x x x x x x x x
m-Xylene x - x x x x x x x x
o- and p-Xylene x - x x x x x x x x
Toluene x - x x x x x x x x

Orizanosulfur Compounds,
Mustard-Agent Related ( SCMS)

1,4-Oxathiane x - x x - x x x x x
Dithiane x - x x - x x x x x
Thiodiglycol x x

Oroanosulfur Comnounds,
Herbicide Related (OSCHs)

Benzothiazole - x x - x x x x x
Chlomphenylmethyl sulfide x - x x - x x x x x
ChIorophenylmethyl sulfone x - x x - x x x x x
Chlorophenylmethyl sulfoxide. x - x x - x x x x x
Dimethyldisulfide x - x x - x x x x x

Orizanophosphorous Compounds,
GB-Agent Related (OPHGBs)

Diisopropylmethyl phosphonate x - x x - x x x x x
Diinethylmethyl phosphonate x - x x - x x x x x
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Table RISR A2.2-2. Target Analytes for Water Sampling Progrnms, 1985 to 1989. Page 2 of 3.

Tasks

Analyte 4 11 25 36 38 39 42 44 REFS2 CNT

Organophosphorous Compounds
Pesticide Related (OPHPs)

Atrazine - - - x - x x

Malathion x - x x

Parathion x - x x

Supona x - x x

Vapona x - x x

Dibromochloroproipine (DBCP) x x x x x x x

Ortanonitro2en Compounds (ONCs)
Hydrazine - x - -

Methylhydrazine - x - -

n-Nitrosodimethylamine - x - -

Unsymmetrical dimethylhydrazine x - -

Semivolatile Haloeennted Orvinics (SHOO
Hexachlorocyclopentadiene x x x - x x x x x x

Organochlorine Pesticides (OCPs)
Aldrin x - x x x x x x x

Chlordane - - x x - x x x x x

Dichlorodiphenylethnne x - x x - x x x x x

Dichlorodiphenyltrichloroeth.ine x - x x - x x x x x

Dieldrin x - x x - x x x x x

Endrin x - x x - x x x x x

Isodrin x - x x - x x x x x

Arsenic x - x x - x x x x x

Mercury x - - x - - x x x x

ICP Metals
Cadmium x - - x - - x x x x

Chromium x - - x - - x x x x

Copper x - - x - - x x x x

Lead x - - x - - x x x x

Zinc x - - x - - x x x x
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Table RISR A2.2-2. Target Analytes for Water Sampling Programs, 1985 to 1989. Page 3 of 3.

Tasks

Analyte 4 11 25 36 38 39 42 44 RIFS2 CM?

Anions and Cations
Calcium x - - x - x x x x

Chloride x - x x - x x x x x

Fluoride x - x x - x x x x x

Wgnesium x - - x - - x x x x

Nitrate x - - x - - - x - x

Potassium x - - x - - x x x x

Sodium x - - x - - x x x x

Sulfate x - x x - x x x x x

Phenols x

Cyanide x
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Several laboratories, certified using USATHAMA protocols, performed analyses of water

samples collected during the RI at RMA. Analyses were conducted by five primary

laboratories: California Analytical Laboratories, Inc. (CAL); Environmental Science and

Engineering, Inc. (ESE)-Gainesville; ESE-Denver; DataChem, Inc. (DataChem, formerly Utah

Biomedical Test Laboratory); and ENSECO, Inc. (ENSE, formerly Rocky Mountain

Analytical Laboratories). The CRLs for water varied, as they are method-, analyte-,

laboratory-, and instrument-specific. Ranges of CRLs for the target analytes in surface water

and groundwater samples from 1985 through 1989 are listed in Table RISR A2.2-3.

Additional information on CRLs for groundwater samples is presented in Appendix B.

In addition to the quantitative analyses performed for target compounds in Tasks 4 and 44,

REFS2, and CMP, a representative number of samples were analyzed by GC/MS techniques in

an effort to identify previously unrecognized compounds not included on the target analytical

schedules. The nontarget compounds that were tentatively identified in water samples are

summarized in Table RISR A2.2-4. In order to determine whether specific chemicals should

be incorporated in the list of target analytes, the TICs in water samples were reviewed by the

same criteria as the TICs in soil samples (Section A2.1.2.2).

The compounds elevated to target analyte status, indicated by an asterisk in Table

RISR A2.24, were discussed in the SARs and evaluated by the EA.

The target and former nontarget analytes used in assessing the nature and extent of soil

contarnination in the SARs and in this report are listed in Table RISR A2.1-7. As previously

noted, the analytes are organized into analyte groups by similar chemical behaviors and

histories of usage, origin, and disposal.

A2.3 STRUCTURES

Prior to the structures survey conducted in 1987 as part of the RI (EBASCO, 1988c/RIC

88306RO2), ten smaller-scale surveys had been undertaken at RMA. Table RISR A2.3-1

summarizes the results of the 1987 structures survey and previous structures surveys/
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Table RISR A2.2-3. CRL Ringes for Target Analytes in Water Samples, 1985 to 1989. Page I of 3

Analyte Groups/Analytes Surface Water CRI-s NO) Groundwater

Volatile Haloeenated Organics (VHOs)
1.1-Dichloroediane 0.730-2AO 0.730-12.0

1.1-Dichlomethylene 1.00-1.85 1.00-1.85

1,2-Dichloroethane 0.610-2.07 0.610-7AO

=m-1.2-Dichloroethyelene, 0.760-5.00 0.760-5.00

1.1.1-Trichloroethane 0.760-1.70 0.760-6.80

1,1.2-Trichloroethane 0.780-1.68 0.790-7.10

Carbon tetrachloride 0.990-2AO 0.990-6.30

Chlorobenzene 0.580-1.36 0.580-5.10

Chloroforrn 0.500-1.88 0.500-1.88
Methylene chloride 1.00-7.40 1.00-7.40

Tetrachloroethylene 0.750-2.76 0.750-9.40

Trichloroethylene 0.560-IAO 1.00-5.20

Volatile Hvdrocarbons (VH s)
Bicycloheptadiene 1.20-5.90 1.00-5.90
Dicyclopentadiene 1.50-9.31 1.10-9.31
Methylisobutyl ketone 1.00-12.9 1.00-12.9

Volatile Aromitic Orsmnics (VAOs)
Benzene 1.00- 1.92 1.00-6.10
Ethylbenzene 0.620- 1 A 0.620-11.0
m-Xylene 1.00-2.00 1.00-14.0

o- and p-Xylene 1.34-3.20 1.34-19.0

Toluene 1.00-2.80 1.00-7.80

Or2nnosulfur Comnounds.
Mustard-Ment Relited (OSCMs)

1.4-Oxathiane 1.35-27.0 1.35-27.0
Dilhinne 1.11-21.0 1.11-21.0

Thiodiglycol None 6.69-65.9

Orginosulfur Compounds,
Herbicide Related (OSCHs)

Benzothiazole 1.14-5.00 1.14-5.00
Chlorophenylmethyl sulfide 1.08-17.0 1.00-17.0
Chlorophenybnethyl sulfone 2.24-7.46 2.24-11.5
Chlorophenylmethyl sulfoxide 1.98-29.0 1.98-29.0
Dimethyldisulfide 0.550-13.5 0.550-13.5
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Table RISR A=-3. M Ranges for Target Analytes in Water Samples, 1985 to 1989. Page 2 of 3

Analyte, Groups/Analytes Surface Water CRLs (ugA) Groundwater

Organwhowhorous Compounds,
GB-Agent Related (OPHGBs)

Diisopropylmethyl phosphonate 0392-21.0 0392-21.0

Dimethylmethyl phosphonate. 0.188-130 0.188-130

Oritanophosphorous Compounds,
Pesticide Related (OPHPs)

Anwine 0.790-5.90 0.790-14.3

Malathion 0373-21.0 0373-21.2

Parathion 0250-37.0 0250-37.0

Supona 0.680-19.0 0.680-19.0

Vapona 0.394-17.0 0.394-17.3

Dibromochlorovrovane (DBCP) 0.130-12.0 0.0400-19.0

Orstanonitrogen Compounds (ONCs)
Hydrazine - 31

Methy1hydrazine - 3000

n-Nitrosodimethylamine - 2.6-300
Unsymmetrical dimethylhydrazine - 22

Semivolatile Halogenated Onganics (SHOs)
Hexactdorocyclopentadiene 0.0489-54.0 0.0480-54.0

Oroanochlorine Pesticides (OCPs)
Aldrin 0.0500-13.0 0.0500-13.0

C%lordane 0.0950-37.0 0.0950-37.0
Dichlorodiphenylethane 0.0460-14.0 0.0460-14.0

Dichlorodiphenyltrichloroethane 0.0490-18.0 0.0490-18.0

Dieldrin 0.0500-26.0 0.0500-26.0
Endrin 0.0500-18.0 0.0500-18.0
Isodrin 0.0510-7.80 0.0510-7.80

Arsenic 2.50-3.88 235-3.88

Memwy 0.100-0.500 0.100-0.500

ICP Metals
Cadmium 4.09-SAO 4.09-8AO

Chromium 4.44-24.0 4.44-24.0

Copper 610-26.0 6.20-26.0
Lead 18.6-74.0 18.6-74.0

Zinc 535-22.0 535-22.0
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Table RISR A2.2-3. CRL Ranges for Target Analytes in Water Samples, 1985 to 1989. Page 3 of 3

Analyte Groups/Analytes CRLs (ugA)
Surface Water Groundwater

Anions and Cations
Calcium 22.6-500 22.6-500

Chkxide 114-4800 114-4800

Fluoride 50.0-1220 50.0-1220

I&gnesiurn 110-500 89.2-500

Nitrate/Nitrite 10.0 10.0

Potassium 250-1256 250-1256

Sodium 91.3-940 91.3-940

Sulfate 175-10,000 175-10,000

Phenols 2.20-9.20 2.20

Cvinide 2.50-5.00 2.50-8.90
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Table RISR A2.24 Summary of Tentatively Identified Compounds in Water Samples. Page I of 4.

Compound Comments

Compounds with 10
or more occurrences:

1.1.2,2-Tetrachloroethane* Placed in VHO analyte group; also mlled acetylene tetrachloride; in laundry

operations 1942-62.
2,6,10,14-Tetmmethylhexadecane
2,6.10-Trimethylpentademne
bis(2-EthyIhexyl)phthalate
Caprolactam* Placed in ONC analyte group-, also called 2H-Azepin-2-one, hexahydro.

Tetrahydroftran A solvent for polyvinyl chloride, vinyl chloride copolymers. and vinylidene

chloride copolymers. used by Shell.

Compounds with rewer
than 10 occurrences:

1.1-Bisnbethylthiolethane
1.2,3,4.5,7.7-Heptachlorobomene
1.2-Diddoroethylene Solvent for fats, phenol, camphor, etc.; retards fermentation.

1.2-Dichloropropene Used in manufacture of d-d soil fumigant.

1,3-Cyclopentadiene Raw material used in aldrin, dieldrin, and heptachlor manufacture.

1.3.6-Dioxathiolane
1.3-Dithiolane ---

1.4-Cydooctadient
1.4-Dithiane ...

I-Propamine
1-(4-Hydroxy-3-methoxyphenol)ethanone ---

2-Butoxyethanol* Placed in VHC analyte group

2-Propanone ---

22.2-Trichloroethanol
23-DicWoro-2-methylbenzyl alcohol ---

2.4-Imidiazolidinedione -

2,6,10,14-Tetraethylhexadecane -

2,6,10.14-Tetraethylpentadecane -

2,6,10.14-Tetramethylhexadiene -

2,6,10.14-Tetramethylpentadecane -

2,6.10.14-Tetramethylpentadiene, -

2-Cyclahexen-1-one Raw material used in Landrin manufacture.

2-Methylcyclopentanone
2-Methyl,l-(1,1-dimethylethyl)-2-methyl-

(1,3-propanediylpropionate)
2-Methyl-2,4-pentanol Solvent?
2-Propanol Also called ally] alcohol; raw material for synthesis of Nemagon soil fumigant.

2-(4-Mathyl-2-furyD-2-cyclopenten- I -one
2,6-1-Butyl-4-methylphenol

Significant former nontarget compound
A2-66
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Table RISR A2.2-4 Summary of Tentatively Identified Compounds in Water Samples. Page 2 of 4.

Compound Comments

3.3.5-Trimethylcyclohexanone
3-5-Dimethyl-1.2,4.trithiolane
3-Methyl-1.3.5-hexatrient
4-Hydroxy-4-methyl-2-pentanone* Placed in VHC analyte group

5-Ethyl-5-secanyl-2,4,6(lh.3h.5h)-
pyrimidinetrione

5-Methyl-1,3-oxathinne
8-Oxatricyclo(2,2,2,0.2,6)-mtan-7-oI
Acetophenone Decomposition product of Ciodrin.

Azidobenzene ...

Benzamine
Benzothiazine ---

Bicyclodihydropentadiene ...

Bicyclohydropentadiene ---

Bicyclo(2.2.1)hept-2-en-7-ol
Biphenyl-ol ...

bis(isopropyl)urea ---

Butyloctadecanoate ...

Butylglycolacetate ...

Chloromethylphenol ---

Chloromethylsulfoxylamide
Chlorophenylmethylsulfide isomer
Cholest-3-ene ---

Cyclohexanone
Cyclopenten-I-on
Dehydropyram ---

Dichlorobenzene Raw material used in Akton manufacture

Diheptylphthalate ---

Dihydroxymethyl benzoate
Dimethoxymethane
Dimethylphthalate
Dimethylsulfide ---

Dimethyl trithialane An organosulfur compound.
DiphenyletheT ---

Dimethylmethylphosphonate Byproduct of GB manufacture.

Docosane ---

Dodecanamide
Ethylbenzene Component of leaded and unleaded gasoline.

Ethyldimethylbenzene
Ethylmethylbenzene
Freon Used in button and sandwich bomb production.

Heptachlorobicycloheptene Endrin intermediate.

Significant former nontirget compound
A2-67
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Table RISR A2.2-4 Summary of Tentatively Identified Compounds in Water Samples. Page 3 of 4.

Compound Comments

Heptachlorobicyclo(2,2,I)hept-2-ene Endrin intermediate.
Heptanone ...

Hexachlorocyclo(22.1)hepta-2-one
Hexachlorobutadiene* Placed in SHO analyte group.
Hexadecanamide -
Hexanoic acid -
Hexanol -
Hexanone -

Isobutyloctadecanoate ...

Isobutylbenzene
Limonene
Methoxybenzaldehyde
Methyl ester of dihydroxybenzoic acid ---

Methyl octane ---

Methyl benzylamine
Methylethyl benzene Related to solvent or burning fuel?
Methyl naphthalcne* Placed in PAH analyte group; natural sources are coal and petroleum.

Methylsulfoxyl benzene ---

Methylthio-l-butanone ---

Methyltricyclo(3.2,1,0,2,7)oct-3-ene-5-
carboxylate ...

Methyl-2,4-pentanediol Solvent.
m-Mentha4,8-diene
n-Methyl lutidon ---

Naphthalene A polynuclear aromatic hydrocarbon compound.
Nonanal ---

Nonane ---

n.n-Dibutylacetamide ---

n.n-Dimethylbenzylamide
n-Hexylacetamide ...

n-Methylmethanamide Raw material used in Bidrin manufacture.
n-Nitrosodipropylamide ...

n,n-bis(l,-Methylethyl)urea
n-Propylpropamine
n-Tridecane
Octadecanamide ...

Octadecanaethiol ---

Octanoic acid
Oxatricyclooclane OCP impurity
Pentachlorophenol Shell waste: used for slime and algae control in herbicide formulations.
Phenanthrene* Placed in PAH analyte group.
Phenol A common chemical and ingredient in cleaning agents, reportedly contained in

petroleum oil extract.

Significant former nontarget compound
A2-68
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Table RISR A2.2-4 Summary of Tentatively Identified Compounds in Water Samples. Page 4 of 4.

Compound Comments

Phosphorithidic acid
Proparnine amide
Propanedinitryl
Propanil
Propanoic acid
Propylbenzene
p-Isopropylbenzaldehyde ...

Silosane
Sulfur Raw material used in production of sulfur chloride and sulfur dichloride; used

at mustard distillation plant.

Tetrachlorobenzene* Placed in SHO analyte group.

Tetrachlorophenol ---

Tetrachlorotannane
Tetrachlorocycloheptane ...

Tetradecanoic acid
Tetradecanol ...

Thiophene
Trichlorobenzene* Placed in SHO analyte group, raw material used in Gardona manufacture.

Trichlorocyclopentene ...

Tricyclo(2,2,21.2,6)-heptan-3-oI ...

Triethylester of phosphoric acid ---

Triethyl phosphate Decomposition product of Supona.

Trimethyl ester of phosphorothioic acid ...

Trimethylbenzene Occurs in coal lar and petroleum crudes.

Trimethylcyclohexane ---

Significant former nontirget compound
A2-69
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Table RISR A23-1. Summary of Results of Structures Surveys/Inventories. Page I of 1.

Estimated

Number of Estimated Number of Volume of

Structures Area of Contaminated Contaminated

Study/Date Surveyed LA=Won Structures Structures MaterLad

EBASCO, 1997 763 RMA-wide 21M,00 ff 655* 240,000 yd 3

EBASCO, 1985 99 Sections I & 2 N/A 49 N/A

RMACCPMT, 1994 Not specified Sections 1. 2, & N/A 3G+ 65,010 yd3

25 (Unspecified
number in
North Plants)

Green, 1983 381 RMA-wide N/A N/A N/A

HB&A. 1993 381 RMA-wide N/A N/A N/A

HB&A, 1982 103 Sections I & 2 N/A N/A N/A

(Shell lease-hold
only)

USATHAMA, 1977 400 RMA-wide N/A 87 N/A

DOD, 1974 N/A RMA-wide 2,206,171 te N/A N/A

AMC, 1973 Approximately Sections 1. 2, 3, N/A 43 N/A

278 4,6.11, 24,25,
& 31

RMA, 1966 N/A RMA-wide 2,157,218 fe N/A N/A

Unauthored, undated N/A RMA-wide 2,204,053 fe N/A N/A

Source: EBASCO, 198WRIC 88306RO2.

*Includes suspected to be contaminated but cleanable structures.

N/A - Not applicable or Not available
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inventories. The purpose of the structures survey portion of the RI was to develop

comprehensive physical inventories of the structures at RMA, estimate the volurne of

materials contained in the buildings, and assess the nature of contamination in RMA

structures. Historical usage, visual inspection of structures, and sampling results were the

basis for evaluating the nature of contamination within RMA structures.

A2.3.1 Historical Usage

No generally recognized structure sampling procedures or acceptable levels for contamination

found in structural materials exist. Therefore, the structures survey used historical records as

a basis for conservatively assigning prelin-dnary contamination classifications. Structures used

for process or chemical storage functions were classified as "suspected to be contarriinated,

with contamination possible throughout the structure;" structures used for warehouse,

maintenance, utility, or laboratory functions were classified as "suspected to be contaminated

but cleanable, with contamination possible but likely to be confined to one part of the

structure," and structures used for administrative functions were classified as "suspected to be

uncontarrdnated, with contamination unlikely." Structures with histories indicating more than

one use were categorized according to the use with the highest potential for contamination.

A2.3.2 Visual Inspection

The field reconnaissance program was conducted in order to determine the location of every

structure at RMA and prepare accurate location maps; complete physical descriptions of each

building that included dimensions, physical condition, contents, presence of process

equipment, presence of standing liquid, and potential existence of asbestos; note current usage

and status of each structure; and verify the historical usage-based contamination classification.

Information from the field reconnaissance program was used to build a database containing

basic physical description, use, status, and contamination classification information for each

structure. In addition, the field measurements and observations were used to provide

quantitative estimates of the area of each structure and the volume of construction materials

within each structure (e.g., concrete/brick, wood, or other).

A2-71
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A2.3.3 Sampling

Standing liquid and asbestos sampling programs were used to supplement the contamination

classification. Standing liquid was sampled from sumps, pits, and basements where

contarnination was suspected and where sampling was not being conducted by other tasks.

Fifty-three samples of standing liquid discovered during the initial field reconnaissance were

collected from 14 building locations. The samples were analyzed to define the nature of

contan-driation and to verify the historical contan-driation classifications.

The analyses conducted were chosen based on the history of use of the structures (EBASCO,

1988c/RIC 88306RO2.) Liquid samples from all buildings were screened for VOCs and

sernivolatile organic compounds (SVOCs) using serniquantitative GC/MS analytical methods.

Liquid samples from selected buildings in North Plants and South Plants were analyzed for

Army agent breakdown products, arsenic, mercury, and the ICP metals (cadmium, chromium,

copper, lead, and zinc), as their histories dictated. Liquid from one building in South Plants

used for the manufacture and storage of pesticides was analyzed for organochlorine pesticides

(OCPs) and OPHPs. The target analytes, analytical methods, and CRLs for the liquid

sampling program are listed in Table RISR A2.3-2. Laboratories used for sample analysis

were CAL, DataChem, and ESE. CRLs listed are from one of these three laboratories.

Nontarget compounds were tentatively identified from GC/MS analyses of the liquid samples.

These compounds are discussed in the Structures Survey Report (EBASCO, 1988c/RIC

88306RO2), and a summary list is presented in Table RISR A2.3-3.

Drummed sludge from a chemical sump in a building in North Plants was also analyzed.

Details concerning the sampling, analysis, and analytical results are provided in the North

Plants SAR (EBASCO, 1989f/RIC 89166RO5).

Thirteen types of structural materials were identified at RMA that could possibly contain

asbestos. Eighteen samples were collected with at least one from each of the thirteen material

types, and the samples were analyzed for the presence of asbestos. The intent of this

A2-72
RF5RPT0025 11/11/91 9:45 am pf



Table RISR A2.3-2 Target Analytes, Analytical Methods, and CRLs for Liquid Sampling in Structures
Page I of 3.

Analytical CRL

Analyte Groups/Analytes Method+ (ug/1)

VolaWe Organic Compounds
1.1-Dichlomedwe GC/MS 2

1,2-Dichloroedwe GC/MS I

1.1.1-Trichkwoethane GC/MS I

1.1.2-Trichloroethane GC/MS I

Benzene GC/MS I

Bicycloheptadiene. GC/MS I

Cxbon tetrachloride GC/MS 2

Chlorbenzene GC/MS I

Chloroform GC/MS I

Dibromochloropropane* GC/MS 3

Dicyclopentadiene* GCIMS 2

Dimethyidisulfide GC/MS 10

Ethylbenzene GC/MS 1

m-Xylene GC/MS I

Methylene chloride GC/MS 4

Methylisobutyl ketone GC/MS I

o- and p-Xylene GC/MS I

Tetrachloroethylene Gc/MS I

Toluene GCJMS I

am-1.2-Dichloroethylene GC/MS 1

Trichloroethylene GC/MS I

Semivolatile Organic Compounds
1,4-Oxathiane GC/MS 8

Dichlorodiphenylethane* GCIMS 6

Dichlorodiphenyltrichloroethane* GC/MS 9

Aldrin* GC/MS 8

Atrazine Gc/MS 6

Chlordane* GC/MS 9

Chlorophenylmethyl sulfide GC/MS 20

Chlorophenylmethyl sulfone GC/MS 7

Chlorophenylmethyl sulfoxide GC/MS 30

*Compounds analyzed for under more than one compound classification

+Analytical Methods:

GC/MS - Gas chromatography/mass spectrometry
GC/FPD a Gas chromatography/flame photometric detector
GC/ECD = Gas chromatography/electron capture detector
HPLC w JUgh pressure liquid chromatography
ICP w Inductively coupled argon plasma spectroscopy
GFAA a GrapWte furnace atomic absorption
CVAA = Cold vapor atomic absorption
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Table RISR A2.3-2 Target Analytes, Analytical Methods, and CRLs for Liquid Sampling in Structures
Page 2 of 3.

Analytical+ CRL
Analyte Groups/Analytes Method (UgA)

Dibrwochloropropane* GOMS 20
Dicyckqmtadiene* GC/MS 7
Dieldrin* GC/MS 5
Diisapropylmethyl phosphonate GC/MS 20
Dimethylmethyl phosphonate GC/MS 30
Dithiane GC/MS 20
Endrin* GC/MS 8
Hexachlorocyclopentadiene* GC/MS 20
Isodrin* GC/MS 4
Malathion GC/MS 10
Parathion GCIMS 20
Supona. GC/MS 9

Vapona GC/MS 20

Orranophosphorous Compounds
Diisopropylmethyl phosphonate GC/FPD 29
Dimethylmethyl phosphonate GC/FPD 19

Orranochlorine Pesticides
Dichlorodiphenylethane GOECD 0.054
Dichlorodiphenyltrichloroethane GOECD 0.049
Aldrin* GVECD 0.050
Endrin* GOECD 0.52
Isodrin* GC/ECD 0.51
Dieldrin* GC/ECD 0.50
Hexachlorocyclopentadiene* GC/ECD 0.048
Chlordane* GC/ECD 0.095

Orzanosulfur Communds, Mustard-Agent Related
Thiodiglycol HPLC 66
Thiodiglycolic acid BPLC 53

*Cwq*wbds analyzed for under more than one compound classification

+Analytical Methods.

GC/MS = Gas chromatography/mass spectrometry
GC/FPD a Gas chromatography/flame photometric detector
GCJECD a Gas chromatography/electron capture detector
HPLC w High pressure liquid chromatography
ICP = Inductively coupled argon plasma spectroscopy
GFAA a Graphite furnace atomic absorption
CVAA = Cold vapor atomic absorption
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Table RISR A2.3-2 Target Analytes, Analytical Methods, and CRI-s for Liquid Sampling in Structures
Page 3 of 3.

Analytical+ CRL
Analyte Groups/Analytes Method (ug/1)

ICP Metals
Cadmium ICP 8.4

Cakiurn ICP Soo
Chromium ICP 24

copper ICP 26
Lead ICP 74

Magnesium ]CP 500
Potassium ICP 250
Sodium ICP 940

Zinc ICP 22

Arsenic GFAA 2-5

Mercury CFAA 0.10

*Compounds analyzed for under more than one compound classification

+Analytical Methods:

GCJMS = Gas chromatography/mass spectrometry
GC/FPD w Gas chromatography/flame photcxnetric detector
GC/ECD w Gas chromatography/electron capture detector
HPLC = 11igh pressure liquid chromatography
ICP = Inductively coupled argon plasma spectroscopy
GFAA a Graphite furnace atomic absorption
CVAA n Cold vapor atomic absorption
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Table RISR A2.3-3 Summary of Tentatively Identified Compounds in Liquid Samples in Structurcs. Page I of 1.

Compound Comments

O,O-Diethyl 0[6-methyl-2-(I-methylethyl)-
4-pyr]; phosphothioic acid

I-Ethylidene-lh-indene
I-Phenyl-2(IH)-pyridinone
I-Terpineol
Ih-Purine-2,6-dione,3,7-dihydro-3,7-

dihydro-1.3,7-trimethyl
1,1.2-Trifluoro-1,2-dichloroeth-.ine
2-Butoxyethanol, phosphate (3: 1)
2-[(4-Chloro 6-(ethylameno)1-1.3.5-

triazine-2-yi) aminol, propaneniuile
4-Nonyl phenol
5-Bromo-&methyl-3-(I-methylpropyl)-

2,(IH.3H)-pyrimidinedione
Acetone Solvent associated with Azodrin and Planavin production.
Alkylated benzene
Alpha-terpineol ......

Bromodichloromethane ......

Bromoform ------

Camphor ......

Chlorophenol isomer ------

Cyclic olefin ------

Cyclohexanone ......

Dibromochloromethane ......

Diethyl benzene isomer
Dimethyinapthalene isomer ----

d-Limonene mixture ---

Ethyl dimethyl benzene isomer
Ethylmethyl benzene isomer
Ethyl ester benzoic acid
Propyl benzene
Tetramethylbutyl phenol isomer
Trichlorofluoromethane
Trimethy1naphthalene isomer
Trimethylsilanot
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sampling program was to identify likely asbestos-containing materials. Samples were

analyzed for five varieties of asbestos: amosite, chrysotile, crocidolite, actinolite/tremolite,

and anthophyllite.

Dust or residue samples were collected and analyzed from 80 buildings under the Task 2

program in 1985. Samples were composites of material collected from several sampling

points within a building. One composite sample was obtained from each building. Analyses

were conducted for organic residues, toxic metals, and asbestos. The list of target analytes,

analytical methods, and CRLs for the dust samples are presented in Table RISR A2.3-4.

Dust samples were also analyzed from six buildings on RMA in a 1978 study conducted prior

to the RI structures survey. Analytical results from RMA samples were compared to results

of dust samples taken from two households in Aurora. These results are discussed in

Appendix A3 of this report.

A2.4 AIR

The air quality RI sampling program (ESE, 1988e/RIC 88263R01) was divided into two

separate components: baseline air quality sampling and "event" sampling. Baseline air

quality data were collected from 13 permanent sampling locations at RMA from June 1986 to

June 1987. These sites were located both near the RMA boundary and downwind of key

on-post sources. The sampled downwind areas are north to northeast of the key sources on

post. These sampling locations (AQ1-AQ12, AQ9x) are shown in Figure RISR A2.4-1. Total

suspended particulates (TSPs) and respirable particulates (called PM-10) were monitored for

24-hour sampling periods every sixth day in compliance with the Colorado Department of

Health (CDH) schedule. Total suspended particulates were monitored at all AQ sites, and

respirable particulates were monitored at AQ2, AQ5, and AQ9. Also, as part of the baseline

effort asbestos was monitored every 2 weeks for 8-hour periods at AQ1, AQ6, AQ8, and

AQ12. Sampler AQ9x was located alongside station AQ9 from late October 1986 through

June 1987 for quality control purposes; these two samplers gave consistent results during the
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Table RISR A2.3-4. Target Analytes, Analytical Methods, and CRLs for Task 2 Structures Dust Samplinle.
Page I of 1.

Analytical CRL (ug/o) - -

Analyte Groups/Analytes Method DataChern CAL

Sernivolatile Organic Comvounds
Dichlorodiphenylethane GC/MS 0.6 0.3

Dichlorodiphenyltrichloroethane GC/MS 0.5 0.6

Aldrin GC/MS 0.3 0.3

Atrazine GC/MS 0.3 0.3

Chlordane GC/MS 2 0.6

Chlorophenylmethyl sulfone GC/MS 0.3 0.6

Chlorophenylmethyl sulfoxide GC/MS 0.3 7

Dibromochlorpropane GCIMS 0.3 0.3

Dicyclopentadiene GC/MS 1 0.4

Dieldrin GC/MS 0.3 0.3

Endrin GC/MS 0.5 0.3

Hexachlorocyclopentadiene GC/MS 0.6 0.3

Isodrin GC/MS 0.3 0.3

Parathion GC/MS 0.9 0.4

Supona GC/MS 0.6 0.3

Vapona GC/MS 3 0.3

ICP Metals
Cadmium ICP 0.74 0.66

Chromium 1CP 6.5 5.2

Copper ICP 4.7 4.9

Lead ICP 8.4 13

Zinc ICP 8.7 9.5

Arsenic GFAA 2.5 5.0

Mercurv CVAA 0.050 0.060

Analytical Methods:
GC/MS Gas chromatography/mass spectrometry

ICP Inductively coupled argon plasma spectroscopy

GFAA Graphite furnace atomic absorption
CVAA Cold vapor atomic absorption

Labon, tories:
DataChem = Formerly UBTL. Salt Lake City, UT
CAL - California Analytical Laboratory, W. Sacramento, CA
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time they were both in operation. Because of poor equipment performance, sampling at sites

AQ4 and AQlO was discontinued during the RI program.

The second program component, event sampling, consisted of sampling for selected groups of

target analytes, called air toxics, during predicted high-impact episodes when meteorological

conditions favored emissions into the atmosphere. The effort was focused primarily on

sampling near Basins F and A, particularly downwind of these sources. VOCs, SVOCs, and

metals were analyzed in air samples collected on 7, 5, and 16 separate event days,

respectively. Event sampling was conducted during the period of November 1986 to

September 1987 on dry, warm days, primarily during the summer. The analytical techniques

were based on EPA-recommended methods and were certified by PMRMA. The target

analytes for air samples and their respective CRLs are shown in Table RISR A2.4-1.

Air samples were passed through a series of two tubes containing specialized absorbent

material, and the sorbed material was analyzed for VOCs by GC/MS. The mass of each

target compound on the medium and the volumes of air represented by the sample were used

to determine ambient air concentrations. SVOCs, including pesticides, were collected on a

polyurethane foam cartridge and were also analyzed by GC/MS. In addition, a separate, more

sensitive analysis was provided for pesticides (aldrin, dieldrin, endrin, isodrin,

dichlorodiphenyltrichloroethane [DDT], and dichlorodiphenylethane [DDE]) by gas

chromatography/electron capture detector (GCIECD).

Airborne metals including arsenic, cadn-durn, chromium, copper, lead, and zinc were collected

along with airborne particulates on a fiberglass filter that was inserted into a high volume

sampler. Analyses for all metals, except arsenic and mercury, were conducted by ICP

spectroscopy. Arsenic was analyzed by graphite furnace atomic absorption (GFAA)

spectroscopy. Mercury was collected on Hop,calite charcoal and analyzed by cold vapor

atomic absorption (CVAA) spectroscopy.
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Table RISR A2.4-1. Target Analyles and Lower CRLs for Air Samples. Page I of 2.

Analyte Groups/Analytes CRL (ugtm')**

Volatile Oroinic Compounds
Bicycloheptadiene 19
Benzene 26
Carbon tetrachloride 12
Chlorobenzene 29

Chloroform 13

Dibromochlaropropane* 40
I,I-Dichloroethane 27
1.2-Dichloroethane 26
trans- 1.2-Dichloroethylene 27

Dicyclopentadiene* 19

Dimethyidisulfide 19

ELhylbenzene 20

Methylene chloride 11

Methylisobutyl ketone 8
Tetrachloroethylene 18

Toluene 7
1.1,1-Trichloroethane 22

1,1,2-Trichloroethane 6
Tfichloroethylene 19

o- and p-Xylene 31
m-Xylene 19

Semivolatile Organic Compounds
Aldrin 0.023
Atrazine 0.023.
Chlordane 0.20
Chlorophenylmethyl sulfide 0.023
Chlorophenylmethyl sulfoxide 0.023
Chlorophenylmethyl sulfone 0.011
Dibromochloropropane* 0.023
Dicyclopentadiene* 0.023
Dichlorodiphenylethane 0.011
Dichlorodiphenyltfichloroeth,ine 0.022
Dieldrin 0.018
Diisopropy1methyl phosphonate 0.023
Dithiane 0.023
Dimethylmethyl phosphonate 0.023
Endfin 0.015
Hexachlorocyclopentadiene 0.023
Isodfin 0.023
Malathion 0.18
1,4-Oxathiane 0.023
Parathion 0.046

Supona 0.040

Vapona, 0.023
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Table RISR A2.4-1. Target Anilytes and Lower CRI-s for Air Samples. Page 2 of 2.

Analyte Groups/Analytes CRL (ug/m')**

Inoroanic Compounds
Cadmium 0.0020
Chromium 0.0026
Copper 0.016
Ixad 0.0077
Zinc 0.0097
Arsenic 0.0031
Mercury 0.063

*Compounds analyzed for under both volatile and sernivolatile analyte groups.
"Lower CRL is based on analytical CRI-s and target volumes for air samples.
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TICs were identified by matching the spectra of unknown compounds to a library of spectra

for known compounds. TICs and possible explanations for their presence are discussed in the

Air RI Report (ESE, 1988e/RIC 88263ROl). A summary list of TICs in air samples is

presented in Table RISR A2.4-2.

Meteorological data were collected at three sites during the RI program. These locations are

designated "M" in Figure RISR A2.4-1. Monitored parameters included wind speed, wind

direction, temperature, precipitation, and barometric pressure. Atmospheric stability was

determined from the standard deviation of recorded wind directions. All dam except

precipitation were collected atop a 33-ft (10-meter) tower at each site. Precipitation data were

collected using a tipping-bucket precipitation gauge located adjacent to the tower. Data were

recorded electronically and downloaded into a central on-site computer.

Additional air sampling is being conducted as part of the CMP. While CMP data is not a

subject of the RISR, the data developed by the CMP will be incorporated into the overall

RMA database and utilized in the decision-making process.

A2.5 BIOTA

Historical biota investigations and the RI studies of soils and water media were used to

provide guidance regarding the locations and contaminants of major concern for the biom RI.

Historical biom studies at RMA are presented in the Biom Assessment Technical Plan (ESE,

1988c/RIC 88243RO5) and tabulated in the Biom RI Report (ESE, 1989b/RIC 89173RO2) and

discussed in the CMP Biom Monitoring Technical Plan (RLSA, 1988/RIC 88340R02). The

early studies document the persistence and transport of some contaminants present in the

ecosystem at RMA.

The general objectives of the biota RI were to (1) evaluate current and historical dam on the

sources, types, distribution, and concentrations of RMA contaminants in biota; (2) provide

specific information on the migration and accumulation of contaminants through regional food
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Table RISR A2.4-2. Summary of Tentatively Identified Compounds in Air Samples. Page I of 1.

Compound Comments

1,23,4.5.7,7-Heptachlorobicyclo
[2.Zllhept-2-ene

1.2.3.4.7.7-Hexachlorobicyclo Also called Hexachloronorbornadiene.
[2,2.11hepta-2.5-diene

l.Z3.4,10,10-Hexachloro4,4a.5.8,ga-
hexahydro-1,4,5,8-dimeLhanonaphthalene

2,6,10,15-Tetrarnethylheptadecane
3-Phenyl-2-propanoic acid, ethyl ester
4-(2.2.3,3-Tetramethylbutyl)phenoI
6,10,14-Trimethyl-2-pentadecanone
Acetophenone Decomposition product of Ciodrin.
Aliphatic hydrocarbon
Benzoic: acid ------

Benzothiazole A heterocyclic aromatic compound, prevalent in the
manufacture of pesticides.

Butylbenzylphthalate ------

C2SH,M -------

Chloropheny[methyl sulfone isomer ------

Dioctyl adipate Plasticizer.
Docosane
Dodecanoic acid
Hepmchloronorbomerke
Isodrin isomer ......

Methyldode,canoate
MeLhylhexadecanoate
MethylteLmdecinoate
Nonadecane ------

Nonanoic acid

Oil (C16 to Cý, hydrocarbon)
Oil (CI, to C2, hydrocarbon)
Phenanthrene A polynucleated aromatic hydrocarbon compound.

Tetrachlorobenzene
Tetramethylbutylphenol
Tetramethylheptadecane (C2,H,,)
Tetrwnethylhexadecant ------

Trimethylpentadecanone
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webs in relation to important species and to overaH ecosystem effects; and (3) assess the

environmental effects of RMA contarnination.

The biota RI proceeded in two phases. Phase I was primarily a reconnaissance level

investigation, while Phase II involved col.lection of new information from field work at RMA.

Data were obtained on the current distribution and concentration of contan-driation in RMA

biota, and were evaluated in relation to chemical contamination in the abiotic environment

and to control sites outside the defined RMA study area. Pathway analysis was used to

exan-dne relationships between the abiotic and biotic environment and among components of

the biota medium. Additional studies of contarriinant effects were conducted in conjunction

with contan-driant distribution studies in order to determine the relationships between observed

adverse effects and RMA contamination.

A2.5.1 Phase I

Phase I biota investigations focused on the acquisition and review of available data from the

literature, and evaluation of pertinent information from all sources. Brief field surveys were

conducted to verify acquired information. A database was developed from these

investigations that included historical and current information on species presence and

abundance at RMA, biota contamination, and specific biological effects of contarnination. In

addition, information was collected on pathways for contan-dnant movement in the biosphere

and the potential ecological and human health hazards.

The Phase I investigations provided a preliminary determination of biota contan-driation, and

allowed development of plans for obtaining additional relevant information. A work plan

addressing data gaps that required additional efforts in order to provide an adequate basis for

assessing various aspects of biota contarriination at RMA was the primary product of Phase I.

This work plan (ESE, 1988c/RIC 88243RO5) served as the guiding document for investigation

of biota contan-driation during the second phase of study. Supplemental studies continued

concurrently to further document the biotic communities at RMA.
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A2.5.2 Phase II

Phase 11 of the biota assessment was designed to augment and update past studies, to

characterize regional and study area biota, and to provide a cur-rent comprehensive assessment

of,biota contaminant levels and effects in conformance with regulatory requirements. Scoping

and design of the investigation were partially determined by the types and concentrations of

contaminants still present in abiotic components of the biosphere. The project scope was

discussed and modified by the Biota Assessment Working Group (formerly the Biota

Assessment Subcommittee) of the RMA Committee that met periodically throughout the

study. The committee was composed of representatives of the federal government (U.S.

Army and their contractors, and the U.S. Fish and Wildlife Service), the State of Colorado

(Colorado Division of Wildlife), and Shell Oil Company (Shell and their contractors). The

resulting program studied selected populations and addressed the contaminants of concern to

biota, potential adverse effects of contaminants on biota, and the pathways of contan-dnant

movement to and through biological systems.

To focus the Phase H investigations, important wildlife species were first identified on the

basis of their state or federal population status, their potential consumption by humans, and

their ecological value. Population studies, acety1cholinesterase inhibition measurements, and

contaminant analyses were conducted on these species.

Population studies were conducted of three invertebrate groups (earthworms, grasshoppers,

and snails), three bird species (mallard, ring-necked pheasant, and American kestrel), and

black-tailed prairie dogs to address the effects of RMA contaminants on biotic systems.

These studies also included specific surveys for black-footed ferrets and investigation of the

breeding habits, habitat use, and prey of bald eagles wintering at RMA. Populations were

counted at various on- and off-post control locations, including Barr Lake State Park,

Wellington State Wildlife Area, Fort Collins Lee Martinez Park, and Aurora Environmental

Park (Figure RISR A2.5-1). Specific details regarding the survey methods and locations are

provided in the Biota RI Report. All of the species on which population studies were
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conducted, with the exception of snails, were also sampled for chemical analysis. Snails were

not present in sufficient numbers.

Two endangered species were of interest at RMA: the black-footed ferret, because of its

potential presence; and the bald eagle, because it had begun using RMA as a winter roost.

Current USFWS guidelines were followed in the unsuccessful effort to discover ferrets at

RMA. Tle bald eagle studies, which included midday censuses, roost counts, casting

analyses, and feeding observations, are surnmarized in a Bald Eagle Study Report (ESE,

1988g/RIC 88293RO9).

Acety1cholinesterase inhibition studies were conducted on black-tailed prairie dogs from an

off-post control location, an on-post control location, RMA Section 36, and the toxic storage

yard in Section 31. Similar studies of cottontails were completed on samples from an on-post

control location, an off-post control location near Horsetooth Reservoir (Figure RISR A2.5-1),

and Section 36, as well as several species found dead at RMA. Acety1cholinesterase

inhibition in brain tissue is indicative of organophosphorus and carbarnate pesticide presence

and may result in disruption of nerve function and death.

Conmn-dnant analyses were performed to determine the presence and quantity of target

analytes in taxonomically and geographically variable samples collected from key biota

species at RMA and at on- and off-post control areas. The species, tissues, and contaminants

selected for study, and the analytical methods used were discussed in detail at meetings of the

Biota Assessment Working Group, comprised of representatives from the Army and the

organizations and state. Species were selected for sampling on the basis of five criteria:

" Significance as identified threatened, endangered, or candidate species

" Potential consumption by humans

" Ecologic value as expressed by contribution to the range of trophic levels

" Representation of higher trophic levels

" Importance in regional ecosystems.
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In addition to the selected species, animals found dead at RMA and specimens collected by

the USFWS were also used for chemical analysis.

Samples for chemical analysis were collected from a variety of areas associated with known

or potential abiotic contan-dnation at RMA. Control sites for less mobile species were

located on post, and control sites for more mobile species were located off post at Barr Lake

State Park, Wellington State Wildlife Area, Pawnee National Grasslands, Aurora

Environmental Park, McKay Lake, Lake Granby, Big Thompson River, Monte Vista National

Wildlife Refuge, Poudre River, and near Hot Sulphur Springs (Figure RISR A2.5-1). Species

were variously distributed among the contaminated and control areas of collection. Tissues

selected from each species for chemical analysis were based on the probable fate of the

organism within a food web. The tissues chosen were those most likely to be consumed by

the organisms feeding on the sampled species.

The selection criteria developed during Phase I were used in the selection of target analytes in

Phase II for biota tissues. Compounds were selected as target analytes if they were present in

the RMA environment above ambient concentrations, rated at least moderately toxic, and

present in the environment in sufficient quantity and/or over a sufficient time period to pose a

hazard to biota. Tbirty-nine contaminants of concern emerged from this selection process.

They were evaluated as to whether they were found in elevated levels in biota based on past

studies, found in the abiotic environment based on current studies, present in high volumes

and/or in an areal extent of greater than 5 acres, and known to cause adverse effects in

tissues. From this process, seven major contaminants of concern were selected: aldrin,

arsenic, DBCP, dieldrin, endrin, isodrin, and mercury. Of these contaminants, DBCP does not

bioaccumulate significantly, and isodrin is converted to endrin by metabolic processes.

Therefore, these two compounds were not designated as target analytes. The five remaining

major contaminants of concern, together with DDE and DDT, which were added because of

their environmental persistence and toxicity, became the seven target analytes for which all

tissue samples were analyzed.
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Contaminant levels were measured in organisms from sites of known or suspected

contamination, and from on- and off-post control sites. Analytical methods used for biota

samples were GC/ECD for OCPs, CVAA spectroscopy for mercury, and GFAA spectroscopy

for arsenic. The samples were analyzed by the ESE laboratory. CRLs are presented in Table

RISR A2.5-1.

A2.5.3 SupOemental Studies

Supplemental studies were conducted on the biotic components of the aquatic ecosystem and

the vegetation and wildlife components of the terrestrial ecosystem. These studies were

focused toward characterizing these components according to populations and community

structure.

Aquatic studies investigated the water quality and biotic communities of lakes in the southern

portion of RMA (except Upper Derby Lake) and an off-post control lake, McKay Lake.

During five periods between April and November 1987, water samples were collected for

analysis from the inlet and outlet of each lake. For each inlet and outlet location, water

samples were collected from various depths and then composited. At the same time,

measurements of dissolved oxygen, temperature, pH, specific conductance, and water

transparency were recorded. The two resulting water samples for each lake were analyzed for

standard water quality parameters, and for the composition and biomass of phytoplankton and

zooplankton. Macrozooplankton and benthic invertebrates were sampled for taxonomic

identification. The fish community was sampled from the inlet and outlet of each lake to

detem-dne the species and size ranges present. Fish eggs and larvae were identified to the

lowest practicable level. The condition of bluegills and largemouth bass was evaluated based

on weight relative to length. Aquatic macrophytes were sampled only during August to

determine areal extent and community constituents.

Vegetation studies included both quantitative and qualitative methods applied to sites at RMA

and at off-post control areas at Buckley Air Field, Plains Conservation Center, and Aurora

Environmental Park (Figure RISR A2.5-1). Standard quantitative methods were employed at
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Table RISR A2.5-1 Certified Reporting Limits for Biota Analytical Methods. Page I of 1.

Lower CRL Upper CRL

Matrix Type Analyte (pg/g) (pg/g)

Animals and Plants Arsenic 0.25 5.0

Animals and Plants Mercury 0.050 0.40

Plants Aldrin 0.022 0.30

Dieldrin 0.044 0.30

Endrin 0.040 0.60

Animals Aldrin 0.020 0.30

Dieldrin 0.031 0.30

Endrin 0.40 0.60

Animals DDE 0.094 1.88

DDT 0.289 3.75

Source: ESE, 1989b/RIC 89T73RO2
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sample locations in each of the vegetation types. Data were collected on cover, height,

frequency, and woody plant density. A sampling design was constructed to compare on-post

to off-post vegetation and to determine whether plant communities near the most

contan-driated sites differed from comparable communities growing in other portions of RMA.

Qualitative methods included floristic surveys, phenological studies, and an evaluation of

successional status. A detailed vegetation map of RMA is presented in Figure RISR Al.6-1

in Appendix Al of this report.

Studies of wildlife employed detailed quantitative analyses, sen-dquantitative indices, and

qualitative observations to provide information on the occurrence, distribution, and relative

abundance of selected vertebrate groups at RMA and in control locations at Buckley Air Field

and Plains Conservation Center (Figure RISR A2.5-1). Studies involved a combination of

road transects, fecal pellet transects, and opportunistic sightings for deer and rabbits; scent

station surveys for coyotes, foxes, and other carnivores; live-trapping in different habitat types

for small mammals; age class composition counts for prairie dogs; road transects and

incidental observations for birds of prey; and road transects of vocalizations for ring-necked

pheasants and mourning doves. Also obtained were sex ratio data on pheasants; occurrence

and abundance of waterfowl, shorebirds, and wading birds at RMA from systematic

observational surveys; and numbers and distribution of songbirds from linear winter transects

and surveys of breeding plots at RMA and off-post control areas.

The CMP has continued data collection for biota at RMA. These additional dam will be

incorporated into the overall decision-making process. As previously noted, CMP data are

not a subject of the RISR. The interested reader is encouraged to explore the CMP results as

presented in various CMP documents.
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A3 NATURE AND EXTENT OF CONTAMINATION

Chemicals routinely manufactured, handled, and stored at RMA over its 40-year history have

been detected on post in the soils/sewers, water, air, structures, and biota environmental

media. The nature and extent of contamination must be viewed within an appropriate context

for each environmental medium. Comparisons regarding the environmental quality of these

media on post are made to comparable off-post media, or to on-post samples that are believed

to be uncontan-driated. Thus, contaminant concentrations are viewed in a relative sense in

order to assess how RMA activities have impacted the environmental media.

Generally, the highest detected concentrations of contaminants were measured in samples

collected from soils, surface water, and groundwater in the central sections of RMA. Most of

the structures classified as contaminated are also located in the central part of RMA. The

most concentrated portions of contaminant plumes in alluvial groundwater also occur below

contaminant sources in soils in the central, and to a lesser extent, western parts of RMA.

Contaminant concentrations generally decrease as the plumes migrate towards RMA

boundaries. Contaminant detections in air are limited within the RMA interior, and are

actually elevated near the boundaries. Elevated contaminant concentrations detected in air,

surface water, and groundwater at the southern and western RMA boundaries indicate that

off-post sources have impacted these media on the southern and western sides of RMA. The

distribution of target analytes in biota is sporadic, and subject to variable habits for mobile

species; however, a pattern of bioaccumulation, with increased concentrations at the upper end

of the food-chain, is apparent for dieldrin and, to some extent, arsenic. In the sections that

follow, contamination in soils and sewers, surface water, groundwater, structures, air, and

biota is discussed for RMA as a whole. Information presented in previous RI reports,

including the CARs, Phase 11 Data Addenda, media RI reports, other task reports, and the

SARs, were used to develop this comprehensive summary.

For soil and water, data tables and histograms are used to summarize voluminous data and

allow comparisons between various soil site types or unconfined groundwater plume groups.
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For most media, the extensive RI data sets were synthesized into summary data tables that

include CRLs, ratio of detections to analyses, ranges of detected concentrations, and for the

detections, the mean and standard deviation values for each analyte, and the geometric mean

and geometric standard deviation values (standard deviation of the log-transformed data).

Adjusted geometric means (AGMs) were used to convey mean values for soil, water, and

biota data sets with less than 100 percent detections. The AGM is calculated by multiplying

the geometric mean of all detected values by the ratio of detections to total sample analyses

conducted (Romberg et al., 1984) as follows:

AGM = (N/S) (al - a, - a, - a,)

N number of detections

S number of sample analyses conducted

a,, concentration of the Nth detection

Thus, samples with values below the CRL are taken into consideration by "adjusting" the

geometric mean by the ratio of detectable values to samples analyzed. These statistical values

are presented for general comparative and informational purposes only; unwarranted

significance should not be attached to the statistical values, nor is it appropriate to interpret

these values as representing "averages" for the purpose of assessing exposures or evaluating

remedial alternatives.

For the soils/sewer medium total concentrations for organics, inorganics, or by analyte group

are calculated by summing the concentrations of individual analytes within the group for each

sample. For the water medium, total AGM concentrations are calculated by summing the

AGMs for individual analytes. AGMs are generally a reliable measure of water quality where

similar transporting and attenuating processes are active. However, care should be taken

when using AGMs to characterize water quality data that result from sporadic, irregular, or

episodic hydrologic processes. While it is recognized that the AGM generally does not
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compute a representative mean value for sample populations with less than about 25 percent

detections, summed total AGMs better reflect the actual sampled conditions in the water

medium than do other methods, which either artificially assign values to samples with no

detections, or overweight the significance of sporadic or anomalous detections. For soil,

water, and biota it should be noted that as the percentage of analyses below the CRL

increases, the AGM becomes a less reliable measure of a mean concentration for the data set.

Histograms were generated for each soil site type and unconfined groundwater plume group

to graphically display the nature of contamination within these media. These histograms are

discussed in Sections A3.1.1 and A3.2.3 below. For each site type or plume group, the

percentage of the total detections for all analytes corresponding to each of the 16 analyte

groups is calculated, and is represented on the histogram by the relative height of the

corresponding "bar" for that analyte group. The relative significance of each analyte group in

contributing to the contamination for a site type or plume group is thus readily apparent.

Additional detail is also available in these figures.

For relative purposes only, total summed concentration ranges used in these discussions will

be referred to as low (CRL to 100 pg/g), moderate (greater than 100 to 1,000 pg/g), high

(greater than 1,000 to 10,000 pg/g), and very high (greater than 10,000 Pg/g).

AM SOILS/SEWERS

The presence of multiple sources of soil contamination reflects the history of RMA waste

disposal and accidental releases over its 40-year history. Contarriinant distribution and

concentrations have been modified by various transporting and attenuation mechanisms that

have produced the currently observed pattern of contamination. As discussed in Section 1.2

of this report, the designation of specific sites has evolved during the RI program as historical

and field studies have progressed. Each site incorporates an area with similar physical

characteristics, historical use, and contan-dnant patterns. All areas where soil contamination

was detected have been included in the boundaries of a site.
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The RI has identified 178 sites of contan-dnation on RMA. To facilitate discussion of the

nature of soil contamination, these 178 sites have been grouped into the following nine site

types, based on common use and contamination pattern:

" Basins and Lagoons

" Ditches, Lakes, and Ponds

" Ordnance Testing and Disposal Areas

" Solid Waste Burial Sites

" Buildings, Equipment, and Storage Sites

" Spill Sites

" Sewer Sites

" Surficial Soil and Other Predon-dnantly Near-Surface Contamination

" Isolated Contamination.

The distribution of these site types throughout RMA is shown in Figure RISR A3.1-1. In

addition to the nine site types, additional analytical data were collected for nonsource areas.

The spatial relationship of soil borings sampled during the RI to the site types is indicated in

Figure RISR A3.1-2. Detailed descriptions of the site types and the dominant migration

processes that affect them are presented in Appendix E.

As a group, basins and lagoons are among the most contaminated sites at RMA. A wide

diversity of contaminants with considerable lateral and vertical extent in soils have been

detected. Contaminant detections extending to the water table, and the association of high

concentrations of the same or similar contaminants in groundwater beneath the basins and

lagoons indicate that they are important sources of groundwater contamination. Basins and

lagoons exhibit the highest percentage of detections and greatest number of detected analytes

of all the site types.

Other important sources of contaminant releases are solid waste burial sites and buildings,

equipment, and storage sites. 'Me solid waste burial sites generally exhibit limited areal
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extent but significant vertical contamination. The buildings, equipment, and storage sites are

widespread relative to many other types of sites. The most significant contamination for this

site type occurs in the North Plants GB manufacturing area and the South Plants processing

area. A diversity of analyte groups was detected at both the solid waste burial sites and the

buildings, equipment, and storage sites.

Ditches, lakes, and ponds exhibit a high number of detections and analyte groups in their

shallow sediments. With increasing depth at these sites, the overall number of analyte

groups, and their concentrations, decrease.

A high percentage of all detections for ordnance testing and disposal areas comprised the ICP

metals, arsenic, and mercury. Few organic analytes were detected. Analytes detected at

ordnance testing and disposal areas exhibit low mobility and are generally confined to shallow

soils.

Spill sites and sewer sites tend to behave as point sources of contamination that may extend

to depth through the soil column. The extent of contamination attributed to a spill or to

sewer leakage is strongly affected by the nature of the local soils and the proximity of

groundwater. The resulting vertical extent of contamination is generally greater where sandy

soils are present or where large volumes of material were spilled. The ten analyte groups

detected at spill sites represent a variety of accidental chemical releases at RMA. Leakage

from the chen-dcal sewer has impacted soil at various locations between the manufacturing

plants and Basins A and F. Contamination associated with these sites is similar to that

observed in the basins and lagoons, but is generally greater at depths.

Surficial soil and other predominantly near-surface contamination sites reflect secondary

transport of wastewater aerosols or of contarrdnated surficial soils from poorly vegetated

source areas. This contamination is characterized by low concentrations and widespread,
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shallow distribution. Isolated contamination sites are represented by single detections or do

not exhibit lateral or vertical extent. They are not considered major sources of contamination.

The distribution of contaminants in soils are discussed by site type and overall lateral and

vertical extent in the two subsections that follow. The final subsection briefly discusses

analytical results of sediment samples collected from within sanitary sewer and process water

lines.

A3. 1.1 Contaminant Distribution by Site Type

Soil data tables and histograms incorporating Phase I and Phase II data are presented to

convey the nature of contamination at each site type (Tables RISR A3.1-1 through RISR

A3.1-10 and Figures RISR A3.1-3 through RISR A3.1-12). As described above, these

histograms present the results of the soils analytical program, and are normalized for all

detections within a site type by analyte group. The data are also sorted by depth interval, as

represented by vertical segments of the histogram bars corresponding to the 0- to 2-ft, 2- to 5-

ft, 5- to 20-ft, and greater than 20 ft depth intervals, for each analyte group where detections

occurred. The relative proportion of the total bar height represented by a vertical segment

corresponding to a given depth interval, indicates the percentage of all detections of analytes

in the analyte group that were within that depth interval. Sirrdlarly, each depth interval

segment is subdivided horizontally into color-coded portions corresponding to the percentage

of all detections within that depth interval, for that analyte group in that site type, that fall

into the concentration ranges indicated by the colors shown on the figure explanations. In

other words, for each site type the histograms represent the analytical data collected by the

RI, normalized by site type for analyte groups, by analyte group for depth intervals, and by

depth interval for concentration ranges. The total number of analyses and detections of

analytes composing each analyte group are shown for each site type on their respective

histograms.
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Because of the lin-dtations inherent in graphically summarizing results of over 260,000

analyses, detections representing a very small percentage of the normalized data are not

depicted at this scale on the histograms. These data typically account for less than

0.04 percent for all analyte groups, and less than 1.0 percent of normalized data for

concentration ranges within a depth interval for any group.

For the polynuclear aromatic hydrocarbons (PAHs), all analytes comprising the group are

significant TICs. As a result, the number of detections for this group always sum to 100

percent of the number of analyses shown on the histograms, since the significant TICs were

not specifically analyzed for by USATHAMA-certified methods, and are only reported if a

tentative identification is made. For arsenic, mercury, and the ICP metals both the total

number of detections and the detections above IR are presented. Gray areas correspond to the

detections within the IR. These occurrences are considered indicative of natural soil

concentrations. As indicated on the histograms for the nine site types, a considerable

percentage of the arsenic and ICP metal detections are within the IRs and are usually

attributed to natural occurrences. Discussions of prevalent contan-dnants in each of the site

types emphasize occurrences of arsenic, mercury, and the ICP metals at concentrations above

the IR.

A3.1.1.1 Basins and Lagoons

Fourteen basin and lagoon sites have been documented at RMA. Basins in Sections 26, 35,

and 36 of the North Central Study Area (NCSA) were constructed to receive industrial

aqueous wastes from the processing facilities in North Plants and South Plants.

Intermittently, liquids were conveyed along open ditches, overflow channels, and sewers to

Basins A, B, C, D, E, and F. Evidence suggests that solid wastes were also disposed in the

southeastern comer of Basin F. Other smaller basins and lagoons located primarily within or

near the South Plants complex were used for flood control, separation, evaporation, and

disposal of liquid wastes. Periodically, the basins contained fluids with relatively high

concentrations of contaminants that varied as a function of waste disposal practices, water
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storage, and seasonal and annual variances in precipitation and evaporation. Soil

contamination associated with the basins and lagoons commonly occurs in shallow basin

sediments and throughout infiltration routes in the unsaturated zone.

Contaminant n-dgration by surface water flow, groundwater flow, and wind dispersion

resulting from waste disposal in basins and lagoons has produced the primary environmental

impacts at RMA. The RI has determined that these sites in conjunction with solid waste

burial sites and areas of storage sites, buildings, and equipment are the source of most organic

and inorganic contamination. For example, contaminant concentrations and distribution

associated with the basins exceed those attributed to other RMA site types. OcPs, OPHGBs,

arsenic, mercury, and ICP metals exhibit the highest percentages of detections in basins and

lagoons (Figure RISR A3.1-3). OCPs are the most frequently detected analytes suspected to

have resulted from RMA activities. The greatest frequency of detections, discounting metals

below indicator levels, was for fluoroacetic acid (FC2A on the histograms), OPHGBs, OCPs,

arsenic, and mercury (Table RISR AIM)'.

Although the percentage of ICP metal detections is high, the majority of these detections are

within the IR and are, therefore, generally attributed to natural occurrences. For organics and

inorganics, respectively; volatile hydrocarbons (VHCs) and volatile aromatic organics

(VAOs), and arsenic and mercury exhibit the highest concentrations, in excess of 10,000 Pg/g.

These elevated concentrations occur in the 0- to 2-ft through 5- to 20-ft intervals. Generally,

a greater percentage of detections occurs in the deeper 5- to 20-ft depth interval for the more

mobile compounds, such as volatile halogenated organics (VHOs) and VAOs. In contrast, the

shallower 0- to 2-ft and 2- to 5-ft depth intervals exhibit a greater number of detections for

'Prior reports including the Basin A CAR (ESE, 1987b/RIC 87203RO7) have erroneously
reported that mustard was detected in Basin A during a study done by the Office of the
Surgeon General (Cogley, 1976/RIC 81226RO9). That study did not report the detection of
mustard in Basin A.
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TableRISRA3.1-1 Summary of Analytical Results for Soils in Basins and Lagoons. Page I of 5

Total Dorm Sampled: 506
Total Samples Cotlected: 1,489

Concentration Detections (Uglg)
Frequency of Range CRL Rangef Standard Geometric Geometric A Adjusted

Analytical Groups and Analytes Detected Detections OWk) Median Mean Deviation Mean Std. Dev. Geometric Mean

Volgifile HaIggenated 12rganies fVH
1.1-Dichloroethane 0/538 0.13-170
1,2-Dichloroethane 1/538 1.0 0.08-56 NC NC NC NC NC NC
1.1-Dichlomethylene 0/59 - 0.12
trans- I a-Dichkxmthylene 0/451 0.15-170
1.1 a,2-Tetrachloroethanc*t l5f29 NC-20 0.3-0.65 NC NC NC NC NC NC
1,1,1-Trichloroeflaw W38 OAO-0.55 0.12-43 NC NC NC NC NC NC
1.1,2-Trichloroethm (V539 0.12-39
Carbon tetrachloride 0/538 0.12-25 - -- - - - --

Chlorobenzene 9/508 0.34-5.0 0.18-150 1.7 2.2 1.7 1.6 0.90 0.029
Chloroform 22/538 0.12-70 0.10-29 1.8 5.2 is 1.5 1.4 0.060
Methylene chloride 58/422 0.27-6.7 0.15-150 1.0 1.6 1 A 1.1 0.83 0.16
Tetrachloroethylene 19/537 0.20-40 0.12-25 2.8 7.2 10 2.8 1.5 0.099
Trichloroethylene 4/538 0.14-1.0 0.090-54 0.51 0.55 0.46 0.39 1.0 0.0029
Trichloropropcne* 1/1 NC 0.3 NC NC NC NC NC NC

Volatile Hydrocarbons (VH
2-Butoxyethanol* NI - --- ---

4-Hydroxy-4-methyl-2-pentanone* NI
I-Methyl-1.3-cyclopentadieW NI -- - --- --- -- - - --

2,2-Oxybisedowl* 36/36 0.6-8 0.3 2 2.7 2 2 0.68 2

2-Pentanoft* 90 1-20 0.3 10 11 7.5 7.6 1.2 7.6
Bicycloheptadiene 16/541 0.95-5,100 0.25-5.1 9.7 430 1300 20 2.6 0.59
Dicyclopentadiene 58/1,079 0.35-22,000 02&500 24 1400 4000 32 3.2 1.7
Methykyclohexane* 1/1 30 0.3 NC NC NC NC NC NC
Methyfisobutyl ketone 21543 0.40-1.0 030-73 NC NC NC NC NC NC

Both lower and upper CRL range values may reflect sample dilution prior so analysis.
A Standard deviation of log values (base e) of detections

Tentatively identified compounds MCs) elevated to target analyte status in the SARs; dwe is no CRIL for TICL For the purpose of this sepw a CRIL of 0.3 pWg, ty*ally

corresponding to 10 percent of the internal standard, was used.
t Typically TIC: but target compound of sonic special investigations.
$0 Reported as total xylenes
NA - Not analyzed NI - Not identified NC - Not calculated, as sample population is too small, or TICs not sufficiently quantified to permit statistical manipulation.

NUM: Two significant figures reported for target analytes; one significant figure reported for TICs.
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TableRISRA3.1-1 Summaryof Analytical Results for Soils in Basins and Laltoom Paite 2 of 5

Total Bores Sampled: 506
Total Samples Collected: 1,489 Concentration Detections (UgIS)

Frequency of Range CRL Ranget Standard Geometric Geometric A AdjusW

Analytical Groups and Analytes Detected Detections (twit) (ttgW Median Mean Deviation mew Std. Dev. Geometric Mean

Volatile Aromatir Organlyt (VA
Benzene 17/552 0.24-6.0 0.081-25 1.2 1.7 1.7 1.1 1.1 0.033

Ethylbenzene 11/552 0.14-9.3 0.043-38 1.6 2.8 3A 1.1 1.6 0.022

m-Xylene 15/552 0.14-12 0.053-74 1.0 2.9 3.7 1.1 1.6 0.030

o- and p-Xykm** 9/553 0.15-12 0.086-490 2.0 3.4 4.5 13 1.6 0.021

Toluene 18/550 0.13-1,000 0.096-25 0.95 160 310 5.1 32 0.17

Oryanosulfur CompoundL
Mcmard-Agot Related (OS

1,4-Oxathiane 1/1,069 0.52 0.25-6.000 NC NC NC NC NC NC

Chloroacetic add 23/242 43-7,900 18-36 140 1100 2300 240 1.7 22

> Dithiane 8/1,065 0.47-370 0.25-6." 0.70 48 130 1.8 2.3 0.014

niodiglycol 11/242 6.0-120 2.64.2 25 47 42 30 1.1 IA

Orwanosulfur ComSMun&4,
Herb*cide Related (OS IbI

Benzothiazole 001 -- 1.1-11 --- - -- - --

Chlorophenylmethyl sulfide 18/1,070 0.50-700 015-6,W 5.4 95 180 89 2.3 0.15

Chlorophenylmethyl sulibne 83/1,070 0.34_300 0.25-1.900 2.5 12 35 2.9 1.6 0.22

Chlorophenylmethyl sulfoxide 25/1,067 0.58-70 0.254aW 2.6 6.0 14 2.7 1.1 0.062

Dimethy1disulfide Y760 2.0-70 0.25-2,000 10 NC NC NC NC NC

Both lower and upper CRL range values may reflect sample dilution prior to analysis.
A Standard deviation of log values (base e) of detections

Tentatively identified compounds MCs) elevated to target analytic status in the SARs; them is no CRL for TICs. For the purpose of this report. a CRL of 0.3 pg/g. typically

corresponding to 10 percent of the internal standard, was used.
t Typically TIC; but target compound of some special investigations.
** Reponed as total xylenes
NA - Not analyzed NI - Not identified NC - Not calculated. as sample population is too small, or TICs not sufficiently quantified to permit statistical manipulation.

NOTE: Two significant figure3 reported for target analytes-, one signifkant figure reported for TICs.
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TableRISRA3.1-1 Summaryof Analytical Results for Soils in Basins and Laitoons. Page 3 of 5

Total Bores Sampled: 506
Total Samples Collected: 1.489

Concentration jktoctiong (Ug&)
Frequency of Range CRL Ranget Standard Geometric Geometric A Adjuged

Analytical Groups and Analytes Detected Detections (AR/10 (ttitht) Median Mean Deviation Mean Std. Dev. Geometric Mean

Organgghosphorons CMnpqgAft
GH-Arent Related (OPHGBs)

DiL%opropyiniethyl phosphonate 119/%g 0.12-10 0.11-1,800 1.3 2.0 2.0 12 1.2 0.14
Dimethylmethyl phosphonate 9fl67 3.0-70 0.13-3,000 6.0 14 21 8.3 0.97 0.099
lsopropylmethyl phosphonic wM 34/234 4.6-3,700 2.1-4.7 39 170 630 37 1.5 5A
Methylphosphonk acid 24/122 3.1-400 10-4.0 16 65 110 22 1.5 4.3
Phosphoric wid, tributyl esw& NI - - -- -- - - - --

Phosphoric acid, triphenyl esIer* 33f33 1-20 0.3 10 8.2 5 6 0.79 6

Organg2bg0horous fjMjRaMI&
Pesticide Related (OPHPs)

Atrazine OM -- 0.25-1,900 - - - - - -

Malathion Ofl86 0.30-1,500
Parathion Of787 OAO-3,000
Supona OM 0.30-2.9M
Vapona W789 - 0.25-6,5W

Mbronjochloropr9gane (DBCP) 14/1,099 0.0061-20 0.0050-6.M 0.019 2.2 5.6 0.072 2.9 0.00090

Orymnonotragen ComVMn&q LQMW
Caprolactam* NI - -- - - - - -

Hydrazine NA
Methy1hydrazine NA
n-Nitrosodimethylamine 0/85 1.9-9,000
n-Nitrosodi-n-propylamine NA
Unsymmetrical dimethylhydrazine NA

Both lower and upper CRL range values my reflect sample dilution prior so analysis.
A Standard deviation of log values (base e) of detections

Tentatively Wentified compounds MCs) elevated to target analyte status in the SARs; there is no CRL for TICL For the purpose of this sepoi a CRL of 0.3 pWg. q*ally
corresponding to 10 percent of the internal stwWard, was used.

t Typically TIC; but target compound of some special investiptionL
0* Reported as total xylenes
NA - Not analyzed NI - Not identified NC - Not calculated, as sample population is too snail, or TICs not sufficiently quantified to permit statistical manipulation.
NOTE: Two signirwant figures reported for target analytes; one signil'icant figure reported for TICs.
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TableRISRA3.1-1 Summary of Analytical Results for Soils In Basins and Laitoons. Paxe 4 of 5

Total Bores Sampled: 506
Total Samples Collected: 1.499

Concentration Detections WW
Frequency of Range CRL Ranget Standard GeomWk Geometric,& Adjustied

Analytical Groups and Analytes Detected Detections (IWR) Wk) Median Mean Deviation Mean Std. Dev. Geometric Mean

MAKWOMICEllor Ac 25/124 3.4-200 '2.0 8.5 19 39 9.9 0.90 2.0

Pal]Muclear Aromatic Elldrorarbons CPAHs)
Fluorandwne* 4/4 4-8 0.3 5 5.5 2 5 0.29 5
Methyl naphthalew* 1/1 9 0.3 NC NC NC NC NC NC
Phenandirene* NI - -- -
P)Ff=* 3/3 1-100 0.3 4 NC NC NC NC NC

SemiTol2file U21mnated OrMics (SHOO
Hcxachlorobenzene* N1 - 0.3 -
Hexachlofobutadiene* N1 0.3 - --- - - - ---
Hexachlofocyclopentadiene 24/1,121 0.0040-2.600 0.0011-7,000 0.018 120 530 0.10 3.8 0.0022
Pentachlorobenzere NI 0.3 - --- - - - -
Tetrachlofobenzene* 1/1 NC 0.3 NC NC NC NC NC NC
Trichlorobenzene* M 0.3 - --- -- - -

Orgsknochlorine Pesticides (OCPs)
Aldrin 169/1,249 0.0024-18.000 0.0018-1,3M 2.0 250 1." 2.0 3.9 0.27
Chlordane 56/1.125 0.072-W 0.023-12.000 0.44 24 89 1.8 2.4 0.088
Dichlorodiphenyledmie (DDE) 79/1.256 0.0014-28 0.0010-1.3W "38 1.4 4.3 0.075 2.7 0.0047
Dichlowdiphenyltrichlowedon (DDI)56/1,251 0.0028-60 0.0020-2.3M 0.030 2.1 8.4 0.087 2-5 0.0039
Dieldrin 401/1,247 0.0014-2,100 0.0012-1,3W 0.60 31 170 0.42 3.3 0.13
Endrin 217/1.M 0.0011-1,100 0.0010-3,700 0.085 2 120 0.17 3.5 0.030
Isodfin 108/1,251 0.0014-11 ýM 0.0011-1.3W 1.5 210 1 ;M 0.92 3.9 0.081

Both lower and upper CRL range values may reflect sample dilution prior 10 analysis.
A Standard deviation of log values (base e) of detections

Tentatively identified compounds MCs) elevated to target mWyte states in tM SARs; there is no CRL for 71Cs. For the purpose of this repot a CRL of 0.3 pg/g. typically
corresponding to 10 percent of 1k internal standard. was used.

t Typically'171C, but target compound of some special investigations.
*0 Reported as total xylenes
NA - Not analyzed NI - Not identified NC - Not calculated, w smple population is loo small, or TICs not sufficiently quantified to permit statisticiii manipulation.
NOTE: Two significant figures reported for targeA analytes; one significant figure reported for TICs.
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TableRISRA3.1-1 Summary of Analytical Results for Soils in Basins and Laxoons. Paxe5 of5

Total Bores Sampled: 506
Total Samples CollccwA- 1,489

Concentmfion Detections (Ug1g)
Frequency of Range CRL Ranget Suindard Geometric Geometric A Adjusted

Analytical Groups and Analytes Detected Detections (1,19/9) (Wit) Median Mean Deviation mean SkL Dev. Geometric Mean

Arseno 531/1,253 2.4-1 IOM 2.0-19 12 1300 9100 3A 1.7 1.6

Merrn[X 313/1.099 0.050-35.000 0.037-0.10 0.27 360 2900 0.52 2.5 0.15

ICP Metals
Cadmium 163/1,047 0.63-3,900 0.31-1.7 1.3 26 310 1.7 0.93 0.26
Chromium 768/1.047 69-110 2.5-12 14 15 6.6 2.5 0.34 1.8
Copper 919/1,047 4.8-2,3W 3.4-4.9 12 -27 110 2.2 0.75 1.9
Izad 305/1,039 10-1,100 BA-17 25 42 93 10 0.63 3.0
Zinc 969/1,047 11-910 8.7-28 44 50 43 2.1 0.46 1.9

Both lower and upper CRL range values may reflect swnple dilution prior to arialysis.
A Standard deviation of log values (base e) of detections

Tentatively identified compounds (nCs) elevated to target analyie status in die SARs: there is no CRL fbr TICs. For the purpose of this report. a CRL of 0.3 pg/g. typically
corresponding to 10 percent of the internal standard, was used.

t Typically TIC; but target compound of some special investigations.
0* Reported as total xylenes
NA - Not analyzed NI - Not identified NC - Not calculated, as sample population is too small, or TICs not suffixiently quantified to permit statistical manipulation.
NOTE: Two signiricant figures reported for target analytes; one signiricant figure reported for TICs.
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the less mobile analytes such as sernivolatile halogenated organics (SHOs), OCPs, and tile
inorganic suite.

A3.1.1.2 Ditches, Lakes, and Ponds

Thirty-six ditch, lake, and pond sites containing contaminated soil or sediment were identified
by the RL Only the contaminated soil and sediment of these sites are included in the soils
medium. Related surface waters are discussed in Section A3.2. Ditches were constructed to
drain surface water adjacent to roads, railroads, and sites; convey liquid waste to and between
the basins; and accommodate return flow to the process water system. Most of the ditches
are associated with tile South Plants and the distribution network to the basins in Sections 26,
35, and 36. The majority of the lakes and intermittent ponds on RMA are shallow, closed
depressions and low lying areas that were impounded by earthen embankments primarily to
collect surface runoff and groundwater seepage. The three major lakes on RMA, Upper and
Lower Derby Lakes and Lake Ladora, were used as reservoirs for the South Plants process
water system.

As shown in Figure RISR A3.1-4 and Table RISR A3.1-2, OCPs, mercury, and the ICP
metals exhibit the highest percentage of detections for the ditches, lakes, and ponds.
Discounting detections within the IR, fluoroacetic acid, OCPs, arsenic, and mercury exhibit
tile greatest frequencies of detections. OCPs, VHOs, and DBCP comprise the majority of
detected organic contarriinants. More than 10 percent of OCP analyses were hits. For the
majority of the analyte groups, observed concentrations are limited to the lowest concentration
range. The highest organic concentrations detected for this site type, 1,000 to 10,000 IIg/g for
SHOs, occurred in one sample in the shallowest depth interval.

The highest inorganic concentrations are associated with the ICP metals and occur in the 0- to
2-ft and 2- to 5-ft intervals. These occurrences represent limited migration due in part to the
tendency of SHOs and metals to sorb to fine-grained sediments. As sample depth increases,

A3-14
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Table RISR A3.1-2 -Summary of Analytical Results for Soils In Ditches, Lakes and Ponds. page I or 5

Total Bores Sampled: 459
Total Samples Collected: 1,148

Concentration Detections (&"

Frequency of Range CRL Rangef Standard Geometric Geometric,& Adýistcd

Analytical Groups mid Analytes Deocted Detections (WA) W9110 Median Mean Deviation Mean Sid. Dev. Geometric Mean

lobtfle 11iftenated OlEganica (VH

I,I-Dichloroedme 0/327 0.074-2.0

1,2-Dichkwoedum 0/327 0.085-0.60

I,I-Dichloroethylene 0/31 0.24 ---

trans-1,2-Dichloroethylene 0/326 0.25-2.0 ... ---

1,la,2-Tetrachloroedwe 26/26 NC-2 0.3 NC NC NC NC NC NC

1,1,1-Trichlofoethane 2/327 0.37-0.60 0.088-0.50 NC NC NC NC NC NC

1,1,2-Trichloroedum 0/327 0.25-0.60
Carbon tetrachloride 2/327 0.39-0.73 0.12-0.50 NC NC NC NC NC NC

Chlorobenzene 0/322 020-1.50
Chloroform 0/327 - 0.068-0.70 - - - - - -

Methylene chloride 16/321 0.64-170 0.25-100 1.7 13 42 2.3 1 A 0.12

> Tetrachloroethylene 6/327 0.30-1.0 0.25-0.50 0.40 0.57 0.34 0.49 0.56 0.0091

le Trichloroethylene 1/327 2.0 0.14-0.60 NC NC NC NC NC NC

Trichloropropme NI -

Voistele HldrocerhM (VAC
2-Butoxyedianol* NI - -

4-Hydroxy4-methyl-2-pentanone* 1/1 4 0.3 NC NC NC NC NC NC

I-Methyl-1.3-cyclopentaffiencO NI -- -

2.2-Oxybisedmwl* 212 0.5-1 0.3 NC NC NC NC NC NC

2-Pentanone* NI - --

Bicycloheptad 0/305 - 0.25-1.1 ... ---

Dicyclopentadiene 0/898 - 0.26-10

Methykyclohexan& NI - -

Methylisobutyl ketone 1/305 1.0 0.30-0.73 NC NC NC NC NC NC

Both lower and upper CRL range values may reflect sample dilution prior so analysis.

A Standard Deviation of log values (base e) of detections
Tentatively identified compounds (TICs) elevated to target analyte status in the SARs; diere is no CRL fbr TICL For the purpose of dds report. a CRL of 0.3 pg/g. typically

corresponding to 10 percent of the internal standard. was used.

t Typically TIC; but target compound of sonic special investigations.
** Reported as total xylem
NA - Not analyzed NI - Not identified NC - Not calculated. as sample population is too small, or TICs not sufficiently quantified to permit statistical manipulation.

NOTE: Two significant figures reported for target wudyteg- one significant figure reported for TICS.
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Table RISR A3.1-2 Summary of Analytical Results for Soils in Ditches, Lmkes and Ponds. Paige 2 of 5

Total Bores Sampled. 459
Total Samples Collected: 1,148

Cbncentradon Detections UI&I
Frequency of Range CRL Range* Standard Geometric Geometric A Adjusted

Analytical Groups and Analytes Detected Detections awk) (1.191k) Median Mean Deviation Mean Sid. Dev. Geometric Mean

yAhfib Ar jh=nks (VA
Benzene 21322 0.1".56 0.085-1.0 NC NC NC NC NC NC

Ethylbenzene 0/322 0.16-0.50
m-Xylene 0/322 0.25-0.80
o- and p-Xylene** (W322 0.30-5.0 --- --- - - - --

Toluene 41322 0.30-4.0 0.19-0.50 0.70 IA 1.7 0.83 1.2 0.010

OrgsnnsulfurfjWUHHUjdL
Martigrel-AZzut Related (OSCM[s)

1,4-Oxathiane 0/626 0.25-100 -- - - - -

Chloroacetic add 0/52 18-36

> Dithiane 0/625 0.25-100
Thiodiglycol 0/52 2.6-4.2 ---

Orgsnestalfur Coingands.
Herbicide Relate

Benzothiazole 0/16 1.1 ...

Chlorophenylmethyl sulfide 0/626 - 0.25-80 ...

Chlofophenyiniethyl sulfone 1/626 0.40 0.25-10 NC NC NC NC NC NC

Chlorophenylmethyl suffoxide 0/626 - 0.25-100 ---

Dimethyldisulfide 0/312 0.25-20 ---

Both lower and upper CRL range values may reflect sample dilution prior to analysis.
A Standard Deviation of log values (base e) of detections

Tentatively identified compounds MCs) elevated to target analyte status in the SARs; them is no CRL for TICs. For tk purpose of this report, a CRL of 0.3 pg/g, typically

corresponding to 10 percent of the internal stawlard, was used.
t Typically TIC; but target compound of some special investigation&
** Reported as total xylenes
NA - Not analyzed NI - Not identified NC - Not calculated, as sample population is too snail, or TICs not sufficiently quantified to permit statistical manipulation.

NOTE: Two significant figures reported for target analytes; one significant figure reported for TICs.
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Table RISR A3.1-2 Summary of Analytical Results for Sods in Ditches, Lakes and Ponds. Page 3 of 5

Total Bores Sampled: 459
Total Samples Collected: 1.148

Concentration Detections BMW
Frequency of Range CRL Ranget Standard Geometric Geometric A Adjusted

Analytical Groups and Analytes Detected Detections OW10 (light) Median Mean Deviation Mean Sid. Dev. Geometric Mean

Orgm boallborous CguUmmW&
A (J)PHGBsl

Diisopropylmethyl phosphonate 23/W 0.19-5.0 0.050-10 3.2 2.9 1.6 2.1 0.96 0.072
Dimethylmethyl phosphonate 0/195 - 0.050-5.9 - -- - - - --
Isopropylmethyl phosphonic acid 1/60 5.6 2.1-4.7 NC NC NC NC NC NC
Methylphosphonic acid 2/32 4.9-42 2.0 NC NC NC NC NC NC
Phosphoric acid, tributyl esw* NI - -
Phosphoric acid, triphenyl esW NI - -

RM bwous Comlloaft
Pestic e Related Mel=

> Abazine 0/610 - 025-6.0
Malathion 0/610 - 0.30-7.0
Parathion 0/610 - 0.40-9.0 ---

Supona 0/610 - 0.30-6.0 ---

Vapona 0/609 - 0.25-30 -- -- - - -

12=rnme (DBCPI 31/1.1% 0.0068-0.65 0.0050-13 0.036 0.07 0.12 0.033 1.2 O.OW82

Ory2nonkann Compouniki (ONCal
Caprolactam* NI - - --- - - -

Hydrazine W 50
Methylhydrazine 012 2W ...

n-Ninusodimethylanine 0/27 0.26-19
n-Nitrosodi-n-propylamine 0/2 0.10
Unsyrnmetkal dimethylhydrazine W 200

Both lower and upper CRL range values may reflect sample dilution prior so UWySiL
A Standard Deviation of log values (base e) of detections

Tentatively identified compounds MCs) elevated to target analyte status in the SARs; dwe is no CRL for TICs. For the purpose of this report. a CRL of 03 typically
corresponding to 10 percent of the internal standard. was used.

t Typically TIC; but target compound of some special investiggionL
00 Reported as total xylenes
NA - Not analyzed NI - Not identified NC - Not calculated. as sample population is sw small, or TICs not sufficiently quantified to permit statistical nmdpuhWm
NOTE: Two significant figures reported for wget analytes; one significant figure reported for TICs.
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Table RISR A3.1-2 Summary of Analytical Remits for Soils in Dilches, Lakes and Ponds. Page 4 of 5

Total Bores Sampled: 459
Total Samples Collected: 1,148 Concentration Detection (UM

Frequency of Range CRL Ranget Standard Geometric Geometric A Adjusted

-Analytical-Groups and Analytes Detected Detections (091k) (WE) Me" mean Deviation Mean Sal. Dev. Geometric Mean

-- -A 4/32 2.6-9.1 2.0 3A 4.6 3.0 4.1 0.56 0.51

Pd]Muclear Aromaik Elldrocarbous (PA
Fluorandiene* 1/1 2 0.3 NC NC NC NC NC NC

Methylwphthalew* 3/3 3-4 0.3 4 NC NC NC NC NC

Phenanducne* NI -- - -

Pyrene * NI

fitnilplak HalMo2ted Oripanics (SHOO
Hexachlofobenzeneo NI

> Hexachlovolmadiene* NI - - - - - - -

Hexachlorocyclopenwdiene 26/918 0.0043-3,000 0.0018-14 0.023 120 590 0.037 2.6 0.0010

00 Pentachbrobenzene* 
-- -

Tetrachlorobenzene* NI
Trichlorobenzene* NI - - - -

(Irennachlorine Pedkidm (OCPAI
Aldrin 164/1,041 0.0022-1,100 0.0018-6.0 0.14 30 130 0.26 3A 0.040

Chlordane 48/995 0.026-800 0.023-24 0.13 19 120 0.32 2.1 0.015

Dichlorodiphenyledwne (DDE) 95/1,041 0.0012-6.6 0.0010-6.0 0.014 0.32 0.95 0.029 2.0 0.0027

Dichlorodiphenyltrichlomethano (DDI)67/1.041 0.0025-10.0 0.0020-10 0.041 0.56 1.8 0.055 2.0 0.0036

Dicldrin 263/1,041 0.0015-3,000 0.0012-6.0 0.19 18 190 023 2.9 0.059

Endrin 96/1,041 O.OM 20 0.0010-7.4 0.040 0.53 2.2 0.063 1.8 0.0058

Isodrin 68IIA41 0.0013-500 0.0011-6.0 0.024 8A 61 0.057 2.7 0.0037

Both lower and upper CRL range values may reflect sample dilution prior to analysis.

A Standard Deviation of log values (base e) of detectim
Tentatively identified compounds MCs) elevated to target analyle status in dw SARs; dwre is no CRIL for IICL For the purpose of this report, a CRL of 0.3 pg/g, M*ally

coffesponding to 10 percent of Ow internal standard, was used.
t Typically TIC; but target compound of some special investigations.
** Reported as total xylenes
NA - Not analyzed NI - Not identified NC - Not calculated, as sample population is too smalt or InCa not sufficiently quantified to permit statistical manipulation.

NOTE: Two significant figures reported for target analytes; one significant figum reported for TICs.
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Table RISR A3.1-2 Summary of Analytical Results for Sods in Ditches, Lakes and Ponds. Par 5 of 5

Total Bores Sampled: 459
Total Samples Collected:- 1,148

Concentration Detections
Frequency of Range CRL Ranget Standard Geometric Geometric A AdjusW

Analytical Grow and Analytes Detected Detections (twk) 019/X) Median Mean Deviation Mean SUL Dev. Geometric Mean

AEMk 1391601 2.5-190 2.0-5.2 7.5 14 21 9.8 0.95 2.0

Merr 187/833 0.052-18 0.037-0.10 0.16 0.43 1.5 0.19 0.99 0.042

IV-pMetak
Cadmium 60/663 0.74-30 0.51-1.7 U 2.5 4.0 1.7 0.71 0.15
Chromium 415/663 6.1-490 5.2-12 13 is 33 5.5 0.51 3.5
Copper 526/663 5.3-220 4.7-5.0 11 16 16 3.9 0.59 3.1
Uad 250/663 10-2,000 BA-17 25 92 250 17 1.1 6.4
zinc 649/663 11-2.3W 8.7-28 39 57 110 3.0 0.62 2.9

Both lower and upper CRL range values my reflect sample dilution prior lo analysis.
A Standard Deviation of log values (base e) of detections

Tentatively identified compounds (TICs) elevated to target analyse status in the SARs; dwm is no CRL for InCs. For the purpose of this report. a CRL of 0.3 pgIg. typically
corresponding to 10 percent of the internal standard, was used.

t Typically TIC: but target compound of some special investigations.
00 Reported as loud xylenes
NA - Not analyzed NI - Not identified NC - Not calculated, as sample population is ioo small. or InCs not sufficiently quantified to permit statistical manipulation.
NOTE: Two significant figures reported for target analytes; one significant figure reported for TICs.
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overall concentrations of die analyte groups and the number of analyte groups detected

decreases.

A3.1.1.3 Ordnance Testing and Disposal Areas

Twelve ordnance testing and disposal area sites have been documented by the RI on RMA.

They include surface sites, shallow pits, and trenches that were used to test, bum, or dispose

of incendiary devices and munitions. Incinerators in Section 36 that were used to destroy

munitions and reduce the volume of solid waste are also included in this site type. Other

ordnance testing and disposal areas are located in the eastern portions of RMA and in

Sections 25 and 36. Some of the ordnance testing and disposal areas may contain unexploded

ordnance that may pose a physical hazard if disturbed.

In the ordnance testing and disposal areas, the number of analyte groups present is very

limited, as shown in Figure RISR A3.1-5 and Table RISR A3.1-3. The highest percentage of

detections is associated with ICP metals and fluoroacetic acid. The volatile organics exhibit a

higher percentage of detections than other organic analytes, but the number of detections is

relatively low. Highest concentrations, over 10,000 pg/g, are associated with the ICP metals

in the 0- to 2-ft and 5- to 20-ft depth intervals. In contrast, concentrations of other analyte

groups are typically in the lowest concentration range for all depth intervals.

A3.1.1.4. Solid Waste Burial Sites

Three general categories of sites, including contaminated waste burial sites, buried lake

sediments, and sanitary landfills, are included in this site type. Eighteen sites of this type are

documented by the RL The contan-iinated waste burial sites include shallow trenches where

solid and liquid waste materials were formerly disposed from manufacturing and demilitariza-

tion processes. These sites are characterized by extreme spatial variability of the wastes and

include high concentrations of contaminants. Three contaminated waste burial sites --CSA-la,

CSA-lb, and CSA-1c --each including multiple trenches, are located within Section 36, and

one burial site (SPSA-le) is within the South Plants area. The buried lake sediment sites in

A3-20
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Table RISR A3.1-3 Summary of Analytical Results for Soils in Ordnance Testing and Disposal Areas Pago I Of 5

Total Bores Sampled: 158
Total Samples CoUecw&- 436 Concentration Detections (I"

r"Ifem of Range CRL Range* Standard Geometric Geometric A Adjusted

Analytical Groups and Analytes Detected Detections twit) WA) Median Mean Deviation Mean SUL Dev. Geometric Mean

Volatile Hiaj=nfed Orysisks (VHO-ql
I,I-Dichloroethane W71 - 0.074-1.7
1,2-Dichloroethane OM - 0.08".56
I,I-Dichloroethylene 0/14 - 0.24 ---

trans- I a-Dichloroethylene Of 71 - 025-1.7 ...

1.1=-TetrachloroethaneO NI - -
1,1,1-Trichloroetham W71 - 0.088-0.50
1.1.2-Trichloroethane W71 - 025-0.60
Carbon tetrachlorWit 0/71 - 0.12-0.40
Chlorobenzene 08 - 0.2D-1.5
Chloroform IM 0.44 0.068-0.70 NC NC NC NC NC NC

Methylene chloride 2/46 0.31-0.76 0.25-3.7 NC NC NC NC NC NC

> Tetrachlofoethylene IM 0.35 0.25-0.50 NC NC NC NC NC NC

le Trichloroethylene W71 - 0.14-0.60
tj Trichloropropene* NI - -
P-A

Volaffle FlArocsirbons (VH
2-Butoxyedmwl* NI - -
4-Hydroxy4-methyl-2-pentwKW NI - -
I-Methyl-1,3-cyclopenWdieft* NI - -
2,2-Oxybisethano[O 12112 0.6-2 0.3 0.9 0.92 OA 0.9 0.36 0.9

2-Pentanone* NI - -- - -- - - --

Bicycloheptadiene 0/57 - 0.25-0.80
Dicyclopentadiene 0/336 - 02".0
Meihykyclohexane* NI - -
Methylisobutyl ketone 0/57 - 03".73

Both lower and upper CRL range values nay reflect sample dilution prior to analysis.
A Standard Deviation or log values (base e) of detections

Tentatively identified compounds MCs) elevated to target snalyte status in the SARs; diere is no CRL for T[Cs. For the purpose of this report, a CRL of 03 pg/g. typically

correspociding to 10 percent of the internal standard. was use&
t Typically TIC; but target compound of some special investigations.
00 Reported as total xylenes
NA - Not analyzed NI - Not identiriod NC - Not calculated, a sample population is too small. or TICs not sufficiently quantified to permit statistical manipulation.

NOM Two signirwant figures mpmW for target analytes; one significant figure reported for TICL
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Table RISR A3.1-3 Summary Of Analytical Results for Soils in O"MMI TWO" Ed DbPml Amm Page 2 5

TOW Bores Sampled: 158
Total Samples Collected: 436 Concentration Detections fuds)

Fmluency of Range CRL Raw$ Standard Geometric GeomeukA Adjusted

Analytical Groups and Analyses Detected Detections MAW W12) Median Mean Deviation Mean Sul. Dev. Geometric Mean

Valatilp A tie Oranies (VA 4174 0.31-OA7 0.085-1.0 0.35 0.37 0.76 0.36 0.20 0.020
Benzene W74 - 0.16-0.40 - - - - --
Ethylbenzene Of 74 - 0.25-0.74m-Xylcne
0- am P.XYIMOO W74 - 0.30-49

Toluene OfI4 - 0.19-0.30

OrIpsnosulfur Camizand
Mush"-AycRLRdaICdIQSQW 0/320 - 0.25-601.44)xadiiam

Chloroacetic add 0/42 - 18-36
0/321 - 0.25-70> Dithiane

t' Thiodiglycol 0/42 2.6-4.2

()"Mnosulfur CgM2MVW&
Herbicide Related fOSCHI) 0110 - 1.1Benzothiazole - 0.25-40 -

Chbropheny1methyl sulfide 0/321
0/321 - 025-6.0 -ChWophenylmethyl sWfOOe

Chloropheny1methyl sulfoxide 0/321 - 0.25-70 -

Dimethyldisuffide 0/67 - 0.25-20 -

Both lower and upper CRL range values may reflect sample dilution prior to analysis.
A Standard Deviation of log values (base e) of detections

Tentatively identiried compounds CnCs) elevated 10 target analyte status in dw SARS; tkm is no CRL for TICL For the pupose of this report, a CRL of 0.3 pg/g. typically

corresponding to 10 percent of the internal standard . was use&
t Typically TIC; but target compound. of some special investigations.
00 Reported as total xylenes sample population is foo small, of TIC$ not suftiently quantirwd So permit stafigiC81 maniPulatiOL
NA - Not analyzed NI - Not identified NC - Not calculawd. as

=I figure reported for TICLNUM Two significant figures reported for target NWYt= One signifIC
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Table RISR A3.1-3 -- Summary of Analytical Results for Sods in Ckdnance Testing and Disposal Areas. Page 3 of 5

Total Bores Sampled: 158
Total Samples Collected: 436

Concentration Detections (UM
FIrequency of Range CRL Range$ Standard Geometric Geometric,& Adjusted

Analytical Groups and Analyles Detected Detections (twk) (IWR) Median Mean Deviation Mean Std. Dev. Geometric Mean

amembMhoroun COMRMOL%
GII-Agent Related (OPHGBs)

Diisopropylmethyl phosphonale 01321 - 0.11-3.0 -

Dimethylmethyl phosphonate 0/279 - 0.13-3.0 -

lsopropy[methyl phosphonic acid 0/45 - 2.14.7 -

Methylphosphonic acid 0/27 - 2.0-10 -

Phosphoric acid. tributyl ester* NI - - -

Phosphoric acid. triphenyl ester* NI -

UEBAMbMhorms CMRR2UKt6
Peaecide Re ted (OPHP.11

Atrazine 0/347 - 0.25-3.0 -

Malathion 0/347 - 0.25-3.0 -

Parathion 0/347 025-4.0 -

Supona 0/347 0.25-3.9 -

Vapona 0/347 - 0.25-3.0 -

am (DOM Of275 - 0.0050-3.00 -

UnonJJ[= CMMUUV&ft (ONCal

Caprolactam* NI -

Hydrazine NA -

Methylhydrazine NA - -

n-Nitrosodimethylamine NA - -

n-Nitrosodi-n-propylamine NA - -

Unsymmetrical dimethylhydrazine NA - -

Both lower and upper CRL range values may reflect sample dilution prior to analysis.

A Standard Deviation of log values (ban c) of desections

Tentatively identified compounds MCs) elevated to taMet analyte status in the SARr, there is no CRL for TICs. For the purpose of this report, a CRL of 03 pg/g. typically

corresponding to 10 percent of the internal standard, was USPA

t Typically TIQ but target compound of some special investigations.
*0 Reported as total xylenes
NA - Not analyzed NI - Not identified NC - Not calculated, as sample population is too small, or TICs not sufficiently quantified to permit statistical manipulation.

NOTE. Two significant figures reported for target analytes; one significant figure reportW for TICs.
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Table RISR A3.1-3 Summary of AnalydW Remits for Soils in Ordnance Testing and Dismsal Aress. Page 4 of 5

Total Bores Sampled: 158
Total Samples Collected:- 436 Concentration Demcdons (USM

Frequency of Range CRL Ranget Standard Geometric Geometric A Adjusted

Analyticod gmo and Analyies Detected Detections (twit) (IWA) Median mean Deviation Mean Std. Dev. Geometric Mean

Fluornmeetic &rid =7 2.6-18 2.0 NC NC NC NC NC NC

FWUnclesir roinatic HIdKgCKhgUZAW
F1 diene* NI -- - -- -- - - -

Methyl naphdialendO 4/4 0.5-1 0.3 0.6 0.68 0.2 0.7 0.30 0.7

Phenantlvene* 1/1 1 o.3 NC NC NC NC NC NC

FNjrm* NI -

Stinivolatile Hak=nted Q=
Hexachlorobenzene* NI -
Hexachlorobutadiend* NI --
HexachlorocyclopenUdiene - 0.0026-3.0
Pentachlorobenzene* NI
Tetrachlorobenzene* NI
Trichlorobenzene* NI

Organochlorine Pedirides (OCM
Aldrin 0/315 0.0018-3.0
Chlordane O/M 0.11-6.0 ---

Dichlorodiphenyletluine (DDE) 0/315 0.0010-3.0 -

Drichlorodiphenyltrichloroediane (DDT) 0/315 0.0023-6.0 -

Dieldrin 3/315 0.0029-2.9 0.0012-3.0 0.35 NC NC NC NC NC

Endrin 0/315 0.00104.0 -

Isodrin 0/315 0.0011-3.0 -

Both lower and upper CRL range values may reflect sample dilution prior to analysis.
A SLandard Deviation of log values (base e) of detections

Tentatively identified compounds (TICs) elevated to target analyte status in the SARr, diere is no CRL for TICs. For the purpose of this report. a CRL of 0.3 pgI9. typically

corresponding to 10 poicent, of the internal standard, was useA
t Typically TIC; but target compowW of some special invesLigations.
** Reported as total xylenes
NA - Not analyzed NI - Not identified NC - Not calculated, as sample population is too small, or TiCs not sufficiently qumtified to permit stafistical manipulation.

NOTF- Two significant figures reported for target analytes; one significant figure reported for TICS.
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Table RISR A3.1-3 Summary of Analytical Results for Soils in Ordnance Testing and Disposal Amm Page 5 of 5

Total Bores Sampled- 159
Total Samples Collected. 436

Concentration Detections (M&W
FIrequency of Range CRL Ranget Standard Geoinetric Geometric A Adjusted

Analytical Groups and Analyses Detected Detections (Wit) 0" Median Mean Deviation Mean Std. Dev. Geometric Mean

Arsmic 5WO 2.8-32 2.0-5.2 5.8 6.5 4.7 5.7 0.47 1.1

Mercury 43/310 0.061-0.32 0.037-0.070 0.084 0.10 0.059 0.094 0.43 0.013

ICP Mets
Cadmium 35/313 0.63-59 0.51-0.92 2.5 9.1 14 3.2 1.2 0.36
Chromium 261/313 7.8-56 6.5-7.4 17 19 8.2 15 0.40 13
Copper 306/314 5.0-340 4.7-4.9 17 26 36 10 0.65 9.9
Lead 99/313 11-3,400 8.4-17 28 170 530 40 1.2 11
zinc 295013 15-57,000 8.7-29 59 370 3500 11 0.80 10

Both lower and upper CRL range values may reflect sample dilution prior to analysis.
A Standard Deviation of log values (base e) of delectkxu

Tentatively identified compounds (lICs) elevated to target aruilyte status in die SARr. diere is no CRL for 71CL For the purpose of this report, a CRL of 0.3 Pg/g. typically
corresponding to 10 percent of the internal standard. was used.

t Typically TIC; but target compound of some special investigations.
*0 Reported as total xylews
NA - Not analyzed NI - Not identified NC - Not calculated. as sample population is too small. or TICs not sufficiently quantified to permit statistical manipulatim
NOTE. Two significant figures reported for urget xWyles; one significant figure reported for TICL

RIFS 5/lUSR Sod TablearTable A 3.1-3.8/12191 1:26 PM - &n



Sections 11 and 12 contain contaminated sediments dredged from Lake Ladora and Upper and

Lower Derby Lakes.

Dredged lake sediments were placed in shallow trenches, covered, and revegetated. Sanitary

landfills were used for the disposal of trash, construction debris, and other material related to

RMA activities, with the exclusion of chemical waste. The contents of the trenches of some

sites were burned before being covered. Identified landfill contents include paper, lumber,

rags, glass, and metal containers that possibly had contained petroleum products or pesticides.

Sporadic, low-level concentrations of contaminants have been detected in samples from

exploratory excavations. The largest landfill on RMA is located in Section 30. Smaller

landfills, often called "trash pits," are found throughout the Arsenal with the exception of the

northwest portion.

The solid waste burial sites contain a relatively wide range of contaminants at relatively high

concentrations, as shown in Figure RISR A3.1-6 and Table RISR A3.1-4. OCPs, VHOs,

VAOs, ICP metals, and mercury were the most frequently detected contaminant groups in the

solid waste burial sites. Concentrations of organics are low in the shallow 0- to 2-ft and 2- to

5-ft intervals, but tend to increase in the 5- to 20-ft intervals. All analyte groups except

OPHPs and organonitrogen compounds (ONCs) are present in soils from these sites. More

mobile compounds have commonly migrated from these soils to the UFS.

A3.1.1.5. Buildings, Equipment, and Storage Sites

Twenty-five sites of this type were identified by the RI. Storage sites were used to store

chemicals, munitions, and salvage debris. Buildings and equipment sites include areas

surrounding tanks, pipelines, and buildings. Only the below-ground structures and soils at

these sites are included in the soils medium. Although spills are inferred to have occurred at

many of these sites, secondary airborne and surface water dispersion of contaminants may be

largely responsible for current analyte distribution.

A3-26
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Table RISR A3.1-4 Summary of Anal Results ror Soils in Solid Waste Burial Sites. Page I Of 5

Total Bores Sampled: 450
Total Samples Collected: I ;-M Concentration Detactions 0"

Frequewy of Range CRL Ranget Standard Geometric Geometric,& Ad*W

Analytical Groups and Analyw Detected Detections Owk) (ttg(x)- Median Mean Deviation Mean SW. Dev. Geometric Mean

Volatile Hsh=jijed Oryanim WHOM)
1,1-Dichloroethane, 0/510 0.074-13

1,2-Dichlorý e 1/510 OA2 0.080-8.0 NC NC NC NC NC NC

1,1-Dichloroethylene 1/134 0.20 0.12-12 NC NC NC NC NC NC

trans-1,2-Dichloroethylene 1/496 5.9 0.15-15 NC NC NC NC NC NC

1,1.2.2-Tetrachloroetharie 212 0.6-2 0.3 NC NC NC NC NC NC

1,1,1-Trichloroethane 8/510 0.50-3.0 0.088-12 0.79 1.1 0.81 0.91 0.56 0.014

1,12-Trichloroethane 21510 0.18-OA3 0.12-12 NC NC NC NC NC NC

Carbon tetrachloride 5/510 1.0-8.7 0.12-12 1.0 3.9 3.9 2A 1.1 0.023

Chlorobenzene 1/510 1.0 0.18-18 NC NC NC NC NC NC

Chloroform 20/510 0.1".8 0.068-10 1.1 2A 2.8 1.1 IA 0.045

Methylene chloride 55/496 0.17-760 0.15-15 0.80 16 100 0.98 1.2 0.11

Tetrachloroethylene 29/510 0.19-120 0.12-6.0 1.0 6.6 22 U 1.5 0.072

Trichloroethylene 11/510 0.11-25 0.090-9.0 1.0 3.2 7.3 1.0 IA 0.022

Tfichloropropene* NI -- --- - - -

Volatile Elldrocarbons
2-Butoxyethanol* NI - --

4-Hydroxy-4-methyl-2-pentanoft* 1/1 0.80 0.3 NC NC NC NC NC NC

I-Methyl-1.3-cyclopentadientO NI - -

224:)xybisethanol* NI
2-Pentanow* NI - - -- - -- - - -

Bicycloheptadiene 6/450 0.91-56 0.25-51 5.9 16 22 5.6 1.7 0.074

Dicyclopentadiene 15/1.196 1.0-450 0.26-600 37 110 140 29 2.1 0.36

Methykyclohexme* 4/4 5-100 0.3 40 46 40 30 1.3 30

Methylisobutyl ketone 3/459 8.8-20 0.30-52 14 NC NC NC NC NC

Both lower and upper CRL range values okay reflect sample dilution prior to analysis.
Standard Deviation of log values (base e) of detections
Tentatively identified compounds (nCs) elevated to target wWyte status in the SARs; there is no CRL for T[Cs. For the purpose of this report, a CRL of 0.3 ttg/g. typically

corresponding to 10 percent of the internal standard, was used.
t Typically JJC; but target compound of some special investigations.
00 Rqxxied as total xylenes
NA - Not analyzed NI - Not identified NC - Not calculated, as semple population is too small, or 7ICs not sufficiently quantified to permit statistical manipulation.

NOM Two significant figures reported for target analytes; one significant figure reported for TICs.
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Table RISR A3.1-4 Summary of Analytical Results for Sods in Solid Waste Burial Sites. Page 2 or 5

Total Bores Sampled: 450
Total Samples Collected: IZU

Concentration Detections (I"
Frequency of Range CRL Ranget Standard Geometric Geometric,& AdjusW

Analytical Grow and -Analym Detected Detections (twit) (twit) Median Mean Deviation Mean Std. Dev. Geometric Mean

Volatile- Artiniatir OxIsaim fVAOs)
Benzene 25/437 0.12-26 0.081-9.1 0.74 3.6 7.2 095 1.6 0.054
Ethylbenzene 11/437 0.43-9.9 0.043-4.3 0.98 2.7 3.5 1.5 1.1 0.038
m-Xylene 14/437 0.18-13 0.053-5.3 2.2 3.3 4.1 1.9 1.1 0.061
o- and p-Xylcne** 13/437 0.16-14 0.086-8.6 3.2 4.9 4.1 11 1.2 0.093
Toluene 24/437 0.12-370 0.096-9.6 3.9 44 97 4.4 2.3 0.24

Ore2riffinifu

iistard-Agent ted (05CMS)
1,4-Oxathiane 1/8" 0.46 0.25-86 NC NC NC NC NC NC
Chloroacetic aLid 1/113 310 18-36 NC NC NC NC NC NC
Dithiane 9IB98 0.46-12 0.25-200 3.2 5.2 4.4 3.2 1.2 0.033
niodiglycol 0/113 - 2.6-4.2 - - - - - -

00

jkgggasulfur Compoundt-
Herhocide Related (OSCHs)

Bcnzothiazole 31125 1.9-130 1.1-110 60 NC NC NC NC NC
Chlorophenylmethyl sulfide 10/899 0.50-100 0.25-110 2.7 15 31 3.9 1.6 0.043
Chlorophenylmethyl sulfone 8/8" 0.68-20 0.25-240 1.3 3.6 6.7 1.6 1.1 0.014

Chloropheny1methyl affoxide 6/8" 1.0-4.2 0.25-230 3.6 3.0 12 2.7 0.56 0.018
Dimethy1disulfide W501 0.39-100 0.25-20 13 22 33 6.9 1.9 0.11

Both lower and upper CRL range values may reflect sample dilution prior to analysis.
A Standard Deviation of log values (base e) of detections

Tentatively identified compounds (TICs) elevated to target analyte status in die SARa; diere is no CRL for TICs. For dw purpose of this repoi a CRL of 0.3 pWg, typically

corresponding to 10 percent of the internal staimlard, was used.
t Typically TIC; but target compound of some special investigations.
00 Reported as total xylenes
NA - Not analyzed NI - Not idenfified NC - Not calculated, as sample population is too small, or TICs not sufficiently quanfified to permit statistical manipulation.
NOTE: Two significant figures reported for target analytes; one significant figure reported for TICS.
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Table RISR A3.14 Summary of Analytical Results for Soils in Solid Waste Burial Sites. Paite 3 of 5

Total Bores Sampled: 450
Total Samples Collected: LZU

Concentration Detections (I"
Frequency of Range CRL Range4 Standard Geometric Geonx*ic A Adjustetl

Analytical Groups and Analytes Detected Detections (PSM (light) Median Mean Deviation Mean Std. Dev. Geometric Mean

Orivengplaosphorous Comnomd&
GII-Agent Related (OPHGB

Diisopropylmethyl phosphonate 3089 0.16-36 0.11-300 1.7 42 7.0 1.9 13 0.080

Dimethylmethyl phosphonate 5/569 0.19-0.65 0.13-300 0.24 0.31 0.19 029 0.49 0.0024

Isopropylmethyl phosphonic add 3/61 3.7-17 2.1 8.3 NC NC NC NC NC

Methylphosphonic acid 5/61 2.8-220 2.0 3.9 47 97 8.8 1.8 0.72

Phosphoric acid, tributyl esw* Nl - - - --- - - - --

Phosphoric acid. triphenyl ester* NI - -

Pedicode Related (OPIlPs)
Atrazine 0/799 - 0.25-50 - - -

Malathion W789 - 0.25-200 - - - - -

Pamthion Of789 - 0.25-200 - - - - -

Supona W789 - 0.25-90 - - - - -

Vapona W790 - 0.25-30 - - - - - -

lamropme (DBCPI 51/1,344 0.007"70 0.0050-50 0.15 17 94 021 2.7 0.0080

itrUnn ComagwndsIONCA
Caprolactarn* NI - - - - - - - -

Hydrazine NA -
Methy1hydrazine NA - -

n-Nitrosodimethylsinine 0/3 - 1.8
n-Nitrosodi-n-propylamine NA - ---

Unsymmetrical dimethy1hydrazine NA -

Both lower and upper CRL range values may reflect sample dilution prior so analysis.
A Standard Deviation or jog values (base e) of detections

Tentatively identified compounds (TICs) elevated to target analyte stems in the SARr, there is no CRL for TICs. For the purpose of this report. a CRL of 03 Wg, typically

corresponding to 10 percent of the internal standard, was used.
t Typically TIC; but target compound of some special investigations.
00 Reported as total xylenes
NA - Not analyzed NI - Not identified NC - Not calculated, as sample population is too small, or TICs not sufficiently quantified to permit statistical manipulation.

NOTE: Two significant figures reported for target analytes; one significant figure reported for TICs.
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Table RISR A3.1-4 Summary of Analytical Results for Soils in Solid Waste Burial Sites. Page 4 of 5

Total Bores Sampled: 450
Total Samples Collected: 1.234

Concentration Detections WSW

Fmquency of Range CRL Ranget Standard Geometric Geometft,& Ad*W

Analytical Groups and Analytes Detected Detections (119/9) (twit) Median Mew Deviation Mean SuL Dev. Geometric Mean

14/58 2.7-27 2.0 73 9.6 7.6 7.0 0.84 1.7

Pollowlear Arowasitij: Fildrocarbons (PAHO

Fluoranthene* NI - - -- -- - - - -

Methyl naphdu&ne* NI - -

Phenandirene* 1/1 3 0.3 NC NC NC NC NC NC

F`yrene* 414 0.7-10 0.3 2 3.7 4 2 1.1 2

Sewivallbille Iblovenjited Q=irs (SHOO

Hexachlorobenzene* 1/1 NC 0.3 NC NC NC NC NC NC

Hexachlorobutadiene* NI - - - - - -

Hexachlorocyclopentadiene 33/871 0.0037-53,000 0.0018-100 1.1 2600 9.5m 1.7 5.1 0.063

Pentachlorobenzene* NI - -- -- - - --

Tetrachlombenzene* NI
Trichlotobenzene* NI - - - - - - - -

Or nachlorine Pesticiden (OCPSI
Aldrin 109)978 0.0033-670 0.0019-73 0.95 34 110 0.66 3.4 0.74

Chlordane 461861 0.18-100 0.023-4,400 2.0 8.5 20 1.4 1.8 0.077

Dichlorodiphenylethane (DDE) 32/979 0.0026-1.9 0.0010-50 0.015 0.17 0.44 0.021 1.8 0.00069

Dichlorodiphenyltrichlowedmm (DDI) 29/979 0.0033-26 0.0020-200 0.022 0.97 4.9 0.030 1.9 0.00089

Dieldrin 212J978 0.0021-360 0.0012-60 0.83 12 42 0.74 2.7 0.16

Endrin 98W 0.0018-370 0.0010-400 0.38 18 65 0.34 3.0 0.034

Isodrin 62/979 0.0026-870 0.0011-60 0.11 55 160 0.35 3.7 0.022

Both lower and upper CRL range values may reflect sample dilution prior to analysis.

A Standard Deviation of log values (base e) of detections
Tentatively identified compounds (nCs) elevated to target analyte status in die SARs; diere is no CRL for TICs. For the purpose of this repor% a CRL of 0.3 pg/g. typically

corresponding to 10 percent of ft internal standard, was used.

t Typically TIC; but target compound of some special investigations.

** Reported as total xylenes
NA - Not analyzed NI - Not identified NC - Not calculated, as sample population is too small, or TICs not sufficiently quantified to permit statistical manipulation.

N(YM: Two significant figures reported for target analytes; one significant figure reported for TICs.
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Table RISR A3.14 Summary of Analytical Results tbr Soils in Solid Waste Burial Sites. Palte 5 of 5

Toad Bores Sampled: 450
Total Samples Collected: 1,234

Concentration Ddections Ujk)
Frequency of Range CRL Range4 Standard Geometric Geometric A Ad*ited

Analytical Groups ax! Analm Detected Detections awk) (WX) Median Mew Deviation Mean SW. Dev. Geometric Mean

Anclak 184/923 2.3-1.= 2.0-5.2 7.2 32 130 10 1.1 2.3

Mere 219/980 0.053-40 0.037-0.10 0.17 0.77 3A 023 1.2 0.052

ICP metals
Cadmium 75/830 0.64-1,100 0.51-0.92 1.6 33 180 2.6 1.4 0.24
Chromium 590/829 5.9-4,9W 5.2-52 13 29 220 3.3 0.56 2A

Copper 699/829 4.8-27,000 4.7-19 11 80 1.100 2.8 0.82 2.3
Lead 224/829 10-7.100 8A-17 20 120 560 24 1.1 6.4
zinc 79029 11-12,000 9.5-55 41 81 460 2A 0.67 2.3

Both lower and upper CRL range values may reflect sample dilution prior to analysis.
A Standard Deviation of log values (base e) of detections

Tentatively identified compounds (nCs) elevated to target analyte status in the SARs-, dwe is no CRL lbr TICs. For ik purpose of this repoi a CRL of 0.3 pg/g, typically
corresponding to 10 percent of ft internal standard, was used.

t Typically IIC*, but target compound of some special investigations.
00 Reported as total xylem
NA - Not analyzed NI - Not identified NC - Not calculated, as sample population is too small, or TICs not sufficiently quanfified to permit statistical manipulation.
NOTE: Two significant figures reported for target analy1m, one significant figure reported for TICS.
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Analytes of all but two of the analyte groups were detected from the buildings, equipment,

and storage sites. OCPs and ICP metals exhibit the greatest percentage of detections as

shown in Figure RISR A3.1-7 and Table RISR A3.1-5. Volatiles and sernivolatiles comprise

the bulk of the remaining organics detected. With the exception of the organosulfur

compounds, OPHGBs, and OCPs, the number of detections tends to increase with depth for

the organic contaminants. For most of the analyte groups detected in this site type, the

highest percentage of detections occur in the two lowest concentration ranges. However,

DBCP and arsenic occur at concentrations over 10,000 pg/g in the 0- to 2-ft depth inter-Val,

and OCPs were detected at over 10,000 pg/g in the 0- to 2-, 2- to 5-, and 5- to 20-ft depth

intervals. The percentage of detections above 10 pg/g tends to increase from the 0- to 2-ft

interval to the 5- to 20-ft interval for most analyte groups, except VHCs, herbicide-related

organosulfur compounds (OSCHs), OPHGBs, mercury, and the ICP metals. For these analyte

groups, concentrations tend to stabilize or decrease with depth.

A3.1.1.6. Spill Sites

Spills have been reported throughout the period of operation of RMA in many areas where

chemicals were routinely handled. Fourteen spill sites have been located by the R1. Spills

have been documented or reported to have taken place predominantly at railyard transfer

facilities, sumps, and tanks. A wide range of contaminants have been detected. Infiltration of

liquids and incomplete recovery of spilled solids have resulted in soil and groundwater

contamination at these sites. Contaminant distribution at spill sites varies in response to

individual contaminant behavior. Relatively soluble compounds may migrate through the

unsaturated zone; volatile compounds tend to rapidly attenuate at the surface, and less mobile

compounds are concentrated in shallow soil. For example, DBCP spilled in the rail

classification/maintenance yard of the Western Study Area (WSA) migrated through relatively

sandy soils, creating a well defined plume in the UFS (EBASCO, 1989a/RIC 89166RO3).

Elsewhere, less mobile metals and PAH compounds have concentrated in shallow soils at spill

sites. Although difficult to deten-nine, secondary dispersion may also have contributed to

A3-32
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Table RISR A3.1-5 Summitry of Analytical Results for Sods in Buildings, ftipmeM and Same Sism DE I of 5

Total Bores Sampled: 555
Total Samples Collected: IM

Concentration D=Iions
Freqwncy of Range CRL Ranget Standard Geometric Geometric,& Adjusted

Analytical Groups mW Analym Detected Detections ("lit) Median Mean Deviation Mean Sid. Dev. Geometric Mean

YjAAft HAUMated Im (VHCkl
IJ-Dichloroethane 0/643 0.074-3,600 --

la-Dichloroedume 3/644 1.6-2.0 0.085-1,2W 0.23 NC NC NC NC NC

IJ-Dichloroethylene %% - 0.24-0.25 -

trans- 1,2-Dichloroethylene 0/643 02A-1,200
1.1.2.2-Tetrachloroedum*t 41/46 NC-23 0.3-0.65 NC NC NC NC NC NC

1,1,1-Trichloroedum 7/643 0.17-6.5 0.088-1ýM 0.62 1.7 2.2 0.91 1.2 0.0099

1,1.2-Trichloroedam 0/643 0.26-1,200 - - - - - --

Carbon tetrachloride 5/643 3A-240 0.12-1,2M 25 65 100 25 1.6 0.19

Chlorobenzene OX42 2A-40 020-1,2W 4.0 10 15 5.9 1.1 0.055

Chloroform 28KA6 0.44-40.000 0.068-1.3 5.0 15M 7.600 8.0 2.3 0.35

Methylene chloride 29/644 0.90-200 0.70-2,800 10 23 39 9.3 1.4 0.42

> Tetrachloroethylene 31/644 0-30-52 0.25-laW 0.89 53 11 1.5 1.5 0.074

Trichloroediyiene 2/642 0.33-0.84 0.14-1ý= NC NC NC NC NC NC

Trichloropropere NI -

Volatile Hydrocarbons (VHCs)
2-Butoxyethanol* 7fl NC 03 NC NC NC NC NC NC

4-Hydroxy-4-methyl-2-pentanone* NI -

I-Methyl-1,3-cyclopentadiene* 18/18 NC-40 0-3 NC NC NC NC NC NC

2.2-Oxybisedmwl* NI -

2-Pentanone* 2/2 NC 0.3 NC NC NC NC NC NC

Bicycloheptadiene 6/579 0.30-25 030-laW 1.5 52 9.7 1.7 1.5 0.018

DicyclopenuKliene 65/1,710 0-50-3,000 0.26-2.5W 26 180 420 29 2.2 1.1

Methyicyclohexane* 6/6 NC-2 03 NC NC NC NC NC NC

MeLhyfisobutyl ketone 13/580 0.40-99 030-1.= 10 20 26 5.7 1.9 0.13

Both lower and upper CRL range values may reflect sample dilution prior so analysis.
A Standard Deviation of log values (base e) of detections

Tentatively identified compounds MCs) elevated to target analyte status in the SARs; time is no CRL fbr InCs. For the purpose of this report, a CRL of 0.3 peg, typically

corresponding to 10 percent of the internal standard, was used.
t Typically TIC: but target compound of some special investigations.
** Reported as total xylenes
NA - Not analyzed NI - Not identified NC - Not calculated. as sample population Is too small, or TICs not sufficiently quantified to permit statistical manipulation.

NOTE: Two significant figures reponot! for target analytes; one significant figure reported for TICS.
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Table RISR A3.1-5 Summary of Analytical Remits for Soils in Buildings, EquipmenL arid Storme Sites. Page 2 of 5

Total Bores Sampled: 555
Total Samples Collected:- 1.826

Concentration Detections (U&IS)
Frequency of Range CRL Ranget Standard Geometric Geometric A Ad*sW

Analytical Groups and Analytes Detected Detections 41.0k) W") Median Mew Deviation Mean Sid. Dev. Geometric Mean

Vebtile romatic QWnks (VAOs)
Benzene 24/569 0.29-84 0.081-1,200 0.90 7.6 18 1.9 1.6 0.074

Ethylbenzene 10/568 0.40-30 0.043-1.200 2.2 5.8 9.1 1.8 1.7 0.032

m-Xylene 12/570 0.80-80 0.053-2,800 2.8 12 22 3.6 1.6 0.076

o- and p-Xykne** 10/569 0.40-40 0.086-1,200 5.0 13 13 7.0 1.3 0.12

Toluene 27/572 0.40-250 0.096-1ý= 5.0 22 48 6.0 1.7 0.28

QWunsuffur CgAillann"
sird-Avent Relsted (OSCIV[s)
1,4-Oxathiane 2/1,216 2.1-9.8 0.25-3,000 NC NC NC NC NC NC

Chloroacetic acid 6(M 57-340 3.6-36 130 160 100 140 0.61 3.0

Dithiane 10/1,218 1.0-330 0.25-3,3M 19 60 99 22 1.6 0.18

Ibiodiglycol 4/405 5.9-31 2.64.2 19 19 11 16 0.73 0.16

Orgmmiliffir Comilands.
Herbicide Relsted (OSCHA)

Benzothiazole 0/66 - 1.1-2.0 - - - - - -

Clilorophenylmethyl sulfide llllal4 1.1-1.100 0.25-3,3M 3.0 120 330 9.0 2.3 0.091

Chlorophenylmethyl sulibne 29/1,216 0.30-80 0.25-930 29 9A 20 2.7 1.5 0.065

Chlorophenylmethyl sulfoxide 11/1,218 03843 0.20-3,000 2.9 9.7 14 3.5 1.6 0.032

Dimethy1disulfide 1/622 5.0 0-30-3,200 NC NC NC NC NC NC

Both lower and upper CRL range values may reflect sample dilution prior to analysis.
A Standard Deviation of log values (base e) of detectim

Tentatively identified compounds MCs) elevated to target analyte status in the SARs; dwe is no CRL for TICs. For the purpose of this reporL a CRL of 0.3 pWg. typically

corresponding to 10 percent of the internal awdard. was used.
t Typically TIQ but target compound of 30me special inveStigafiML
0* Reported as total xylenes
NA - Not analyzed NI - Not k1critified NC -Not calculated, as sample population is too snail, or TICs not sufficiently quandrwd to permit suds" manipulWon.

NOTE: Two significant figures reported for target analyws; one significant figure reported for TICs.
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Table RISR A3.1-5 Summary of Analytical Results for Sods in Buildinits. Equipment, and Skme Sites. Paite 3 of 5

Total Bores Sampled: 555
Total Samples Collected: 1,826

Concentration Detections ft"
Frequency of Range CRL Ranget Standard Geometric Geometric A Adjusted

Analytical Groups and Analytes Detected Detections (twit) (twit) Median Mean Deviation Mean Sid. Dev. Geometric Mean

Orgogghmphorougg C=gnund&
GR-Agent Related (OPHGBs)

DiLsopropylmethyl phosphonale 7/1.7-% 0.059-0.40 0.050-880 0.068 0.12 0.12 0.092 0.69 0.00051
Dimethylinethyl phosphonate 1/262 6.5 0.050-1,500 NC NC NC NC NC NC
Isopn:)pylmethyl phospbonic acid 0/167 - 2.14.7
Methylphosphonic acid 0/11 - 2.0-20
Phosphoric acid, tributyl esw* NI - - --- ---

Phosphoric acid, triphenyl esW* NI - - -- - - - - -

Akmohauborow Cumnilsoft
ftgkede Related (OPHN)

Atrazine 8/1,150 0-30-10 025-950 0.75 2.0 3.3 0.99 1.1 0.0069
W Malathion 1/1,152 0.30 0.30-750 NC NC NC NC NC NC
44
tA Parathion 0/1,150 - 0.30-1,W -- - - - - --

Supona 4/1,152 2.049 0.30-1.W 25 25 19 16 1.4 0.055
Vapona 0/1,150 - 0.25-3,3W - - - - - -

nibromochlorou[nme (DRC 45f2,044 0.0056-11,000 0.0050-3.3W 2.0 580 2100 1.6 4.3 0.036

OrtanoititrgUILE2111maik (ONCO
Caprolactam* NI
Hydrazine 0/53 50
Methylhydrazine 0/53 200
n-Nitrosodimethylamine 0/198 0.26-1j= ...

n-Nitrosodi-n-propylamine 0/109 0.10
Unsymmetrical dimethy1hydrazine 0/53 200

Both lower and upper CRL range values may reflect sample dilution pricir lo analysis.
A Standard Deviation of log values (base e) of detections

Tentatively identified compounds (nCs) elevated to target analyst saws in the SARs; there is no CRL for TICL For the purpose of this report, a CRL of 0.3 pg1g, typicaUy

corresponding to 10 percent of the intenial standard, was use&
t Typically TIC; but target compound of some special investigations.
00 Reported as total xylenes
NA - Not analyzed NI - Not identified NC - Not calculated. as sample population is ooo small. or 7ICs not sufficiently quantified to pennit statistical manipulation.

NOTE: Two significant figures reported for target analytes; one significant figure reported for TICs.
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Table RISR A3.1-5 SurnmarY of AnalYtk-W Results for SOBS in Buildinxs, EQuiPn-'e-S and Storage Sies- Page 4 of 5

TOW Bores Sampled: 555
Total Samples Collected: 1.826 Concentration Detections balk)

Frequency of Range CRL Ranget Standard Geometric Geometric A Adjusted

Analydco Groups arw Analytes Detected Detections (119W (Wit) Median Mean Deviation Mean Std. Dev. Geometric Mean

onmwetir Arid 0/11 - 2.0 ---

Polnuclmr Aromalk HyA arbons (PAHII NC NC NC
Fluoranthene* 212 0.4-9 0.3 NC NC NC NC NC NC
Methyl naphdmdm* 3/3 10-20 0.3 20 NC NC

Phenanduene* NI - - -

F`yTene* 3/3 1-8 0.3 1 NC NC NC NC NC

SE11111volatile HdQ9CAAW JkMics (SHOMI NC NC
Hexachlombenzene* 4/4 NC-60 0.3 NC NC NC NC NC NC> Hexachlorobutadiene* 17/17 NC-90 0.3 NC NC NC NC

W 4.1 0.061
Hexachlorocyclopentadiene 36/1 ;,u o.oo29-7.000 0.0018-3,5M 2.0 380 1.3W 2.1

Pentachloroberizere 1/1 NC-0.9 03 NC NC NC NC NC NC

TetrachlorobenzeneO 12/12 NC-50 03 NC NC NC NC NC NC

TIrichlorobenzene* W2 NC-I 03 NC NC NC NC NC NC

Ortanachlorine Pedicides (OCU 167/1.304 0.0024-25,000 0.0018-250 3.7 960 3,3W 6A 3.9 0.82
Aldrin 0.030-1,000 0.023-2,400 2.9 88 230 3.1 3.0 0.065
Chlordane 27/1,281 0.19 4.8 16 0.22 2.8 0.0074
Dichiorodiphenylethane (DDE) 43/1,294 0.0017-100 0.0010-630
Dichlomdiphenyltriddomeftm (DDT) 52/1,297 00029-400 00020-1,200 0.50 27 79 0.77 3.5 0.031

Dieldrin 261/1,300 0.0016-7,200 0.0012-630 2.0 97 570 2.7 2.8 0.55

Endrin 60/1.295 0.0036-4,700 0.0010-1,900 0.70 140 680 0.82 3.4 0.038

Isodrin 89/1= 0.0016-890 0.0011-630 4.6 59 140 2.3 3.8 0.16

Both lower and upper CRL range values may reflect sample dilutkm prior to analysis.
A Standard Deviation of log values (base e) of detections

Tentatively identified compounds (TICS) elevated to target anal1re status in the SARs; diere 6 w CRL Wr TICL For IM purpose of a CRL of 03 pg/g, typically

corresponding to 10 percent of the internal standard , was used.
t Typicafly TIC; but target compourx! of some special invesfigationL
** Reported as total xylenes
NA - Not arialyzed NI - Not identified NC - Not calculated. as sample population is too small, or TICS not sufficiently quantified to permit statistical manipulation.

NOTE: Two significant figures reported for target analytes; one significant figure reported for IICS-
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lable RISR A3.1-5 Summary of Analytical Results fbr Sods in Buildings, Equipmem and Sknite Siles. Page 5 of 5

Total Bores Sampled: 555
Total Samples CollecVA- 1.826

Concentration Detections
Frequency of Range CRL Range* Standard Geometric Geometric a Adjusted

Analytical Groups and Analytes Detiected Detections (twit) 01912) Median Mem Deviation mean Std. Dev. Geometric Mean

Arsmir 282JI.032 2.5-21,000 2.0-26 6A 180 IAW 12 1.7 3.3

M[rmu 188/1,100 O.O.W17.000 0.037-0-50 0.40 93 1.200 0.49 1.7 0.083

Ir-P NIPJAIS
Cadmium 75/1,051 0.56-760 0.31-0.92 1.5 14 88 2.4 1.2 0.17
Chromium 736/1,051 1.4-280 5.2-7.4 14 17 19 2.6 0.51 1.9

copper 902/1,037 SA-88D 3.4-4.9 14 22 38 2.2 0.68 19

Lead 482/1,051 IA-11.000 13-84 20 85 550 4A 0.92 2.0

Zinc 1.046/1.051 9.5-3.3W 8.7-16 54 72 140 2.0 0.61 2.0

Both lower and upper CRL range values may reflect sample dilution prior to analysis.
A Standard Deviation of log values (base e) of detections

Tentatively identified compounds MCs) elevated to target analyte stow in the SARs-, there is no CRL for 71Cs. For the purpose of M repot a CRL of 0.3 pg/g, typically

corresponding to 10 percent of the internal standard, was used.
t Typically TIC; but target compound of some special investigations.
00 Reported as total xylcnes
NA - Not analyzed NI - Not identified NC - Not calculated, as sample population is too snialL or InCs not sufficiently quatitified to permit statistical manipulation.

NOIE: Two significant figures reportod for target analytes; one significant figure reported for TIO.
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transport of low-mobility analytes in surficial soils in areas exposed to winds or high traffic

areas.

OPHGBs, VHOs, VAOs, mercury, and ICP metals represent the highest percentage of

detections at spill sites (Figure RISR A3.1-8 and Table RISR A3.1-6). The majority of

concentrations for all organic analytes at all depth intervals are less than 10 pg/g. Only

arsenic and ICP metals showed concentrations above this level. Except for VHOs and

OPHGBs, the majority of detections for all analyte groups are limited to depths of less

than 5 ft.

A3.1.1.7. Sewer Sites

The ten sites collectively comprising the sewer site type include portions of the chemical

sewer, sanitary sewer, and process water systems. The chemical sewer was used to collect

and transfer industrial aqueous waste from the processing facilities in the North and South

Plants to the disposal basins. A short segment also connected Basin F to the deep disposal

well in Section 26. Tile sanitary sewer delivers domestic sewage from various facilities

throughout RMA to the wastewater treatment plant in Section 24. The process water system

consists of a series of pipelines and ditches used to transport cooling water between the

southern lakes and South Plants complex. The majority of contamination associated with

these systems is limited to the NCSA and South Plants Study Area (SPSA).

Evidence of leakage was documented during partial excavation of the chemical sewer system

and investigation of joints and manholes in the sanitary sewer lines. The sewers were

typically installed at depths greater than 5 ft, which is generally the upper limit of soil

contamination associated with these systems. While the sanitary sewer and process water

systems exhibited minor contamination or were implicated in historically documented

contanlinant releases, the vast majority of contaminant detections are associated with the

chemical sewers; consequently, the following discussion focuses on the chemical sewer

system.

A3-38
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Table RISR A3.1-6 SummiarY of Analytical Remits for Sods in SpiH Sitm Page I of 5

Total Bores Sampled: 38
Total Samples Collecuxt 152

concentration Detections (UW
Frequency of Range CRL Range4 Standard Geometric Geometrica Adjusted

Analytical Groups and Analytes Detected Detections (IWk) (91,100 Median Mean Deviation Mean SUL Dev. Geometric Mean

Volatile Halogenated 0[ganks CVHOsl
1.1-Dichloroethane 0/63 - 0.074-2.0 -
1.2-Dichloroethane (V62 - 0.085-0.60 -
I,I-Dichloroethylene 0/6 - 0.24 -
trans- 1.2-Dichloroethylene 0/62 - 02&2.0 -

1.1,2,2-Tetrachloroedume NI - -- -
1,1,1-Trichlormdum 0/62 - 0.088-OA3
1,1,2-Trichloroethane 0/62 - 0.26-OAO
Carbon tetrachloride 1/62 0.30 0.12-0.30 NC NC NC NC NC NC
Chlorobenzene 0/62 - 0.20-1.5
Chloroform 0162 0.068-0.30 - - - - -

> Methylene chloride 7/62 1.0-5.0 0.70-3.7 2.0 2A 1.5 2.1 0.62 0.23
W Tetrachloroethylene 1/62 0.40 0.2".30 NC NC NC NC NC NC

Trichlomethylene 0/62 - 0.14-0.54
TrichloroProPene NI - -

Volatile HyArombons (VH
2-Butoxyethanol* 1/1 2 03 NC NC NC NC NC NC
4-Hydroxy4-methyl-2-pentanone* NI - -
I-Methyl-l,3-cyclqpcntadiew* NI - - - - - - -

2,2-Oxybisedmwl* NI - - - - - - -

2-Pentanoft* NI - - - - - - -

Bicycloheptadiene 0/56 - 0.30-0.40 - - - - -

Dicyclopentadiene 0/159 - 0.30-10 - - - - -

Methykyclobexaw* NI - - - -
Methylisobutyl ketone 0/56 - 0.30-0.73 - -

4 Both lower and upper CRL range values may reflect sample dilution prior so analysis.
A Standard Deviation of log values (base e) of detections

Tentatively identified compounds MCs) elevated to target analyte status in the SARs; them is no CRL for TICL For the purpose of this repom a CRL of 03 pg/g. typically
corresponding to 10 percent of the intemal standard, was used.

t Typically TIC; but target compound of some special investigations.
0* Reported as total xylenes
NA - Not analyzed NI - Not identified NC - Not calculated. as sample population is too small, or 7ICs not sufficiently quantified to permit statistical manipulation.
NOTE: Two significant figures reported for target analytes; one significant figure reported for TICS.
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Table RISR A3.1-6 Summary of Analytical Remits for Soils in Spill Sites. Palte 2 of 5

Total Bores Sampled: 38
Total Samples Collected: 152

Concentration Detections (UW

Fiequency of Range CRL Range4 Standard Geometric Geometric A Adjusted

Analytical Groups and Analytes Detected Detections WK) (twit) Median Mean Deviation Mean Sid. Dev. Geometric Mean

Valatib Aromfic OrUnim (VA00
Benzene W75 0.35-1.0 0.085-0.30 0.60 0.61 0.22 0.58 0.34 0.054

Ethylbenzene 0/75 - 0.16-0.40 ... --- - - - ---

m-Xylene Of 75 - 0.26-0.80
o- and p-Xylene** Of75 - 0.30-5.0
Toluene Of 75 - 0.19-0.30

Ortuasulfur C2MROUW&
aftst2rd-Avent ReWed (OS

1,4-Oxathiane 01102 - 0.25-6.0

> Chloroacetic acid 0/59 - 36
Dithiane 0/102 0.36-7.0
Thiodiglycol, 0/59 42

Organnsulfur CgM2MUW&
Wei& ed (0-SCIbI
Benzothiazole NA -

Chlorophenylmethyl sulfide 0/102 0.90
Chlorophenyhnethyl sulfone 0/102 0.25-3.0
Chlorophenylmethyl sulfoxide 0/102 0.25-7.0
Dimethy1disulfide 0/56 0.8D-20

Both lower and upper CRL range values my reflect sample dilution prior to analysis.
A Standard Deviation of log values (base e) of detoctions .

Tentatively identified conqxmnds MCs) elevated to target analyte status in dw SARs; tkre is no CRL for IICs. For the puW= of this report, a CRL of 0.3 peg. typically

corresponding to 10 percent of the internal standard. was used.
t Typically TIC; but target compound of some special investigations.
** Reported as total xylenes
NA - Not analyzed NI - Not identiflod NC - Not calculatod. as sample population is too snail. or TICs not sufficiently quantified to permit statistical manipulation.

NOTE: Two significant figures reported for target analytes; one significant figure reported for TICS.
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Table RISR A3.1-6 Summary of Analytical Results for Sods in SpiH Sitm Palo 3 of 5

Total Bores Sampled: 38
Total Samples Collected: 152

Concentration Detections (UW
Frequency of Range CRL Range4 Standard Geometric Geometric A Ad*qW

Analytical Groups andi Analytes Detected Detections (twit) (Iwk) Median Mean Deviation Mean Std. Dev. Geometric Mean

_angphmphorowt COURRHaft
GR-Arent Related (OPHGBs)

Diisopropylmethyl phosphonale 13/179 0.088-0.40 0.05-10 0.29 0.29 0.12 0.26 0.51 0.019
Dimethylmethyl phosphonate 0/77 - 0.050 - --- -- - - --

lsopropylmethyl phosphonic add 0/48 - 4.7
Methylphosphonic acid NI - ... ...

Phosphoric acid, tributyl ester* NI -
Phosphoric acid. triphenyl esW NI -

Ory2n FM hosiaborous Cummmuft
telated (OPHN

Atrazine 0/102 - 0.25-3.0
Malathion 0/102 - 0.30-7.0
Parathion 0/102 0.40-9.0 ---

Supona 0/102 0.30-6.0
Vapona 0/102 0.30-30

DjbromochjWMg=m@ (DR 21190 0.38-1.3 0.0050-3.0 NC NC NC NC NC NC

Caprolactam* NI
Hydrazine NA
Methylhydrazine NA
n-Nitrosodimethylamine NA
n-Niftosodi-n-propylamine NA
Unsymmetrical dimethylhydrazine NA

Both lower and upper CRL range values may reflect sample dilution prior 10 analysis.
A Standard Deviation of log values (base e) of detections

Tentatively identified compounds (nCs) elevated to target analyle sWw in the SARs; there is no CRL for 71Cs. For the purpose of this report. a CRIL of 0.3 pWg. typically

corresponding to 10 percent of the intemal standard, was used.
t Typicafly TIC; but target compound of gome special investigations.
00 Reported as total xylenes
NA - Not analyzed III - Not identified NC - Not calculated, as sample population is too small, or 7ICs not sufficiently quantified to permit statistical manipulation.

NOTE: Two significant figures reported for target analytes; one significant figure reported for TICs.
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Table RISR A3.1-6 Summary of Analytical Results for Soils in Spill Sites. Palte 4 of 5

Total Bores Sampled: 38
Total Samples Collected: 152 Concentration Detections (UM

Frequency of Range CRL Ranget Standard Geometric Geometric A Ad*W
Analytical Groups and Analytes Detected Detections OW10 Median Mean Deviation Mean Sid. Dev. Geometric Mean

NA -

pol]Zuclear Aromfic tildrocarbrsts (PAHO
Fluoranthene* 3/3 NC-2 0.3 NC NC NC NC NC NC
Methyl naphthalene* NI -
Phenanthrene* NI -
Fýrrene* 212 NC4 03 NC -NC NC NC NC NC

(SHOs)
Hexachlorobenzene* NI - -

> Hexachlorobutadiene* NI -
to Hexachlofocyclopentadiene 0/104 - 0.0019-6.04,

Pentachlorobenzene* NI -
Teaschlofobenzene* NI -
Triddofobenzene* NI -

Aldrin Pesticides (OCPs) 1/104 0.033 0.0019-3.0 NC NC NC NC NC NC
Chlordane 0/104 - 0.023-20 -

Dichlorodiphenylethane (DDE) 0/104 0.0024-6.0 -
Dichlorodiplienyltrichloroethane (DDI) 0/104 0.0020-5.0 -
DieWn 3/104 0.0083-2.8 0.0012-3.0 0.40 NC NC NC NC NC
Endrin 0/104 0.0058-5.0
Isodrin 0/104 0.0011-3.0

Both lower and upper CRL range values may reflect sample dilution prior 10 analysis.
A Standard Deviation of log values (base e) of detections

Tentatively identified compounds (TICs) elevated to target analyte status in the SARs: there is no CRL Ibr 71CL For the purpose of this repor a CRL of 03 PgIg. typically
corresponWng to 10 percent of the internal standard, was used.

t Typically TIC; but target compound of gome special inVefAigatiOnL
$0 Reported as total xylenes
NA - Not analyzed NI - Not identified NC - Not cakulaW, as sample population is too small, or TICs not sufficientlY quantified to permit statistical manipulation.
NOTE: Two significant figures reported for target analytes; one significant figure reported for TICs.
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Table RISR A3.1-6 Summary of Analytical Results for Sods in Spill Sites. page 5 Of 5

Total Bores Sampled: 38
Total Samples Collecw&- 152

Concentration Detections (OW
Frequency of Range CRL Ranget Standard Geometric Geometric A Adjusted

Analytical Groups and Analytes Detected Detections (twit) (twit) Median Mean Deviation Mean Std. Dev. Geometric Mean

AL=k 17)RO 2.9-4.= 2.5-5.0 4.0 290 1,200 8.1 1.9 1.7

merena 17)91 0.060-2.9 0.050-0.070 OAI 0.58 0.71 0.33 1.1 0.062

lcpmetah
Cadmium W75 0.974.5 0.66-0.74 1.3 1.7 1.3 1.4 0.52 0.13
Chromium 52/75 6.8-30 5.2-6.5 17 18 6.1 17 0.38 12
Copper 62/75 6.1-57 4.7-4.9 12 14 8.8 12 0.45 to
Izad 32175 11-110 IIA-18 17 25 21 21 0.59 8.8
Zinc 74fl5 13-190 8.7 42 50 30 43 0.55 42

Both lower and upper CRL range values nay reflect sample dilution prior to analysis.
A Standard Deviation of log values (base c) of detections

Tentatively identified compounds (TICs) elevated to target analyte status in die SARs; dicre is no CRL for TICs. For the purpose of dds report, a CRL of 0.3 pWg, typically
corresponding to 10 percent of the internal standard, was used.

t Typically TIQ but target compound of sonic special investigations.
00 Reported as total xylem
NA - Not analyzed NI - Not identified NC - Not calculated, as sample population is too small. or TICs not sufficiently quantified to permit statistical manipulation.
NOTE: Two significmt figures reported for target analytes; one significant figure reported for TlCs.
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Although all contaminant groups except ONCs and fluoroacetic acid were sporadically

detected at sewers sites, detections of OCPs and ICP metals were most frequent (Figure

RISR A3.1-9 and Table RISR A3.1-7). The majority of detections at all depth intervals for

organics except DBCP are less than 100 pg/g. DBCP and OCPs exhibit the highest

concentrations, with some occurrences at levels greater than 10,000 pg/g. The highest

concentrations occur in the 5- to 20-ft interval for all analyte groups except ICP metals.

Relatively few detections of volatiles, OPHGBs, DBCP, OCPs, and ICP metals are present at

depths greater than 20 ft.

A3.1.1.8. Surficial Soil and Other Predominantly Near-Surface Contamination

This group of 11 designated sites and the surficial (0- to 2-inch depth) soils throughout RMA

represent secondary sources of contamination resulting from a number of transport

mechanisms. The bulk of the surficial soil and most of the designated sites, including areas

adjacent to Basin A, Basin F, and sites within South Plants, are inferred to have been

contaminated by windblown materials. Contaminants sorbed to soil particles were dispersed

from sparsely vegetated areas during periods of high winds, or from wastewater aerosols.

While all analyte groups except ONCs were detected in this site type, contamination

conditions are characterized primarily by near-surface soil contamination of OCPs, ICP

metals, and mercury (Figure RISR A3.1-10 and Table RISR A3.1-8). These analytes

typically exhibit low mobility, tend to bind strongly to soil particles, and resist transport by

solution or volatilization. VHOs, VHCs, and VAOs are most prevalent in the deeper

intervals. The majority of detections for all analyte groups are less than 100 pg/g. Only

organic analytes within the OPHGB (one hit) and OCP groups exhibit concentrations greater

than 1,000 pg/g, and these occur only in the 0- to 2-ft and 2- to 5-ft depth intervals,

respectively. ICP metals and very sporadic arsenic and mercury detections exceeded

1,000 pg/g, principally in the 2- to 5-ft depth interval.

While this site type is predominantly characterized by windblown contamination, other

spatially related sources of contamination are included, which accounts for the contamination

A3-44
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Table RISR A3.1-7 Summary of Analytical Results for Soils in Sewer Sites. Page I of 5

Total Bores Sampled: 258
Total Samples Collected: 526 Concentration Detections 0"

Frequency of Range CRL Range4 Standard Geometric Geometric A Ad*W

Analytical Groups and Analytes Detected Detections (Reg) OWS) Median Mean Deviation Mean Std. Dev. Geometric Mean

Yqhfilp HaIggenated Organim WHO&I
1.1-Dichloroethane 0/288 - 0.074-2.0
1,2-Dichloroethane 1/288 40 0.085-1.9 NC NC NC NC NC NC

1.1-Dichloroethylene 0/21 - 0.24
trans-1,2-Dichkxxxthylene 0/287 - 025-2.2
1.1,2,2-TetrachloroedianeOt 1/5 0.5 0.3-0.65 NC NC NC NC NC NC

1,1,1-Trichlormdam ZIM 0.46-2.0 0.088-1.1 NC NC NC NC NC NC

I.la-Trichloroethane 1/289 0.81 0.25-39 NC NC NC NC NC NC

Carbon tetrachloride 32/297 0.36-200 0.12-1.2 10 27 47 9.4 1.5 1.0

Chlorobenzene 9/288 2.0-21 0.20-3.0 5.3 8.4 6.9 6.2 0.85 0.19

Chloroform 45/301 0.94-350 0.068-1.3 5.0 20 53 6.6 1.3 0.99

Methylene chloride 27t266 1.0-34 0.25-3.7 2.0 4.7 7.1 2.8 0.90 0.28

> Tenachloroethylene 35/291 0.25-86 0.25-25 4.0 10 16 3.9 1.5 0.47

Trichlofoethyleme IPA 0.60 0.14-54 NC NC NC NC NC NC

Trichlompropme NI - --

Volafik Hydrocarbons CUICs
2-Butoxyethanol* NI -
4-Hydroxy-4-methyl-2-pentanone* NI -

I -Methyl- 1,3-cyclopent"enc* NI - --

2,2-Oxybisethanol* 1/1 2 0.3 NC NC NC NC NC NC

2-Pentanone* NI - -- - -- - - - --

Bicycloheptadiene 27/276 0.71-72 0.25-5.1 10 13 16 6.9 1.2 0.68

DicyclopenuKkne 5/672 1.9-8.4 02&2.000 3.4 5.1 3.1 4.3 0.65 0.032

methylcyclohexane* NI - -- - - --- - - --

Methylisobutyl ketone 31268 4.5-10 0.30-73 7.0 NC NC NC NC NC

Both lower and upper CRL range values may reflect sample dilution prior to analysis.
A Standard Deviation of log values (base e) of detections

Tentatively identified compounds (TICs) elevated to target analyse status in the SARs; there is no CRL for TICL For the purpose of this repoi a CRL of 0.3 pg/g, typically

corresponding to 10 percent of the internal standiud, was used.
t Typically TIC; but target compound of some special investigations.
00 Reported as total xylenes
NA - Not analyzed M - Not identified NC - Not calcubmA. as sample population is too small, or TICs not sufficiently quantified to permit statistical manipulation.

NOTE: Two significant figures reported for target analytes; one significant figure reported for TICs.
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Table RISR A3.1-7 Summary of Analytical Results for Sods in Sewer Sites. Page 2 of 5

Total Bores Sampled: 258
Total Samples Collected: 526

Concentration Detections (lAg1g)

Frequency of Range CRL Ranget Standard Geometric GeometricA Adjusted

Analytical Groups and Analytes Detected Detections awk) (twit) Median Mean Deviation mean Sid. Dev. Geometric Mean

VOIAHIP fir Lklanks CYADO
Benzene 6/288 0.99-17 0.085-25 1.7 4.5 63 2.5 1.1 0.052

Ethylbenzene 2/287 2.5-20 0.16-1.6 NC NC NC NC NC NC

m-Xylene 13/289 0.94-99 0.25-1.4 3.0 13 27 4.5 1.4 0.20

o- and p-Xyleft** 4/288 89-50 0.30-5.0 31 30 18 25 0.77 0.35

Toluene W297 0.36-300 0.19-25 25 50 78 17 1.8 1.7

Organasuffur CfflR2gHRft
Mmy-tard-Av at Related (OS

1,4-Oxathiane 0/442 - 025-30,000 - - - - - -

Chloroacefic acid 1/1" 232 18-36 NC NC NC NC NC NC

Dithiane 0/442 - 0.25-40,000
Thiodiglycol U216 3.2-14 2.6-42 NC NC NC NC NC NC

Orgimasulfur Compoulft
He icide Related (OSCHs)

Benzothiazole 0/1 - 1.1

Chlorophenylmethyl sulfide W443 0.25-2D.000 - - - - - -

Chlorophenylmethyl sulfone 4/442 0.30-0.90 0.25-3,000 0.65 0.63 0.25 0.58 0.47 0.0053

Cidomphenyiniethyl suffoxide 0/444 - 0.25-40,OOD -- -- - - - --

Dimethyldisulfide 1W 20 0.25-20 NC NC NC NC NC NC

Both lower and upper CRL range values may reflect sample dilution prior to analysis.

A Standard Deviation of log values (base e) of detections
Tentatively identified compounds (TICs) elevated to target analyte status in the SARs, there is no CRL for TICs. For die purpose of this report, a CRL of 0.3 pg/g, typically

corresponding to 10 percent of the internal standard, was used.
t Typically TIC; but target compound of some special investigations.
0* Reported as total xylenes
NA - Not analyzed NI - Not identified NC - Not calculated. as sample population is too small, or TICs not sufficiently quantified to permit statistical manipulation.

NOTE: Two significant figures reported for target analytes; one significant figure reported for InCs.
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lable RISR A3.1-7 Summary of Analytical Results for Soils In Sewer Sites. Page 3 of 5

Total Bores Sampk&- 258
Total Samples Collected: 526

Comentradw Dmtions WOW
Frequency of Range CRL Range4 Standard Geometric Geometric A Ad*sW

-Analytical Groups and Analytes Detected Detections (twit) (WA) Median Mean Deviation Mean S14L Dev. Geometric Mean

fkgovabasobwous cmpmuWs
G11-Avent Related (OPHGBsl

Diisopropy1methyl phosphonale 10/465 0.50-3.0 0.05-2,000 0.74 1.1 0.91 0.89 0.53 0.019

Dimethylmethyl phosphonate 0/163 - 0.05-3.0 - - - - -

lsopMylmethyl phosphonic acid 0/83 - 2.1-4.7
Methylphosphonic acid W - 2.0
Phosphoric acid, tributyl esw* NI - -
Phosphoric acid, triphenyl esW NI - -

Ornngpb9nhorous Compounds.

> ftgkide Relaited (OPH
Atrazine 1/433 4.0 025-2,000 NC NC NC NC NC NC

Malathion 0/433 - 0.30-2,000
Parathion 3/435 20-25 0.40-2,000 25 NC NC NC NC NC

Supona 13/435 0.70-25 0.30-21000 3.0 7.6 9.2 4.0 1.2 0.12

Vapona 0/435 - 0.25-2,000 - - - - -

Ribromochl2wrgasne flDBCP) W765 0.0055-32,000 0.0050-200 77 1800 4.700 96 3.0 9.3

Or nukrgan C=Mnds (ONCs)
Caprolactam* NI - - - - -

Hydrazine NA
Methylhydrazine NA -
n-Nitrosodimethylamine 0/5 - 1.9
n-Nitrosodi-n-propylamine NA - -

Unsymmetrical dimethy1hydrazine NA -

Both lower and upper CRL range values may reflect sample dilution prior 10 UWy3iL
A Standard Deviation of log values (base e) of detections

Tentatively identified compounds MCs) elevated to target analyie status in die SARs; there is no CRL for 71Cs. For the purpose of this report, a CRL of 03 pW9, typically

corresponding to 10 percent of the internal standard, was used.
t Typically TIQ but target compound of some special investigations.
** Reported as total xylenes
NA - Not analyzed NI - Not identified NC - Not calculated. as sample population is too small. or TICs not sufficiently quantified to permit statistical manipulation.

NOTE: Two signirwant figures reported for target analytes; one significant figure reported for TICs.
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Table RISR A3.1-7 Summary of Analytical Results for Soils in Sewer SiteL Page 4 of 5

Total Bores Sampled: 258
Total Samples Collected. 526 Concentration Dewfim Ottig)

Frequency of Range CRL Ranget Standard Geometric Geometric a Ad*W

Analytical Grows and Analytes Detected Detections Owk) Median Mew Deviation Mean Sid. Dev. Geometric Mean

nornacefir Acid
ON 2.0

Pdanclear Aromatic HyArocarbm (PAH21
Fluoranthene* NI
Methyl naphdmdem* NI
Phenanthrene* NI - -
Pyrene* 1/1 0.9 0.3 NC NC NC NC NC NC

5gMLjd&jk_HaIgUn2ted OrWks (SHOs)
Hexachlorobenzcm* NI - --

> HexachlorobutadiendO NI - - - - - -

Hexachlorocyclopentadiene 21/504 0.704,OOD 0.0018-2,000 25 490 1100 46 2.4 19

00 Pentachkmbenzene* 3/3 4-30 0.3 9 NC NC NC NC NC

Tetrachlorobenzene* 1-2 0.3 NC NC NC NC NC NC

Triddofobenzene* NI - - - - - - -

nrMochloring Pedkides (OCM
AldFin 91/529 0.0030-401M 0.0018-30 7.0 1300 5,W 7.4 3.9 1.3

Chlordane 1/497 0.11 0.023-3,000 NC NC NC NC NC NC

Dichlorodiphenylethane (DDE) 17/510 0.0021-7.0 0.0010-2,000 0.012 1.2 1.9 0.065 3.1 0.0022

Dichlorodiphenyltrichloroediane (DDI) 29/515 0.0027-500 0.0023-3,000 9.6 31 92 1.7 3.8 0.093

Dicldrin 104/518 0.0014-200 0.0012-2,000 1.1 10 28 0.89 2.6 0.18

Endrin 45/521 0.0013-9.0 0.0010-2,000 0.59 1.6 2.5 0.19 2.9 0.017

Isodrin 57/525 O.OD49- 1,000 0.0011-2,000 7.0 51 150 3.4 3.0 0.37

Both lower and upper CRL range values may reflect sample dilution prior so analysis.
A Standard Deviation of log values (base e) of detections

Tentatively identified compounds MCs) elevated to target analyle status in die SARs; dwe is no CRL fbr MCs- For the purpose of ft report, a CRL of 0.3 pg/g, typically

corresponding to 10 percent of die internal standard, was used.
t Typically TIC; but target compound of some special investigations.
0* Reported as total xylenes
NA - Not analyzed NI - Not identified NC - Not calculated, as sample population is ioo small, or TICs not sufficiently quantified to permit statistical manipulation.

NOTE: Two significant figures reported for target onalytes; one significant figure reported for TICs.
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Table RISR A3.1-7 Summary of Analytical Results for Sods in Sewer Situ. PW 5 of 5

Total Bores Sampled: 258
Total Samples Collected: 526

Concentration Detections WS)
Frequency of Range CRL Ranget Standard Geometric Geometric A Adjusted

Analytical Groups and Analytes Deoected Detections (twit) (LIT110 Median Mean Deviation Mean Sid. Dev. Geometric Mean

Arsenic 99/377 2.9-740 23-26 5.1 31 89 8.4 1.3 22

Me 78/429 0.053-10 0.037-0.51 0.17 0.81 19 0.24 1.4 0.044

ICP Metals
Cadmium 23/454 1.1-34 0.51-1.7 3.1 5.2 6.7 3.5 0.81 0.19

Chromium 348/452 63-120 5.2-12 14 16 9.1 7.7 0.38 5.9

copper 424/454 5.3-1.5W 4.7-37 15 26 77 5.3 0.68 5.0
Lead 120/452 8.4-640 9.4-17 20 38 82 24 0.71 6.3

> Zinc 436/452 12-1,OW 8.7-28 53 69 76 5.1 0.51 4.9

Both lower and upper CRL range values may reflect sample dflution prier to wwysi&
A Standard Deviation of log values (base e) of detections

Tentatively identified compounds (IICs) elevated to target analyle status in On SARs; there is no CRL for TICs. For the purpose of this report. a CRL of 0.3 pWg. typically

corresponding to 10 percent of the internal standard , was used.
t Typically TIC. but target compound of some special investigations.
00 Reported as total xylenes
NA - Not analyzed NI - Not identified NC - Not calculated. as sample population is soo small, or InCs not sufficiently quantified to permit statistical manipulation.

N07E: Two significant figures reported for target analytes; one Apificant figure reported for InCs.
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TableRISRA3.1-8 Summary of Analytical Results for Soils in Surficial Soil and Other Predominantly Near-Surface Contamination Sites. Paite I of 5

Total Bores Sampled: 350
Total Samples Collected: 892 Concentration Detections (LLg1g)

Frequency of Range CRL Ranget Standard Geometric Geometric A Adjusted

Analytical Groups and Analytes DeWW Detections (tijtg) (pg/X) __ Median Mean Deviation Mean Std. Dev. Geometric Mean

Volatile HaIggenated Orgsknks (VH
1.1-Dichloroethane 0/354 0.074-4.8
1.2-Dichloroethane 0/354 0.080-5.7
IJ-Dichloroethylene 0/24 0.12-0.24
trans- 1,2-Dichloroethylene 0/354 0.15-6.6
1,1,2,2-Tetrxhloroethane*t 5151 NC-1.0 0.3-0.65 NC NC NC NC NC NC

1.1,1-Trichloroethane 3/354 0.47-4.0 0.088-3.3 0.50 NC NC NC NC NC

1,1,2-Trichloroedone 0/354 0.12-3.6 -

Carbon tetrachloride 0/354 0.25-3.6 ---

Chlorobenzene 0/351 0.18-3.9
Chloroform 21354 1.0-2.1 0.068-3.9 NC NC NC NC NC NC

Methylene chloride 43/346 0.42-19 0.15-39 2.4 3.5 3.6 2.5 0.85 0.31

> Tetrachlorocthylene 71354 0.25-1.0 0.12-3.6 0.60 0.56 .27 0.51 0.50 0.010

Trichloroethylene 1/354 0.45 0.090-3.0 NC NC NC NC NC NC

Trichloropropme 1/1 NC 0.3 NC NC NC NC NC NC

Volatole Elyi1rocarbony, (VH
2-Butoxyethanol* NI ---

4-Hydroxy4-methyl-2-penUuxW* 616 NC-1.0 0.3 NC NC NC NC NC NC

I-Methyl-1,3-cyclopentadiene* W2 NC 0.3 NC NC NC NC NC NC

2.2-Oxybisedmwl* 1/1 0.70 o.3 NC NC NC NC NC NC

2-Pentanone* 1/1 NC 0.3 NC NC NC NC NC NC

Bicycloheptadiene 4/417 1.0-20 0.25-5.1 2.0 6.3 9.2 2.8 1.4 0.027

Dicyclopentadiene 8/1126 2.0-20 0.26-2,000 7.3 9.3 7.0 7.1 0.82 0.051

Methylcyclohexane* NI - - -- - - - --

Methylisobutyl ketone 4/417 0.90-30 0.30-7.2 5.7 11 14 4.4 1.7 0.042

Both lower and upper CRL range values may reflect sample dilution prior to analysis.
A Standard Deviation of log values (base e) of detections

Tentatively identified compounds (nCs) elevated to target analyte status in the SARs; there is no CRL for TICs. For the purpose of this report, a CRL of 0.3 Pg/g, typically

corresponding to 10 percent of the internal standard, was used.
t Typically TIC; but target compound of some special investigations.
*0 Reported as total xylenes
NA - Not analyzed NI - Not identified NC - Not calculated, as sample population is too small, or TICs not sufficiently quantified to peiTnit statistical manipulation.

NOTE: Two significant figures reported for target analytes; one significant figure reported for TICs.
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Table RISR A3.1-8 Summary of Analytical Results for Soils in Surficial Soil and Other Predominantly Near-Surfwe Contamination Site& Page 2 of 5

Total Bores Sampled: 350
Total Samples Collected: 892

Concentration Detections-(Ug1g)

Frequency of Range CRL Ranget Standard Geometric Geometric A Adjusted

Analytical Groups and Analytes Detected Detections (1.1919) WhO Median Mean Deviation Mean Std. Dev. Geometric Mean

Volatile Arnmsifie Oryjan*m (VA
Benzene 8/377 0.89-20 0.0814.2 3.6 7.3 8.2 3.9 1.3 0.082

Ethylbenzene 1/377 0.90 0.0434.8 NC NC NC NC NC NC

m-Xylene 1/377 0.90 0.053-6.0 NC NC NC NC NC NC

o- and p-Xylene** 1/377 OAO 0.086-7.8 NC NC NC NC NC NC

Toluene 4/377 0.60-30 0.096-6.0 1.3 8.3 14 2.1 1.8 0.023

Organasulrur ComRqun(I--.
MiLstard-Arent Related (OSCM

1,4-Oxathiane 0/867 025-2,400 ---

> Chloroacetic acid 2f78 W210 18-36 NC NC NC NC NC NC

W Dithiane 0/867 - 0.25-2,600 ---

t!ft Thiodiglycol Will 5.6-14 2.6-4.2 NC NC NC NC NC NC
0-

Orranosulfur Compounds.
Herbicide Related (OSCHs)

Bcnzothiazole 0/95 1.1-11 ---

Chlorophenylmethyl sulfide 0/867 - 0.25-2,600 -- -- - - --

Chlorophenylmethyl sulfone 8/867 0.28-10 0.25-740 3.7 4.0 3.6 22 IA 0.024

Chlorophenylmethyl sulfoxide 2/867 2.4-5.9 0.25-1,700 NC NC NC NC NC NC

Dimethyldisulfide 0/426 0.25-20

Both lower and upper CRL range values may reflect sample dilution prior to analysis.

Standard Deviation of log values (base e) of detections
Tentatively identified compounds (TICs) elevated to target analyte status in the SARs; there is no CRL for T[Cs. For the purpose of this repoi a CRL of 0.3 pg/g, typically

corresponding to 10 percent of the internal standard, was used.
t Typically TIC; but target compound of some special investigations.
*0 Reported as total xylenes
NA - Not analyzed NI - Not identified NC - Not calculated, as saniple population is too small, or TICs not sufficiently quantified to permit statistical manipulation.

NOTE: Two significant figures reported for target analytes; one significant figure reported for TIC3.
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Table RISR A3.1-8 SummM of Analytical Results for Soils in Surficial Soil and Other Predominantly Near-Surface Contamination Sims. Pa 3of5

Total Bores Sampled: 350
Total Samples Collected: 892 Concentration Detections (Ug1g)

Frequency of Range CRL Ranget Standard Geometric Geometric A Adjusted

Analytical Groups and Analytes Detected DeteWons (11,9/9) (ttg(g) Median Mean Deviation Mean Std. Dev. Geometric Mean

Orribnaghosphorous Coinomnd&
OR-Agent Related (OPHGB NC NCDiisopropylmethyl phosphonate 3/893 0.13-2.4 0.050-700 1.9 NC NC NC

Diniethylmcthyl phosphonate 0/383 - 0.050-1,200 -- - - - ---

IsWmpylmethyl phosphonic acid 7174 27-1,100 2.14.7 130 270 380 130 1.3 12

Methylphosphonic acid 1/25 5.0 2.0 NC NC NC NC NC NC

Phosphoric acid, tributyl eft& NI - -
Phosphoric acid, triphenyl ester* NI -

Q[timopligoborous QMUMMIft
Pesticide Related (OPH

Atrazine 025-760
Malathion 0.30-6M
Pafathion 01772 - 0.30-1,200
Supona lfl72 20.00 0.30-1,200 NC NC NC NC NC NC

Vapona WM - 015-24M - - - - - -

D%romochloroolfMane (DRC 6/1261 0.0086-0.072 0.0050-2AM 0.030 0.03 0.023 0.026 0.78 0.00014

Orynnoultreetu Compamils (ONCs
Camlactaino NI -- - - - -

Hydrazine 0/6 50 ---

Methylhydrazine 0/6 - 200
n-Nitrosodimethylamine 0/99 - 0.26-3,600 -

n-Nitrosodi-n-propylamine 0/6 - 0.10 -
Unsymmetrical dimethy1hydrazine 0/6 - 200 -

Both lower and upper CRL range values may reflect sample dilution Prior 10 arWYsiS.
a Standard Deviation of log values (base e) of detections

Tentatively identified compounds (TICs) elevated to target analyle status in the SARs; there is no CRL fbr TICs. For the purpose of this repott. a CRL of 0.3 pg/g, typically

corresponding to 10 percent of the internal standard, was used.
t Typically TIC; but target compound of some special investigations.
0* Reported as total xylenes
NA - Not analyzed NI - Not identified NC - Not calculated, as sample population is too small, or TICs not sufficiently quantified to permit statistical manipulation.

NOTE: Two significant Figures reported for target analytes; one significant figure reported for TICs.
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TableRISRA3.1-8 Summary of Analytical Results for Soils in Surficial Soil and Other Predominantly New-Surface Contamination Silm Paite 4 of 5

Total Bores Sampled: 350
Total Samples Collected: 892

Concentration Detections OLglg)
Frequency of Range CRL Range$ Standard Geometric Geometric,& Adjusted

Analytical Groups and Analytes Detected Detections (ttg/k) (tipjg) Median Mean Deviation Mean Std. Dev. Geometric Mean

Fluornacetic Acid
7/25 2.3-6.9 2.0 2.97 3.6 1.6 3.4 0.38 0.94

Polvnndtnr Arontatoc Hldrpcjkrbon--t (PAH
Fluoranthene* 5/5 NC 03 NC NC NC NC NC NC

Methyl naphdakne* M NC-0.9 0.3 NC NC NC NC NC NC

Phenantlurne* 212 NC-0.7 0.3 NC NC NC NC NC NC
PyreW* 9/9 NC-3 0.3 NC NC NC NC NC NC

Sern*yol2file HalMnskied Organks (SHOO
Hexachlorobenzene* NI 0.3

> Hexachlofobutadiew* NI - 0.3 - -- -- - ---It' HexachlorocyclopenuKkne =1 151 0.001940 0.0014-2ýW 0.0057 2.3 8.51 O.M8 3.0 0.0005
tA Pentachlorobenzene* NI -- 0.3 -- - -- - ---

Tetrachlorobenzem* NI 0.3
Trichlorobenzene* NI 0.3 -- - - - - -

Organochlorine Pesikidm (OCbJ
Aldrin 29011239 0.0024-13,000 0.0018-3.0 0.015 85 870 0.043 2.8 0.010

Chlordane 63/1190 0.021-33 0.0144,700 0.11 2.1 5.9 0.19 2.0 0.0099

Dichlorodiphenylethane (DDE) 56/1239 0.0026-1.0 0.0010-500 0.013 0.09 0.18 0.021 1.5 0.0010

DichlomWphenyltrichlofoedum (DDI)13211239 0.0024-55 0.0020-920 0.0098 0.51 4.8 0.015 1.6 0.0016

Dieldrin 465/1239 0.0014-2.3W 0.0012-500 0.11 16 150 0.14 2.5 0.0053

Endrin 234/1235 0.0014-80 0.0010-1,5M 0.020 0.96 7.1 0.031 1.9 0.0059

Isodrin 98/1239 0.0017-56 0.0011-500 0.0061 1.0 59 0.017 2.4 0.0014

Both lower and upper CRL range values may reflect sample dilution prior to analysis.
A Standard Deviation of log values (base e) of detections

Tentatively identified compounds MCs) elevated to target analyte status in the SARs; dwe is no CRL for InCs. For the purpose of this repoe a CRL of 0.3 pg/g. typically

corresponding to 10 percent of the internal standard, was used.
t Typically TIC; but target compound of some special investigations.
** Reported as total xylenes
NA - Nct analyzed NI - Not identified NC - Not calculated, as sample population is too smalL or TICs not sufficiently quantified to permit statistical manipulation.

NOTE: Two significant figures reported for target analytes; one signifk4int figurereported for TICs.
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TableRISRA3.1-9 Summary of Analytical Results for Soils in Surficial Soil wW Odw Predominantly Near-Surface Contamination Sites. page 5 of 5

Total Bores Sampled: 350
Total Samples Collected: 892

Concentration Detections (ug1g)
Frequency of Range CRL Ranget Standard Geometric Geometric A Adjusted

Analytical Groups and Analytes Detected Detecdons Wk) (ttyJk) Median mean Deviation Mean Sid. Dev. Geometric Mean

Arsen* 164/679 1.3-49,000 '091-5.2 4.0 430 4200 4.7 12 1.1

Mercu 1431735 0.028-6,100 0.027-1.6 0.12 47 510 0.17 1.6 0.034

ICP Meta
Cadmium 23/651 0.72-1,900 0.31-74 2.5 85 400 3.1 1.6 0.11

Chromium 435/651 5.9-3." 5.2-36 12 23 170 5.1 0.50 3.4

Copper 563/650 5.2-2,100 3.4-4.9 12 25 100 3.5 0.75 11

I,ead 225/649 9.0-5AW BA-84 19 85 510 23 0.87 7.9

Zinc 635/651 13-1,600 8.7-28 44 59 110 3.1 0.56 3.0

Both lower and upper CRL range values may reflect sample dilution prior to analysis.
A Standard Deviation of log values (base e) of detections

Tentatively identified compounds MCs) elevated to target snalyte sown in the SARs; dwre is no CRL for IICL For the purpose of this report, a CRIL of 0.3 gg/g, typically

corresponding to 10 percent of die internal standard. was used.
t Typically TIC; but target compound of some special investigations.
** Reported as total xylenes
NA - Not analyzed NI - Not identified NC - Not calculated, w ample populadon is too small, or TICs not sufficiently quanfified to permit stafiWcal manipulation.

NOTE: Two significant figures reported for target analytes; one significant figure reported for TICs.
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observed at depth. Deeper contamination at these sites is generally not attributed to eolian

transport. These contaminants are believed to have migrated vertically or laterally through

the soil column or underlying aquifer by a wide variety of surface water infiltration,

groundwater, or vapor phase transport mechanisms. Some migration of OCPs by infiltration

of rainwater, snowmelt, or other surface moisture may account for the limited detections at

depths greater than 0- to 2-ft. In addition, a special study of surficial (0-2 inch depth) soils

conducted after completion of the SARs found widespread low-level OCP contamination.

Results of that study are incorporated into Figure RISR A3.1-10 and Table RISR A3.1-8, and

are summarized in Appendix D of this report. The findings of the surficial soil study have

been previously presented in the Final Surficial Soil Data Summary (EBASCO,

19911RIC 91121ROI).

A3.1.1.9 Isolated Contamination

The RI identified 38 isolated areas of contamination that are not associated with known

activity on RMA. These isolated occurrences are not associated with source areas and are

generally attributed to naturally occurring constituents, or to sampling or analytical artifacts.

Occurrences of OPHGBs, DBCP, fluoroacetic acid, PAHs, and OCPs at low concentrations

that do not appear to have resulted from the phenomena mentioned above are presumably

residual concentrations from small, localized spills, anthropogenic transport, or wind

dispersion.

Tile ICP metals, OPHGBs, and OCPs exhibit the highest percentage of detections at areas of

isolated contamination (Figure RISR A3.1-11 and Table RISR A3.1-9). The majority of the

detections occur in the 0- to 2-ft and 2- to 5-ft depth intervals. For all depth intervals, most

of the analyte concentrations are within the lowest concentration range. Tile ICP metals

exhibited the highest concentrations for this site type; between 100 and 1,000 Pg/g for the

sum of the five ICP metals. Only the VHO and ICP metals analyte groups are present within

this site type at depths greater than 20-ft.

A3-55
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Table RISR A3.1-9 Summary of Analytical Results for Soils In Areas of Isolated Contamination. Page I of 5

Total Bores Sampled: 84
Total Samples Collected: 224

Concentration Detections (U&W
Frequency of Range CRL Ranget Shuxhwd Geometric Geometric A Adjusted

Analytical Groupsand Analytes Detected Detections (IL9110 (WO Median Mean Deviation Mean Sid. Dev. Geometric Mean

Volefile 11aiggensited 0[ganks (VH
1.1-Dichloroethane 0/64 0.074-2.0
1,2-Dichloroethane 0/64 0.085-0.60
1.1-Dichloroethylene 0/15 0.24
om-1,2-Dichloroethylene 0/64 0.25-2.0
1,1.2,2-TetrachlomethantO NI -
1,1,1-Trichloroethane 0/64 - 0.088-0.50
1.1,2-Trichloroethane (V64 - 0.25-0.60
Carbon tetrachlodde 0/64 - 0.12-0.40
Chlorobenzene 0/64 0.20-1.5
Chloroform 0/64 0.068-0.70
Methylene chloride 8/63 1.0-5.0 0.25-3.7 2.0 2.4 1.3 2.1 0.55 0.27

> Tetrachlofoethylene 0/64 0.25-0.30 -- - - - - --

Y) Trichloroethylene (V64 0.14-0.60
(A
0% TrichloroproperO NI

Volatile Hydrocarbons fVH
2-Butoxyethanol* NI
4-Hydroxy-4-methyl-2-pentanone* NI
I-Methyl-1,3-cyclopent"cnc* NI - -- --- - - -

22-OxybisethanoI* 5/5 0.2-0.9 0.3 0.5 0.48 0.3 0.4 0.57 OA

2-Pentanone* 1/1 3.0 0.3 NC NC NC NC NC NC
Bicycloheptadiene 0/49 -- 0.25-0.80
Dicyclopentadiene 0/161 02".0 ---

MethykyclohexmO 212 NC 0.3 NC NC NC NC NC NC
Methylisobutyl ketone 1/58 1.00 0.3".73 NC NC NC NC NC NC

Both lower and upper CRL range values may reflect sample dilution prior lo analysis.
A Standard Deviation of log values (base e) of detections

Tentatively identified compounds (TICs) elevated to target analyte status in the SARs; there is no CRL for TICL For the purpose of this repoft. a CRL of 0.3 tWg. typically

corresponding to 10 percent of the internal standard, was used.
t Typically TIC; but target compound of some special investigations.
0* Reported as total xylenes
NA - Not analyzed NI - Not identified NC - Not calculated, as sample population is too snail. or TiCs not sufficiently quantified to permit statistical manipulation.
NOTE: Two significant figures reported for target analytes; one significant figure reported for TICs.
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Table RISR A3.1-9 Summary of Analytical Results for Soils in Areas of Isolated Contamination. Page 2 of 5

Total Bores Sampled: 84
Total Samples Collected: 224

Concentration Detections (Mg1g)

Frequency of Range CRL Ranget Standard Geometric Geometric A Adjusted

Analytical Groups and Analytes Detected Detections (PR/9) (ttg/k) Median Mean Deviation Mean Sid. Dev. Geometric Mean

Volatile Aromatic OrgskWot (YA
Benzene 0/49 0.25-1.0 --- ...

Ethylbenzene 0/49 0.25-0.40 --- ---

m-Xylene 0/49 0.25-0.80
o- and p-Xylene** 0/49 0.30-5.0 ... ...

Toluene 0/49 - 0.25-0.30 ---

OrganosulfuX CgMpands.
Mimt2rd-Agent Related (ORCM

1.4-Oxathiam 0/115 - 026-6.0 --- ---

> Chloroacetic acid 0/12 - 18-36

W Dithiane - 0/115 - 0.25-7.0 ... ...

lbodiglycol 0/12 - 2.64.2

Orysinesulfur Compounds,
Herbicide Related (OSCHA)

Benzothiazole NA -

Chlorophenylmethyl sulfide 0/115 0.254.0

Chlorophenylmethyl sulfone 0/115 0.29-0.60
Chlorophenylmethyl sulfoxide 0/115 0.30-7.0
Dimethyldisulfide 0/49 0.25-20

Both lower and upper CRL range values my reflect sample dilution prior to analysi&

A Standard Deviation of log values (base e) of detections
Tentatively identified compounds (TICs) elevated to target analy* status in die SARs; diere is no CRL fbr TICs. For tk purpose of this repot a CRL of 0.3 typically

corresponding to 10 percent of ft internal standard, was used.
t Typically TIC; but target compound of some special investigations.
*0 Reported as total xylenes
NA - Not analyzed NI - Not identified NC - Not calculated, as sample population is too small, or TICs not sufficiently quantified to permit statistical manipulation.

NOTE: Two significant figures reported for target analytes; one significant figure reported for TICs.

REFS 5/IUSR Soil Tables/Table A 3.1-9.8/15/91 4:05 PM - Irw



Table RISR A3.1-9 Summary of Analytical Results for Soils in Areas of Isolated Contamination. Paite 3 of 5

Total Bores Sampled: 84
Total Samples Collected: 224

Concentration Detections (ag1g)
Frequency of Range CRL Ranget Standard Geometric Geometric A Adjusted

Analytical Groups and Analytes Detected Detections (Wilt) Oilt/k) Median Mean Deviation Mean Std. Dev. Geometric Mean

jkrnnUUh=horou% Compgnnd%
GR-Avent Related (OPHGB

Diisopropylmethyl phosphonate 8/135 0.14-0.86 0.05-3.00 0.40 0.46 0.26 0.39 0.63 0.023
Dimethylmethyl phosphonate 0/58 0.05-3.00 - --- - - - --

Isopfopy1methyl phosphonic add 0/12 2.14.70
Methylphosphonic acid 0/4 2.0
Phosphoric acid, tributyl ester* 4/4 NC 0.3 NC NC NC NC NC NC
Phosphoric acid, triphenyl esW* M --

Ory9nWh=horous_C2M9Mjgft
Ptsticede Rel2ted (OPHPO

> Atrazine 0/115 0.30-0.73
Malathion 0/115 0.30-2.0 ...

Parathion 0/115 0.40-2.0 --- ---
00 Supona 0/115 0.30-0.90 --- ---

Vapona 0/115 - 0.25-3.0

Dibromochlorollrggane (DBC 1/191 0.050 O.OOW2.4 NC NC NC NC NC NC

Orranoulfr9gen CollOggamck (ONCs)
Caprolactam* NI - -
Hydrazine NA - -
Methylhydrazine NA - - --- ---

n-Nitrosodimethylamine NA - -
n-Nitrosodi-n-propylamine NA -
Unsymmetrical dimethy1hydrazine NA -

Both lower and upper CRL range values may reflect sample dilution prior to analysis.
A Standard Deviation of log values (base e) of detections

Tentatively identified compounds MCs) elevated to target analyte status in the SARs; there is no CRL for TIC& For the purpose of this report a CRIL of 0.3 tWg. typically

corresponding to 10 percent of the internal standard, was used.
t Typically TIC; but target compound of some special investigation&
** Reported as total xylenes
NA - Not analyzed NI - Not identified NC - Not calculated, as sample population is ioo small, or TICs not sufficiently quanfified to permit statistical manipulation.

NOTE: Two significant figures reported for target analytes; one significant figure reported for TICS.
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Table RISR A3.1-9 Summary of Analytical Results for Soils in Areas of Isolated Contamination. Page 4 of 5

Total Bores Sampled: 84
Total Samples Collected: 224

Concentration lktccdons fudg)
Frequency of Range CRL Range4 Standard Geometric Geometric A AdjusW

Analytical Groups and Analytcs Detected Detections 41919) (lipjg) Median Mean Deviation Mean Std. Dev. Geometric Mean

Fluoroacetic Add
214 3.7-8.3 2.0 NC NC NC NC NC NC

PolInKlear Aromatic Hydrocarbons (PAH
Fluoranthene* NI - --

Methyl naphdukft* 1/1 0.7 0.3 NC NC NC NC NC NC

Phenanduene* NI - - -

Foyrene* Ni - - -

Semlyelafliv HshlMnated Orgules (SHOO
Hexachlorobenzene* NI - - -

> Hexachlorobutadiene* M - - -

le HexachlorocyclopenuKkne 1/99 0.80 0.0018-1.1 NC NC NC NC NC NC
tA Pentwhiorobenzcne* NI -

Tetrachlorobenzene* NI
Trichlorobenzene* NI -

Organochlorone Pesticides (OCb)
Aldrin 2/117 0.016-19 0.0019-0.94 NC NC NC NC NC NC

Chlordane 1/99 0.094 0.023-6.0 NC NC NC NC NC NC

Dichlorodiphenylethane (DDE) 1/117 0.012 0.0024-0.60 NC NC NC NC NC NC

Dichlofodiphenyltrichlofoedume (DDT) 1/117 0.031 0.0020-2.0 NC NC NC NC NC NC

Dieldrin 4/117 0.46-7.4 0.0033-0.60 0.82 2.4 3.4 1.2 1.3 0.040

Endrin 1/117 0.058 0.00584.0 NC NC NC NC NC NC

Isodrin 0/117 - 0.0011-0.60

Both lower and upper CRL range values may reflect sample dilution prior to analysis.
A Standard Deviation of log values (base e) of detections

Tentatively identified compounds MCs) elevated to target analyie status in the SARs; dwe is no CRL for TICs. For tM purpose of ft sepoi a CRL of 0.3 typically

corresponding to 10 percent of tM internal starkhvd, was used.
t Typically TIC; but target compound of sorne special investigation&
*0 Reported as total xylenes
NA - Not analyzed NI - Not identified NC - Not calculated, as sample population is loo small. or TICs not sufficiently quantified to permit statistical manipulation.

NOTE: Two significant figures reported for target analytes; one significant figure reported for TICs.
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Table RISR A3.1-9 Summary of Analytical Results for Soils in Areas of Isolated Contamination. Page 5 of 5

Total Bores Sampled: 84
Total Samples Collected: 224

Concentration Detections rug1g)
Frequency of Range CRL Ranget Standard Geometric Geometric A Adjusted

Analytical Groups wW Analytes Detected Detections (tight) (its/it) Median Mean Deviation Mean Sid. Dev. Geometric Mean

AFSMo 18/122 3.1-44 2.0-5.2 5.8 8.8 9.3 6.9 0.61 1.0

Mercua 8/115 0.052-0.20 0.05".070 0.094 0.11 0.056 0.099 0.51 0.0069

1CP Meta-is
Cadmium 10/123 0.96-6.5 0.51-0.92 2.8 2.9 1.8 2.2 0.70 0.19
Chromium 77/123 6.2-57 5.2-7.4 13 14 7.5 13 0.41 8.3

Copper 96/123 5.8-81 4.74.9 11 15 13 12 0.59 9.7
Ltad 50/123 12-120 8.4-17 20 24 17 21 0.45 8.5
Zinc 121/123 11-350 28 40 45 36 38 0.58 37

Both lower and upper CRL range values may reflect sample dilution prior to analysis.
A Standard Deviation of log values (base e) of detections

Tentatively identified compounds MCs) elevated to target analyte status in the SARs; them is no CRL for TIC& For the purpose of this report, a CRL of 0.3 pg/g. typically
corresponding to 10 percent of ft internal standard, was used.

t Typically TIC; but target compound of some speciaI investigations.
*0 Reported as total xylenes
NA - Not analyzed NI - Not identified NC - Not calculated, as sample population is too small. or TICs not sufficiently quanfified to permit statistical manipulation.
NOTE: Two significant figures reported for target analytes; one significant figure reported for TICS.
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A3.1.1.10 Balance of Areas Investigated

In addition to the nine site types discussed above, a number of analyte detections exist that do

not indicate the presence of RMA contamination. These detections consist almost entirely of

ICP metals, as shown in Figure RISR A3.1-12 and Table RISR A3.1-10. VHOs and VHCs

are the only organic analyte groups detected. The primary VHO is methylene chloride, which

generally has been verified as a laboratory artifact by its paraUel occurrence in laboratory

blanks. ne VHCs consist of oxybisethanol, an antifreeze that was accidentally introduced to

sampled soils during the cold weather sampling. The ICP metals detections are considered

naturally occurring background concentrations that are locally elevated in soil or bedrock.

Sporadic arsenic and mercury detections above IR may also be locally elevated natural

occurrences.

A3.1.2 Contaminant Distribution by Depth

Contaminant distribution maps for five depth intervals are presented in order to describe the

extent of contamination at depth. Variations with depth are primarily due to individual

contan-iinant mobilities, available transport and attenuation mechanisms, and volumes or

concentrations of contaminants released to the environment. Analytical results of sediment

collected from within the sewer and process water lines are shown on a distribution map at

the end of the section. The limited data for sewers contents did not warrant compilation of

summary tables or histograms.

The distribution of organic and inorganic contaminants in soil at RMA occurs at highest

concentrations within the central sections of RMA, where manufacturing and disposal

activities have been focused throughout RMA history. Surficial disposal and eoHan

redistribution have resulted in widespread, generally low concentration occurrences of OCPs

and inorganic analytes in shallow or surficial soils. These analytes typically exhibit relatively

low environmental mobility, as described in Appendix E. The past disposal of various

rnatefials and wastes in open trenches has contributed to organic and inorganic soil

A3-61
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Table RISR A3.1-10 Summary of Analytical Results for Soils in the Balance of Amu Investigated. Page I of 5

Total Bores Sampled: 1,196
Total Samples Collected: 1,765 Concentration Detections OMW

Frequency of Range CRL Ranget Standard Geometric Gemetric A Adjusted

Analytical Groups and Analytes Defected Detections (twk) (PWA) Median Mean Deviation Mean Sid. Dev. Geometric Mean

Vol2file HAggensited Or.gianim (VHOs)
IJ-Dichloroethane 0/305 0.074-8.0 --- ---

12-Dichloroethane 0/305 0.085-9.5 ... ---

1.1-Dichloroethylene 0/16 0.24 --- ---

trans- 1,2-Dichkwoethylent 0/301 0.25-11
1,1,2,2-Tetrachloroetham*t 5/25 NC-2 0.3-0.65 NC NC NC NC NC NC

1,1,1-Trichloroethane 0/305 0.088-5.5
1.1,2-Trichloroethane 0/305 0.25-6.0
Carbon tetrachloride 0/306 0.12-6.0 --- ---

Chlorobenzene 0/305 0.20-6.5 --- ---

Chloroform 0/305 0.068-6.5 --

> Methylene chloride 3/283 2.0-5.1 0.25-13 3.0 NC NC NC NC NC

Tetrachloroethylene 0/305 0.25-6.0 --- ---

Trichloroethylene 0/305 0.14-5.0
Trichloropropere MI

Volatile Hydrocarbons nffl
2-Butoxyethanol* NI
4-Hydroxy-4-methyl-2-pentanone* NI --- ---

I-Methyl-1.3-cyclopenmdiene* NI - -- --- - - --- ---

2.2-Oxybisethanol* 23/23 0.3-4 o.3 0.6 1.0 0.9 0.7 0.75 0.7

2-Pentanone* NI -- --- --- --- - - -

Bicycloheptadiene 0/290 0.25-7.0 --- ---

Dicyclopentadiene 0/1,746 0.26-6.0
Methylcyclohexane* NI --- ... ---

Methylisobutyl ketone Of291 0.30-12

Both lower and upper CRL range values may reflect sample dilution prior to analysis.

A Standard Deviation of log values (base e) of detections
Tentatively identified compourids MCs) elevated to target analyte status in the SARs; there is no CRL for 11Cs. For the purpose of this report, a CRL of 0.3 Pg/g. typically

corresponding to 10 percent of the internal standard, was used.
t Typically TIC; but target compound of some special investigations.
** Reported as total xylenes
NA - Not analyzed NI - Not identified NC - Not calculated, as sample population is too small, or 71Cs not sufficiently quantified to permit statistical manipulation.

NOTIE: Two significant figures reported for target analytes; one significant figure reported for TICs.
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Table RISR A3.1-10 Summary of Analytical Results for Soils in the Balance of Areas Investigated. Page 2 of 5

Total Bores Sampled: 1,196
Total Samples Collected: 1,765

Concentration Detections (U&)
Frequency of Range CRL Range4 Standard Geometric Geometric A Adjusted

Analytical Grows and Analytes Dek%IW Detections (IWR) (RAW Median Mean Deviation Mean Sid. Dev. Geometric Mean

Volatile Aromatic Orrimigg (VAIW
Benzene 0/314 0.081-7.0
Ethylbenzene 0/313 0.043-8.0
m-Xylene 0/314 0.053-7.0 ---

o- and p-Xylene** 0/315 0.086-13 ...

Toluene 0/314 0.096-5.5 --- ...

Organasulfur Com2UMjft
Mustard-Arent Related (OSCM

1.4-Oxathiane 0/1,530 0.25-6.0 ... ... --- ---

> Chloroacetic acid 0/90 18-35
tp Dithiane 0/1,530 0.25-7.0

Thiodiglycol 0/109 2.6-4.2

Organasulfur ComogMWL
Herb*cide Related (OSCIM

Benzothiazole 0/1 - 1.1
Chloropheny1methyl sulfide 0/1,533 - 0.25-4.0
Chloropheny1methyl sulfone 0/1,531 - 0.25-2.4
Chlorophenylmethyl sulfoxide 0/1,530 - 0.25-70
Dimethyldisulfide QM" - 0.25-20

Both lower and upper CRL range values may reflect sample dilution prior to analysis.
A Standard Deviation of log values (base e) of detections

Tentatively identified compounds (nCs) elevated to target analyte status in the, SARs; there is no CRL for TICs. For the purpose of this report, a CRL of 0.3 pg/g, typically
corresponding to 10 percent of the internal standard, was used.

t Typically TIQ but target compound of some special investigations.
*0 Reported as total xylenes
NA - Not analyzed NI - Not identified NC - Not calculated, as sample population is too snail, or TICs not sufficiently quantified to permit statistkal manipulation.
NOTE: Two significant figures reported for target analytes; one significant figure reported for TICs.
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Table RISR A3.1-10 Summary of Analytical Results for Soils in the Balance of Areas Investigated. Page 3 of 5

Total Bores Sampled: 1,196
Total Samples Collected: 1,765

Concentration Detections (Mg1g)
Frequency of Range CRL Ranget Standard Geometric Geometric A Adjusted

Analytical Groups and Analytes DetecW Detections (twit) Median Mean Deviation Mean Std. Dev. Geometric Mean

Organg9hesphorous Compoind.4L
GR-Agent Related (OPHGB

Diisopropylmethyl phosphonate 0/1.628 0.050-3.0
Dimethylmethyl phosphonate 0/881 0.050-3.0 --- --- ---

IsopFopylmethyl phosphonic acid 0194 2.14.7 ---

Methylphosphonic acid 0/19 2.0-20 ---

Phosphoric acid, tributyl esta* NI --- ---

Phosphoric acid. uiphenyl esw& NI --- ---

Organopbosphorous Compounds,
Ptdk*de Related (OPHPs)

Atrazine 0/1,522 0.25-3.0 ---

Malathion 0/1,522 0.30-2.0 ...

Parathion 0/1,523 OAO-2.0
Supona 0/1,523 0.30-1.0 --- ... ---

Vapona 0/1,522 0.25-6.0 --- ---

Dabromochloropromne (DBC 0/2,139 - 0.0050-2.4 ---

Orgnnonitrggen Compqun& (ONCs)
Caprolactam* NI -

Hydrazine NA -

Methylhydrazine NA - --- --- ... ---

n-Nitrosodimethylamine 0/33 - 1.8 --- --- ---

n-Niuosodi-n-propylamine NA - ... ---

Unsymmetrical dimethylhydrazine NA --- ---

Both lower and upper CRL range values may reflect sample dilution prior to analysis.
A Standard Deviation of log values (base e) of detections

Tentatively identified compounds (nCs) elevated to target analyte status in the SARs; there is no CRL for TICs. For the purpose of this report, a CRL of 0.3 pg/g, typically

corresponding to 10 percent of the internal standard, was used.
t Typically TIC; but target compound of some special investigations.
** Reported as total xylenes
NA - Not analyzed NI - Not identified NC - Not calculated, as sample population is too small, or TICs not sufficiently quantified to permit statistical manipulation.

NOTE: Two significant figures reported for target analytes; one significant figure reported for TICs.
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Table RISR A3.1-10 Summary of Analytical Results for Soils in the Balance of Areas Investiated. Page 4 of 5

Total Bom Sampled: 1,196
Total Samples Collected: 1,765

Concentnition Detections (UM
Frequency of Range CRL Range* Standard Geometric Geometric A AdjusW

Analytical Groups and Analytes Detected Detections OWA) (IW9) Median Mean Deviation Mean Sid. Dev. Geometric Mean

Fluoroacefic Acid 0/19 2.0

P013muclear Aromatic Hydrocarbons (PAHA
Fluoranthene* NI --- ---

Methyl naphdialene* NI --- ---

Phenanthrew* NI --- ---

F'yrene* NI

Semivolatfle Halogenated Orgmks (SIt0s)
Hexachlorobenzene* NI

> I'lexachlorobutadieftO - NI
Hexachlorocyclopentadiene 0/1,143 0.0018-1.4 --- ---

Pentachlorobenzene* NI ... ---

Tchwhiorobenzene* NI
Trichlombenzene* NI --- ---

Orgiinochlor*ne Pesticides (OCPs)
Aldrin 011,541 .0018-0.94 - --- ---

Chlordane 0/1,135 0.023-6.0 ---

Dichlorodiphenylethane (DDE) 0/1,533 0.0010-1.0 ---

Dichlorodiphenyltrichlotoedum (DDT) 0/1,533 0.0020-2.0 --- --- ---

Dicldrin 0/1,541 0.0012-0.80 - ... ---

Endrin 0/1,541 0.0010-4.0 -
Isodrin 0/1,542 0.0011-0.60 -

Both lower and upper CRL range values may reflect sample dilution prior to analysis.
A Standard Deviation of log values (base e) of detections

Tentatively identified compounds (nCs) elevated to target analyte status in the SARs, diere is no CRL for TICs. For the purpose of this report, a CRL ofO.3 Wg. typically
corresponding to 10 percent of the internal standard. was used.

t Typically TIC; but target compound of some special investigations.
** Reported as total xylenes
NA - Not analyzed NI - Not identified NC - Not calculated. as sample population is too snail, or TICs not sufficiently quantified to permit statistical manipulation.
NOTE: Two significant figures reported for target analysm, one significant figure reported for TICS.
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Table RISR A3.1-10 Summary of Analytical Results for Soils in the Balance of Areas Investixated. Page 5 of 5

Total Bons Sampled: 1,196
Total Samples Collected: 1.765

Concentration Detections
Fmquency of Range CRL Ranget Standard Geometric Geometric A Adjusted

Analytical Groups and AnalytesDetected Detections (49W (PWR) Median Mean Deviation Mean Std. Dev. Geometric Mean

Arsenic 180/1,561 2.3-50 2.0-110 5.2 5.5 4.0 4.9 0.43 0.56

Mercua 31/1,547 0.054-0.27 0.037-0.11 0.070 0.09 0.047 0.081 0.40 0.0016

ICE Meta
Cadmium 41/1,540 0.73-6.6 0.31-1.7 1.5 2.0 1.2 1.7 0.55 0.046
Chromium 1,173/1,541 5.7-69 5.2-52 14 14 5.0 1.8 0.32 1.4

Copper 1,294/1,541 4.7-110 3A-4.9 12 13 6.8 1.7 0.41 1.5
Izad 475/1,540 10-69 8.4-17 17 19 7.5 4.5 0.34 1.4

Zinc 1,444/1,542 11-470 8.7-28 42 44 20 1.6 0.40 1.5

Both lower and upper CRL range values may reflect sample dilution prior to analysis.
A Standard Deviation of log values (base e) of detections

Tentatively identified compounds (MCs) elevated to target analyte status in the SARs; there is no CRL 1br TICs. For the purpose of this repoM a CRL of 0.3 pg/g, typically

corresponding to 10 percent of the internal standard. was used.
t Typically TIC; but target compound of some special investigations.
00 Reported as total xylenes
NA - Not analyzed NI - Not identified NC - Not calculated, as sample population is too small, or TICs not sufficiently quantified to permit statistical manipulation.

NCFM: Two significant figures reported for target analytes; one significant figure reported for TICS.
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contan-dnation at intermediate depths. Infiltration of contaminated water, manufacturing

products, and liquid wastes from sewers, basins, ditches, and spills is primarily responsible for

contamination of soils at depth, including those in excess of 20 ft. For some of these

analytes, such as VHOs, VHCs, VAOs, mustard-related organosulfur compounds (OSCMs),

and some OSCHs and OPHGBs, transport is enhanced by their relatively high environmental

mobility, which is described in Appendix E. Contaminant distributions in soils reflect the

disposal history, contaminant behavior, and environmental conditions at RMA. All of these

factors have been influential in controlling contaminant fate and transport, and thus the

current nature and extent of contamination at RMA.

A series of maps depicting analyte occurrences at varying depths has been constructed to

summarize the overall spatial distribution and relative concentration of soil contamination as

discussed above. These maps were derived from data collected under Phases I and II of the

RI program. The distribution of soil borings for the primary RI program is shown in Figure

RISR A3.1-13. Maps of total organic and inorganic contaminant distribution were prepared

for the depth intervals 0 to 2 ft, 2 to 5 ft, 5 to 20 ft, and greater than 20 ft using data

generated during the RL reported in the CARs and Phase II Data Addenda, and subsequently

presented in tile SARs (EBASCO, 1989a-c, e-h/RIC 89166ROl through 89166RO7). For the

majority of soil boring locations, the 0- to 2-ft depth interval is represented by a 0- to 1-ft

sample, and the 2- to 5-ft depth interval is represented by a 4- to 5-ft sample. The 5- to 20-ft

depth interval may include 9- to 10-ft, 14- to 15-ft, and 19- to 20-ft samples. At depths

greater than 20 ft, samples were taken every 10 ft. These depth intervals are consistent with

those presented in the SARs, and correspond to the depths used for the site type histograms

discussed earlier in this section. Thus, these depth interval maps, the contaminant site type

map (Figure RISR A3.1-1), and the histograms (Figures RISR A3.1-3 through A3.1.12) may

be used in combination to examine the nature and lateral and vertical extent of contamination

associated with a given site type.
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On the depth maps discussed below, concentrations of organic and inorganic analytes were

separately summed for each sample collected at each boring. It should be noted that typical

concentrations encountered for many of the summed analytes may vary by one or more order

of magnitude. Therefore, these total values should be viewed merely as general indications of

contamination. The resulting sums were assigned to concentration ranges and are plotted in

the accompanying maps. Where more than one sample was collected from within a depth

interval, the sample with the highest total organic or inorganic concentration was plotted. The

specific concentrations for each sample are presented in the CARs and the Phase 11 Data

Addenda. In addition to the depth interval maps, supplementary maps indicating detections of

arsenic, mercury, or 1CP metals above their IRs have also been generated. These IRs range

maps present data from all depths sampled within each boring, rather than considering a

series of depth intervals. Each analyte-specific IR includes concentrations considered

representative of naturally occurring conditions. For the ICP metals, the sampling location

was plotted if the occurrence of any one of the metals was above its respective IR.

A3.1.2.1 Zero- to 2-ft Depth Interval

The distribution of total organic analytes in soils from 0 to 2 ft is shown in Figure

RISR A3.1-14. Detectable organics at this depth occur primarily in the central portion of

RMA within basins, lakes, ditches, solid waste disposal areas, and the North and South Plants

manufacturing complexes. Shallow detections within the lakes are predominantly OCPs that

have been transported by surface water to these areas. A greater number of detections in

Lower Derby Lake, Upper Derby Lake, and the eastern part of Upper Derby Lake in Section

6 is probably a result of inflow from the South Plants process water system at the upstream

end. High and very high total organics concentrations occur in Basin A, former Basin F, the

lime settling basins, and the South Plants complex. Several samples exhibiting high

concentrations were collected in the former Basin F area, the primary repository for North

and South Plants aqueous wastes. A recent IRA designed as an interim remediation of

Basin F has altered this site such that it is no longer a basin (Appendix Q. The contan-dnant

distribution that is displayed on maps within this report has been significantly altered as a
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result of that action. Basin F contamination in the near surface soils has been greatly reduced

or eliminated. The radial pattern of detections around Basin F reflects sampling of shallow

soils along prominent wind vectors. OCPs detected in this area are generally associated with

wind-transported material. Detections of total organics outside of the central RMA area are

generally at concentrations less than 10 pg/g, and include surface bum sites in Sections 19,

20, 29, and 30; toxic storage areas in Sections 5, 6, and 31; buried lake sediments in

Section 12; the motor pool area and a sanitary landfill in Section 4; and well borings along

the NBCS.

Total inorganic analyte in the 0- to 2-ft depth interval are widely distributed as shown in

Figure RISR A3.1-15. However, on this and the other total inorganic analyte maps, the

majority of the detectable concentrations are associated with surns of individual inorganic

concentrations that are within or below their respective IRs and do not suggest contamination.

Therefore, inorganic concentrations less than 200 pg/g may still be attributed to natural

occurrences. High and very high concentrations of total inorganics occur in the central

portion of RMA in Basin D and former Basin F, a solid waste disposal area east of Basin A;

the North and South Plants manufacturing complexes; and intermittently along the Sand Creek

Lateral. Other elevated total inorganic concentrations occur in bum pits in Section 32, a

sanitary landfill and the motor pool area in Section 4, and adjacent to the sewage treatment

pond.

A3.1.2.2 Two- to 5-ft Depth Interval

The distribution of total organic analytes in the 2- to 5-ft depth interval, shown in Figure

RISR A3.1-16, is very similar to the shallower 0- to 2-ft interval. Detections of total organics

in Lower Derby Lake and Upper Derby Lake are dominantly OCPs which tend to bind to

fine-grained lake sediments. A few areas exhibit a decrease in total organics concentrations

when compared to the shallower interval. This phenomena is displayed along the Sand Creek

Lateral, in the eastern part of Upper Derby Lake in Section 6, and in a sanitary landfill and

along a southern drainage ditch in South Plants. An increase in total organics concentrations
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in the 2- to 5-ft interval is evident in the processing area, tank farm, and open storage area of

South Plants; the pesticide pits southeast of Basin A; buried lake sediments in Section 12;

Section 30 sanitary landfill; and buried bum sites in Basin A. At many of these sites, a

relatively clean layer of soil overlies buried wastes or other subsurface sources.

The distribution of total inorganic analytes in the 2- to 5-ft interval, shown in Figure

RISR A3.1-17, is similar to the distribution in the 0- to 2-ft interval. However, most of the

areas with high to moderate arsenic, mercury, and ICP metals concentrations in the 0- to 2-ft

interval display decreased concentrations in the 2- to 5-ft interval. These areas include the

disposal basins, the chemical sewer east of former Basin F, portions of the North and South

Plants manufacturing complexes, the Sand Creek Lateral, and bum pits in Section 32.

Detections in the 2- to 5-ft interval are absent in portions of the lakes that exhibit low total

inorganic concentrations at 0- to 2-ft depth. High to very high total concentrations of

inorganics occur in the 2- to 5-ft interval in a sanitary landfill and the motor pool area in

Section 4, a burn site in Basin A, and in disposal pits and a former tank storage area in South

Plants. As described above, these types of sites are generally buried potential source areas

that are not expected to release contaminants to surface soils. Contaminant distribution at this

level is a result of subsurface disposal, liquid infiltration, or leaching of contaminants from

surficial horizons. The distribution is further influenced by the environmental mobility of

each analyte under conditions described above.

A3.1.2.3 Five- to 20-ft Depth Interval

Considerably fewer total organic analyte detections are present in the 5- to 20-ft interval

(Figure RISR A3.1-18) as compared to the shallower intervals. Moderate to very high

concentrations are confined to a limited area in the central portion of RMA. This area

includes burial trenches east and southeast of Basin A, a storage yard in Section 5, and the

processing area, disposal pits, and a former tank and open storage area in South Plants. The

highest total organics concentrations occur in the processing area in South Plants and in the

pesticide disposal trenches southeast of Basin A. Where samples exhibit higher total organic
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concentrations in the 5- to 20-ft interval than in the shallower intervals, these higher

concentrations at depth are attributed to disposal in open trenches or basins where

contaminant transport has been aided by infiltration of liquid wastes or contaniinated water.

Increases in the total inorganic analyte concentrations relative to the 2- to 5-ft interval are

evident on the 5- to 20-ft depth interval map (Figure RISR A3.1-19). These areas, which are

predominantly burial sites, include a solid waste disposal site along the eastern edge of

Basin A, bum pits in Section 32, a sanitary landfill in the northern portion of Section 4, and

the processing area in South Plants. A shallow burial pit in South Plants, which exhibits very

high total inorganic concentrations in both of the shallower intervals, exhibits moderate

concentrations in the 5- to 20-ft interval. A decrease in total inorganic concentrations with

depth is evident in a few sites characterized by surface activities. These include the motor

pool area in Section 4 and a toxic storage yard in Section 31. In addition to the elevated

inorganics associated with trenches east of Basin A, inorganics are elevated along a shallow

bedrock feature which trends northwest/southeast across Section 36. This occurrence, like

other elevated inorganics in bedrock samples, probably reflects the natural bedrock

geochemistry.

A3.1.2.4 Greater Than 20-ft Depth Interval

The distribution of total organic analytes in the greater than 20 ft depth interval, shown in

Figure RISR A3.1-20, is limited. Moderate and high total organics concentrations occur in

Basins A and F, the processing area in South Plants, and a sanitary landfill in Section 4,

where contaminant migration has resulted from infiltrating liquids. Low concentrations are

present in various areas that also exhibited low concentrations in shallower intervals.

Figure RISR A3.1-21, the total inorganic analytes map for the deepest interval, exhibits a

limited distribution with low and moderate concentrations. Moderate concentrations occur in

some of the same areas that exhibit moderate to very high concentrations for shallower

intervals. Several of these occurrences are probably associated with natural concentrations in
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bedrock. Other areas are associated with basins, ditches, or sewers where contaminant

migration has been enhanced by infiltrating waters.

A3.1.2.5 Inorganic Concentrations Above Indicator Range (All Depth Intervals)

The distribution of arsenic, mercury, and ICP metal concentrations above the upper limit of

the IR is more clearly displayed in Figures RISR A3.1-22, A3.1-23, and A3.1-24. Symbols

on these maps indicate the occurrence of an inorganic analyte detection above the upper limit

of the IR at any depth, and detections of inorganic analytes that are considered naturally

occurTing. All three maps display a similar distribution, with the majority of elevated

detections located in the central portion of RMA. For summary purposes, the relationship of

arsenic, mercury, and ICP metals above IR for each depth interval are not depicted on maps

in this report. Therefore, these relationships are discussed briefly below and in greater detail

in the SARs.

Arsenic contarnination in shallow soils is confined to the manufacturing plants and waste

disposal basins. Solid waste burial sites account for a few limited occurrences of elevated

arsenic in the western part of the WSA and Eastern Study Area (ESA). This pattern is also

reflected in arsenic at the 2- to 5-ft and 5- to 20-ft depth intervals. Arsenic above IR at

depths greater than 20 ft is confined to a total of three occurrences in Basins C and D.

In shallow soils, mercury above IR shows a wider distribution than arsenic. In addition to

occurrences at the manufacturing plants and basins, elevated mercury is present in ditches and

lakes, solid waste burial sites, and in areas of suspected windblown contamination near

Basins A and F. At 2- to 5-ft depths, it is more confined to basins, manufacturing areas,

lakes, buried lake sediments, and solid waste burial sites. Elevated occurrences decrease with

depth and appear to include shallow bedrock in Section 36 and the ESA.

Elevated ICP metals in shallow soils are coincident with mercury and arsenic at many of tile

sites described above. In addition, notable occurrences in nonsource areas suggest that some
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natural occurrences may exceed IRs. This pattern is reflected at all depth intervals, and may

actually be used to identify areas of shallow bedrock in Section 36 and the ESA. This ICP

metals distribution is consistent with the phenomena of natural bedrock concentrations

exceeding those in overlying soils.

A3.1.3 Sewers and Process Water Systems

Samples of sewer sediments were collected at six locations in the sanitary sewer system.

Total organic analyte concentrations were low, as shown in Figure RISR A3.1-25. Total

inorganic analyte concentrations were moderate, as shown in Figure RISR A3.1-26. Samples

were not collected from the chemical sewers or the process water lines; however, soil samples

collected adjacent to or beneath all three systems were considered in characterizing

contaminant conditions.

The contaminants detected within the sanitary sewer system are predominantly OSCMs

(chloroacetic acid), DBCP, arsenic, mercury, and ICP metals. A sample collected from the

sanitary sewer downgradient of the North Plants contained DBCP, mercury, and ICP metals.

DBCP was not manufactured at North Plants, so the source of this detection could not be

identified. Sewer sediment data were generally consistent with data for samples collected

beneath the system, indicating that leakage from the sewers was a local source of contaminant

releases to surrounding soils and possibly groundwater.

A3.2 WATER

The water media RI included both surface water and groundwater. Although off-post sources

of contamination appear to have impacted streams flowing onto RMA, only two isolated

bodies of surface water on post appear to have suffered significantly from RMA activities.

The alluvial aquifer, however, has received a wide variety of contaminants from a variety of

sources on post and off post. On-post activities have resulted in two spatially distinct,

multi-analyte plumes that flow north and northwest below RMA. Downward migration from

the alluvial aquifer is responsible for isolated occurrences of analytes in the deeper water-
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bearing zones of the confined Denver Formation. The nature and extent of contarnination in

surface water, in alluvial groundwater in the UFS, and in Denver Formation groundwater in

the CFS are summarized in the three subsections that follow. Greater detail may be found in

the WRIR (EBASCO, 1989d/RIC 89186ROl).

As noted in Section A3, total AGM contaminant concentrations have been plotted to generate

surface water quality maps and groundwater quality maps. Surface water data from 1985

through 1989 were considered and used to characterize contamination. For the groundwater

presentation, the focus was on data from the most comprehensive sampling programs

conducted during the time period of the RI, the third quarter FY87 (April, May, June 1987)

and the CMP (November 1987 through February 1989). Trends in the nature and extent of

contan-driation, as indicated by the complete set of RI data, are also considered in this

discussion.

A3.2.1 Surface Water

Surface water at RMA currently shows little impact from former contarninant releases, due

largely to the reduction or elimination of water frorn most ditches and disposal basins. RMA-

related contaminants are introduced to the on-post surface-water system at points of

groundwater discharge or where surface runoff from contaminated soils collects. Points

where organic and inorganic contaminants have been introduced to surface water in detectable

concentrations include Basin A and the South Plants sedimentation pond. Water flowing into

First Creek from the sewage treatment plant also shows moderately elevated levels of

inorganic analytes.

When they contain water, both Basin A and the South Plants sedimentation pond exhibit

elevated levels of contaminants, while other surface-water bodies show little or none. During

the RI the South Plants sedimentation pond, which receives runoff from contaminated soils in

the South Plants area, typically exhibited concentrations an order of magnitude lower than

those detected in Basin A. The concentrations and number of detections that occurred in
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samples from Basin A and the South Plants sedimentation pond are not characteristic of

surface water flowing out of RMA. First Creek is the only continuous surface water drainage

through RMA. Although sporadic detections occurred at all stations along First Creek, an

overall downstream decline in water quality was not apparent. The lakes generally did not

exhibit elevated organic contaminant levels indicative of RMA influences, although inorganic

analytes were detected. However, inorganic concentrations may reflect the combined

influence of natural and anthropogenic effects.

There are two temporary, lined liquid waste holding ponds constructed as part of the Basin F

IRA to hold liquid wastes from former Basin F (Appendix Q. These ponds are isolated frorn

their environment by a system of liners, sump collection systems, and covers. These holding

ponds were not studied in the RI program.

A low frequency of contaminant detections is typical of most surface water locations at RMA.

This suggests that contaminants are introduced to surface water during unusual precipitation

and runoff events. During periods of intense or prolonged rainfall or during periods of rapid

snowmelt, contaminated soils may act as sources of contamination in surface runoff.

Historical water quality data have been collected at regular intervals rather than synchronized

to irregular and episodic periods of high discharge; consequently, little information is

available to characterize water quality during high stream flow. A major objective of the

ongoing CMP surface water monitoring program is characterizing high-flow periods.

Surface water sampling locations (stations) are shown in Figure RISR A3.2-1. For the

purposes of this discussion, the stations have been grouped by locations used to monitor

on-post water quality, including changes in water quality in First Creek as it flows across

RMA, water quality in the lakes, and the quality of intermittent surface water occurrences.

Analytical results are summarized in Table RISR A3.2-1. The geometric mean of detections

has been calculated for each analyte group; the means of individual analytes are not

considered separately in this calculation. However, the summed AGM concentration of
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Table RISR A3.2-1. Summary of Detections in Surface Water. Page I of 6-

Site ID/ FmWency of Range of Geometric Mean Summed AGM Total AGM Plotted
Desaiption Analyte Group Detections Detections of Detections Concentrations of in Figures RISR

(detectionw6vialyses) (119/1) (119/1) Individual Analyies A3.2-2 and A3.2-3
(119A)

SOUTH BOUNDARY

SW07002- Ommics 0.08

Uvalda, Ditch B OPHGB 1/8 0.64 0.64 0.08
Inarganics 10
Arsenic lt7 2.6 2.6 0.38
ICP Metals 2/12 1941 27 9.9

SWO8001- Q=nks 0.04

South First Creek Boundary OCP 1/4 0.16 0.16 0.04
Inor * 1.3

Arsenic 1/2 2.6 2.6 1.3

SWOWM- 51
0% tfighline lateral South Boundary ICP Metals 2/6 75-77 76 51

SWI 1001- QM11lial 5.8

Peoria Interceptor VHO 4140 1.3-2.9 1.7 0.35
VAO 1/21 1.5 1.5 0.070
OSCH 4/9 3.7-34 11.7 5.2
OPHP 1/10 1.0 1 0.10
PAHO 3/3 10-70 25 NC

SHO V19 0.71-1.8 1.10 0.12
OCP 1/19 0.25 0.25 0.013
1 28

Arsenk 3115 4.6-5.9 5 1.0
ICP Metals 7/14 22-170 54 27

AGM - Adjusted Geometric Mean
NC - Not calculated, TICS not suffidently quantified to permit statistical manipulation.
* Significant former nontarget compound; not included in calculation of AGM.
00 AGMs for all analytes were calculated for summary purposes; however. for analytes with less than 25 percent detections, this number has limited significance.
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Table RISR A32-1. Summary of Detections in Surface Water. Page 2 of 6

Site ID/ Frequencyof Range of Geometric Mean SummeA AGM Total AGM Plotted
Desuiption Analyte Group Detections Detections of Detections Concentrations or in Figures RISR

(desectionsikinalyses) (11911) (11911) Individual Analyies A3.2-2 and A3.2-3

SW 11002- Q= ics
flavana, Interceptor VHC* 1/1 19 19 NC

OSCH 2111 3.0-9.3 5.3 0.96
OPHGB 1/16 0.43 0.43 0.027
SHO 2116 0.26-3.3 0.93 0.12

61
Arsenic 1/15 4.2 4.2 0.28
ICP metals 11/54 11-190 46. 61

SWI2004- Q=flial 5.3

Storm Drainage OSCH 1/9 36 36 4.0

IWO, OPHP 2/9 0.70-4.3 1.7 1.3

Z4 inmanim 
27

a Armnic 1/6 3.8 3.8 0.63
ICP Metals 6/14 13-87 30 27

SW12005- Qwflim 1.1

South Uvalda VHO 246 2.7-7.5 4.5 0.79
VAO 1/13 3.0 3.0 0.23
SHO 1/12 0.83 0.83 0.069

13
Arsenic 1/12 2.4 2A 0.20

mercury 2/10 0.23-0.26 0.24 0.049
ICP Metals 3/9 27-64 39 13

FIRST CREEK

SWO8001- South Mrst Cieek Boundary (we listing under South Boundary)

AGM - Adjusted Geometric Mean
NC - Not calculated; TICS not sufficiently quantified to permit statistical manipulation.

Significant former nontarget compound; not included in calculation of AGM.
** AGMs for all analytes were calculased for summary purposes; however, for analytes with less than 25 permnt detections, this number has limited significiinm.
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Table RISR A32-1. Summary of Detections in Surface Water. Pate 3 of 6-

Site IDI Frequency of Range of Geometric Mean Summed AGM Total AGM Mted
Description Analyle Group Detections Detections of Detections Concentrations of in Figures RISR

(detections/analyses) (U911) (UgA) Individual Analyses A32-2 and A32-3
(u&4)

SWO5001- Inorganics 0.95
South Fust, Creek Arsenic 1/4 3.8 3.8 0.95

SW31002- OwIlks 0.44

lFirst Creek Toxic Yard B VHO 1/8 3.5 3.5 0.44

InDEVIllia 2.8
Arsenic 518 3.6-7.3 4.32 2.7

Mercury 2/8 0.18-0.22 0.20 0.050

SW30002- IMMMIk, 0.63

Fmrst Creek North Plants Arsenic 1/5 3.1 11 0.63

SW24001- Q=nb 1.3
00 North First Creek VHO 2/13 4.9-9.7 6.9 1.1

Sewage Treatment Plant OPHGB 1/12 0.51 0.51 0.043
DBCP 1/13 0.15 0.15 0.012
OCP 7/23 0.10-0.94 0.27 0.17

46

Arsenic 7n 26-39 29 29
1CP metals 2/8 31-150 68 17

SW24004- Olvillics 8.9

North First Creek VHO 1/4 36 36 8.9
2.3

2/4 4.0-4.7 4.3 2.2

MMUFY 1/4 0.31 0.31 0.078

AGM - Adjusted Geometric blean
NC - Not calculated; 71CS not sufficiently quantified to permit statistical manipulation.
0 Significant former nontarget compound; not included in calculation of AGM.
00 AGMs for all analytes were calculated for summary purposes, however. for anelyies with less than 25 percent detections. this number has limited significance.
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Table RISR A32-1. Summary of Detections In Surface Water. Paite, 4 of 6

Site ID/ Frepency of Range of Geometric Mean Summed AGM Total AGM Plotted
Description Analyft Group Detections Detections of Detections Concentrations of In Figures RISR

(desectimsoNnalyses) (094) (ugA) Individual Andyies A32-2 imd A32-3
(UgA)

SW24003- Inorganics 41
North Bog Arsenic 1/5 2.6 2.6 0.51

1CP mews 1/4 160 160 41

L A K E. S
SWOlOD4 OMMIks 0.033
Upper Derby Lake OCP 216 0.05".050 0.05 0.033

Illm da 1.2
Arsenic 2/4 2A-2.6 2.5 1.2

SW01005- lummin 10
Lower Derby Lake 1CP Metah 215 23-29 25 10

SWMMI- None Deuced
I.Mwer Derby Lake

SWO2003- Inmmia 0.075
Lake Lxkn Mercury 2/5 0.16-022 0.19 0.075

SWO2004- Ommial 0.020

Lake Mary OCP 1/5 0.10 0.10 0.020 13InMIXAM
Arsenic 417 3.2-3.8 3.5 2.0

MMUFY 1/7 0.26 0.26 0.037
ICP Metals Irl 79 79 11

AGM - Adjusted Geometric Mean
NC - Not cakulated; TICS not sufficiently quantil'ied to permit statistical manipulation.
* Significant former nontarget compound; not included in calculation of AGM.
00 AGMs for all analytes were calculated for summary purposes; however. for ana" with less than 25 permni delectim% this number has limited signirwance.
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Table RISR A3.2-1. Summary of Detections in Surface Water. Paite 5 of 6

Site ID/ Firequency of Range of Geometric Mean Summed AGM Total AGM Plotted
Description Analyie Group Detections Detections of Detections Concentrations of in Figums RISR

(detectionMiiialyses) (119/1) (UgA) Individual Analyies A3.2-2 and A3.2-3
(ugA)

SW 11003- Organics 14

Havaim Pond OSCH 3/24 2.1->100 >19.2 >14
SHO 1/8 0.090 0.090 0.020
OCP 5/27 0.060-0.49 0.11 0.092
Inorganim 18
ICP metals 1/7 130 130 18

MISCELLANFOUS LOCATIONS

SW36001- Q= ics 2300

Basin A VHO 731106 0.97-7500 44 1100
VHC 20/25 8.8-3700 75 360
VAO 38/55 1.7-690 58 280

> OSCM 1/11 1.6 1.6 0.14
Y, OSCH 24/38 1.9-1600 63 370
00 OPHGB 6/22 0.50-17 5.1 3.0

OPHP 11/20 1.9->500 >22 >140
DBCP 8/10 >2.2-170 >36 >29
SHO 3/9 0.67-2.6 1.2 OAO
OCP 22169 0.46-64 2.8 5.0

240

Arsenic 9/9 120-440 240 240
ICP Metals 1/9 33 33 3.6

SWO1002- QrMics 200

South Plants VHO 6/21 1.2-7.1 11 6.7
Sedimentation Pond VHC 4n 16-97 38.5 22

VAO 5/21 1.5-8.4 3.2 2.4
OSCH 14/22 2.2-750 52 170
OPHGB 1/8 0.74 0.74 0.093
DBCP 4n 0.34-38 2.5 1.4

AGM - Adjusted Geometric Mean
NC - Not calcubled; TICS not sufficiently quantified to permit statistical manipulation.

Significant former nontarget compound; not included in calculation of AGM.
* AGMs for all analytes were calculated for summary purposes; however, for analytes with less Own 25 percent detections, this number has limited significance.
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Table RISR A32-1. Summary of Detections in Surface Water. Page 6 of 6

Site 101 Frequency of Range of Geometric Mean Summed AGM Total AGM Plotted
Description Analyle Group Detections Detections of Detections Concentrations of in Figures RISR

(delection*knalyses) (ug.4) (UgA) Individual Analytes A3.2-2 and A3.2-3
(11911)

SWO1002- SHO 1/6 0.31 0.31 0.052
South Plants OCP 9/31 0.14-4.8 1.5 2.9
Sedimentation Pond 1 32
(amtinued) Arsenic 414 7A-19 13 13

MM" 3/4 0.16-0.23 0.20 0.15
ICP metals 2/4 35-40 37 19

SWO1001- Q=ics 0.10

North Uvalda Interceptor OPHGB 1/10 1.0 1.0 0.10
hawks 0.37
Arsenic 1/7 2.6 2.6 0.37

00

AGM - Adjusted Geometric Mean
NC - Not calculated; TICS not sufficiently quantified to permit statistical manipulation.
0 Significant former nontarget compound-, not included in calculation of AGM.
0* AGMs for all analytes were calculated for summary purposes; however, for analytes with less than 25 percent deiections, this number has limited significance.
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individual analytes comprising the groups are presented on this table as are the total summed

AGMs for organics and inorganics, calculated from the AGM concentrations of individual

analytes for each surface water sampling station. In this method, sampling dates and analytes

are combined in order to summarize contaminant concentrations detected at each station;

however, it is important to evaluate individual analyte data, including range of concentrations

and frequency of detection when considering specifics for the highly variable surface water

medium. As discussed in Section A3, as the percentage of analyses below the CRL increases,

the AGM becomes a less reliable measure of a mean concentration for the data set. Total

AGM contarninant concentrations have been plotted to generate surface water quality maps

using data obtained from 1985 through 1989.

A3.2.1.1 South RMA Boundary

Water flowing on post at the south boundary in First Creek, the Highline Lateral, Uvalda

Interceptor, Peoria Interceptor, and Havana Interceptor shows low total organic an

concentrations (less than 10 ug/1), as shown in Figure RISR A3.2-2. Individual analytes do

not occur repeatedly in water entering RMA. In general, neither contaminant concentration

nor frequency of detection increases in water as it flows across RMA. Detections of organic

analytes were generally sporadic at the south boundary, occurring in less than half of the

samples collected from any one location. A wide variety of compounds were detected in

single samples. However, only the analytes of VHO, OCP, and OSCM groups were detected

in more than one sample at a location. Inorganic detections in water entering RMA, primarily

arsenic and zinc, tended to occur more frequently.

The organic analytes detected in surface water entering RMA include VHOs, VAOs, OSCHs,

OPHGBs, SHOs, OPHPs, and OCPs (Table RISR A3.2-1). PAHs were tentatively identified

in a single sample from Peoria Interceptor. Another TIC, 2-butoxyethanol (a VHQ, was

detected in a sample from Havana Interceptor. Total AGM concentrations of organic analytes

ranged from 0.040 piO at the South First Creek Boundary to 5.8 pg/l at Peoria Interceptor.
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The total AGM concentration of inorganic analytes did not exceed 30 pg/l (Figure

RISR A3.2-3).

A3.2.1.2 First Creek

First Creek is an intermittent stream that flows across RMA from south to north. It receives

inflow from surface runoff and groundwater discharge. Sporadic contaminant detections have

been observed here; however, water quality does not appear to be seriously impacted by

transit across RMA. OCPs, VHOs, and arsenic were observed along a drainage to First

Creek near the sewage treatment plant, but water quality did not appear to be altered at

downgradient stations along First Creek. Groundwater inflow to First Creek occurs at the

north end of RMA. This inflow generally is a small portion of the total stream flow and, on

average, does not substantially increase the concentrations or occurrence of the target organic

or inorganic analytes. The organic analytes detected at stations along First Creek include

VHOs, OPHGBs, DBCP, and OCPs (Table RISR A3.2-1 and Figure RISR A3.2-2). Single

detections of organics at stations along First Creek included OCPs at the south boundary, and

VHOs at the Toxic Storage Yard B and North First Creek gaging stations. Although all were

single occurrences, concentrations of individual organic analytes ranged from 0.16 Pg1l to

36 pg/l for these samples. OCPs were detected in seven discharge samples from the sewage

treatment plant, and chloroform, a VHO, was detected in two samples. DBCP and

dimethylmethyl phosphonate (an OPHGE) were each detected in one sample. Organics were

not detected at the remaining stations.

Arsenic, mercury, and ICP metals were detected at stations along First Creek. Total AGM

concentrations for inorganic analytes ranged from 0.63 pg/l near North Plants to 46 Pg/l at the

sewage treatment plant. Concentrations were low (<10 pg/1) at all sites except the sewage

treatment plant and the North Bog. In one sample from the North Bog, zinc was detected at

160 pg/l in the third quarter of 1987, but was below CRLs in later samples. Arsenic was

detected in all samples collected from below the sewage treatment plant, and zinc was

detected in two of eight samples. There were multiple detections of arsenic and mercury at
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the Toxic Yard B gaging station on First Creek. Arsenic was detected in two samples at the

RMA north boundary (SW24004). All other detections at stations along First Creek were

unverifiable single occurrences.

A3.2.1.3 RMA Lakes

The surface water sampling stations at the RMA lakes include Lake Ladora, Lower Derby and

Upper Derby Lakes, Lake Mary, and Havana Pond. The highest total AGM concentration for

organic analytes detected at RMA in surface water, other than the temporary standing waters

of Basin A or the South Plants sedimentation pond, was detected at Havana Pond (Figure

RISR A3.2-2). The total AGM concentration at Havana Pond was 14 Pg/l. Havana Pond

primarily receives off-post water, which is likely to be the source of these organic analytes.

Single detections of individual organics included OSCHs and SHOs, and OCPs were detected

in two samples. One OSCH, chlorophenylmethyl sulfone, was detected once in ten samples

at a concentration greater than 100 pg/l. Concentrations of individual SHOs and OCPs ranged

from 0.060 pg/l to 0.49 pg/l. OCPs were detected at 0.10 pg/l in one of five samples frorn

Lake Mary. The OCPs dieldrin and endrin were each detected in one of three samples at

0.050 pg/l at Upper Derby Lake. Organic analytes were not detected in the other lake and

pond samples.

Inorganic analytes were detected in samples from five of six sampling locations. Total AGM

concentrations ranged from 0.075 pg/l at Lake Ladora to 18 pg/1 at Havana Pond. The high

value for Havana Pond resulted from a single high concentration of the ICP metal zinc

(130 pg/l.) However, zinc was below the CRL in a duplicate sample. Zinc also was detected

at Lower Derby Lake; arsenic, mercury, and zinc were detected at Lake Mary; zinc was

detected at Lower Derby Lake and Havana Pond; arsenic was detected at Upper Derby Lake;

and mercury was detected at Lake Ladora. Detections were repeatable in duplicate samples

for zinc at Lower Derby Lake, mercury at Lake Ladora, and arsenic at Lake Mary and Upper

Derby Lake.
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A3.2.1.4 Basin A and the South Plants Sedimentation Pond

The largest number of organic analytes detected, the highest concentrations, and the highest

frequency of detections occur at Basin A. This sampling station receives surface runoff from

contaminated soils in the South Plants area as well as water from storm sewer and

groundwater discharge. Volatiles, both VHOs and VAOs, as well as atrazine (an OPHP) and

arsenic are the principal contaminants, although many other organics have also been detected

with high frequency. The total AGM concentration of organic analytes was 2,300 Pg/l.

Summed AGM concentrations for multiple detections of individual organics ranged from 0.40

pg/l for SHOs to 1,100 pg/1 for VHOs in Basin A. Individual concentrations reached 7,500

pg/l for the VHO chlorobenzene. The total AGM concentration of inorganic analytes was 240

pg/l at this station.

The South Plants sedimentation pond also receives runoff from contaminated soils in the

South Plants area and is a location of significant, though intermittent, surface water

contamination. Concentrations were typically an order of magnitude lower than that detected

in Basin A. Chlorophenylmethyl sulfone (an OSCH) and arsenic were detected in all samples

from the sedimentation pond. Several other organics were detected in a majority of the

samples from this location. The total AGM concentration of organic analytes was 200 pg/l,

and the total AGM concentration of inorganic analytes was 32 pg/1 at this station.

A3.2.2 Unsaturated Zone

The nature and extent of contaminated water in unsaturated zone soils is primarily a function

of complex environmental parameters and analyte behavior. The relative concentration of an

analyte in coexisting soil and water phases is described by the soil/water partition coefficient

(Kd). Analytes with a high Kd are partitioned onto or have a higher affinity for the solid

phase. A low Kd indicates the analyte will be more prevalent in the aqueous phase and is

more likely to be found in unsaturated zone water than adsorbed to the soil. Solubility is also

a major characteristic that determines a contaminant's potential environmental distribution. In

the unsaturated zone, the more soluble analytes are less likely to adsorb to the soil and will
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dissolve in water that moves through the unsaturated zone. A more detailed discussion of

factors influencing and controlling individual contarr-dnant behavior is presented in

Appendix E.

As discussed in Section A3.1, there is a notable mass of contaminants in the surficial soils

and underlying alluvium of the unsaturated zone. Most of the contaminants were detected

near production and associated support facilities, and below sewers, disposal basins, solid

waste burial sites, and ditches. Knowledge of contaminant behavior and the concentration

and extent of organic contarrdnants in the soil can be qualitatively related to the concentration

and extent of contamination in soil water.

A3.2.3 Unconfined Flow System

Contaminants have migrated from a variety of source areas along both historical and present-

day groundwater flow paths, resulting in large areas of groundwater contan-driation in the

UFS. As discussed in Section A1.5.3 of Appendix A, the UFS includes saturated surficial

deposits and suberopping parts of the Denver Formation where lithologic data indicate the

presence of sandstone or relatively permeable material. In most areas, including areas where

these deposits are unsaturated, groundwater in the uppermost subcropping stratum of the

underlying Denver Formation is under unconfined flow conditions.

Regional contan-driant distributions have not changed significantly since 1987. Therefore, the

data used to describe the nature and extent of contamination in the UFS were collected

primarily during the RI, from the spring of 1987 through the fall of 1989. These data are

incorporated in the accompanying data tables, histograms, and inorganic distribution maps for

the UFS. However, increased sampling density since 1987 and, less significantly, variations

in organic analyte suites have resulted in changes in interpretations of organic plume

configurations. Therefore, plume maps of the organics were constructed from subsets of these

data (spring 1987, fall 1988, and winter 1989) and also from fall 1989, which was the most

recent, comprehensive data set available. These subsets were chosen to depict the
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contarninant distribution representative of each year by using data collected and analyzed by

comparable methods during a finite period of time. Additional data were considered in

constructing and refining the plume maps. As with the soils data tables (Section 3.1),

statistical information is presented on the groundwater data summary tables for general

comparative and informational purposes only. Unwarranted significance should not be

attached to the statistical values.

Wells screened in the UFS that were sampled from the spring of 1987 through the fall of

1989 are shown in Figure RISR A3.2-4. Data from these wells were considered while

evaluating the nature and extent of contamination in the UFS. Maps of total organic

contaminants constructed from spring 1987 and later data show that the largest areas of

contarriinated groundwater are in the north, central, and western parts of RMA and occur as

two spatially distinct contaminant plumes. The plumes consist of one or more contarriinants

at varying concentrations that migrate together as a unit through the aquifer. In many cases,

migration has resulted in merging of contaminant plumes from individual source areas and

has reduced confidence in correlations between plumes and their origins. Consequently,

narnes used in this report for contaminant plumes and plume groupings are based on

proximity to wellknown physiographic or cultural features and may not indicate the specific

source(s) of a particular plume. For the purpose of discussing the chemical composition of

contan-dnated groundwater in the UFS, contaminant plumes have been placed into five groups.

The South Plants group, the Basin A group, the Northwest Boundary group, and the North

Boundary group collectively form the central groundwater plume at RMA. The Western

group is located along the western tier of sections at RMA (Figure RISR A3.2-5). Other

sporadic, scattered detections are not assigned to a plume group.

Analytes or analyte groups that constitute definable groundwater plumes in the UFS include

VHOs, VAOs, VHCs, OSCs, OPHGBs, DBCP, OCPs, arsenic, mercury, fluoride, and

chloride. The chemical composition and migration rate of contaminants within each plume

group varies in response to local hydrogeologic conditions and the individual chernical nature
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of contaminants. A histogram is presented for each plume group showing the percentage of

total detections for each analyte group that makes up the plume, and the percentage of

detections within each analyte group that corTespond to specific concentration ranges. These

histograms define unique signatures for each plume group. Summary data tables for each

plume group are also presented. These data tables list the frequency of detections,

concentration ranges, CRL ranges, and the median, geometric mean and AGM of detected

concentrations for individual analytes constituting the plumes in each plume group.

The histograms and data tables incorporate target analyte data as well as significant former

nontarget analyte data. As discussed in Section A2, these nontarget compounds were

tentatively identified by GC/MS on the basis of spectral character. Assessment of the

nontarget data collected between 1987 and 1989 indicates the reported detections of one of

the nontargets, caprolactam, are anomalous and likely not representative of aquifer

concentrations. This interpretation is supported by the following observations:

(1) caprolactam was only detected in one sampling episode (in 1987) and by one laboratory,

and (2) the spatial distribution and reported high concentrations of caprolactam do not

indicate a relationship to historical activities or potential source areas. In addition, reported

detections of one other tentatively identified nontarget, 1,1,2,2-tetrachloroethane, were not

repeatable in groundwater samples collected between 1987 and 1989 and may also be

anomalous. Because the significant nontargets were identified at varying levels of confidence,

they are specifically identified on the data tables as tentatively identified compounds.

The Basin A plume group contains the greatest diversity and highest concentration of

analytes. Plumes migrating toward the NBCS show slightly less diversity and lower

concentrations of analytes. Plumes migrating towards the NWBCS contain a large variety of

analytes, but concentrations tend to be lower than concentrations near the NBCS. Plumes in

the vicinity of South Plants contain fewer analyte groups, and lower concentrations, than do

the Northwest Boundary and North Boundary groups; however, these plumes result from a

greater number of isolated contaminant sources than plumes in other areas of RMA. In
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addition, because South Plants is situated on a groundwater high where variable

hydrogeologic conditions may exist, contaminated groundwater in the area follows a number

of different flowpaths. This phenomenon is described in greater detail in the WRIR

(EBASCO, 1989d/RIC 89186R01) and the South Plants Study Area Report (EBASCO,

1989e/RIC 89166RO4). Plumes in the western part of RMA consist primarily of VHOs and

DBCP, and tend to show the lowest analyte concentrations of the five plume groups.

Plume maps of the organic compounds are depicted separately for each of the major sampling

periods: third quarter FY87, fall of 1988 through winter of 1988, and fall of 1989 (Figures

RISR A3.2-6 through RISR A3.2-8). The results of first quarter FY90 sampling are included

in Figure RISR 3.2-8. The organic plumes incorporate analytical data for target and

significant nontarget organic analytes with the exception of caprolactam, which is plotted on a

separate figure for the reasons discussed above (Figure RISR A3.2-9). The fall 1989 plurne

map of total organics is interpreted to be the most representative of organic contaminant

distribution at RMA; it incorporates results from the highest number of wells, including wells

newly installed in 1988 and 1989.

A broad area with summed organic concentrations greater than 100 pg/l is located in the

vicinity of South Plants, Basin A, Basin A Neck, Basins C and F, and the NBCS (Figures

RISR A3.2-6 through A3.2-8). Within this broad area, "hot spots" with concentrations greater

than 100,000 pg/I are located along the south boundary of South Plants and beneath the

southern part of Basin A. Concentrations greater than 10,000 pg/I extend beneath and north

of former Basin F, and from South Plants north beneath Basin A and south towards Lower

Derby Lake. Other locations with summed organic concentrations greater than 100 pg/I

include North Plants, small areas southeast of the NWBCS, and in the western part of RMA.

Organic contamination has migrated to the north and northwest boundaries of RMA where

contan-driated water is being withdrawn from the UFS, treated, and returned to the flow

system downgradient of the boundaries (ESE, 1989a/RIC 89103ROI; ESE, 1986/RIC
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86317ROI). Summed organic concentrations in groundwater approaching the NBCS ranged

from 0.1 pg/l to approximately 3,500 pg/l. Summed organic concentrations in groundwater

approaching the NWBCS ranged from below CRL to over 100 pg/l.

Plume maps of the inorganics were constructed from AGMs of concentrations reported from

the spring of 1987 through the winter of 1989. The extent of inorganic contaminants in water

of the UFS is similar to the extent of organic contan-dnants, with the exception of Sections 3,
4, 9, and 33 in the western part of RMA. Elevated levels of chloride and fluoride occur over

wide areas of RMA (Figures RISR A3.2-10 and A3.2-11). Areas with fluoride concentrations

greater than 5,000 pg/l are located beneath Basin A and along the groundwater flow path

from the fon-ner Basin F towards the NBCS. The distribution of arsenic is more restricted

than the distributions of chloride and fluoride, as shown in Figure RISR A3.2-12. Arsenic

concentrations greater than 10 ug/l are located in the vicinities of Basins A, B, C, D, E, and

former Basin F, and extend to the area north of former Basin F and northwest of Basin E.
Mercury concentrations are greater than 10 pg/l beneath the southern part of Basin A, and less

than or equal to 1.0 pg/l in other RMA areas (Figure RISR A3.2-13). The distribution of ICP

metals is irregular and cannot be mapped as occurring in continuous plumes associated with

RMA source areas. Zinc is the most frequently detected ICP metal, and its widespread

occurrence suggests a natural origin for the detected concentrations in the groundwater

(Figure RISR A3.2-14).

A3.2.3.1 South Plants Plume Group

The South Plants plume group consists of several plumes that originate from distinct source

areas. The South Plants SAR provides detailed descriptions of each plume. In addition, more

detailed discussions are included in the WRIR. In general, the chemical composition and

range of concentrations within each plume are unique and reflect numerous variables,
including the chemical and physical nature of contaminated soils in associated source areas.

Because of local hydrogeologic conditions, groundwater moves radially away from South

Plants. As a result, individual contaminant plumes migrate in different directions within this

area. In areas south and west of South Plants, migation occurs partly through unconfined
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strata of the Denver Formation. In areas north and northeast of South Plants, migration occur

primarily through alluvium and eolian sediments.

Histograms of contaminant occurrence for the South Plants plume group indicate that a wide

variety of analytes are present in this area (Figure RISR A3.2-15). Most analyte groups have

been identified within the South Plants plume group. Analytes or analyte groups occurring

more frequently and with the highest concentrations include VHOs, VHCs, VAOs, OSCHs,

OPHPs, DBCP, and ICP metals. Other analyte groups were detected at relatively low

concentrations or with lower frequency (Table RISR A3.2-2). The list of contaminants

present in an individual South Plants plume, however, is more limited. For example, the

South Tank Farm plume, migrating south toward Lake Ladora, consists primarily of VHCs

and VAOs. Concentrations of contaminants in this plume are among the highest observed at

RMA.

A3.2.3.2 Basin A Plume Group

The Basin A plume group is of diverse chemical composition. It shows a great variety of

contaminant groups, and overall higher concentrations than the South Plants plume. The

contaminant diversity and increased concentrations are due to two major factors. The

northern lobe of the South Plants plume group flows beneath Basin A and merges with the

Basin A plume. In addition, the Basin A plume received South Plants runoff, wastewater,

and chen-dcal sewer leakage, which contributed contaminants to groundwater below Basin A.
Contributions from solid waste burial sites within or adjacent to Basin A have further

contributed to the wide diversity of contaminants at levels greater than 10,000 pg/l in this

plume.

Nearly all organic analyte groups have been detected in water of the UFS beneath Basin A
(Figure RISR A3.2-16; Table RISR A3.2-3). Arsenic, mercury, fluoride, chloride, and ICP

metals are also present. Concentrations of several analyte groups, including VHOs, VAOs,
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Table RISR A3.2-2 Summary of Analytical Results for the Unconfined Flow System in the South Plants Plume Group. Page- I or 5

Total Wells Sampled: 44 (Apr 87)
Total Samples Collected: 70 Concentration Detections (LLgd)

Frequency of Range CRL Range+ Standard Geometric Geometric Adjusted Geometric

Analytical Groups and Analytes Detected Detections (09M (tLg,4) Median Mean Deviation Mean Std. DevA Mean

Volatile Halotenated Orgaaks (VH
IJ-Dichloroethane 16/65 1.4-69 0.73-240,000 6.6 12 18 6A 1.1 1.6
1,2-Dichloroethane 4/65 2.3-9.2 0.61-150,000 3.7 4.7 3.1 4.1 0.58 0.25
IJ-Dichloroethylene 2/40 5.2-5.8 1.0-8.5 NC NC NC NC NC NC
trans- 1,2-Dichloroethylene 11/65 1.2-17 0.76-96,000 3.7 6.9 6.1 4.6 0.96 0.78
l,l,2,2-Tetrachloroethane*t 3/29 7.4-11 1.5-76,000 7.8 NC NC NC NC NC
1,1,1-Trichloroethane 1/65 2.5 0.76-140,000 NC NC NC NC NC NC
1,12-Trichloroethane 1/65 18 0.78-140,000 NC NC NC NC NC NC
Carbon tetrachloride 7/65 IA-820 0.99-130,000 2.0 120 310 5.1 2.3 0.55
Chlorobenzene 10/65 0.97-1,100 0.58-100,000 51 230 360 67 2.0 10

Chloroform 39/64 0.58-10,000 0-50-30,000 4.3 340 1,700 8.6 2.0 5.3

Methylene chloride 1/65 11,000 1.0-54.000 NC NC NC NC NC NC
> Tetrachloroethylene 15/65 0.98-27 0.75-190,000 1.6 7.0 10 2.9 1.3 0.66

Trichloroethylene 16/65 0.63-9.8 0.56-100,000 3.6 3.5 2.6 2.7 0.81 0.66

Trichloropropere NI - - - - - -- - -

Volatfle Hydrocarbons NH
2-Butoxyethanol* NI - -
4-Hydroxy-4-methyl-2-penmnone* NI - -
I-Methyl-1,3-cyclopentaffieneO NI - - --- ---

22-Oxybisethanol* NI - - --- ---

2-Pentanone* NI --- --- - - - --

Bicycloheptadienet 10/56 7.1-17,000 1.3-26,000 740 3400 5,800 640 2.3 110

Dicyclopentadiene 18/63 8.7-10,000 5.0-310 170 1200 2,400 220 2.0 63

Methylcyclohexane NI - - - --- - -- --- ---

Methylisobutyl ketone 1/64 17 IA-160,000 NC NC NC NC NC NC

+ includes maximum CRL values for diluted samples
A Standard deviation of log values (base e) of detections

Tentatively identified compounds MCs) elevated to target status in the, SARs; there is no CRL for TICL For the purpose of this report a CRL of 5 Mo. typically corresponding

to 10 percent of the internal standard, was used.
t Nontarget analyte for which concentrations reported as pan of a USATHAMA-certified analyficail method.

Target analytes under CMP or Task I I
Reported as IoW xylenes

NA - Not analyzed NC - Not calculated, as sample population is too small for comparison purposes NI - Not identified
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Table RISR A3.2-2 Summary of Analytical Results for the Unconfined Flow System in the South Plants Plume Group, Paste 2 of 5

Total Wells Sampled: 44 (Apr
Total Samples Collected: 70

Concentration Detections (UgA)

Frequency of Range CRL Ranget Standard Geometric Geometric Adjusted Geometric

Analytical Groups and Analytes Detected Detections OW) (mll) Median mean Deviation Mean Sid. DevA Mean

Volafile Aromatic Orvianics (V
Benzene 29/61 0.85-1.100,000 1.1-670 8,3W 300,000 430,000 6.600 4.6 3,200

Ethylbenzene 1/61 5,000 1.0-220.000 NC NC NC NC NC NC

m-Xylene 1161 7,900 1.0-280,000 NC NC NC NC NC NC

o- and p-Xylene** 1/61 5.700 1.4-380,OOD NC NC NC NC NC NC

Toluene 3/61 60-10,000 1.0-160,000 8,200 NC NC NC NC NC

Oryanosulfur Compoundis.
Mmedard-Aee t Related (OS

1,4-0x= 2ý62 5-5-16 1.4-130 NC NC NC NC NC NC

> Chloroacetic acid NI -- --- ---

Dithiane 1/62 39 1.3-210 NC NC NC NC NC NC

Thiodiglycolt NI - -

Organosulfur CompmUidL

Herb*cide Related (OSCH41

Benzothiazole 1/37 44 1.1-5.0 NC NC NC NC NC NC

Chloropheny1methyl sulfide 3/62 8.4-84 1.1-170 9.8 NC NC NC NC NC

Chlorophenylmethyl sulfone 11/62 3.9-200 2.2-130 20 51 71 24 1.3 4.2

Chlorophenylmethyl sulfoxide 3/62 18-140 2.0-290 66 NC NC NC NC NC

Dimethyldisulfide 0/62 - 0.55-220,000 -

+ Includes maximum CRL values for diluted samples

A Standard deviation of log values (base e) of detections

Tentatively identified compounds MCs) elevated to target stattis in the SARs; them is no CRL for TICs. For the purpose of this mport a CRL of 5 Mo. typically corresponding

to 10 percent of the internal standard. was used.

t Nontarget analyte for which concentrations reported as pan of a USATHAMA-certified analyticW method.

t Target analytes under CMP or Task I I

0* Reported as total xylenes

NA - Not analyzed NC - Not calculated, as sample population is too small for comparison purposes NI - Not identified
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Table RISR A3.2-2 Summary of Analytical Results for the Unconfined Flow System in the South Plants Plume Group. Page 3 of 5

Total Wells Sampled: 44 (Apr
Total Samples Collected: 70

Concentration Detections OUM

Frequency of Range CRL Range+ Standard Geometric Geometric Adjusted Geometric

Analytical Groups and Analytes Detected Detections (RAP) (MA) Median Mean Deviation mean Sid. DevA Mean

Organg9hosRhorous Compounds,
G11-Agent Related (OPHJjB

Diisopropylmethyl phosphonate 6/62 0.46-16 0.39-250 0.70 3.3 6.4 1.1 1.3 0.11

Dimethylmethyl phosphonate 5/59 0.25-2.0 0.19-380 1.0 0.92 0.71 0.68 0.92 0.058

IsopFopylmethyI phosphonic add NA - - -

Methylphosphonic acid NA - -

Phosphoric acid, tributyl ester* NI - -

Phosphoric acid, triphenyl esw& NI - - -

Orrjm=hosRhorous.CMnMMnd&
Pesticide Related (OPHPs)

Atrazinet 3/38 4.6-220 2.6-130 6.3 NC NC NC NC NC

Malathiont 0/39 - 0.37-140 -

Parathiont 2/38 4.14.4 0.65-190 NC NC NC NC NC NC

Suponat 5/35 0.99-1.6 0.79_200 1.1 1.2 0.25 1.2 0.19 0.16

Vaponat 0/38 -- 0.38-170 - - -

nohromochloropx0mine (DBCPI ON) 0.27-280 0.13-190 1.0 48 110 2.4 2.6 0.23

+ Includes maximum CRL values for diluted samples
A Standard deviation of log values (base e) of detections

Tentatively identified compounds (TICs) elevated to target status in the SARs; there is no CRL for TICs. For the purpose of this report a CRL of 5 W. typically corresponding

to 10 percent of the internal standard, was used.
t Nontarget analyte for which concentrations reported as pan of a USATHAMA-certified analytical method.

$ Target analytes under CMP or Task I I
00 Reported as total xylenes
NA - Not analyzed NC - Not calculated, as sarnple population is too small for comparison purposes NI - Not identified
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Table RISR A3.2-2 Summary of Analytical Results for the Unconfined Flow System in the South Plants Plume Group. Page 4 of 5

Total Wells Sampled: 44 (Apr n
Total Samples Collected: 70 Concentration Detections (Llgffi

Frequency of Range CRL Range+ Standard Geometric Geometric Adjusted Geometric

Analytical Groups and Analytes Detected Detections (119/1) WO) Median Mean Deviation Mean Sid. Dev.A Mean

Orranonftrggen Commmnds (ONCs)
Caprolactam* 1/1 200 5 NC NC NC NC NC NC
Hydrazine NA -- --- --- ...

Methy1hydrazine NA -- --- ---

n-Nitrosodimeihylarnine 0/10 2.6-130
n-Ninw,offi-n-propylamine NA --- --- ---

Unsymmeuical diniethylhydnaine NA -

Pubmuclear Aromatic Hydrocarbons (PAH
Fluoranthene* NI - --- ---

> Methyl naphthaleft* NI - ... ---

Phenanduene* NI -
Pyrene* NI - --

tA

Sernivolatfle Halogennted Orguics (1RHOs)
Hexachlorobenzene* 2/2 100-200 5 NC NC NC NC NC NC
Hexachlorobutadiene* NI -- ---

HexachloffocyclopenuKkne (V61 0.048-210
Pentachkwobenzene* NI -- --- ---

Tetrachlorobenzene* NI
Trichlorobenzene* NI --- ...

+ Includes maximum CRL values for diluted samples
A Standard deviation of log values (base e) of detections

Tentatively identified compounds (nCs) elevated to target status in the SARs; them b no CRL for InCs. For the puMose of this mpott a CRL of 5 po, typkally contsponding

to 10 percent of the intenW standard, was use&
t Nontaiget analyte for which concentrations reported as pan of a USATHAMA-mfified analytical method.
t Target analytes under CMP or Task I I
*0 Reported as total xylenes
NA - Not analyzed NC - Not calculated. as sample population is too small for comparison purposes NI - Not identified
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Table RISR A3.2-2 Summary of Analytical Results for the Unconfined Flow System in the South Plants Plum Group. Paite 5 of 5

Total Wells Sampled: 44 (Apr 87)
Total Samples Collected: 70

Concentration Detections (ligil)

Frequency of Range CRL Range+ Standard Geometric Geometric Adjusted Geometric

Analytical Groups and Analytes Detected Detections (140) (PRA) Median Mean Deviation Mean Std. DevA Mean

fkganochlorine Ptsticides (OCE9
Aldrin 4/62 0.11-0.68 0.050-280 0.17 0.28 0.27 0.21 0.86 0.014

Chlordane 3/62 0.66-2.1 0.095-950 1.1 NC NC NC NC NC

Dichlorodiphenylethane (DDE) 6162 0.059-0.32 0.046-130 0.077 0.12 0.10 0.10 0.63 0.0097

Dichlorodiphenyltriddoroedmm (DDT) 3/62 0.054-0.14 0.049-130 0.11 NC NC NC NC NC

Dieldrin 20/62 0.047-5.3 0.050-130 0.090 0.55 1.2 0.16 1.4 0.052'

Endrin 6/62 0.041-0.10 0.050-300 0.049 0.06 0.020 0.060 0.34 0.0054

Isodrin 5/62 0.062-2.1 0.051-240 0.24 0.56 0.86 0.26 1.3 0.021

I&rseni 0/37 2.3-2.5 -- - - - - -

Mercurs 11/38 0.11-0.27 0.10-0.50 0.13 0.15 0.05 0.14 0.31 0.041

1CP Meta
Cadmium 0/38 -- 5.2-8.4 - - - - ---

Chromium 2t38 11-31 6.0-24 NC NC NC NC NC NC

Copper 5/38 23-314 7.9-26 46 93 120 56 1.0 7A

Lead 3/38 21-287 19-74 24 NC NC NC NC NC

Zinc 16/38 22-137 20-22 43 51 33 44 0.56 18

+ Includes maximum CRL values for diluted samples
A Standard deviation of log values (base e) of detections

Tentatively identified compounds MCs) elevated to target status in the SARs; there is no CRL for TiCs. For the purpose of this report a CRL of 5 pe. typically corresponding

to 10 percent of the internal standard, was used.
t Nontarget analyte for which concentrations reported as pan of a USATHAMA-cerfified analytical method.

$ Target analytes under CMP or Task 11
00 Reported as total xylenes
NA - Not analyzed NC - Not calculated, as sample population is too small for comparison purposes NI - Not identified
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Table RISR A3.2-3 Summary of Analytkal Results for the Unconfined Flow System in the Basin A Plume Group. Page I of 5

Total Wells Sampled * 70 (Apr 97 - Feb 89)
Total Samples Collected: 158

Comentration Detections UM

Frequency of Range CRL Range+ Standard Geometric Geometric Adjusted Geometric
Analytical Groups and Analytes Detected Detections (MO) (IMA) Median Mean Deviation Mean Std. Dev. Mean

Volatile Halogenated Organks (VHM
IJ-Dichloroethane 20/154 0.84-74 0.73-40,000 4.5 9.8 16 4.3 1.1 0.56
1,2-Dichloroethane 45/153 0.73-600 0.61-24,000 24 72 120 29 1.3 8.6
IJ-Dichloroethylene 18/133 1.5-1,900 1.0-10,000 7.0 130 440 13 1.8 1.7
trans- I a-Dichloroethylene 33/153 0.83-990 0.76-50.000 36 110 210 26 19 5.7
1.1,2,2-Tetrachloroethane*t 3/23 6-10 1.5-15,000 6A NC NC NC NC NC
1,1,1-Trichloroedmie 13/153 1.1-2,200 0.76-22,000 14 230 610 17 2A 1.5
1,12-Trichloroedam 27/154 1.6-150 0.78-23 .000 25 46 51 19 1.5 3A
Carbon tetrachloride 46/154 1.2-3," 0.99-21,000 47 270 630 51 2.0 15
Chlorobenzene 79/154 0.91-70,000 0.58-17,000 52 9800 18,000 130 3.7 66
Chloroform 128/149 0.64-3,9WOOO 0.50-750 40 71000 440,000 110 3.7 92

> Methylene chloride 30/150 6.4-33.000 1.0-10,000 860 4400 72M 760 2.4 150
le Tetrachloroethylene 81/154 0.88-2,900 0.75-31,000 20 200 520 25 2.0 13
S4 Trichloroethylene 11204 0.62-7,600 0.56-17,000 15 530 1." 27 2.6 19

Trichloropropene NI - - - -- --

Volatile Hydrorarbow (VH
2-Butoxyethanol* NI --- ---

4-Hydroxy-4-methyl-2-penbuxm* NI
I-Methyl-1.3-cyclopenMffiene* NI
2,2-Oxybisedmwl$ NI
2-Pentanone* NI -- - -- -- - -
Bicycloheptadienet 12/115 2.7-16,000 1.0-4,300 210 3100 5,700 230 2.8 24
Dicyclopentadiene 42/193 13-600 1.1-750 75 130 140 80 1.1 17
Methykyclohexane* NI -- --- --- --- --- -- --- -
Methylisobutyl ketone 21/150 16-110,000 1.0-26,000 1,900 12000 29,000 I'M 2.5 170

+ Includes maximum CRL values for diluted samples
A Standard deviation of log values (base e) of detections

Tentatively identified compounds (TICs) elevated to target status in the SARs; there is no CRL for InCs. For the purpose of this report a CRL of 5 No, typically corresponding
to 10 percent of the internal standard, was used.

t Nontarget analyte for which comentrations reported as pan of a USATHAMA-certified analytical method.
t Target analytes under CMP or Task I I
** Reported as total xylenes
NA - Not analyzed NC - Not calculaW. as sample population is soo small for comparison purposes NI - Not identified
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Table RISR A3.2-3 Summary of Analytical Results for the Unconfined Flow System in the Basin A Plume Group. Palte 2 of 5

Total Wells Sampled: 70 (Apr 97 - Feb 89)
Total Samples Collected: 158

Concentration Detections OWM

Frequency of Range CRL Range+ Standard Geometric Geometric Adjusted Geornetm

Analytical Groups and Analytes Detected Detections (MO) (PM) Median Mean Deviation Mean Std. Dev.,& Mean

Volatfle Aromatic O[Unig (VAOs)
Benzene 66/145 IA-97,000 1.0-20,000 250 7600 19,000 260 3.4 120
Ethylbenzene 23/147 1.7-640 0.56-36,000 8.9 100 160 19 2.0 3.0
m-Xylene 17/147 1.5-510 1.0-46,000 23 110 160 21 2.2 2.4
o- and p-Xylene** 25/147 1.8-1,100 1.4-63,000 24 210 310 41 2.2 7.0
Toluene 34/147 2.2-92,000 1.0-26.000 78 3500 16,000 94 2.7 22

Organasulfur ComRQunds,
Mustard-Apent Related (OSCMs)

1,4-Oxathiane 66/179 3.1-1,5W IA-27 45 140 290 46 1.5 17

Chloroacetic acid NI --- ... --- --- - --

Dithiane 77/178 2.0-7,9W 1.3-67 150 600 1,200 140 1.9 60
00 'fbiodiglycolt NA - -- --- -- -- - - --

Orranosull'ur CompoundL
Herb*cide Related (OSCM

Benzothiazole 23/117 1.2-820 1.1-5.0 13 99 200 21 1.7 4.1

Chlorophenylmethyl sulfide 59/180 2.5-1,700 1.1-26 19 94. 270 24 1.3 7.8
Chlorophenylmethyl sulfone 61/178 6.7-7,700 2.2-26 53 360 1.100 70 1.6 24

Cblorophenylmethyl sulfoxide 19/180 3.7-440 2.0-42 40 92 130 42 U 4.4

Dimethykfisulfide 24/138 0.64-5,800 0.55-36.000 11 670 1,800 18 2.5 3.1

+ Includes maximum CRL values for diluted samples
A Standard deviation of log values (base e) of detections

Tentatively identified compounds MCs) elevated to target status in the SARs; there is no CRL for TICs. For the purpose of this report a CRL of 5 No. ty*ally corresponding

to 10 percent of the internal standard, was used.
t Nontarget analyte for which concentrations reported as part of a USATHAMA-certified analytical method.

Target analytes under CMIP or Task I I
Reported as total xylenes

NA - Not analyzed NC - Not calculated, as sample population is ooo small for comparison purposes NI - Not identified
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Table RISR A3.2-3 Summary of Analytical Results for the Unconfiried Flow System in the Basin A Plume Group. Page 3 of 5

Total Wells Sampled: 70 (Apr 97 - Feb 89)
Total Samples Collected: 158 Concentration Detections

Frequency of Range CRL Range+ Standard Geometric Geometric Adjusted Geometric

Analytical Group and Analytes Detected Detections OW) OW) Median Mean Deviation Mean Sid. Dev. Mean

OrgUgghWhorous C=Rmuld&
GB-Apent Related (OPHGBs)

Diisopropylmethyl phosphonale 77/175 0.69-34,000 0.39-190 170 2000 5.700 95 3.0 42

Dimethylmethyl phosphonate 321173 0.36-870 0.19-2,9W 24 76 160 18 1.9 3A

Isopropylmethyl phosphonic acid NA -- -- - - -- -

Methylphosphonic acid NA
Phosphoric acid, tributyl esler* NI
Phosphoric acid, triphenyl esW* NI -- -- - --- - - -

OrganlWhosgborous Com2naft
> Pedk8de Related (OPHN)

Atrazinet 24/103 4.6-180 2.6-4,000 33 59 59 34 12 7.8

Malathiont 17/103 0.59-5W 0.37-26 5A 56 130 7.1 2.0 1.2

Pafathiont 11/103 0.87-24 0.65-37 5.9 7.6 7.0 4.8 1.1 0.51

Suponat 16/103 0.97-130 0.79-39 3.0 20 35 5.7 1.6 0.88

VVonat 5/103 0.86-190 0.39-26 17 49 80 12 2.1 0.60

DohromachloropriMme flDBC 59/194 0.19-57,000 0.13-1,5W 19 1100 7,400 16 2.9 4.8

+ Includes maximum CRL values for diluted samples
A Standard deviation of log values (base e) of detections

Tentatively identified compounds MCs) elevated to target status in the SARs; there is no CRL for TICL For the purpose of this fqxxt a CRL of 5 po. typically corresponding

to 10 percent of the internal standard, was used.
t Nontarget analyte for which concentrations reported as part of a USATHAMA-certified analytical method.
t Target analytes under CMP or Task I I
**. Reported as total xylenes
NA - Not analyzed NC - Not calculated, as sample population is too small for comparison purposes NI - Not identified
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Table RISR A3.2-3 Summary of Analytical Results for the Unconfined Flow System in the Basin A Plume Group. Page 4 of 5

Total Wells Sampled: 70 (Apr 87 - Feb 89)
Total Samples Collected:- 158

Concentration Detections (UgM
Frequency of Range CRL Range+ Standard Geometric Geometric Adjusted Geometric

Analytical Groups and Analytes Detected Detections 440) 4110) Median Mean Deviation Mean SUL Dev.A Mean

Orgluoukr9an Comg2nn&q (ONCs)
Caprolactam* 8/9 10-1,000 5 100 330 400 100 1.5 100
Hydrazine 0/8 -- 31 - --- - - ---
Methy1hydrazine 0/8 3,000
n-Nitrosodimethylarnine on 2.6-26
n-Niuosodi-n-propylamine NA ---
Unsymmetrical dimethy1hydnaine 0/8 23

Polnuclear Aromatic Eildrocarbom (PAHs)
Fluoranthene* NI - --- ---
Methyl naphthalene* NI
PhenanthreneO NI --- ---Pyreneo NI - --- --- -- -- - - --

SCtnivolatole Halogenated Q=ks (SHOs)
Hexachlorobenzene* 24/24 10-200,000 5 100 9200 30,000 300 2.5 300
Hexachlorobutadiene* NI - -- -- - -- -- - --
Hexachlorocyclopentadiene 21/159 0.0624M 0.0484,8W 0.22 49 130 0.86 2.8 0.11
Pentachlorobenzene* NI -- -- --- - --- - --- --
Tetrachlorobenzene* 1/1 10 5 NC NC NC NC NC NC
Trichlorobenzene* 8M 10-200 5 30 75 83 40 1.1 40

+ Includes maximum CRL values for diluted samples
A Standard deviation of log values (base e) of detections

Tentatively identified compounds (nCs) elevated to target status in the SARs; there is no CRL for TICs. For the purpose of this report a CRL of 5 po, typically conuponding
to 10 percent of the internal standard, was used.

t Nontarget analyte for which concentrations reported as part of a USATHAMA-certified analytical method.
t Target analytes under CMP or Task I I
$0 Reported as total xylenes
NA - Not analyzed NC - Not calculated, as sample population is too snail for comparison purposes NI - Not identified
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Table RISR A3.2-3 Summary of Analytical Results for the Unconfiried Flow System in the Basin A Plum Group. Palte 5 of 5

Total Wells Sampled: 70 (Apr 87 - Feb 89)
Total Samples CoIIecWA- 158

Concentration Detections (urAl

Frequency of Range CRL Range+ Standard Geometric Geometric Adjusted Geometric
Analytical Groups and Analytes Detected Detections (119/1) ("A Median Mean Deviation Mean Std. Dev. Mean

Wanochlorine Pesticides (OCPs)
Aldrin 28/184 0.066-300 0.050-55 0.79 is 58 1.5 2.2 0.22
Chlordane 18/184 0.21-460 0.10-190 5.1 36 110 5.4 1.8 0.53
Dichlorodiphenylethaw (DDE) 17/185 0.074-3.6 0.046-26 0.28 0.65 0.% 0.32 1.2 0.029
Dichlorodiphenyltrichloroethane (DDT) 24/185 0.066-6.5 0.049-26 0.27 0.81 1 A 0.37 1.2 0.048
Dieldrin 50/185 0.046-80 0.050-26 0.38 4.0 14 0.51 1.7 0.14
Endrin 39/185 0.046-20 0.050-59 0.25 2.7 4.5 0.58 1.9 0.12
Isodrin 25/184 0.074-3.2 0.05147 0.44 0.88 0.95 0.50 1.1 0.068

Arsenic 55/117 2.5-310 2.4-2.5 42 47 50 28 1.2 13

Mere 27/115 0.11-12 0.10-0.50 0.22 1.3 3.0 0.40 1.3 0.094

ICP Meta
Cadmium 5/122 10-38 5.2-8.4 16 21 12 19 0.55 0.77
Chromium 18/122 6.0-190 6.0-24 52 57 51 38 1.0 5.6
Copper 32/122 9.5-130 7.9-26 45 52 35 40 0.76 11
Lead 1/122 24 19-74 NC NC NC NC NC NC
Zinc 68/122 21-1900 20-100 40 94 230 52 0.84 29

+ Includes maximum CRL values for diluted samples
A Standard deviation of log values (base e) of detections

Tentatively identified compounds MCs) elevated to target status in the SARs; them is no CRL for TICs. For the purpose of this report a CRL of 5 No. typically corresponding
to 10 percent of the internal standard, was used.

t Nontarget analyte for which concentrations reported as pan of a USATHAMA-cerfiried analytical method.
Target analytes under CMP or Task I I
Reported as total xylenes

NA - Not analyzed NC - Not calculated, as sample population is too small for comparism purposes NI - Not identified
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OSCMs, DBCP, and OCPs, are particularly high in the southern part of Section 36 near the

western South Plants drainage ditch.

Significant hydrogeologic characteristics of the Basin A plume group include relatively low

hydraulic conductivity within the UFS and local interchange of groundwater and surface

water. The relatively low hydraulic conductivity has decreased the rate of contaminant

migration in the UFS through the Basin A Neck and partly contained contamination within

the vicinity of Basin A. In addition, the groundwater interception and treatment system IRA

in the Basin A Neck area (Appendix C) is having major impacts on both groundwater flow

and contaminant concentrations downgradient of the Basin A neck. Local interchange of

groundwater and surface water has resulted in locations where contaminated groundwater is at

or near land surface. The two locations where interchange of contarninated surface water and

groundwater is most likely are near the Basin A and South Plants sedimentation pond surface

water sampling stations.

A3.2.3.3 Northwest Boundary Plume Group

The Northwest Boundary plume group consists of contaminated groundwater that is migrating

toward the northwest boundary. In general, plumes in the Northwest Boundary plume group

represent downgradient extensions of plumes that originated near the disposal basins.

Recharge from Basins C, D, and E is suspected to have formerly entered the UFS in this area.

The chemical composition of this plume group reflects changes in historical wastes and waste

disposal practices at RMA. Consequently the chemical composition is a mixture of numerous

analytes. Most organic analyte groups present at RMA have been detected in the Northwest

Boundary plume group. Organic analyte concentrations generally are lower than organic

concentrations found in other plume groups (Figure RISR A3.2-17; Table RISR A3.2-4). The

highest concentrations of organic analytes detected in the plume group (greater than

1,000 pg/1) are associated with OPHGBs. Some detections of VHOs, OSCMs, OSCHs, and

ONCs are greater than 100 pg/l. Among inorganics, chloride, fluoride, arsenic, and ICP

metals are present at elevated concentrations.

A3-102
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Table RISR A3.2-4 Summary of Analytical Results for the Unconfined Flow System in the Northwest Boundary Plwne Group. Palte I of 5

Total Wells Sampled: 82 (Apr 87 - Feb 89)
Total Samples Collected: 282

Concentration Detections (Ugfil

Frequency of Range CRI. Range+ Standard Geometric Geometric Adjusted Geometric
Analytical Groups and Analytes Detected Detections WA (WO) Median Mean Deviation Mean Sid. Dev. Mean

Volatfle Halogenated Organics fVHOs)NC
I,I-Dichloroethane 01288 - 0.73-5.8 - - -- - -- -
1,2-Dichloroethane 17/M 0.70-24 0.61-62 3.2 5.4 5.5 3.8 0.84 0.22
I.I-Dichloroethylene V280 2.0 1.0-5.6 NC NC NC NC NC NC
trans- 1,2-Dichloroethylene 0/288 - 0.76-5.2 - --- - - -
1.1.2.2-Tetrachloroethane*t 6115 8.6-67 13 19 27 23 21 0.79 8.3
1,1,1-Trichloroedaft Of288 - 0.76-3.27 - - - - ---
1.1.2-Trichlorocthane Ot288 0.78-4.9
Carbon tetrachloride 0/288 - 0.99-5.1 -- -- - - --
Chlorobenzene 29/288 1.6-70 0.584.1 7.7 16 is 9.3 1.2 0.84
Chloroform 226M 0.55-460 0.50-1.9 20 23 33 14 1.1 11
Methylene chloride IfM 4.7 1.0-7.4 NC NC NC NC NC NC

> Tetrachloroethylene 12" 0.91-6.9 0.75-8.3 2.6 2.9 1.9 2.4 0.68 0.10
Trichloroethyiene 75/289 0.67-11 0.56-3.9 1.7 2.3 1.8 1.9 0.60 0.50
Trichloropropenc* NI -- -- -- - - - -

Volatile Hydrocarbons (VH
2-Butoxyethand* NI -
4-Hydroxy-4-methyl-2-pentanone* NI -
I-Methyl-1.3-cyclopenmffiene* NI -
2a-Oxybisethanol* NI -
2-Pentanone* NI - --- ---
Bicyclohepiadienet 0/111 - 1.0-5.9 - --- - - - --
Dicyclopentadiene 9/314 1.2-33 1.1-9.3 11 12 9.8 9.6 1.0 0.25
Metbykyclohexane* NI - -- - -- -- - - ---
Methylisobutyl ketone 0/262 1.0-13 ---

+ Includes maximum CRL values for diluted samples
A Standard deviation of log values (base e) of detections

Tentatively identified compounds MCs) elevated to target status in the SARs; there is no CRL for TICL For the purpose of this report a CRL of 5 po. typically corresponding
to 10 percent of the internal standard, was used.

t Nontarget analyte for which concentrations reported as pan of a USATHAMA-certified analytical method.
Target analytes under CMP or Task I I
Reported as total xylenes

NA - Not analyzed NC - Not calculated, as sample population is too small for comparison purposes NI - Not identified

RIPS 5/IUSR Groundwaterfrable RISR A3.2-4 9115191 3:08 IM -Irw



Table RISR A3.24 Summary of Analytical Results for the Unconfined Flow System in the Northwest Boundary Plume Group. Paite 2 of 5

Total Wells Sampled: 82 (Apr 87 - Feb 89)
Total Samples Collected: 282

Concentration Detections (11gfi)

Frequency of Range CRL Range+ Standard Geometric Geometric Adjusted Geometric

Analytical Groups and Analytes Detected Detections (PIA) Median Mean Deviation Mean Std. Dev.A Mean

Volatile Aromatic 01cgan*vt (VAOs)
Benzene 14= 12-8.7 1.0-1.9 2.1 3.1 2.3 2.5 0.65 0.13

Ethylbenzene 0/283 -- 0.564A --- --- - - - --

m-Xylene 21283 2.0-2A 1.0-2.0 NC NC NC NC NC NC

o- and p-Xylenc** 01283 - 1.3-3.2
Toluene 2t282 1.84.3 1.0-2.8 NC NC NC NC NC NC

Oryanesulrur Compounds,
Mwedard-Agent Related (OSCM

1,4-Oxathiane 16/220 1.8-73 IA-27 7.9 21 26 9.7 1.3 0.70

> Chloroacetic acid* NI - - -- -- - - - -

le Dithiane 10/221 2.2-840 1.1-170 55 170 260 51 1.9 2.3

Thiodiglycolt NA -- - --- --- -- - - -

Orranosulfur Compounds,
Herb*cide Related (OSCtIs)

Benzothiazole 5/152 IA45 1.1-5.0 23 23. 21 it 1.6 0.37

Chlorophenylmethyl sulfide 4t221 1.8-12 1.1-17 6A 6.6 4.1 53 0.78 0.10

Chlofophenylmethyl sulfone 10/221 2.7-850 2.2- 12 8.5 160 320 18 2.0 0.81

Chlorophenylmethyl sulfoxide 11/22D 2.2-21 0.12-29 3.9 6.6 6.1 4.9 0.77 0.24

Dimethyldisulfide 0/168 - 0.55-16 --- - - - - ---

+ Includes maximum CRL values for diluted samples
A Standard deviation of log values (base e) of detections

Tentatively identified compounds MCs) elevated to target status in the SARr. there is no CRL for TICs. For the purpose of this mport a CRIL of 5 Mo. typically corresponding

to 10 percent of the internal standard. was used.
t Nontarget analyte for which concentrations reported as part of a USATHAMA-certified analy&A method.

t Target analytes under CMP or Task I I
** Reported as total xylenes
NA - Not analyzed NC - Not calculated, as sample population is too small for comparison purposes M - Not identified

REFS 5/IUSR Gfoundwaterfroble RISR A3.2-4 8/15/91 3:08 PM -Irw



Table RISR A3.2-4 Summary of Analytical Results for the Unconfined Flow System in the Northwest Boundary Plume Group. Page 3 o(5

Total Wells Sampled: 82 (Apr 87 - Feb 99)
Total Samples Collected: 282

Concentration Detections (Ugfi)
Frequency of Range CRL Ranget SLTKM Geometric Geometric Adjusted Geometric

Analytical Groups and Analytes Detmed Detections (ItXA) (ttg1l) Median Mean Deviation Mean Sid. Dev.,& Mean

Organgghosg1horous ComRgunds,
GB-Ai?ent Related (OPHGBs)

Diisopropylmethyl phosphonate 120/328 OA7-5,200 0.39-21 16 250 820 20 2.0 7.4
Dimethylmethyl phosphonate 14/323 0.68-67 0.19-1.5m 1.3 6.5 18 1.8 1.2 0.079
Isopropylmethyl phosphonic acid NA - -- - - - - -
Methylphosphonic acid NA
Phosphoric acid, tributyl eftr* NI
Phosphoric acid, triphenyl ester* NI -- - -- - - - -

Ortanaphosphorous-c2mounnft

> Pesticide Rebated (OPH
Atrazinet 17/115 49-77 4.0-5.9 9.9 20 21 13 0.83 2.0
Malathiont 10/115 0.57-7.2 0.37-21 2.3 2.9 2.1 2.3 0.73 0.20
Parathiont 3/115 1.0-4.6 0.65-37 1.0 NC NC NC NC NC
Suponat 14/112 1.0-5.3 0.79-19 1.5 2.0 1.3 1.8 0.49 0.22
Vaponat 5/115 0.88-32 0.38-17 1.6 7.6 14 2.5 1.47 0.11

ffibromorbloropropany (DRrP) 55/343 0.15-0.44 0.04-19 0.24 0.25 0.08 0.24 0.30 0.038

+ Includes maximum CRL values for diluted samples
A Standard deviation of log values (base e) of detections

Tentatively identified compounds MCs) elevated to target status in the SARs; there is no CRL for TICs. For the purpose of this report a CRL of 5 ttgA. typically corresponding
to 10 percent of the internal standard. was used.

t Nontarget analyte for which concentrations mpxted as pan of a USATHAMA-certified analytical method.
Target analytes under CMP or Task I I
Reported as total xylenes

NA - Not analyzed NC - Not calculated, as sample population is too small for comparison purposes NI - Not identified

REFS 5/RISR Groundwaterfrable RISR A32-4 8115)91 3:08 PM -kw



Table RISR A3.2-4 Summary of Analytical Results for the Unconfined Flow System in the Northwest Boundary plume Group. Page 4 of 5

Total Wells Sampled: 82 (Apr 87 - Feb 89)
Total Samples Collected: 282

Concentration Detections aWM

Frequency of Range CRL Range+ Standard Geometric Geometric Adjusted Geometric
Analytical Groups and Analytes Detected Detections 419/1) OLRA) Median Mean Deviation Mean Sid. Dev.,& Mean

Orranonkragen Com=nds (ONCs)
Caprolactam* 4/4 30-500 5 200 210 200 100 1.4 100
Hydrazine NI -- --- --- --- -
Methylhydrazine NI
n-Nitrosodiniethylamine NI
n-Nilmsodi-n-propylamine N1
Unsymmetrical dimethy1hydrazine NI

Pol]Muclear Aromatic Elldrocarbans (PAHs)
Fluoranthene* NI
Methyl naphthalene* NI

> Phenanthrene* NI
NI

Semovolatole Halogtnated Organics (SHOO
Hexachlorobenzene* NI
Hexachlorobutadiene* NI - --- - - - ---Hexachlorocyclopentadiene 12/309 0.067-0.26 0.048-54 0.10 0.12 0.06 0.11 0.42 0.0042
Pentachkwobenzene* NI -- - -- - - - ---

Tetrachlorobenzene* NI --- ---

Trichlorobenzene* NI

+ Includes maximum CRL values for diluted samples
A Standard deviation of log values (base e) of detections

Tentatively identified compounds (TICs) elevated to target status in the SARs; there is no CRL for TICs. For the purpose of this report a CRL of 5 pg1l. typically corresponding
to 10 percent of the internal standard, was USPA

t Nontarget analyte for which concentrations reported as pan of a USATHAMA-certified analytical method.
t Target analytes under CMP or Task I I
0* Reported as total xylenes
NA - Not analyzed NC - Not calculated. as sample population is too small for comparison purposes NI - Not identified

RIFS 5/RISR Groundwstffflrable RISR A32-4 NA5191 3:08 PM -Irw



Table RISR A3.24 Summary of Analytical Results for the Unconfined Flow System in the Northwest Boundary Plume GOM. Paxe 5 of 5

Total Wells Sampled: 82 (Apr 87 - Feb 89)
Total Samples Collected: 282

Concentration Detections (LLgfi)
Frequency of Range CRL Range+ Standard Geometric Geometric Adjusted Geometric

Analytical Groups and Analytes Detected Detections (MA) (119/1) Median Mean Deviation Mean Std. Dev. Mean

Q[ganochlor*ne Pesticides (OCPA)
Aldrin 39/335 0.061-6.1 0.050-13 0.20 0.55 1.1 0.26 1.1 0.030
Chlordane 12/331 0.12-12 0.095-37 0.56 2.2 4.1 0.66 13 0.024
Dichlorodiphenylethane (DDE) 20/335 0.049-0.57 0.046-14 0.12 0.17 0.14 0.13 0.73 O.OOr78
Dichlorodiphenyltrichloroethane (DIDT) 24/335 0.059-0.77 0.049-18 0.13 0.17 0.15 0.14 0.61 0.010
Dieldrin 201/334 0.051-86 0.050-26 0.29 1.02 6.1 0.32 1.1 0.19
Endrin 59/331 0.055-0.87 0.050-18 0.17 0.20 0.15 0.16 0.65 0.029
Isodrin 23/335 0.063-5.2 0.051-7.9 0.20 0.48 1.1 0.22 1.0 0.015

Arsenie I IW268 2.6-44 2.4-2.5 9.0 9.5 7.1 7.9 0.57 3.3

> Mere 28/125 0.11-0.46 0.10-0.50 0.17 0.19 0.09 0.18 0.41 0.040

leI.." ICPM@ta
19

Cadmium 3/129 7.1-13 5.2-8.4 9.9 NC NC NC NC NC
Chromium 121128 9.2-650 6.0-24 17 83 180 26 1.3 2.4
Copper 6/129 9.3-590 7.9-26 44 150 230 52 1.6 2.4
Lead 4/129 24-120 19-74 50 61 46 48 0.80 1.5
Zinc 46/129 22-22M 20-100 36 120 340 50 0.91 18

+ Includes maximum CRL values for diluted samples
A Standard deviation of log values (base e) of detections

Tentatively identified compounds MCs) elevated to target status in the SARs; there is no CRL forTIC& For the purpose of this report a CRL of 5 pgA, typically corresponding
to 10 percent of the internal standard. was used.

t Nontaiget analyte for which concentrations reported as part of a USATHAMA-cerfified analytical method.
Target analy1cs under CMP or Task I I
Reported as total xylencs

NA - Not analyzed NC - Not calculated, as sample popidation is too small for comparison purposes NI - Not identified

REPS 5/RISR GwwWwaterfrable RISR A324 811501 3:08 PM -Irw



As groundwater flows toward the northwest boundary, under the Basin A Neck, Basin C, and

former Basin F, it moves from an area of relatively thin alluvium with moderate to low

hydraulic conductivity into an area of thick saturated alluvium with higher hydraulic

conductivity. The result of these hydrogeologic changes is an increase in advective transport.

The increased advective transport, combined with mixing of relatively uncontaminated water

as the plumes approach the northwest boundary, may contribute to the lower levels of

contamination in the Northwest Boundary plume group relative to others.

A3.2.3.4 North Boundary Plume Group

The North Boundary plume group consists of contaminated groundwater migrating toward the

NBCS. It includes plumes originating beneath North Plants and plumes migrating northward

under the vicinity of Basin C and former Basin F. The North Boundary plume group may

have received leakage from the former Basin F disposal Basin and the chemical sewer

systems. Along with the Basin A and South Plants plume groups, the North Boundary plume

group contains some of the highest summed AGM concentrations in groundwater at RMA.

All organic analyte groups investigated are present (Figure RISR A3.2-18; Table

RISR A3.2-5). Concentrations of VHOs and OPHGBs exceed 10,000 Pg11 at some locations

along the groundwater flow path from former Basin F to the north boundary (Figure

RISR A3.2-18). Other analytes or analyte groups with concentrations greater than or equal to

1,000 pg/l include VHCs, OPHPs, and ONCs. Concentrations of OCPs frequently exceed

CRLs.

Elevated levels of chloride, fluoride, and arsenic are common in the North Boundary plume

group. Areas with chloride concentration greater than 1,000,000 pg/l and fluoride

concentration greater than 5,000 pg/1 are located immediately north of former Basin F

(Figures RISR A3.2-10 and A3.2-11). Elevated levels of ICP metals occur in an irregular

pattern along the groundwater flow path under former Basin F toward the north boundary.

A3-108
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Table RISR A3.2-5 Summary of Analytical Results for the Unconfined Flow System in the North Boundary Plume Group. Palte I of 5

Total Wells Sampled: 153 (Apr 87 - Feb 89)
Total Samples Collected: 621

Concentration Dawtions (IWM

Frequency of Range CRL Ranget Standard Geometric Geometric Adjusted Geometric

Analytical Groups and Analytes Detected Detections OW) OW) Median Mean Deviation Mean Std. Dev. I& Mean

Volatile Halagenated Organkz (VHOs
IJ-Dichloroethane 38/599 O.W7.7 0.73-1,000 1.6 23 1.7 1.9 0.63 0.12

1,2-Dichloroethane 128/601 12-950 0.61-1,000 9.7 61 160 14 1.5 3.0

IJ-Dichloroethylene 11/575 1.2-230 1.0-1,000 4.6 25. 68 5.9 IA 0.11

tmns-1,2-Dichloroethylene 10/601 0.90-14 0.76-5,000 2.5 4.7 5.0 2.8 1.1 0.047

l,l.2,2-Tetrachlorocthane*t 5120 10-26 1.5-1,500 17 18 6.3 17 0.37 4.2

1.1,1-Trichloroethane 321601 0.83-120 0.76-1,000 1.5 7A 22 2.2 1.1 0.12

1.1,2-Trichloroethane 2/601 4.3-6.0 0.78-1,000 NC NC NC NC NC NC

Carbon tetrachloride 65/601 1.1-65 0.99-1,000 5.2 9.8 14 5.6 0.94 0.61

Chlorobenzene 89/600 0.96-180 0.58-1,000 4.3 16 31 5.7 1.3 0.85

> Chloroform 325/601 0.56-86.000 0.50-28 20 4400 13,000 8.9 3.3 4.8

W Methylene chloride 40/557 1.5-1,3M 1.0-1,000 70 200 310 -63 1.6 4.5

Tetiachloroethylene 240/601 0.88-1,100 0.75-1,000 25 67 160 19 1.6 7.7

Trichloroethylene. 21Z(601 0.64-230 0.56-1,000 6.0 11 22 5.7 1.1 2.0

Trichloropropene* NI - --- --- - --- -

Vol2file Hydrocarbougg (VH
2-Butoxyedmol* NI --- ...

4-Hydroxy4-methyl-2-pentanone* NI --- --- ---

I-Methyl-1.3-cyclopenmffiene* NI
2,2-Oxybisethanol* NI
2-Pentanone* NI --- --- ... --- - -- --

Bicycloheptadienet 48/203 1.4-1,100 1.0-6.0 45 180 300 59 1.6 14

Dicyclopentadiene 2221712 2.1-3fM 1.1-360 170 370 530 24 1.5 7.6

Methylcyclohexane NI -- ... ... - --- -- - ---

Methylisobutyl ketone 19/614 12-350 1.0-1.400 98 110 110 61 0 1.9

+ includes maximum CRL values for diluted samples
A Standard deviation of log values (base e) of detections

Tentatively identified compounds (MCs) elevated to target status in the SARs; there is no CRL for TICs. For the purpose of this report a CRL of 5 po. typically corresponding

to 10 percent of the internal standard, was used.
t Nontarget analyte for which concentrations reported as part of a USATHAMA-certified analytical method.

Target analyles under CMP or Task I I
Reported as total xylenes

NA - Not analyzed NC - Not calculated, as sample population is too small for comparism purposes NI - Not identified

REFS 5/IUSR GToundwaterfroble RISR A3.2-5 9112191 3:33 PM - dep



Table RISR A3.2-5 Summary of Analytical Remits for the Unconfined Flow System in the North Boundary Plume Group. Page 2 of 5

Total Wells Sampled: 153 (Apr 87 - Feb 89)
Total Samples Collected: 621

Concentration Detections OMM

Frequency of Range CRI, Range+ Sterldard Geometric Geometric Adjusted Geometric

Analytical Groups and Analyies Detected Detections Median Mew Deviation Mean Std. Dev.A Mean

Voisfile Aromatoc QMnks (VAOs)
Benzene 110/595 1.3-520 1.3-1,000 7.1 39 110 8.9 IA 1.7

Ethylbenzene 26/594 0.69-13 0.56-1,000 1.7 3.1 3.1 2.1 0.83 0.093

m-Xylene 9/595 1.9-13 1.0-1,000 2.2 5.1 4.3 3.8 0.79 0.057

o- and p-Xylene** 24/594 1.5-75 1.3-2.000 2.9 11 18 4.6 1.2 0.18

Toluene 54/594 1.5-340 1.0-1,000 8.7 46 77 14 1.6 1.3

Orranosulfur Compounds.
b1mr,tard-Agent Related (OSCMs)

1,44:)xathiane 216/671 1.4-190 1.4400 6.3 10 17 6.6 0.87 2.1

Chloroacefic acid* NI - --- --- --- --- - - --

Dithiane 229/673 1.6-570 1.1-1,100 26.0 37 50 22 1.1 7.3

Thiodiglycolt 0/5 - 66 --- - -- - - ---

Organasulfur ComnMM&
Herb*cide Related (OSCM

Benzothiazole 57/558 1.24-270 1.1-39 6.6 14 36 6.0 1.1 0.62

Chloropheny1methyl sulfide 179/672 1.2-790 1.1-850 17 61 130 18 1.5 4.9

Chlorophenylmethyl sulfone 336/673 2.9-1,700 2.2-360 29 150 240 8.3 1.7 4.1

Chlorophenytmethyl sulfoxide 204/672 2.3-400 2.0-1,500 37 54 71 31 1.1 9.3

Dimethyldisulfide 32/586 0.93-29.0 0.55-675 6.0 7.0 6.7 5.0 0.85 0.27

+ Includes maximum CRL values for diluted samples
A Standard deviation of log values (base e) of detections

Tentatively identified compounds (nCs) elevated to target status in the SARs; there is no CRL for TICs. For the purpose of this rqxxt a CRL of 5 Mo. typically corresponding

to 10 percent of the internal standard, was used.
t Nontarpt analyte for which concentrations reported as part of a USATHAMA-certified analytical method.

Target analytes under CMP or Task I I
Reported as total xylenes

NA - Not analyzed NC - Not calculated. as sample population is too snail for comparison purposes NI - Not identified

RIPS 5/RISR Groundwawfrable RISR A3.2-5 BA2/91 3:33 PM - dep



Table RISR A3.2,5 Summary of Analytical Results for the Unconfined Flow System In the North Boundary Plume aroup. Palte 3 of 5

Total Wells Sampled- 153 (Apr 87 - Peb 89)
Total Samples Collected:* 621 Concentration Detections (jwM

Frequency of Range CRL Range* Standard Geometric Geometric Adjusted Geometric

Analytical Groups and Analytes Detected Detections Median Mean Deviation Mean Std. Dev. Mean

OMMhWhorous COMOMAR&
GB-Agent Related (OPHGBs)

Diisopropylmethyl phosphonale 556/685 0.69-5,000 0.39-7000 220 580 goo 3.6 1.6 2.9

Dimethylmethyl phosphonate 50/681 0.35-20,000 0.19-1,700 26 1500 31 4.200 3.1 2.3

Isopropy1methyl phosphonic acid NA - --- - -- --- ---

Methylphosphonic acid NA --- --- --- ---

Phosphoric acid, tributyl estet NI
Phosphoric acid, triphenyl esw* NI --- - - - - --

Organhanhorow Cam2gmeft
Pesticide Related (OPH

Atrazinet 40/207 4.1-1,000 4.0-280 27 57 160 24 1.1 4.7

Malathiont 23/207 0.65-7.4 0.37-700 2.5 2.5 1.6 2.1 0.66 0.23

Parathion$ 23/M 0.91-15 0.65-950 4.4 5-3 4.1 4.0 0.80 0.44

Suponat 18/201 0.98-27 0.79-470 1.4 4.5 7.4 2.2 1.0 0.20

Vaponat 11/207 0.58-9.8 0.38-850 0.71 1.9 2.7 1.2 0.90 u6il

MUM 189MA 0.15-190 0.13-950 1.4 4.4 15 1.4 1.4 0.37

+ includes maximum CRL values for diluted samples
A Standard deviation of log values (base e) of detections

Tentatively identified compounds (nCs) elevated to target status in the SARr, there is no CRL for TICs. For the purpose of this report a CRL of 5 ILg.4, typically corresponding

to 10 percent of the internal standard . was used.
t Nontarget analyte for which concentrations reported as part of a USATHAMA-certified analytical method.
t Target analytes under ChIP or Task I I
00 Reported as total xylenes
NA - Not analyzed NC - Not calculated, as smple population is too small for comparison purposes Nl - Not identified

REPS 5/RISR Groundwatmtrable RISR A32-5 8/12491 3:33 PM - dep



Table RISR A3.2-5 SummarY Of Analytical Results fbr the Unconfined Fqow System In the North Boundary Plume Group, Page 4 of 5

Total Wells Sampled: 153 (Apr 87 - Feb 89)
Total Samples Collected: 621 Concentration Detections (ILgd)

Faqwncy of Range CRL Ranget Standard Georneat Geometric Adjusted Geometm

Analytical Groups and Anelytes Detected Detections OJAM WO) Median Mean Deviation Mean Std. Dev. Mean

OrnnoulftWu Comaggfflh fONCz)
Caprolactam* 12112 100-2,000 5 200 490 600 300 0.91 300

Hydrazine NA - - --- --- --- - -- ---

Methylhydrazine NA -
n-Niuosodimethylonine NA -
n-Nitrosodi-n-propylamine NA -
UnsymmeWcal dimethy1hydraine NA

Pbl3Mmckw Armstic Hydramr1lignts (PA
Fluoranthene* NI
Methyl naphthalene* NI

4. Phenandnm* NI - --
0" Pyreft* 1/1 20 5 NC NC NC NC NC NC

Semlyalafile n1gaujited Q=ks (SHOO
Hexachlorobenzene* 2/2 7-8 5 NC NC NC NC NC NC

Hexachlofobutadiere NI - - -- - - -- --

Hexachlorocyclopentwkne 61/656 0.071-92 0.048-1,100 1.0 5.8 15 1.3 1.7 0.12

Pentachlofobenzene* NI -- -- -- - - -- --

Teuwhkxobenzcw* 4/4 9-30 5 8 13 10 10 0.66 10

Trichlorobenzene* NI - -- - - - -- ---

+ Includes maximum CRL values for diluted samples
A Standard deviation of log values (base e) of detections

Tentatively identified compounds MC$) elevated to target status in the SARs; there is no CRL for TICs. For the purpose of this report a CRL of 5 po. typically corresponding

to 10 percent of the internal standard, was used.
t Norimpt analyte for which concentrations reported as pan of a USATHAMA-certified analytical method.

* Target analytes under CMP or Task I I
** Reported as total xylenes
NA - Not analyzed NC - Not calculated, as sarriple population is too small for comparison purposes NI - Not idendfied

RIFS 5/RISR GmMwaterfrable RISR A32-5 8112)91 3:33 PM - dep



Table RISR A3.2-5 Summary of Analytical Results for the Unconfined Flow System in the North Boundary Plume Group. Page 5 of 5

Total Wells Sampled: 153 (Apr 97 - Feb 99)
Total Samples Collected: 621

Concentration Detections OwM

FIrequency of Range CRL Range Standard Geometric Geometric Adjusted Geornetric

Analytical Groups and Analytes Detected Detections WO Median Mean Deviation mean Std. Dev. mean

OlullorhWoe Pedieldes (OCPO
Aldrin 66/679 0.058-10 0.050-380 0.31 0.92 19 0.39 12 0.037

Chlofdane 36/675 0.15-120 0.10-470 2.2 14 27 3.1 1.7 0.16

Dichlorodiphenyledone (DDE) 54/689 0.048-6.8 0.046-300 0.30 0.67 1.0 0.34 1.2 0.027

Dichbrodiphenyltrichlowethane (DDT) 61/688 0.0564A 0.0494W 0.29 0.61 0.85 0.33 1.1 0.029

Dieldrin 37004 0.045-150 0.050-240 0.44 U 7.8 OA6 1.2 0.25

Embin 204/682 0.043-63 0.0504W 0.44 1.2 4.5 OA3 1.3 0.13

Isodrin 43/689 0.078-12 0.051-190 0.36 0.92 19 OA3 1.1 0.027

Arsenk 2221559 2A-410 2.4-3.1 4.7 13 37 6A 0.92 2.6

4. 521M 0.10-2.0 0.10-0.50 0.21 0.27 0.27 0.22 0.53 0.048

1CPMeJA

Cadmium V242 5.5-35 5.2-8A 9.5 14 10 11 0.63 0.33

Chromium 18/236 7.0-75 6.0-24 25 31 20 25 0.68 1.9

Copper 15/242 11-85 7.9-26 17 24 19 20 0.56 1.2

Lead ZP242 22-44 19-74 NC NC NC NC NC NC

Zinc 90/239 22-210 20-22 42 56 37 47 0.56 18

+ Includes maximum CRL values for diluted samples
A Standard deviation of log values (base e) of detections

Tentatively identified compounds (TICs) elevated to target status in the SARs; them is no CRL for TICL For the purpose of ft report a CRL of 5 po. typically corresponding

to 10 percent of the internal standard, was used.
t Nontarget analyte for which concentrations reported as part of a USATHAMA-cerfified analytical method.
t Target analytes under CMP or Task I I
** Reported as total xylenes
NA - Not analyzed NC - Not calculated, as sample population is too small for compefison purposes M - Not identified

REPS 5/RISR Gmundwaftrfrable RISR A32-5 8112J91 3:33 PM -dep



The occurrence of ICP metals is difficult to evaluate and probably indicates contributions

from natural sources.

The distribution of contaminants in the North Boundary plume group area has been influenced

by historical hydrogeologic conditions that differ substantially from present-day conditions.

During periods when the disposal basins were filled with fluids, the groundwater table was

closer to the land surface and rates of flow were more rapid than presently exist. Operation

of the NBCS has also had an influence on water levels and the distribution of contaminants

south of the containment system. In recent years, water levels in the UFS have declined to

the point where the water table at many locations within the North Boundary plume group is

near or within the Denver Formation. In these areas of low hydraulic conductivity, rates of

contaminant migration have probably decreased significantly.

A3.2.3.5 Western Plume Group

The Western plume group is spatially and hydraulically separated from the large, complex

plume system to the northeast. Concentrations are generally the lowest of any of the plume

groups (Table RISR A3.2-6). The Western plume group consists of contaminants that

originated near the RMA railyard, the motor pool, and off-post areas south of RMA. The

chen-dcal composition of the Western plume group is substantially different from the

composition of other plume groups at RMA. The principal contaminants are volatiles and

DBCP (Figure RISR A3.2-19). Concentrations of the ONCs (caprolactam) are the highest,

ranging from 100 to greater than 1,000 pg1l; however, as discussed in Section A3.2.3, these

concentrations are interpreted to be anomalous (Figure RISR A3.2-19). An isolated, narrow

plume of DBCP originates in the railyard and is migrating toward the ICS. A plume of

trichloroethylene extends at least from the motor pool to the ICS. Elevated levels of

inorganic contaminants generally are limited to mercury and ICP metals.

The hydrogeology of the Western plume group is characterized by relatively thick saturated

deposits of alluvium. Hydraulic conductivity is high. Consequently, rates of groundwater

A3-114
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Table RISR A3.2-6 Summary of Analytical Results for the Unconfined Flow System in the Western Plume Gioup. Paste I of 5

Total Wells Sampled: 98 (Apr 97 - Feb 89)
Total Samples CollacwA- 219

Concentration Detections

Frequency of Range CRI, Range+ Standard Geometm Geometric Adjusted Geometric

Analytical Groups and Analyto Detected Detections (wO) OW) Median Mean Deviation Mean Std. Dev. Mean

Volatile Halagenaled Oramnics WHOM
I,I-Dichloroethane 10/185 0.98-2.2 0.73-2.4 1.3 1.4 0.45 1.4 0.30 0.074

1,2-Dichlor,oethane 1/185 0.76 0.61-1.1 NC NC NC NC NC NC

I,I-Dichloroethylene 451183 1.8-59 1.0-1.7 8.4 13 13 8.7 0.88 2.2

trans-la-Dichloicethylene 361185 0.94-8.5 0.76-5.0 1.9 2.8 2.2 2.1 0.69 0.42

I,I,2,2-TetrachIoroed=w*t 2J8 6A-16 1.5 NC NC NC NC NC NC

1,13-Trichloroethaw 561185 0.88-130 0.76-1.7 14 24 28 13 1.3 3.9

1,1,2-Trichloroedum 8/185 0.95-3.4 0.78-1.0 12 1.4 0.80 0 0.41 0.056

Carbon tetrachloride 2/185 1.1-6.4 0.99-2.4 NC NC NC NC NC NC

Chlorobenzene 19/184 0.54-93 0.58-1.1 8.0 21 25 6.8 1.8 0.70

Chloroform 51/184 0.57-29 0.50-1.4 U 4.1 6.8 1.9 1.1 0.52

Methylene chloride 0/185 - 1.0--7.4 --- -- - - - ---

Tetrachloroethylene 49/185 0.89-4.5 0.75-1.3 2.0 2.2 0.99 2.0 0.46 0.52

Trichloroethylene 123/185 0.63-140 0.564A 7.0 19 26 8.8 1.2 5.9

Trichiampropene* NI - -- ... --- - - ---

Volatile Ilydrocarbons (VHC
2-Butoxyethanol* NI - --- ... ... ---

4-Hydroxy4-methyl-2-pentanone* NI - --- --- --- ---

I-Methyl-1.3-cyclopenUbdiene* NI - --- ---

2,2-OxybisethanoI* NI
2-Pentanone* NI --- ...

Bicycloheptadienel 0/141 - 1.2-5.9 --- -- -- - -

Dicyclopentaffiene 9/194 3.2-54 4.7-9.3 12 17 14 13 0.73 0.60

Methylcyclohexane* NI -- --- ... --- ... - - ---

Methylisobutyl ketone 1/175 8.3 1.0-13 NC NC NC NC NC NC

+ Includes maximum CRL values for diluted samples
A Standard deviation of log values (base e) of detections

Tentatively identified compounds (TICs) elevated to target status in the SARs; there is no CRL for TICs. For the purpose of this report a CRL of 5 po, typically corresponding

to 10 percent of the internal standard, was used.
t Nontarget analyte for which concentrations reported as part of a USATHAMA-certified analytical method.

Target analytes under CMP or Task I I
Reported as total xylenes

NA - Not analyzed NC - Not calculated, as sample population is too snail for comparison purposes NI - Not identified
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Table RISR A3.2-6 Summary of Analytical Results for the Unconruied Flow System in the Western Plume Group. Page 2 of 5

Total Wells Sampled: 98 (Apr 87 - Feb 89)
Total Samples Collected: 219

Concentration Detections (IMM

Frequency of Range CRL Range+ Standard Geometric Geometric Adjusted Geometric

Analytical Groups and Analytes Detected Detections (ttLll) Median Mean Deviation Mean Std. Dev. A Mean

Voletele Aromatic Orgsuies (VA
Benzene 19/176 1.3-46 1.0-1.7 8.1 13 13 9.0 1.0 0.86

Ethylbenzene 1/176 4.0 1.0-2.8 NC NC NC NC NC NC

m-Xylene 2/176 1.7-2A 1.0-4.0 NC NC NC NC NC NC

o- and p-Xylene** 1/176 2.5 1.4-6.4 NC NC NC NC NC NC

Toluene 1/176 2.2 1.0-5.6 NC NC NC NC NC NC

Orymnasuffur Compounds,
Mcstard-Agent Related (OqCMs)

1,4-Oxathiane 0/208 - IA-27 ... --- ---

Chloroacetic acid* NI --
Dithiane IPA 6.7 1.3-21 NC NC NC NC NC NC

Mdodiglycolt 0/1 - 6.7

Orrimosulfur CompoundL
Herb*cide Related (OSCHs)

Denzothiazole 2/170 79-10 1.1-5.0 NC NC NC NC NC NC

Chloropheny1methyl sulfide 0/208 - 1.1-17 - --- --- --- ---

Chlorophenylmethyl sulfone 0/208 - 2.2-8.0
Chlorophenylmethyl sulfoxide 0/208 - 2.0-29 --- --- --- --- ---

Dimethyldisulfide 0/172 - 0.55-14

+ Includes maximum CRL values for diluted samples
A Standard deviation of log values (base e) of detections

Tentatively identified compounds MCs) elevated to target status in the SAft there is no ML for TICS. For the purpose of this report a CRL of 5 po, typically corresponding

to 10 percent of the internal standard, was used.
t Nontarget analyte for which concentrations reported as part of a USATHAMA-certified analytical method.
t Target analytes under CMP or Task I I
** Reported as total xylenes
NA - Not analyzed NC - Not calculated, as sample population is too small for comparison purposes NI - Not identified
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Table RISR A3.2-6 Summary of Analytical Remits for the Unconfined Flow System in the Western Plume Group. Page 3 of 5

Total Welb Sampled: 98 (Apr 87 - Feb 99)
Total Samples CollecvA- 219

Concentration Detections (ji&M

Frequency of Range CRL Range+ Standard Geometric Geometric Adjusted Geometric
Analytical Groups mid Analytes Detected Detections (WO) Median Mean Deviation Mean Std. Dev. mew

Organ hosliborous CMURgmW&
GB-Aeent Related (OPHGBs)

Diisopropylmethyl phosphonate 8/191 0.44-2.8 0.39-21 0.64 0.91 0.79 0.74 0.59 0.031
Dime4hylmethyl phosphonate 21188 0.26-0.35 0.19-130 NC NC NC NC NC NC
lsopropylmethyl phosphonic acid NA ... ---

Methylphosphonic acid NA --- ---

Phosphoric acid, tributyl esterO NI
Phosphoric acid, triphenyl ester* NI ... ... --- ...

OrganoghosRhorous ComRggn&
restk*de Related (OPH

Atrazinet 0/97 4.0-5.9
Malathiont 2J97 0.59-0.68 0.37-21 NC NC NC NC NC NC
Parathiont 1/97 1.3 0.65-37 NC NC NC NC NC NC
Suporiat 1/90 0.96 0.79-19 NC NC NC NC NC NC
Vaponat 1/97 1.5 0.38-17 NC NC NC NC NC NC

Dibromochlarolkr=sne (DBV-P) 65/252 0.051-61 0.040-19 1.5 7.9 15 1.5 2.0 0.38

+ Includes maximum CRL values for diluted samples
A Standard deviation of log values (base e) of detections

Tentatively identified compounds MCs) elevated to target status in the SARs; there is no CRL for TICs. For the purpose of this report a CRL of 5 po. typically corresponding
to 10 percent of the internal standard, was used.

t Nontarget analyte for which concentrations reported as part of a USATHAMA-certified analytical method.
t Target analytes under CM[P cc Task I I
** Reported as total xylenes
NA - Not analyzed NC - Not calculated, as sample population is loo small for corripwLmin purposes NI - Not identified
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Table RISR A3.2-6 Summary of Analytical Results for the Unconrmed Flow System in the Western Plume Group. Palte 4 of 5

Total Wells Sampled: 98 (Apr 87 - Feb 89)
Total Samples Collected: 219

Concentration Detections (UM

Frequency of Range CRL Ranget Standard Geometric Geometric Adjusted Geometric

Analytical Gmy and Analytes Detected Detections OW) OW) Median Mean Deviation Mean Std. Dev.,& Mean

Oranonit=n ComMMadl (ONCs)
Caprolactam* 5/5 700-2,000 5 900 1140 600 1.000 0.48 1,000
Hydrazine NA -- --- --- - -- - -

Methylhydrazine NA
n-NiOosodimethylamine NA
n-Nitrosodi-n-propylamine NA
Unsymmetrical dimethylhydrazine NA

Pol)Mudemr Aromatic Hydrocarbons (PAH
Fluomnthene* NI

> Methyl naphthalene* NI

le Phenandwene* NI
I-A Pyrene* NI
0-
00

Semivol2file Halogcnated Organics (SHOs)
Hexachlorobenzene* 2/2 20 5 NC NC NC NC NC NC

Hexachlofobutadiene* NI - -- -- -- - ... ---

Hexachlorocyclopentadiene 5/197 0.080-0.69 0.048-54 0.36 0.39 0.22 0.32 0.82 0.0081

Pentachlorobenzene* NI --- - - - - -- -

Tetrachlofobenzene* NI --- ---

Tnchlombenzene* NI

+ Includes maximum CRL values for diluted samples
A Standard deviation of log values (base e) of detections

Tentatively identified compounds MCs) elevated to target status in the SARs; there is no CRL for TICs. For the purpose of this report a CRL of 5 "A. typically corresponding

to 10 percent of the internal standard, was used.
t Nontarget analyte for which concentrations reported as part of a USATHAMA-certified analytical method.
t Target analytes under CMP or Task I I
** Reported as total xylenes
NA - Not analyzed NC - Not calculated, as sample population is too small for compwison purposes NI - Not identified
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Table RISR A3.2-6 Summary of Analytical Results for the Unconfined Flow Sysm in the Western Plume Group. Page 5 of 5

Total Wells Sampled: 98 (Apr 87 - Feb 89)
Total Samples Coflected.- 219

Concentration Detections (IMM

Frequency of Range CRL Range+ Standard Geometric Geometric Adjusted Geometric

Analytical Groups and Analytes-Desected Detections Median Mean Deviation Mean Std. Dev. A Mean

OrgiltiochloHne Pesikides (OCPs)
Aldrin W01 0.059-0.53 0.050-13 0.11 0.17 0.15 0.13 0.72 0.0052
Chlordane 0/201 - 0.10-37 - - -- --- --

DichloixAphenylethane (DDE) 1/201 0.76 0.046-14 NC NC NC NC NC NC
Dichlorodiphenyltrichloroethane (DDI) 2/200 0.089-15 0.050-18 NC NC NC NC NC NC
Dieldrin 0/201 -- 0.050-26 --- --- ---

Endrin 1/196 0.074 0.050-18 NC NC NC NC NC NC
Isodrin 0/201 - 0.050-7.8 --- ---

Arsenic 0/164 2.4-2.5 -- - -- - -- --

> Merc 45/170 0.10-0.68 0.10-0.50 0.19 0.20 0.10 0.19 0.38 0.050

ICP Meta
Cadmium 0/166 - 5.2-8.4 -- - -

Chromium 17/166 6.1-20 6.0-24 11 11 3.7 11 0.34 1.1
Copper 4/166 35-47 7.9-26 43 42 5A 42 0.13 1.0
Ltad 0/166 - 19-74 --- --- - - -- --

Zinc 53/165 22-184 20-40 37 50 33 43 0.52 14

+ Includes maximum CRL values for diluted samples
A Standard deviation of log valties (base e) of detections

Tentatively identified compounds MCs) elevated to target status in the SARs; them is no CRL for TICs. For the purpose of this report a CRL of 5 po, typically corresponding
to 10 percent of the internal standard, was used.

t Nontarga analyte for which concentrations reported as part of a USATHAMA-certified analytical method.
Target analytes under CMP or Task I I
Reported as total xylenes

NA - Not analyzed NC - Not calculated, as sample population is too small for comparison purposes NI - Not identified
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flow and contaminant n-dgration in this plume group are faster than rates of movernent in

other plume groups. Much of the contamination in the Western plume group originated in

areas south of RMA, and in the process of migrating across RMA, has merged with plurnes

that originated within the RMA boundaries. Samples of contaminated groundwater

originating off post to the south frequently contain elevated levels of VHOs and associated

breakdown products. These analytes are detected less frequently in plumes that originated

within the boundaries of RMA.

A3.2.3.6 Isolated Detections

Table RISR A3.2-7 is a data summary for groundwater samples from the UFS that have not

been assigned to any plume group. These samples are generally isolated spatially or

temporally. VHOs, OCPs, and ICP metals constitute most detections for this group. Sorne of

the VHO detections are attributed to methylene chloride lab artifacts, as discussed in

individual SARs and the W`RIR. Sporadic high VHC and VAO concentrations were detected

in areas adjacent to the South Plants plume group.

A3.2.4 Confined Flow System

Although the majority of contaminated groundwater at RMA occurs in the UFS, wells

completed in the underlying Denver Formation have elevated levels of some contaminants.

Much of the water in the Denver Formation is present under confined conditions. However,

water in the upper portion of the Denver Formation is commonly under unconfined flow

conditions, particularly where overlying alluvial deposits are unsaturated. The Denver

Formation consists of fluvial and deltaic sediments that generally have low hydraulic

conductivity. Wells in the Denver Formation are typically completed in sandstone units.

Yields of these wells usually are low and the lateral extent and interconnectivity of individual

sandstone bodies are extremely complex and not well characterized. In general, because the

distribution of contaminants frequently appears to be irregular, occurrences in the Denver

Formation groundwater cannot be depicted as continuous plumes. The irregular pattern of

contamination is a reflection of the lenticular and discontinuous nature of the permeable

A3-120
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Table RISR A3.2-7 Summary of Analytical Results for Isolated Detections in the Unconfined Flow System. Page I of 5-

Total Wells Sampled: 172 (Apr 87 - Feb 89)
Total Samples Collected: 632

Concentration Detections UWM

Frequency of Range CRL Range4 Standard Geometric Geometric Adjusted Geometric

Analytical Groups and Analytes Detected Detections 019/1) (W) Median Mean Deviation Mean Std. Dev.A Mean

Volatile Halorenated Organics (VHOs
IJ-Dichloroethane 12/633 1.1-5.0 0.73-6,000 2.0 2.2 1.2 2.0 0.47 0.042
1,2-Dichloroediane 46/634 0.60-75 0.61-2,500 3.0 6.5 11 3.4 1.07 0.25
I,I-Dichlorocthylene V626 2.7 1.0-2,500 NC NC NC NC NC NC
trans- 1,2-Dichloroethylene 4/634 1.1-2.9 0.76-12,000 1.9 2.0 0.9 1.8 0.49 0.011
1.12.2-Tetrachloroethane*t 1/30 14 1.5-3,800 NC NC NC NC NC NC
1.1.1-Trichloroethane 27/634 0.82-29 0.76-2,500 3.2 6.4 8.3 3.4 1.1 0.14
Ma-Trichloroethane 1/634 1.5 0.78-2,500 NC NC NC NC NC NC
Carbon tetrachloride 10/634 1.1-9.8 0.99-5,300 6.9 6.1 3.3 5.0 0.77 0.078
Chlorobenzene 124/629 0.62-120 0.58-2ýM 4.5 9.0 15 4.5 1.1 0.89
Chloroform 1921631 0.57-1.500 0.50-2jM 9.3 51 200 9.0 1.6 2.7
Methylene chloride 5/632 2.7-32 1.0-10,000 8.9 12 12 8.7 0.89 0.069
Tetrachloroethylene 98/634 0.90-150 0.75-3,300 6.7 19 30 7.5 1.4 1.2
Trichloroethylene 71/634 0.65-9.1 0-5&3,5W 2.6 3.2 2.1 2.6 0.66 0.29
Trichloropropoe NI -- -- -

IMAM Hydrocarbons (VH
2-Butoxyethanol* NI
4-Hydiroxy-4-methyl-2-pentanonc* NI
I-Methyl-1,3-cyclopenwdiene* NI --- ---

2.2-Oxybisethanol* NI
2-Pentanone* NI --
Bicycloheptadienet 21266 1,400 1.2-3.000 NC NC NC NC NC NC
Dicyclopentadiene 48/660 9.3-12,000 1.5-3,800 28 420 1,700 57 1.6 4.1
Methylcyclohexane* NI -- - -- - - --

Methylisobutyl ketone 2/620 19-23 1.0-3,5W NC NC NC NC NC NC

4 Includes maximum CRL values for diluted samples
A Standard deviation of log values (base e) of detections

Tentatively identified compounds (TICs) elevated to target status in the SARs; there is no CRL for MCs. For the purpose of this report a CRL of 5 Mo. typkally corresponding

to 10 percent of the internal standard, was used.
t Nontarget analyte for which concentrations reported as part of a USATHAMA-cerfified imalytical mediod.

Target analytes under CMP or Task I I
Reported as total xylenes

NA - Not analyzed NC - Not calculated, as sample population is too small for comparison purposes NI - Not identified
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Table RISR A3.2-7 Summary of Analytical Results for Isolated Detections in the Unconfiried Flow System. Page 2 of 5

Total Wells Sampled: 172 (Apr 87 - Feb 89)
Total Samples Collected: 632

Concentration Detections AUM

Frequency of Range CRI, Range+ Standard Geometric Geometric Adjusted Geometric
Analytical Groups and Analyles Detected Detections (ttyfi) (MA) Median Mean Deviation Mean Std. Dev.,& Mean

Volaffie Aromalk Jý=nics (VAOs
Benzene 47/632 1.0-680,000 1.0-1.9 3.1 27,000 110,000 8.3 3.3 0.62
Ethylbenzene 2/632 5.2-400 0.62-70,000 NC NC NC NC NC NC
m-Xylene 1/632 400 1.0-100,000 NC NC NC NC NC NC
o- and p-Xylene** 4/632 2.0-400 1.3-160,000 2.6 100 200 8.5 2.6 0.054
Toluene 8/631 1.84M 1.0-140,000 3.4 58 140 7.6 1.9 0.096

JkPanosulfur Compounds.
Mustard-Age t Related (OSCM

1,4-Oxathiane 15/655 1.4-62 1.44M 4.9 16 21 7.2 1.4 0.16
> Chloroacetic acid* NI - - -- - - - -
le Dithiane 27/656 1.8-530 1.1-1,100 8.3 67 150 12 1.7 0.48

Thiodiglycolt 0/7 - 6.7 -- -- - -- - --

Organosulfur Comp2und&
Herb*cide Related (OSCth)

Benzothiazole 5/560 1.2-310 1.1-5.0 7.1 66 140 8.4 2.3 0.075
Chlorophenylmethyl sulfide 16/656 1.2-42 1.1-850 3.8 8.1 10 4.9 0.98 0.12
Chloropheny1methyl sulfone 43/656 2.7-670 2.2-360 8.6 73 160 14 1.6 0.89
Chlorophenylmethyl suffoxide 53/656 2.1-140 2.0-1,500 35 45 43 23 1.4 1.8
Dimethyklisulfide 3/574 1.1-1.8 0.55-34.OOD 1.1 NC NC NC NC NC

+ Includes maximum CRL values for diluted samples
A Standard deviation of log values (base e) of detections

Tentatively identified compounds MCs) elevated to target status in the SARs; there is no CRL for TICs. For the purpose of this report a CRL of 5 pe, typically corresponding
to 10 percent of the internal standard, was used.

t Nontarget analyte for which concentrations reported as pan of a USATHAMA-cerdfied analytical method.
t Target analytes under CMP or Task I I
** Reported as total xylenes
NA - Not analyzed NC - Not calculated. as sample population is too small for comparison purposes NI - Not identified
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Table RISR A3.2-7 Summary of Analytical Remits for isolated Detections in the Unconfined Flow System. Paite 3 of 5

Total Wells Sampled: 172 (Apr 87 - Feb 89)
Toud Samples Collected: 632

Concentration Detections (Ugfi)

Frequency of Range CRL Range+ Standard Geometric Gownetric Adjusted Geometric
AnWyfical Groups and Analytes Detected Detections (140) (1,00) Median Mean Deviation Mean Sid. Dev. Mean

OrganUphosIphorous ComigWnds.
JiB-AL,cnt Related (OPHGBs

Diisopropylmethyl phosphonale 209/675 0.45-5500 0.39-700 53 360 740 30 2.3 92
Dimethylmethyl phosphonate 12/660 0.29-M 0.19-1,700 0.73 84 210 2.6 2.7 0.045
Isopropylmethyl phosphonic wid NA - - - - - - -
Methylphosphonic acid NA -
Phosphoric acid. tributyl ester* NI -
Phosphoric acid. triphenyl esW NI - -- -- - - - -

OrganlMhosghorons ComRgUA&

> Pestogode Related (OPH
Atrazine$ 19/214 4.2-51 4.0-280 13 17 14 13 0.81 1.1
Malathiont V214 0.91-17 037-700 1.9 5.6 6.9 2.9 1.2 0.094
Parathiont 6/214 0.84-5.0 0.65-950 2.1 2.5 1.6 2.1 0.68 0.058
Suponat 71203 0.92-35 0.79470 1.3 7.2 12 2.7 1.4 0.095
Vaponat 61214 0.94-1.7 0.38-850 1.6 1.4 0.29 1.4 0.23 0.040

FlibromochloMprgpilup Mr-P) 45flOS 0.060-16 0.040-7,5W 0.51 2.7 4.4 0.80 1.6 0.051

+ Includes maximum CRL values for diluted samples
A Standard deviation of log values (base e) of detections

Tentatively identified compounds MCs) elevated to target status in the SARs; there is no CRIL for TICs. For the purpose of this report a CRL of 5 po, typically corresponding
to 10 percent of the internal standard, was used.

t Nontarget analyte for which concentrations reported as pan of a USATHAMA-certified analytical method.
f Target analytes under CMP or Task I I
*0 Reported as total xylenes
NA - Not analyzed NC - Not calculated. as sample population is too snail for comparison purposes NI - Not identified
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Table RISR A3.2-7 Summary of Analytical Results for bolated Detections in the Unconfined Flow System. Page 4 of 5

Total Wells Sampled: 172 (Apr 87 - Feb 89)
Total Samples Collected: 632

Concentration Detections (IIgffi

Frequency of Range CRL Range+ Standard Geometric Geometric Adjusted Geometric
Analytical Groups and Analyles Defected Detections (ILIA) ("A) Median Mean Deviation Mean Std. Dev. A Mean

Organonftrggen ComMmuds (ON
Caprolactam* 4/4 IOAOO 5 200 220 200 100 1.5 100
Hydrazine 0/4 - 31 -- --- - - - -
Methylhydrazine 0/4 - 3,000
n-Nitrosodimethylamine NA - -
n-Nitrowdi-n-propylamine NA - -
Unsymmetrical dimethylhydrazine 0/4 - 23

Polanclear Aromatic Elldrocarbons (PAHsI
Fluoranthene* NI - - ... ---

Methyl naphdudm* NI - -

> Phenandnw* NI - -
F'yrene* NI - -

Sem*volafile Halogenated Orranks (SH[W
Hexachlofobenzene* 5/5 6-300 5 20 140 200 50 1.8 50
Hexachlorobutadiene* NI - -- - - - - - ---Hexachlorocyclopentadiene 7/673 0.0674A 0.048-1.100 0.18 0.43 0.54 022 12 0.0023
Pentachloroberizene* NI - -- - - - -

Tetrachlorobenzene* NI
Trichlorobenzenc* M

+ Includes maximum CRL values for diluted samples
A Standard deviation of log values (base e) of detections

Tentatively identified compounds MCs) elevated to target status in the SARs; Om is no CRIL for TlCs. For the purpose of this mport a CRL of 5 wO, typically corresponding
to 10 percent of the internal standard, was used.

t Nontarget analyte for which concentrations reported as pan of a USATHAMA-cerfified analytical method.
* Target analytes under CUP or Task I I
** Reported as total xylenes
NA - Not analyzed NC - Not calculated, as sample population is too small for comparison purposes NJ - Not identified
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Table RISR A3.2-7 Summ!U of Analytical Results for isolated Detections in the Unconfined Flow System. Page 5 of 5

Total Wells Sampled: 172 (Apr 87 - Feb 89)
Total Samples Collected: 632

Concentration Detections ("M
Frequency of Range CRL Range+ Standard Geometric Geometric Adjusted Geometm

Analytical Groups and Analytes Detected Detections (AVA) (1.110) Median Mean Deviation Mean Std. Dev. Mean

Orgoochlor*ne Pesticides (OCPs)
Aldrin 2NM 0.063-0.46 0.050-380 0.17 0.18 0.11 0.15 0.62 0.0057
Chlordane 6/567 0.31-11 0.095-470 0.66 2.7 4.2 1.1 1.5 0.011
Dichlorodiphenylethane (DDE) 7/687 0.067-5.9 0.046-310 0.09 0.94 2.2 0.18 1.6 0.0019
Dichlorodiphenyltrichlowedum (DDI) 26/686 0.065-5.4 0.049-460 0.15 0.49 1.1 0.21 1.1 0.0080
Dieldrin 136/686 0.046-8.9 0.050-240 0.13 OA8 1.1 0.19 1.1 0.038
Endrin 47/674 0.042-4.2 0.050-400 0.17 0.37 0.69 0.17 1.1 0.012
Isodrin 9/687 0.11-6.2 0.051-190 0.33 1.1 2.0 OA7 1.3 0.0062

Arsenic 58/572 2.5-75 2.4-3.1 3.9 7.1 13 4.5 0.67 0.45

Meren 96/468 0.10-0.51 0.10-0.50 0.21 0.22 0.09 0.21 0.38 0.043

1CP Meta
Cadmium 22/470 5.341 5.2-8.4 5.9 9.1 7.7 7.8 0.50 0.36
Chromium 85/457 6.2-69 6.0-24 14 is 13 15 0.58 2.9
Copper 23/470 8.4-63 7.9-26 28 31 17 26 0.61 1.3
Uad 26/470 2D-160 19-74 27 37 29 32 0.50 1.8
Zinc 171/470 21-368 2D-100 41 57 50 46 0.59 17

+ Includes maximum CRL values for diluted samples
A Standard deviation of log values (base e) of detections

Tentatively identified compoumb (TICs) elevated to target status in the SARs; there is no CRL for TICs. For the purpose of ft report a CRL of 5 No. typically corresponding
to 10 percent of the internal standard, was used.

t Nontarget analyte for which concentrations reported as pan of a USATHAMA-certified analytical method.
Target analytes under CMP or Task I I
Reported as total xylenes

NA - Not analyzed NC - Not calculated, as sample population is loo small for comparison purposes NI - Not identified
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sandstones in this hydrogeologic unit, and the complex interaction of the stratigraphic,

hydrologic, and chemical characteristics of the aquifer. In addition, artificial conduits caused

by pre-RMA from wells and deteriorating or improperly constructed wells, generally installed

prior to 1984, may also have contributed to the irregular pattern of contamination.

A3.2.4.1 Data Evaluation

An extensive evaluation of Denver Formation water quality was undertaken as part of the

RISR. A complete description of the data evaluation and results of the evaluation are

provided in Appendix B of this report. The primary effort was directed toward determining

the vertical extent of contamination in the Denver Formation aquifer. A chronological well-

by-well and analyte-by-analyte review of all available data collected from 1975 through

September 1989 was conducted, and values representative of present-day contamination were

determined. Where data were not conclusive, conservative values were selected. This tended

to overestimate the extent of contamination. All sampled wells that were screened in the

Denver Fon-nation were used in this effort. No initial distinction was made between wells

screened in the confined and unconfined parts of the Denver Formation; however, the

resulting evaluation tended to focus on the CFS within the Denver Formation aquifer.

The evaluation included creation of a database of available water quality information that

reliably lists the most recent representative contaminant concentration at wells. Previous

attempts to characterize contamination in the Denver Formation aquifer were limited by the

use of data from a single sampling period. Although the evaluation was conducted by the

Army and its contractors, the organizations and state were consulted frequently, and they

provided comments and guidance. The initial database was reviewed by the organizations and

state and the Army, and refined accordingly. The resulting database represents the most

comprehensive and reliable set of infon-nation available to characterize contamination in the

Denver Formation aquifer at RMA.

For the purposes of this discussion, the distinction between the UFS and the CFS is

important; consequently, the database was screened for those wells sampling Denver
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Formation groundwater that is under confined flow conditions. The maps supporting this

discussion present contaminant conditions for the CFS. Wells screened in the CFS that were

sampled between 1975 and 1989 are shown in Figure RISR A3.2-20.

A3.2.4.2 Vertical Extent of Confined Flow System Contamination

Contaminant concentrations in the CFS are substantially less than in the overlying UFS. For

example, concentration of total organic analytes in the UFS near Former Basin F exceeds

10,000 pg/l. Wells completed in the CFS near Basin F typically have summed organic

concentrations less than 200 pg/l. The total organic concentration of the UFS in the vicinity

of Basin A exceeds 10,000 pg/l over a large area (Figures RISR A3.2-6-A3.2-8), whereas

concentrations in the CFS beneath this area typically are less than 700 pggll (Figure

RISR A3.2-21). Similar differences in concentration occur in other parts of RMA.

Concentrations of chloride, fluoride, and metals in the CFS (Figures RISR A3.2-22, A3.2-23,

and A3.2-24) also are substantially less than in the overlying UFS. High concentration values

in the CFS typically occur only in the upper 20 ft of bedrock and in close proximity to highly

contaminated portions of the UFS.

The number of contaminants measured in the CFS typically is less than the number measured

in the overlying UFS. Contaminants that appear most frequently in the CFS are highly

soluble with limited sorptive tendencies, such as many VHOs, VAOs, and OPHGBs.

Unexpectedly, OCPs have been detected with a high frequency. These OCPs tend to readily

sorb to fine-grained aquifer sediments and are not expected to migrate substantial distances in

the Denver Formation. Cosolvency effects and utilization of flowpaths with minimal sorptive

capacity may explain their widespread distribution. Elevated levels of inorganic analytes have

also been detected in the CFS. As in the UFS, arsenic, fluoride, and chloride are the most

widespread inorganic analytes. However, an understanding of the distribution of inorganic

contaminants is complicated by naturally occurring concentrations of these substances in the

Denver Formation aquifer.
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Although the shallow bedrock of the Denver Formation aquifer appears to be effective in

partially containing downward migration below the UFS, it is not a completely effective

barrier. Hydrogeologic cross-sections (see Appendix B) indicate that concentrations of

organic analytes vary with depth in an irregular manner. Although concentrations generally

decrease with increasing depth, exceptions to this rule are found. The most notable exception

occurs in the vicinity of the NBCS. Data from cluster wells in this area do not show a

decreasing trend in concentration with increasing well depth. Reasons for the unordinary

patterns of increasing concentration with depth may be the result of historical groundwater

flow patterns that differed from present day patterns related to operation of the NBCS. The

discontinuous nature of sandstone channels in the Denver Formation aquifer also may

contribute to the irregular pattern of contamination.

Existing water quality data are sufficient to identify the total depth of contamination

throughout most of RMA. In many areas, the deepest wells are not contan-dnated. In other

areas, levels of contaminants in the deepest wells have decreased to near CRL, and a total

depth of contamination can be estimated. Relatively low levels of several contan-dnants have

been noted in many parts of RMA, at depths greater than 100 ft below the alluviu m- bedrock

contact. However, concentrations in wells deeper than 150 ft below the bedrock-alluvium

contact are near or below CRLs. Areas where total depth of contamination can not be

inferred because organics were detected in the deepest wells in these areas include Sections

22 and 26, the southeast corner of Section 35, Basin A, the NBCS, and North Plants.

A3.2.4.3 Distribution of Analyte Groups

Contamination in the CFS generally occurs in close proximity to contaminated areas in the

UFS. Therefore, wells completed in the CFS have been classified into areas that correspond

approximately with the plume groups discussed previously for the UFS. For ease of

comparison, areas of the CFS will be denoted by the name of the corresponding unconfined

plume group. These areas are the South Plants area, the Basin A area, the Northwest

Boundary area, the North Boundary area, and the Western area. Wells not classified into one
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of these areas have been placed into the Miscellaneous area in order to assess the extent of

contamination in the CFS where no unconfined plume is present.

Elevated levels of organic contaminants are present in virtually all wells of the CFS in the

South Plants area (Figure RISR A3.2-21). The most frequently detected organic analyte

groups are VHOs and VAOs. Other organic analytes occur less frequently and are not

present at depths greater than 85 ft below the alluvium-bedrock contact. Concentrations of

chloride, fluoride, and ICP metals (Figures RISR A3.2-22, A3.2-23, and A3.2-24) are similar

to concentrations in the CFS in off-post areas.

The most frequently detected analyte group in the CFS near Basin A has been VHOs. This

analyte group has been detected in wells completed to depths of 89 ft below the alluvium-

bedrock contact. Concentrations in deeper wells have been below CRLs. Other organic

analyte groups have been detected less frequently and generally in shallow wells. Elevated

concentrations of fluoride, chloride, arsenic, mercury, and metals have been detected in this

area.

VHOs, VHCs, and OPHGBs have been detected in 50 to 75 percent of wells sampled in the

CFS in the Northwest Boundary area. However, concentrations recorded for most wells

greater than 100 ft below the alluvium-bedrock contact are near the CRL. Other organic

analytes occur infrequently. Concentrations of fluoride and chloride are similar to off-post

levels. Metal concentrations were near background levels at the Northwest Boundary, but are

higher in Section 35.

A number of organic analyte groups have been identified in wells of the CFS in the North

Boundary area. Analyte groups identified in at least 50 percent of all sampled wells include

VHOs, OCPs, and OPHGBs. Other analyte groups occurring in more than 30 percent of all

sampled wells include VAOs, OSCs, and DBCP. Fluoride, chloride, and metal concentrations

generally are similar to off-post levels.
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VHOs have been detected in all the wells completed in the CFS within the Western area.

OCPs have also been detected in five wells within the Western area. Fluoride, chloride, and

metals were near background levels.

Water-quality data from wells included in the Miscellaneous area indicate that an irregular

pattern of contarTiination in the CFS generally occurs only in areas where the UFS is

contaminated. An important exception to this rule occurs in the area northwest of former

Basin F, between the Northwest and North Boundary areas. Wells completed in these areas

have been sampled infrequently but have contained slightly elevated levels of VHOs, VAOs,

and OCPs. Because the sampling history at these wells is incomplete, analyte concentrations

used in the assessment of contamination may be unreliable.

A3.3 STRUCTURES

The Structures RI was developed to examine the nature and extent of contamination

associated with RMA buildings, foundations, tanks, and related piping. A variety of

techniques were used to characterize these features, including structural use classification,

liquid, dust, and asbestos sampling, and indoor air quality monitoring. The results of these

programs are presented in the Structures Survey Report (EBASCO, 1988c/RIC 88306RO2),

and are summarized below.

A3.3.1 Building Classifications

Historical records of each structure were reviewed during the RL Structures were classified

on the basis of suspected contamination in conjunction with the limited sampling data

available. Plate RISR A3.3-1 shows the locations of the three building category structures on

RMA: suspected to be contaminated, suspected to be contaminated but cleanable, and

suspected to be uncontaminated. The South Plants, North Plants, and Rail Classification/

Maintenance Yard are enlarged in windows on Plate RISR A3.3-1 for clarification. Historical

records indicate that possible use or release of contaminants in warehouse, maintenance,

utility, and laboratory structures were likely limited to discrete areas of those structures.

There are 982 structures at RMA, including 219 electrical substations. Of the remaining 763
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structures, 401 structures were classified as suspected to be contaminated, 254 were classified

as suspected to be contaminated but cleanable, and 108 were classified as suspected to be

uncontaminated. All 219 electrical substations contained transformers at the time of the RL

many of which were labeled as containing PCBs. The status of the electrical substations with

respect to PCB-containing transformers is presented in Table 24.1-2 of the Structure Survey

Report.

A3.3.2 Liquid Samples

Fifty-three liquid samples collected from fourteen structures were analyzed during the RL

VHOs, VHCs, and VAOs were most frequently detected, followed by OCPs, OPHGBs, and

OSCHs. In addition, calcium, magnesium, potassium, sodium, ICP metals, arsenic, and

mercury were also sporadically detected. Table RISR A3.3-1 summarizes the analytical

results from the liquid sampling phase of the structures survey.

VHOs in liquid samples were detected in South Plants Buildings 243, 313A, 326, 412, 514,

and 741 and in North Plants Buildings 1503B, 1703, and 1712. These buildings were used

primarily for chlorine production, agent manufacture, den-dlitarization, storage, and Army

laboratories. One sample containing VAOs was collected from South Plants Building 741,

which is currently used as a laboratory. OCPs were detected in liquid from South Plants,

Building 422, which was used for agent and pesticide manufacture and DBCP storage. One

SHO occurrence was detected in liquid from the same building. OPHGBs were found in an

air scrubber in Building 1503B, and in Building 1501 in the North Plants.

Chlorophenylmethyl sulfone, the only OSCH analyte detected, was found in the South Plants

Building 365 sump and in Buildings 412 and 414. Arsenic was detected at the South Plants

Building 313A sump and two manufacture and demilitarization locations in the North Plants

(Buildings 1611 and 1703). Mercury was detected at the same North Plants and South Plants

buildings as arsenic and also at South Plants Building 326. ICP metals were detected with

mercury in the South Plants and at an explosive blending facility, Building 365. They were
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T" FISR A33-1. &nwrwy d *Wy" Pmulls for ftxkm UpAd &ffpbig. Pap I dZ

Concentration (jjgd)
Daugýhem CAL

constituent Number of SOKM Detection Defection
Detected Samples* Range Median" I&WOO Deviation** Limit Limit

YQ]Wiles (S=141
1.1-Dichloroethane 1 4 2
Bicycloheptadiene 1 7 1
Carbon tetrachloride 1 10 2
Chloroform 7 4-6= 70 1000 2000 1
Methylene chloride 4 7-2000 - 4
Tetrachlonxthene 2 10-50 1
Toluene I I

SernivolaWa (S=141
Chlorophenyhnethyl sulfone 3 10-40 7
Diisopropylmethyl phosphonate 2 50-200 20

Dieldrin 1 60 5

UManochlarine Pesticidw (S=I)
2,2-bLq(Pý ý yl)-1,1-4khkroethm 1 0.32 0.054

Aldrin 1 10 0.050
Dieldrin 1 5.4 0.050
Hexachimacyclopenindiene 1 1.0 0.048

Wdrin 1 0.74 0.51

Campwnds (S=-M
Dimethylmethyl phosphonate 1 120 19

S - Number of samples analyzed
- Number of samples in which constituent was detected; only these samples were used in statistical analyses
- Median, mean, and standard deviation not calculated when constituent detected in fewer than rive samples
- Laboratory not certified for analytical method and was not used for this analyte
- All sample results deemed invalid for litigation purposes since sample holding times were exceeded by laboratory

+ - Samples analyzed by ESE with detection limits of 66 for thiodiglycol and 53 for thiodiglycolic acid
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Table MR A33-1. Swimmy ol Ai*bcal Rmjb far,%u:kxw LI*M Swping. Pap 2dI

Concentration (ILgfi)
DOOChent CAL

Constituent Number of Swdwd Defection Detection
Deox*d Samples* Range Median" Mean" Deviation** Limit Limit

lCP Metah (S-4)
Cadinium 0 8.4 000

calcium 4 12,000-31,000 500 500
Chromium 1 67 24 0*0

Copper 2 36-390 26 00*

Laid 2 360 74 000

Magnesitun 4 1,200-61,000 5W 500
Potassium 4 2,5W 110,000 250 250
Sodium 4 21,000-230,000 940 940
Zinc 3 110-1,300 22 0*0

Arsenic (S-41 3 4.0-220,000 000 2.5

M=U(S 4 0.35-1.1 0.10

Tbiodigl=l (S-61
Tlhiodiglycol 20*00 117-2240 + +
Thiodiglycofic Acid 2**** 228455 + +

S - Number of samples imalyzed
- Number of samples in which constituent was detected; only these samples were used in statistical analyses
- Median, mean. and amdard deviation not calculated when constituent detected in fewer than 5 samples
- Laboratory not certified for arudytical method and was not used for this analyle
- All sample results deemed invalid for litigation purposes since sample hoUng times were exceeded by laboratory

+ - Samples analyzed by ESE with detection limits of 66 for thiodiglycol and 53 for thiodiglycolic acid

TM9MHA3,11#WS5 11AJM n#



also detected at Building 1703, an agent manufacture and demilitarization building in the

North Plants.

A3.3.3 Dust Samples

A 1978 study reported the presence of OCPs, copper, arsenic, and mercury in dust samples

collected from Building 312, 313, 732, 741, 743, and 831 (USAEHA, 1978/RIC 81324RO3).

These samples were compared with the results of control samples taken from two households

in Aurora, a nearby community. Dust samples from the RMA buildings showed significantly

higher concentrations of some OCPs, while the concentrations for DDT isomers, copper,

arsenic, and mercury were not significantly different between the two locations. Twenty-three

analytes including OCPs, arsenic, mercury, and ICP metals were detected in dust samples

from 80 buildings sampled in 1985. Analytical results from this program are presented in the

Structures Survey Report (EBASCO, 1988c/RIC 88306RO2) surnmarized in Table

RISR A3.3-2. SVOCs were detected in 54 out of 80 building dust samples. Forty-seven out

of 57 building dust samples analyzed for metals yielded arsenic, and ICP metals were

detected in all 57 building dust samples. Dust samples from two buildings were analyzed for

mercury, and both had detections.

A3.3.4 Asbestos Samvles

During the Task 24 RI structures sampling investigation, asbestos was only detected in

buildings from the South Plants. Analyses of 18 samples from 16 structures detected

chrysotile asbestos in 11 samples and amosite asbestos in five samples. Neither crocidolite,

actinolite/tremolite, nor anthophyllite asbestos were detected in any samples. Table

RISR A3.3-3 surnmarizes analytical results from asbestos sampling. The Asbestos Removal

IRA is currently addressing the need for additional assessment and removal of asbestos at

RMA.

A3.3.5 Additional Air Monitoring in RMA Buildings

Beginning in 1986, PMRMA instituted an annual health and safety program of ambient air

time-weighted average monitoring in selected buildings that had been used by the Army for
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lable RISR A3.3-2 Summary of Analytical Results for Structures Dust Sampling. Page I of 2.

Comentration (IW& excCRt asbestos, mwrlcd in %I
DataChern CAL

Consituent Nwnber of Swdxd Deiection Deiection
Dcwcted Samples* Range Median" Mean** DeviaWn** Limit Limit

volatiles (S:-Q
Not analyzed

Semivolatiles (S=79)
Dichlorodiphenyledmm 6 0.6-20 2 6 7 0.6 0.3
DichlorodiphenyltricMoroediane 1 10 - - - 0.5 0.6
Aldrin 32 0.4-5,000 9 200 900 0.3 0.3
Abazine 15 0.3-30,00 20 4,000 9,000 0.3 0.3
Chlordane 2 9-300 - - - 2 0.6
Chlorophenylmethyl sulfone 26 0.7-9,000 7 400 2,000 0.3 0.6
Chlorophenyknethyl suffoxide 1 10 - - - 0.3 7
Dibromochloropropane 2 2-70 0.3 0.3
Dicyclopentadient 1 200 - - - I OA
Dieldrin 54 0.6-10,000 20 400 2,000 0.3 0.3

> Endrin 5 9-100 50 50 30 0.5 0.3
WXW1110FOCYClopentadiene 4 1-30 - - - 0.6 0.3
Isodrin 51 3-20 9 9 7 0.3 0.3
Parathion 1 3 - - - 0.9 0.4
Supona 3 3-30 0.6 0.3
Vapona 1 10 - - - 3 0.3

ICP Metals (S=57)
Cadmimn 55 1.0-100 14 22 24 0.74 0.66
Chromium 56 6.5-3.800 72 240 670 6.5 5.2
Copper 57 18-180.000 220 6,700 31,000 4.7 4.9
Lead 57 24-5.400 520 810 920 SA 13
Zinc 57 58-22,000 1,300 2,100 3,300 8.7 9.5

Table RISR A3.3-2/RIFS5 8/15/91 mpf



Table RISR A3.3-2 Summary of Analytical Results for Structures Dust Samplinit. Paite 2 of 2.

Concentration (jjgtg exco asbestos, m2MW in %)
DataChem CAL

Consituent Number of SWxW Detection Detection
Detected Samples* Range M~ * Mean** Deviation" Limit Limit

Arsenic (S-57) 47 6.4-130 17 24 21 2.5 5.0

M== (S=21 2 10,000-67.000 - - - 0.050 0.060

Asbestos (S=56)
Amosite 15 LT 1-20
Chrysotile 14 LT 1-50

LT- Less than
S- Number of samples analyzed

Number of samples in which constituent was detected; only these samples were used in statistical analyses
Median, mean, and standard deviation no calculated when constituent detected in fewer than five samples or for asbestos results, which we reported

> by the laboratories as ranges in some cases
Asbestos samples analyzed by visual inspection; if any asbestos fibers are observed, asbestos is teported as piesetit

ON
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Table RISR A3.3-3. Results of Structures Asbestos Sampling. Page I of 1.

Interior Interior
Pipe Interior Wall Fhe Laboratory

Building Material Floor Tile CcHing T*lg Luging Wall Board hialdalim R&k DAM11

Building Sampled T163 433 647A 731 511 867A 514 433 517

Air Samples BDL BDL BDL BDL BDL BDL BDL BDL BDL

Bulk Samoks (%)

Chrysotile Asbestos ND LT I ND LT I 6D-65 ND ND ND ND
Arnosite Asbestos ND LT I M GT 1-2 ND ND GT 1-2 ND ND
Crocidolite Asbestos ND ND ND ND ND ND ND ND ND
ActinoliteiTremolite Asbestos ND ND ND ND ND ND ND ND ND
Andiophyllite Asbestos ND ND ND ND ND ND ND ND ND

Laboratory Exterior Exterior Exterior
Hood Pipe WWI Corruga" Exterior Tank

4 Budding Material Counter Lagging Board - Siding C931illt 1113111adw

Building Sampled 525 332 517 317 412 514A 525A 351 732

Air SamjAfA BDL BDL BDL BDL BDL BDL BDL BDL BDL

Bulk Samples M

Chrysotile Asbestos ND 45-50 10-20 Approx. 5 GT 1-2 OT 1-2 2D-30 5-7 20-25
Amosite Asbestos ND LT I ND ND ND ND ND ND LT I
Cfocidolite Asbestos ND ND ND ND ND M ND ND ND
ActinoliteIrremolite Asbestos ND ND ND ND ND ND ND ND ND
Anthophyllite Asbestos ND ND ND ND ND ND ND ND ND

BDL - Below detection litnit
Gr - Greater then
IT - Less than

ND - None detected

Table RISRA3.3-3/IUFS5
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agent operations. Buildings 536, 537, 538, and 742 in South Plants are monitored for

mustard. Buildings 1501, 1506, 1601, 1606, and 1703 in North Plants are monitored for GB.

Building 1611 in North Plants is monitored for mustard and GB. No agents have been

detected to date.

A3.4 AIR

The RI air quality monitoring program at RMA consisted of routine monitoring for TSP,

PM-10, and asbestos. It also included episodic monitoring for VOCs, SVOCs, and metals.

Figure RISR A3.4-1 shows the locations of permanent air monitoring stations and the areas

monitored during event sampling. Routine sampling included monitoring of TSP and PM-10

at 13 locations on RMA from June 1986 to June 1987. VOCs, SVOCs, and metals were

monitored on an episodic basis when meteorological conditions favored elevated

concentrations of these contaminants in air. The areas where portable air quality monitoring

stations were deployed during event sampling are also shown in Figure RISR A3.4-1. It

should be noted that the nature and extent of air contamination are not constant, but rather

vary with weather conditions, and concentrations may change significantly over a very short

time. Regulatory standards require that TSP be calculated as a geometric mean. Because

TSP was detected-in all RMA samples, the geometric mean is equivalent to the AGM. The

PM-10 data approach a non-nal distribution and, therefore, are summarized as an arithmetic

mean. The following discussions are based on these program results.

A3.4.1 Total Suspended Particulates

TSP measurements were collected at RMA from June 1986 through June 1987 at 12 air

quality sampling stations, labeled AQ1 through AQ12 in Figure RISR A3.4-1. A thirteenth

station, AQ9x, was located alongside station AQ9 from late October 1986 through June 1987.

These two stations gave results consistent with one another during the time they were both in

operation. TSP data are summarized in Table RISR A3.4-1 and in Figures RISR A3.4-2 and

A3.4-3.
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Table RISR A3.4-1. Total Suspended Particulates (TSP) Data Summary Palte I of 1.
Geometric Mean Monthly TSP Concentration (ltg/m3)*

Month AQI AQ2 AQ3 AQ4 AQ5 AQ6 AQ7 AQ8 AQ9 AQ9x AQIO AQ1 I AQ12 All Stations

June 1986 62.8 79.3 48.9 39.3 361 36.9 43.6 39.0 502 45.1 46.1 46.6
July 472 64.3 42A 46.8 - 33.1 41.2 41.4 46.0 46.0 46.6 42.9 44.7
August 57.7 61A 41.8 - - 42.7 48.5 55.3 45.5 46.6 40.4 48.4
September 52.4 53.0 36.7 - - 40.6 40.6 40.5 38.9 35.3 41.8
October 47.3 37.1 21A 41.6 44.6 27.9 26.4 20.7 44A 22.9 20.9 30.7
November 46.1 45A 24.5 29.7 27.9 28.7 36.3 20.8 25.6 26.3 24.2 29.6
December 102.2 78.3 50.9 - 77.6 60.9 68.1 68.9 57.7 58.6 62.1 53.0 65.8

January 1987 56.9 41.6 28.2 - 39.2 41.8 32.7 25.6 29.7 29.5 27.6 26A 33A
February 43.7 - 25.6 33.6 29.3 28.4 32.8 28.9 28.8 26.2 23.9 29.7
March 23.9 25A 15A 20.0 16.0 15.8 19.3 17A 13.6 5.9 18.4 20.9 16.7
April 46.2 36.4 30.2 40.1 31.9 36.0 35.6 32.0 31A 39.2 30.9 35.1
May 20.9 24.6 16.8 17.6 21.5 19.2 15A 14.6 15.9 19.9 16.9 18.2
June 44.7 54.9 43.6 429 41.3 42.7 42.9 43.5 45.0 45.1 43A 44.2

Annual Average 46.8 46.9 30.6 42.9 35.0 33.1 33.0 34.3 31.5 29.6 29.1 33.5 30.8 34.7

Rangeof 7.1- 11.5- 4A- 38.5- 5.7- 6.2- 6.2- 7.3- 5A- 6.6- 5.9- 5.6- 5.8- 4.4-
Individual 14.33 111.9 80.5 46.8 109.1 151A 100.8 95.1 91.5 83.4 70.7 90.8 77.1 151A
24-hour samples

Percent Recovery
of Data 983% 95.2% 98.3% 4.91% 6.23% 66.1% 98.1% 85.2% 98.5% 92.1% 16A% 90.2% 95.1% 75A%

Federal/State TSP Standards - Annual Primary - 75
Secondary - 60

24-Hour Primary - 260 ttglm3
Secondary _ ISO pgft3

Data not available, station not operational

Table RISR A3.4-I/RIFS 5
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Figure RISR A3.4-1 shows that mean annual TSP levels were lowest at the stations in the

interior of RMA and highest near the boundaries, especially at stations AQ1 and AQ2, those

closest to population centers. These data suggest that elevated detections are from off-post

sources. The annual geometric mean values for stations with at least 75 percent data recovery

ranged from 32 pg/m' near Basin A (AQ9) to 47 pg/m3 at the west and northwest boundaries

(AQ1 and AQ2). These data show that air quality at RMA, with respect to TSP, is better

than in the surrounding off-post area, and that RMA is not a significant source of airborne

particulates.

Figure RISR A3.4-2 presents the primary and secondary EPA standards for mean annual TSP

concentrations. While air in the Denver metropolitan area exceeds the EPA's primary annual

standard on a regular basis, neither the primary nor the secondary annual standard was

exceeded at any of the air quality stations on RMA during the monitoring period. EPA's TSP

secondary 24-hour standard of 150 pg/mý was exceeded by only one 24-hour sample collected

at AQ6 near the South Plants.

A3.4.2 Respirable Particulates (PM-10)

PM-10 data were collected at three stations during the monitoring period. The results are

presented in Table RISR A3.4-2 and Figure RISR A3.4-4. Due to equipment problems, only

46 percent of all PM-10 data during this period were recovered. Because none of the three

stations had a collection efficiency of greater than 75 percent, the data are of value only as

qualitative indicators of ambient air quality. Like TSP, PM-10 levels were highest at the

boundary stations and lowest in the interior of RMA, and appear to reflect similar off-post

influences. Annual arithmetic mean values ranged from 18 pg/m' near Basin A to 35 Pg1m'

near the west boundary. Individual 24-hour values ranged from 5 to 94 pg/M3. pM_lo

concentrations are generally about two-thirds of TSP concentrations (ESE, 1988e/

RIC 88263ROI). This pattern is reflected in the RMA data (Figure RISR A3.4-5). PM-10

monitoring at RMA continued after the RI as a part of the CMP. CMP data will be used to

augment the RI data for purposes of the FS.
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Table RISR A3.4-2 Respirable Particulates (PM-10) Data Summary Page I of I

Monthly PM-10 Arithmetic Mean Concentration by Station 4Lg/m3)

MONTH AQ2 AQ5 AQ9

July, 1986 31.8 11.2

August 31.5 27.4
September 28.8 - 17.7
October 23.9 40.6 9.6
November 33.9 28.2 -
December 65.7 55.7

January, 1987 -- 29.2
February - 23.7 --
March 24.7 36.7 16.6
April -- -- 18.6
May -- 25.6 14.5
June 45.7 27.5 30.5

Annual
(Arithmetic Mean) 35.4 34.1 17.6

Range of Individual 6.36- 13.0- 4.90-
24-HouT Samples: 93.5 89.9 36.3

Percent Recovery
of Data: 58.6% 39.6% 39.6%

Equipment failure.
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A3.4.3 Asbestos

Asbestos was analyzed in ambient air samples collected at air quality stations AQ1, AQ6,

AQ8, and AQ12. Asbestos was not detected in any of the samples during the monitoring

period.

A3.4.4 Volatile Organic Compounds

VOCs, SVOCs, and metals were monitored on an episodic basis when meteorological

conditions favored elevated concentrations of these contaminants in air. Figure RISR A3.4-1

shows areas where event sampling was conducted.

Former Basin F was a suspected source of VOCs. Sampling instruments were deployed

around Basin F during several warm, low wind episodes. Samples collected from the north

and south sides of Basin F contained detectable levels of methylene chloride, chloroform, and

several TICs (Table RISR A3.4-3). Methylene chloride is a common laboratory solvent and

some detections may be attributable to laboratory contamination. Chloroform is a common

solvent but is generally not expected to occur as a laboratory contaminant. The TICs include

naturally occurring compounds, industrial solvents, and possible laboratory contaminants.

Siloxane, for example, is typically an artifact of the GC method. A more detailed

presentation of data may be found in the Air RI Report (ESE, 1988e/RIC 88263ROI).

A3.4.5 Sernivolatile Oreanic Compounds

Basin A and former Basin F were suspected sources of SVOCs. Two target SVOCs, dieldrin

(an OCP analyte) and chlorophenylmethyl sulfoxide (an OSCH analyte), were detected in

samples from one of the three sampling events in the Basin A area (Table RISR A3.4-4). Six

target SVOCs, all OCPs and OSCHs, were detected in samples collected from the northeast

side of Basin F during one of the two sampling events at this location, and five were detected

during the other. Tentatively identified SVOCs include phenanthrene and tetrachlorobenzene

(significant TICs included in the PAH and SHO analyte groups, respectively), benzothiazole,

and OSCH analyte, pesticide derivatives, gasoline-related compounds, and naturally occurring

compounds.
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Table RISR A3.4-3. Volatile Organic Compound (VOC) Sampling Events and Results. Page I of I

Ranize of Results (ug/m)
No. of Methylene

- Event -&LL Chloride Chloroform Nontareet Analytes Detected

11)28/86 3 33-2500 ND Siloxane. limonene

06/10/97 6 ND-74 ND-30 Siloxane, 3-methytheptate,
I-pentaneXichlorofluorofnethane
acewWde, isodecene

06r= 6 ND ND Acetone, siloxane, firnonene,
I-ethyl-2-heptylcyclopropane,
n-butyl-l-l-butamine. 2-beta-
pinene, 2,5,6-trimethyloctane, 2.( )-
bis-I,I-dimethylethyl-2.5-
cyclohexadiene-1.4-dione

07/02187 5 NID ND Siloxane, acetone

07/10/87 8 ND-38 ND Siloxane, acetone,
trichlorofluoromethane

07)24/89 8 ND ND Siloxane, 2-butanone, acetone

08/05/87 9 ND-70 ND Siloxane, acetone,
Mchlorofluoromethane

ND - Not detected
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Table RISR A3A-4. Sernivolatile Organic CompowWs (SVOCs) Sampling Events and Observed Ranges of Target Analytes Page I of

Range of Target Analytes (ug/m3)

Ocps 6SCHs

No. of Chloropheny1methyl Chlorophenylmethyl
Sample Date Location Samples Diekbin Endrin Aldrin Lwdrin suVoxide sulfone

05/13/97 Basin A 3 ND-0.031 ND ND M ND ND-0.024

05/15/87 Basin A I ND ND ND M ND ND

05119/87 Basin A 4 ND ND ND ND ND ND

06/12/87 Basin F 4 0.051-0.2 0.071-0.13 0.067-0.2 ND-0.038 0.047-0.065 0.34-0.37

06/IM7 Basin F 4 0.041-1.6 0.031-0.13 0.064-0.087 ND 0.026-0.039 0.56-1.7

> ND = None detecle&
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A3.4.6. Metals

Samples for metals analysis were collected near the basins and near the RMA boundaries on

16 dry, windy days during the spring and summer of 1987. Samples were analyzed for

arsenic, mercury, and the ICP metals; cadmium, chromium, copper, lead, and zinc. Table

RISR A3.4-5 summarizes the results of the metals sampling effort. The most prevalent

airborne metal was copper, with concentrations up to 0.9 pg/m' near the South Plants.

Arsenic, cadmium, chromium, and copper detections were generally consistent with urban

metals concentrations in air. All lead detections were in compliance with the minimum state

requirement of 1.5 pg/M3 as a 1-month average. Mercury was not detected in any of the

samples analyzed.

A3.5 BIOTA

Biota present a unique sampling challenge because of the numerous species, their patchy

distribution, and their mobility. An exposure pathway modeling approach was developed in

the Biota RI in order to facilitate an understanding of the nature of contamination in biota

(ESE, 1989b/RIC 89173RO2). Contamination is addressed separately for terrestrial and

aquatic ecosystems. OCPs, arsenic, and mercury were the target analytes selected for biota

samples. Three factors are significant with respect to contaminants and biota. These are

bioconcentration, the ratio of a contaminant concentrations in an aquatic organism to its

environment; bioaccumulation, the tendency for an organism to take-up and retain

contamýinants within its tissues; and biornagnification, the tendency for the contarninant

concentration to increase in the tissues of organisms of successively higher trophic levels.

Only bioaccumulation and biomagnification are discussed in the context of the RI data in this

report.

Terrestrial producers (plants), and to some degree carnivores, show elevated levels of OCPs in

tissue samples that can be broadly associated with OCP concentrations in RMA soils. This

relationship also tends to hold for mercury in carnivores. Based on data available at the time

the Biota RI repon was prepared, similar associations could not be made for OCPs, arsenic,

or mercury in other trophic levels. In addition, a pattern of increasing bi ornagnifi cation for

A3-145
RF5/RPT0075 11n191 10:06 2in pf



Table RISR MA-5. Summary of Air Sampling for Arsenic, Mercury, and ICP Metals. Page I of I

Range of Values Above Detection Limits (ug/0)
Detection

Limit
metals (UR/m3) From TSP Filters* From PM-10 Filters+

As 0.003 0.005-0.012 C2) ND

H9 0.063 ND ND

Cd 0.002 0.002-0.017 (21) 0.002-0.OD3 (4)

Cr 0.003 0.003-0.050 (19) ND

Cu 0.016 0.026-0.912 (81) 0.019-0.029 (3)

Pb 0.008 0.010-0.062 (66) 0.009-0.037 (6)

Zn 0.010 0.128-10.2 (11) ND

Total number of TSP filters analyzed - 97
+ Total number of PM-10 filters analyzed - 7
(2) Number of hits above detection limits
ND None detected

Hg collected on HopcaliteTm media
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the OCP dieldrin was evident with progression up the food chain. In aquatic ecosystems,

such spatial associations are not clear. Accumulations of arsenic, mercury, and OCPs were

detected in species from various trophic levels in all of the lakes. However, a direct

relationship between concentrations of these analytes in sediment or water and in biota is not

evident.

A3.5.1 Terrestrial Ecosystems

The following discussion groups species investigated by trophic levels in order to discuss the

nature and extent of biota contamination at RMA. These groupings and representative species

are listed below.

" Primary Producers Morning glory, sunflower

" Herbivores Grasshopper, black-tailed prairie dog, cottontail, mule deer,
mourning dove

" Omnivores Ring-necked pheasant, mallard, blue-winged teal, redhead,
American coot

" Carnivores American kestrel, red-tailed hawk, ferruginous hawk, golden eagle,
great homed owl, coyote, badger

" Detritivores Earthworms

Terrestrial biota sampling locations at RMA are shown in Figure RISR A3.5-1 by trophic

level. The distributions of terrestrial biota contan-dnant detections for OCPs, and for arsenic

and mercury, are shown in Figures RISR A3.5-2 and A3.5-3, respectively. With the

exception of the American kestrel, all other carnivores analyzed were opportunistic samples.

These samples were considered important enough to include in the RI data set.

The distribution of OCP detections varied among trophic levels and study areas at RMA. A

high frequency of OCP detections was generally associated with high organic analyte

concentrations in soils around the disposal areas in the central portion of RMA. OCP

detection frequencies for carnivores were lowest in the ESA and WSA, where organic analyte

concentrations in soils tends to be lower than most other areas of soil contamination at RMA.
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In general, detection frequencies for the OCP dieldrin at all trophic levels above primary

producers were greater than or equal to arsenic and mercury detection frequencies in all study

areas. Like OCPs, the extent of arsenic and mercury detections varied among trophic levels

and study areas.

AGMs were determined for each analyte at each trophic level to facilitate comparisons of

contaminant concentrations in biota with respect to trophic level and the associated

biomagnification in RMA terrestrial species. All samples of a given trophic level were

analyzed together, regardless of tissue type. On-post control areas were treated collectively

because numbers of detections were variable and sample sizes were small. The results have

been incorporated into a histogram presented in Figure RISR A3.5-4. Table RISR A3.5-1

allows some comparisons between six contaminants of concern for up to five trophic levels,

using various mean values for data contained in previously published RMA studies. Given

that sample populations for producers and detritivores range from approximately one-third to

one-tenth the size of herbivores, omnivores, and carnivores, that not all trophic levels are

represented for each contan-dnant, and that trophic levels may be represented by a single type

or a variety of organisms, the following observations can be made based on these data:

0 Dieldrin was detected in all trophic levels and showed a fairly clear biomagnification
tendency from producers to carnivores. Detritivores also showed dieldrin detections.

0 Aldrin was detected only in herbivores. Six of 94 samples showed detectable aldrin
concentrations.

0 Endrin was detected in herbivores and omnivores. In addition, a single sunflower
sample from Basin C and an ear%hworm sample collected from Section 5 showed
detectable endrin.

0 DDE was found only in omnivores and carnivores. Mean concentrations in carnivores
were higher than for omnivores.

* Arsenic did not appear to biomagnify trophically and was conspicuously absent in
carnivores. Arsenic was detected most often in detritivores and producers.

0 Mercury showed some tendency to bioaccumulate, and was most often detected in
omnivores. Mercury was not detected in producers.
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Table RISR A3.5-1 Statistical Comparisons of Terrestrial Trophic Level Contaminant Concentrations. Page I of I

Detection Adjusted USFWS
Total # Total # frequency Minimum Maximum ESE Geometric Geometric Geometric
of Him of Samples M Conc(ug/k) Conc(ug/k) Mean* Mean" Mean*** Mean****

IDIeldrin
Producers (CRL - 0.044) 2 19 11 0.08 0.08 0.028 0.08 0.008 O.W
Herbivores (CRL - 0.03 1) 39 94 41 0.03 56.3 1.2 0.45 0.19 0.063

Omnivores (CRL - 0.03 1) 55 78 71 0.05 5.38 0.55 0.36 0.25 0.14

Carnivores (CRL - 0.03 1) 43 73 59 0.05 27.7 2.3 1.3 0.75 0.21

Detritivores (CRL - 0.03 1) 2 8 25 1.93 5.30 0.92 3.2 0.80 0.059

Aldrin (CRL - 0.02)
Herbivores 6 94 6 0.05 5.80 0.10 0.52 0.033 0.013

Endrin (CRL = 0.04)
Producers 1 20 5 0.19 0.19 0.029 0.19 0.01 0.022

Herbivores 5 94 5 0.14 3.74 0.12 0.96 0.051 0.025

Omnivores 2 73 3 0.07 0.14 0.022 0.099 0.003 0.021

Detritivores 1 9 11 0.91 0.91 0.12 0.91 0.101 0.031

(CRL - 0.094)
Omnivores 10 71 14 0.10 0.92 0.09 0.28 0.039 0.06

Carnivores 10 72 14 0.22 5.5 0.59 1.7 0.24 0.078

Arseno (CRL = 0.025)
Producers 5 20 25 0.42 4.5 0.46 0.96 0.24 0.21

Herbivores 7 94 7 0.48 6.6 0.31 1.7 0.12 0.15

Ornnivores 3 59 5 0.49 1.82 0.17 0.93 0.047 0.14

Detritivores 8 9 89 0.62 1.53 0.93 0.98 0.88 0.78

Merco (CRL - 0.05)
Herbivores 5 94 5 0.07 0.36 o.034 0.17 0.009 0.028

Omnivores 34 72 47 0.06 1.77 0.25 0.31 0.15 0.082

Camivores 16 79 21 0.05 0.405 0.058 0.15 0.031 0.036

Detritivoi 2 9 22 0.22 0.25 0.072 0.23 0.052 0.041

The ESE Mean is an arithmetic mean using the USFWS method of assigning one-half the CRL value to the non detections aW calculating for the total

number for samples.
The geometric mean is based on the total number of detections. Descriptive statistics for fewer than three samples have limited value but am provided to

facilitate comparisons.
The adjusted geometric mean - geometric mean x (number of detectionstnumber of samples).
Ibe USFWS geometric mean uses non-detections and assigns them a value equal to one half of the CRL Normal application calculates a mean only

when more than half of the samples have detections. Means for all groups are calculated here to facilitate comparisons.



DDT was not found in any of the samples analyzed. Because DDT is known to
bioaccumulate in carnivores, especially raptors, its absence in 72 carnivore samples is
somewhat surprising. However, it is well known that DDT may degrade to DDE.

A3.5.2 Aquatic Ecosystems

Five aquatic trophic groups were developed for data analyses to summarize the aquatic

ecosystem data from the Biota RI. The trophic level groupings and species within each

aquatic tropic group are listed below.

" Primary Producers: Aquatic macrophytes (plant)

" Primary Consumers: Plankton

" Oninivores: Black bullhead

" Primary Carnivores: Bluegill

" Top Carnivores: Northern pike, largemouth bass

The results are presented in Table RISR A3.5-2 and Figure RISR A4.5-5. The

biornagnification of chemical contarntinants in biotic food chains is not generally evident for

the RMA lakes. The following observations can be made based on these data:
" Dieldrin was detected in omnivores, primary carnivores, and top carnivores. AGM

concentrations were slightly higher in top carnivores than primary carnivores.
Omnivores showed higher AGM concentrations; however, the small number of
samples make interpretations ambiguous.

" Aldrin and DDE were only detected in top carnivores, in about 20 percent to
30 percent of samples. DDE concentrations tended to be higher than aldrin.

" Arsenic was only detected in producers, in two of six samples.

" Mercury was detected in primary carnivores and top carnivores. The frequency of
detections and the mean concentrations were higher in top carnivores.

" DDT was notably not detected.

In addition to these data for the RMA lakes, Rosenlund et al. (1986/RIC 8604IR02) using

1984 data with lower detection limits than the CRI-s but with greater uncertainty, reported

dieldrin, aldrin, and mercury in aquatic plants; dieldrin, endrin, DDE, and mercury in
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Table RISR A3.5-2 Statistical Comparisons of Aquatic Trooic Level Contaminant Concentrations. Paite I of I

Detection Adjusted USFWS
Total # Total 0 frequency Minimum Maximum ESE Geometric Geometric Geometric
or Hits of Samples M Conc(uglic) Conc(urJR) Mean* Mean** Mean*** Mean****

Vieldri (CRL - 0.03 1)
Omnivores 3 3 100 0.0851 0.209 0.14 0.14 0.14 0.14
Top Carnivores 16 21 76 0.0376 0.161 0.082 0.094 0.071 0.061
Primary Carnivores 15 27 56 0.0319 0.86 0.15 0.17 0.092 0.058

Aldrin (CRL - 0.020)
Top Carnivores 5 27 19 0.0224 0.0527 0.015 0.037 0.007 0.013

(CRL - 0.094)
Omnivores 1 3 33 0.098 0.098 0.064 0.098 0.033 0.06
Top Carnivores 9 27 33 0.101 0.839 0.20 OAI 0.14 0.10

Arseni (CRL - 0.025)
Primary Consumers 1 9 11 OA32 0.432 0.16 OA3 0.048 0.14
Producers 2 6 33 OA65 0.782 0.29 0.60 0.20 0.21

Ideren (CRL z- 0.050)
Omnivores 1 3 33 0.0516 0.0516 0.034 0.052 0.017 0.032
Primary Carnivores 11 21 52 0.0586 0.137 0.058 0.08 0.044 0.047
Top Carnivores 23 27 85 0.0627 0.55 0.22 0.22 0.18 0.16

The ESE Mean is an arithmetic mean using the USFWS method of assigning one-half the CRL value to the non-detections and calculating for the total
number for the sample&
'Me geometric mean is based on the total number of detections. Descriptive statistics for fewer than three samples have limited value but are provided to
facilitate comparisons.
The adjusted geometric mean = geometric mean x (number of detectionstnumber of samples).
The USFWS geometric mean uses non-detections and assigns them a value equal to one-half of the CRL. Normal application calculates a mean only when

mom than half of the samples have detections. Means for all groups we calculated here to facilitate comparisons.



omnivores; dieldrin, aldrin, and mercury in primary carnivores; and dieldrin, aldrin, endrin,

DDE, and mercury in top carnivores. Continued sedimentation and contaminant degradation

since the Rosenlund study (conducted within approximately one year following cessation of

manufacturing activities and associated lake water usage), as well as the differences in

detection limits and CRLs, may account for the variations between the RI findings and

Rosenlund's.

Contaminant levels in aquatic biota. are not readily associated with observed sediment and

water quality data collected during the RI. However, an analysis of variance test, ANOVA,

was used to examine aquatic biota data from the lakes for statistical differences among lakes

for the years 1984, 1986, and 1988. Statistically significant differences included:

" Aldrin concentrations in plankton, pike, and bass in Lower Derby Lake were higher
than in Lake Ladora or Lake Mary in 1984.

" Dieldrin concentrations in plankton and bass in Lower Derby Lake were higher than in
the other lakes in 1984.

" Dieldrin concentrations in bluegill were higher than in bass for the three lower lakes in
1986.

" Dieldrin concentrations in bass were higher than in bluegin in Lower Derby Lake in
1988.

" Mercury concentrations in bass were higher in Lake Ladora than in Lower Derby
Lake, and concentrations in Lower Derby Lake were higher than in Lake Mary in
1984.

" Dieldrin, aldrin, and DDE concentrations in bass were higher in Lower Derby Lake
than in the off-post control lake (McKay Lake) in 1988, although this was not the case
for bluegill.

A3.5.3 Comparison of Off-Post and On-Post Biota Sampling Results

Specimens were collected at locations off post from RMA and analyzed for the same seven

target analytes as on-post specimens. These off-post specimens were collected in areas

presumed to represent background contaminant levels, and were used as baseline indicators.

A comparison of pooled results for all terrestrial on-post and off-post samples is presented in
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Figure RISR A3.5-6. It should be noted that highly mobile individuals may become

contaminated on RMA and then move to an off-post control site, or vice versa. For example,

one control raptor sample collected from just south of RMA could reasonably have become

contaminated on the Arsenal. However in northern off-post control areas the closest

contaminated samples were collected 56 miles away from RMA. While it is conceivable,

given the home range extent of these species, that they may have become contaminated on

RMA, it is equally likely that they did not.

The detection ratios between on-post and off-post samples show a pattern of on-post biota

contarriination by arsenic, mercury, and dieldrin not reflected in off-post controls. While

these contaminants were also detected in off-post specimens, they were detected more often in

on-post specimens. The opposite condition was true for DDE, and DDT was not detected on

or off post. When the significance of on-post to off-post detection ratios was tested using

both the chi-square test and the Fisher's Exact Test as suggested by Sokal and Rohlf (1981),

the percentage of arsenic, mercury, and dieldrin detections for terrestrial species appeared

significantly greater on post than off post. However, when the "true difference between

percentages" test (ibid) was applied to establish whether the sample sizes were sufficient to

deten-nine if these differences were significant at the 80 percent confidence level with a 95

percent certainty, only the dieldrin data was from a sample population of sufficient size.

Because these results are for pooled samples, diffemces between subsets of the sample

populations, which may be significant, are masked. Consequently, these results should not be

taken out of context.

A3.6 PHYSICAL HAZARDS

In addition to the chemical contaminants identified in the RI, assorted physical hazards have

also been documentecL Physical hazards pertain to aspects of the site that pose a significant

risk of physical injury to persons present at RMA. These hazards result from the

manufacturing and disposal activities that were conducted in the past, the age and deteriorated

condition of many structures, ongoing activities related to site remediation or maintenance,
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and the remote nature of the large tracts of land. Although public access is carefully

controlled, physical hazards may pose a threat to RMA site workers or visitors.

Manufacturing and disposal activities have resulted in a network of ditches constructed to

supply process water and transport liquid wastes. These ditches and the associated open pits,

ponds, and basins pose a danger to vehicles and pedestrians traversing the area. Tall grasses

and other vegetation often obscure these features, resulting in potential injury to the unwary.

Below ground storage tanks and pipelines traversing RMA, particularly within the

manufacturing complexes, pose a similar hazard. In addition, they may contain residual

amounts of hazardous materials or substances. Abandoned wells, some hand-excavated and

dating to pre-RMA domestic and agricultural activities, may also be present, although the

Abandoned Well Closure IRA (Appendix C) has removed some of these hazards. Obsolete

stockpiles of munitions were demilitarized by controlled detonation or oven burning. Bomb

debris and scrap metal remain as a result of these activities. Metal debris has also been

observed in association with the sanitary landfills. In addition, various types of unexploded

ordnance have been collected during site surveys prior to the RI in Section 36 and the eastern

portion of RMA.

Many of the structures at RMA were constructed during the 1940s and early 1950s, and are

currently in a deteriorated condition. Furthermore, electrical service to many buildings has

been disconnected, resulting in poor visibility. Decontamination and salvage activities have

resulted in removal of equipment from some facilities and left open gaps in floors and walls.

Not all stairways and walkways are well maintained. Debris is common in some areas, and

overhead construction materials or process equipment is in poor condition due to age and

leaking roofs.

Ongoing activities related to site remediation or maintenance often require the use of heavy

equipment or complex machinery. Physical hazards during such activities are varied and can

be unexpected. Suitable protective equipment, as determined by the site supervisor, should be

wom in all operational areas.
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The remote nature of RMA and restricted public access results in several potential hazards

that are uncommon in the surrounding urban areas. Wildlife abounds and is generally

unaccustomed to human presence. Deer and other wildlife in the roads pose a hazard to

vehicular traffic. Other animals may be present in abandoned buildings, and may be

aggressive if disturbed. Finally, disease is a common occurrence, particularly in the prairie

dog population, and direct contact with wildlife should be avoided.

Weather conditions can change unexpectedly, and severe thunderstorms are often

accompanied by hail and lightning. Tornadoes have been reported and have caused damage

to structures on RMA. Summer heat can cause stress to site workers, while winter weather

can create hazardous driving conditions and the potential for extreme low-temperature

exposures.
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NBCS North Boundary Containment System

NWBCS Northwest Boundary Containment System

QA Quality assurance
QA/QC Quality assurance/quality control

RI Remedial Investigation

RISR Remedial Investigation Summary Report

RMA Rocky Mountain Arsenal

VEC Vertical Extent of Contamination

WA water
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LIST OF ABBREVIATIONS
(continued)

Companies

AL Arthur D. Little
CH Colorado Department of Health

CL California Analytical Laboratories, Inc.

EBASCO Ebasco Services Incorporated

ED Environmental Science & Engineering, Inc. (Denver, CO)

EE Envirodyne Engineers, Inc.

EN Environmental Testing and Certification Corp. (Edison, NJ)

ES Environmental Science & Engineering, Inc. (Gainesville, FL)

ME MetaTrace, Inc. (St. Louis, MO)

MW Midwest Research Institute

RL Rocky Mountain Analytical Lab (Currently ENS ECO-Denver, CO)

RLSA R.L. Stollar and Associates, Inc. (Denver, CO)

RM Rocky Mountain Arsenal

SC Shell Chemical, Rocky Mountain Arsenal

UB Datachem, Inc.

Measurements and Ouantities

ft Foot, feet

Pg/l Micrograms per liter
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* B.1 INTRODUCTION

Although a majority of the contamdinated groundwater at Rocky Mountain Arsenal (RMA)

occurs in the unconfined flow system, wells completed in the underlying confined portions of

the Denver aquifer (collectively referred to as the confined flow system) exhibit the presence

of some contaminants. Wells in the Denver aquifer typically are completed in sandstone

strata. Yields of these wells usually are low, and the lateral extent and interconnectivity of

individual sandstone strata are complex. Consequently, the distribution of contaminants in the

Denver aquifer frequently appears to be irregular, and continuous plumes of contamidnation

have not been mapped. The Denver aquifer consists of fluvial sediments that generally have

low hydraulic conductivity. Estimates range from 10' ft per day (ft/day) for shale and

claystone to 0.03 to 4 ft/day for sandstone, and are approximately two orders of magnitude

less than those in the alluvium (Sections A1.5.3, A1.5.4).

While groundwater in the uppermost water-bearing zone of the Denver aquifer is locally

unconfined, all wells screened in the Denver Formation were considered in this investigation.

However, because the focus of this report is on the vertical extent of contamination, data for

the confined flow system wells were emphasized. A more detailed discussion of the geology

and hydrology of the Denver Formation is contained in Appendix A of this report. It is the

position of the Army that the nature and extent of contamination in the Denver aquifer has

been characterized by data developed in the RI to a level adequate to support the Feasibility

Study (FS).

B.1.1 PURPOSE AND SCOPE

As part of the remedial investigation/feasibility study (RI/FS) at RMA, an extensive

evaluation of contamination in the Denver aquifer has been undertaken. The purpose of the

evaluation is to provide an improved description of the vertical extent of contamdination in the

Denver aquifer at RMA. The evaluation consists of two phases. Phase I has been conducted

as part of the RI. If deemed necessary, Phase HI will be designed and conducted to meet the
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needs of the FS. The Phase I evaluation stemmed from comments by the organizations and

State on the Water RI Report.

During Phase I, existing water quality data were used to characterize the vertical extent of

contamination and provide supporting documentation for the FS. Results of the Phase I

investigation are presented in this appendix. Phase I included the creation of a database of

water quality information that reliably depicts current contaminant concentrations at wells, the

development of hydrogeologic cross-sections that characterize the vertical extent of

contamination, and the description of contaminant concentrations in selected areas of RMA.

The FS will consider the information developed during Phase I, as well as other pertinent data

and the information needs identified during the FS in order to select areas of RMA where

additional characterization may be needed. In these areas, investigations will be conducted in

support of the FS to characterize contaminant migration mechanisms.

B.1.2 ROLE OF THE WATER RI SUBCOMMITTEE

Although the Phase I evaluation was conducted by the Army and its contractors, the

organizations and State were consulted frequently. Several water RI subcommittee meetings

were held to ensure that the methods and procedures used in the data evaluation and the

resulting database were understood by all parties. The meetings also provided the

organizations and State with a forum for recommending changes to the methods of evaluation

for the Phase I data. Topics discussed in these meetings included objectives of the Phase I

evaluation, data evaluation criteria, procedures for identifying temporal trends in water quality

at wells, procedures for selecting data for inclusion in the database, and data presentation.

The methods of interpretation and the results presented in this appendix are largely a result of

subcommittee discussions and recommendations.

Subcommittee meeting results were documented in minutes. The minutes were distributed to

the organizations and State as part of an information package at subsequent RMA committee
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meetings. Table RISR B.1-1 provides a brief description of topics discussed at each

subcommittee meeting.

B.2 EVALUATION OF WATER QUALITY DATA

The description of the extent of contamination in this report is based on a comprehensive

well-by-well and analyte-by-analyte review of all on-post and off-post water quality data.

Based on the chronological sequence of analyte concentration, values representative of

present-day contamination were selected for use in characterizing the extent of contamdination.

Selected data were placed in a unique computerized database called the Vertical Extent of

Contamination (VEC) database. This database is in dBase format and is included on the

diskette in Attachment 2 of this appendix.

Previous hydrogeologic investigations of the Denver aquifer have emphasized water quality

data obtained during a single sampling period. However, due to the generally low hydraulic

conductivity and significant heterogeneity of the Denver aquifer, some data anomalies are

likely to have occurred in any sampling period. Data interpretation based on a single

sampling period may, therefore, produce midsleading results by not comparing anomalous data

to equivalent data from other sampling periods.

Data considered during the data review were downloaded from the RMA database in January

1990. The latest sample date for the data was September 27, 1989. Because quality

assurance/quality control (QA/QC) procedures have been most rigorous since 1984, data

obtained from 1984 to 1989 were weighted more heavily during the review. However, data

collected between 1975 and 1984 were included in the VEC database if more recent data

were not available at a well. Thbe resulting database includes information that was obtained

over a broad time period. Because rates of migration in the Denver aquifer are generally

slow compared to rates of mnigration in the unconfined flow system, the VEC database is

considered generally representative of the present-day extent of contamination.
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Table RISR B.I-1 Summary of Water Remedial Investigation Subcommittee Meetings

Related to the Vertical Extent of Groundwater Contamination

Meeting Date Topics Discussed

June 28, 1989 Overall approach to the study. Specific approach to Phase I.

August 15, 1989 Results of preliminary evaluation by S. Coddington.

September 20, 1989 Well and sample selection criteria for preparing the vertical extent

database.

November 16, 1989 Finalize well and sample selection criteria.

March 13, 1990 Database screening process. Database format -- presentation of

database to organizations and State for review. Analyte groupings

for presentation. Report Graphics.

April 10, 1990 Final selection of graphics. Finalize analyte groupings. Selection of

areal plots and cross sections for presentation. State request for

entire RMA groundwater database. Topic outline of Appendix B.

May 31, 1990 Clarification of items in previous correspondence from organizations

and State. Finalize topic outline of Appendix B. Approach for

selecting Phase II work.
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B.2.1 REVIEW OF WATER SAMPLING AND ANALYSIS PROGRAMS

Procedures for well installation, sampling, and QA/QC, as well as changes in analytical

methods can have a strong influence on the usefulness of data in assessing the extent of

contamination in the Denver Formation. Detailed descriptions of applicable procedures and

analytical methods are included in technical plans, reports, and related documents for specific

tasks. Summaries of water-related tasks and sampling programs at RMA, including references

to corresponding technical plans, are contained in Appendix F, Section 3.0 of the Water RI

Report (EBASCO, 1989/RIC 89186R01). Some aspects of the water sampling and analytical

programs that relate directly to development of the VEC database are described below.

Groundwater monitoring conducted as part of the RI and Comprehensive Monitoring Program

(CMP) has provided litigation-quality data collected with documented sampling and analysis

procedures. Data collection, analysis, and reporting have been conducted within the

framework of written and approved quality assurance plans and data management plans.

Generally these plans have been tailored to the unique objectives and requirements of specific

programs or tasks, and they have been submitted to the organizations and State for review.

Samples have been collected and tracked with the aid of established sampling and chain-of-

custody forms. Decontamination of sampling equipment has followed detailed documented

procedures. Quality assurance samples have routinely been included in data collection

programs in order to detect potential problems with cross-contamination of wells, identify

laboratory contamination of samples, and assess accuracy of data. Approximately 25 percent

of all samples collected as part of recent programs have been obtained for QA purposes.

Although data prior to the beginning of the RI were obtained using the best available

technology for sampling and analysis, supporting documentation generally did not meet

current standards. Documentation of sampling procedures generally was limited to

information written in field notebooks. Fewer QA samples were collected prior to 1984 than

are presently recommended. Consequently, data collected prior to 1984 should be used
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primarily for qualitative description of contaminant extent. If needed for purposes of the FS,

data collected prior to 1984 will be confirmed by more recent sampling results.

Improvements in drilling, sampling, and analytical technology were incorporated in

monitoring programs as they became available. As a result, recently obtained data generally

are more accurate and repeatable than historical data. Since 1984, wells drilled in the Denver

Formation have been completed using telescoping casing and sealing of the annular space to

prevent contaminant migration from shallow zones to deep zones. Prior to 1984, this

technique was not routinely used. Equipment used for well development has evolved from

use of bailers and bladder pumps to use of positive displacement pumps and in-line flow

cells. This change has minimized the potential for contaminants to volatilize during sampling.

Recent sampling programs have emphasized increasingly reliable field monitoring of water

quality parameters as an aid in determining appropriate wellbore conditions for sampling.

Analytical methodologies were modified frequently when different laboratories were used,

when analytical techniques changed, or when QA/QC requirements varied. As a result,

certified reporting limits (CRLs) varied from program to program by up to three orders of

magnitude (Attachment 1).

B.2.2 SELECTION OF WATER QUALITY DATA

Data included in the VEC database were selected manually by hydrogeologists who reviewed

the entire chronological sequence of concentration values at individual on-post and off-post

wells. To accomplish this, section-by-section printouts of the entire RMA water quality

database were sorted by well identification number, water quality parameter, and sample date.

Using these printouts, a concentration value was selected for each compound that represented

the best estimate of present contamination. The concentration values were entered into the

VEC database if they were above CRLs.
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Values below CRLs were not entered into the VEC database. The programs conducted at

RMA during the past decade included different CRI-s, different suites of analytes, and

changes in sampling and analytical techniques. Thus values below CRL could not be directly

correlated between wells or through time. The database of excluded detections is contained in

Attachment 2 (on diskette) so that the apparently anomalous detections can be reviewed. All

wells that were considered in establishing the VEC database are shown on Plate RISR B.2-1.

Some of these wells were later determined to be alluvial wells and were, therefore, eliminated

from the data interpretations. Plate RISR B.2-2 shows the locations of all wells included in

the VEC database. The distributions by depth below the bedrock contact of all the wells

considered in establishing the VEC database are shown in Figures RISR B.2-1 through

RISR B.2-4.

Although selection of representative values relied on the professional judgment of

hydrogeologists reviewing the data, comparisons of values selected by several hydrogeologists

showed that the differences were small. In cases where existing data could not be used to

clearly identify consistent values of concentration, recent elevated detections were selected.

The resulting VEC database tends to overestimate the extent of contamination in areas where

data were not conclusive.

B.2.3 DATA EVALUATION CRITERIA

Criteria were established for all analytes in the RMA water quality database including anions

and cations such as sodium, potassium, chloride, and fluoride that are generally considered

nonhazardous. The following criteria were used in evaluating water quality for a particular

well:

" The chronological sequence for sample data showed a detectable concentration for all

sample dates for a particular compound. The most recent value of concentration was

entered into the VEC database.

" The chronological sequence showed sporadic detections, but the most recent value was

above the CRL. The most recent value of concentration was entered into the VEC

database.
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* A short chronological sequence and/or the most recent value was below the CRL

(where the CRL was higher than CRLs for previous samples). The most recent value

that was above the CRL was entered into the VEC database.

0 The chronological sequence showed that all values were below the CRL. No value

was entered into the VEC database.

0 The chronological sequence showed anomalous detectable concentrations for a

particular compound, but all subsequent values including the most recent sample were

below the CRL. No value was entered into the VEC database. However, the

anomalous value was placed in a separate file of excluded values and identified as a

category A exclusion.

* Anomalous and/or marginal concentration values were identified in the chronological

sequence or when compared to adjacent wells. No value was entered into the VEC

database. However, the anomalous or marginal values were placed in a separate file

of excluded values and identified as category B exclusions.

* No chronological sequence of detections was identified, but a single value above the

CRL was anomalous when compared to other nearby wells. No value was entered

into the VEC database. However, the anomalous value was placed in a separate file

of excluded values and identified as a category C exclusion.

The database of excluded detections (-I1TSABC.DBF) includes 514 organic and inorganic

detections. More than one half of the detections (354) were excluded as Category B.

Concentrations of the organics and fluoride, chloride, and ICP metals in Category B range

from 0.0461 to 4,950 pg/I and were reported in samples collected form 1977 to 1989.

Category A, excluded detections (158), range from 0.0400 to 1,800pg/l, and were reported in

samples collected from 1978 to 1989. In both Category A and B, the analyte with the highest

number of detections was DBCP. Category C excluded detections is comprised of two

detected analytes. These include zinc, detected at 22.6 pg/I in 1988, and DBCP, detected at

9.10 pg/I in 1989.

The initial database was prepared and distributed to the organizations and State for review.

Based on this review and a parallel review by the Army, the database was refined. Data

inadvertently excluded from the initial database were added. Duplicate data within the
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database were deleted. The resulting database represents the most comprehensive and reliable

st of information currently available to characterize contamination in the Denver aquifer at

RMA.

B.2.4 BACKGROUND WATER QUALITY

In order to characterize the extent of contamination in the Denver aquifer it is useful to

identify contaminant concentrations in background areas. For the purpose of this report

background areas are defined as areas that contain wells that are hydraulically upgradient of

known source areas. The likely RMA source areas for contaminants in the Denver aquifer are

the contaminant plumes of the overlying unconfined flow system. Areas of the Denver

aquifer that are hydraulically upgradient of these plumes include Sections 5, 6, 7, 8, 11, 12,

19, 20, 29, 30, 31, and 32. Therefore, wells in these sections completed in the Denver aquifer

generally represent background conditions.

In general, concentrations of many organics in areas that are hydraulically upgradient of

plumes are near CRLs. A review of the VEC database has shown that slightly elevated

concentrations of organics have been measured in a few wells designated as background

wells. These wells (05001, 07004, 08005, 11004, 12003, 12004, 32002) have low

concentrations of diisopropylmethyl phosphonate (DIMP), benzene, chloroform,

tetrachloroethylene, chlorophenylmethyl sulfoxide, or organochlorine pesticides. All of these

wells have been subsequently sampled by the CMP. Results indicate that organic

concentrations in the VEC database for these wells are sporadic and likely artifacts of

sampling or analytical techniques, and probably are not representative of background

conditions. Additionally, some organic compounds occur naturally at detectable

concentrations in association with coal, oil, carboniferous shale, or natural gas. Other organic

compounds detected upgradient of RMA source areas may have originated from off-post

sources.
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Inorganics including fluoride, chloride, and inductively coupled plasma (ICP) metals

(cadmium, chromium, copper, lead, and zinc) occur naturally at concentrations above CRI-s;

however, there are no values universally recognized by RMA investigators or regulators as

representative of RMA background levels. In a hydrogeologic unit as lithologically and

hydraulically variable as the Denver aquifer, background concentrations of naturally occurring

inorganics are likely to vary spatially. Thus it is important to designate background

concentrations for inorganics based on several wells completed in the Denver aquifer within

or near RMA boundaries. Inorganic water quality data from upgradient wells in the VEC

database were used to calculate background concentrations of chloride, fluoride, arsenic,

mercury, and the ICP metals cadmium, chromium, copper, lead, and zinc in the Denver

aquifer at RMA. Adjusted geometric means for chloride, fluoride, and total metals were

calculated using the following equation:

Adjusted Geometric Mean =(n/s)(a1 .a2-a3 ...... a,,)"

Where n is the number of detections, s is the number of samples analyzed, and a,, is the

concentration of the nh detection.

The adjusted geometric mean concentrations provided in Table RISR B.2-1 are assumed to be

representative of background conditions. These concentrations tend to correspond to those

used in previous investigations (EBASCO, 1989/RIC 89186R01; RLSA, 1990/RIC

90231R01). However, previous investigation background concentrations were based on

samples from relatively few wells, or else they included samples from wells located a

substantial distance from RMA. The wide range of detected concentrations and high standard

deviations of detections shown in Table B.2-1 show that background concentrations vary

substantially from location to location. This extreme variability may be attributable either to

naturally high spatial or temporal variation, or to the presence of more than one population

subset. The latter possibility is suggested when the standard deviation is greater than the

adjusted geometric mean.
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Table RISR B.2-1 Background Concentrations of Inorganic Analytes in the Denver Aquifer

Adjusted Geometric

Geometric Standard Standard

Analyte or Frequency of Arithmetic Mean Maximum Deviation of Deviation of

Analyte Group Detections Mean Concentration Concentration Detections Detections

(pg/I) (Pg/l) (pg/l) (pg/l) (log-base 10)

Chloride 38/38 105,000 65,400 689,000 121,000 0.461

Fluoride 36/38 1,820 1,520 4,670 960 0.221

Total Metals 11/18 12.6 5.95 99.3 29.6 0.774

(As, Hg, Cd, Cr,
Cu, Pb, and Zn)

As - Arsenic
* Hg - Mercury

Cd - Cadmium
Cr - Chromium
Cu - Copper
Pb - Lead
Zn - Zinc
pg/I - micrograms per liter
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B.3 AREAL DISTRIBUTION OF CONTAMINANTS

Denver aquifer contamination is generally ashociated with areas of contamination in the

overlying unconfined flow system. A series of maps to illustrate this and to identify areas of

contaminated Denver aquifer that are not directly associated with contamination in the

unconfined aquifer were prepared. All maps are presented following the complete text. For

these maps, analytes have been categorized into five groups. The five groups are total

organic analytes; DIMP; the sum of arsenic, mercury and ICP metals (cadmium, chromium,

copper, lead, zinc); fluoride; and chloride. Table RISR B.3-1 lists organic analytes summed

for the total organics maps. DIMP is included on the total organics map and is also mapped

separately.

Individual organic analytes are organized by analyte groups to facilitate discussion of their

distribution. The groups each comprise several analytes with similar uses, chemical behavior,

and histories of origin and disposal. On-post contamination is discussed and presented in this

section and in Section B.4. Off-post contamination is summarized in Section B.5.

Attachment 2 contains the plotted concentrations of each group on diskette.

The distribution and concentration of each analyte group is shown on maps corresponding to

various depth intervals below the alluvium-bedrock contact. The depth intervals used for

mapping are 0 to 50 ft, 50 to 100 ft, 100 to 150 ft, and greater than 150 ft below the

alluvium-bedrock contact. Depths and corresponding depth intervals for each well were

calculated from measurements of the alluvium-bedrock contact and the base of the well

screen. Selection of the alluvium-bedrock contact as the datum for identifying depth intervals

permits evaluation of the vertical extent of contamdination. Other alternative methods, such as

using elevations or depths below ground surface do not take into account the topography of

the ground and/or bedrock surfaces and the vertical transport distance of the contaminant

through the Denver Formation. The methodology used also eliminates the uncertainty in

correlation of stratigraphic intervals or hydrostratigraphic units within the Denver Formnation.
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Table RISR B.3-1. Organic Analytes and Analyte Groups for Groundwater Samples. Page I of 3.

Analyte Groups/Analytes

Volatile Halogenated Organics (VHOs)
1,1-Dichloroethane
1.2-Dichloroethane
1,1-Dichloroethylene
trans- 1,2-Dichloroethylene
1,1,2,2-Tetrachloroethane*
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Carbon tetrachloride
Chlorobenzene
Chloroform
Methylene chloride
Tetrachloroethylene
Trichloroethylene
Trichloropropene*

Volatile Hydrocarbons (VHCs)
2-Butoxyethanol*
4-Hydroxy-4-methyl-2-pentanone*
1-Methyl-i,3-cyclopentadiene*
2,2-Oxybisethanol*
2-Pentanone*
Bicycloheptadiene
Dicyclopentadiene
Methylcyclohexane*
Methylisobutyl ketone

Volatile Aromatic Organics (VAOs)
Benzene
Ethylbenzene
m-Xylene
o- and p-Xylene
Toluene

Organosulfur Compounds. Mustard-Agent Related (OSCMs)

1,4-Oxathiane
Chloroacetic acid
Dithiane
Thiodiglycol

* Significant former nontarget compound
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Table RISR B3.3-1. Organic Analytes and Analyte Groups for Groundwater Samples. Page 2 of 3.

Analyte Groups/Analytes

Organosulfur Compounds. Herbicide Related (OSCHs)
Benzothiazole
Chlorophenylflethyl sulfide
Chiorophenylmethyl sulfone
Chiorophenylmethyl sulfoxide
Dimethyldisulfide

Organophosphorous Compounds. GB-Agent Related (OPHGBs)
Diisopropylmethyl phosphonate
Dimethylmethyl phosphonate
Isopropylmethylphosphoflic acid
Methyiphosphoflic acid
Phosphoric acid, tributyl ester*
Phosphoric acid, triphenyl ester*'

Organophosphorous Compounds. Pesticide Related (OPHPs)
Atraine
Malathion
Parathion
Supona
Vapona

Dibromochloropropane (DBCP)

Organonitroeen Compounds (ONCs)
Caprolactam*
Hydrazine
Methylhydrazine
n-Nitrosodimethylamine
n-Nitrosodi-n-propylamine
Unsymmetrial dimethyihydrazine

Fluoroacetic Acid

Polynuclear Aromatic Hydrocarbons (AHs)
Fluoranthene*
Methyl naphthalene*
Phenanthrefle*
Pyrene*

*Significant former nontarget compound
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Table RISR B.3-1. Organic Analytes and Analyte Groups for Groundwater Samples. Page 3 of 3.

Analyte Groups/Analytes

Semnivolatile Halogenated Orizanics (SHOs)
Hexachlorobenzene*
Hexachlorobutadiene*
Hexachlorocyclopentadiene
Pentachlorobenzene*
Tetmachlorobenzene*
Trichlorobenzene*

Orp-anochlorine Pesticides (OCPs)
Aidrin
Chlordane
Dichiorodiphenylethane (DDE)
Dichlorodiphenyltrichloroethafle (DDT)
Dieldrin
Endrin
Isodrin

*Significant former nontarget compound
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As a result, data are illustrated by depth interval and do not correspond directly with

stratigraphic intervals or hydrostratigraphic units.

The maps of contaminant distribution show well locations where contaminants have been

identified above CR.Ls. Wells where contaminants were not detected are not identified on the

maps. Samples included in the VEC database have been obtained over an extended period of

time. During this period, CRLs for most contaminants have changed and analytical suites

have varied; consequently, a map showing wells without detectable concentrations of

contaminants may be misleading. Plate RISR B.2-1 shows the location of wells that were

sampled and, therefore, were considered in developing the VEC database. Coordinates for the

wells and well completion and bedrock information are included in Attachment 2 (on

diskette).

B.3.1 TOTAL ORGANIC ANALYTES

The total organic analyte concentration for each well is the sum of VEC database

concentrations for one or more detected analytes. Most detections of total organic analytes

exceeding 10,000 pg/l in the Denver aquifer occur in the South Plants and Basin A areas, and

from Basin C to the North Boundary Containment System (NBCS) in Sections 23 and 26

(Figure RISR B.3-1). The highest concentrations typically occur in the 0- to 50-ft depth

interval. A maximum concentration for total organics of 1,110,000 pg/I was detected in the

South Plants area. Organics were detected in four wells at depths between 150 and 200 ft.

Among these, the maximum total organic concentration of 33.7 pg/I occurred in Well 35084.

B.3.1.1 Areal Distribution

In the South Plants and Basin A areas, organic analytes were detected primarily in the 0- to

50-ft depth interval, with numerous samples having concentrations greater than 10,000 pg/l.

In much of the South Plants area, the alluvium is unsaturated and many of the highest

concentrations in the 0 to 50 ft depth interval are in the unconfined flow system. The

maximum concentration of total organics was 1,110,000 pg/I, detected in Wells 01555 and
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01565, which are screened to depths of 22 and 25 ft, respectively, below the alluvium-

bedrock contact. These wells are screened in the unconfined flow system. Lower

concentrations were detected below 50 ft (Figures RISR B.3-2 through B.3-4). At depths

greater than 100 ft, total organic analyte concentrations in the South Plants area were less

than 50 pg/I and concentrations in the Basin A area were less than 300 Pg/I. The deepest

detection of organic analytes was in the vicinity of South Plants and occurred 197 ft below

the alluvium-bedrock contact in Well 01046. In this well, total organics were detected at a

concentration of 3 pg/I. The only other detections in this area below 150 ft were southwest of

Basin A in Wells 35072 and 35084.

In Section 26, concentrations of total organic analytes greater than 10,000 pg/l occurred in the

vicinity of Basin C in the 0- to 50-ft depth interval. Concentrations between 1,000 and

10,000 pig/I were detected at depths between 0 and 100 ft around the perimeter of Basin C

and in the 0- to 50-ft depth interval north of Basin F. Concentrations decreased with depth to

less than 10 pg/l in the 100- to 150-ft depth interval.

The highest concentrations of total organics (greater than 10,000 pg/I) in Section 23 occurred

in the 0- to 50-ft depth interval. The maximum detected concentration in the 50- to 100-ft

depth interval was 807 pg/I, and 106 pg/I was the highest concentration detected in the 100-

to 150-ft depth interval. Total organic analyte concentrations less than 50 pg/I were detected

in Sections 22 and 24 in the 100- to 150-ft depth interval.

B.3.1.2 Relation to Alluvial Contamination

Organic analytes in both the Denver aquifer and the Unconfined Flow System were detected

at the highest concentrations in the South Plants and Basin A areas and from Basin C to the

NBCS. In the Western Tier and North Plants area, contamination is fairly common in the

unconfined flow system, but less frequently detected in the Denver aquifer. Another area of

dissimilar distribution between the unconfined flow system and the Denver aquifer includes

Section 22.
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In the North Plants area, a maximum concentration of 1,900 pg/l was detected in the Denver

aquifer, but concentrations detected in the unconfined flow system were less than 500 pg/I.

Concentration ranges in the Denver aquifer in the Western Tier were comparable to those in

the unconfined flow system; however, the highest concentrations in the Denver aquifer did not

consistently underlie the highest concentrations in the unconfined flow system.

In Section 22, north of the Northwest Boundary Containment System (NWBCS), organic

compounds were detected to a depth of 106 ft below the alluvium-bedrock contact

(Well 22002). No data for this well were collected after 1983; however, recent (1989) data

for an upgradient well (22028) completed at a similar depth and in the same water-bearing

zone indicated no detections of organic analytes. Contamination in these deeper zones may

be indicative of earlier flow patterns and contamination distribution when the basins were full

of liquid. In addition, the construction of Well 22002 may be of questionable quality; this

well was recently abandoned.

B.3.2 DIISOPROPYLMETHYL PHOSPHONATE (DIMP)

The highest concentrations of DIMP were located in the Basin A area, south of Basin C north

to the NBCS, and in North Plants (Figure RISR B.3-5). The highest concentrations were

detected between depths of 0 and 100 ft, and the maximum concentration (25,600 pg/1) was

detected below Basin C. DIMP was detected in one well in the 150- to 200-ft depth interval.

A concentration of 0.900 pg/i was detected southwest of Basin A at a depth of 166 ft below

the alluvium-bedrock contact.

B.3.2.1 Areal Distribution

In the Basin A area, concentrations were greater than 1,000 pg/I in the 0- to 100-ft depth

range (Figures RISR B.3-5 and B.3-6). The maximum concentration of DIMP in this area,

14,600 pg/l, was detected 8 ft below the alluvium-bedrock contact. In the 100- to 150 ft

depth interval, DIMP was detected at a maximum concentration of 11.1 pg/I (Figure RISR
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B.3-7). The deepest and only detection of DIMP below 150 ft occurred southwest of Basin A

at a concentration of 0.900 pg/i, 166 ft below the alluvium-bedrock contact in Well 35084.

Concentrations of DIMP greater than 1,000 pg/I were detected south of Basin C and north to

the NBCS in the 0- to 50-ft depth interval. Below Basin C, DIMP was detected at a

maximum concentration of 25,600 pg/l in Well 26053, at a depth of 16 ft below the alluvium-

bedrock contact. This concentration was reported in 1979; no samples were collected after

this date. In the 50- to 100-ft depth interval, the highest concentrations (up to 2,500 pg/I)

were detected in the vicinity of Basin C. At the NBCS, the highest concentration in the 50-to

100-ft depth interval was 348 pg/i. Below this depth interval, DIMP was detected in one well

at a concentration of 6.20 pg/I. To the northwest, in Section 22, DIMP was detected in the

100-to 150-ft depth interval at 21.0 and 33.0 pg/i near the NWBCS.

In North Plants, the highest concentrations of DIMP was detected in the 0- to 50-ft depth

interval. Well 25051 contained DIMP at a concentration of 1,900 pg/I. No wells in the

immediate area of North Plants are completed below this depth interval.

B.3.2.2 Relation-to Alluvial Contamination

The areas of highest DIMP concentrations in the Denver aquifer correspond to areas with

elevated concentrations in the unconfined flow system from Basin A northwest to Basin F and

north to the NBCS (EBASCO, 1989/RIC 89186R01; RLSA, 1990/RIC 90231R01). In

Section 22, DIMP concentrations of 21.0 and 33.0 pg/I were detected east and north of the

NWBCS between 102 and 106 ft below the alluvium-bedrock contact. These concentrations

were higher than those typically detected in the unconfined flow system in this area. Low

concentrations of DIMP have been detected in a few wells near the south boundary of RMA.

Data received after formation of the VEC database indicate that these detections do not tend

to be repeatable. DIMP has not been detected near these wells in overlying alluvial material.
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B.3.3 SUM OF ARSENIC, MERCURY, AND ICP METALS

Elevated levels of metals (100 to 1,000 pg/I) in the Denver aquifer were detected in areas of

elevated organic compound concentrations near Basin A, Basins C and F, and the NBCS

(Figure RISR B.3-8). Metals were also detected in Sections 3, 22, 23, and 27, and near Sand

Creek Lateral in Sections 35 and 25. The highest concentrations were detected in the 0- to

100-ft depth range, and the maximum concentration (476 pg/I) was detected near Sand Creek

Lateral in Section 35. In general, at all depth intervals, most concentrations were in the 10 to

100 pg/1 concentration range. This is within the range of background detections from

upgradient wells. However, the adjusted geometric mean of metals concentrations in the

Denver aquifer is slightly greater than in background wells (Table RISR B.2-1). Metals were

detected at a maximum depth of 177 ft below the alluvium-bedrock contact at a concentration

of 41.9 pg/I (Well 08005).

B.3.3.1 Areal Distribution

In the Basin A area, metals concentrations in the Denver aquifer were greatest between depths

of 0 and 100 ft (Figures RISR B.3-8 and B.3-9). A maximum concentration of 476 pg/I was

detected in Well 35008, 19 ft below the alluvium-bedrock contact. Concentrations ranged

from 22.5 to 48.6 pg/I in the 100- to 150-ft depth interval (Figure RISR B.3-10). Metals

were not detected in the Basin A area below 150 ft.

In the Basin C and F area, concentrations ranged up to 186 pg/I to depths of 100 ft below the

alluvium-bedrock contact. Metals were detected to a maximum depth of 95 ft in this area.

At the NBCS, the highest concentration of metals occurred in the 0- to 50-ft depth interval.

A concentration of 128 pg/l was detected in Well 23204. Concentrations were less than

10 pg/I in the 50- to 100-ft depth interval. At the NBCS, the metals were not detected below

the 50- to 100-ft depth interval. The detections of metals outside the areas discussed above

generally were isolated and not persistent with depth. An exception occurs in Sections 22,

23, and 27 where concentrations greater than 100 pg/l were detected to a depth of 103 ft

(Well 22031). The deepest detection of metals was in Section 8 at a depth of 177 ft below
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the alluvium-bedrock contact. A similar concentration was detected at approximately 77 ft

below the bedrock contact in Well 08004.

B.3.3.2 Relation to Alluvial Contamination

The detections of metals in the Denver aquifer and unconfined flow system tend to occur in

similar areas and appear to be only partially associated with areas of elevated organic analyte

concentrations and related source areas on RMA. Concentrations of metals in the unconfined

flow system not associated with areas of elevated organic analyte concentrations tended to be

higher (approaching 1,000 pg/i) than concentrations of metals (less than 100 pg/i) in these

areas in the Denver aquifer.

B.3.4 FLUORIDE

The calculated adjusted geometric mean background fluoride concentration of 1,520 Pg/I

(Table RISR B.2-1) generally corresponds to the highest fluoride CRL of 1,220 pg/i, which is

used to define the lowest fluoride concentration range. Concentration of fluoride greater than

10,000 pg/I in the Denver aquifer occurred in the South Plants and Basin A areas, between

Basin F and the NBCS, and in Section 22 north of the NWBCS (Figure RISR B.3-1 1). The

highest concentrations were detected in the 0- to 100-ft depth range, and the maximum

concentration (210,000 pg/I) was detected near Basin F, less than 3 ft below the alluvium-

bedrock contact. Fluoride was detected in seven wells at depths between 150 ft and 200 ft at

a maximum concentration of 4,400 pg/I. The maximum concentration detected in upgradient

wells was 4,670 pg/i (Table RISR B.2-1). As points of comparison, the EPA drinking water

limit for fluoride is 4,000 pg/I; the secondary drinking water standard is 2,000 pg/i.

B.3.4.1 Areal Distribution

In the South Plants area, the highest concentration of fluoride was 11,000 pg/I and occurred in

the 50- to 100-ft depth interval (Figure RISR B.3-12). Fluoride concentrations in the 100- to

150-ft depth interval were generally less than 2,000 pg/I, although fluoride was detected in the

depth interval at a concentration of 9,530 pg/i west of South Plants (Figure RISR B.3-13). At
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an approximate depth of 200 ft, fluoride was detected in two wells in the South Plants area at

1,950 and 2,370 pg/l (Figure RISR B.3-14).

In the Basin A area, the highest concentrations of fluoride were detected in the 0- to 50-ft

depth interval. Fluoride was detected at a maximum concentration of 14,000 pgfl in the 0- to

50-ft depth interval, and at a maximum concentration of 10,000 pg/I in the 50- to 100-ft depth

interval in this area. In the 100- to 150-ft depth interval, fluoride was not detected above a

concentration of 2,330 pg/I. The deepest detections of fluoride in the Basin A area were

between 165 and 168 ft below the alluvium-bedrock contact at concentrations of 1,670 and

2,800 pg/I.

Between Basin F and the NBCS, the highest concentrations of fluoride were detected in the 0-

to 50-ft depth interval. The highest concentration was 210,000 pg/I, detected in Well 26041.

Concentrations decreased with depth. Maximum concentrations of 5,100 and 4,600 pg/I were

detected in the 50- to 100-ft and 100- to 150-ft depth intervals, respectively. Fluoride was

detected in two wells below 150 ft, at concentrations less than 5,000 pg/I. Fluoride was not

detected in this area below 196 ft.

In Section 22, fluoride was detected up to 35,000 pg/I in the 0- to 50-ft depth interval. Lower

concentrations were detected below this depth interval, ranging from 400 to 3,200 pg/l below

a depth of 50 ft below the alluvium-bedrock contact. In this section, fluoride was not

detected below a depth of 106 ft.

B.3.4.2 Relation to Alluvial Contamidnation

Fluoride concentrations were elevated in the Basin A area and between Basin F and the

NBCS in the Denver aquifer and the Unconfined Flow System. In both the Denver aquifer

and unconfined flow system, detections approaching 10,000 pg/I occurred in Sections 3, 4,

and 33, and concentrations up to 5,000 pg/I were detected in other areas of RMA.
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In the northeast area of South Plants and northeast of Basin A, concentrations in the Denver

aquifer were higher than those detected in the unconfined flow system. This also occurred in

Sections 22 and 23 (north of the NWBCS), Section 3, Section 33, and in the western area of

South Plants where the contrast in concentrations was greater. In the 0- to 50-ft depth

interval of the Denver aquifer, fluoride was detected up to a concentration of 35,000 pg/l in

Section 22. In Section 2, in the 50- to 100-ft depth interval, fluoride was detected at a

concentration of 11,000 pg/l. In the 100- to 150-ft depth interval, fluoride was detected at

9,530 pg/I in Section 3. Fluoride concentrations in the unconfined flow system in these two

areas were less than 4,000 pg/l. It should be noted that interference effects of chloride in

ionchromatography analyses may cause artificially high reported fluoride values (G.

Mohnnan-PMRMA, oral communication with J.A. Bush - EBASCO, October 28, 1991).

B.3.5 CHLORIDE

Most chloride concentrations greater than or equal to 5,000,000 pg/1 in the Denver aquifer

were detected in the South Plants area, and in an area from Basin A northwest to Basin F and

north toward the NBCS (Figure RISR B.3-15). The highest concentrations were detected

between 0 and 100 ft, and the maximum concentration (14,000,000 pg/1) was detected near

Basin F, less than 3 ft below the alluvium-bedrock contact. Chloride was detected in seven

wells between 150 and 200 ft at a maximum concentration of 127,000 pg/i. This

concentration is within the standard deviation of chloride detections (121,000 pg/I) in

upgradient wells (Table RISR B.2-1). As a point of comparison the EPA has established a

secondary drinking water standard of 250,000 pg/l for chloride.

B.3.5.1 Areal Distribution

In the South Plants area, the highest concentration of chloride was 5,500,000 pg/I and was

detected in the 50- to 100-ft depth interval (Figure RISR B.3-16). Above this depth, chloride

was detected at a maximum concentration of 1,200,000 pg/l. Concentrations of chloride were

lower in the 100- to 150-ft depth interval, with a maximum detected concentration of 621,000

pg/1 (Figure RISR B.3-17). Chloride was detected to a depth of 199 ft below the alluvium-
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bedrock contact in the South Platte area (Figure RISR B.3-18). Concentrations at this depth

ranged from 20,000 to 40,000 pg/i.

In the area from Basin A northwest to Basin F and north to NBCS, there were several

detections of chloride at concentrations greater than 1,000,000 pg/i in the 0- to 50-ft depth

interval. A maximum concentration of 14,000,000 pg/i was detected near Basin F in Well

26041. In the 50- to 100-ft depth interval, the maximum detected concentration of chloride in

this area was 1,200,000 pg/I and occurred southwest of Basin F. Concentrations were less

than 650,000 pg/I in the 100- to 150-ft depth interval. Chloride was detected at 123,000 and

127,000 pg/I in two wells screened to depths of 172 and 194 ft, respectively, below the

alluvium-bedrock contact. Chloride was not sampled below this depth.

B.3.5.2 Relation to Alluvial Contamination

The distribution of chloride in the 0- to 50-ft depth interval of the Denver aquifer is similar to

the distribution in the unconfined flow system, with the highest concentrations extending fromn

Basin A to Basins C and F and north to the NBCS. In both the unconfined flow system and

Denver aquifer, concentrations of chloride, primarily ranging from CRL to 150,000 pg/, were

widespread. Differences in distribution were noted in the South Plants area, and near Basin D

in Section 26.

In the 0- to 50-ft depth interval of the Denver aquifer, a concentration of 1,200,000 pg/I was

detected in the western area of South Plants, and a concentration of 5,500,000 pg/i was

detected in this area in the 50- to 100-ft depth interval. In the overlying unconfined flow

system, chloride concentrations were typically not over 150,000 pg/I. In the Basin D area, a

higher concentration of chloride was also detected in the Denver aquifer than in the overlying

unconfined flow system. West of Basin D, chloride was detected below 700,000 pg/l in the

unconfined flow system and at 1,200,000 pg/I in the 50- to 100-ft depth interval in the

Denver aquifer.
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B.4 VERTICAL EXTENT OF CONTAMINATION

Contaminant concentrations in the Denver aquifer are typically much lower than in the

overlying unconfined flow system. For example, the concentration of total organic analytes in

the unconfined flow system near Basin F exceeds 10,000 pg/I. Wells completed in the

Denver aquifer near Basin F typically have total organic concentrations less than 200 pg/l.

The total organic concentration of the unconfined flow system in the vicinity of Basin A

exceeds 10,000 pg/1 over a large area. In the Denver aquifer beneath this area the

concentration typically is less than 7,000 pg/l. Similar differences in concentration occur in

other parts of RMA. Higher concentration values in the Denver aquifer typically occur only

in the top 20 ft of bedrock and are in close proximity to areas where the unconfined flow

system is most contaminated.

The predominant processes affecting contaminant concentrations with depth at RMA and

within the Denver aquifer are chemical and biological degradation, sorption, and dilution. A

conceptual model of flow in the Denver has been developed in which water moves downward

from the unconfined flow system through strata with relatively low hydraulic conductivity

into predominantly sandstone and lignitic units of the Denver aquifer. This results in long

travel times along flow paths in the Denver aquifer relative to flow paths in the alluvium,

during which chemical and biological degradation can occur. The Denver aquifer with its

clay-rich and lignitic strata also has a greater sorptive capacity for removing contaminants

from groundwater than the overlying alluvium. Contaminants moving vertically downward in

the Denver aquifer will be diluted by uncontaminated water moving horizontally along

regional flow paths.

The number of contaminants measured in the Denver aquifer is also typically less than the

number measured in the overlying unconfined flow system. The distribution of the individual

organic contaminants has been presented in previous reports (EBASCO, 1989; RLSA, 1990).

Contaminants that appear most frequently in the Denver aquifer are relatively nonsorbing

compounds such as chloroform, trichloroethylene, benzene, and DIMP. Organochlorine
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pesticides (OCPs) have been detected with an unexpectedly high frequency, however. These

compounds tend to adsorb readily and would not be expected to migrate substantial distances

in the Denver aquifer. Cosolvency effects or utilization of flowpaths with minimal sorptive

capacity may explain their widespread distribution.

Although the shallow bedrock of the Denver Formnation appears to be effective in partly

containing contamination within the unconfined flow system, it is not a completely effective

barrier to migration. Hydrogeologic cross sections (Figures RISR B.4-1 through B.4-5 and

Plates RISR B.4-2 through B.4-7) indicate that the concentrations of organic analytes vary

with depth in an irregular manner. While concentrations typically decrease as depth

increases, exceptions to this rule are common.

The most notable exception occurs in the vicinity of the NBCS (Figure RISR B.4-3). Data

from cluster wells in this area show no general trend in concentration with increasing depth.

For example, total organic concentration at Wells 23167 through 23169 varies from 11. 1 pg/l

to 375 pg/l to 50.7 pg/l with increasing depth. Reasons for the irregular pattern are not clear,

but may be the result of historical groundwater flow patterns that are different from current

patterns. The discontinuous nature of sandstone channels in the Denver aquifer may also

contribute to the irregular pattern of contamination.

An inferred base of contamination, representing the CRLs for organic analytes, has been

drawn on the detailed hydrogeologic cross sections (Figures RISR B.4-1 through B.4-5). The

base was located using the following assumptions: 1) if organic contaminants were reported

within a sandstone unit, the entire unit was assumed to be contaminated; 2) if no organics

were detected in a sandstone unit, but were reported in the above unit, the base of the upper

sandstone was interpreted as the base of contamination; and 3) if organics were present in the

deepest screened sandstone unit, the concentration was assumed to decrease by an order of

magnitude in each lower sandstone unit. This last assumption was inferred from a qualitative

review of vertical contaminant distribution in the cluster wells.
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B.4.1 ORGANIC ANALYTES

At depths more than 100 ft below the alluvium-bedrock contact, organic analytes were

primarily detected in areas where elevated concentrations were detected in shallower zones of

the Denver aquifer. Concentrations of organics ranging from 106 to 770 Pg/l were detected in

the 100- to 150-ft depth interval near Basin A, north of Basin F and in the Western Tier

(Plates RISR B.4-2 and B.4-3). In the greater than 150-ft depth interval, organics were

detected at a maximum concentration of 33.7 pg/I in Well 35084 southwest of Basin A (Plate

RISR 3.4-6). There were three other detections in this depth interval, to a depth of 196 ft

below the alluvium-bedrock contact. Concentrations of organics were near CRLs, ranging

from 1.77 to 3.00 pg/I. The lowest detection was upgradient of known source areas on RMA,

in Section 8 (Well 08005) (Plate RISR B.4-4). As discussed in Section B.2.4, additional data

indicate that this detection likely occurred as a result of sampling or analytical techniques and

may not be representative of actual conditions.

B.4.2 DIISOPROPYLMETHYL PHOSPHONATE (DIMP)

The deepest detections of DIMP primarily underlie areas where shallow zones of the Denver

aquifer have high concentrations of DIMP. These areas include Basins A and F in Sections

35, 36, and 26. The deepest well in this area with a detectable concentration of DIMP was

Well 35084 (Plate RISR B.4-6). In this well, DIMP was detected at a concentration of 0.900

pg/I, 166 ft below the alluvium-bedrock contact.

Other elevated concentrations of DIMP were detected in the 0- to 100-ft depth range between

the NBCS and the NWBCS. In two of the deepest wells in this area, DIMP was detected at

concentrations of 21.0 and 33.0 pg/I between 102 and 106 ft below the alluvium-bedrock

contact (Plates RISR B.4-2 and B.4-5).

Near the central area of North Plants, DIMP was detected in the 0 to 50 ft depth interval inR

Well 25051 at a concentration an order of magnitude higher than the concentration in the

overlying unconfined flow system. No deeper wells are present in this area.
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B.4.3 ARSENIC, MERCURY, AND ICP METALS

The deepest detection of metals occurred in Section 8, upgradient of known source areas on

RMA. In Well 08005, zinc was detected at a depth of 177 ft below the alluvium-bedrock

contact at a concentration of 41.9 pg/1 (Plate RISR B.4-4). Additional data for this well

indicate that zinc is not present at a concentration above CRLs. In addition, the highest

concentrations of the metals were not typically present in this area.

Metals were detected in several wells between 100 and 150 ft below the alluvium-bedrock

contact. Most of these wells are located in the area from South Plants to the NBCS and the

NWBCS. In the greater than 100-ft depth interval, concentrations ranged up to 114 pg/I. The

highest concentration of metals (zinc) was detected in Well 22031, which is located in an area

where elevated levels (up to 156 pg/1) were detected in shallow Denver aquifer zones (Plates

RISR B.4-2 and B.4-5). In general, zinc was the primary metal detected in the groundwater

in these wells. Arsenic, mercury, copper, and cadmium were detected infrequently at these

depths.

B.4.4 FLUORIDE

The deepest detections of fluoride occurred in areas where high concentrations were detected

in overlying zones, and in Sections 8 and 32 where fluoride was detected near background

levels (1,520 pg/l; Table RISR B.2-1). In the greater than 150-ft depth interval, fluoride was

detected above background southeast of South Plants, southwest of Basin A and near Basin F

in Section 26. The highest concentration was 4,400 pg/1 detected in Well 26137 near

Basin F. The deepest well, screened to a depth of 198 ft below the alluvium-bedrock contact,

contained fluoride at a concentration of 1,950 pg/I.

B.4.5 CHLORIDE

Chloride was detected to a depth of 198 ft below the alluvium-bedrock contact. Below

150 ft, concentrations were above background (approximately 65,400 pg/I; Table RISR B.2-1)

for three wells located in Sections 26 (Well 26137), 23 (Well 23210), and 32 (Well 32003).
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Chloride concentrations ranged from 103,000 to 127,000 pg/I in these wells. Wells 26137

and 232 10, near Basin F and the NB CS, are located in areas of typically high fluoride

concentrations. Well 32003 is located outside of these areas, indicating that background

levels may vary depending on depth and stratigraphic unit. Several of the deepest wells at

the NBCS (in Sections 19, 22 and 23) contained levels of chloride above background (Plate

RISR B.4-2).

B.5 CONTAMINATED AREAS

Contamination in the Denver aquifer generally occurs near contaminated areas of the

unconfined flow system. Therefore, wells completed in the Denver aquifer have been

classified into areas of interest that correspond approximately with the plume groups

discussed previously for the unconfined flow system in Section 4.0 of the Remedial

Investigation Summary Report (RISR). For ease of comparison, areas of the Denver aquifer

will be denoted by the name of the corresponding unconfined plume group. These areas are

the South Plants area, the Basin A area, the Northwest Boundary area (which includes Basins

D, E, and southwest Basin C), the North Boundary area (which includes North Plants,

Basin F, and northeast Basin C), and the Western area. In addition, off-post contamination is

presented in Figures B.5-1 through B.5-5 and discussed in Section B.5.6. Wells not classified

into one of these areas have been placed into the Miscellaneous area in order to assess the

extent of contamination in the Denver aquifer where no unconfined plume is present. Wells

that have not been sampled in recent years, and wells with a limited number of samples and

inconsistent data are listed by area in Table RISR B.5-1. This list is not all-inclusive;

however, it contains wells in areas where the vertical extent of contamination is not well

defined.

B.5.1 SOUTH PLANTS AREA

Volatile halogenated organics (VHOs) and volatile aromatic organics (VA~s) are present in

virtually all wells of the Denver aquifer in the South Plants area. Other organic analytes
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Table RISR B.5-1 Denver Wells with Inconclusive Sampling Chronologies

Latest Sample

Area Well Number Date in VEC* CMP Network

Basin A 35084 89142 Yes

36151 84178 No

36154 88040 Yes

36171 89165 Yes

36179 89165 Yes

Northwest Boundary 22012 80102 No

22030 89145 Yes

22031 89010 Yes

26053 79031 No

26135 82145 No

27055 89136 Yes

North Boundary 23168 81044 No

23169 81044 No

24137 87343 No

24172 89012 Yes

Western 04009 88027 Yes

Off-Post 37319 87322 Yes

Miscellaneous 22002 83335 No

22027 89146 Yes

22028 89145 Yes

23184 88356 Yes

25021 89023 No

CMP - Comprehensive Monitoring Program

VEC - Vertical Extent of Contamination
* - The date is given as a five-digit number where the first two digits indicate the year, and

the last three indicate the number of days into the year the sample was taken (Julian date).
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occur less frequently and at shallower depths. The concentrations of fluoride and chloride

are similar to background levels cal~ulated for the Denver aquifer (Table RISR B.2-1).

Although present in virtually all wells of the South Plants area, the concentration of VHOs

and VA~s in deeper wells is relatively low. Consequently, for purposes of the FS the

vertical extent of contamination has been approximately determined. Concentrations of a

variety of contaminants are high in the upper part of the Denver aquifer, which is generally

under unconfined flow conditions.

B.5.2 BASIN A AREA

The most frequently detected analyte group in the Denver aquifer near Basin A was VHOs.

Other organic analyte groups were detected less frequently. The concentrations of fluoride

and chloride are similar to or slightly above background levels in the Denver aquifer.

Although organic analyte concentrations in the Basin A area appear to decrease with

increasing depth, concentrations in the deepest wells are usually above CRL, and the vertical

extent of contamination has not been defined. Several deep wells in the area have a limited

record of sampling; however, most of these wells have been and are included currently in the

CMP network. One of these deep wells, Well 36151, has not been sampled since improved

QA procedures have been implemented in recent years.

B.5.3 NORTHWEST BOUNDARY AREA

VHOs, volatile hydrocarbons (VHCs), and organophosphorous, GB agent-related compounds

(OPHGBs) have been detected in 50 to 75 percent of Denver aquifer wells sampled in the

Northwest Boundary area. The concentration recorded for most wells more than 100 ft below

the alluvium-bedrock contact is near the CRL. Other organic analytes occur infrequently.

Chloride concentrations were typically above background levels. Fluoride concentrations are

similar to background levels in the Denver aquifer. The ICP metals have been detected in

B-31

RF5/APPOO56 11/11/91 8:53 aim pf



approximately 75 percent of Denver aquifer wells. Concentrations typically are slightly above

background conditions.

With the exception of samples from Wells 27054 and 27055, contaminant concentrations of

the Northwest Boundary Containment System area are relatively low, and concentrations in

deeper wells are near the CRL. The concentration of chloroform in Wells 27054 and 27055

does not appear to decrease with increasing depth. These wells are part of the existing CMP

well network. With the exception of the area of these wells, the approximate vertical extent

of contamination has been established on the basis of data used to establish the VEC

database.

In the vicinity of the Basins, the vertical extent of contamination is poorly defined. Few

wells are screened deeper than 100 ft below the alluvium bedrock contact. However, in these

wells, organic concentrations were near CRI-s or not detected. Total organics were detected

above 100 pg/I in the 50 to 100 ft depth interval at several locations. There are no wells at

these locations screened at greater depths.

B.5.4 NORTH BOUNDARY AREA

A number of organic analyte groups have been identified in wells of the Denver aquifer in the

North Boundary area. Analyte groups identified in at least 50 percent of all sampled wells

include VHOs, OCPs, and OPHGBs. Other analyte groups occurring in more than 30 percent

of all sampled wells include VAOs, organosulfur compounds, and dibromochloropropane

(DBCP). The ICP metals have been detected in more than 50 percent of sampled wells.

Concentrations in these wells are above background levels. Fluoride and chloride

concentrations are generally near background levels.

The vertical extent of contamination is poorly defined in the North Boundary area. This is

most clearly shown in Figures RISR B.4-3 and B.4-4. Concentrations of contaminants in

wells along these cross sections vary in a highly irregular manner. Concentrations in the
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deeper wells often are several orders of magnitude above CRLs for relatively nonsorbing

compounds such as DIMP. The localized hydraulic influences cf the extraction and injection

wells, recharge trenches, the north bog, and the slurry wall and geologic heterogeneities

within the Denver Formation contribute to the variability in vertical contaminant distribution.

These variables complicate characterization of mechanisms of contaminant migration in this

area.

B.5.5 WESTERN AREA

Seven wells have been completed in the Denver aquifer within the Western area. VHOs have

been detected in all these wells. OCPs also have been detected in five wells within the

Western area. Fluoride and ICP metals have been detected at concentrations above

background levels. Chloride is generally near background levels.

Concentrations in Denver aquifer wells of the Western area generally are low. With the

exception of Well 04009, the vertical extent of contamination in the Western area has been

approximated from existing data. Well 04009 is located adjacent to the RMA boundary and

the source of contamination in this well is unknown.

B.5.6 OFF-POST AREA

Organics were detected in 14 of 16 off-post Denver Formation wells sampled (Figure B.5-1).

All of these wells are located north and northwest of the NBCS. The primary organics

detected were VHOs, DIMP, and an organophosphorous pesticide-related (OPHP) compound,

atrazine (Figure B.5-2). Concentrations of fluoride were typically above background levels

(Figure B.5-4, Table RISR B.2-1). Chloride concentrations were below background levels in

a majority of the wells (Figure B.5-5). Metals were detected infrequently (Figure B.5-3).

Although organics have been detected in almost all Denver Formation wells north of the

RMA boundary, all but one well (37319) are screened within 70 ft of the alluvium-bedrock

contact. Detections in the deepest well indicate that concentrations decrease with increasing
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depth, however, no data were available for depths more than 124 ft below the alluvium-

bedrock contact. Only VHOs were detected in the deepest well, indicating the vertical extent

of the other organic contaminants in this off-post area is approximately defined. The latest

analytical data that were available for this well (37319) are from 1987. Well 37319 is

currently included in the CMP and was sampled in February 1991.

B.5.7 MISCELLANEOUS AREAS

Water quality data from wells included in the Miscellaneous area indicate that contamnination

in the Denver aquifer generally occurs only in areas where the unconfined flow system is

contaminated. An important exception to this rule is the area northwest of the formner

Basin F, located between the Northwest and North Boundary areas. Wells completed in this

area were sampled infrequently and contained low concentrations of VHOs, VAOs, OPHGBs,

OCPs, and DBCP. Because the chronology of sampling at wells is incomplete, analyte

concentrations used in the assessment of contamdination in this area may be unreliable.

Current data are being collected from several wells in this area under the CMP; however, one

well containing DIMP (Well 22002) has not been sampled since 1983.

Six wells located in areas that are hydraulically upgradient of known RMA sources of

contamination show slightly elevated concentrations of several organic compounds. The wells

are 05001, 07004, 08005, 11004, 12003, and 12004. A review of temporal trends in

concentrations at these wells and QAIQC data indicated that detections may have resulted

from lowering of CRLs or insufficient decontamination of sampling equipment. Additional

data, received after formation of the VEC database, indicate that these detections are sporadic

and likely not representative of current concentrations in these wells.

B.6 SUMMARY

An extensive evaluation of contamination in the Denver aquifer has been undertaken as part

of the RIIFS at RMA. This evaluation provides an enhanced description of the vertical extent

of contamidnation. During Phase 1, existing water quality data were used to characterize the
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vertical extent of contamination and to provide supporting documentation for the FS. The

Army believes that this evaluation is adequate and sufficient to .proceed with evaluation of

remedial alternatives. The FS will use the information developed during Phase I and the

information needs identified during the FS to select any areas of RMA where additional

characterization may be needed. If necessary the characterization will be completed in

support of the FS.

The report's description of contaminant extent is based on a comprehensive review of water

quality data using the complete period of available data. This included a chronological well-

by-well and compound-by-compound review of all data. Based on the chronological sequence

of compound concentration, values most representative of current contamination were selected

for use in characterizing the extent of contamination. Selected data were placed in a unique

computerized database.

Although selection of representative data relied on the professional judgement of the

hydrogeologist reviewing the data, comparisons of values selected by several hydrogeologists

proved that differences were small. In cases where existing data could not be used to clearly

identify reliable values of concentration, conservative values were selected. In other words,

the resulting database tended to overestimate the extent of contamination in areas where data

were not conclusive.

Contamination in the Denver aquifer is generally associated with areas of contamination in

the overlying unconfined flow system. However, concentrations of contaminants in the

Denver aquifer are substantially less than in the unconfined flow system. The number of

contaminants measured in the Denver aquifer is also typically less than the number measured

in the unconfined flow system. Contaminants that appear most frequently are relatively

nonsorbing compounds such as chloroform, trichloroethylene, benzene, and DIMP.
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The shallow bedrock of the Denver Formation appears to be effective in partly containing

contamination within the unconfined flow system, but it is not a completely effective barrier

to mfigration. Hydrogeologic cross sections indicate that the concentrations of organic

analytes vary with depth in an irregular manner. While concentrations generally decrease

with increasing depth, exceptions to this rule are common.

Existing water quality data are sufficient to identify the total depth of contamination

throughout most of RMA. In some areas the deepest wells are not contaminated. In other

areas, levels of contaminants in the deepest wells have decreased to near CRL and a total

depth of contamination can be estimated. Relatively low levels of several contaminants have

been noted in many parts of RMA at depths more than 100 ft below the alluvium-bedrock

contact. However, concentrations in wells deeper than 150 ft below the bedrock-alluvium

contact are not reportable or are near CRLs. On-post areas where total depth of

contamination cannot be inferred include Sections 22 and 26, the southeast corner of Section

35, Basin A, the NBCS, and North Plants.

The Phase I evaluation of contamination in the Denver aquifer has identified several areas of

RMA where the absolute vertical extent of contamination has not been defined. These areas

include:

* North Boundary Containment System Area

* Between the North and Northwest Boundary Containment Systems Areas

* Basin A Area

*Northwest Boundary Containment System Area

* Western Area

0 Southeast portion of Section 35

9 South Tank Farm Plume

* North Plants

*Section 26 Basins area

*Wells with inconclusive sampling results
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Final decisions regarding additional investigations will be made after appropriate consultation

with the organizations and State in a subcommittee forum similar to the Water RI

subcommittee. The subcommittee will include representatives from the Water RI

subcommittee and the FS.
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Attachment 1 Certified Reporting Limits for Groundwater Page 1 of 19

Analytel Method2  First Use Last Use Lab 3  CRL Unit4  Media 5  Certification6

111TCE 2J 12/7/84 12/7/84 EE -- UGL -- NC

111TCE J8 9/18/86 5/12/88 CL 1.00 UGL WA IA

1 1TCE M8 4/3/86 10/8/87 ES 1.00 UGL WA IA

111TCE N8 5/16/86 3/23/90 UB 0.76 UGL WA Cl

11 1TCE RM8A 2/25/88 5/13/88 RL 6.80 UGL WA IA

11 TCE Tr8 2/24/87 1/10/90 ED 1.09 UGL WA C 1

111TCE UM21 11/7/88 3/12/90 UB 1.00 UGL WA 1A

111TCE UU8 4/20/89 4/21/89 ED 2.40 UGL WA 1A

111TCE Y8 12/9/85 4/8/88 ES 1.70 UGL WA C I

112TCE J8 9/18/86 5/12/88 CL 1.00 UGL WA 1A

112TCE M8 4/3/86 10/8/87 ES 1.00 UGL WA 1A

112TCE N8 5/16/86 3/23/90 UB 0.78 UGL WA C1

112TCE RM8A 2/25/88 5/13/88 RL 7.10 UGL WA IA

112TCE TT8 1/19/87 1/10/90 ED 1.63 UGL WA C1

112TCE UM21 11/7/88 3/12/90 LIB 1.00 UGL WA 1A

112TCE UU8 4/20/89 4/21/89 ED 1.60 UGL WA 1A

112TCE Y8 12/9/85 4/8/88 ES 1.00 UGL WA C1

11DCE 7D 12/21/84 2/1/85 ES -- UGL - NC

llDCE N8 5/16/86 3/23/90 UB 1.70 UGL WA C1

11DCE T'18 9/21/86 1/10/90 ED 1.85 UGL WA C1

llDCE UM21 11/7/88 3/12/90 UB 1.00 UGL WA 1A

11DCE Y8 12/9/85 4/8/88 ES 1.10 UGL WA Cl

11DCLE J8 9/18/86 5/12/88 CL 2.40 UGL WA IA

11DCLE M8 4/3/86 10/8/87 ES 2.00 UGL WA 1A

1lDCLE N8 5/16/86 3/23/90 UB 0.73 UGL WA Cl

llDCLE RM8A 2/25/88 5/13/88 RL 12.00 UGL WA IA

11DCLE Tr8 10/26/86 1/10/90 ED 1.93 UGL WA Cl

11DCLE UM21 11/7/88 3/12/90 UB 1.00 UGL WA IA

I1DCLE UU8 4/20/89 4/21/89 ED 1.40 UGL WA 1A

11DCLE Y8 12/9/85 4/8/88 ES 1.20 UGL WA C I

12DCE 7D 12/21/84 11/4/88 ES -- UGL - NC

12DCE J8 9/18/86 5/12/88 CL 1.20 UGL WA 1A

12DCE M8 4/3/86 10/8/87 ES 1.20 UGL WA IA

12DCE N8 5/16/86 3/23/90 UB 0.76 UGL WA Cl

12DCE RM8A 2/25/85 5/13/88 RL 4.80 UGL WA IA

12DCE T'18 9/16/86 1/10/90 ED 1.75 UGL WA Cl

12DCE UM21 11/7/88 3/12/90 UB 5.00 UGL WA 1A

12DCE UU8 4/20/89 4/21/89 ED 3.20 UGL WA 1A

12DCE Y8 11/11/85 4/8/88 ES 1.20 UGL WA Cl

12DCLE J8 9/18/86 5/12/88 CL 1.00 UGL WA IA

12DCLE M8 4/3/86 10/8/87 ES 1.00 UGL WA 1A

12DCLE N8 5/16/86 3/23/90 UB 1.10 UGL WA Cl

12DCLE RM8A 2/25/88 5/13/88 RL 7.40 UGL WA 1A

12DCLE Tr8 2/24/87 1/10/90 ED 2.07 UGL WA Cl

12DCLE UM21 11/7/88 3/12/90 UB 1.00 UGL WA 1A

12DCLE UU8 4/20/89 4/21/89 ED 0.72 UGL WA 1A

12DCLE Y8 12/9/85 4/8/88 ES 0.61 UGL WA Cl

12DCLP* UM21 11/7/88 3/12/90 UB 1.00 UGL WA IA

13DCLB* UM21 11/7/88 3/12/90 UB 1.00 UGL WA 1A

13DCP* UM21 11/7/88 3/12/90 UB 4.80 UGL WA 1A

13DMB 7K 12/21/84 2/1/85 ES -- UGL -- NC

13DMB AV8 5/11/88 2/6/90 UB 1.32 UGL WA C I

13DMB C8 5/15/86 3/2/88 CL 2.00 UGL WA Cl

Note: Explanations of footnotes begin on Page 16 of this Attachment
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Attachment 1 Certified Reporting Limits for Groundwater Page 2 of 19

Analytel Method2  First Use Last Use Lab3  CRL Unit4  Media5  Certification6

13DNM J8 9/18/86 5/12/88 CL 1.30 UGL WA 1A

13DMB M8 4/3/86 10/8/8'" ES 1.00 UGL WA 1A

13DMIB RM8A 2/25/88 5/13/88 RL 14.00 UGL WA 1A

13DMB SS8 9/24/86 1/10/90 ED 1.04 UGL WA Cl

13DMB UM21 11/7/88 3/12/90 UB 1.00 UGL WA 1A

13DUB UU8 4/20/89 4/21/89 ED 2.90 UGL WA 1A

13DMB W8 10/28/85 4/11/88 ES 1.35 UGL WA Cl

14DI0X 2J 7/23/84 7/23/84 EE -- UGL -NC

236TCP* UM25 12/6/88 2/23/90 UB 1.70 UGL WA 1A

245TCP* UM25 12/6/88 2/23/90 UB 2.80 UGL WA IA

246TCP* 2J 8/2/84 8/2/84 EE -- UGL -NC

246TCP* UM25 12/6/88 2/23/90 LJB 3.60 UGL WA IA

246TNT* Dl 7/31/88 1/11/85 EE -- UGL -NC

24D* 99 7/16/84 7/16/84 RM -- UGL -NC

24D* TI 7/16/84 7/16/84 RM -- UGL -- NC

24DCLP* UM25 12/6/88 2/23/90 UB 8.40 UGL WA IA

24DMPN* UM25 12/6/88 2/23/90 UB 4.40 UGL WA 1A

24DNP* UM25 12/19/88 2/23/90 UB 176.00 UGL WA 1A

25HXCB* 99 5/18/79 7/25/79 SC -- UGL -NC

2CLEVE* UJM21 11/7/88 3/12/90 UB 3.50 UGL WA 1A

2CLP* UM25 12/6/88 2/23/90 UB 2.80 UGL WA IA

2MP UM25 12/19/88 2/23/90 UB 3.60 UGL WA IA

2MPAME* 23 12/14/84 12/19/84 FE -- UGL -NC

2MTHF* 23 12/14/84 12/14/84 EE -- UGL -- NC

2NP* UM25 12/6/88 2/23/90 UB 8.20 UGL WA IA

4CL3C* UM25 12/6/88 2/23/90 UB 8.50 UGL WA 1A

4MP* tJM.5 12/19/88 2/23/90 UB 2.80 UGL WA 1A

4NP* UM25 12/6/88 2/23/90 UB 96.00 UGL WA 1A

ACET* 2312/7/88 12/20/84 EE -- UGL -- NC

ACET* 99 5/17/79 7/25/79 SC -- UGL -- NC

ACET* UM21 11/7/88 3/12/90 tIB 8.00 UGL WA IA

ACRYLO* UM2 11/7/88 3/12/90 UB 8.40 UGL WA IA

AG* lB 7/15/84 12/20/84 EE - UGL -- NC

AG* 99 9/6/83 7/16/84 RM -- UGL -- NC

AG* RI 9/6/83 9/6/83 RM - UGL -NC

AG* TI 7/16/84 7/16/84 RM -- UGL -- NC

ALDRN 2F 7/9/84 1/11/155 EE UGL -- NC

ALDRN 4T 11/7/85 11/7/85 RM - UGL -- NC

ALDRN 99 12/13/84 11/27/85 RM -- UGL -- NC

ALDRN BB8 4/2/86 10/13/87 ES 4.70 UGL WA 1A

ALDRN EBB 9/28/88 9/28/88 EN 11.30 UGL WA 1A

ALDRN 338 9/22/86 11/29/88 UB 7.50 UGL WA 1A

ALDRN KK8 5/18/86 3/14/90 UB 0.05 UGL WA Cl

ALDRN MM8 8/27/86 1/21/87 ED 0.088 UGL WA Cl

ALDRN NM8A 3/20/87 4/7/88 ED 0.083 UGL WA Cl

ALDRN Ri 10/21/77 4/22/85 RM -- UGL -NC

ALDEN R38 3/18/88 6/17/88 RL 5.50 UGL WA IA

ALDEN S8 10/29/85 4/13/88 ES 0.07 UGL WA Cl

ALDEN TI 5/5/75 1/17/85 RM -- UGL -NC

ALDEN UM25 12/9/88 2/23/90 UB 13.00 UGL WA 1A

ALDEN xi 12/17/84 2115/85 MW UGL -- NC

ALHMW* KI 1/8/85 1/8/85 EE - UGL -- NC

ALK* 00 4/30/85 11/18/85 RM -- UGL -NC

Note: Explanations of footnotes begin on Page 16 of this Attachment
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Attachment I Certified Reporting Limits for Groundwater Page 3 of 19

Analytel Method2  First Use Last Use Lab3  CRL Unit4  Media 5  Certification 6

C6H6 99 5/17/79 6/26/84 RM -- UGL -- NC

C6H6 AV8 5/11/88 2/6/90 UB 1.05 UGL WA Cl

C6H6 C8 5/15/86 3/2/88 CL 1.70 UGL WA C1

C6H6 J8 9/18/86 5/12/88 CL 1.00 UGL WA 1A

C6H6 M8 4/3/86 10/8/87 ES 1.10 UGL WA 1A

C6H6 RM8A 2/25/88 5/13/88 RL 6.10 UGL WA IA

C6H6 SS8 9/24/86 1/10/90 ED 1.92 UGL WA Cl

C6H6 Ti 4/14/83 10/3/84 RM -- UGL -- NC

C6H6 UM21 11/7/88 3/12/90 UB 1.00 UGL WA 1A

C6H6 UU8 4/20/89 4/21/89 ED 2.70 UGL WA 1A

C6H6 W8 10/28/85 4/11/88 ES 1.34 UGL WA Cl

C9* 21 12/7/84 12/7/84 EE -- UGL -- NC

CA* 6G 10/18/77 11/6/85 RM - UGL -- NC

CA* 99 6/9/77 1/11/83 RM -- UGL -- NC

CA* B8 3/18/86 4/15/88 ES 500.00 UGL WA Cl

CA* GG8 6/25/86 9/6/89 UB 500.00 UGL WA Cl

CA* R1 8/6/79 3/26/85 RM -- UGL -- NC

CA* R9D 12/22/89 1/11/90 ED 50.00 UGL WA Cl

CA* SS06 9/27/89 9/27/89 ME 22.60 UGL WA Cl

CA* SS12 10/3/89 3/21/90 UB 105.00 UGL WA Cl

CA* TI 4/25/77 10/18/77 RM -- UGL -- NC

CALLMW* 2J 12/14/84 12/19/84 EE -- UGL - NC

CCL3F* 2J 6/25/84 6/25/84 EE -- UGL -- NC

CCL3F* UM21 11/7/88 3/12/90 UB 1.00 UGL WA 1A

CCL4 7D 12/21/84 11/4/85 ES -- UGL -- NC

CCL4 99 5/18/79 6/26/84 RM -- UGL -- NC

CCIA J8 9/18/86 5/12/88 CL 2.10 UGL WA 1A

CCL4 M8 4/3/86 10/8/87 ES 1.50 UGL WA 1A

CCLA N8 5/16/86 3/23/90 UB 0.99 UGL WA Cl

CCI4 RM8A 2/25/88 5/13/88 RL 6.30 UGL WA 1A

CCL4 Ti 4/14/88 10/3/84 RM -- UGL - NC

CCL4 7T'8 9/16/86 1/10/90 ED 1.69 UGL WA C1

CCL4 UM21 11/7/88 3/12/90 UB 1.00 UGL WA 1A

CCL4 UU8 4/20/89 4/21/89 ED 4.90 UGL WA 1A

CCL4 Y8 10/9/85 4/8/88 ES 2.40 UGL WA C1

CD iM 10/13/77 12/26/84 RM - UGL -- NC

CD 99 6/9/77 7/16/84 RM -- UGL - NC

CD B8 3/18/86 4/15/88 ES 5.16 UGL WA C1

CD GG8 6/26/86 9/6/89 UB 8.40 UGL WA Cl

CD R9D 7/6/89 1/11/90 ED 5.00 UGL WA C1

CD SS06 9/27/89 9/27/89 ME 4.09 UGL WA C1

CD SS12 10/3/89 3/21/90 UB 6.78 UGL WA C1

CD Ti 4/25/77 7/16/84 RM -- UGL --

CH2CL2 21 6/25/84 12/20/84 EE -- UGL --

CH2CL2 J8 9/18/86 5/12/88 CL 4.00 UGL WA IA

CH2CL2 M8 4/3/86 10/8/87 ES 4.80 UGL WA 1A

CH-2CL2 N8 5/16/86 3/23/90 UB 7.40 UGL WA C1

CH2CL2 RM8A 2/25/88 5/13/88 RL 2.70 UGL WA IA

CH2CL2 TI'8 2/24/88 1/10/90 ED 2.48 UGL WA Cl

CH2CL2 UM21 11/7/88 3/12/90 UB 1.00 UGL WA IA

CH2CL2 UU8 4/20/89 4/21/89 ED -- UGL - IA

CH2CL2 Y8 12/9/85 4/8/88 ES 5.00 UGL WA Cl

CH3BR* UM21 11/7/88 3/12/90 UB 14.00 UGL WA 1A

Note: Explanations of footnotes begin on Page 16 of this Attachment
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Attachment 1 Certified Reporting Limits for Groundwater Page 4 of 19

Analytel Method2  First Use Last Use Lab3  CRL Unit4  Media5  Certification6

ALK* 99 5/3/82 12/28/84 RM -- UGL -- NC

ALK* Ri 5/3/82 5/1/85 RM -- UGL -- NC

ALK* TI 7/2/82 11/13/84 RM -- UGL -- NC

AS IB 7/5/84 1/2/85 EE -- UGL -- NC

AS 99 6/9/77 7/17/84 RM - UGL -- NC

AS A8 2V24/86 4/20/87 ES 3.88 UGL WA Ci

AS A8A 8/25/87 1/8/88 ES 3.07 UGL WA Cl

AS AX8 10/27/88 3/15/90 UB 2.35 UGL WA Cl

AS RR8 7/30/86 9/23/88 CL 2.50 UGL WA Ci

AS SDli 9/27/89 9/27/89 ME 2.92 UGL WA Ci

AS TI 4/25/77 7/17/84 RM - -
NC

AS VV8 1/21/87 1/11/90 ED 2.50 UGL WA Cl

ASTCYP' 6F 9/9/83 2/1/85 RM -- UGL -- NC

ASTQT* 99 8/18/77 9/9/83 RM -- UGL -- NC

ASTOT* Ri 6/1/79 11/24/81 RM -- UGL -- NC

ASTOT* Ti 8/18/77 10/12/77 RM -- UGL -- NC

ATZ 99 5/18/79 7/25/79 SC - UGL -- NC

ATZ BB8 4/2/86 10/13/87 ES 5.90 UGL WA 1A

ATZ EB8 9/28/88 9/28/88 EN 14.30 UGL WA 1A

ATZ H8 6/4/86 9/25/88 CL 0.79 UGL WA Cl

ATZ JJ8 9/22/86 11/29/88 UB 5.60 UGL WA 1A

ATZ RJ8 3/18/88 6/17/88 Ri. 2.60 UGL WA 1A

ATZ UHIl1 10/26/88 3/8/90 UB 4.03 UGL WA Cl

A7Z UM25 12/9/88 2/23/90 UB 5.90 UGL WA 1A

B2EHP* KI 7/5/84 1/19/85 EE - UGL -- NC

B2EHP* UM25 12/13/89 1/4/90 UB 7.70 UGL WA IA

BA* iM 6/27/84 1/4/85 EE -- UGL -- NC

BA* 99 7/16/84 7/16/84 RM -- UGL -- NC

BA* Ti 7/16/84 7/16/84 RM -- UGL -- NC

BCHPD 99 5/17/79 6/26/84 RM -- UGL -- NC

BCHPD J8 9/18/86 5/12/88 CL 1.20 UGL WA 1A

BCHPD M8 4/3/86 10/8/87 ES 1.00 UGL WA 1A

BCHPD P8 6"2/6 3/12/90 UB 5.90 UGL WA Cl

BCHPD RM8A 2/25/88 5/13/88 Ri. 1.30 UGL WA 1A

BCHPD Ti 4/14/83 10/3/84 RM -- UGL -N

BCHPD UU8 4/20/89 4/21/89 ED 1.80 UGL WA 1A

BLDX* 99 5/17/79 7/25/79 SC -- UGL -- NC

BRDCLM* UW2I 11/7/88 3/12/90 UB 1.00 UGL WA IA

BTA** 4P 4/22/82 6/7/82 RM UGL -- NC

BTA** 99 3/29/82 1/3/83 RM - UGL -- NC

BTA** Ti 4/16/82 4/16/82 RM -- UGL -- NC

33Z* AAA8 1/12/88 3/8/90 tIE 5.00 UGL WA Cl

BTZL** PPA 3/24/87 1/29/90 ED 1.14 UGL WA Cl

BTZL** U8 2/25/87 4/18/88 ES 1.97 UGL WA Cl
C16AE* I 1/9/8 1/1/85 EE - UGLNC

C16ABE* Ki 1/19/85 1/19/85 EE - UGL NC

ClADME* 2Y 12/7/84 12/19/84 EE -- UGL -- NC

C2H3CL* N8 3/23/90 3/23/90 LIE 1.01 UGL WA Cl

C2H3CL* UG05 11/22/89 11/22/89 AL 0.46 UGL WA Cl

C2H3CL* LUM21 11/7/88 3/12/90 tIE 12.00 UGL WA IA

C2H5CL* UTM21 11/7/88 3/12/90 UB 8.00 UGL WA IA

C6H6 2J 6/25/84 12/7/84 EE -- UGL NC

C6H6 7K 12/21/84 2/1/85 ES -- UGL -- NC

Note: Explantions of footnotes begin on Page 16 of this Attachment
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Analytel Method2  First Use Last Use Lab3  CRL Unit:4  Media5  Certification6

CH3CL* UM21 11/'7/88 3/12/90 UB 1.20 UGL WA IA

CHBR3* 99 11/23/86 6/26/84 RM -- UGL -- NC

CHBR3* Ti 2/14/84 10/3/84 RM -- UGL -- NC

CHBR3* UM21 11/7/88 3/12/90 UB 11.00 UGL WA 1A

CHCL3 2J 7/23/84 7/23/84 EE -- UGL -- NC

CHCL3 7D 12/21/84 11/4/85 ES -- UGL -- NC

CHCL3 99 5/17/79 6/26/84 RM -- UGL -- NC

CHCL3 J8 9/18/86 5/12/88 CL 1.10 UGL WA 1A

CHCL3 M8 4/3/86 10/8/87 ES 1.00 UGL WA 1A

CHCL3 N8 5/16/86 3/23/90 LIB 0.50 UGL WA Cl

CHCL3 RI 813/79 813/79 RM - UGL -- NC

CHCL3 RM8A 2125/88 5/13/88 RL 1.50 UGL WA IA

CHCL3 TI 4/14/86 4/8/89 RM - UGL -- NC

CHCL3 TT8 9/16/86 1/10/90 ED 1.88 UGL WA Cl

CHCL3 LTM21 11/7/88 3/12/90 UB 1.00 UGL WA 1A

CHCL3 UU8 4/20/89 4/21/89 ED 1.70 UGL WA IA

CHCL3 Y8 10/9/85 4/8/88 ES 1.40 UGL WA Cl

CL* 6H1 1/22/82 -- RM -- UGL -- NC

C*99 11/7/85 11/8/85 RM -- UGL -- NC

CL* AR 8/13/81 8/13/81 RM -- UGL -- NC

C'L* EC8 9/9/88 9/9/88 EN 1380.00 UGL WA Ci

CL* HH8 5/29/86 5/29/86 LIE 2500.00 UGL WA Cl

CL* HH8A 12/14/87 8/16/89 UB 720.00 UGL WA Cl

CL* NN8 1/16/87 1/11/90 ED 1590.00 UGL WA Cl

CL* RI 6/4/79 4/19/85 RM - UGL -- NC

CL* RX8 3/10/88 5/16/88 RL 1500.00 UGL WA Cl

C*TI 1/5/83 1/5/83 RM -- UGL -- NC

CL* ITrO 9/19/89 9/19/89 ME 114.00 UGL WA Cl

CL* T1709 10/23/89 3/9/90 LIE 278.00 UGL WA Cl

CL* X8 3/9/87 10/27/87 ES 4800.00 UGL WA Cl

CL2BZ* Ti 4/7/83 10/3/84 RM -- UGL -- NC

CO3P TI 3/27/85 3/27/85 RM -- UGL -- NC

CL6CP BB8 5/20/87 10/13/87 ES 11.00 UGL WA 1A

CL6CP EB8 9/25/88 9/28/88 EN 4.20 UGL WA 1A

CL6CP 338 9/22/86 11/29/88 UB 21.00 UGL WA 1A

CL6CP KK8 5/18/86 3/14/90 UB 0.048 UGL WA Cl

CL6CP MM8 12/30/86 1/19/87 ED 0.147 UGL WA Cl

CL6CP MM8A 3/20/87 4/7/88 ED 0.083 UGL WA Cl

CL6CP RJ8 3/18/88 6/17/88 RL 4.20 UGL WA 1A

CL6CP 58 5/30/86 4/13/88 ES 0.07 UGL WA Cl

CL6CP UM2U5 12/9/88 2/23/90 LIE 54.00 UGL WA 1A

CLC6H5* 38 9/18/86 5/12/88 CL 1.10 UGL WA IA

CLC6H5* M8 5/22/87 10/8/87 ES 2.10 UGL WA 1A

CLC6HS* N8 5/16/86 3/23/90 UB 0.82 UGL WA Ci

CLC6H5* RM8A 2/25/88 5/13/88 RL 5.10 UGL WA IA

CLC6H5* TI 4/7/83 10/3/84 RM -- UGL -- NC

CLC6H5* rr8 2W24/87 1/10/90 ED 1.36 UGL WA Cl

CLC6H5* UM21 11/7/88 3/12/90 LIE 1.00 UGL WA 1A

CLC6HS* UU8 4/20/89 4/21/89 ED 1.80 UGL WA IA

CLC6H5* Y8 4/23/87 4/8/88 ES 0.58 UGL WA Cl

CLDAN* BB8 5/20/87 10/13/87 ES 5.10 UGL WA IA

CLDAN* EB8 9/28/88 9/28/88 EN 11.50 UGL WA 1A

CLDAN* 338 12/23/87 11/29/88 UB 9.40 UGL WA IA

Note: Explanations of footnotes begin on Page 16 of this Attachment
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Analyte1  Method2  First Use Last Use Lab3  CRL Unit4  Media5  Certification 6

CLDAN* KK8 5/18/86 3/14/90 UB 0.095 UGL WA Cl

CLDAN* MM8 12/30/86 1/19/87 ED 0.234 UGL WA C1

CLDAN* MM8A 3/20/87 4/7/88 ED 0.152 UGL WA Cl

CLDAN* RJ8 3/18/88 6/17/88 RL 19.00 UGL WA 1A

CLDAN* UM25 12/9/88 2/23/90 UB 37.00 UGL WA 1A

COND* 00 11/18/75 11/18/85 RM -- UGL -- NC

COND* 6J 2/3/82 5/3/85 RM -- UGL -- NC

COND* Ri 4/6/79 3/25/85 RM -- UGL -- NC

COND* Ti 7/14/82 1/11/85 RM -- UGL -- NC

CPMS 4P 9/26/77 11/12/85 MW -- UGL -- NC

CPMS 99 6/9/77 1/3/83 RM -- UGL - NC

CPMS AAA8 1/12/88 3/8/90 UB 5.69 UGL WA Cl

CPMS BB8 7/3/86 10/13/87 ES 14.00 UGL WA IA

CPMS D8 6/11/86 6/25/86 CL 7.50 UGL WA C1

CPMS EB8 9/28/88 9/28/88 EN 5.50 UGL WA 1A

CPMS JJ8 9/22/86 11/29/88 UB 17.00 UGL WA 1A

CPMS PP8 8/20/86 1/21/87 ED 1.00 UGL WA Cl

CPMS PP8A 3/24/87 1/29/90 ED 1.08 UGL WA Cl

CPMS R1 6/15/79 4/22/85 RM -- UGL -- NC

CPMS RJ8 3/18/88 6/17/88 RL 2.60 UGL WA 1A

CPMS Ti 3/30/76 2/20/85 SC -- UGL -- NC

CPMS U8 11/26/85 4/18/88 ES 1.26 UGL WA Cl

CPMS UM25 12/9/88 2/23/90 liB 10.00 UGL WA IA

CPMSO 4P 9/27/77 11/14/85 MW -- UGL -- NC

CPMSO 99 6/9/77 1/3/83 RM -- UGL -- NC

CPMSO AAA8 1/12/88 3/8/90 UB 11.50 UGL WA Cl

CPMSO BB8 4/2/86 10/13/87 ES 17.00 UGL WA 1A

CPMSO D8 6/11/86 6/25/86 CL 4.20 UGL WA Cl

CPMSO EB8 9/28/88 9/28/88 EN 23.80 UGL WA IA

CPMSO JJ8 9/22/86 11/29/88 UB 29.00 UGL WA 1A

CPMSO PP8 8/20/86 1/21/87 ED 3.20 UGL WA Cl

CPMSO PP8A 3/24/87 1/29/90 ED 1.98 UGL WA Cl

CPMSO RI 6/15/79 4/22/85 RM - UGL -- NC

CPMSO RJ8 3/18/88 6/17/88 RL 2.60 UGL WA IA

CPMSO TI 3/29/76 4/22/82 SC - UGL -- NC

CPMSO U8 11/26/85 4/18/88 ES 4.23 UGL WA Cl

CPMSO UM25 12/9/88 2/23/90 UB 15.00 UGL WA 1A

CPMSO2 4P 9/27/77 11/14/85 MW -- UGL - NC

CPMSO2 99 6/9/77 1/3/83 RM -- UGL -- NC

CPMSO2 AAA8 1/12/88 3/8/90 UB 7.46 UGL WA Cl

CPMSO2 BB8 4/2/86 10/13/87 ES 8.00 UGL WA IA

CPMSO2 D8 6/11/86 6/25/86 CL 11.50 UGL WA Cl

CPMSO2 EB8 9/28/88 9/28/88 EN 3.40 UGL WA 1A

CPMSO2 JJ8 9/22/86 11/29/88 UB 7.20 UGL WA IA

CPMSO2 PP8 8/20/86 1/21/87 ED 2.60 UGL WA Cl

CPMSO2 PP8A 3/24/87 1/29/90 ED 2.24 UGL WA Cl

CPMSO2 Ri 6/15/79 4/22/85 RM - UGL -- NC

CPMSO2 RJ8 3/18/88 6/17/88 RL 2.60 UGL WA IA

CPMSO2 TI 3/29/76 5/11/84 SC -- UGL - NC

CPMSO2 U8 11/26/85 4/18/88 ES 4.66 UGL WA Cl

CPMSO2 UM25 12/9/88 2/23/90 UB 5.30 UGL WA 1A

CR lB 7/2/84 12/20/84 EE -- UGL -- NC

CR 99 9/29/83 7/16/84 RM -- UGL -- NC

Note: Explanations of footnotes begin on Page 16 of this Attachment
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CR B8 3/18/86 4/15/88 ES 5.96 UGL WA Cl

CR GG8 6/26/86 9/6/89 LIB 24.00 UGL WA Cl

CR R9D 7/6/89 1/11/90 ED 22.00 UGL WA Ci

CR SS06 9/27/89 9/27/89 ME 4.44 UGL WA Cl

CR 5512 10/3/89 3/21/90 LIE 16.80 UGL WA Cl

CR TI 9/29/83 7/16/84 RM -- UGL -- NC

CRHEX* 9Z 6/20/84 12/12/84 EE -- UGL -- NC

CU lB 8/2/84 12/26/84 EE -- UGL -- NC

CU 99 6/9/77 7/25/79 RM -- UGL -- NC

CU B8 3/18/86 4/15/88 ES 7.93 UGL WA Cl

CU GG8 6/26/86 9/6/89 UB 26.00 UGL WA Cl

CU R9D 7/6/89 1/11/90 ED 10.00 UGL WA Cl

CU SS06 9/27/89 9/27/89 MNE 6.20 UGL WA Ci

CU SS12 10/3/89 3/21/90 LIE 18.80 UGL WA C I

CU TI 5/28/75 6/21/77 RM -- UGL -- NC

CUTOT* 99 8/11/77 10/30/79 RM -- UGL -- NC

CUTOT* Ri 9/19/79 10/30/79 RM -- UGL -- NC

CUTOT* Ti 8/11/77 4/7/78 RM -- UGL -- NC

CY'HX* 23 7/23/84 7/23/84 EE - UGL -- NC

CYN* CNi 12/18/89 1/11/90 ED 8.90 UGL WA C 1

CYN* TF18 5/9/89 6/27/89 ES 2.50 UGL WA lB

CYN* TF19 9/19/89 9/19/89 ME 5.00 UGL WA Ci

CYN* TF2O 11/3/88 3/12/90 UB 5.00 UGL WA Cl1

CYOCTE* TI 3/27/85 3/27/85 RM -- UGL -- NC

DBCP 4Q 1/26/82 1/28/85 RM - UGL -- NC

DBCP 84 3/12/84 3/12/84 RM - UGL -- NC

DBCP 99 5/18/79 11/28/85 RM - UGL -NC

DBCP AY8 5/10/88 3/6/90 LIE 0.195 UGL WA Ci

DBCP BB8 4/2/86 10/13/87 ES 15.00 UGL WA IA

DBCP El 12/19/84 2/14/85 MW - UGL -. NC

DBCP E8 5/27/86 3/10/88 CL 0.19 UGL WA Ci

DBCP EB8 9/28/88 9/28/88 EN 10.10 UGL WA 1A

DBCP J8 9/18/86 5/12/88 CL 3.00 UGL WA IA

DBCP 338 9/22/86 11/29/88 LIE 19.00 UGL WA IA

DBCP M8 4/3/86 10/8/87 ES 4.00 UGL WA IA

DBCP Q8 10/4/85 1/23/90 ED 0.13 UGL WA C I

DBCP Ri 11/3/77 4/22/85 RM - UGL -- NC

DBCP RI 6/5/80 6/6/80 RM -- UGL -NC

DBCP RJ8 3/18/88 6/17/88 RL 2.60 UGL WA IA

DBCP RV8 1/25/89 3/23/89 RL 0.04 UGL WA Ci

DBCP Ti 8/19/77 6/24/84 CH - UGL -NC

DBCP UM.5 12/9/88 2/23/90 LIE 12.00 UGL WA IA

DBCP UTU8 4/20/89 4/21/89 ED 5.60 UGL WA IA

DBRCLM* UJM21 11/7/88 3/I1290 LIE 1.00 UGL WA 1A

DCLB* UM21 11/7/88 3/12/90 LIE 2.00 UGL WA IlA

DCPD 01 --- RM - UGL -NC

DCPD 0 Z2/2/82 2/20/82 RM - UGL -NC

DCPD 01 9/27/77 10/18/77 RM -- UGL -NC

DCPD 02 9/27/77 10/18/77 RM - UGL -- NC

DCPD 4R 1/4/85 2/22/85 MW -- UGL -NC

DCPD 99 5/17/79 12/12/85 RM -- UGL -- NC

DCPD BB8 4/2/86 10/13/87 ES 4.70 UGL WA 1A

DCPD EB8 9/28/88 9/28/88 EN 7.20 UGL WA 1lA

Note: Explanations of footnotes begin on Page 16 of this Attachment
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Analytel Method2  First Use Last Use Lab3  CRL Unit Me~dia 5  Certification 6

DCPD J8 9/18/86 5/12/88 CL 1.50 UGL WA 1A

DCPD J38 9/22/86 11/29/88 UB 7.30 UGL WA 1A

DCD M8 4/3/86 10/8/87 ES 1.10 UGL WA 1A

DCPD P8 612/86 3/12/90 UB 5.00 UGL WA Cl

DCPD RI 9/27/77 4/15/85 RM -- UGL -- NC

DCPD R8 10/3/85 1/12/90 ED 9.31 UGL WA Cl

DCD RJ8 3/18/88 6/17/88 RL 6.20 UGL WA IA

DCPD TI 5/5/75 4/8/89 RM -- UGL -- NC

DCPD T2 7/16/75 7/19/78 RM - UGL -- NC

DCPD UM25 12/9/88 2/23/90 UB 5.50 UGL WA 1A

DCPD UU8 4/20/89 4/21/89 ED 3.70 UGL WA IA

DDVP 99 5/18/79 7125/79 SC -- UGL -NC

DDVP BB8 4/2/86 10/13/87 ES 9.00 UGL WA IA

DDVP EB8 9128/88 9128/88 EN 17.30 UGL WA IA

DDVP H8 6/4/86 9/25/87 CL 0.89 UGL WA Ci

DDVP JJ8 9122/86 11129/88 UB 17.00 UGL WA IA

DDVP RJ8 3/18/88 6/17/88 RL 2.60 UGL WA 1A

DDVP UTH11 10126/88 3/8/90 UB 0.384 UGL WA Ci

DDVP UM25 12/9/88 2123/90 UB 8.50 UGL WA IA

DIACAL** KI 1/3/85 1/8/85 EE -- UGL -NC

DIMP 01 9/27/77 9127/77 RM -- UGL -- NC

DRIM? 4S 1/21/82 11126/85 RM -- UGL -- NC

DRO? 99 5/18/79 7/25f79 SC -UGL -- NC

DRIMP An8 11/3/88 3/13/90 UB 0.392 UGL WA Ci

DIMP BB8 4/2/86 10/13/87 ES 5.70 UGL WA IA

DIM? EB8 9128/88 9128/88 EN 14.70 UGL WA 1A

DIM? F8 5/16/86 9122/88 CL 18.50 UGL WA Cl

DIM? J38 9122/86 11129/88 UB 14.00 UGL WA 1A

DME? QQ8 8/31/87 1/11/90 ED 10.10 UGL WA Cl

DIM? RI 10/17/76 4/18/85 RM -- UGL -- NC

DIM? R3 12/7/77 12/8/77 RM -- UGL -NC

DIM? RJ8 3/18/88 6/17/88 RL 4.90 UGL WA 1A

DIM? TI 5/8/75 5/24/85 ES -- UGL -- NC

DIMP 7S 10/17/85 5/7/88 ES 10.50 UGL WA Ci

DIMP UM25 12/6/88 2123/90 LIB 21.00 UGL WA 1A

DIOP* 1(1 1/19/85 1/19/85 EE -- UGL -NC

DITH 4P' 9/27/77 11/12/85 MW - UGL -- NC

DITH 99 6/9/77 11/14/85 RM - UGL -- NC

DITH AAA8 1/12/88 3/8/90 UB 1.34 UGL WA Ci

DITH BB8 7/3/86 10/13/87 ES 11.00 UGL WA 1A

DITH D8 6/11/86 6/25/86 CL 11.20 UGL WA Ci

DITH EB8 9128/88 9128/88 EN 6.10 UGL WA 1A

DITH JJ8 9/22/86 11129/88 UB 21.00 UGL WA IA

DITH P1'S 8/20/86 1/21/87 ED 1.60 UGL WA Ci

DiTH PPSA 3/24/87 1129/90 ED 3.34 UGL WA Cl

DITH Ri 6/15/79 4122/85 RM -- UGL -NC

DITH RJ8 3/18/88 6/17/88 RL 2.60 UGL WA IA

DITH TI 4125/77 4122/82 RM - UGL -- NC

DITH U8 11126/85 4/18/88 ES 1.11 UGL WA Cl

DITH UM25 12/9/88 2123/90 UB 3.30 UGL WA IA

DLDRN 2F 7/9/84 1/11/85 EE -- UGL -- NC

DLDRN 4T 8123/85 11127/85 RM - UGL -- NC

DLDRN 99 5/18f79 11127/85 RM - UGL -- NC

Note: Explanrations of footnotes begin on Page 16 of this Attachment
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Analyte1  Method 2  First Use Last Use Lab3  CRL Unit4  Media5  Certification 6

DLDRN BB8 4/2/86 10/13/87 ES 4.70 UGL WA IA

r"LDRN EB8 9/28/88 9/28/88 EN 4.40 UGL WA IA

DLDRN JJ8 9/22/86 11/29/88 UB 4.70 UGL WA 1A

DLDRN KK8 5/18/86 3/14/90 UB 0.05 UGL WA Cl

DLDRN MM8 8/20/86 1/21/87 ED 0.054 UGL WA Cl

DLDRN MM8A 3/20/87 417/88 ED 0.0539 UGL WA Cl

DLDRN RI 10/21177 4/30/85 RM -- UGL -- NC

DLDRN RJ8 3/18/88 6/17/88 RL 2.60 UGL WA IA

DLDRN S8 10/29/85 4/13/88 ES 0.06 UGL WA C1

DLDRN TI 5/5/75 1/22/85 RM -- UGL -- NC

DLDRN UM25 12/9/88 2/23/90 UB 26.00 UGL WA IA

DLDRN X1 12/17/84 2/15/85 MW -- UGL - NC

DMDS* 99 5/17/79 7/25179 SC -- UGL -- NC

DMDS* AAA8 1/12/88 3/8/90 UB 0.55 UGL WA C1

DMDS* D8 6/11/86 6/25/86 CL 8.00 UGL WA Cl

DMDS* J8 9/18/86 5/12/88 CL 13.50 UGL WA 1A

DMDS* M8 4/3/86 10/8/87 ES 2.50 UGL WA IA

DMDS* PP8 8/20/86 7/24/87 ED 1.70 UGL WA Cl

DMDS* PP8A 3/24/87 1/29/90 ED 1.16 UGL WA Cl

DMDS* RM8A 2/25/88 5/13/88 RL 11.00 UGL WA IA

DMDS* U8 1/3/86 4/18/88 ES 1.77 UGL WA Cl

DMDS* UU8 4/20/89 4/21/89 ED 3.70 UGL WA 1A

DMMP 99 4/16/82 1/4/83 RM -- UGL -- NC

DMMP AT8 11/3/88 3/13/90 UB 0.188 UGL WA Cl

DMMP F8 5/16/86 9/22/88 CL 29.30 UGL WA Cl

DMMP JJ8 9/22/86 11/29/88 UB 33.00 UGL WA IA

DMMP QQ8 8/31/87 1/11/90 ED 16.30 UGL WA C1

DMMP RJ8 3/18/88 6/17/88 RL 7.60 UGL WA 1A

DMMP TI 4/21/82 2/4/85 ES -- UGL -- NC

DMMP T8 11/18/85 11/19/87 ES 15.20 UGL WA Cl

DMMP UM25 12/9/88 2/23/90 UB 130.00 UGL WA IA

DNBP* 2J 8/2/84 8/2/84 EE - UGL - NC

DNBP* K1 1/3/85 1/19/85 EE -- UGL -- NC

DNOP* K1 1/8/85 1/8/85 FE -- UGL - NC

DOAD* KI 7/5/84 1/11/85 FE -- UGL -- NC

ENDRN 2F 7/9/84 1/11/85 EE -- UGL -- NC

ENDRN 4T 11/5/85 11/27/85 RM - UGL -- NC

ENDRN 99 12/13/84 11/27/85 RM - UGL -- NC

ENDRN BB8 4/2/86 10/13/87 ES 7.60 UGL WA 1A

ENDRN EBB 9/28/88 9/28/88 EN 10.00 UGL WA 1A

ENDRN JJ8 9/22/86 11/29/88 UB 8.00 UGL WA 1A

ENDRN KK8 5/18/86 3/14/90 UB 0.05 UGL WA Cl

ENDRN MM8 8/20/86 1/21/87 ED 0.063 UGL WA Ci

ENDRN MM8A 3/20/87 4/7/88 ED 0.06 UGL WA Ci

ENDRN Ri 10/21177 4/22/85 RM - UGL -- NC

ENDRN RJ8 3/18/88 6/17/88 RL 5.90 UGL WA 1A

ENDRN S8 10/29/85 4/13/88 ES 0.052 UGL WA Cl

ENDRN Ti 5/5175 1/22/85 RM - UGL - NC

ENDRN UM25 12/9/88 2/23/90 UB 18.00 UGL WA IA

ENDRN Xl 12/17/84 2/15/85 MW -- UGL -- NC

ETC6H5 AV8 8/19/88 2/6/90 UB 1.37 UGL WA Cl

ETC6H5 C8 5/15/86 3/2/88 CL 1.40 UGL WA C1

ETC6H5 J8 9/18/86 5/12/88 CL 1.20 UGL WA IA

Note: Explanations of footnotes begin on Page 16 of this Attachment
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ETC6H5 M8 4/3/86 10/8/87 ES 1.00 UGL WA 1A

ETC6H5 RMbA 2/25/88 5/13/88 RL 11.00 UGL WA 1A

ETC6H5 S58 9/24/86 1/10/90 ED 0.62 UGL WA Cl

ETC6H5 UM21 11/7/88 3/12/90 UB 1.00 UGL WA IA

ETC6H5 UU8 4/20/89 4/21/89 ED 2.40 UGL WA IA

ETC6H5 W8 12/9/85 4/11/88 ES 1.28 UGL WA Cl

F* 4V 9/29/77 12/5/85 RM -- UGL -- NC

P* 99 4/7/78 11/27/85 RM -- UGL -NC

P* HH8 5/29/86 5/29/86 UB 560.00 UGL WA Cl

F* HH8A 12/14/87 8/16/89 UB 482.00 UGL WA Ci

P* NN8 9/10/86 1/11/90 ED 1000.00 UGL WA Cl

P* Ri 6/1/79 4/18/85 RM -- UGL -- NC

P* RF8 4/11/88 5/9/88 RL 50.00 UGL WA Ci

P* Ti 5/5/75 1/4/83 RM -- UGL -NC

P* 1T0M 9/19/89 9/19/89 ME 50.00 UGL WA Ci

P* 7709 9/23/89 3/9/90 UB 153.00 UGL WA Ci

P* Ul 1/9/85 1/31/85 ES -- UGL -- NC

P* X8 10/18/85 10/27/87 ES 1220.00 UGL WA Cl

FARN* Ki 1/8/85 1/8/85 EE - UGL -- NC

FE* IM 10/1/80 3/14/85 RM -- UGL -NC

E* 99 5/30/84 9/3/85 RM - UGL -- NC

F* RI 10/1/80 10/3/80 RM -- UGL -- NC

FE* SS12 2W9190 2/25)90 UB 77.50 UGL WA Cl

F* TI 5/30/84 11/16/84 RM - UGL -- NC

HARD* 00 5/5/75 11/22/85 RM - UGL -- NC

HARD* 6K 1/26/82 5/10/85 RM - UGL -NC

HARD* Ri 8/3/79 3/27/85 RM -- UGL -- NC

HARD* RIF 6/29/81 6/29/81 RM -- UGL -- NC

HCBD* 99 5/18/79 7/25/79 SC - UGL -- NC

HCNB* 99 5/18/79 7/25/79 SC - UGL -- NC

HCO3* 99 5/8/79 3/17/82 RM - UGL -- NC

HCO3* RI 7/5/79 2/19/82 RM - UGL -- NC

HEXAN* 23 6/26/84 12/14/84 FEE - UGL -- NC

HG 1D 6/26/84 12/19/84 RM - UGL -. NC

HG 99 6/9/77 7/25/79 RM -- UGL -- NC

HG CC8 5/20/86 3/30/90 UB 0.10 UGL WA Ci

HG EL8 9/6/88 9/6/88 EN 0.50 UGL WA Ci

HG L8 1/21/86 11/5/87 ES 0.242 UGL WA Cl

HG Ri 7/18/84 7/18/84 RM - UGL -- NC

HG SB1O 9/22/89 9/22/89 ME 0.10 UGL WA Ci

HG TI 4/25/77 6/21/77 RM - UGL -NC

HG WW8 4/16/87 1/11/90 ED 0.50 UGL WA Ci

HGTOT* ID 9/1/83 1/21/85 RM -- UGL. - NC

HGTOT* 99 8/9/77 9/1/83 RM - UGL -- NC

HGTOTW* RI 10/14/80 10/14/80 RM - UGL -NC

HGTQT* Ti 7/29/77 10/11/77 RM -- UGL -NC

HXMTSX* 23 12/18/84 12/20/84 FE - UGL -NC

HYDRZ DD8 5/14/86 5/16/86 UB 2.50 UGL WA Ci

HYDRZ ZZ8A 6/2/8 6/3/88 UB 30.60 UGL WA Cl

IDR1N BB8 4/2/86 6/4/86 ES - UGL -- NC

ISODR 4T 10/21/77 11/20/85 RM - UGL -- NC

ISODR 99 6/9/77 11/27/85 RM - UGL -- NC

ISOMR BB8 6/11/86 10/13/87 ES 5.90 UGL WA IA

Note: Explanations of footnotes begin on Page 16 of this Attachment
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Analytel Method.2  First Use Last Use Lab3  CRL Unit4  Media 5  Certification 6

ISODR EB8 9/28/88 9/28/88 EN 8.30 UGL WA IA

ISODR JJ8 9/22/86 11/29/88 UB 3.70 UGL WA 1A

ISODR KK8 5/18/86 3/14/90 UB 0.05 1 UGL WA Cl

ISODR MM8 8/20/86 1/21/87 ED 0.072 UGL WA Ci

ISODR MiM8A 3/20/87 4/7/88 ED 0.056 UGL WA Ci

ISQDR RI 6/14/79 4/22/85 RM -- UGL -- NC

ISODR R2 10/3/80 10/3/80 RM - UGL -- NC

ISODR RJ8 3/18/88 6/17/88 RL 4.70 UGL WA 1A

ISODR S8 10/29/85 4/13/88 ES 0.06 UGL WA Cl

ISQDR TI 4/25/77 1/17/85 RM - UGL -- NC

ISODR LIM25 12/14/88 2/23/90 UB 7.80 UGL WA 1A

ISODR xi 12/17/84 2/15/85 MW -- UGL -- NC

K*99 6/9/77 1/12/83 RM -- UGL -- NC

K*AA8 3/10/86 11/12/87 ES 1256.00 UGL WA Cl

K* GG8 6/30/86 9/6/89 UB 250.00 UGL WA Cl

K*Ri 5/31/79 3/25/85 RM -- UGL -- NC

K*SS06 9/27/89 9/27/89 ME 794.00 UGL WA Ci

K*SS12 10/3/89 3/21/90 UB 1240.00 UGL WA Cl

K* Ti 4/25/77 10/5/77 RM -- UGL -- NC

K*XX8 3/24/87 1/111190 ED 590.00 UGL WA Ci

LIN* 99 7/16/84 7/16/84 RM -- UGL NC

LJ* Ti 7/16/84 7/16/84 RM -- UGL -- NC

MIE2HG* RM8A 2125/88 5/13/88 RL 16.00 UGL WA IA

MEC6H5 23 6/26/84 12/20/84 EE -- UGL -- NC

MBEC6H5 7K 12/20/84 2/1/85 ES -- UGL -- NC

M4EC6H5 99 5/17/79 6/26/84 RM - UGL -- NC

MEC6H5 AV8 5/11/88 2/6/90 UB 1.47 UGL WA Cl

MBC6H5 C8 5/15/86 3/2/88 CL 2.80 UGL WA Cl

MBC6H5 J8 9/18/86 5/12/88 CL 1.00 UGL WA IA

M[EC6H5 Ki 1/19/85 1/19/85 EE -- UGL -- NC

MEC6H5 M8 4/3/86 10/8/87 ES 1.00 UGL WA IA

MBC6H5 RM8A 2/25/88 5/13/88 RL 7.80 UGL WA 1A

MlEC6H5 558 9/24/86 1/10/90 ED 2.10 UGL WA Ci

MEC6H5 TI 4/14/83 3/14/85 RM -- UGL -- NC

MEC6H5 UM21 11/7/88 3/12/90 UB 1.00 UGL WA IA

M[EC6H5 UU8 4/20/89 4/21/89 ED 3.50 UGL WA IA

MEC6H5 W8 10/28/85 4/11/88 ES 1.21 UGL WA Cl

MEK* 23 12/7/84 12/9/84 EE - UGL -- NC

M4EK* UM21 11/7/88 3/12/90 LIB 10.00 UGL WA 1A

MEXCLR* 99 7/16/84 7/16/84 RM -- UGL -- NC

M4EXCLR* TI 7/16/84 7/16/84 RM -- UGL -NC

MG* iM 5/3/79 10/30/85 RM -- UGL -- NC

MG* 99 1/6/83 11/12/85 RM -- UGL -- NC

MG* B8 3/18/86 4/15/88 ES 500.00 UGL WA Cl

MG* GG8 6/26/86 9/6/89 UB 500.00 UGL WA Cl

MG* Ri 6/5/79 3/25/85 RM -- UGL -- NC

MG* R9D 12/22/89 1/11/90 ED 89.20 UGL WA cl

MG* SS06 10/27/89 10/27/89 ME 110.00 UGL WA Cl

MG* SS12 10/3/89 3/21/90 UB 135.00 UGL WA Ci

MHYDRZ EEB 5/14/86 5/16/86 UB 20.00 UGL WA Cl

MHYDRZ ZZ8A 6/2/88 6/3/88 UB 2970.00 UGL WA Cl

MIBK 99 5/17/79 6/26/84 RM -- UGL -NC

MIBK J8 9/18/86 5/12/88 CL 1.00 UGL WA 1A

Note: Explanations of footnotes begin on Page 16 of this Attachment
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Analytel Method 2  First use Last Use Lab3  CR1 Unit4  Media5  Certification6

MIIEK M8 4/3/86 10/8/87 ES 2.00 UGL WA IA

MIBK P8 6/2/86 3/12/90 UB 4.90 UGL WA Cl

MIBK R8 12/4/85 1/12/90 ED 12.90 UGL WA Ci

MIBK RM8A 2/25/88 5/13/88 RL 8.00 UGL WA 1A

MIBK TI 4/14/83 10/3/84 RM -- UGL -- NC

MIBK muM2 111788 3/12/90 UB 1.40 UGL WA IA

MIIBK UJU8 4/20/89 4/21/89 ED 1.20 UGL WA IA

MLTHN BB8 4/2/86 10/13/87 ES 7.60 UGL WA 1A

MLTHN EB8 9/28/88 9/28/88 EN 21.20 UGL WA IA

MLTHN H8 6/4/86 10/13/87 CL 0.58 UGL WA Ci

MLTHN JJ8 9/22/86 11/29/88 UB 14.00 UGL WA 1A

MLTHN RJ8 3/18/88 6/17/88 RL 2.60 UGL WA 1A

MLTHN TI 5/13/75 10/13/76 CH - UGL -- NC

MLTHN UHil1 10/26/88 3/8,90 UB 0.373 UGL WA Cl

NMTHN UM25 12/9/88 2/23/90 UB 21.00 UGL WA 1A

N* iM 3/1/78 3/14/85 RM -- UGL -- NC

M* 99 5/30/84 9/3/85 RM -- UGL -- NC

55 S12 2/9,90 2/25,90 UB 9.67 UGL WA Ci

M* TI 5/30/84 11/16/84 RM - UGL -- NC

NA* 60 10/12177 1117/85 RM -- UGL -- NC

NA* 99 7/1/76 9/16/85 RM -- UGL NC
NA* B831/6 4/17/88 ES 764.00 UGL WA Cl

NA* 068 6/30/86 9/6/89 UB 940.00 UGL WA Cl

NA* Ri 6/19179 3/27/85 RM -- UGL -- NC

NA* R9D 12/22/89 1/11,90 ED 251.00 UGL WA Ci

NA* SS06 9/27/89 9/27/89 ME 91.30 UGL WA Ci

NA* SS12 10/3/89 3/21,90 UB 279.00 UGL WA ClI

NA* TI 5/15175 10/12177 RM - UGL - NC

NC* IP 8/3/84 12/10/84 EE -- UGL - NC

NIT* 1U 1/27/82 9/24/85 RM - UGL - NC

NMT 99 417176 11/22/85 RM -- UGL - NC

NMT K8 1/23/86 4/12/88 ES 10.00 UGL WA Cl1

NMT LL8 5/15/86 1/31,90 UB 10.00 UGL WA Cl1

NIT'* RI 5/29/79 3/25/85 RM -- UGL -NC

NMT TI 5/5175 1/3/83 RM - UGL -- NC

NMT TF22 5/12/89 6/21/89 ES 10.00 UGL WA C I

NNDMEA* 08 5/28/86 5/29/86 UB 0.20 UGL WA C I

NN4DMEA* RJ8 3/18/88 6/17/88 RL 2.60 UGL WA 1A

NNDNPA* G8 5/28/86 5/29/86 UB 0.14 UGL WA Cl1

N03* iU 7/6/84 7/6/84 EE - UGL -NC

N03* LL8 5/1/87 5/18/87 UB -- UGL -- NC

OPDDE* Ti 5/27175 10/13/76 CH - UGL -- NC

OPDDT* TI 8/25f75 8/25/75 CH - UGL -- NC

OP4* TI 9/2/75 10/13n76 CH -- UGL -- NC

OXAT 4P 9/27/77 11/12/85 NMW - UGL -NC

OXAT 99 6,9/77 8/29/85 RM - UGL NC

OXAT AAA8 1/12/88 3/8,90 UB 2.38 UGL WA Ci

OXAT BB8 7/3/86 10/13/87 ES 6.10 UGL WA 1A

OXAT D8 6/11/86 6/25/86 CL 10.00 UGL WA Ci1

OXAT EB8 9/28/88 9/28/88 EN 12.00 UGL WA IlA

OXAT JJ8 9/22/86 11/29/88 UB 7.90 UGL WA IlA

OXAT PP8 8/20/86 1/21/87 ED 1.40 UGL WA C I

OXAT PP8A 3/24/87 1/29,90 ED 1.35 UGL WA Cl1

Note: Explanations of footnotes begin on Page 16 of this Attachment
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Analyte1  Method2  First Use Last Use Lab3  CRL Unit4  Media 5  Certification6

OXAT R1 1/9/79 4/22/85 RM - UGL -- NC

OXAT RJ8 3/18/88 6/17/88 RL 2.60 UGL WA 1A

OXAT TI 4/25177 9/27177 RM -- UGL -- NC

OXAT U8 11/26/85 4/18/88 ES 1.61 UGL WA Cl

OXAT UM25 12/9/88 2/23/90 UB 27.00 UGL WA 1A

PB 1B 7/3/84 12/28/84 EE -- UGL -- NC

PB 99 8/22/83 7/16/84 RM -- UGL -- NC

PB B8 3/18/86 4/15/88 ES 18.60 UGL WA C1

PB GG8 6/26/86 9/6/89 UB 74.00 UGL WA Cl

PB RI 9/15/80 8/22/83 RM - UGL -- NC

PB R9D 7/6/89 1/11/90 ED 52.00 UGL WA C1

PB SS06 9/27/89 9/27/89 ME 45.10 UGL WA Cl

PB SS12 10/3/89 3/21/90 UB 43.40 UGL WA Cl

PB TI 9/24/80 7/16/84 RM -- UGL -- NC

PCP* UM25 12/6/88 2/23/90 UB 9.10 UGL WA 1A

PH* 00 5/5/75 10/24/85 RM --. ... NC

PH* 4J 1/27/82 4/26/85 RM .. .... NC

PH* Ri 8/1/79 3/20/85 RM .. .... NC

PH* Ti 2/8/85 2/8/85 RM .. .... NC

PHENOL* UM25 12/6/88 2/23/90 UB 2.20 UGL WA 1A

PHTHL* Ki 1/19/85 1/19/85 EE -- UGL -- NC

PPDDE 4T 10/21/77 11/15(78 RM - UGL -- NC

PPDDE 99 6/14/77 10/4(77 RM UGL - NC

PPDDE BB8 4/2/86 10/13/87 ES 4.70 UGL WA IA

PPDDE EB8 9/28/88 9/28/88 EN 1.60 UGL WA 1A

PPDDE JJ8 9/22/86 11/29/88 UB 6.10 UGL WA IA

PPDDE KK8 5/18/86 3/14/90 UB 0.054 UGL WA Cl

PPDDE MM8 8/20/86 1/21/87 ED 0.071 UGL WA Cl

PPDDE MM8A 3/20/87 4/7/88 ED 0.046 UGL WA Cl

PPDDE Ri 1/30(78 1/30/78 RM -- UGL -- NC

PPDDE RJ8 3/18/88 6/17/88 RL 2.60 UGL WA IA

PPDDE S8 12/23/85 4/13/88 ES 0.053 UGL WA C1

PPDDE TI 6/16/77 1/17/85 RM -- UGL NC

PPDDE UM25 12/9/88 2/23/90 UB 14.00 UGL WA 1A

PPDDT 4T 10/21(77 11/15/78 RM - UGL -- NC

PPDDT 99 7/29/77 10/4/77 RM -- UGL - NC

PPDDT BB8 4/2/86 10/13/87 ES 10.00 UGL WA IA

PPDDT EB8 9/28/88 9/28/88 EN 8.80 UGL WA IA

PPDDT JJ8 9/22/86 11/29/88 UB 9.20 UGL WA IA

PPDDT KK8 5/18/86 3/14/90 UB 0.049 UGL WA Cl

PPDDT MM8 8/27/86 1/21/87 ED 0.066 UGL WA Cl

PPDDT MM8A 3/20/87 4/7/88 ED 0.059 UGL WA Cl

PPDDT RJ8 3/18/88 6/17/88 RL 2.60 UGL WA 1A

PPDDT S8 12/23/85 4/3/88 ES 0.07 UGL WA C1

PPDDT TI 7/28/77 1/17/85 RM -- UGL -- NC

PPDDT UM25 12/9/88 2/23/90 UB 18.00 UGL WA 1A

PRTHN BB8 7/11/86 10/13/87 ES 14.00 UGL WA 1A

PRTHN EB8 9/28/88 9/28/88 EN 21.60 UGL WA IA

PRTHN H8 6/4/86 9/25/87 CL 0.45 UGL WA Cl

PRTHN JJ8 9/22/86 11/29/88 UB 19.00 UGL WA 1A

PRTHN RJ8 3/18/88 6/17/88 RL 2.60 UGL WA IA

PRTHN Ti 5/21(75 10/13(76 SC -- UGL -- NC

PRTHN UHM1 10/26/88 3/8/90 UB 0.647 UGL WA Cl

Note: Explanations of foomotes begin on Page 16 of this Attachment
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Analytel Method 2  First Use Last Use Lab3  CRL Unit Media 5  Certification6

PRTHN UM25 12/9/88 2/23/90 UB 37.00 UGL WA 1A

PRTHN UNO7 5/19/89 1/18/90 ES 0.25 UGL WA Cl

SE* lB 6/27/84 12/28/84 EE -- UGL -- NC

SE* 99 7/16/84 7/16/84 RM -- UGL -- NC

SE* TI 7/16/84 7/16/84 RM -- UGL -- NC

SILVEX* 99 7/16/84 7/16/84 RM -- UGL -- NC

SILVEX* TI 7/16/84 7/16/84 RM -- UGL -- NC

S04* 4U 9/30/77 12/19/85 RM -- UGL -- NC

S04* 99 4/7/76 7/3/85 RM -- UGL -- NC

S04* HH8 5/29/86 5/29/86 UB 5000.00 UGL WA Cl

S04* HH8A 12/14/87 8/16/89 UB 251.00 UGL WA Cl

S04* NN8 9/11/86 1/11/90 ED 5000.00 UGL WA Ci

S04* RI 8/3/79 4/1/85 RM -- UGL -- NC

S04* TI 5/5/75 10/20/77 RM -- UGL -- NC
S04* TTO6 9/19/89 9/19/89 NME 223.00 UGL WA Ci

S04* 1TI09 10/23/89 3/9/90 UB 175.00 UGL WA Cl

S04* X8 1/31/86 10/27/87 ES 10000.00 UGL WA Ci

SUPONA BB8 4/2/86 10/13/87 ES 6.50 UGL WA 1A

SUPONA H8 6/4/86 9/25/87 CL 0.68 UGL WA Ci

SUPONA JJ8 9/22/86 11/29/88 UB 9.30 UGL WA 1A

SUPONA RJ8 3/18/88 6/17/88 RL 3.90 UGL WA IA

SUPONA LTHi 1 10/26/88 3/8/90 UB 0.787 UGL WA Cl

SUPONA UTM25 12/9/88 2/23/90 UB 19.00 UGL WA IA

TCLEA** RM8A 2/24/88 5/13/88 RL 14.00 UGL WA 1A

TCLEA** UM21 11/7/88 3/12/90 UB 1.50 UGL WA 1A

TCLEE 7D 12/21/84 11/4/85 ES -- UGL -- NC

TCLEE 99 5/17/79 6/26/84 RM -- UGL -- NC

TCLEE J8 9/18/86 5/12/88 CL 1.30 UGL WA 1A

TCLEE M8 4/3/86 10/8/87 ES 1.00 UGL WA 1A

TCLEE N8 5/16/86 3/23/90 UB 0.75 UGL WA Cl

TCLEE RM8A 2/24/88 5/13/88 RL 9.40 UGL WA 1A

TCLEE Ti 4/14/83 3/14/85 RM -- UGL -- NC

TCLEE 1T8 2/24/87 1/10/90 ED 2.76 UGL WA Cl

TCLEE UM21 11/7/88 3/12/90 UB 1.00 UGL WA 1A

TCLEE UU8 4/20/89 4/21/89 ED 2.90 UGL WA 1A

TCLEE Y8 10/9/85 4/8/88 ES 1.30 UGL WA Cl

TDGCL AZ8 5/9/88 8/14/89 UB 6.69 UGL WA Cl

TDGCL YY8 1/20/88 1/20/88 ES 65.90 UGL WA Cl

Tfl)* Ti 5/5/76 5/17/76 CHI -- UGL -- NC

TMw* RJ8 5/18/88 6/17/88 RL 2.60 UGL WA 1A

TOC* 00 5/9/79 9/20/89 RM -- UGL -- NC

TOC* 7X 7/9/82 2119/85 RM -- UGL -- NC

TOC* Ri 7/31/f79 5/20/81 RM -. UGL -- NC

flQ4* TI 9/2/75 7/28/76 CH -- UGL -- NC

TRCLE 7D 12/21/84 11/4/85 ES -- UGL -- NC

TRCLE 99 5/17/79 6/26/84 RM -- UGL -NC

TRCLE J8 9/18/86 5/12/88 CL 1.40 UGL WA IlA

TRCLE M8 4/3/86 10/8/87 ES 1.00 UGL WA 1 A

TRCLE N8 5/16/86 3/23/90 UB 0.56 UGL WA C I

TRCLE RM8A 2/24/88 5/13/88 RL 5.20 UGL WA I A

TRCLE TI 4/14/83 3/14/85 RM -- UGL -- NC

TRCLE 1T8 9/17/86 1/10/90 ED 1.31 UGL WA ClI

TRCLE UMi 11/7/88 3/12/90 UB 1.00 UGL WA 1lA

Note: Explanations of footnotes begin on Page 16 of this Attachment
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Analytel Method2  First Use Last Use LAbO CRL Unit4  Media5  Certification6

TRCLE LJU8 4/20/89 4/21/89 ED 2.00 UGL WA IA

TRCLE Y8 10/9/85 4/8/88 ES 1.10 UGL WA Cl

TXPHEN* 99 7/16/84 7/16/84 RM -- UGL -- NC

TXPHE* TI 7/16/84 7/16/84 RM -- UGL -. NC

UDMH FF8 5/14/86 5/16/86 UB 25.00 UGL WA Cl

UDMH ZZ8A 6/2/88 6/3/88 LJB 23.00 UGL WA Cl

WP* 2K 10/31/84 12/18/84 EE -- UGL -- NC

XYLEN 2J 12/18/84 12/18/84 EE -- UGL -- NC

XYLEN 7K 12/21/84 2/1/85 ES -- UGL -NC

XYLEN 99 4/'7/83 6/26/84 RM -- UGL -- NC

XYLEN AV8 5/11/88 2/6/90 UB 1.36 UGL WA Cl

XYLEN C8 5/15/86 3/2/88 CL 3.20 UGL WA Cl

XYLEN J8 9/18/86 5/12/88 CL 1.40 UGL WA 1A

XYLEN M8 4/3/86 10/8/87 ES 2.00 UGL WA IA

XYLEN RM8A 2/24/88 5/13/88 RL 19.00 UGL WA IA

XYLEN SS8 9/24/86 1/10/90 ED 1.34 UGL WA Cl

XYLEN TI 4/14/83 10/3/84 RM -- UGL -. NC

XYLEN UM21 11/7/88 3/12/90 UB 2.00 UGL WA 1A

XYLEN UU8 4/20/89 4/21/89 ED 2.40 UGL WA IA

XYLEN W8 10/28/85 4/11/88 ES 2.47 UGL WA Cl

ZN 1M 6/27/84 12/27/84 EE -- UGL -- NC

ZN B8 3/18/86 4/15/88 ES 20.10 UGL WA Cl

ZN GG8 6/26/86 9/6/89 UB 22.00 UGL WA Cl

ZN R9D 7/6/89 1/11/90 ED 20.00 UGL WA Cl

ZN SS06 9/27/89 9/27/89 ME 5.35 UGL WA Cl

ZN SS12 10/3/89 3/21/90 UB 18.00 UGL WA Cl

Note: Explanations of footnotes begin on Page 16 of this Attachment
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FOOTNOTES FOR TABLE RISR B.2-1

I Analyte Abbreviations:

ACET* - Acetone*
ACRYLO* - Acrylonitrile*
AG* - Silver*
ALDRN - Aldrin
ALHlMAW* - Alcohols (high molecular weight)*
ALK* - Alkalinity*
AS - Arsenic
ASTOT* - Arsenic, total*
ATZ - Atrazine
BA* - Barium*
BCHPD - Bicyclo [2,2,1] hepta-2,5-diene
BLDX* - Bladex*
BRDCLM* - Bromodichloromethane*
BTA** - Benzothiazole**
BTZ** - Benzothiazole**
B2EHP* - bis (2-Ethylhexyl) phthalate*
CA* - Calcium*
CALLMW* Hydrocarbons (all molecular weights)
CCL3F* - Trichlorofluoromethane*
CCL4 - Carbon tetrachloride
CD - Cadmium
CHBR3* - Bromoform*
CHCL3 - Chloroform
CH2CL2 - Methylene chloride
CH3BR* - Bromomethane*
CH3CL* - Chloromethane*
CL* - Chloride*
CLC6H5* - Chlorobenzene*
CLDAN* - Chlordane*
CL2BZ* - Dichlorobenzenes*
CL3P - Trichlorophenols*
CL6CP - Hexachlorocyclopentadiene
COND* - Specific conductivity*
CPMS - 4-Chlorophenylmethyl sulfide
CPMSO - 4-Chlorophenylmethyl sulfoxide
CPMSO2 - 4-Chlorophenylmethyl sulfone
CR - Chromium
CRHEX* - Hexavalent chromium*
CU - Copper
CU'TOT* - Copper, total*
CYHX* - Cyclohexane*
CYN* Cyanide*
CYOCTE* - Cyclooctatetraene*
CIADME* - Carbonic acid, dimethyl ester*
CI6ABE* - Hexadecanoic acid, butyl ester*
C18ABE* - Octadecanoic acid, butyl ester*
C2H3CL* - Chloroethene / vinyl chloride*
C2H5CL* - Chloroethane*
C6H6 - Benzene

• - Tentatively identified compound
J Former nontarget analyte
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C9* - Nonane*
DBCP - Dibromochioropropane
DBRCLM* - Dibromochloromethane*
DCLB* - Dichlorobenzene*
DCPD - Dicyclopentadiene
DDVP - Vapona
DIACAL** - Diacetone alcohol / 4-yrx--ehy--etnn*
DINT - Diisopropylmethyl phosphonate
DIOP* - Diisooctyl phthalate*
DITH - Dithiane
DLDRN - Dieldrin
DMDS* - Dimethyl disulfide*
DMMvP - Dimethylmethyl. phosphonate
DNBP* - di-n-Butyl phthalate*
DNOP* - di-n-Octyl phthalate*
DOAD* - Dioctyl. adipate*
ENDRN - Endrin
ETC6H45 - Ethylbenzene

F*- Fluoride*
FARN* - Famnesol*
FE* - Iron*
ILAJMf* - Total hardness*
HCBD** - Hexachlorobutadiene**
HCNBM* - Hexachloronorbomadiene*
HCO3* - Bicarbonate*

M - Hexane*
HG - Mercury
HGTOT* - Mercury, total*
HXMTSX* - Hexaxnethylcyclotrisiloxane*
HYDRZ - Hydrazine
IDRN - Isodrin
ISODR - Isodrin

-* Potassium*
LIN* - Lindane! gama-Benzenehexachloride/ gamma-Hexachlorocyclohexafle*
MEC6H45 - Toluene
MBK* - Methylethyl ketone/2-Butanone*
M*EXCLR* - Methoxychlor*
ME2HG* - Dimethyl mercury*
MG* - Magnesium*
MIHYDRZ - Methyihydrazifle
MIBK - Methylisobutyl ketone
MLTHN - Malathion
MN* - Manganese*
NA* - Sodium*
NC* - Nitrocellulose*
NMT - Nitrite, Nitrate-non specific*
NNDMEA* - n-Nitroso dimethyiamine*
N03* - Nitrate*
OPDDE* - 2-(Ortho-Chloropheny1)-2-(para-chloropheflyl)l ,1-dichloroethene*
OPDDT* - 2-(Ortho-Chlorophefyly)-2-(para-chloropheflyl)- 1, 1,1-trichloroethane*
QP04* - Organophosphates*
OXAT - 1,4-Qxathiane
PB - Lead
PCP* - Pentachlorophenol*

* - Tentatively identified compound
** - Former nontarget analyte
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PH* - pH*
PHENOL* - Phenol*
PHTHL* - Phthalates*
PPDDE - 2,2-bis (Para-chloropheflyl)-1 ,1-dichloroethene
PPDDT - 2,2-bis (Para-chlorophenyl)- , 1,1-trichioroethane
PRTHN - Parathion
SE* - Selenium*
SILVEX * - Silvex*
SQ4* - Sulfate*
SUPONA - Supona/ 2-Chloro- 1-(2,4-dich1orophefyly) vinyl diethyl phosphate
TCLEA** - 1,1,2,2-Tetrachloroedmae**
TCLEE - Tetrachioroethylene/ tetrachioroethene
TDGCL - Thiodiglycol

TD*- Total dissolved solids*
TNT*" - Trimethyl phosphate*
TOC* - Total organic carbon*
fl{)4* - Total phosphates*
TRCLE - Trichioroethylene! trichioroethene
TXPHEN* - Toxaphene*
UDMH - Unsymmetrical dimethylhydrazifle
WPT* - White phosphorus*
XYLEN - o- and p-Xylenes
ZN - Zinc
1 1DCE - 1,1-Dichloroethylenel 1,1-Dichioroethene
1 1DCLE - 1,1-Dichloroethane
I11 TCE - 1,1,1-Trichloroethane
112TCE - 1,1,2-Trichloroethane
12DCE - 1,1-Dichloroethylenes (cis and trans isomers)
12DCLE - 1,2-Dichloroethane
12DCLP* - 1,1-Dichloropropane*
13DCLB * - 1,3-Dichlorobenzene*
13DCP* - 1,3-Dichloropropane*
13DMB - 1,3-Dimethylbenzene/ m-Xylene
14DIOX - 1,4-Dioxane
2CLEVE* - 2-Chioroethylvinyl ether/ (2-chloroethoxy) ethene*
2CLP* - 2-ChlorophenoI*
2MIP* - 2-Methylphenol/ 2-cresol*
2MPAME* - 2-Methylpropanoic acid, Methyl ester*
2MTBF* - 2-Methyltetrahydrofurafl*
2NP* - 2-Nitrophenol*
236TCP* - 2,3,6-Trichlorophenol*
Z4D* - 2,4-Dichlorophenoxyacetic acid*
24DCLP* - 2,A-Dichlorophenol*
24DMPN* - 2,4.Dimethylpheflol*
24DNP* - 2A.-Dinitrophenol*
245TCP* - 2,4,5-TrichlorophCeio1*
246TCP* - 2,A,6-Trichlorphenol*
246TNT* - 2,4,6-Trinitrotoluele*
25HXCB* - 22' ,3,4,5,5'-Hexachlorobipheflyl*
4CL3C* - 4-Chloro-3-cresoll 3-methyl-4-ch1oropheflol*
4MP* - 4-Methylphenol/ 4-cresol*
4NP* - 4-Nitrophenol*

* - Tentatively identified compound
** - Former nontarget analyte

2 - Number designates analytical method used by respective lab.
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Footnotes for Table RISR B.2-1 (continued) Page 19 of 19

3 -Laboratories performing analyses:

AL - Arthur D. Little
CH - Colorado State Department of Health
CL - California Analytical Laboratories, Inc.
ED - Environmental Science & Engineering, Inc. (Denver, CO)
EE - Envirodyne Engineers, Inc.
EN - Environmental Testing and Certification Corp. (Edison, NJ)
ES - Environmental Science & Engineering, Inc. (Gainesville, FL)
MIE - Metratrace, Inc. (St. Louis, MO)
MW - Midwest Research Institute
RL - Rocky Mountain Analytical Lab (Currently ENSECO-Denver, CO)
RM - Rocky Mountain Arsenal
SC - Shell Chemical, Rocky Mountain Arsenal
UB - Datachem, Inc.

4 - micrograms per liter

5 - WA = Water

6 - 1A = certification for GCMS method
lB = certification for low sample through put - not GCMS method

Cl = certification for quantitative method
NC = method not USATHAMA certified
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APPENDIX B
Attachment 2 - Database Diskette

Remedial Investigation Summary Report

Attachment 2 contains the following dBASE files:

VEC.DBF Unique Vertical Extent of Contamination Data
H1TSABC.DBF Excluded Detections
SUB-GP.DBF Concentrations of the Five Analyte Groups
ALLDEN.DBF Well Data for all Considered Wells

APPENDIH B

Vlertical Extent of GroundwaterShIContamination in the Denuer

Highland TM

diskettes
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-- --- Rocky Mountain Arsenal Boundary

0 ___Section Lines
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_____________ ~ KLakes
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0 -50 ft. Depth Interval
Concentration RangesE 10,000 ug/I

- > 1000 to 10,000 ug/h

- ,> 100 to 1000 ug/l

1 > 50 to 100 ug/l

* 10 to 50ug/l

J; /CRL to 10 ug/h

0 3 00O Feet

Scale: 1" = 3000'
/ ~Source: U.S. Army Corps of Engineers I

Waterways Experiment Station

Prepared for:

* 10 0ft U.S. Army Program Manager

* for Rocky Mountain Arsenal
________________ ________________ Prepared August 1991

Greater than 50 ft. FIGURE RISR B.5 - 1
Note: Unless noted. depth Total Organic Analytes Off Post

interval is 50 - 100 ft. in the Denver Aquifer

Rocky Mountain Arsenal
Prepared by: Ebasco Services Incorporated
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Waterways Experiment Station
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Prepared for:
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Prepared August 1991

Greater than 50 ft. FIGURE RISR B.5 - 2
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below 100 ft.

Rocky Mountain Arsenal
Prepared by: Ebosco Services Incorporated
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Greater than 50 ft. FIGURE RISR 6.5 - 4
Note: Unless noted, depth Fluoride Off Post in the Denver Aquifer

interval is 50 -100 ft.

Rocky Mountain Arsenal
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CA INTRODUCTION

While not strictly a component of the remedial investigation (RI), many of the interim

response actions (IRAs) at the Rocky Mountain Arsenal (RMA) were undertaken in response

to information generated in the course of the RI. These actions were implemented in order to

expedite the mitigation of contamination prior to the selection of final remedial actions.

Thirteen IRAs have been identified by the U.S. Army (Army) in cooperation with the U.S.

Environmental Protection Agency (EPA), the State of Colorado (State), and Shell Oil

Company (Shell). These IRAs are considered "necessary and appropriate" for implementation

prior to the final rernediation decisions at RMA (FFA, 1989/RIC 89068R01). Actions

requiring removal of material are to be carried out in accordance with Comprehensive

Environmental Response, Compensation, and Liability Act (CERCLA) and its regulations and

are to be consistent with and contribute to the efficient performance of the final response

actions for the on-post and off-post operable units (PMRMA, 1988a/RIC 88131R01). Table

RISR C.1-1 lists the 13 IRAs and their specific objectives. Figure RISR C.1-1 identifies IRA

locations with the exception of three IRAs: Asbestos Removal, Fugitive Dust Control, and

Closure of Abandoned Wells on RMA. Locations of these are not shown because they are

being conducted at numerous individual sites across RMA.

The procedure for IRA implementation is set forth in Section XXII of the Federal Facility

Agreement (FFA) (FFA, 1989/RIC 89068ROI). Figure RISR C.1-2 outlines the typical IRA

process. This process applies to most RMA IRAs. For a variety of technical reasons, a

slightly different process was used for the following IRAs: Improvements of the North

Boundary Containment System and Evaluation of all Existing Boundary Containment

Systems; Closure of Abandoned Wells on RMA; Basin F Liquids, Sludges, and Soils

Remediation; and Fugitive Dust Control (PMRMA, 1988a/RIC 88131R01). Several of the

IRAs consist of a number of parts that are referred to as components in the text. The actual

or estimated schedule deadlines for the various phases and components of the 13 IRAs are

listed in Table RISR C.1-2. Implementation of the various IRAs will impact a number of

media at RMA. The type and extent of media impact will depend on the type of response

C-1
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Table RISR C.1-1. Interim Response Actions at the Rocky Mountain Arsenal Page I of 2

IRA OBJECTIVE

" Groundwater Intercept and Treatment System 9 Eliminate much of the potential for any future

North of RMA exposure from contaminated alluvial groundwater
plumes north of RMA.

" Improvement of the North Boundary 0 Evaluate and improve, as necessary, all RMA

Containment System and Evaluation of boundary systems.

Existing Boundary Containment Systems

Groundwater Intercept and Treatment System 0 Intercept and treat contaminated alluvial groundwater

North of Basin F originating from the Basin F area to make boundary

systems more efficient.

Closure of Abandoned Wells on RMA 0 Identify, locate, examine, and properly close old or

unused wells on RMA to prevent migration of

contamination between aquifers.

Groundwater Intercept and Treatment System Intercept and treat contaminated groundwater in the

in the Basin A Neck Area aRuvial aquifer between Basins A and F, to make

boundary systems more efficient.

Basin F Liquids, Sludges, and Soils 4 Mitigate any potential for infiltration of contaminants

Remediation to the groundwater, preclude potential for volatile
emissions, eliminate any potential impact of Basin F

on wildlife, and remediate Basin F liquids.

Budding 1727 Sump Liquid 0 Remediate contaminated liquid in the Building 1727
sump to mitigate any remaining threat of release of

liquids from this sump.

Closure of the Hydrazine Facility 0 Mifigate any threat of release of wastewater stored at

this facility and remediate the aboveground structures.

" Fugitive Dust Control Mifigate as expeditiously as possible any threat of the

release of wind-blown contaminated duSL

" Sewer Remediation Eliminate the RMA sanitary sewer as a potential
conduit for contaminant flow.

" Asbestos Removal Remove and dispose of friable asbestos at RMA where

any potential for human exposure exists.

Remediation of Other Contaminafion Sources Mitigate the threat of releases from selected "hot

("Hot Spots") spots" contamination sources.

C-2
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Table RISR C.1-1. Interim Response Actions at the Rocky Mountain Arsenal Paoe 2 of 2

IRA OBJECTIVE

Pretreatment of CERCLA Liquid Waste Treat wastewater resulting from CERCLA-related
activities at RMA.

(PMRMA, 1988a/RIC 8813IR01, modified)

C-3
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Table RISR C.1-2. Proposed IRA Schedule Deadlines 
Page I of 4

Final Final Decision Implementation S tart Complete

IRA 
Assessment* Document* Document* Construction* IRA*

Groundwater Intercept and Dec 88 Jul 89 Oct 90 (Sep 91) (Dec 92)

Treatment System North of RMA

improvement of the North Boundary

Containment System and Evaluation of all

Existing Boundary Containment Systems

" North Boundary Containment System Jan 89 Apr 89 Jan 90 Feb 90 Dec 90

Evaluations and Improvements

" Northwest Boundary Containment System --- Jun 90 Jun 90 Jun 90 (Nov 91)

Assessment and Improvements
(Short-Term Objectives)

" Northwest Boundary Containment System May 91 (Aug 91) (Aug 92) (Dec 92) (Sep 93)

Assessments and Improvements

(Long-Term Objectives)

" North Boundary Containment System Jul 88 Jul 88 Sep 88 Dec 88

Groundwater Recharge Trenches

*Estimated dates shown in parentheses

**Construction phase completed; IRA operation/treatment continuing

RF51f1'BL0004.RF5 I W191 2:30 pin sma



Table RISR C.1-2. Proposed IRA Schedule Deadlines 
Page 2 of 4

Final Final Decision Implementation S tart Complete

IRA Assessment* Document* Document* Construction* IRA*

Groundwater Intercept and Jul 88 Dec 88 Aug 89 Dec 89 Sep 90**

Treatment System North of Basin F

Closure of Abandoned Wells --- Jun 88 --- Apr 88 Feb 90

Groundwater Intercept and Sep 88 Feb 89 Jun 89 Nov 89 Jul 90**

Treatment System in the Basin A

Neck Area

Basin F Liquids, Sludges, and Soils

Remediation

- Basin F Remediation - Liquids, --- Jan 88 --- Mar 88 May 89

Sludges, and Soils Removal
(Phase 1)

- Basin F Remediation - Liquids Dec 89 May 90 Dec 90 Mar 91 July 95

Treatment (Phase 11)

*Estimated dates shown in parentheses

**Construction phase completed; IRA operation/treatment continuing
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Table RISR C.1-2. Proposed IRA Schedule Deadlines 
Page 3 of 4

Final Final Decision Implementation Start Complete

IRA Assessment* Document* Document* Construction* IRA*

Building 1727 Sump Liquid Aug 88 Dec 88 May 89 Jul 89 Nov 8900

Closure of the Hydrazine Facility Jun 88 Nov 88 Dec 90 (Aug 91) (Jul 92)

" Phase I Jun 88 Nov 88 Jan 91 (Oct 91) (Jul 92)

" Phase It Jun 88 (Jun 91) (Jul 91) (Aug 91) (Jul 92)

Fugitive Dust Control 
--- Sep 87 (Jun 91)**

Sewer Remediation Oct 88 Apr 89 Jan 90 Jan 91 (Mar 92)

Asbestos Removal

" Phases I and 11 Apr 88 --- --- Sep 88 Dec 89

" Phase III (Sep 92) --- --- (Oct 92) (Dec 95)

*Estimated dates shown in parentheses

"Construction phase completed; IRA operation/treatment continuing
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Table RISR C.1-2. Proposed IRA Schedule Deadlines 
Page 4 of 4

Final Final Decision Implementation Start Complete

IRA Assessment* Document* Document* Construction* IRA*

Remediation of Other Contamination

Sources ("Hot Spots")

" Lime Settling Basins Nov 89 Mar 90 Nov 90 (Jan 92) (Jun 93)

" M-1 Settling Basins Nov 89 Mar 90 Dec 90 (Nov 91) (Dec 92)

" Motor Pool Area- Nov 89 Mar 90 Nov 90 (Jun 91) (Mar 92)

Trichloroethylene Plume

" Rail Classification Yard- Nov 89 Mar 90 Aug 90 Dec 90 (Jun 91)

DBCP Plume

" Army Complex Disposal Jan 90 May 90 Sep 90 Nov 90 (Jun 93)

Trenches

" Shell Trenches Jan 90 May 90 Dec 90 Mar 91 (Nov 91)

" South Tank Farm Plume Jun 90 (May 91) (Jul 91) (Nov 91) (Mar 94)

Pretreatment of CERCLA Liquid Dec 89 Jun 90 Jan 91 (Jun 91) (Jul 92)

Waste

*Estimated dates shown in parentheses

"Construction phase completed; IRA operation/treatment continuing

RF51rML0004.RF5 1117/91 2:30pm sma



action being performed. Potential impacts to the water medium, for example, may be the

result of improvements to or construction of groundwater intercept and treatment systems that

would reduce the migration of contaminated groundwater. Table RISR C.1-3 lists media

potentially impacted by the implementation of each specific IRA. The 13 IRAs identified as

of May 1991 are summarized in this report. Reports generated for these IRAs (Technical

Plans, Alternatives Assessment Reports, Decision Documents, Implementation Documents,

and Operational Reports) are listed in Table RISR C.1-4.

C.2 GROUNDWATER INTERCEPT AND TREATMENT SYSTEM NORTH OF RMA

The Groundwater Intercept and Treatment System North of RMA IRA consists of the

assessment, selection, and construction of one or more off-post pump and treat systems (FFA,

1989/RIC 89068R01). The specific objectives of this IRA are to continue off-post

groundwater monitoring, provide an alternative drinking water supply for residents, mitigate

the off-post migration of contaminated alluvial groundwater, and treat contaminated alluvial

groundwater to improve off-post groundwater quality (HLA, 1989a/RIC 89222R01).

C.2.1 DESCRIPTION

The Groundwater -Intercept and Treatment System North of RMA is in a 4-square-mile area

north of RMA and south of the O'Brian Canal (Figure RISR C.1-1). Volatile halogenated

organics (VHOs), volatile aromatic organics (VAOs), volatile hydrocarbons (VHCs),

organochlorine pesticides (OCPs), GB agent-related organophosphorous compounds

(OPHGBs), herbicide-related organosulfur compounds (OSCHs), mustard agent-related

organosulfur compounds (OSCMs), dibromochloropropane (DBCP), arsenic, mercury, and the

ICP metals (cadmium, chron-dum, copper, lead, and zinc) have been detected in two off-post

groundwater contaminant plumes, referred to as the First Creek Plume and the Northern

Plume (HLA, 1989a/RIC 89222R01).

C-10
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Table RISR C.1-3. Media Potentially Impacted by IRAs Paoe I of I

IRA Soils Water Structures Air Biota

Groundwater Intercept and Treatment X

System North of RMA

Improvement of the North Boundary System X

and Evaluation of all Existing Boundary

Systems

Groundwater Intercept and Treatment X X

System North of Basin F

Closure of Abandoned Wells on RMA X

Groundwater Intercept and Treatment X X

System in the Basin A Neck Area

Basin F Liquids, Sludges, and Soils X X X X X

Remediation

Building 1727 Sump Liquid X X X

Closure of the Hydrazine Facility X X

Fugitive Dust Control X X X X X

Sewer Remediation X X X

Asbestos Removal 
X X

Remediation of Other Contamination X X X X X

Sources ("Hot Spots")

Pretreatment of CERCLA Liquid Waste X

C-11
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Table CJ-4 List of interim Rcsponse Action Reports for R y Mountain Arsenal 
pave I of 14

IRA Report Title 
Version Date Task RIC Number

Draft Final 1k I a (Remedial InvesfigationlFeasibility 12/87 88007RO2

interim itesponse Action Techi;iZa'' 1 1,111"10'' g jii'88 -- FY92

General Study/Intesim Response Actions)

Rocky Mountain Afsenal Draft Final Technical Progain Plan FY88 a FY92 Remedial 2/88 8811OR01

InvesiiptioiWFeasibility Study/Interim Response Actions, Volumes I and 11

Final Technical Iftognim Plan FY88-FY92 (Remedial Investigation/Feasibility 
3/88 88130R01

Study/interim Response Actions), Volumes I and 11

Gloundwater Intercept ad offpost Interim Response Action Alternatives A&wsmM Dmft flual Report (IRA) 2.2 5/88 39 98033ROI

Treatment System North of off post Interim Response Action Alternatives Awssment Dmft Final Re" (IRA) 2.3 12/88 8W2R02

RMA
propmd Decision Document for the Ground Water Intercept and Treatment System 12/89 M 2R01

North of Rocky Mountain Arsenal (IRA)

Draft Final Decision Document for the Ground Water Intercept and Treatment SYMM 4/89 89122R02

North of Rocky Mountain Arsenal Interim Response Action (IRA)

Draft Final Wott Plan for the Ground Water Intercept and T"mnt System North of 6189 89192RO3

Rocky Mountain Arsenal Interim Response Action (IRA)

Rc,.ised Draft FiW Decision Document for the Ground Water Intercept and Treatment 6/89 89192RO2

System North of Rocky Mountain Arsenal Interim ReSPOM Action (IRA)

FuW Decision Document for the Ground Water Intercept and Treatment System Nwh 7/89 89222ROI

of Rocky Mountain Arsenal Interim Response Action (IRA)

Off-post Inwim Response Action and Remedial Investigatiouffleasibility Study Draft SM9 WMR02

Final Field Operations procedum Plan REFS1 (IRA)

off-post Interim Response Action and Remedial Investigadw/Fasibility Study Draft 8019 MMR03

Fnial Health and Safety Plan RIFS1 (IRA)

off post Opemble Unit Draft Final Quality Assurance Plan RIFS I (IRA) 8/99 8926BROI

RIFSSfrable C.1-4 16/91 2-01 IM Irw



Table C. 1-4 List of-Interim Respo-m Action ReP"- for Rocky Mountain Arsenal 
Page 2 of 14

IRA Report Tide 
Version Dow Task RIC Number

impgovement of the North Rocky Mountain Arsenal North Botmdary/Containment Tmatment System Operational 6/87 8732OR01

Boundary System and AMpessment Report FY85/FY86, Volumes I - III

Evaluation of an Existing 1=7 88054R01

Boundary SYSWM Rocky Mountain Arsenal Northweg Boundary/Containment Titatment System Baseline

Conditions System Startup OW operational Report FY85/FY86, Volumes I - III

Summary of WES Analysis of ftoposed Recharge Thwh Systan for RMA North 1/88 88155ROI

Bouidwy

North Boundary system component Response Action Assessment Final Technical 2198 36 SM3RO8

plan

hoposed Interim owund Water RwJwp System North B=Wwy Afea 2J88 8813OR01

ftopmed Decision Document for the IRA for the improvement of the NOM Boundary 4/88 98141R02

System at Rocky Mountain Arwnal via Cw*wtion of Ground Water Recharge

t7j Tmnches(UtA) 88153ROII." Rocky Mountain AMW Noflh Boundary Flow Rses July 1986 - September 1987 5/89
U3

Rocky Mountain Arsenal Northwest Boundary Flow Rem: July 1986 - September 5/88 88153RO2

1987

Dnift Find Decision Document for the interim Response Action for the Impfovement 6/89 88328RO3

of the North Boundary System at RMA Via Construction of GfoUnd Water RedWge

Twwhes(IRA)

Water Elevation Report for the Norlh Boundary System October 1996 - September 6/99 98159ROI

1987

Water Elevation Report for the Northwest Boundazy System October 1986, September 6/88 88159RO2

1987

Final Decision Document for the Interim Response Action for the ImPf0veme0t Of the 7/88 98329R03

North Boundary System at Rocky Mount& Arsenal via Construction of Ground Water

Redwse Twnches (IRA)

RIFS5[rable C.1-4 8/16191 2-01 PM Irw



EW 3 of 14

Table C.1-4 List of Interim Resix-me 6g1M ReM-U for Rocky Mountain Arsenal version Doe Tok RIC Number

Report TitleIRA BWW-1-Wy system via 9/88 09139ROI

Improvement the North lrnplernWt-ation Document for IRA to Improve the North

Boundary System and Evaluation Coustiuction of Ground Water Recharge Tmmhm (IRA)

of all Existing Boundary Systems 
9/89 25 88293RIO

(condnued) Boundary Syftms Monitoring Final Tienches Plan - RMA

North Boundary System component Response Action Assessment Dmft Final Report, 2.1 11/98 36 88334ROI

Volumes I - M

Nonh Boundary system component Response Action Assessment Dmft Find Report. 2.2 11/88 36 88344RO2

volumes I - M

Rocky Mountain Arsenal North Boundary containment/Trestmeiit System OPefationfil 11/88 89263ROI

Assessment Report FY87 Final Report

Rocky Mountain Anatol Northwest Boundary Containmenl/Treatment SysWn 11/88 89263RO2

Operatkiiijil Assessment Report FY87 Final Report

Bioundary Control Systems AssmMent Remedial Investigation Dmft Final Repott, 2.1 1 z" 25 89024RO2

volumes I - M

Proposed Decision Document for the Nor* Boundary System Improvements interim 1/99 89032ROI

Response Action at the Rocky Mountain Arsenal (IRA)

Nor* Boundary System Component Response Action Assessimm Final Report, 3.1 2/89 36 89103ROI

Volumes I and III

Final Decision Document for the Noah Boundary System improvements Interim 4/89 8910OR01

Rcqwm Adjon at the Rocky mountain Arsenal (IRA)

Start-up Pciflorniance of Ground Water Recharge Ttenchm, Rocky Mountain Arsenal 8189 M77ROI

Implementation Document for Recharge Tmuch project for the North Boundary SysWn 11/99 90002P.08

Improvemem (IRA)

Implementation Document for Recharge Trench Project for the North BmmWY Systein 1190 90039RO2

Improvements ([FtA)

S5/Table c. 1-4 8116191 2:01 PM Irw



T - I Action Rey"M fnf Rocky Mountain Arsenal 
Pm 4 of 14

able C .4 List of Interim ReSPO-we Version Date Task RIC Number

IRA Report Tide 3/90 90102RO4

improvement of the North Implementation Document for North Boundary System improvements

Boundary System and Evaluation IRA Treatment System Modifications, Volumes I - III

of all Existing Boundary Systems

(continued) Implementation Document for Northwest Boundary System Short-Tam Improvements "0 90192RO2

(IRA) Final

Implementation Document for Northwest Boundary System Shoft-Term Improvements 4/91 91162ROI

IRA Southwest Extension Addendum to Final

Northwest Boundary System Long-Tam Improvements IRA B(H) Final Assessment 32 6/91 91172ROI

Document

ftposed Decision Document Northwest Bmindary System RMA Long-Tenn 2.0 6/91 91172RO3

Improvements IRA

Chound Water Intercept and Final Ground Wow Intercept arid Treatment System North of Basin F Interim 3.1 7/88 88231ROI

Treatment System North of Response Action Alternatives Assessment (IRA)

Basin F Proposed Decision Document for thic Interim Response Action for the Ground Water 
88329ROI

Intercept and Treatment System North of Basin F at Rocky Mountain Anenal (IRA)

Final Decision DocurneA for do Interim Response Action for the Ground Water 12AS 89349ROI

Intercept and Tmatment System North of Basin F at Rocky Mountain Arsenal (IR.A)

Preliminary Engineering Design Package for the Ground Water Intercept and Treatment 4/99 991MR03

System North of Basin F Intedin Response Action (IRA)

Implementation Document for Ground Water Intercept and Treatment System North of 10/89 89312ROI

Basin F. Volumes I a III (IRA)

Closure of Abandoned Dmft Find Technical Plan Abandoned Well Program 
5/87 37 87277RO3

Wells on RMA l7inal Technical Plan AbandoNA Well Pwgram 3.1 2/88 37 8W6RO7

Final Technical Plan Abandoned Well Pqpm 
3.3 2188 37 88i26RO5

Pn3posed Decision Document for the Interim Response Action for the Closure of 3/89 98141ROI

Abandoned Wells at Rocky Mountain Arsenal (IRA)

OfTable C.1-4 9/16191 2-01 PM Irw



Page 5 of 14

Table C.1.4 tist of Interim Resvww Action Rep" for Rocky Mountain Arsenal

Version Dam Task RIC Number

IRA RepovtTitle 6/88 - 88328RO6
Win- s on Draft. Final Decision Document for the interim Response Action for the Closure Of

Closure odf Abandoned Wells at Rocky Mountain Arsenal (IRA)
RMA (continued) Final Decision Document for the Interim Response Action for d* a0sure Of 6/89 88329RO5

Abwwkmw wells at Rocky Mountain Arsenal (IRA)

Draft Final Report Abandoned well Pmgram, Volumes I - IV 2.0 9/88 37 88356ROI

Final Task Plan RMA Abandoned Wen CIMM ftWam (IRA) 3.0 5/89 89192RO4

Draft Fnal Report Rocky Mountain Arsenal Abandor" Well C108111t Interim 2.0 11/89 90032ROI

ResponseAction(IRA) Arsenal Abandoned Wen Closure Interim Response 3.0 2J90 90072RO7

Final Report Rocky Mountain
Action

Groundwater Intercept ad DMft Final Basin A Nock Ground Water Intercept anif irreatment System Interim 2.2 6/88 88328RO4

Tfeatment System in the Basin A Response Action Alternatives Assessment (IRA)

Nock Area Fnal Basin A Neck Ground Water I"lacePt and Treatment System Interim Response 3.2 9/88 9833OR02

Action Alternatives Assessment (IRA) 9/89 88329RO4
Proposed Decision Document for the Basin A Neck Cownd Water Intercept and
Treatment system interim Response Action at dwe Rocky Mountain Arsenal (IRA) 1=8 88352ROI

Draft Frial Decision Document for dw Basin A Nock Ground Water Intercept and

Treatment System Interim Response Action &I ft Rocky Mountain Arsenal (IRA) 2/89 89032RO2

Final Decision Document for the Basin A Nock Ground Water Intercept and Tmalinent

System Interim Response Action at die Rocky mountain Arsenal (IRA) 89192ROI
Implementation Document for Interim Response Action for die Ground Water Inlewept 6/89

System for Basin A Nock at IM Rocky MOMWO Arsenal (IRA) 89262ROS
Implemenjadon Document for Ground Water lnftwtpt and Tregumnt System for Basin SM9

A Nock (IRA) VOlunws I - III

RIFS Table C.1-4 9/16191 2:01 PM bw



Table C.1-4 I.Ast of Interim RespTse Action Rep" for-Rocky Mountain 
page 6 of 14

IRA Report Mde 
version Doe Task RIC Number

BWW F Liquift Sludges, Preliminary Design SpeciFication for Interim Action, Rocky Mountain Arsenal Basin F 4/87 89010ROI

Soils RemaliWon
95% Submittal Design Analysis Notebook for Interim Action, Rocky Mountain 4197 89011ROI

Arsenal Basin F

Hazardous Wasit Cleanup interim Action of Basin F 5/87 97176M03

Draft Bench-scale Laboratory Iticineration of Basin F Wastes, Rocky Mountain Arsenal 5/87 17 87126R01

Site Specific Safety Plan for Interim Action. Rocky Mountain Arsenal Basin F 5/87 87176R02

Interim Action of Basin F Hazardous Waste Cleanup Specifications for Service 5W V176ROI

Contra

Absorption Testing and Monitoring of Ammonia and Volatile Organics, Basin F, 6/87 87236R02

Rocky Mountain Arsenal. Commem City, CO

LOW= Renwh mW Review of Ground WaterQuality and Twatment Systems for 6/87 8719BROI

Basin F, Rocky Mountain Arsenal Final Enghxxxing Report

Design Analysis Notebook for Interint Action. Rocky Mountain Arsenal Basin F 7/97 $727IR03

60% Design Cod Estimate Intrint Action, Rocky Mountain Arsenal 9/87 87289ROI

Basin F

Laboratory Investigation of Organic Contaminant Immobilization by ftiprietary SM7 8727IR04

Processing of Basin F Uquid. Rocky Mountain Arsenal, Denver. CO

Draft Final Tedmical Plan for Basin F Interim Response Acdon Support 2.2 9/87 31 97307ROI

Draft Find Baseline Contamination Assessment Basin F Tank Siw Army Sites Norilt 10/97 21 87314ROI

Feasibility Analysis Basin F Interim Well System Rocky Mountain Arsenal and 12187 88162:R03

Results ftoin Shallow Seismic Reflection Surveys new Reservoir P

Final Technical Plan Basin F Interim Response Action Support 3.1 IZ197 31 87336R09

FS5frable C.1-4 8/16191 2-01 PM Irw



Table C.1-4 Ust of Interim Response Action ReP"- for Rocky Mountain Arsenal 
page of 14

IRA Report Tide 
Version Dole Task RIC Number

Basin F Liquids, Sludges. and Final Decisiii-Document for the Interim Action of Basin F Hazardous Waste Cleanup, 89 88141R03

soils Remediation (continued) Rocky Mountain Arsenal (IRA)

Draft Find Baseline Contamination Assessment Basin F Tank Site, Army Sites North 1/88 21 88103RO3

Data Report for the Health and Safety and Air Monitoring Program for the SIP 3/88 89116ROI

Engineering Basin F Tankage project at the Rocky Mountain Arsenal

Draft Bench Scale Laboratory Incineration of Section 36 Wastes (Expansion Program) 3/89 17 88097RO4

Rocky Mountain Arsenal

Evaluation of Three Leading Innovative Technologies for Potential Appliqtfion to 4/98 88364ROI

Basin F Materials at Rocky Mountain Arsenal

Phase I Site investigation and Analysis Basin F Ground Water Treatment Interim 6/99 88189RO5

Response Action RhM Commerce City. CO. Safety Health and Enwesgency Response

Plan (IRA)

00 Phase I Site investigation and Analysis Basin F Ground Water Trestmelit Interim 6/89 88189RO2

Response Action RMA. Commerce City, CO. Analytical Work Plan for Ground Water

(IRA)

Phase I Site Investigation and Analysis Basin F Ground Water Treatment Interim 6/89 88199RO4

Response Action RMA. Commerce City, CO, Foundation Soil Investigation Work

Plan (IRA)

phase I site Investigation and Analysis Basin F Ground Water Treatment Interim 6/88 88189RO3

Response Action RMA, Commerce City, CO. Field Investigation Work Plan (IRA)

Phan I Site Investigation and Analysis Basin F Ground Water Treatment Interim 6/89 88189ROI

Response Action RMA. Commerce City, CO .General Work Plan (IRA)

Final Volume I Summary Report for Incineration of Basin F Wages at Rocky 9/89 17 8828601

Mountain Arsenal

Final Volume 2 Selection of Incineration Technology of Basin F Wastes at Rocky 9/88 17 88286RO2

Mountain Arsenal

RIFS5frable C.1-4 8/16191 2:01 IM brw



Table C.lA List of Interim-Respownse Action Re for Rocky mountain Arsenal 
of 14

IRA Report Tide 
Version Date Task RICNumber

Bast -n F Liquids. Sludges. 04 i";nsl Volume 3 Analysis of Pilot Plant Alternatives for dw Incineration of Basin F 9/88 17 88286RO3

Sods Remediation (contiffiled) Wastes at Rocky Mountain Arsenal

Final Volume 4 Bewh-w 9/88 17 88286RO4
,ale L&boratofy Incineration of Basin F Wastes at Rocky

Mountain Arsenal

F11W Volume 5 Bewh-scaje lAbomwry Incineration of Section 36 Wasles,(ExPansion 9/88 17 88286RO5

pfognim) at Rocky Mountain Arsenal

Final Volume 6 Fun Scale Incineration System Conceptual Design for Basin F 9/88 17 88286RO6

wastes, Rocky Mountam Arsenal

Rocky Mountain Afgand Basin F Liquid Treatment Interim Respww Action INS 89192RO5

Teclinology Inventory and Screening ORA)

Evaluation of Three Leading Innovative Technologies for P(ftntial Application to 11/99 8M ROI

Basin F Materials at Rocky Mountain Arsenal
8906IR02

FAamination of Odom Associated with Rocky Mountain Arsenal Basin F 11/89

Tcdmkg Swort for Basin F Liquids Remediation Rocky Mountain An" - 2.1 Iz/88 99101ROI

Commerce City, co, Draft Twsk Plan, Volume I (IRA)

phase I site Investigation and Analysis Basin F Ground Water Tft""t Interim 1/89 M12ROI

Response Action prelimijuiry Geosechnical and Ground Water Report

FiW Task Plan T&* IRA-2 Basin F Liquids Treatment Design. Volumes I - III (IRA) 3.0 3/89 IRA-2 89192RO6

I Million Btupffloujr Pilot Study for Morrison - Knudsen Engineers on RMA Basin F 4/89 8MIROI

Liquid

Dmft Final Treatment Assessuctit Report Task ]RA2 Basin F Liquids Treatment 10/89 IRA-2 99282RO3

Design, Volumes I and U (lRA)

Roposed Decision Document for die interim Respww Action Basin F Liquid 2.0 12189 90032RO2

Disposal. Rocky Mountain Arsenal (IRA)

FS3frsble C. 1-4 8/16191 2-01 PM Irw



page 9 of 14

Table C,.l -4 USt 01 1
- .1.4 List of In Version Date Task RIC Number

IRA Report Title 3.0 1ýý IRA-2 90032RO3

Basin sludges, Final Treatment ýýssessment jj*pm Ta* IRA-2 Basin P Liquid Treatment, Design.

soils don (continueM Volumes I - III (IRA) 2.1 1/90 IRA-2 90039ROI

Draft public Health Risk Assessment Report Submerged Quench Incinerator Task IRA-

2 Basin F Liquids TM111111011t Design (IRA) Response Action Bain F Liquid 3.1 4190 90102JtO5

Draft Find Decision Document for the Interim
Tmitment Rocky Mountain Arsenal (IRA). Volumes I NO 11 3.2 5/90 90142RO3

FInd Decision Document for, the, interim Response Action Basin F Liquid Tminkent

Rocky Mountain Aitsenal (IRA), Volumes I and 11 9/99 91219ROI

Basin F Interim Action C10845-00 Safety Report Final Draft' Volumes I and 11 1/90 90079ROI

Basin F Interim Response Action OlieradoiOWntenance Manual and Inspection

Pffloedules 7/87 30 88U4RO1

Building 1727 Sump Liquid Building 1727 Sump Interim Response Action Assessment Draft Find Twatability

Study Draft Final Report 1727 (IRA) 2.3 5/88 30 89134ROI

Ineem Response Action Alternatives Assessment 3.2 7/99 30 98243ROI

Sump 1727 Interim ResPwW Action Altematim Assessment Final Report (IRA) 88329RO6

proposed Decision Document for the lnwdm Response Action for Building 1727 Sump

at Rocky Mountiun Arsenal (IRA) 11/89 8W RO1

Dmft Final Decision Document for the, Inwdn Action for Building 1727 Sump at

Rocky Mountain Anend (IRA) 12/88 89019ROI

Final Decision Document for the Interim Response Action for Building 1727 Sump at

Rocky Mountain Arsenal (IRA) 2499 89062RO4

Draft Implementation Document for the interim Response Action for Building 1727

Sump at Rocky Mountain Arsenal (IRA) 5/89 89139RO2

Final Implementation Document for the Interim Response Action for Building 1727

Sump at Rocky Mountain Arsenal (IRA)
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Table c. 1 -4 List of Interim Resp-onse Action ReMts Mountain Arsenal

IRA Report Mde 
Version Date Task RIC Number

Closin of ft Hydrazine Facility Definition of Regulatory Requirement% Site Assessment, and Disposal Analysis for W97 89109ROI

Decommissioning the Hydrazine Blending and Storage Facility, Rocky Mountain

Arsenal. CO. Find Report

Draft Final Report Hydrazim Blending and Storage Facility Wastewater Tmau=t and 2.2 4188 34 88127RO3

DecommLikoing Assemnent

Final Report Hydrazine Blending and Stonge Facility Waste Water Treatment and 3.1 6/88 34 88196RO7

Decommissioning Assessment

Pwposed Decision Document for tive Interim Response Action at the Rocky Mountain 7/88 88328RO2

Arsenal Hydw-ine Blending and Swage Facility (IRA)

Draft Final Decision Document for the Interim Response Action at the Rocky 9/98 89262RO4

Mountain Arsenal Hydmdm Blending &W SWMe Facility (IRA)

Final Decision Document for tM Interim Response Action at dve Rocky Mountain 10/88 88329RO2

Awtal Hydmzine Blending and Smv Facility (IRA)

Draft Final Task Plan Hydrxdne Blending and Storage Facility Interim Response 09 89272RO3

Action implementation (IRA) Volumes I - IV

Final T&* Plan Hydrazine Blending and Storage Facility Interim Response Action 9/89 89262RO,

Implementation. Volumes I - IV(IRA)

Fugitive Dust Control Draft implementation Document for de Application of Dust Suppressant at Basin A. IZI99 90009ROI

Section 36 of the. Rocky Mountain Arsenal (IRA)

Sewer Remediation Final Tedmical Plan Sewers and Process Water Systems Investigations 3.1 11/87 10 87336RO3

Draft Final Sanitary Sewer Remediation interim Response Action Alternatives 2.1 8/88 88328ROI

Assessment (IR.A)

Final Sanitary Sewer Remediation Interim Response Action Alternatives Assessment 3.2 9/89 8833OR01

(IRA)
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Table C. 1.4 List of Interim RCSVOM- Action Re2"- for Rocky Mountain Arsenal 
Page I I -of 14

IRA Report Tide 
Ver" Date Twk RIC Number

Sewer Vanediation, (continued) Proposed Decision Document for do Sanitary Sewer System Interim Response Action 1/89 89032RO4

at Rocky Mountain Arsenal (IRA)

Final Decision Document for the Sanitary Sewer System Interim Response Action at 3/89 8910OR02

Rocky Mountain Arsenal (IRA) I

Rocky Mountain Arsenal Sanitary Sewer Interim Response Action Draft 1190 90032RO5

Implementation Plan, Volumes I and 11 (IRA)

Asbestos Remmad Asbestos Sampling Report for the Rocky Mountain Arsenal in Commerce City. CO 1199 M 2RO3

(IRA)

Draft Interim Response Action Technical Plan Asbestos Removal - Phase 11 Removal 2.0 4199 89122ROI

(IRA)

Find Interim Response Action Technical Plan Asbestos Removal - Phase 11 Removal 3.0 7/89 89222JtO2

(UtA)

Interim Response Action Final Report Asbestos Removal - Phase 11 Removal (IRA) 3.0 12/89 90009RO4

Remediatim of Other Remediation of Other Contamination Sowces Draft Task Plan, Text and Appendices 2.0 4/89 99122RO3

contamination Sources A - F (IRA)

(7Hot Spots")
FmW Task Plan Remediation of Oder Contamination Sources, Text and Appendices A. 3.0 6/89 89222ROS

B. C. F (IRA)

Results of Field and tabocalory Investiptions Conducleil for the Remediafm of Other 2.0 11/99 90002RO6

contamination Sources interim Response Action, Volumes I and 11 (IRA)

Lime Settling Basins Alternative Assessment of Interim Response Actions for Other Contamination Sources 1.0 8/99 BM201

Lime Settling Basins (IRA)

Proposed Decision Document for the interim Response Action at the Lime Settling 2.0 11/99 90002ROI

Basins, Rocky Mountain Arsenal (IRA)

Final Alternative Assessment of Interim Response Actions for Other Contamination 3.0 11/89 90032RO4

Sources Lime Settling Basins (IRA)
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Table C. 14 List of interim Resgo-m Action ReM Rocky ntain Arsenal 
Page 12 of 14

Version Date Task RIC Number

IRA Report Tide W89 90043ROI
Tmatability Test Re" for Application of in situ Vitrification Technology to

RemedZi-x; Of Other PestlcWe. Arsenic, 04 Mercury Contaminated Sols from the M - I Ponds Site Of
Contamination Sources
(-Hot Sipols") (continued) Rocky Mountain Arsenal. CO

M - I Settling Basins Find Decision Document for the Interim Response Action at the Lime Settling Basins 4.0 3/90 90072RO2

Rocky Mountain Arsend (IRA)

Alternative Assessment of Interim Response Actions for Other Contamination Sources 2.0 9/89 89262R06

Mi Sealing Basins (IRA)

Proposed Decision Document for the Interim Response Actions at the 2.0 11/89 90002R02

M - I Sealing Basins Rocky Mountain Arsenal (IRA)

Final Alternatives Assessment of Interim Response Action for Other Contamination 3.1 11/89 90002RO5

Sources M - I sealing Basins, Rocky Mountain AfSVW (IRA) 4.0 3/90 90072RO3
Final Decision Document for the Interim Response Action at die M-1 Settling Basins,

Rocky Mountain Arsenal (IRA) 2.1 W87 38 8= 04

Motor Pool Area- Draft Summary Report Western Tier WE Soil Gas Investigation. Rocky Mountain

Trichlowethylene Plume Arsenal

Final Westerarwr Trichloroethylene Investigation Technical Plan 10/97 38 97336R08

Final Summary Report Wesurn Tier TCE Soil Gas Investigation. Rocky Mountain 3.2 1/89 39 88046ROI

Arsenal

Alwrnwive Assessment of Interim Response Actions for Other Contunhation Sources 2.0 9/99 99262R07

Motor Pool Are& (IRA)

Pwoposed Decision Document for dw interim Response Action at the Mowr Pool Am 2.0 11/89 90002RO3

Rocky Mountain Arsenal (IRA)

Find Alwrnstives Assessment of Inwrim Response Actions for Other Conbuninatiou 3.1 11/89 90002RO4

Sources, Mowr Pool Area (IR.A)

Pmliminary Engineering Design Package for Rail ClaWrwjWm Yatd/Motor Pool Are& 4.0 2190 90072R04

Interim Response Action (IRA)
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Table C.1-4 List of Interim Response Action RemU for Rocky Mountain Arsenal 
Page 13 of 14

IRA Report Title 
Version Dde Task RIC Number

Remediation of Other
Contamination Sources Final Decision Document for the Interim Response Action at the Motor Pool Ana, 6190 90192RO3

(-Hot Spots-) (confinued) Rocky Mountain Arsenal (IR.A)

Rail Classilication Yard -
DBCP Plume Irondale DBCP Control System Rocky Mountain Arsenal, Review of 1986 Operations 7/87 97271ROI

Evaluation of Shell Chemical Companys Ground Water DBCP Control System at 6/88 88195ROI

Rocky Mountain Arsenal FY95/FY86. Volumes I and 11

Draft Frial Altemauves Assessment for Other Contamination Sources InWrim 11/99 89262RO2

Response Action Rail classiftation Yard, RMA (IRA)

Proposed Decision Document for Other Contamination Sources Interim Response 6/90 90192RO3

Action Rail Classification Yard RMA (IRA)

preliminary Engineering Design Package for Rail CWssificitfion YwO&Mr Pool Awn 11/89 90002RO7

Interim Response Action (UtA)

Find Decision Document for Oder Contamination Sources Interim Response Action 3/90 9W72RO5

Rail Classification Yard RMA (UtA)

Army (Complex Disposal) Draft Final Alternative Assessment of interim Response Actions for Other 2.0 9/89 89282ROI

Trenches Contamination Sounm Complex Disposal Trenches (IR.A)

Final Alternatives Assessment of Interim Response Actions for Other Contamination 3a 1/90 90039RO4

Sources Complex Disposal Trenches Rocky Mountain Arsenal (IRA)

Final Decision Document for the Interim Response Action at the Complex Disposal 4.0 4/90 90102RO2

Trenches Rocky Mountain Arsenal (IRA)

Shen Trenches Draft Final Alternatives Assessment for Other Contamination Sowces of Inwim 9/89 99292RO2

Response Action Shell Section 36 Tfencbes, RMA (IR.A)

Final Alternfivell Assessment Other Contamination Sottrces Interim Response Actm 1/90 90039RO3

Shell Section 36 Trenches. RMA (IRA)

Final Decision Document for Other Contamination Smces Interim Response Action 4/90 90102RO3

Shell Section 36 Trenches. RMA (IRA)
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Table C. 1 -4 List Of Interim ResWtse Action ReP0-M for Rocky Mountain Arsenal 
Palte 14 of 14

Version Date Task RIC Number

IRA Report Tide 7/89 89216ROI

South Tank Farm Plum Veli6irtdf Hydrogeologic and Water Quality Invc3fiPtiOns in the South Tank Fain
plume, Section 2. RMA rim pon 3/90 90102ROI
Draft Final Alternatives Assessment Other Contamination Sour= Inte Rcs se

Actm South Tank Farin Plume (IRA) 5/91 91122RO2

Final Decision Document for other containination sources Interim Response Action

South Tank Farm Pluin wasiewater Twatmeit System interim ResPon9e 10/88 8832BR(Y7

pieticatmeat of CERCLA Liquid Draft Final Work Plan CERCLA

Waste Action (IRA) 99032R03

Final Work Plan CERCLA wamwater Tfeatment, System interim ResImse Action 1/89

(IRA) 6/89 89222!R04

Pretreatment of CERCLA Liquid CERCLA Wawwaw Tmimen, System Needs Assessment and pgý Treatability

study Draft FaW Rqxxt (IRA)wasie (continued) CF wsnwm Volumes I and 11. 10/89 99312RO2

RCLA Wastewata Tfeatmen, symm Revised Draft A&

(IRA) IZ189 90009RO2

hoposed Decision Document for die CERCLA. Wgglewatef Tmatment System Intaim 12/99 90009RO3

CERCLAWLste"Iff Tmitment System Final Assessment Volumes I and 11 (IRA) 4/90 90142RO2

Draft Final Decision Document for the CERcLA wastewater Treatment System

Inwira Response Action at the Rocky Mountain Arsenal (IRA)
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The final alternative selected for the IRA will incorporate groundwater extraction and

recharge systems to remove contaminants from the groundwater. Physical barriers or

permanent structures will not be used because they would affect groundwater flow directions

and velocities and rnight interfere with the final remediation of alluvial groundwater.

Groundwater extraction will therefore be accomplished with extraction wells or subsurface

drains. Organic contaminants will be removed from the water with a carbon adsorption

treatment system. The treated water will be returned to the alluvium by using recharge wells

(HLA, 1989a/RIC 89222ROl).

C.2.2 IMPACT

Implementation of this IRA will affect groundwater north of RMA. Extraction and treatment

of contaminated groundwater will intercept and arrest the migration of contaminants.

C.2.3 STATUS

The Alternatives Assessment and Decision Documents are finalized-, pilot testing has been

completed. The Implementation Document was released in October 1990. Construction is

scheduled to start September 1991, with a proposed completion date of December 1992.

C.3 IMPROVEMENT OF THE NORTH BOUNDARY CONTAINMENT SYSTE AND

EVALUATION OF ALL EXISTING BOUNDARY CONTAINMENT SYSTEMS

This IRA consists of three components: (i) implementation of groundwater recharge trenches

to increase the reinjection rate of treated groundwater for the North Boundary Containment

System (NBCS); (ii) assessment, selection, and implementation of any appropriate

improvements to the Irondale Containment System (ICS) and Northwest Boundary

Containment System (NWBCS) as necessary; and (iii) assessment of the need for and

implementation of any necessary improvements (such as expansion) to the NBCS (FFA,

1989/RIC 89068R01).
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C.3.1 DESCRIPTION

The existing NBCS (Figure RISR C.1-1) uses wells for extraction of contan-driated

groundwater. It treats the organic contaminants with carbon adsorbers, and reinjects the

treated groundwater by means of recharge wells and trenches. Component (i) of this IRA,

which was completed in 1988, consisted of the construction of recharge trenches along the

western half of the existing NBCS. These recharge trenches so increase the system's ability

to reinject treated water that a positive hydraulic head is established on the downgradient side

of the system's slurry wall (PMRMA, 1988c/RIC 88329RO3).

The existing NWBCS (Figure RISR C.1-1) operates in the same manner as the NBCS. Under

component (ii) of this IRA, a schedule is currently being formulated for the NWBCS that

allows the assessment and implementation of modifications to the system through the short-

and long-term phases of the IRA. Shell or its contractor will be responsible for the short-

term phase, which may include additional wells and recharge trenches, improved system

operation, and improved reliability. The organic contaminants will be treated to the same

degree as in the existing NWBCS. The Army is responsible for the long-term assessment of

this system.

For component (iii) of this IRA, Shell or its contractor will be responsible for constructing

more recharge trenches along the eastern half of the existing NBCS. Modifications to the

existing treatment plant will include improved system operation and reliability, including

reduced carbon usage and reduced carbon fine recirculation throughout the system (PMRMA,

1989b/RIC 8910OR01). The organic contaminants will be treated to the same level as in the

existing NBCS.

C.3.2 IMPACT

Implementation of this IRA will impact groundwater at RMA because the NBCS and

NWBCS will minimize the amount of contaminated groundwater that n-dgrates off post.

C-27
RF53/RPT0063.RF5 10191 2:27 pm dm



C.3.3 STATUS

For component (i), construction and implementation of improvements to the NBCS are

currently underway. This IRA was completed in December 1990.

Component GO of this IRA is divided into short- and long-term improvements. For the short-

term improvements, the Decision Document was firialized and the Draft Implementation

Document was issued in June 1990. Construction on the system extension began in June

1990 and is scheduled to be completed in November 1991. The assessment for long-term

improvements is currently underway. The Final Assessment is scheduled for May 1991.

Component (iii) of this IRA, construction and implementation of NBCS recharge trenches,

was completed in December 1988.

CA GROUNDWATER INTERCEPT AND TREATMENT SYSTEM NORTH OF BASIN F

The Groundwater Intercept and Treatment System North of Basin F IRA (Figure RISR C.1-1)

consists of the assessment, selection, and implementation of a system to intercept and treat

contaminated alluvial groundwater north of Basin F (FFA, 1989/ RIC 89068R01). The

specific objectives of this IRA include increasing the efficiency of the boundary containment

systems, and collecting operational data that will be useful for the design of the final response

for contan-driated alluvial groundwater originating from the Basin F area (PMRMA, 1988f/

RIC 88349R01).

C.4.1 DESCRIPTION

A pretreatment system using one extraction well was located just north of Basin F, and an air

stripping operation was constructed next to the Basin A Neck treatment system.

Contaminated groundwater will be extracted and pretreated through a packed column air

stripper. This groundwater will be combined with Basin A Neck groundwater and treated by

carbon adsorption. After the volatile and sernivolatile organic compounds are reduced to
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appropriate levels, the treated groundwater will be reinjected via the Basin A Neck recharge

trenches (MKE,1989a/RIC 8910OR03).

C.4.2 IMPACT

The implementation of this IRA will impact the water and air at RMA- Extraction and

treatment of contaminated groundwater close to its source will reduce the concentrations of

contan-dnants downgradient at the NBCS and will reduce the potential for volatilization of

contan-iinants from groundwater.

C.4.3 STATUS

The construction phase of this IRA began in December 1989 and was completed in

September 1990. The operation and treatment phase of this IRA is ongoing.

C.5 CLOSURE OF ABANDONED WELLS ON RMA

The Closure of Abandoned Wells on RMA IRA consists of plugging and closing wells that

are not currently part of, or are not suitable for, future use in an RMA monitoring program

(FFA, 19891RIC 89068R01). Concern over possible downward contaminant migration from

potentially contaminated aquifers to underlying uncontarriinated aquifers via unused or poorly

constructed wells at RMA is the basis for this IRA. This IRA does not follow the typical

IRA implementation procedures outlined in Figure RISR C.1-2, but was originally

implemented (in part) under Tasks 4, 44, and 37. This IRA was completed in February 1990.

One additional well was found by paving contractors in May 1990, and was closed during

June 1990.

C.5.1 DESCRIPTION

A preliminary evaluation and summary of RMA wells was conducted under the groundwater

screening and monitoring programs of Remedial Investigation/Feasibility Study (RI/FS)

Tasks 4 and 44 (ESE, 1986/RIC 86317ROI). Task 37 was established as the first step in

addressing the objective of closing unused and abandoned wells on RMA. The study area for
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Task 37 was limited to those areas of RMA that were within or downgradient of potential

contamination source areas. Each well considered in the Task 37 program was screened for

inclusion in a first-level field search, based on characteristics such as proximity to known

contamination plumes, depth, or penetration of two or more aquifers. If the well could not be

found in the first-level field search using visual observation and conventional geophysics, it

was screened for inclusion into a more elaborate second-level search that used specialized

geophysical techniques. A total of 39 wells were closed under this task in 1988 (EBASCO,

1988d/RIC 88356ROl).

The objectives of this IRA included identifying abandoned wells not previously addressed

under Task 37, conducting field searches for all abandoned wells, measuring well parameters,

noting condition of wells, and closing all abandoned wells located through the field search. A

total of 312 wells were closed under this IRA (R.F. Weston, 1990b/RIC 90072RO7).

C.5.2 IMPACT

Potential groundwater contamination has been minimized by reducing the probability of

downward contaminant migration between aquifers via unused or poorly constructed wells.

C.5.3 STATUS

The closure of abandoned wells began in April 1988 and was completed in February 1990.

C.6 GROUNDWATER INTERCEPT AND TREATMENT SYSTEM IN THE BASIN A

NECK AREA

The Groundwater Intercept and Treatment System in the Basin A Neck Area IRA (Figure

RISR C.1-1) consists of the design and construction of a system to intercept and treat alluvial

groundwater in the Basin A Neck area (FFA, 1989/RIC 89068ROI). The specific objectives

of the IRA include minimizing the migration of contaminants from Basin A through the

Basin A Neck alluvial aquifer, improving the efficiency of the boundary treatment system;

collecting operational data on the interception, treatment, and recharge of contan-iinated
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groundwater to be used in the selection and design of the final response action; and

accelerating groundwater remediation within RMA.

C.6.1 DESCRIPTIdN

The Basin A Neck is an alluvium-filled paleochannel in the bedrock surface between

Rattlesnake Hill and North Plants Hill. Groundwater from the Basin A area flows northwest

through this paleochannel (EBASCO, 1988c/RIC 88330R02). The groundwater intercept and

treatment system is located in Sections 26 and 35, in the "narrow" portion of the Basin A

Neck, in order to intercept contarrdnated groundwater originating from the neck area and from

Basin A (PMRMA, 1989a/RIC 89032RO2).

The extraction system consists of seven alluvial extraction wells emplaced near the center of

the paleochannel. Alluvial piezometers were constructed in the vicinity of the extraction

wells to provide connections between permeable zones and to assist in groundwater

extraction. An activated carbon adsorption treatment system is used to remove organic

contarrdnants from groundwater. The recharge system consists of gravel-filled trenches

constructed across the deeper, more permeable parts of the alluvial paleochannel. A soil-

bentonite slurry wall was constructed across the alluvial neck between the recharge trench and

extraction wells to limit the amount of recirculation between the two systems.

C.6.2 IMPACT

The implementation of this IRA impacts the water and air at RMA. Extraction and treatment

of contaminated groundwater will reduce the concentrations of contaminants downggradient at

the NBCS and will reduce the potential for volatilization of contaminants from groundwater.

C.6.3 STATUS

The construction phase of this IRA began in November 1989 and was completed in July

1990. The operational and treatment phase of this IRA is ongoing.
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C.7 BASIN F LIQUIDS, SLUDGES, AND SOILS REMEDIATION

The Basin F Liquids, Sludges, and Soils Remediation IRA (Figure RISR C.1-1) consists of

the remediation of contaminated liquids, sludges, and soils from within and underneath Basin

F (FFA, 1989/RIC 89068ROl). Specific objectives are to prevent potential infiltration of

contaminated liquids to groundwater, eliminate potential adverse impacts to wildlife that come

in contact with contaminated basin materials, and elin-dnate en-dssions of volatiles from

Basin F (PMRMA,1988b/RIC 88141RO3).

C.7.1 DESCRIPTION

This IRA consists of two components: (i) Basin F-Liquids, Sludges, and Soil Removal, and

(ii) Basin F Remediation-Liquids Treatment.

Construction of the Liquids, Sludges, and Soil Removal component began in March 1988.

This component included transfer of the remaining basin liquids into temporary storage tanks

constructed by Shell under the September 26, 1986, Memorandum of Understanding;

construction of a lined waste storage pile, a double-lined leachate surface impoundment, and a

double-lined evaporation pond (Pond A); excavation of Basin F soils from 6 in. below the

original asphalt liner to specified depths, as directed by the U.S. Army Corps of Engineers

(COE), to expose visually clean soil; stabilization of excavated soils by absorption before they

were placed in the waste pile; and final grading, capping, and revegetation of the excavated

area (PMRMA, 1988b/RIC 8814IR03). A total of about 8.5 million gallons of liquid were

actually transferred from Basin F. Four million gallons were transferred to storage tanks and

4.5 million gallons were transferred to Pond A (WCC, 1989d/RIC 90032RO3).

A 16-acre double-lined waste storage pile was constructed to house an estimated 500,000

cubic yards of excavated soil. The waste pile has a multimedia cover and a leachate

detection/collection system to reduce the chance of infiltration, leachate formation, and

subsequent leakage. A synthetic liner and a I-ft clay cap were placed on top of the waste

pile, and a 1-ft clay cap was placed over the area within the original fenced Basin F
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boundary. Monitoring activities and cap maintenance will be performed until final

remediation (PMRMA, 1988b/RIC 88141RO3). Photographs in Figure RISR C.7-1 show the

Basin F area on March 8, 1988., prior to the implementation of the Liquids, Sludges, and Soils

Removal IRA component (top), and the basin area on May 8, 1989, as this component was

nearing completion (bottom).

Steps involved in the Basin F Remediation-Liquids Treatment IRA component include

selecting the final treatment process for Basin F liquids temporarily stored in tanks and in

Pond A, conducting pilot-scale testing to support engineering design of the selected treatment

process, and developing an engineering design package for the selected treatment process

(WCC, 1989a/RIC 89192RO6; WCC, 1990a/RIC 90102RO5). The Assessment Document

(WCC, 1989d/ RIC 90032RO3) identified five treatment technologies that could treat the

Basin F Liquid. The Final Decision Document specifies submerged quench incineration as

the treatment technology that will be used to treat the Basin F Liquids (WCC,

1989d/RIC90032RO3). Construction of this IRA began in March 1991.

C.7.2 IMPACT

The removal and storage of basin liquids, sludges, and soils and the installation of a cap on

the basin area and waste pile have potentially impacted the soils, water, structures, air, and

biota. Basin soils and sludges have been stabilized and contained until a final remedial

decision is implemented; the potential for infiltration or migration of contaminants to

groundwater has been minimized; vapor emission from basin liquids has been reduced or

eliminated; additional structures, storage tanks, and surface impoundments have been

constructed; and biota are no longer directly exposed to basin materials.

C.7.3 STATUS

The construction phase for the Liquids, Sludges, and Soils Removal component was initiated

March 1988 and completed May 1989. The Final Decision Document for the Liquids

Treatment Component was released in May 1990. The Implementation Document was
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released in December 1990, with construction beginning in March 1991. This IRA is

scheduled for completion in July 1995.

C.8 BUILDING 1727 SUMP LIQUID

The Building 1727 Sump Liquid IRA (Figure RISR C.1-1) consists of the remediation of

contaminated sump liquid to mitigate any remaining threat of the release of liquids from this

sump (FFA, 1989/RIC 89068R01).

C.8.1 DESCRIPTION

Between 1953 and 1982 the Building 1727 chen-dcal sump reportedly overflowed several

times, causing release of liquids to the surrounding area and into a nearby drainage ditch that

emptied into First Creek (EBASCO, 1989a/RIC 89166RO5). In 1987 an emergency response

was implemented to pump over 50,000 gallons of sump liquid to tanks and tanker trailers, and

an activated alun-dna/granular activated carbon (AA/GAC) treatment system was installed to

treat the stored sump liquid (PMRMA, 1988e/RIC 89019R01).

The emergency response AA/GAC treatment system was determined to be the preferred

alternative for this IRA. The system was installed in October and November 1987 in

Building 1713, and consists of a wastewater holding tank, a pH adjustment system, and two

parallel AA/GAC treatment lines. The manual treatment system operates on an as-needed

basis and has a capacity of 5 gpm when both AA/GAC treatment lines are used. The

treatment system has achieved the proposed effluent limits for the following contaminants of

concern: arsenic (50 ug/1), cadmium (10 ug/1), lead (50 ug1l), and fluorine (4,000 ug/1).

These effluent limits are equivalent to the maximum contaminant levels specified in

40 CFR 141.11. The system has also achieved the health-based standard for

isopropy1methylphosphonic acid (16.8 ppm), which is used by the Army in the absence of a

promulgated standard (PMRMA, 1989d/RIC 89139RO2). Effluent meeting these standards is

discharged to the RMA sanitary sewage treatment system; effluent not meeting these

standards is retreated (PMRMA, 1988e/RIC 89019R01).
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C.8.2 IMPACT

Implementation of this IRA has impacted soil, water, and structures. With the continued

operation of this treatment system, there is no longer a threat of sump overflow, which

elin-Linates the potential for further structure, surface water, or soil contamination in the

immediate area.

C.8.3 STATUS

The construction phase of this IRA was completed in November 1989. Currently, the system

operates on an as-needed basis and maintenance operations are ongoing.

C.9 CLOSURE OF THE HYDRAZINE FACILITY

The Closure of the Hydrazine Facility IRA consists of two components: (i) treatment and

disposal of pretreated liquids in tanks used for storage of hydrazine blending waste products;

and (ii) dismantling and disposal of all remaining aboveground structures (FFA, 1989/

RIC 89068R01).

C.9.1 DESCRIPTION

The hydrazine blending and storage facility (HBSF) was used as a depot to receive, blend,

store, and distribute hydrazine fuels (Figure RISR C.1-1) (PMRMA, 1988d/RIC 88329RO2).

Tile 10-acre facility was owned by the U.S. Air Force and operated by the Army between

1959 and 1982 (HLA, 1989b/RIC 89262RO3). Anhydrous hydrazine and unsymmetrical

dimethy1hydrazine were shipped to RMA and blended to produce Aerozine 50 on an as-

needed basis by the Air Force. Additional operations included loading and unloading of

railcars and tank trucks; destruction of off-spec Aerozine 50; and storage of Aerozine 50,

anhydrous hydrazine, monomethyl hydrazine, monopropellent hydrazine, hydrazine 70,

unsymmetrical dimethylhydrazine, and hydrazine (PMRMA, 1988d/RIC 88329RO2).

Approximately 300,000 gallons of hydrazine wastewater are currently stored at the HBSF.
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An ultraviolet/hydrogen peroxide unit was chosen as the best available technology for

treatment of wastewater stored at the HBSF. Wastewater will be pumped into an on-site

treatment facility, treated, sampled for effluent concentration of the contaminants of concern,

and disposed in the RMA sewer treatment plant before off-post release. If the effluent

concentration of contaminants is too high, the water will be treated again. After all the

wastewater is treated and disposed, all remaining aboveground structures will be dismantled,

decontaminated, and disposed (PMRMA, 1990). Construction of this IRA is scheduled to

begin in October 1991.

C.9.2. IMPACT

Implementation of this IRA will impact the structures and air at RMA.

C.9.3 STATUS

The Implementation Document for this IRA was released in December 1990. Construction of

the treatment facility is complete, and start-up testing is underway. Estimated completion of

this IRA is scheduled for July 1992.

C.10 FUGITIVE.DUST CONTROL

The Fugitive Dust Control IRA consists of the selection and implementation of a dust

suppressant program (FFA, 1989/RIC 89068R01). The purpose of this IRA is to prevent

airborne transport of potentially contaminated dust, primarily from the unvegetated areas of

Basins A and F (PMRMA, 1989e/RIC 90009R01). This IRA has not followed the typical

process outlined in Figure RISR C.1-2, as it was implemented prior to the FFA, and is

ongoing.

C.10.1 DESCRIPTION

Basin A was constructed for the evaporation of aqueous industrial wastes generated during

manufacturing operations at RMA. Liquids contained in Basin A were transferred to Basin F

between December 1956 and September 1957 (EBASCO, 1989c/RIC 89166RO7). Since that
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time fugitive dust has been observed emanating from the dry, unvegetated portions of Basin A

during high-wind events. OCPs and metals have been detected in fugitive dust samples

collected downwind of Basin A (EBASCO, 1989b/RIC 89166RO6).

Potential fugitive dust emission areas will be periodically inspected until the cleanup at RMA

is completed, with areas of potential hazard being treated with a dust suppressant. Inspection

of known areas and identification of new areas of potential dust emissions is part of this

IRA's implementation strategy (PMRMA, 1990).

C.10.2 IMPACT

Minimization of airborne contaminated dust from unvegetated areas to downwind areas will

impact the air and soil at RMA.

C.10.3 STATUS

The Draft Implementation Document for this IRA was released in December 1989 (PMRMA,

1989e/RIC 90009R01). Application of a dust suppressant (Dusdown 70) was conducted in

the spring and summer of 1988 in the Basin A area. Dust supressant is being reapplied to the

area in May 1991. Assessment of future applications will be on a case-by-case basis until the

final Record of Decision.

C.11 SEWER REMEDIATION

The Sewer Remediation IRA consists of the remediation of certain priority portions of the

sanitary sewer system to minimize the potential for contan-dnant migration, with first priority

given those sewer segments located below groundwater (FFA, 1989/RIC 89068R01).

C.11.1 DESCRIPTION

Sewer investigations in the South Plants area have revealed line sags, offset and leaking

joints, broken joints and pipe sections, and crushed pipe. Parts of the sewer line may be

below the water table or may have been below it in the past. Groundwater entering the sewer
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line through broken joints and pipe sections may flow downline to the sewage treatment plant

(Section 24), or may exfiltrate to surrounding soil at points along the way (PMRMA,

1989c/RIC 8910OR02). Infiltration of groundwater into sewer lines is not a concern in the

North Plants area as the groundwater table is located approximately 10 to 20 ft below the

sewer lines, but there is a possibility of surface water runoff entering several exposed sewer

connections in this area. Figure C.1-1 indicates the location of the sanitary sewer on RMA.

The Sewer Remediation IRA will address three areas of concern along the RMA sewer

system. In the South Plants area, inactive sewer lines will be abandoned in place and plugged

by placing concrete into selected manholes. Cut-off walls constructed from sheet pile will be

installed at every plugged manhole. Wastewater from the South Plants liquid treatment

facility will be transported through existing sewer lines to manhole 97, where a temporary

aboveground pressurized line will transport flow to manhole 93 near the RMA Fire Station.

A new pressurized sewer line (force main) will be installed from the fire station to the

administration area sewer line. In the North Plants area, seven exposed sewer connections

will be capped or plugged. The third area of concern, the interceptor line between manholes

98 and 46, will be abandoned in place and plugged with cement at 12 manholes.

C.11.2 IMPACT

The implementation of this IRA will impact the soils and groundwater at RMA. As a result

of plugging and grouting sewer lines, installing cut-off walls, and redirecting waste now

through new pipelines, the possibility of infiltration, transport, or exfiltration of potentially

contarriinated water through sewer lines to downline areas, soils, or groundwater will be

minimized. Air may be temporarily impacted during the pipe installation operations if soils

contaminated by volatile compounds are exposed during excavations.
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C.11.3 STATUS

The Draft Implementation Document (R.F. Weston, 1990a/RIC 90032RO5) was released in

January 1990 with construction beginning in January 1991. Completion of this IRA is

estimated for March 1992.

C.12 ASBESTOS REMOVAL

The Asbestos Removal IRA consists of the prompt removal and disposal of friable and

flaking asbestos-containing material (ACM) where a potential for human exposure exists

(FFA, 1989/RIC 89068ROI). This IRA is exempt from Decision and Implementation

Document requirements (PMRMA, 1990).

C.12.1 DESCRIPTION

This IRA will be conducted in three phases. Phases I and II, which are completed, consisted

of the assessment of 38 occupied buildings and the removal of friable ACM from ten

buildings. Phase III, which is proposed, consists of the removal of all ACM on RMA

(PMRMA, 1990).

The proposed strategy for this IRA includes the inspection of buildings, tanks, foundations,

substations, and pipe runs (units), by a certified asbestos inspector, to detern-dne the probable

presence of ACM. Suspected ACM will be sampled, as required, to determine the type and

amount. Air sampling will be conducted in and around each unit. If necessary, removal and

disposal will be conducted as required by regulations and in the most cost-effective manner

(PMRMA, 1990).

C.12.2 IMPACT

The implementation of this IRA will impact both structures and air and will minimize any

immediate hazard posed by ACM.
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C.12.3 STATUS

Phases I and II of this IRA were completed by December 1989. Anticipated release of the

Assessment Document for the proposed Phase III component is September 1992.

Implementation of the IRA is scheduled for October 1992; completion is scheduled for

December 1995.

C.13 REMEDIATION OF OTHER CONTAMINATION SOURCES ("HOT SPOTS")

The Remediation of Other Contamination Sources IRA consists of the assessment and, as

necessary, the selection and implementation of IRAs for specific source areas ("hot spots")

that require immediate attention (FFA, 1989/RIC 89068ROl). The following areas have been

included in this IRA:

" Lime Settling Basins

" M-1 Settling Basins

" Motor Pool Area - Trichloroethylene Plume

" Rail Classification Yard - DBCP Plume

Army (Complex Disposal) Trenches

" Shell Trenches

" South Tank Farm Plume

Proposed source areas may be added to this IRA upon review, evaluation, and approval of

technical dam by the Army, Organizations and State (FFA, 1989/RIC 89068ROl).

Figure C.1-1 shows the approximate locations of the seven "hot spot" IRAs.

C.13.1 DESCRIPTION

The Lime Settling Basins consist of three unlined evaporation basins, each covering

approximately I acre. Wastewater from the production of Army agents was routinely treated

with lime to precipitate metals and reduce the arsenic concentration and then discharged into

the basins. Subsequent discharges of wastewater from the production of pesticides resulted in

the addition of pesticides to the basins' sludge. The sludge and nearby sofls contain elevated
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concentrations of OCPs, OSCHs, OSCMs, arsenic, mercury, and ICP metals and are a source

of contamination to the groundwater (EBASCO, 1989c/ RIC 89166RO7). The preferred IRA

alternative consists of a slurry wall and vegetative cap and a limited groundwater extraction

system that will be installed to maintain groundwater levels within the enclosed basin

(PMRMA, 1990).

The M-1 Settling Basins were used to treat wastewater from the lewisite disposal facility

and, to a lesser degree, to treat wastes from alleged spills in other buildings that may have

been routed through floor drains and the connecting piping to the basins (EBASCO,

1988b/RIC 88286R10). The M-1 settling basins were backfilled in 1947 and are now covered

with soil. A few structures were constructed in these areas. Waste materials in the basins

and nearby soils contain elevated concentrations of arsenic, mercury, agent, OCPs and other

organics, and are a source of arsenic contamination to the groundwater. The preferred IRA

alternative is in situ vitrification (ISV), installation of a subsurface barrier wall around the

basins, and removal of several tanks and associated structures (PMRMA, 1990).

The Motor Pool Area - Trichloroethylene Plume is located in the western portion of RMA.

The motor pool appears to be a source of the trichloroethylene groundwater plume in the

unconfined flow system in this area. The motor pool consists of buildings and tanks used for

cleaning and servicing equipment, vehicles, and railroad cars and for storing fuel, road oil,

and flammable liquids (WCC, 1989c/RIC 90002RO4). Cleaning solvent and maintenance

operation waste liquids may have been discharged from some buildings through floor drains

and pipes that emptied into unlined drainages (WCC, 1989b/RIC 89222RO5). Groundwater in

this area will be extracted and piped to the Irondale Containment System for treatment. In

addition, bench-scale soil vapor extraction will be utilized.

The Rail Classification Yard - DBCP Plume is located in the western part of RMA.

Between 1967 and 1974, DBCP, a pesticide manufactured by Shen, was temporarily stored in

box cars in the railyard prior to shipment. DBCP was detected in off-post alluvial
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groundwater in 1980, and subsequent groundwater sampling indicated that the rail

classification yard was a probable source (EBASCO, 1988a/RIC 88076RO4). The preferred

IRA alternative consists of a groundwater extraction and treatment system. The system will

be designed and implemented in conjunction with the motor pool area groundwater

extraction/treatment system. Both of these systems will be designed to intercept

contamination near the source. The ICS prevents these plumes from migrating off post

(PMRMA, 1990).

The Army (Complex Disposal) Trenches were used for the disposal of solid chemical waste

and potentially contaminated tools, equipment, containers, rejected incendiaries, and empty

munition casings that were decontaminated with caustic and then incinerated in pits or

trenches. Soil samples collected from representative trenches showed elevated concentrations

of ICP metals and relatively low concentrations of arsenic, mercury, and many organic

contarninants, including members of all the analyte groups except pesticide-related

organophosphorous compounds (OPHPs) and organonitrogen compounds (ONCs). A large

variety of tentatively identified compounds (TICs) were also detected in intratrench soils.

The preferred IRA alternative consists of continued groundwater monitoring in this area, due

to the relatively small contribution to groundwater contamination from upgradient sources.

Additional wells will be installed and a reevaluation program established to periodically

update the trench contribution to groundwater contamination. If reevaluations determine

significant changes, a more active response action may be proposed (PMRMA, 1990).

The Shell Trenches were used between 1952 and 1965 for the disposal of liquid and solid

wastes generated from pesticide manufacturing (MKE, 1989b/RIC 89282RO2). Elevated

concentrations of VHOs, VHCs, VAOs, OPHGBs, DBCP, arsenic, and mercury were detected

downgradient of the trenches, indicating that the Shell trenches are a source of contamination

to groundwater in this area. A dense, nonaqueous phase liquid has also been detected in the

Shell trenches. The preferred IRA alternative consists of the installation of both, a subsurface
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barrier wall around the trench area and a cap with a soil and vegetative cover (PMRMA,

1990).

The South Tank Farm Plume, located between South Plants and the lakes area, consists of

two separate groundwater plumes extending toward the lakes, one of which consists of light,

nonaqueous phase liquids. The south tank farm consists of 11 tanks used for storage of

alcohol, bicycloheptadiene buttons, dicyclopentadiene, D-D soil fumigant, and sulfuric acid.

Records indicate benzene was also used or stored in this area, because there are references to

an alleged 100,000-gallon spill. VAOs, primarily benzene, were detected at elevated

concentrations in the groundwater beneath the south tank farm and are part of a plume

emanating from the south tank farm. The Implementation Document is scheduled to be

released in July 1991, and start of construction estimated to begin in November 1991.

C.13.2 IMPACT

Implementation of the various "hot spot" IRAs will impact, to varying degrees, the soils,

water, air, biota, and structures at RMA.

C.13.3 STATUS

Table C.1-2 lists the actual or proposed estimated IRA schedule deadlines for the seven "hot

spot" IRAs. Final or Draft Final Assessment and Decision Documents have been released for

the individual "hot spot" IRAs. In general, Implementation Documents are anticipated to be

released by December 1990; construction or implementation will begin in the spring and

summer of 1991. Completion of these seven "hot spot" IRAs is scheduled between June 1992

and November 1993.

C.14 PRETREATMENT OF CERCLA LIQUID WASTE

The Pretreatment of CERCLA Liquid Waste IRA consists of the development and

implementation of a program to treat wastewater and decontamination water generated from
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various activities at RMA before the water is discharged to the sanitary sewer (FFA,

1989/RIC 89068ROI).

C.14.1 DESCRIPTION

A number of RMA activities, (including RI/FS, Comprehensive Monitoring Program (CMP),

IRA, decontamination pad, and RMA laboratory activities), generate wastewaters requiring

pretreatment before disposal. The preferred alternative for this IRA is to construct a new

wastewater treatment facility that will handle batches of wastewater from various areas at

RMA. Each batch will be analyzed to determine the proper treatment process, and, after

treatment, to verify contaminant removal (PMRMA, 1990). The wastewater treatment system

will consist of modules such as granular activated carbon, ultraviolet/chen-dcal oxidation,

activated alumina, prefiltering, and precipitation. Once treated to levels set forth in the

Decision Document, the wastewaters will be discharged to the RMA sewer system (PMRMA,

1990). The proposed location of the CERCLA Wastewater Treatment System is indicated in

Figure C.1-1.

C.14.2 IMPACT

Implementation of this IRA will impact wastewater on RMA.

C.14.3 STATUS

The Draft Implementation Document was released in January 1991. The start of construction

activities is scheduled for 1991 with an estimated completion date of July 1992.
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DI SURFICIAL SOILS INVESTIGATION

D1.1 INTRODUCTION AND OBJECTIVES

The surficial soils investigation is the first component of a two-task program undertaken by

the U.S. Army (Army) in cooperation with the organizations and state in order to better

characterize the nonsource areas of the Rocky Mountain Arsenal (RMA). The ground

disturbance investigation, discussed in Appendix D2, is the second component of the program.

The surficial soil investigation was designed to investigate potential contan-dnant distribution

specifically associated with eolian transport from contaminated source areas, to improve the

remedial investigation (RI) database for nonsource areas, and to provide information for the

endangerment assessment to aid in assessing human exposure to surface contan-dnants via

ingestion, dermal exposure, and inhalation.

While the soils/sewers RI sampling program in nonsource areas composited samples from the

0- to 1-ft and 4- to 5-ft depth intervals, the surficial soil investigation used a sampling

interval of 0 to 2 inches to investigate contan-iination at the surface only. The samples were

analyzed for arsenic, mercury, sern1volatile organic compounds (SVOCs), and organochlorine

pesticides (OCPs): analytes that exhibit low mobility and high affinity for soils, and although

they resist transport by solution or volatilization, may migrate by eolian transport. The

Colorado Department of Health (CDH) originally proposed 272 surficial soil sampling

locations distributed primarily in the nonsource areas of RMA (CDH, 1988). The Army, in

conjunction with Shell Chemical Company (Shell), investigated 172 of the locations; Shell

investigated the remaining 100 locations. At the request of EPA, the total number of sites to

be sampled by Shell later increased to 106. However, one sampling location was

inadvertently sampled by both Shell and the Army, and another was not sampled by Shell. In

addition, one sample was lost at the lab when the sample bottle was accidentally broken. In

all, 276 locations were sampled and analyzed. Sample locations for the surficial soil program

are shown in Figure RISR D1.1-1. A data summary report presenting the complete analytical

results of the surficial soil investigation was released in April 1991 (EBASCO, 1991/RIC

91121ROI).
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D1.2 BACKGROUND

Recognition of the potential for contan-dnant transport by wind at RMA predates the RL The

air monitoring and sampling programs conducted as part of the RI, and subsequently

continued as part of the comprehensive monitoring program (CMP), were based on this

recognition. Observations of airborne contaminants have been documented by various

agencies and personnel at RMA since the 1960s. Data from pre-RI investigations indicated

that dust and vapor emissions from known fugitive sources within RMA contained

contaminants specific to the source (ESE, 1988b/RIC 88263ROl). Basins A and F were

recognized as sources of vapor emissions and airborne dusts. Volatile hydrocarbons, volatile

aromatic organics, organosulfur compounds, organophosphorous compounds, OCPs, and heavy

metals were reported in air samples collected near the basins during pre-RI investigations and

in the course of the RL

Between 1961 and 1966, the Army intermittently operated a spray raft to enhance evaporation

of aqueous wastes in Basin F. Although operations were restricted to times when the wind

and humidity conditions were within prescribed limits, it is believed that some droplets and

possibly salt particles resulting from their evaporation were transported into adjacent areas

(EBASCO, 1989/RIC 89166RO7). In addition, a spray evaporation systern was operated east

of Basin F between 1975 and 1978 in order to evaporate contaminated water drained from the

North Bog. In 1974 and 1975 OCPs, dicyclopentadiene (DCPD) and

diisopropy1methylphosphonate (DIMP) were detected in the North Bog water (EBASCO,

1989/RIC 89166RO7).

The possibility of windborne contamination emanating from both Basins A and F has been

virtually eliminated in recent years by interim response actions (IRAs) undertaken at these

sites. The IRAs are discussed in greater detail in Appendix C of this report. Dust

suppressants were applied to a 75-acre area of Basin A in 1982 and 1988 (PMRMA,

1989/RIC 90009ROI). Downwind areas are being monitored, and dust suppressants will be

reapplied on an as-needed basis. Additional information for the Basin A IRA can be obtained
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at the JARDF located at RMA. Basin F has been eliminated as a source of windborne

contaminants by the Basin F IRA, completed in 1989. Contaminated fluids were transferred

from Basin F to storage tanks, contaminated solid material was excavated and placed in a

waste pile, the area was regraded, and both Basin F and the waste pile were covered with a

low permeability clay cap (PMRMA, 1988/RIC 88141RO3).

D1.3 METHODS

Surficial soil samples were collected during the first two weeks of October 1989. Field

personnel kept notes of distinctive geographic or cultural features observed in the vicinity of

sampling sites during sampling operations to adequately document each site being sampled.

Samples were composited from six 2-inch-deep subsamples evenly spaced around the

perimeter of a 30-ft diameter circle, centered at the surveyed stake marking each location.

Subsamples were collected by inserting a hand operated sampling device containing a 2-inch-

diameter polybutyrate tube into the soil to a depth of 2 inches. The tube, including the

subsample, was then withdrawn and moved to the next subsampling location where another

subsample was collected in the same manner. This process was repeated at each subsampling

location until six subsamples were stacked within the sampling tube. The tube was then

removed from the sampling device and emptied into a clean metal pan. Vegetative material

and pebbles were removed from the sample material and the material was homogenized by

hand mixing before being placed in a jar for transport to the laboratory. Clean surgical

gloves were worn during this procedure.

All 172 of the Army's sampling locations were sampled including one location that was also

sampled by Shell. However, one sample was accidentally destroyed before an analysis could

be performed. One hundred seventy-one Army samples were analyzed for OCPs. Of these,

113 were also analyzed for SVOCs. Of the 106 Shell sampling locations, 100 samples

including the location also sampled by the Army were analyzed for OCPs, and of these, 47

were also analyzed for SVOCs, 47 for arsenic, and 44 for mercury. Samples from the six

additional sites in Section 25, all requested by the EPA, were analyzed for arsenic only. In
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all, 277 locations were sampled and samples from 276 locations were analyzed; 270 were

analyzed for OCPs, 159 for SVOCs, 53 for arsenic, and 44 for mercury.

The Army's and Shell's contracting laboratories used analytical methods certified by the U.S.

Army Toxic and Hazardous Materials Agency (USATHAMA) and/or the Program Manager

for RMA. Samples were analyzed serniquantitatively for SVOCs, including OCPs, by a gas

chromatography/mass spectrometry (GC/MS) method based on EPA Methods 3540 and 8270

(DataChem, 1986; EPA, 1982a, b). Samples were analyzed quantitatively for OCPs by a gas

chromatography/ electron capture detector (GC/ECD) method based on modified EPA Method

608 (DataChem, 1987; EPA, 1982a, b). Atomic absorption spectroscopy (AA) was used by

the Morrison-Knudsen Engineering (MKE) lab to quantitatively identify arsenic and mercury.

Specific protocols for all analytical methods used by all contracting laboratories may be

obtained from PMRMA. Table RISR D1.3-1 lists analytical methods and target analytes for

the surficial soil program.

Each analytical method is certified by USATHAMA over a specific concentration range. The

certified reporting limit (CRL) is the lowest concentration of a particular analyte that a

specific laboratory using a specific method is certified to detect. During routine sample

analysis, analytical results must either fall within or be diluted to fall within the certified

range in order to be considered valid. In addition, the laboratory quality assurance plan for

RMA requires that all analyses on a sample be completed within a specified holding time to

be considered valid (EBASCO, 1985/RIC 86241RO2). The laboratory analysis and dam

validation QA/QC programs governing the collection and handling of data developed by the

Surficial Soil Investigation are specified in the Procedures Manual to the Technical Plan

Volume II (EBASCO, 1985/RIC 86241R02) and the Chemical Quality Assurance Plan

(PMRMA, 1989/RIC 892"ROl).
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Table RISR DI.3-1 Analytical Methods and Target Analytes for Surficial. Soils Investigation at

RMA Page 1 of 2

ANALYTES SYNONYMS ABBREVIATIONS

Sernivolatile Organic
Compounds (GC/MS)* SVOCS

1,4-Oxathiane 
OXAT

2,2-bis(Para-chlorophenyl)- Dichlorodiphenylethane PPDDE

1,1-dichloroethane
2,2-bis(Para-chlorophenyl)- Dichlorodiphenyltrichloroethane PPDDT

1,1,1-trichloroethane
Aldrin 

ALDRN

Atrazine 
ATZ

Chlordane 
CLDAN

Chlorophenylmethyl sulfide p-Chlorophenylmethyl sulfide CPMS

Chlorophenylmethyl sulfone p-Chlorophenylmethyl sulfone CPMS02

Chlorophenylmethyl sulfoxide p-Chlorophenylmethyl sulfoxide CPMSO

Dibromochloropropane 
DBCP

Dicylopentadiene 
DCPD

Dieldrin 
DLDRN

Diisopropylmethyl phosphonate DIMP

Dithiane 
DITH

Endrin 
ENDRN

Hexachlorocyclopentadiene 
CL6CP

Isodrin 
ISODR

Malathion 
MLTHN

Parathion 
PRTHN

Supona 2-Chloro-I (2,4-dichlorophenyl) SUPONA

vinyldiethyl phosphates

Vapona 
DDVP

Or2anochlorine -Pesticides (GCIECD)* OcPs

2,2-bis(Para-chlorophenyl)- Dichlorodiphenylethane PPDDE

1,1-dichloroethylene
2,2-bis(Para-chlorophenyl)- Dichlorodiphenyltrichloroethane PPDDT

1,1,1-trichloroethane
Aldrin 

ALDRN
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Table RISR D1.3-1 Analytical Methods and Target Analytes for Surficial Soils Investigation at

RMA Page 2 of 2

ANALYTES SYNONYMS ABBREVIATIONS

Chlordane CLDAN

Dieldrin DLDRN

Orzanochlorine Pesticides (GCIECD)* (continued) 0CPS

Endrin ENDRN

Hexachlorocyclopentadiene CL6CP

Isodrin ISODR

Arsenic (AA)* AS

Mercury (AA)* HG

* Key to Analytical Methods

GC/MS - Gas Chromatography/Mass Spectrometry
GC/ECD - Gas Chromatography/Electron Capture Detector

AA - Atomic Absorption Spectroscopy
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D1.4 RESULTS

Analytical results (to two significant figures) for the Army and Shell surficial soil data are

summarized in Tables RISR D1.4-la and DIA-2a, respectively. These tables include CRLs

and indicator ranges (IRs). The IR is the analyte concentration that is expected to occur

naturally in soils. Tables RISR D1.4-lb and D1.4-2b tabulate the analytical results by sample

location. Due to their length, all four tables are presented following Section D1.6.

D1.4.1 Organic Analytes

Figure RISR D1.4-1 shows the distribution of total organics in surficial soils (0 to 2 inches).

Observed analyte concentrations are contoured to show their variation and to highlight regions

with elevated concemtrations. Contour lines were drawn by linearly interpolating summed

concentrations of organic analytes between sample locations. OCPs were detected in 256 of

the 270 samples analyzed. Most of the 14 samples lacking OCP detections were located near

the outer boundaries of RMA. Dieldrin was the most frequently detected organic analyte,

followed by aldrin and chlordane. The possible ranges of half-lives for dieldrin and aldrin in

soil are quite large and depend on several factors including soil type, soil moisture content,

availability of sunlight, and bioactivity of the soil. The highest summed concentrations of

organic analytes were 930 pg/g in sample SS26049, collected along a road east of Basin F in

Section 26, and 120 pg/g in sample SS36159, collected south of the insecticide pits in Section

36. In general, the high concentrations of organic analytes occur eastward and sornewhat

southeastward of Basins A, C, and F. Concentrations decrease abruptly to the west and more

slowly to the east, north, and south. Also, there are isolated high detections in Section 31 (in

the new toxic storage yards area) and Section 6 (near the old toxic storage yards areas).

Of the 159 unique samples analyzed for SVOCs, nine were rejected by quality control.

SVOCs were detected in 35 of the remaining 150 samples. Thirty-four of these were OCP

detections, and one was a Supona detection. Supona is an organophosphonis pesticide and

was detected in sample SS36159, collected south of the insecticide pits in Section 36.
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D1.4.2 Inorganic Analytes

Surficial soils were analyzed for two inorganic compounds, arsenic and mercury. Figure

RISR D1.4-2 shows the locations of all surficial soii samples that were analyzed for

inorganics and highlights those samples that had detections of inorganics above the IR.

Arsenic was detected in all 53 samples that were analyzed for arsenic. Mercury was detected

in 19 of the 44 samples that were analyzed for mercury. As a general rule, arsenic

concentrations were an order of magnitude larger than mercury concentrations.

Outside of Section 36, there is very little variation in the magnitude of arsenic detections.

Only three arsenic detections exceed the IR for arsenic (CRL - 10 pg/g). All three are in

Section 36, in the vi'cinity of Basin A. Of the 19 mercury detections in surficial soils, five

are above the IR (CRL - 0.10 pg/g). All five were collected in Section 36 near the margin of

Basin A.

D1.5 INTERPRETATIONS AND CONCLUSIONS

Contaminants may migrate from source areas to surficial soils in nonsource areas by two

principal mechanisms, eolian (windblown) transport and surface water transport. In addition,

some contaminants, especially pesticides, may be detected in nonsource areas due to their

direct application there for weed or insect control. While surface water is an important

mechanism along creeks and ditches, and may be a factor during relatively rare overland

runoff flow, the pattern of surficial soil contaminant detections shown in Figures RISR D1.4-1

and RISR D1.4-2 does not suggest surface water transport as a principal distribution

mechanism. Direct application of pesticides at RMA has generally been restricted to specific

areas and does not account for the pattern of contamination shown in the figures. The

contanination distribution pattern is consistent with a windblown distribution mechanism.

Hence, it is believed that eolian transport is the predominant contaminant n-dgration pathway

for surficial soils in nonsource areas. Figure RISR D1.5-1 presents a windrose for the annual

wind conditions in the RMA vicinity. Winds at RMA most commonly blow from the south

or south-southwest at windspeeds of less than 11.5 miles per hour (mph). Winds less
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commonly originate from the west and northwest, but nearly 50 percent of those that do

exceed 11.5 mph. These "chinook" winds normally occur in midwinter when conditions tend

to be dry and, therefore, favorable for eolian transport of materials. Winds blow only

occasionally from the eastern quadrants and 80 percent of the time they are slower

than 11.5 mph. Studies of wind as a transport agent indicate that a minimum windspeed of

approximately 7 mph is required to entrain silt-sized particles. This "threshold value"

increases for larger particles. The average annual windspeed at RMA, 9 mph, is sufficient

only to entrain silt and some fine-sand-sized particles. Studies further indicate that sand is

transported by wind at a rate roughly proportional to the cube of the windspeed above the

threshold value (Chorley et al., 1984). Therefore strong winds, such as the chinook winds

that blow from the west-northwest at RMA, and the strong winds from the south and

southwest, though not common, could account for most eolian transport of contaminated

sediments.

The surficial soil program results indicate that Basins A and F were once significant source

areas of windborne contamination. It should be emphasized that the potential to emit

windbome contaminants from Basins A and F has been greatly reduced due to the IRAs

previously discussed in Section D1.2. The surficial soil program data, however, appear to

show a relict pattern of windborne contamination resulting from primary source areas in the

basins, primarily Basins A and F. Although few surficial soil samples were taken within the

basins themselves, they have been well documented as contaminated aqueous waste disposal

sites and were characterized as contaminated areas as a part of the soils/sewers RI.

Elevated concentrations of organic analytes, especially dieldrin, were detected in surficial soil

samples collected in areas immediately to the east and southeast of the basins. As a general

rule, concentrations diminish rapidly to the west of the basins, and more slowly to the east

and north. Isolated detections in the toxic storage yard (Section 31) might be attributed to

eolian transport from an upwind source area, such as Basin A, or from the application of

pesticides (EBASCO, 1988a/RIC 88196RO3). OCPs are not known to have been stored or
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spilled in the toxic storage yard. The general distribution of contaminants in surficial soils is

consistent with the observed wind conditions at RMA, with the strongest winds originating in

the west-northwest and the most frequent winds originating in the south.
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Table RISR D1.4-1 a. Summary of Army Analytical Results for the Surficial Soils Investigation at RMA.

Concentration (pWg)

Constituent Number of Standard DeaChern Certified Indicator

Detected Swnples* !me Median** Deviation** Reporting Limit Level PPLV

Sernivolatile Organics (N=1 131 0.3 CRL 0.12
Aldrin 1 0.6

Die" 15 0.4-10 0.6 2 0.3 CRL 0.12

FAdrin 0 
0.5 CRL 590

loodrin 0 
0.3 CRL 140

Diclilorodiphenyltricliloroethane 0 
0.5 CRL 5.7

Diddorodipbenyledow 0 
0.6 CRL 5.7

Chloidane 2 2-8 
0.2 CRL 1.5

Hexachlorocyclopentadiene 0 
0.6 CRL 2600

SUPOW 0 
0.6 CRL 300

QM2nochlorine Pesticides (N=1711 0.010 0.099 0.74 0.0021 CRL 0.12
Aldrin III O.OD24-7.8 0.0019 CRL 0.12
Dieldrin 151 O.OMS-920 0.052 6.4 75

Endrin 79 0.0057-12 0.020 0.066 0.17 O.OD47 CRL 590

Isodrin 31 O.W24-0.39 0.0037 0.023 0.068 0.0019 CRL 140

Dichlorodiphenyltricliloroetharte 74 0.0031-0.32 0.011 0.022 0.040 0.0029 CRL 5.7

Diddorodiphenyledwe 16 O.OD49-0.061 0.0083 0.017 0.017 0.0047 CRL 5.7

Chlonlane 12 0.027-0.26 0.062 0.090 0.069 0.023 CRL 1.5

Heitachlorocyclopentailiem 11 0.0018-0.0060 O.ODn 0.0031 0.0012 0.0014 CRL 2600

CRL - The indicator level is the Certified Reporting Lintiffor DalaChem laboratories, as appropriate-

pgIg-microgra- per gram

N - Numeber o1samples andyted

PPLV - Preliatinary Pollutant Lintit Valurfor Industrial Worker

Niumber Ofsamples in which constituent was detected, only these results were wed in statistical analyses; GT values were not wed in statistical analyses.

Median, nwax, and standard deviation not calculated when constituent detected infe*vr than 5 saRoa.



Table RISR D1.4-1b. Army Analytical Results for the Surficlal SOUS Investigation at RMA. Page I of 15.

SrrE IDENTWICATION

SS01221 SS01223 SS01225 SS01226 &SO1228 SS01220 SS01230 SS01231 SS01232 SS022D4 SS02205 SSM2(F7

Geologic Material rum send fine sand clayey clayey silty clayey sand silty clayey fine clayey fine silty love fine to silty 1-me

W/Clay. sill whik fine sand fine and Md. BMW W/Sih fine and sand w/ silt sand wl sill sand w/ clay coarse sand to med sand

Fum (Visually determined) 15 5 45 40 15 30 10 20 20 15 20 Is

SOILCHEMIMY

Aldrin 8CRL RCRL BCRL BCRL HCRL HM NA BCRL NA BCRL BCRL BCRL

Dieldrin 0.9 1 BCRL DCRL BCRL BCRL NA BCRL NA BCRL BCRL BCRL

Chlordane BCRL BCRL BCRL BCRL BCRL BCRL NA DCRL NA BCRL BCRL BCRL

012anodilerinc EaiddUJAW
Aldrin 0.029 0.098 0.0066 0.010 O.W71 0.0075 0.0034 BCRL 0.011 O.ODS7 O.OD79 O.OD72

Dieldrin 0.97 0.94 0.079 0.16 0.049 0.099 0.043 0.094 0.071 0.044 0.041 0.027

Endrin 0.090 0.016 0.020 0.016 BCRL 0.014 0.0070 0.0086 BCRL BCRL BCRL DCRL

00 lsodrin 0.0066 0.0025 BCRL HCRL BCRL BCRL BCRL BCRL BCRL RCRL DCRL BCRL

Dicl&rodiphenyltriclilowethane 0.045 0.017 0.015 0.017 O.W62 0.0097 O.OD44 0.013 OL015 DCRL 0.0083 BCRL

DichlorodOMlethane 0.015 OW75 BCRL BCRL BCRL BCRL RM HCRL BCRL BCRL 0.0061 BCRL

Chlowdane 0.092 DCRL BCRL DCRL BCRL BCRL DCRL BCRL BCRL BCRL BCRL BCRL

HexachlowcyclOPCO19diew 0.0029 BCRL O.OD29 0.0027 BCRL B(RL BCRL BCRL BCRL BCRL BCRL BCRL

NOTE: Allsomples were tabnfromadepth of 0 1o2 inches.

BCRL - Below cerified reporting liPW

IVA. Noe andyted



Table RISR D1.4-1b. Army Analytical Results for the Surficial Soils Investigation at RMA. Page 2 of 15.

SrrE 11DIENTIFICATION

SS02206 SS02210 SS02211 SS02212 SS02213 SS02216 SS02217 SS02219 SS02220 SS03196 SS03198 SS03199

Geologic Material fine to nied. clayey sand fine, to MedL fine sand sandy clay fine to nwA fine to wA clayey sand silty sand fine to ined. fine to ined. fine to ined.

und w/ clay w/sik sand w/ sib wl sib w/ sib siby sand silty sand W/ sib w/ clay silty sand silty sand sund wl sib

Fmes (Visually detennined) 10 15 5 5 60 Is is is 20 10 is 5

SOIL CHENUSTRY

Scinivolaffle QManics W912i

Alikin BCRL NA BCRL BCRL BCRL RCRL BCRL BCRL BCRL NA NA BCRL

Dieldfin BCRL NA BCRL BCRL BCRL BCRL BCRL BCRL WRL NA NA BCRL

Chlordane BCRL NA BCRL BCRL BCRL BCRL BCRL BCRL BCRL NA NA BCRL

018anochlarine Eadddul"

Aldfin BCRL BCRL 0.0041 0.029 O.OD72 O.OD49 0.0065 0.0032 0.00" BCRL BCRL OLOO29

Dieldrin BCRL BCRL 0.045 0.27 0.052 0.24 0.15 0.039 0.029 BCRL Q017 0.008

Endrin BM BCRL BCRL 0.017 BCRL BCRL 0.0081 BCRL HCRL BCRL BCRL BCRL

lsodrin BCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL DCRL RCRL KRL BM

Diclilofodiphenyltriclilowediane BCRL BCRL BCRL BCRL MOM O.WJ2 0.0092 BCRL BCRL DCRL BCRL BCRL

Diclilofodiphenylediane RCRL BCRL BCRL BCRL 0.010 BCRL BCRL BCRL BCRL BCRL BCRL DCRL

Chloalme BCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL

Hexachlotocyclopenudiene RM DCRL BCRL BM BCRL BCRL BCRL BCRL BCRL BCRL HCRL BCRL

NOTE: All saniples were takepifto- a depth of 0 to 2 inches.

BCRL - Below certified reporting ho"if

pgIg-microgram per gram

NA-Notonalyzed



Table RISR D11.4-1b. Army Analytical Results for the Surficial Soils Investigation at RMA. Page 3 of 15.

SITE IDENTIFICATION

SS03200 SS03203 SS04198 SS04189 SS04192 SS04194 SS04195 SS05248 SS05249 SS05250 SS06235 SS06237

Geologic Matefial fine to med. undy clay fine to med. clayey sand fine to meA SiltY. fine sand fine to nvA fine to me& run to med. fine fine

liky Saw w/ silt silty und W/ silt silty mW fine sand w/ silt sand sandy clay us4day undy clay clayey sand

% Fmes (Visually ned) 15 55 to 15 to 20 25 20 55 5 55 30

SOIL CHMSTRY

sentWolatile Umanks (Ali)

Aldrin BCRL NA BCRL NA BCRL BCRL BCRL BCRL BCRL NA BCRL NA

Die" BCRL NA BCRL NA BCRL BCRL BCRL BCRL BCRL NA 11CRL NA

Chlordane BCRL NA BCRL NA BCRL BCRL BCRL BCRL BCRL NA BCRL NA

Qmfflaw2dný ý 0.0024

Aldrin BCRL 0.01)28 BCRL BCRL BCRL BCRL MOM 0.022 BCRL BCRL 0.0072

tj Dieldrin 0.010 0.0066 0.0054 BCRL BCRL 0.010 0.010 0.0052 0.041 MOM 0.095 0.013

Endrin 0.0069 BCRL BCRL BCRL BM BCRL HCRL BCRL 0.0057 BCRL 0.013 RCRL

Wdrin BCRL BCRL BCRL BCRL HCRL BCPL BCRL BM BCRL BCRL 0.0029 BCRL

Dichlofodowenyhriclilamethane 0.034 BCRL BCRL BCRL BCRL BCRL 0.014 BCRL 0.0053 BCRL 0.0080 0.0034

Dichlorodiphenyledtane BCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL

Chkxdane JIM BCRL RM BCRL BCRL BCRL BCRL 8CRL BCRL BCRL HCRL BCRL

Hexa&lofocycloý ene BCRL BCRL BCRL BCRL BCRL BCRL BCRL HCRL RCRL BCRL RCRL BCRL

NOTE: All samples were takenfrom a depth of 0 to 2 inches.

BCRL - Below certified reporting limit

NA - Not analyzed
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SITE IDENTIFICATION

-5*239 SS06240 SS06241 SS06242 SS06243 SS06245 SS07268 ' SSOr7VO SS08272 SS08274 SS09254 SS11256

Geologic Matefial slightly silty staid medium fine silty fine to meA fine to med. fine to fine sand v. fine siaW fine sand silty fine clayey fine

$anily clay W/ clay silty sand sand w/ clay clayey sand sand w/ clay cosise sand w/ sik W/clay W/ clay sand w/ clay sand w/ sik

% Futes (Visually deteffnined) 90 30 5 35 40 10 30 10 65 20 25 20

SOIL CHEMSTRY

Semiyolatile Q[Ian*cs (IL91S)

Aldfin NA NA HCRL BCRL RCRL NA BCRL NA NA NA NA NA

Dieldrin NA NA BCRL BCRL BCRL NA BCRL NA NA NA NA NA

Chlotilane NA NA BCRL 8 BCRL NA BCRL NA NA NA NA NA

Oftlow-blodwEafiddal"
Aldrin 0.0074 0.0050 O.OD79 0.037 0.0097 BCRL 0.010 BCRL O.W75 BCRL BCRL 0.0063

Die" 0.20 &W 0.069 0.092 0.070 0.015 0.020 0.011 0.045 O.W51 BCRL 0.041

Endrin 0.020 0.0080 0.011 0.036 0.0095 BCRL RCRL BCRL 0.0082 BCRL BCRL BCRL

lsodfin BCRL BCRL BCRL HCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL

Diddefodiphenylisiclilomethane BCRL 8CRL BCRL BCRL BCRL BCRL BCRL BOM BOM BCP.L BCM 0.0095

Diclilomiliphenyleduave BCRL BCRL BCRL 0.061 BCRL BCRL DCRL BCRL BCRL DCRL BCRL DCRL

Chlontme BCRL BCRL BCRL GT 4.0* BCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL

Hexachlinocyclopentailiene BCRL HCRL BCRL BCRL HCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL

-ýOTE: A H samples were taken from a depth of 0 to 2 inc hes

BCRL -Below certified reporting limit

NA - Not analyted

* - The GCIECD Chlordane analysis resulifor sainple nwnber SSD6242 incorporates a dilusionfactor of 10.
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SITE IDENTIFICATION SS19022 SS20025 SS20027
SS11259 SS11260 SS12262 SS12263 SS12265 SS12266 SS19019 SS19020 SS19021

ocologic Material silly firve to silly fille to clayey finesand silly clayey silty fine clayey clayey BMW clayey rMe Mid W/ clayey fine

coarse s=W "ted. low fine sand w/ silt finelasid fine sand smd sand w/ silt w/ silt fine sand clay. gravel sand w/ silt

% Fines (visually detenniried) 15 10 25 5 15 20 20 30 30 30 20 30

solL CtIEMISTRY

Semiyolstile OMM&LWW NA NA BCRL NA NA NA NA HCRL BCRL BCRL NA HCRL

Aldrin BCRL NA NA NA NA BCRL BCRL BCRL NA BCRL

Dieldrin NA NA BCRL

Chlordane NA NA BCRL NA NA NA NA BCRL BCRL 8CRL NA

013111=111offinc pulicidet (will

Aldrin BCRL HCRL BCRL BCRL HCRL RCRL 0.00V BCRL BCRL BCRL BCRL
BCRL 0.011 0.014 0.012 0.011 0.015 GID.10 GIMAO CLOO25 0.0056

Dieldrin 00911 0.012 0.026 8CRL BCRL BCRL HCRL BCRL BCRL BCRL RM BCRL

Endrin DCRL BCRL 8CRL BCRL HCRL
BCRL BCRL BCRL BCRL BCRL BCRL BCRL

Isodrin BCRL BCRL BCRL BCRL BCRL BCRL BCRL 0.0037

Dichlorodiphenyluiddofoeshow BCRL 8CRL BCRL BCRL BCRL 0031 BCRL BCRL BCRL BM HCRL

DicMofodiphenyleth- BM BCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL
BCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL BM BCRL BCRL

Chlofdane BCRL BCRL BCRL BCRL BCRL BCRL BCRL

HexachlorocycloPentildiene BCRL BCRL BCRL BCRL BCRL

70TE. All sanwies were takenfrom a dePth Of 0 90 2 Whes-

BCRL - Below cerliTsed Wfffixff IbP'il

NA - Not andyted
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SITE IDENTIFICATION

S820028 SS22oo2 SS22003 SS23W6 S323008 SS23009 SS23010 SS23043 SS24014 SS24017 SS25061 SS25062

GeOlogic Material clayey fine fine clayey sanil fine to nwA fine sandy fine mWly fine fine sww sand and fine clayey am clayey SNW

mW w/ sik sandy clay W/ silt clayey SWW clay clay clayey SNW W/ clay clay $a* clay W/ silt W/ lilt

% Fines (Visually detemisted) 30 55 25 40 60 60 35 25 70 75 25 25

SOIL CHFINUSTRY

Sem*volatdlc QMUdgl"

Aldfin BCRL NA NA NA NA BCRL 8CRL BCRL BCRL NA NA NA

Dieldrin Kitl, NA NA NA NA BCRL BCRL 0.5 BCRL NA NA NA

Chkwdme BCRL NA NA NA NA BCRL BCRL BCRL BCRL NA NA NA

QMmgdkrine Peslicides (tidal

AMfin BCRL RCRL BM 0.011 0.0070 0.010 0.016 0.093 0.0062 BCRL 0.16 0.011

Dieldrin O.OD62 0.0063 0.022 0.074 0.069 0.17 0.096 0.60 aO66 OL016 0.65 0.071

FAdfin BCRL BCRL BCRL 0.0D81 BCRL 0.021 "11 0.11 0.0063 BCRL 0.15 0.013

lsodfin BCRL BCRL BCRL BCRL HCRL BCRL HCRL O.OD79 BCRL BCRL BCRL BCRL

Dicitlotodiphenykiddotodhow MOMS BCRL BCRL HCRL 0.0041 0.0058 BCRL 0.024 0.0()48 BCRL 0.095 0.010

Diddofodiphenyledmie BCRL BCRL BCRL RM BCRL KRL BCRL RCRL BCRL BCRL BCRL BCRL

Chlonlane BCRL BCRL BCRL BCRL BCRL BCRL BM BCRL BCRL BCRL BCRL BCRL

Hexachlorocyckwent"ene BCRL BClltL BM BCRL BCRL BCRL RCRL BCRL BCRL BCRL BCRL BCRL

NOTE: All sanries were takenfrom a depth of 0 to 2 inches.

BCRL - Below ceritTled repw1ing Ibmil

NA - Not andyzed
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SITE IDENTIFICATION

SS25063 SS25065 SS25067 SS25068 SS25069 SS25070 SS25073 SS25074 SWUM SS250rlg SS25CF79 SS25090

Geologic Material clayey sard poody- mod. sand clayey Poody- poody-graded sand w/ staid W/ poody-sorted clayey silty silty clayey silty rme

W/ silt graded simd w/ silt rme and graded sarid sand w/ clay clay ard silt clay and silt sand wl clay fine sand rim sand sand w/ clay

Fmcs (Visually determined) 20 30 30 25 20 30 10 30 20 35 35 25

SOIL CHEMISTRY

Semiyolatile QUanics (jAgjz1

Aldrin NA BCRL DCRL NA BCRL BCRL BCRL BCRL DCRL NA BCRL BCRL

Dieldrin NA HCRL DCRL NA DCRL BCRL I BCRL BCRL NA 0.4 BCRL

Chlordsm NA BCRL BCRL NA BCRL BCRL BCRL BCRL BCRL NA BCRL BCRL

0192110chlorine PsgiddUIUM

Aldiin 0.0058 0.049 0.024 L10210 0.044 0.0068 0.53 0.041 0.073 &030 11097 0.015

Die" 0.041 0.62 0.17 1.2 0.29 0.045 2.9 0.41 0.25 LIM-018** 1.3 0.022

tv 0.015 0.073 0.031 L70.470 0.039 0.0073 BCRL BCRL 0.067 0.022 OL062 0.013

Endrin

lsodrin BCRL O.OD40 BCRL 0.013 HCRL BCRL 0.026 O.OD47 UD32 BM M0071 BCRL

DichWrodiphenyhrichlomethism BCRL BCRL 0.017 0.017 BCRL BCRL 0.029 0.013 0.023 0.0072 0.010 O.OD41

Dichlorodilhienylethime BCRL BCRL RC1tL BCRL BCRL BCRL HCRL BCRL 0.0050 BC!RL BCRL BCRL

Chlordane BCRL BCRL BCRL 9CRL BCRL BCRL BCRL BCRL BCRL 8CRL BCRL BCRL

Hexachlorocycloper"diene BCRL RCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL 0.00n BCRL BCRL

NOTE: All samples were takenfrom a dep#A of 0 to 2 inches.

BCRL - Below certified reporting limit

NA - Not analyzed

The GCIECD Aldrin and Endrin analyses resultsfor sample number SS25068 incorporate a diludon factor Of 100.

- The GCIECD Diektrin analysis residtfor sample number SS25078 incorporates a dilutionjactor of 10.
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SITE IDENTIFICATION

26044 SS26047 SS26049 SS26049 SS26o5o SS26053 SS26054 SS26055
SS25091 SS25082 SSM 3 SS26042 SS rme sand poorly-graded
clayey fime med. BMW silty land clayey slightly well-graded line sandy Poorly- Poorly- poorly-gaided

C'Cowgic material sow W/ Silt W/ lik W/ clay sand clayey sand sandy clay clay graded sand graded sand land W/ clay w/day sand. clay

% Fines (visually detennined) 35 10 15 25 10 50 95 3 7 65 95 20

SOIL CHENUSTRY

Scmiyol,wc oreankLWW NA NA NA BCRL BCRL DCRL REI REJ REI REI REJ REJ

Aldrin BCRL 0.5 0.6 REJ RFJ REJ REI REI RFJ

Die" NA NA NA RrJ REJ

Chlordane NA NA NA BCRL BCRL HCRL REJ REY REJ REI

Qualkwhiodw PmdddM1WW 0.013 0.976 0.11 0.011 7.8 &M50 O.W6 (131 0.017

Aldrin 0.045 0.015 0.033 0.11

Dieldfin 0.41 0.70 0.30 0.16 0.49 0.61 0.13 920 0.064 0.96 4.1

Endrin 0.054 0.014 0.031 0.023 0.065 0.10 0.024 0.97 0.042 0.077 Q36 0.018

0.0051 BCRL BCRL BCRL 0.0ff7 0.015 BCRL 0.39 BCRL 0.048 0.023 BCRL

lsodrin 0.017 0.032 0.052 0.0055 0.32 0.0D48 0.017 0.040 0.0038

Djchl,,,diphe,ykfichlowethane 0.015 0.0D47 BCRL BCRL BCRL DCRL BCRL Q017 BCRL

DichlofodiplicnYWIMEW BCRL BCRL BCRL BCRL BCRL 0.0069 BCRL RCRL 0.045 BCRL

Chlordane 0.16 BCRL BCRL BCRL DCRL BCRL BCRL 0.26

HexachlorocycloPent6diene BCRL BCRL BCRL BCRL BCRL BCRL BCRL 0.0035 BCRL BCRL OLOO60 BCRL

NOTE: All samples were lakeRfrOm 4 depth of 0 to 2 inches-

BCRL - Below certified reponim lima

NA - Not analyzed

REJ - These sample lots Were reiccled OY Qual"Y Contra"
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SITE IDENTIFICATION

SS26056 SS26058 SS26059 SSVO34 SS2-7035 SS27036 SS27037 SSVO39 SSV041 SS28MI SS29099 SS29100

Geologic Material poolly- Poody- Poofly- clayey sand clayey sand silly clayey sand silly SMW silty fine silty sand clayey sand w/

afaded said traded mW Bladed sand wl sik w/ sik sand W/ sik W/ clay sand W/ clay sand w/ sib silt. clay

% Fam (Visually deteftnined) 2 65 3 25 25 15 25 Is 15 15 20 20

SOIL CHENUSTRY

Sem#volatik QM=kLWW REI NA NA DCRL NA NA HCRL NA BCRL BCRL
Aldfin REJ RM BCRL NA NA BCRL NA BCRL BCRL
Dieldrin REJ REJ RE) NA NA BCRL NA NA BCRL NA BCRL DCRL
Chloldane REI REJ REJ NA NA

Quanublorine EudddUA" LID.021$ 0.052 o.33 BCRL BCRL RCRL HCRL BCRL BCRL BCRL BCRL HCRL
Aldrin RCRL 0.015 BCRL 0.046 BCRL 0.011 0.0099
Dieldrin 0.12 0.32 6.4 BCRL HCRL BCRL BCRL BCRL DCRL BCRL BCRL BCRL
Endrin 0.10 0.049 1.2 BCRL BCRL 8CRL BCRL BCRL
lsodrin O.W73 0.0036 BCRL BCRL DCRL DCRL 8CRL HCRL BCRL

0.017 GF0.10 RCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL
Dichlorodovenyltrichlomethane 0.048 0.052 9CRL BCRL BCRL BCRL BCRL RCRL RM BCRL BCRL
Diddorodiphenyled" 0.010 HCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL
Chkmlane HCRL BCRL BCRL RCRL BCRL

HexachlovocycloPentadiew BCRL 0.0039 BCRL BCRL HCRL BCRL Kltl, BCRL BCRL BCRL BCRL BCRL

NOTE: All saniples were takenfrons a depthof 0 to 2 inches.

Bc,NL - Below certfod reporting 16RO

NA - Not andy2ed

REJ - T&se umpie lots were rejected by Q-tity Control.

0 - The GCIECD Aldrift analysis resultf- S-WIC Ruffber SS26056 incoporates a ditudonfactor of 10.
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SITE IDENTIFICATION

SS29106 SS29107 SS29108 SS30094 SS30095 SS30096 SS30098 SS30M9 SS30090
SS29101 SS29102 SS29105 fun SNW clayey tow clayey satid fine sandy

C'eulosic Masefial silty sual jandy clay clayey sarid silty swul silty rM silty rMe silty rMe fine clayey W/clay W1 silt W/silt clay
W/ clay w/ sik w/ sik w/ day sand wl clay sand wl clay sand sand 40 60

% Fines (Visually detennitied) 20 70 25 20 20 25 25 45 90 30

SOEL CHEMSTRY

semayal 191c n-anics (Mail) RM BCRL BCRL BCRL BCRL 8CRL NA RCRL BCRL NA BCRL NA

Aldtin NA BCRL BCRL NA BCRL NA

Did" BCRL BCRL RCRL BCRL BM BCRL

Chlordane JIM BCRL BCRL RCRL BCRL BCRL NA BCRL BCRL NA BCRL NA

dw Pes6cides (Wid0moffift - OLOO70 0.0067

Aldfin BCRL BCRL BCRL RM BCRL 8CRL 0.0059 0.0050 0.0M O.W61

tv Die" 0.0081 BM 0.0092 0.0082 0.00" 0.020 0.020 0.010 0.020 0.032 OL025 0.070

0- BCRL KIM I1CRL BCRL BCRL BCRL BCRL BCRL BCRL 0.0096

0 Endrin 8CRL BCRL BCRL BCRL BCRL BM BCRL BCRL BCRL BCRL BCRL BCRL

U Isodrin BCRL BCRL BCRL BCRL RCRL BCRL O.OD45

Dichlo,odiphMitriddowedtane BCRL BCRL RCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL

Didilmodiotaqkthaw BCRL BCRL BM BCRL BCRL BCRL BCRL BCRL

RCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL

Chlofdane BCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL

H"acitlotocyckWenudime BCRL BCRL BCRL

NOTE: All samples were takenfioma depth qf0 fo2 inches.

BCRL - Below cerlifidd Wvdimg lb"k

NA - Not analyzed
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SITE IDENTIFICATION

SS30092 SS30093 SS30094 SS30095 -iS30096 SS31164 SS31165 SS31166 SS31168 SS31170 SS311 73 SS31175

coologic Material clayey fine clayey fine sandy fine sand clayey sum fine sandy very fine vety fine very fine to fine tned. to very fine

sand saw clay W/ lih W/ sih clay sand. clay sandy clay med. sand sandy clay fine sand sandy clay

% l7ines (Visually detennined) 40 40 60 to 25 65 85 60 35 60 65 T7

SOIL CHEhGMRY

SetnWoladle QManics

Aldrin BCRL BCRL BCRL NA BCRL BCRL BCRL BCRL 8CRL BCRL BCRL BCRL

Dieldrin BCRL BCRL BCRL NA DCRL BCRL BCRL BCRL BCRL BCRL HCRL DCRL

Chlonlane BCRL BCRL 11CIU, NA BCRL BCRL BCRL HCRL BCRL BCRL RCRL BM

Q12anocWGdWBMW*&WM
Aldfin o.o054 0.0048 0.026 NA* 0.0090 0.015 BCRL 0.00" 0.0029 BCRL 0.0044 0.0D72

Dieldrin 0.040 0.027 0.20 NAO 0.046 0.11 0.0091 0.069 0.012 0.040 0.035 0.16

a" o.oi)63 BCRL 0.034 NAO 0.0062 0.0D95 BCRL 0.011 BCRL 0.0058 BCRL 0.029

00 lsodrin BCRL BCRL DCRL NAO BCRL DCRL BCRL BCRL BCRL BCRL BCRL 0.0026

Dichlomiliphenyhricl&welhane BCRL BCRL 0.0066 NA$ BCRL 0.0062 BCRL BCRL BCRL BCRL BCRL 0.012

Diddowdiphenyktham BCRL BCRL BCRL NA* BCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL

Chloirdane BCRL BCRL BCRL NAO BCRL DCRL BCRL BCRL HCRL BC!RL BCRL 0.057

Hexachtorocyclogmasdiale BCRL BCRL BCRL NAO DCRL BCRL RCRL HCRL BCPJL BCRL 11CRL BCRL

NOTE: All samples were takenfrom a depth of 0 to 2 inches.

BCRL - Below certirted reportinS limit

NA - Noe analyzed

NA- . Lab sample was accidentally destroyed before analysis could be Mforwd-
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SM IDENTIFICATION

SS31177 SS31178 SS32179 SS32180 SS32181 SS32182 SS32194 SS32185 SS33109 SS33111 SS33112 SS34114

Geologic Masetial VM fine fine veFy fine fine slightly slightly sandy poody-giaded silty sand silty fine silty sand silty sand

sand. clay sandy clay and. clay sandy clay sandy clay sandy clay clay clayey sand W/ clay sand w/ clay w/clay W/ clay

% Fines (Visually delemined) 90 75 72 so 85 90 70 35 15 20 25 25

SOIL CHENDS'lRY

Aldvin NA NA BCRL BCRL BCRL DCRL BCRL BCRL BCRL NA NA BCRL

Die" NA NA BCRL BCRL BCRL BCRL BCRL BCRL BCRL NA NA BCRL

Chlordane NA NA BCRL BCRL BCRL BCRL BCRL BCRL BCRL NA NA BCRL

Orasnochlorine Pjaliddai"

Aldfin 0.023 O,OD40 O.OD59 O.OD29 0.0036 BCRL 0.0056 HCRL BCRL BCRL BCRL 0.0050

Dieldfin 0.30 0.067 0.021 0.023 0.024 0.014 0.061 0.017 0.0034 BCRL OLOO34 0.071

Endrin 0.050 0.010 BCRL 8CRL BCRL RCRL 0.0096 BCRL BCRL BCRL BCRL BCRL

lsodrin O.OD57 BCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL RCRL BCRL BCRL

DichlofodiphenyltficMomethom 0.016 0.0056 8CRL HCRL BCRL BCRL BCRL RCRL BCRL RM BM 0.0099

Dichlorodiphenyledmie BCRL BM BCRL BCRL BCRL BCRL BCRL BCRL 8CRL BCRL BCRL BCRL

Chlordane 0.085 BCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL DCRL HCRL

Hexaddotocyclopentadiene BCRL BCRL 8CRL DCRL BCRL BCRL 8CRL DCRL BCRL BCRL BCRL BCRL

NOTE: Am samples were takenfrom a depth of 0 to 2 inches.

BCRL -Below certifted reporting limit

NA - Not analyzed
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SITE IDENTIFICATION

SS34116 SS34117 SS34118 SS34120 SS35122 SS35123 SS35125 SS35126 SS35130 SS35132 SS35134 SS35135

Geologic Material silty firte clayey fine silty fine clayey clayey fine clayey silty fine sandy clay silty suml silty BOA clayey sew silty firte

swd w/ clay sand w/ clay sand w/ clay rme sarW and W sik md w/ A sand W/ sik W/clay, W/ clay W/ A UM W/ clay

% Fmcs (Visually detemined) 20 30 15 25 25 35 10 65 20 15 20 20

SOIL CHEMISTRY

Sem*voljktile QtgsWsL(j"

Aldrin NA NA NA NA BCRL NA NA BCRL BCRL BM NA NA

Dieldrin NA NA NA NA BCRL NA NA HCRL 0.6 BCRL NA NA

Chlofdam NA NA NA NA BCRL NA NA BCRL DCRL 8CRL NA NA

sembloritz PestirAdet WgW

Aldfin BCRL 0.0030 BCRL O.OD29 0.013 0.013 0.040 0.020 0.012 0.011 BCRL 0.020

Dieldrin 0.0030 0.029 O.OD92 0.025 0.21 0.094 0.20 0.097 0.26 8CRL BCRL BCRL

Endrin BCRL BCRL BCRL BCRL 0.032 0.016 0.049 0.012 0.042 BCRL BCRL 0.011

lsodrin BCRL BCRL BCRL BCRL BCRL BCRL 0.0027 0.0024 0.0025 BCRL BCRL QOD26

Diclilorodow"ItricMoroedune BCRL BCRL BCRL 0.074 0.0049 0.0072 0.021 0.012 BCRL 0.0054 0.0062 0.047

Diclilmodiphenyledwe BCRL RCRL BCRL BCRL 0.0049 BCRL 0.0064 BCRL 0.0054 BCRL BCRL BCRL

Chlordane BCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL BOM BCRL BCRL

HexachlorocyclOPO"Cliene BCRL HCRL BCRL BCRL BCRL HCRL BCRL BCRL 0.0018 BCRL BCRL BCRL

VNOTE.: All za-WICS were takenfrom a depth o/O to 2 inches.

BCRL -Below certifmd reporting lifflif

NA - Not analyzed
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SITE IDENTWICATION

SS35136 SS35137 SS36138 SS36140 SS36141 SS36142 SS36143 SS36144 SS36145 SS36146 SS36147 SS36149

Geologic Material roe MW Poody-softed liky fisve clayey sarW suid w/ silty fine fine sand silty fine silty fine clayey fine silty swid silty sarid

W/ silt send w/ clay mW W/ silt clay. silt und W/ silt sand OMW smd wl sik w/clay W/ clay

S Fines (Visually detenubted) 15 10 10 30 60 15 to 20 25 25 25 25

SOIL CHENSTRY

&MhQhfikDKjsnk:& (gglal

Aldfin BCRL BCRL 8CRL BCRL BCRL BCRL BCRL BCRL BCRL NA BCRL BCRL

Dieldfin BM 0.5 0.4 BCRL BCRL BCRL BCRL 0.5 BCRL NA BCRL I

Chlordaw BCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL BCRL NA RCRL HCRL

012afflochlorine EcdiddlLf"
Aldsin 0.0069 0.015 0.013 0.027 0.014 0.015 0.016 0.013 0.0077 0.019 0.0091 HCRL

Dieldrin 0.069 0.31 0.14 0.22 0.11 0.19 0.19 0.34 0.19 LIM.019* 0.097 0.0040

Endrin HCRL 0.043 0.020 0.057 0.015 0.017 0.019 0.037 0.013 0.11 0.013 BCRL

lsodrin BCRL o.0030 9CRL BCRL BCRL 0.0030 RCRL BCRL BCRL OLW79 BCRL 9CRL

Dichlotodiphenyltrichlofoethane 8CRL 0.032 8CRL 0.012 0.0047 BCRL 0.037 0.006 0 8CRL 0.015 OLOO66 BCRL

DicWorodiphenykthow BCRL 0.0052 BCRL BCRL BCRL 8CRL BCRL BCRL BCRL BCRL BCRL BCRL

Chlordane BCRL HCRL BCRL 0.031 BCRL BCRL 0.045 0.047 RCRL 0.17 BCRL BCRL

Heischlofocyclopentadiene DCRL 0.0021 DCRL BCRL BCRL BCRL BCRL BCRL HCRL BCRL BCRL BCRL

NOTE: All sawles were jakenfrom a depth of 0 to 2 inches.

BCRL - Below cerifted reportbq limk

NA - Not andyted

0 - The GCIECD Dieldrin analpis residtfor S-Plf nwxber SS36146 incorporatey a ditsdionfactor of 10.



Table RISR D1.4-1b. Army Analytical Results for the Surlicial Soils Investigation at RMA. Page 15 of 15.

SITE IDElffUqCATION

SS36152 SS36153 SS36157 SS36162

Geologic Maerial fine Saw silty fine cloyey fine fine smul

W1 sik. clay MW W/ clay SXW W/ A W/ lik

% Fmes (Visually determirrA 15 15 25 5

SOIL CHFNHSTRY

Sefflival2tole Qtganics W2181

Aldrin BCRL 8CRL BCRL 0.6

Die" BCRL 0.7 0.5 10

Chlofdane BCRL 2 BCRL BCRL

Org2radderina PaliddCLWIM

Aldfin O.W53 0.017 0.013 L17.10*

DieWrin 0.18 0.42 0.26 14

Endrin 0.036 LID.19* 0.067 0.30

Isodrin 0.0029 0.031 0.0062 0.058

Dichlorodiphenyltricitlowethim 0.019 LTO.II* 0.030 0.094

Dichlorodiphenylethew BCRL 0.015 HCRL 0.027

Chlordane BCRL 0.066 BCRL 0.027

Hexachkmx7clopentiuliene BCRL BCRL 0.0020 O.OD46

NýO TE: A TI samples were taken from a dep A of 0 to 2 inches

BCRL -Below certlfwd repoffixS fi"k

NA - Not analyzed

* - The GclEcD Em&in and Dichlorodiphenyttrichloroethane analyses resultsfor sample number SS36153 incorporate a difutionfactor of 40.

so - The GCIECD Al&k analysis resultJor sample number SS36162 incorporales a dilutionfaccor of 10W.



Table RISR DI.4-2a. Summary of Shell Analytical Results for the Surficial Soil Sampling Program at RIVIA.

Concentration (pe]L)

Cotistiumt Nwnbcr of 
Standard ESE Certified Indicator

Detected Swnples* Range Median" Ma'$* Deviation" Repoffting Limit Level PPLV

scmiyolatile ontanics (N=0

Aldrin 3 1-6 - 0.7 CRL 0.12

Diel" a 2-40 7 to 10 0.6 CRL 0.12

Endrin 0 
0.3 CRL 590

Isodfin 0 
0.3 CRL 140

Dichlorodiotenylisicidowethane 0 
0.6 CRL 5.7

DicNorodiphenyledwe 0 - - 0.5 CRL 5.7

Chkwdane 5 2-20 9 10 9 0.7 CRL 1.5

Hexachlorocyclopentadiene 0 
0.7 CRL 2600

Supons, 1 0.5 - 0.2 CRL 300

Ore2nochlorine Pesticidei C97-M

AIdAn 67 O.OD35-22 0.016 0.48 2.7 0.0026 CRL 0.12

Dieldrin O.OD23-97 0.038 1.8 9.3 O.OD19 CRL 0.12

Endrin 64 0.0023-13 0.014 0.43 1.8 0.002 CRL 590

Isodrin 26 O.OD22-0.28 O.OD42 0.039 0.0`72 0.0017 CRL 140

DichlowdiOtenyllsichloteeftm 22 O.OM5-0-21 0.0053 0.015 0.043 0.0023 CRL 5.7

DichlorodiphenYledow 14 0.0026-0.16 0.0054 0.032 0.052 0.0= CRL 5.7

Chloidane 28 0.021-33 0.057 2.3 6.9 0.014 CRL 1.5

Henchlolocyclopwadiene 0 - - 0.0037 CRL 2600

AwakINEM 53 1.3-45 3.2 4.8 7.6 0.91 CRIAO 0.74

19 0.029-2.1 0.054 0.29 0.59 0.027 CRL-0.10 910

-6RL - TI, indical., level is the Certyied Reporting Limitfor ESE laboratories, as appropriate.

N - Number of samples analyzed

pPLV - Preljmý Pollutant Limb Valuefor Industrial Worker

Number of samples in which constituent *w detected. onlý thereresults wvre wed in statistical analyses; GT values were not wed in statistical analyses.

**. Median. mean, and standard deviation not calculated when cowtifuent detected injewr than 5 samples.



Table RISR D1.4-2b. Shell Analytical Results for the Surficial Soil Sampling Program at RMA. Page I of 9.

SITE IDENTIFICATION

SS01222 SS01224 SS012 SS01233 SS01234 SS02206 SS02209 SS02214 SS02215 SS02218 SS03197

Soil Texiam clay fine sandy sandy not loony sandy sandy sandy sandy sandy sandy loony

kwo lown lom deseFibed sand town town loans low" lom lown, und

% Fines (Vistially detennined) 70 38 38 Is 38 38 38 38 38 38 is

SOIL CHWASTRY

SeMIT016261C

Aldfin BCRL RCRL 8CRL BCRL NA NA BCRL BCRL RCRL NA NA NA

Dieldrin BCRL BM HCRL BCRL NA NA BCRL BCRL BCRL NA NA NA

Cbkwdmw BCRL BCRL BCRL BCRL NA NA BCRL RCRL BCRL NA NA NA

Supons HCRL BCRL RCRL BCRL NA NA BCRL BCRL BCRL NA NA NA

Otganochlorine Pesticidu W8181

Aldfin 0.066 0.022 0.012 0.0096 0.0050 BCRL 0.032 0.038 O.W67 BCRL 0.0075 O.OD35

Dieldrin 1.0 0.15 0.11 0.069 0.035 O.W88 0.16 0.17 0.055 0.0099 0.022 0.011

Endrin 0-12 0.020 0.015 0.011 O.OD48 BCRL 0.014 0.0056 0.0050 RCRL 0.0031 BCRL

Isodrin 0.010 O.OD34 BCRL BCRL 8CRL BCRL 0.0036 0.0032 BCRL KitL BCRL BCRL

Dichlorodiownylixichlowethane BCRL BCRL O.OD86 O.OD70 BCRL BCRL BCRL 0.0074 0.0055 0.0025 O.OD31 BCRL

Dichlowdilphenylethim 0.00" 0.0036 O.OD40 0.0026 BCRL BCRL O.OD42 0.0059 BCRL RCRL BCRL BCRL

Chloirdane 0.28 0.057 0.057 0.033 0.029 BCRL 0.041 BCRL BCRL BCRL BCRL BCRL

Amoki" 22 1.5 IA 1.6 NA NA 1.3 1.3 1.3 NA NA NA

0.055 0.040 HCRL NA NA NA BCRL 0.062 BCRL NA NA NA

ý;NO TE: A Hl samples we re taken from a depth of 0 to 2 h whes.

BCRL - Below certified rePortiM li"it

NA - Not analyzed



Table RISR D1.4-2b. Shell Analytical Results for the Surficial Soil Sampling Program at RMA. Page 2 of 9.

SITE IDENTIFICATION

SS03201 SS04187 SS04191 SS04193 SS05246 SS05247 SS05251 SS06236 SS06238 SS06244 SS07269 SSU7vl

Soil Textual sandy sandy fine sandy sandy sandy sandy loamy sandy sandy loamy fine sandy sandy

loun loan loam town loan town sand lown loam sand loom loam

% Fmes (Visually detennined) 39 38 38 38 38 39 Is 38 38 is 39 38

SOILCHEWHSIMY

senjivolaffle Omanks (I"

Aldfin NA NA NA BCRL NA NA BCRL BCRL NA NA NA NA

Dieldiin NA NA NA BCRL NA NA BCRL BCRL NA NA NA NA

Chlonlane NA NA NA BCRL NA NA BCRL BCRL NA NA NA NA

SUPOW NA NA NA BCRL NA NA BCRL BCRL NA NA NA NA

QMWKWJ&rine N94cidet (INIM

Aldfin BCRL BCRL BCRL BCRL 0.0097 0.0036 0.0067 0.016 0.011 BCRL 0.0067 BCRL

Die" 0.0052 O.OD32 0.0035 0.0062 0.012 0.015 0.013 0.23 M12 0.026 0.023 BCRL

Endrin DCRL BCRL BCRL BCRL BCRL O.OM5 0.0047 0.049 0.019 0.0043 0.010 BCRL

Isodrin BCRL O.M22 BCRL BCRL BCRL BM 0.0031 BCRL 0.0037 BCRL BCRL BCRL

Dichlofodiphenylisiclilowethane O-OOV O.Ow BCRL O.OD32 BCRL 13CRL BCRL 0.015 0.0089 0.0065 QOD47 BCRL

WkWtodiphenylediane DCRL BCRL BCRL BCRL 8CRL BCRL BCRL HCRL BCRL BCRL BCRL DCRL

Chlordane BCRL BCRL BCRL DCRL BCRL BCRL BCRL BCRL 0.058 BCRL 0.022 HCRL

AMMMIUM NA NA NA 15 NA NA 1.6 2.1 NA NA NA NA

NA NA NA KIM NA NA BCRL 0.054 NA NA NA NA

NOTE: All samples were taken from a depth of 0 to 2 inches-

BCRL - Below certified rePoPling limk

NA - Not andyted



Table RISR D1.4-2b. Shell Analytical Results for the Surficial Soil Sampling Program at RMA. Page 3 of 9.

SITE IDENTIFICATION

SSOOZ73 MOM SS09253 SSOMS SS11257 SS11258 SS11261 SS12264 SS12267 SS19018 SS19023 SS19024

son TeRture undy swdy InKlY loarn kwny clay sandy clay undy lowny undy clay

lown lown kWn sand kWn kwn loan MW lourn lom

% Fines (Visually detevn*" 38 38 38 60 is 80 38 70 38 Is 38 70

SOILGIMMY

swivalstek Q=ics WM

AMrin NA NA BCRL NA NA BCRL NA NA NA NA NA BCRL

DieMrin NA NA BCRL NA NA BCRL NA NA NA NA NA BCRL

chlofflaw NA NA DCRL NA NA BCRL NA NA NA NA NA BCRL

supona NA NA BCRL NA NA BCRL NA NA NA NA NA BCRL

0[gam"fim ("1111 BCRL RCRL BCRL 0.0052 0.0067 RCRL 0.0039 BCRL BCRL BCRL BCRL

AMrin BCRL

Die" 0.013 0.0030 O.OD49 0.0039 0.016 0.0099 0.011 0.022 a0m 0.0070 a019 0.012

Endrin BCRL HM BCRL DCRL BCRL BCRL O.OD40 0.0040 BCRL BCRL 0.0030 0.0041

Isodrin HCRL RCRL DCRL BCRL BCRL BCRL BCRL BM BCM RM BCRL BCRL

Dichloiodow"kTicMomethan 0.0035 BM BCRL BCRL BCRL MOMS BCRL BCRL BCRL BCRL BCRL BM

Mchlowdomiahow BCRL RM BCRL HCRL BCRL BCRL BCRL DCRL BCRL BCRL BCRL BCRL

Chloidaw BCRL BCRL HCRL BCRL BCRL HCRL BCRL BCRL BCRL BM BCRL BCRL

A PC (WIRI NA NA NA NA NA 2.6 NA NA NA NA NA 3.6

hkM0-W2W NA NA NA NA NA DCRL NA NA NA NA NA BCRL

NOTE: All samples were takenfrons a depth of 0 to 2 Whes.

BCRL - Below certifsed reporting limk

HA - Not andy2ed



Table RISR DI.4-2b. Shell Analytical Results for the Surficial Soil Sampling Program at RMA. Page 4 of 9.

SITE IDENTIFICATION

SS20026 SS20029 SS20030 SS22001 SS23004 SS23005 SS23007 SS23011 SS24012 SS24013 SS24015 SS24016

Soil TCOM fine sandy lown lom fame sandy sandy clay sandy clay lime sandy loan clay clay

Inman lom lown losan lown loan Inman lown loarn

% Fines (Visually determined) 38 60 60 39 39 70 38 70 38 60 70 70

SOIL CHENUSTRY

setnivalat6le Quanocs (M81j)

Aldfin NA BCRL NA NA NA BCRL NA BCRL NA NA DCRL BCRL

Dieldrin NA BCRL NA NA NA BCRL NA BCRL NA NA BCRL BCRL

Chlovdam NA BCRL NA NA NA BCRL NA BCRL NA NA BCRL BCRL

SUPOM NA BCRL NA NA NA BCRL NA BCRL NA NA BCRL HCRL

Whir

Mrin HCRL BCRL BCRL 0.0054 0.012 BCRL 0.020 0.051 O.OM BCRL CLO27 O.W71

Dieldirin 0.0025 0.0057 O.OD39 O.M4 0.11 0.024 0.11 0.31 0.015 0.014 all 0.038

FjWlfin DCRL BCRL BM O.OD52 0.017 BCRL 0.023 0.099 BCRL BCRL BCRL 0.0059

Isodrin BCRL BCRL BCRL BCRL BCRL RCRL BCRL 0.0044 BCRL 8CRL BCRL BCRL

DkNiowdiphenyltricNoroethane HCRL BCRL BCRL HCRL RCRL BCRL BCRL BCM BCP.L BCRL RM BCRL

DicMorodiphenyldhaw BCRL BCRL 8CRL DCRL RCRL BCRL HCRL BM BCRL BCRL BCRL BCRL

Chlonlane BCRL BM BM DCRL BCRL BCRL BCRL BCRL BCRL 8CRL BCPL BM

Arsmic (NIZI NA 3.5 NA NA NA 4.3 4.9 3.9 NA NA 3.8 4.2

NA BCRL NA NA NA DCRL NA 0.034 NA NA BCRL BCRL

NOTE: All samples we; taken from a depth of 0 to 2 hiches.

BCRL - Below cerQrsed reportins lb"k

NA - Noe analy2ed



Table RISR D1.4-2b. Shell Analytical Results for the Surficial Soll Sampling Program at RMA. Page 5 of 9.

SITE IDENTIFICATION

SS25060 SS25064 SS25066 SS25071 SS25072 SS25075 SS25077 SS25V6 SS25Z77 SS25VS SS25279 SS25280

Soil Textum loon clay lown clay fine Undy fine sandy clay not not not not not

loan lown lown loon loon descnbed drwnbed descnbed descnbed demnbed

% Fma (Visually detennined) 60 70 60 70 38 39 40

som ctlEbMsIrRY

Smiyol-l-le

AMvin NA BCRL NA BCRL 8CRL NA 8CRL NA NA NA NA NA

Dielddn NA BM NA BCRL RCRL NA 8CRL NA NA NA NA NA

Chlordane NA RM NA BCRL BCRL NA BCRL NA NA NA NA NA

Supons, NA BCRL NA BCRL DCRL NA BCRL NA NA NA NA NA

Inoch Emliddul" NA NA NA

Wrin 0.080 O.M5 0.010 0.050 0.12 0.12 0.062 NA NA

Dieldrin 0.23 0.19 0.033 0.16 0.33 0.39 0.19 NA NA NA NA NA

00 Fjmmn 0.037 0.014 O.OD62 0.029 0.046 0.059 0.035 NA NA NA NA NA

Isodrin O.W39 BCRL BCRL 0.0029 0.0058 0.0065 O.OD33 NA NA NA NA NA

Diclilotodiphenylixiddomeths" BCRL BCRL BCRL BCRL RCRL BCRL BCRL NA NA NA NA NA

Diclilorodiphenyledianc BCRL 0.091 BCRL BCRL BCRL HCRL BCRL NA NA NA NA NA

Chlordane BCRL BCRL BCRL BCRL BCRL BCRL BCRL NA NA NA NA NA

Anuku" NA 4.8 3.0 7.2 4.5 NA 3.1 3.9 4.8 2.7 2.3 4.2

MCKMA"M NA 0.042 NA 0.030 0.039 NA BCRL NA NA NA NA NA

NOTE: All samples were lakeRfrOm a dePth Of 0 10 2 inches-

BCRL - Below certirsed repoolipts Mink

NA - Not aNdy2ed



Table RISR D1.4-2b. Shell Analytical Results for the Surficial Soil Sampling Program at RMA. Page 6 of 9.

SITE IDENTWIcATION

SS25281 SS26045 SS26046 SS2MI SS26052 SS26057 SSVO33 SS27038 SS27040 SS2=2 SS29103 SS29104

Soil TPAUM not sandy loan sandy sandy clay sandy sandy sandy sandy lown loun

described loan clay loon kmn lown clay loin loam losen loan

% Fmcs (Vindly deftnuined) 39 60 43 38 70 43 39 38 38 60 60

SOIL CHFWmSIRY

Sem, W*UQMOkL"W NA I BCRL 5 8CRL BCRL NA NA NA NA NA
Aldfin NA NA
Dieldrin NA I BCRL 8 BCRL BCRL NA BCRL NA NA

Chlontane NA BCRL BCRL BM BCRL BCRL NA BCRL NA NA NA NA

Supons, NA BCRL 8CRL BCRL OCRL DCRL NA BCRL NA NA NA NA

QMAMMorine Pesticides 0" NA 0.86 0.0064 5.1 0.066 0.095 BCRL O.OD44 BCRL DCRL BCRL BCRL

Aldrin NA 5.4 0.072 20 0.25 0.47 0.012 0.039 0.0094 0.0039 0.015 0.0053

Dieldrin 0.0023 0.0050 BCRL BCRL BCRL 0.0029
Endrin NA 0.95 0.013 3.7 0.049 0.14 BCRL BM BCRL

NA 0.046 BCRL 0.19 BCRL BCRL BCRL BCRL BCRL
Isodrin BCRL BCRL HCRL O.ODM HCRL BCRL

Diddof0diphenywidWofoethane NA DCRL 0.0033 BCRL DCRL BCRL BCRL BCRL BCRL BCRL

Diclilmodiphenyledutne NA BCRL BCRL BCRL BCRL BCRL BCRL BCRL 0.042 BCRL BCRL

Chlordane NA BCRL 0.040 BCRL HCRL BCRL BCRL BCRL HCRL

AmMiLf" 3.2 NA 3.0 4.6 2.5 4.0 NA 1.7 NA NA NA NA

NA NA 0.032 0.043 BCRL 8CRL NA BCRL NA NA NA NA

;NOTE: All sapWes were taken fton, a depth ofO to 2 inches.

BcRL - Below certVied reporling lb"it

NA - Not anaiyýed



Table RISR D1.4-2b. Shell Analytical Results for the Surficial Soil Sampling Program at RMA. Page 7 of 9.

SITE IDENTIFICATION

SS30087 SS30091 SS30097 SS30098 SS31167 SS31169 SS31171 SS31172 SS31174 SS31176 SS32193 SS32186

Soil Texture not not loamy fine loon sandy sandy sandy clay fine clay clay

described described saind sandy loam lown lown clay loam lown sandy kmn lown lossn

% l7ines (Visually dctennined) Is 38 60 38 39 43 70 39 70 70

SOIL CHENUSTRY

AWrin NS NA BCRL NA NA BCRL NA BCRL BCRL NA NA NA

Dieldrin NS NA BCRL NA NA BCRL NA BCRL BCRL NA NA NA

Chlordum NS NA BCRL NA NA BCRL NA RCRL BCRL NA NA NA

supons, NS NA BCRL NA NA RCRL NA RCRL BCRL NA NA NA

Organochlorine Ewjd&&WW

Aldri, NS O.W74 0.015 O.M5 0.012 0.011 0.016 O.OD94 0.0064 0.0084 BCRL BCRL

Dieldrin NS 0.030 0.063 0.14 0.035 1.5 0.085 0.18 0.036 0.069 0.014 0.022

Endrin NS 0.0050 O.W75 0.020 8CRL 0.0089 0.014 0.0060 0.001 0.0063 OLOO36 0.0048

lsodrin NS BCRL BCRL BCRL BCRL BCRL BCRL 9CRL BCRL BCRL BCRL BCRL

Dichlorodipbenyltrichlomethum NS BCRL BCRL BCRL BCRL RCRL 0.0078 BCRL RCRL 0.0026 HCRL BCRL

Diclilorod0enyleduum Ns BCRL BCRL BM BCRL HCRL BCRL HCRL BCRL BCRL HCRL HCRL

Chlonlarie NS BCRL BCRL BCRL llm 0.024 -- o-.tv- 0.029 BCRL BCRL BCRL BCRL

Aawki" NS NA NA NA NA 3.2 NA 2.8 2.2 NA NA 3.3

NS NA NA NA NA BCRL NA BCRL BCRL NA NA BCRL

NOTE: All san0es were #akem from a depth of 0 to 2 inches.

BCRL - Below certified reporlins linsit

NA - Not analyzed



Table RISR D11.4-2b. Shell Analytical Results for the Surficial Soil Sampling Program at RMA. Page 8 of 9.

SITE IDENTIFICATION

SS33110 SS33113 SS34115 SS34119 SS35121 SS35124 SS35127 SS35128 SS35129 SS35131 SS35133 SS36139

Soil TUMN sandy sandy sandy rMe loan sandy sandy loam sandy sandy loon v. fine

loon loarn limn sandy l"m hmn loan loan lown sandy [own

% Fma (Visually dettrinined) 38 38 38 38 60 38 38 60 38 38 60 38

SOIL CHENHSIRY

Sevnivolatile Jkgonocs (UgIZI

Aldrin NA NA NA NA BCRL NA BCRL BCRL BCRL NA BCRL BCRL

Dieldrin NA NA NA NA BCRL NA BCRL BCRL BCRL NA BCRL BCRL

Chlordone NA NA NA NA BCRL NA BCRL BCRL RCRL NA BCRL BCRL

supons NA NA NA NA BCRL NA BCRL BCRL BCRL NA 8CRL BCRL

Orgenochlorine Pesticides BCRL RCRL BCRL 0.0074 0.055 0.071 0.015 0.013 0.051 0.031 OL040 0.039
Aldfin

Dieldrin O.OD23 0.0036 0.013 0.014 0.28 0.21 0.11 0.061 0.17 0.12 0.20 0.42

Endrin BCRL BCRL BCRL BCRL 0.040 BCRL 0.016 0.0072 0.019 0.018 CLM5 0.031

Isodrin RM 0.0022 HCRL BCRL 0.0033 DCRL BCRL BCRL BCRL HCRL 0.0033 0.0053

Diddorodiplienylitichloroethane BCRL BCRL BCRL BCRL BCRL 8CRL BCRL BCRL BCRL 0.018 0.0056 8CRL

Dichlorodiphenytedow BCRL DCRL BCRL O.OD42 BCRL HCRL BCRL BCRL BCRL 0.012 0.0048 HCRL

Chlordane DCRL BCRL BCRL BCRL BCRL 0.024 0.036 BCRL 0.023 0.021 0.056 0.11

Arsenoc (Wj) NA NA NA NA 2.4 NA 1.6 2.2 1.6 NA 4.7 4.1

Nk Wt/2) NA NA NA NA BCRL NA BCRL BCRL BCRL NA BCRL O.M8

NOTE: All samples were takexfrom a depok of 0 to 2 inches.

BCRL - Below certified reporting limit

NA - Not analyzed



Table RISR DI.4-2b. Shell Analytical Results for the Surficial Soil Sampling Program at RIVIA. Page 9 of 9.

SITE IDENTIFICATION SS36159 SS36160 SS36161 SS36163
SS36149 SS36150 SS36151 SS36154 SS36155 SS36156 SS36158

fma lowny town sandy sandy fine sandy sandy sandy sandy l'ine

Soil TeWM sandy loon sand clay loam loon sandy Wain lom clay loon loan loaffn sandy lown

% Fum (Visually detefinined) 38 is 60 70 39 38 39 43 39 38 39

SOIL CHEMMY I

semiyol-tete 0,1010A," L-ns BCRL NA BCRL BCRL BCRL BCRL 6 BCRL BCRL NA

Aldrin 40 BCRL 2 NA

Dieldrin 9 3 NA BCRL BCRL 5 5

9 20 NA BCRL BCRL 20 2 BCRL BCRL 2 NA
Chlordaw BCRL BCRL NA BCRL BCRL BCRL BCRL 0.5 BCRL BCRL NA

SUPOW

QtgonaslilaJiBLECO *cide2 (NIZI 8CRL 0.19 0.012 0.0064 0.016 0.31 0.31 22 1.2 0.36 0.077

Aldfin 10 97 4.4 3.2 0.81
v 3.0 0.091 0.036 0.54 6.6

Dieldrin BCRL 3.3 3.3 13 BCRL O.V 0.069

Endrin DCRL 1.1 0.015 OWS 0.093 0.28 0.19 0.11 0.0080

Isodrin DCRL BCRL O.OD23 DCRL 0.0062 HCRL

BCRL HCRL 0.21 BCRL BCRL BCRL BCRL
I)ichlorodit,benyMchlormthane BCRL BCRL BCRL BCRL 0.13 HCRL BCRL Q16 0.0039

Dichlofodiphenylethem HCRL BCRL BCRL BCRL 0.010 RCRL 0.19

Chlonlane BCRL 33 0.13 0.11 0.44 6.0 BCRL 0.19 3.8

Ana&A," 45 39 NA 2.7 3.3 5.1 3.0 3.7 5.8 NA

MUMMA" 1.8 2.1 NA RCRL 0.057 0.44 0.25 0.043 0.10 OL 17 NA

NOTE: All samples were takenfrom a depth Of 0 80 2 imchas-

BCRL - Below cerhVied repo"ing I&RU

NA - Noe analyzed
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D2 GROUND DISTURBANCE INVESTIGATION

D2.1 INTRODUCTION AND OBJECTIVES

The Ground Disturbance Investigation is one component of the two-task program undertaken

to further characterize the nonsource areas of the Rocky Mountain Arsenal (RMA). The

surficial soil investigation is the other component of the program.

The Ground Disturbance Investigation was designed to evaluate areas of disturbed ground

that, because of their location in designated nonsource areas, were not as extensively

characterized as potential source areas. Ile ground disturbances were located by analyzing

aerial photographs dating back to 1943. EBASCO reviewed 100 ground disturbances

proposed by Colorado Department of Health (CDH, 1988) and excluded 63 of them from

further consideration in the ground disturbance program because they had either been

previously investigated; were no longer discernible in the field; were located in an area that

corresponded to a site as shown on the June 1989 preliminary map "Area of Known or

Inferred Occurrence of Analytes Above Background Levels at tile Rocky Mountain Arsenal;"

were related to containment system construction, were natural drainage depressions or were

found to be the result of non-RMA activities such as fan-ning. A total of 44 boring locations

were sited at the 37 ground disturbances that required additional investigation. During its

review of the CDH list, the Army identified two additional ground disturbance areas that

merited investization but were not identified on the original list. Six additional borings were

located at these two sites. All 50 sampling locations are shown in Figure RISR D2.1-1 and

described in Table RISR D2.1-1. Tile Final Ground Disturbance Investigation Data Summary

Report was released in August, 1990 (EBASCO, 1990/RIC 90247R01).

D2.2 FIELD METHODS

Soil samples were collected during the last week of October and the first week of November

1989. A small trailer-mounted drill rig was used to collect samples from tile 0- to 1-ft and 4

to 5-ft depth intervals at each of the 50 ground disturbance sampling locations. A core barrel

containing a 2-inch-diarneter polybutrate sampling tube was advanced into the ground to
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TableRISRD2.1-1 Description of Ground Disturbance Investigation Sampling Locations. Page I of

Date of Photos
Sample Number That Show Description of Disturbed Area From Aerial Photographs and Field Investigation

Ground Disturbance

GDO2016* 1980-1988 Scarred am in the SW corner of the section.

GDO4001 1948-1980 Two ground scars in SW corner of Section 4. Some revegetation has occurred; however, the scars am

still discernible in the field. Sample was taken frorn eastern scar.

OD04002 1948-1988 Two trenches M) in NW corner of Section 4. Sample was taken from east-west oriented trench.

GDO4003 1948-1988 Scarred area corresponding to open storage yard 2 (OS2) near the motor pool.

GD04M 1948-1980 Two trenches M) located north of the motor pool. Sample was taken from southem trench. Both

trenches are evident in the field.

GDD4005 1949-1965 Ground stain north of tretich I (TI). Trench I is north of T2 and north of the motor pool. Stressed

vegetation and remnants of the trench were found during field reconnaissance.

GDO4006 1948-1988 Two parallel ditches adjacent to the railroad tracks south of open storage yard I (OS I). A dark

liquid is apparent in the western ditch in the 1948 photo. Sample was collected firom this ditch.

GDO4007 1948-1988 Scarred arm corresponding to open storage yard I (OS 1) in the NE comer of the section.

GDO4008

GDO6015 1949-1988 Ground disturbance just north of the eastern part of Upper Derby Lake.

GDO6035 1948-1980 Ground scar north of ditch DIO and SE of building 785. A row of buildings was present in the 1948

photo, but not in later photographs. Upon a recent field visit it was concluded that this scar is a relict

of the building foundations from 1948 that never revegetawA

GDO6036 1948-1980 Ground disturbance located along south side of ditch D19. Field investigation mvealed that disturbance

is a local, apparently unnatural depression with stressed vegetation.

GDO6037 1948-1970 A NW-SE oriented light toned area in west half of Section 6. Distutbeil area is located in southern-

most row of storage sheds or bunkers two structures from the west end.

*Note: First two digits are Section number, last three digits are consecutive boring number.
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TableRISRD2.1-1 Description of Ground Distubance Investigation Sampling Locations. Page 2 of 4

Date of Photos
Sample Number Mat Show Description of Disturbed Area From Aerial Photographs and Field Investigation

Ground Disturbance

GDO6038 1952-1988 A number of light toned areas where ditch D21 crosses the rWI line in the NE comer of Section 6.

GDO6041 1937-1988 A light toned area near the east central boundary of Section 6. Ground disturbance extends ftorn die

intcrsection of D19 and D20 south toward Upper Derby Lake. and is a low area with stressed

vegetation.

GDO8028 1958-1988 Dwk patch located south of the channel at G Street in the cast centmI pot of Section 8.

OD12023 1955-1988 A light toned area in the NE quadrant of Section 12. Distufbed ground is on the eastern end of the

mounded area

GD12M4 1971-1988 Two low areas containing stoxWg water SE of the Rod and Gun Club Pond and NW of the, Uvalds

GD12025 Street Drainage.

GD19026 1974-1988 Small bermed area SW of ruing range in west central part of Section 19.

GD24017 198&1988 Small pond located south of the overflow ditch just south of the North Boundary Containment System.

GD24018 1948-1988 Large scar located west of the sanitary line in the central part of Section 24.

Gl) 25019 1962-1989 Linear ground scar pwallel to D street in the weslern pan of Section 25, west of North Plants.

GD25020 1975-1988 Possible trenches and ground scar along the NE corner of the GB plant fence. IU topsoil has recently

been removed during groundworking activities and the scar is no longer apparent in the 1988 photos.

GD25021 1964-1988 Linear scar in the NE quadrant of Section 25 between the GR plant fence and E Street.

GD25022 1975-1988 Ground scar north of the original ditch leading ftom the GB plant. Sonic grading was done after 1986 and

the scar was partially removed.

OD29039 1964-1986 Small area of bare ground in the SE corner of Section 29. Disturbed area was still present during a

recent field investigation.
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Table RISR D2.1-1 Description of Ground Disturbance Investigation Sampling Locations. Page 3 of 4

Date of Photos

Sample Number That Show Description of Disturbed Area From AeFial Photographs and Field Investigation

Ground Disturbance

OD29040 1964-1986 Small circular ground scar near the western boundary of Section 29. north of the seismic station. Scar

was still visible during a recent field investigation.

GD31027 1974-1988 Two possible trenches just north of the toxic storage yard in Section 3 1.

OD31029 19174-1989 Possible trench on the western edge of the toxic storage yard.

GD31030 1948-1974 Two irregularly shaped light toned area located on the northern bank of FrA Creek in the SE quadrant of

GD30132 
Section 3 1. Southern area is less clear in photos after 1974 because it contains standing water due to the

extension of the dam.

GD31031 1954-1988 Small excavation north of the new dam on Fust Creek, just SW of the toxic storage yaW.

GD31033 1948-1988 Circular light toned area locaW east of building 785 in the SW quadrant of Section X

GD31034 1948-1986 Pond of water present along ditch DIO midway between section boundary and ditch D19. Field

investigation revealed that the pond is a temporary water storage facility.

GD32042 1962-1988 A dark toned area in the NW corner of Section 32. IMis north-south treMing area was described as a

possible surface burit in the Section-32 Nonsource Area CAR (EBASCO, 1988b/IUC 88196RIO).

GD32044 1962-1986 A dark toned area in the west central part of Section 32. Disturbed am was still visible during a recent

field investigation.

GD32045 1962-1988 Two, open trenches located west of ft bum pits in Section 32. Eastern trench was investigated as Site

32-6 (EBASCO. 1988b/RIC 88196RIO). Western trench was sampled for this study.

GD32043 1954-1988 Four storage pads in the SW quadrant of Section 32. IU remaining 12 pads (16 total) were previously

GD32046 
investigated as Sites 32-4 and 32-2 (EBASCO. 1988b/RIC 88196RIO).

GD32047
GD32048

RIFS5-Table RISR D.1-1-bp 8/15/91



Table RISR D2.1-1 Description of Ground Disturbance Investigation Sampling Locadons. Page 4 of 4

Date of Photos

Sample Number I'hat Show Description of Disturbed Area From Aerial Photographs and Field Investigation

Ground Disturbance

GD32049 1972-1988 Two trenches. a pit and a small excavation in the SW corner of Section 32. JU eastern trench and a pit

GD32050 were previously investigated as part of Sims 32-4 and 32-2 (EBASCO, 1988b/RIC88196RIO). TU

western trench and small excavation were sampled for this study.

GD34009 1948-1975 Ground scar parallel to C Street approximately 1000 ft north of December Seventh Avenue. Scar was

still visible during a recent field investigation.

GD35010 1949-1988 Three scarred areas located along the western border of Section 35 just north of the ground scar parallel to

GD35011 
C Sum (GD34009) men"ied above.

GD35012

GD35013 1948-1988 Scarred area located near the center of Section 35. west of the dry reservoir.

GD35014 1948-1988 Scarred am located in the NE quadrant of Section 35 south of the Sand Creek Imetal.

RIFS5-Table RISR D.1-1-bp 8/15/91



extract the desired san-ipling interval. The sample tube was then removed from the core

barrel, sealed, and placed in a cooler to maintain a constant temperature at or below 4C for

shipping and handling. Sampling equipment was decontaminated between borings with

trisodium phosphate solution and distilled water.

No unexploded ordnance were encountered during drilling but metal, wood, and brick debris

were encountered around borings GD04007, GD04008, GD06038, GD19026, GD32044,

GD32045, GD32046, GD32047, GD32048, GD32049, and GD35014. A shallow water table

(3 to 4 ft deep) was encountered in borings GD06041 and GD31029, and samples frorn these

borings were moist. In all sampling locations, the I- to 4-ft depth interval was not sampled

but was logged by the field geologist on site. No unusual coloring or staining was noted in

any of the core samples.

D2.3 ANALYTICAL METHODS

All samples were analyzed for sernivolatile organic compounds (SVOCs), arsenic, mercury,

cadmium, chromium, copper, lead, and zinc. In addition, 50 samples from the 4- to 5-ft

depth interval were analyzed for volatile organic compounds (VOCs). Data reporting

procedures are described in tile RMA Chemical Quality Assurance Plan (PMRMA, 1989).

The soil analytical methods were certified by the U.S. Army Program Manager for Rocky

Mountain Arsenal (PMRMA). Samples were analyzed serniquantitatively for SVOCs by gas

chromatography/i-nass spectrometry (GC/MS) based on U.S. Environmental Protection Agency

(EPA) Methods 3540 and 8720 (DataChem, 1986c; EPA, 1982c). Tile 4- to 5-ft depth

interval samples were analyzed seiTliquantitatively for VOCs by GC/MS based on EPA

Method 624 (DataChem, 1986b; EPA, 1982a). All samples were analyzed quantitatively for

cadmiurn, chromiurn, copper, lead, and zinc by inductively coupled argon plasma emission

spectrometry (ICP) based on EPA Method 200.7 (EPA, 1983) and U.S. Army Toxic and

Hazardous Materials Agency (USATHAMA) Method 7S (DataChem, 1986a; EBASCO,

1985/RIC 86241RO4; EBASCO, 1986/RIC 87006RO2). These metals are collectively referred

D2-7
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to as ICP metals. Samples were analyzed quantitatively for arsenic by graphite furnace

atornic absorption spectroscopy (GFAA) based on EPA Method 3050 (DataChem, 1989b;

EPA, 1982b). Mercury was analyzed for quantitatively by cold vapor atomic absorption

spectroscopy (CVAA) based oil EPA Method 245.5 (DataChern, 1988a; EPA, 1979).

Table RISR D2.3-1 lists analytical methods and target analytes for tile ground disturbance

investigation.

D2.4 ANALYTICAL RESULTS

Table RISR D2.4-la summarizes analytical data for the ground disturbance investigation, and

includes certified reporting limits (CRLs) and indicator ranges (IRs). Tile IR is considered

the range of concentrations indicative of natural or background Occurrences. Table RISR

D2.4-lb tabulates analytical results by sampling location.

D2.4.1 Oraanic Analytes

Neither SVOCs nor VOCs were detected in any of the ground disturbance samples.

D2.4.2 Inoreanic Analvtes

The distribution of inorganic analytes in ground disturbance areas in tile 0- to 1-ft and 4- to

5-ft depth intervals are shown in Figures RISR D2.4-1 and D2.4-2, respectively.

Arsenic was detected in 15 ground disturbance samples, eight frorn the 0- to 1-ft depth

interval and seven frorn the 4- to 5-ft depth interval. Arsenic detections ranged from 2.7 pg/g

to 3.3 pg/g, well below the upper limit of the IR for arsenic (10 pg/g). The IR is the range of

concentrations considered indicative of natural, background-level occurrences. Detections

within the IR are, therefore, probably not attributable to RMA activities (ESE, 1987/RIC

88204RO2).

D2-8
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Table RISR D2.3-1 Analytical Methods and Target Analytes for the Ground Disturbance

investigation at RMA Page I of 3

Analyte Groups/Analytes (Analytical Methods)

Volatile Organic Comnounds (GC/MS)

IJ-Dichloroethane
1,2-Dichloroethane
1,1,1-Trichloroethane
1, 1,2-Trichloroethane
Benzene
Bicycloheptadiene
Carbon tetrachloride
Chlorobenzene
Chlorofon-n
Dibromochloropropane
Dicyclopentadiene
Diinethyldi sulfide
Ethylbenzene
m-Xylene
Methylene chloride
Methylisobutyl ketone
o- and p-Xylene
Tetrachloroethylene
Toluene
trans- 1,2-Dichloroethylene
Trichloroethylene

Seinivolatile Oreanic Compounds (GC/MS)

1,4-Oxathiane
2,2-bis(Para-chlorophenyl)-1,1-dichloroethane
2,2-bis(Para-chlorophenyl)-1,1,1-trichloroethane
Aldrin
Atrazine
Chlordane

D2-9
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Table RISR D2.3-1 Analytical Methods and Target Analytes for the Ground Disturbance

Investigation at RMA Page 2 of 3

Analyte Groups/Analytes (Analytical Methods)

Sernivolatile Organic Compounds (GCIMS-1

Chlorophenylmethyl sulfide
Chlorophenylmethyl sulfone
Chlorophenylmethyl sulfoxide
Dibromochloropropane
Dicyclopentadiene
Dieldrin
Diisopropylmethyl phosphonate
Dithiane
Endrin
Hexachlorocyclopentadiene
Isodrin
Malathion
Parathion
Supona
Vapona

Metals OCP)

Cadmium
Chromium
Copper
Lead
Zinc

Arsenic (GFAA)

Mercury (CVAA)
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Table RISR D2.3-1 Analytical Methods and Target Analytes for the Ground Disturbance

Investigation at RMA Page 3 of 3

Analyte Groups/Analytes (Analytical Methods)

GC/MS Gas Chromatography/Mass Spectrometry

ICP = Inductively Coupled Argon Plasma Emission Spectrometry

GFAA Graphite Furnace Atomic Absorption Spectroscopy

CVAA Cold Vapor Atomic Absorption Spectroscopy
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Table RISR WA-Ils. Summary of Analytical Results for the Ground Disturbance Investigallon at AMA. Page I of I
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Table RISR D2A-lb. Analytical Results for the Ground Disturbance Investigation at RMA. Page 2 of 9.
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Table RISR D2.4.1b. AnalyW Results lor the Ground t)lstuftncg Investigation at RMA. Page 3 of 9.
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TOW FIISR 02A-lb. Ana*" FlesultS lm gw around Distuftnce Investigation at RMA. Page 4 ot 9.
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Mercury was detected in only two ground disturbance samples, both frorn the 0- to I-ft depth

interval. Mercury detections ranged from 0.053 pg/g to 0.083 pg/g, within the mercury IR

(CRL - 0.10pg/g).

PMRMA quality assurance/quality control (QA/QC) personnel using criteria described in the

Chemical Quality Assurance Plan (PMRMA, 1989) determined two lots of ICP metals to be

unacceptable for values at or near the low spike values. These lots include the 0- to I-ft and

4- to 5-ft depth intervals from sites GD02016, GDO4001, GD04002, GD04003, GD04004,

GD04005, GD04006, GD04007, GD04008, GD06015, GDO80208, GD12023, GD12024,

GD12025, GD34009, GD35010, GD35011, GD35012, GD35013, and GD35014. Only ICP

metals data below the CRL (BCRL) and above the high spike concentration are considered

acceptable for these lots. That is, analytical results reported as BCRLs are valid, and are

posted in the figures if not rejected by the QA/QC procedures. CRI-s and high spike

concentrations for ICP metals are as follows:

ICP Metals CRL (ug1g) High Svike Concentration (ug/g)

Cadn-dum 0.74 25

Chromium 6.5 10

Copper 4.7 100

Lead 8.4 25

Zinc 8.7 250

Because all detections of ICP metals were between the CRL and the high spike concentration,

all detections have been rejected for these lots.

For the 60 samples not rejected by QA/QC, ICP metals were detected in all but one, but were

detected above their IR in only ten samples. Cadmium was detected in only four of the

samples, at detections ranging from 0.94 pg/g to 1.7 pg/g. All were in the 0- to I-ft interval

and all were below the upper limit of the IR (2.0 pg/g). Chromium was detected in all but

two of the samples. Chromium detections ranged from 8.9 pg/g to 48 pg/g, and chromium
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was detected above the upper limit of its IR (40 pg/g) in three of the samples. Copper was

detected in all but six of the samples. Detections of copper ranged from 5.9 pg/g to 120 pg/g

but copper was detected above the upper limit of its IR (35pg/g) in only one of the samples.

Lead was detected in 45 samples at detections ranging from 11 pg/g to 52 pg/g. Five of these

samples had concentrations of lead above the upper lin-dt of its IR (40 pg/g). Zinc was

detected in all but one of the samples. Detections of zinc ranged from 24 pg/g to 140 pg/g.

Zinc was detected above the upper limit of its IR (80 pg/g) in four samples.

D2.5 INTERPRETATIONS AND CONCLUSIONS

Since neither SVOCs nor VOCs were detected in any of the samples analyzed, it is concluded

that none of the ground disturbances sampled are either source or receptor areas for organic

contaminants. Similarly, since mercury was detected in only two ground disturbance samples

and both detections were within the IR for mercury, none of the ground disturbances sampled

are considered either source or receptor areas for mercury contamination. All 15 arsenic

detections were within the IR for arsenic, suggesting that all detections are of natural

background-level occurrences. Consequently, none of the ground disturbances samples are

considered either source or receptor areas for arsenic contamination.

ICP metals were detected in 59 of 60 ground disturbance samples not rejected by QA/QC, but

were detected above their IR in only ten of these samples. ICP metal detections above IR are

summarized in Table RISR D2.5-1, along with ICP metal detections from nearby soils/sewers

RI borings, and information from the Contan-driation Assessment Reports (CARs) and Study

Area Reports (SARs) regarding the origin of the ground scars and the likely source of

contaminants. At some locations, ICP metal detections could be explained by a documented

history of waste disposal. At other locations, some site history was known but did not

provide an obvious explanation for metals detections. It is possible that detections above the

IR may be anomalously high natural occurrences. The detections at all sites in the ground

disturbance investigations are interpreted as isolated occurrences rather than contaminant

D2-25
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Table RIS-R D2.5-1 Suninary of ICP Metal Detections Above Indicator Range. Page I of 2

Ground Disturbance Nearby Soils/Sewers
Investigation Boffinp Remedial Investigation Borinp Explanation

GD - Detection > IR Wg) and Phase I and 11 Detection > IR (tLg/g) and

Borinit Number Depth Interval (ft) Borinst Number Depth Interval (ft)

119tt -a W& -a

GDO6036* Pb 46 (0-1) None None Source of lead is unknown. Am of stressed vegetation is
low marshland that is flooded periodically when Eastern
Upper Derby I.Ae is full (Way, 1985).

OD06037 Pb 45 None None Source of lead is unknown. An am of Section 6 (possibly
this site) was leveled off in 1946 for the purpose of storing
M-47 bombs (EBASCO, 1988*WC 881961108).

GD25019 Zn 92 (()-1) 1-5138 Cu 53 (0-1/4-5) Source of zinc is unknown. Detections of Cu and Zn at

1-5138 Zn 100 (0-1/4-5) nearby site NCSA-9F (boring 5138) cannot be be attributed
to any documented RMA activities (EBASCO, 1989b/RIC
89166RO7). Metal concentrations at these levels are
common in nonsource area soils composed of sandy silt
(ESE, 1987/RIC 88204RO2), and may be naturally
derived.

GD25022 Ce 120 (0-1) None None Source of copper =4 lead is unknown,

Pb 45 (4-5)

GD29039 Pb 52 (0-1) None Now Souce of lead is unknown.

GD29040 Cf 44 (0-1) Now None Source of chromium and zinc is unknown.

Zn 90 (0-- 1)

*Note: Fust two digits an Section awnber. last three digits we conswotive progrun boring munber.

ltg/g - microtruns per pan

RIFS5-Table RISR D2.5-1 bl
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Table RISR D2.5-1 Summary of JCP Metal Detections Above IndicatoT Range. Page 2 of 2

GrowA Disturbance Nearby Soils/Sewers
Investigation Borinp Remedial Investigation Borinp Explanation

GD Detection > IR (;.Lg/g) and Phase I and ff Detection > IR (Pg1g) and
Depth Interval (ft Interval (ft)

Borinit Nu Borinit Number DeP*

U& -a Source of Iý is unitnown.
GD31034 Pb 49 (0-1)

GD32045 Cf 42 (04) 1-10 CA 19 (0-1) surface burn activity and metal debris wen evident during

Zn 98 (0-1) 1-10 CU 140 (0-1) Phase I field investigations (EBASCO, 1988c/RIC

1-10 Pb 1400 (0-1) 88256RO2). Detections of Cd. Cf. Cu, Pb- and Zn

1-10 Zn 2300 (0-1) correspond to the historical burning of incendiary bombs

1-10 Zn 87 (2-3) (EBAsCO, 1989aIRIC 89166RO2). Bomb casings or other
metal bmed, in the pits were probably consumted of alloys
containing these metals.

tjW OD32050 Cf 48 (0-1) 1-18 None Boring GD32050 was placed in a =0 excavation in the

Zn 140 (0-1) SW corner of Section 32. Baring 18 investigated a nearby
trench (EBASCO, 1988bJ88196RIO). Detections of Cr and
Zn nay be due to burig of metal debrk% or to natural
occurrence.

Abbrey. NM IR (I&gw

CA a Cadmim CRL-2.0
Cf = Chromium CRL-40
CU = Copper CRI.,35
Pb:n Leed CRL-40
Zft = Zinc CRL-90

RIFS5-Table RISR D2.5-1 bl
8/15/91



source areas. None of the ground disturbance areas are considered source areas for ICP

metals.

Chromium was detected in the 0- to 1-ft depth interval of boring GD29040 at a concentration

of 44 pg/g. The source of the chromium is unknown. Although the chromium concentration

is just above the upper limit of the IR (40 pg/g), it may be naturally occurring. Chromium

was also detected in the 0- to 1-ft depth interval of boring GD32045, at a concentration of

42 pg/g, and Boring 32050 at a concentration of 48 pg/g. Historical records indicate that

bum pits of Section 32 have a documented history of munitions disposal. Metal detections in

this area are most likely due to buried debris. However, the chromium detections are at or

very near the upper limit of the IR and could reflect natural levels.

Copper was detected at a concentration of 120 pg/g in the 0- to 1-ft depth interval of boring

GD25022. No borings from the RI are located near this ground disturbance and the source of

the copper is unknown. The copper detection is interpreted as an isolated occurrence, rather

than a contaminant source area, because it was detected only in the 0- to 1-ft depth interval.

Lead was detected in the 0- to 1-ft depth interval in boring GD06036 at a concentration of

46 pg/g. The ground disturbance is documented as an area of stressed vegetation, and is a

low marshland that is periodically flooded when Eastern Upper Derby Lake is full (Way,

1985). Lead was also detected in the 0- to 1-ft depth interval in boring GD06037 at a

concentration of 45 pg/g. In this case, the ground disturbance may correspond to an area of

Section 6 that was leveled off in 1946 for the purpose of storing M-47 bombs (EBASCO,

1988a/RIC 88196RO8), but the location of the storage area was not documented. Lead was

detected at a concentration of 45 pg/g in the 4- to 5-ft depth interval of boring GD25022,

52 pg/g in the 0- to 1-ft depth interval of boring GD29039, and 49 pg/g in the 0- to 1-ft depth

at interval of boring GD31034. No borings from the RI are located in proxin-dty to these

ground disturbance areas and the source of lead is unknown. Although the lead
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concentrations are slightly higher than the upper limit of the IR (40 Pg/g), it is possible that

lead detections in all three of these borings may be due to natural occurrences.

Zinc was detected at a concentration of 92 pg/g in boring GD25019, and a concentration of

90 pg/g in boring GD29040, both in the 0- to 1-ft depth interval. The source of zinc in these

borings is unknown. Although the zinc concentration is slightly higher than the upper limit

of the IR (80 pg/g), the zinc may be naturally derived. Metal concentrations at these levels

are common in nonsource area soils composed of sandy silt (ESE, 1987/RIC 88204RO2).

Zinc was also detected at a concentration of 98 pg/g in the 0- to 1-ft depth interval of boring

GD32045, placed in a trench just west of the Section 32 bum pits (Site ESA-2a6). Cadmium,

copper, lead, and zinc were detected in a Phase I RI boring placed to investigate a nearby

bum pit (Table RISR D2.5-1). Historical records indicated that the pits were used for burning

incendiary bombs. Phase I field investigations documented surface bum activity and metal

debris around the site (EBASCO, 1988c/RIC 88256RO2). Metal detections in and around the

bum pits are most likely due to bomb casings or other metal debris scattered around or buried

in the pits. Zinc was detected in the 0- to I-ft depth interval of boring GD32050 at a

concentration of 140 pg/g. A nearby trench investigated during Phase I of the RI had

detections of zinc within the IR, but not above it. Metal detections may be due to buried

metal debris or to natural levels.

SVOCs and VOCs were not detected in any of the ground disturbance areas, arsenic and

mercury were detected within their respective IRs in all ground disturbance areas, and ICP

metals were detected within their respective IRs in most ground disturbance areas. Therefore,

it is concluded that none of the ground disturbances samples are source areas for organic

contaminants or metals. Most of the ICP metals detections above IR are probably

anomalously high natural occurrences. The remainder are interpreted as isolated occurrences

rather than contaminant source areas.
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DDT Dichlorodiphenyltrichloroethane
DEMP Diisopropy1methylphosphonate
DMMP Dimethylmethyl phosphonate
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ICP metals Metals analyzed for by inductively coupled argon plasma spectroscopy; includes

cadmium, chromium, copper, lead, and zinc

OCP Organochlorine pesticides
ONC Organonitrogen compounds
OPHGB Organophosphorous compounds, GB-agent related

OPHI? Organophosphorous compounds, pesticide related

OSCH Organosulfur compounds, herbicide related

OSCM Organosulfur compounds, mustard-agent related

PAH Polynuclear aromatic hydrocarbons
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Local Terminology (continued)
MATC Maximum allowable tissue concentration
NCSA North Central Study Area
NPSA North Plants Study Area
RI Remedial Investigation
RMA Rocky Mountain Arsenal
SAR Study Area Report
SPSA South Plants Study Area
SSA Southern Study Area
WSA Western Study Area

Companies

EBASCO Ebasco Services Incorporated
ESE Environmental Sciences and Engineering, Inc.

Shell Shell Oil Company

Analytical Methods

GC/MS Gas chromatography/mass spectrometry

Chemical Symbols

As Arsenic
Cd Cadmium
W2 Ferrous iron
Fe+3 Ferric iron
Cr Chromium

CrO4 2- Chromate

Cr2O72 Dichromate
CU Copper
H+ Hy&ogen ion
Hg Mercury
M+ Metal cation
OH- Hydroxyl radical

02 Oxygen
Pb Lead
Zn Zinc
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Measurements, Ouantities, and Parameters

atm Atmosphere
atm-rr?/mol Atmosphere-cubic meters per mole
BAF Bioaccurnulation factor
BCF Bioconcentration factor
BMF Biornagnification factor
CC Degrees Centigrade

C. Organic contaminant concentration in soil phase

C, Organic contaminant concentration in soil phase

Eh Oxidation potential
OF Degrees Fahrenheit

f. Soil organic carbon content
ft Foot, feet

g/CM3 Grams per cubic centimeter
g/d Grams per day

91mi Grams per milliliter
K Degrees Kelvin
Kd Soil-water partition coefficient

Kt Henry's Law constant

K. Organic carbon partition coefficient

K.. Octanol water partition coefficient

mg/l Milligrams per liter

mi Mile(s)

ml/g Milliliters per gram

ITIM Millimeters

mm Hg Millimeters of mercury

n Porosity

pH A measure of acidity or alkalinity

Rf Retardation factor

Pg1g Micrograms per gram (equivalent to parts per niiWon)

Pg/l Micrograms per Liter

< Less than

> Greater than
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E.1 INTRODUCTION

Observed contaminant distributions at the Rocky Mountain Arsenal (RMA) are a direct result

of fate and transport mechanisms active since initial contaminant releases. Interpretations of

contaminant fate and transport are derived from comparisons of observed contaminant

distribution to theoretical contaminant behavior. This interactive approach to determining

environmental persistence and migration has multiple benefits, including:

" Clarification of the "nature and extent" of contaminated media

" Identification of unrecognized source areas and secondary sources

" Development of conceptual models from which current and future contaminant

dispersion, attenuation, alteration, and potential exposure routes may be estimated.

There are numerous complex factors influencing the transport of contaminants through the

interactive media of RMA. The Remedial Investigation (RI) used a comprehensive approach

for deten-nining migration pathways and identifying potential exposure routes for biological

receptors. This method involved development of conceptual models based on observed

analyte distributions, historical information including known source areas and approximate

dates of contaminant releases, relative contaminant mobilities, and RMA environmental

transport processes.

The conceptual approach allows flexibility in developing conclusions, which is required due

to the high degree of media heterogeneity observed at RMA. For example, unsaturated and

saturated zone characteristics vary widely in such critical parameters as sorptive

characteristics, permeability, hydraulic conductivity, and biological activity. Since, at best,

the systems observed only approach ideal thermodynamic equilibrium conditions (ESE,

1988c/RIC 88344ROI and Mackay et al., 1985), the mobility of individual contaminants may

display considerable variability under different environmental conditions (Mackay and Cherry,

1989). Numerical modeling of contaminant transport was, therefore, deemed inappropriate.

Fortunately, multiple analytes maintain fairly consistent relative mobilities in the same

E-1
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environment, and a conceptual model is a meaningful and appropriate approach to

understanding the complexities of contaminant fate and transport.

Theoretical contaminant behavior and relative mobility, outlined in the following sections, are

derived from evaluating physical and chemical properties of individual analytes in the context

of the physical and chemical properties of the specific media at RMA. Migration pathways

and potential exposure to human and other biological receptors have been identified by

evaluating theoretical contaminant behavior and transport mechanisms within surface water,

saturated and unsaturated soils and bedrock, atmospheric, and biotic environments at RMA.

E.2 PHYSICAL AND CHEMICAL PROPERTIES THAT INFLUENCE

CONTAMINANT MOBILITY

The efficiency of contaminant transport mechanisms and the ultimate fate of contaminants are

largely controlled by the physical and chemical properties of the contaminants and the

characteristics of the environment. Contaminant properties that influence behavior in

saturated and unsaturated soil environments include physical state, density, aqueous solubility,

vapor pressure, Henry's law constant (K.), and soil-water partition coefficient. Retardation

factors and bioconcentration factors are calculated parameters that are useful in estimating

relative rates for saturated zone transport and relative biological accumulation, respectively.

In addition, transformation and degradation reactions may have a significant impact on

contan-driant behavior.

Soil, water, and atmospheric environmental factors can have an effect on these chemical

properties. Environmental factors that influence chemical properties include, but are not

limited to, temperature, pressure, acidity or alkalinity (pH), oxidation potential (Eh),

competing species in solution, moisture, organic carbon, and clay content in soil. Chemical

properties presented in the literature are generally measured in carefully controlled laboratory

environments under standard conditions of temperature and pressure, neutral pH, and at low

concentrations in distilled water without competing species. Because these values are

E-2
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obtained under ideal conditions, chemical properties presented in the literature are often

dissimilar to those in the environment and may not accurately reflect chemical properties

observed in the field (Verschueren, 1983). Literature values used to assess field conditions

should be interpreted as estimates for describing behavior in the field and should be used only

as a tool to identify potential trends occurring in similar environmental settings (Lyman et al.,

1982). Chemical and physical properties of organic analytes are listed in Table RISR E.2-1.

Brief definitions and descriptions of important physical and chen-dcal parameters and their

effect on environmental mobility are provided below. Interpretations of chen-dcal fate and

transport and bioconcentration factors are primarily based on data presented in the Exposure

Assessment (EBASCO, 1989i/RIC 89227RO2,03), as well as in U.S. Environmental Protection

Agency (EPA, 1982), Moore & Ramamoorthy (1984b), and Dragun (1988). Other references

are cited as necessary.

For ease of discussion and understanding, the three most important chemical. -properties that

control environmental mobility, organic carbon partition coefficient (K.), Kh, and aqueous

solubility are described quantitatively as high, moderate, and low (Table RISR E.2-2). These

informal subgroupings correspond to numerical criteria listed in Table RISR E.2-3. Guidance

from the literature was used in selecting the ranges, although the reported criteria were

modified in an attempt to divide each parameter into subgroups of approximately equal size.

The groupings serve to emphasize the variability in these parameters for each compound.

E.2.1 PHYSICAL STATE

The physical state of a chemical contaminant is defined as its most commonly occurring or

most stable form--solid, liquid, or gas--at ambient temperature and pressure. At RMA,

ambient conditions are defined as average annual temperature of 50' F (USDA-SCS, 1974),

with an atmospheric pressure of approximately 631 millimeters of mercury (mm Hg) at

5,280 feet (ft) above mean sea level. Chemicals released to the environment in solid form do

not readily move through the soil matrix and are usually found in surficial soil layers or in

E-3
RMAPP0039 1118/91 7:43 am pf



Table RISR E.2-1. Summary of Chemical and Physical Propeftles of Organic Analytes. 
Page I of 5

Aqueous vapor

ftsicd Sobibility Pressure Henry's Lawo Partitions Partition!

SU" Density (mg.4) (-m Hg) CANUIt" Coefficient Coefficient

Analyte Reference Mr. ISOM) (gonil) (20-25T) (20-25-C) (stra Ohwo Log(K.) 1Ag(K.)

jol1Og&kfflHft9mded Omanks

1.1-Dichiomethane 0 liquid 1.18 5.5m ISO 4.31 x 10 1.79 1."

1.2-Diddoroethow liquid 1.25 9.600 64 9.81104 1.45-1.79 1.20

1.1-DichloroethYlene 0 liquid 1.22 2.2W 6m 3.4 x 10* 1.94 2.02

1,2-Dichloroethylene 0 liquid 1.26 6.300 265 7.6 It 1& 1.48-1.53 1.74

1.1,2.2-Tetrachloroethane EPA, Im liquid 1.59 2.900 5 3.8 x lOr' 2.39 2.07

1.1.1-Trichloredum 0 liquid 1.34 2.500 123 1.4 1 10 2.47-2.50 L34

1.1.2-Trichlorcethaft liquid 1.44 4,500 30 1.17 it 10" Z47 Z24

carom wraddorwe liquid 1.6 310 90 2.4 x 101 164-2.83 2.28

Chlorobenzene liquid 1.11 450 11.7 3.72 110-' 194-2.98 155

chlof0fornk 0 liquid 1.48 I'm 151 2.97 x 10 1.90-1.97 1.65

Methylene chloride liquid 1.33 18.000 362 2.03 x lOr' 1.25-1.30 1.20

Tetrachloroethylene liquid 1.63 252 Is 2.6110 2.53-2.60 156

Trichlomethylene liquid 1.46 950 59 9.1 IL 10-1 2.29-3.30 L64

Trichloloprolmne 
liquid 

-

Volatile Hydrocarbons

2-Botomyelhanol Wead. 1975 liquid 0.90 50,000

Merck. 1"3

4-IIydroxy4-n"yi-2jentanone Wead. 1975 liquid a" -
2.2-Oxybisethwid Merck. 1993 liquid 1.2 Miscible

Bicyclobeptadiene liquid 0.91 229 50 2.6 X 10 L" 2.28

Dicydqwtadiene saw 0." 19.4 1.7 1.9 1 lor, 3.14 2."

I-Methyl-1.3-cý mdieikll liquid 0.75

Mefticydahexame Weast. 1975 liquid 0.77 -
Methylitobutyl ketone liquid 0.798 19.000 16 1.111& 1.25

2-Pentanone Wend. 1975 liquid 0.81

z Mw geometric mean of multiple values was taladatedL

a Where avallable, values rqpned by EPA. 1"2 wen tabulated. If an EPA value was ad available, obe geometric snean ofiepas values was piesenseL

w Where available. values epot by EPA were ubAlased. If an EPA value was not availmlAe, the georneitic snean of values epm by EBASCO (199%4W M27RO2,03) was presented.

a Octanovarater partition coeft., -, frose w6sreaves lided in SAR appaWkes. ff. tos dean am value was epos , the range of reported v was tabulated.

a Organic carbon partition coeffmied from references listed in SAR appendices. If . im than one value was reported, the Mazinturn Ukehihood Edismase (MLE) vabse calculated by EBASCO (1989iftUC

89227RO2,03) was tabulated.

See Appendii C of SPSAR: or D of NPSAR. NCSAR. or WSAR. or 6 of ESAR or CSAR (EBASCO, 1"%-c. e4v1UC 89166ROI through RM

Note: Dash inserted vihe e inforrastion Is not availble.
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Table RISR P-2-1. smomw of ammicei mw Physical Properties of Orgimic AndyteL 
Pw 2 of 5

XqRý WWI-
physW Solubility preenre Hemy's IAw' pofifiole Partifiole

side Demity (MBA) (awn Ill) CMOs" Coeffickat Coeffickst

Andyw Referellce (Wrý Ion) %W) M25'Q (20-25" (am M%loq Lot(Ký) Log(K.)

Volatile Aromatic Ovitimics

Benum NWW an 1,700 5.6 it tors 10-11 1.62

Ethyp3mum Squid 0.17 150 7 &4 It IOr$ 3.1-3.2 2.75

M-xYleoe Squid 0.86 130 to 5.6 x lor, 3.2 3.02

o- ead p.Xykm H"w 0.86 Igo to 3.6 1 lor, 2.8-3.1 3.02

Tolueoe H"w MS7 520 29 &41 to 2.6-2.7 2.63

Ortmosulfur Compmid, Mustud-Atem Related

1.443nih6m sqow 1.1 20.000 4.4 -0.16 0.69

Chloroscetic *cW - saw 1.6 850,000 0.80 OL22

Dithism saw 3.000 0.80 0.77

Uiodiglycol H"W 1.2 miscime 1.9 1 tors -0.77

Merck 1983

(konotuthar Compourids, lled&ide Related

Benzothinole 0 Squid 1.2 572 0.05 1.64 x IV 1.45 - IA7 I."

CMWThWybW&yl nwide 0 H"id 1.2 16 0.05 &4)L 101 3.2 3.05

chimomy1methyl adfam 0 solid 910 3110 to 1104 1.3 1.80

chkxý ybnedql mdfaLkk 0 saw 1.100 7.9 x IOr3 1.51104 1.2 1.71

Dimethy1dindfide 0 &Fw 1.1 360 15 5.1110 1.2 2.09

Omsoopbosphorous Compommls, GII-Asent Relded

Dii-prWybnethyl Owsommile li"id 0.98 720 0.29 1.9 1 IOr4 1.73-1.82 2.09

Dimelhylmdhyl O-q*wnsse Squid 1.14 8 it to, M73 -1.89

lnpqqlnwthYVMPbmic add fillow 1.1 49,000 -.54

IM geometric mem of muddple values was uWated.

When militMe. valou rvov by EPA. 1992 wen t9mleted. If im EPA velve was r4t evailkle. the geometric meim of "ad vAm wu presade&

When avoil". valow epw by EPA wen tabWased. If ut EPA vdve wu rm milAle. dw geometric mew of values reported by EBASCO (1989MC 89MR02,03) wo pre*""

Ocunollwater putitiou coefficiew fitom nferevices listed in SAR apperWices. If me 6= one value wu rqwftd. dw rmige of tepm valun wu bbulde&

Orgmic cubas pattitiovs coefficied from afereaces listed in SAR oppendices. U more dwA one vahn was repoi dw Mammurn Likelbood Edimeft (MLE) vaus calcolated by EBASCO (198MIC

992VRO2,03) was tWmbm&

See Appaidix C of SPSAR; or D of NPSAR. NCSAR. or WSAR, or E of ESAR at CSAR (EBASCO. 1989a-c, e4vlUC 89166ROI through RM

Note: Dash i we d wow information is ad sva&k.
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Table RISR U-1. Summary of Chemical and Physical Pfoperties of Organic Anslytes. Aque ' W-For Page 3 of 5

Physical Solubility passum Henry's Lave pa"ifiole partitione

state Density (1119/1) (mm Hg) Conduit Cadlicient Coefficielit

Analyte Reference PWC. I$tM) (Ifin!) (20-25-C) (20-25-C) (dffl m1finel) Log(K-)

methy"PhWic sad
phosphoric add. tsibutyl eater Weed, 1975 G"id 0.92

phosphoric add, triphanyl Calm Wead. 1975 H"w 1.18

DBCP N"W 2.09 1,100 1.0 3.111194 129-2.43 141

Organowltrozen compow-Ws

Nkfooodimdhybmine Wead. 1975 N"w 1.05 miscible 9.1 3.3 x 10-1 -0.61 -1.0

EPA. 1982

Nkrotodi-n-propylarnine Weast. 1975 11did a92 9.900 0.4 6.3 x 100 1.49 1.19

EPA. 1982

Hydrazine Merck. 19930 S"w 1.0 miscible 14

Methylhydnzine Merck. 19830 9"id &97 miscible 49

Unsymmetrical dinselltyl
hydrazine Merck. 1983* fi"W V9 miscible 167

CsFd-tm Merck. 1983 saw miscible

Fluoreacetic Acid 0 saw 12.37 miscible

46ý Polynticlemr Aromatic Hydrocarbons

Fluonintherse Weed, 1975 saw 1.25 &26 5 1 IV 6.5 x IV 4.90 4.58

EPA. 1982

Methybuiplithalene Wead, 1975 solid 1.02 -

Pherianthiene EPA. 1982 solid 1.0 9.6 x IV 2.6 x 100 3.55 3.85

Pyfene EPA. 1982 saw OL 13 2.5 x IV 5.1,104 3.10 3.42

. The geometric meart of multiple values was tabulated.

= Vasere available, valises sepot by EPA. 1982 were tabulated. If an EPA vahn was not available. the geometric mean of reported values was presented.

a When available, values reported by EPA were tabulated. If an EPA value was not available. the geoindfic mean of values reported by EBASCO (1989LaIC 99227RO2,03) was presented.

a Octanollwater partition coefficient from refe P -r , listed in SAR appendices. If more than one value was reported, the range of reported values was tabulated.

Organic carbon partition ooefficied front relefe -r P listed in SAR appendices. If more than one value was reported, the Maximum Likelihood Estimate (mLE) wee cdculated by EBASCO (1989iAtIC

89227RO2,03) was tabulated.

a See Appendix C of SPSAR; or D of NPSAR. NCSAR. or WSAR. or E of ESAR or CSAR (EBASCO. 1989s-c. e-h/RIC 891661t0l through R07ý

Note: Dash inserted where information is not availble.
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Table RISR L2-1. SmmnW c(awmkd and ntysical Propsities of Organic Andyles. 
Pop 4 of 5

Aqueousy - VIP?

physical Solubility Pressure Heray's IAW* Paltitiow, Ps"ition!

State Dewily (-S,4) (mm Hj) Constant Coefficient Coefficient

Analyle Refewnce (M . Idrn) (11") (20-23*Q (2&2M (dffl m!AnoQ I.Agrj W K-)

Sensivoldile H"ensted Ortanics

DkMorobenzene EPA. 1"3 >1
Weast, 1975 id 1.6 OL006 &I ; 194 &08

Hezaddorobemene 
1.09 x 10, 41

EPA. 1"2

HexaddeadjuNdie" Wead. 1975 liquid 1.7 2.0 OL15 2.6 x 10 4.77 4.45

EPA. 1912

Heim6imacYCMP"dsdiuw 0 liquid 1.7 1.59 0.06 1.4 3L IV 5.04 4.06

pentadderobenune Went. 1975 solid 1.9

moon A
Ramemoorthy, I"4k

Tetraddombenzene Went. 1975 saw 1.9 -

Moon A
Ramenumw6y. 1994

Tfichlowbenzene We"t. 1975 livid 1.4 30 0.29 2.3 3L 101 4.27 3.96

EPA, 1"2

Of 2MO-Od-10:0- Pesticides

Aldrin 01 solid 0.021 It 104 1.6 IL IV 5.3-7.4 4.61

CMordane 0 sofid 1.6 OL13 1.0 It for, 9.61104 2.79-SAI 5.15

Dichlorodiplumylelhane (DDE) 0 squid MOB 6.5 x. IV 6's 3L IV 4.110.1 4."

DitMorodiphany1ttiddowellsow
(I)DI) 0 solid 0.002 5.5 1 for, 5.111& 3."-7.49 5.48

Dieldfin 0 saw 1.75 41094 1.79 IV 4.6 It IV 3.342 3.86

Wead, 1975

Endrin solid 1.7 0.092 2.0 IW 1.4 it 104 33-5.6 3.10

Isodrin liquid U7 4.0 x 1& 3.3 it 104 4.4-0 4.59

a TIM geomeuic mean of multiple values was Udadated.

z When available, Y repolied by EPA. 1992 were tabulased. V an EPA value was ad available. dw geomeftic mean of lepoeted values was ptemod.

n Wbefe available. v tepoded by EPA we wbulated. if an EPA value was ad avalaW dw geonwkk -P of values reported by EBASCO (1989UM M27RO2,03) was pmsented.

= Octanovarder pastitiom codlicieft from mlarences HOW isk SAR OppeffildiCeL N un dm one value was repol dw rwr of tepoiled -- slue was WholsbeL

= Organic csibm pedition coefficient (Was leferences fisted in SAR appendices. If mom dum one value was leported. Ow Maximum Ueliliood Estimate (MIA value colculated by EBASCO (1999ifluC

89227RO2,03) was tabula"

See Appendix C of SPSAR; or D of NPSAR. NCSAP, or WSAR. or E of ESAR air CSAR (EBASCO, 1"9a-c. e4v1UC 99166ROI 6rough R07).

Note: Dash inserted -Im information is net availble.
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T&W RISR F 2-1. &Nmmly of ammical and physical Propeitim of Organic Andyies. 
pw 5 of 5

Aqueous' vir_r

"W" Solumfity Pftsmm 110my's I.Ave pla"Itiole raltilloge

Side Density (MIA) (MM H9) conduit Codrkied Coefficient

Rdemme MCI IMM) 4w) M25-C) (20-2M (stm MIAMI) 1,09(rj IAdK.)

conyourmlA. Paticide Related

Aftatine PAW 1.19 48 31 lor, 1.8 x to 132-2.75 2.21

malathion H"id 1.23 145 4x 10 1.2 x. 10 136-2." 3.25

Pa"ion liquW 1.26 21 5.7 x. I W 7.9 it IV 3.91-3." 3.40

SUPOW liquid 1.36 126 1.7 it IV 7.3 x 10" 3.11 2.98

Vapom Hilow 1.42 10,000 10110" Z9 1 IV 1.4 1.93

a The geoi fic mmem of multiple values was tabulated.

a wheffe available. v lqmded by EPA. IM wm abolmed. If an EPA value was milable, da geonseuk niem of aponed values was pmealed.

= When availmlle, values repomd by EPA we tsbolmL If an EPA value was ad mil", die geomeuk amm of values repoi by EBASCO (1919UM 892MO2.03) win Paso"

a odmoVwdw puftom, coefficient fmas afereaces lided in SAR appendices. N move dust am value was Nposted, dw =Me of repomd values was telyalded.

a Organic cm*pm putition coefficient fmm idemmm listed in SAR appendices. If -n P dust am value was mpo" die Maximum I.Actiliciod Estimate (MM van calculmed by EBASCO (19890W

99227RO2.03) was tabulated.

See Appendix C of SPSAR; or D of NPSAR. NCSAR. or WSAR. or E of ESAR or CSAR (EBASCO. 1919a-cý e4v1UC 891661t0l thfouth R07).

Note: Dash inscOW whese infonnation is not awaftle.

RRUM1.003 I.RF5 8/9/91 11-02 am



Table RISR E.2-2. Relative Rank of Selected Physical Characteristics for Organic Analytes. Page I of 3

Analyte Kocs Henry's Law' Solubility'
Constant

Volatile Halogenated Organics (VHOs)
Methylene chloride Low High High

Chloroform LOW High Moderate

Carbon tetrachloride LOW High Moderate

13-Dichloroethane Low High Moderate

1,2-Dichlowediane LOW Moderate Moderate

1,1,1-Trichloroethane LOW High Moderate

1,1,2-Trichloroethane Low High Moderate

1.1,2.2-Tetrachloroethane Low Moderate Moderate

I,I-Dichloroethylene Low High Moderate

1,2-Dichloroethylene Low High Moderate

Trichloroethylene Moderate High Moderate

Tetrachloroethylene Moderate High Moderate

Chlorobenzene Moderate High Moderate

Trichloropropene Moderate High Moderate

Volatile Hydrocarbons (VHCs)
Methylisobutyl ketone Low Moderate High

Bicycloheptadiene Low High Moderate

Methylcyclohexane Low Moderate

2-Pentanone Low Moderate

2-Butoxyethanol Low High

2,2-Oxybisethanol Low High

Dicyclopentadiene Moderate High LOW

I-Methyl-1,3-cyclopentadiene Moderate

4-Hydroxy-4-methyl-2-pentanone Moderate High

Volatile Aromatic Organics (VAOs)
Benzene Low High Moderate

Toluene Moderate High Moderate

m-Xylene Moderate Moderate Moderate

o- and p-Xylene Moderate Moderate Moderate

Ethylbenzene Moderate High Moderate

Low = 4d5o ml/g Moderate = 250 to 4000 ml/9 High - >4000 ml/g

Low - <IV atm-rný/mol Moderate = I(y7 to 10*3 atm-m3/mol High = >10'3 atm-m3/mol

Low = <50 mg/l Moderate = 50 to 10,000 mg/I High a >10,000 mg/l

Note: Dash inserted where information is not available.

E-9
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Table RISR E.2-2. Relative Rank of Selected Physical Characteristics for Organic Analytes. Page 2 of 3

Analyte Koc& Henry's Law' Solubility'
Constant

Organosulfur Compounds, Mustard-Agent Related (OSCMs)
1,4-Oxathiane Low Low High

Dithiane LOW Low Moderate

Thiodiglycol Low LoW High

Chloroacetic acid Low Low High

Organosulfut Compounds, Herbicide Related (OSCHs)
Benzothiazole Low Moderate Moderate

Odorophenylmethyl sulfone Low Moderate Moderate

Chlorophenybnethyl sulfoxide- Low Moderate Moderate

Chlorophenylmethyl sulfide Moderate Moderate Low

Dimethyldisulfide Low High Moderate

Oroanot)hosphorous Cornvounds, GB-ARent Related (OPHGBs)

Diisopropylmethyl phosphonate Low Moderate Moderate

Dimethylmethyl phosphonate Low Low High

Isopropylmethylphosphonic acid Low Low High

Methylphosphonic acid
Phosphoric acid. tributyl ester
Phosphoric acid, triphenyl ester

Organot)host)horous Compounds, Pesticide Related (OPHs)

Atrazine Low Low Low

Malathion Moderate Moderate Moderate

Vapona Low Moderate High

Pardthion Moderate Moderate Low

Supona Moderate LOW Moderate

Dibromochloroproyane (DBCP) Moderate Moderate High

Oroanonitrogen Compounds (ONCs)
Nitrosodimethylamine LOW Moderate High

Nitrosodi-n-propylamine Low Moderate Moderate

Hydrazine Low Low High

Methy1hydrazine LOW High

Unsymmetrical dimethy1hydrazine Low Low High

Caprolactarn 
High

Low = <250 mVg Moderate = 250 to 40M ml/g High = >4WO mI/g

b LOW . <IV atM_W/Mol Moderate . IOr7 to 10" atm-m/mol High = >10-3 atm_M3/Mol

6 Low a <50 mg/I Moderate = 50 to 10,000 mgA High = >10,000 mg/l

Note: Dash inserted where information is not available.

E-10

RF54jrBLOO32.RF5 8/28/91 9:47 am el



Table RISR E.2-2. Relative Rank of Selected Physical Characteristics for Organic Analytes. Page 3 of 3

Analyte Koe Henry's Law' Solubility`-
Constant

Fluoroacetic Acid Low Low High

Polynuclear Aromatic Hydrocarbons (PAHs)
Methylmphthalene Moderate

Phenanthrene High Moderate Low

Pyrene Moderate Moderate LOW

Fluoranthene High Moderate Low

Sernivolatile Halooenated Organics (SHOs)
Dichlorobenzene Moderate

Trichlorobenzene High High Low

Tetrachlorobenzene
Pentachlorobenzene
Hexachlorobenzene High Moderate Low

Hexachlorobutadiene High High Low

Hexachlorocyclopentadiene High High Low

Or-eanochlorine Pesticides (OCPs)
Aldrin High Moderate Low

Dieldrin High Moderate Low

Endrin High Moderate Low

Isodrin High Moderate LOW

Chlordane High Moderate Low

DDE High Moderate Low

DDT High Moderate Low

Low = <250 ml/g Moderate = 250 to 4000 mlIg High - >4000 ml/g
b Low - <W atm-ml/mol Moderate . 1077 to 10-1 atrn_MI/Mol High = >10" atin-m/mol

c Low m <50 mg/l Moderate - 50 to 10,000 mg/l High = >10,000 mg/I

Note: Dash inserted where infomation is not available.

E-11
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TableRISRE.2-3 Chemical and Physical Properties of RMA Target Analytes (PmWq! amnikient OAS Yýw. Kw), and Biocancentration facuwanprem*W beab inaanhopll) Page IoM

Aqueous Solubility Vapor Pressure Henrys Law Catstant +

Analyte Value Value _m3/mol) Reference
(mg/l) Reference (mmHg) Reference a

Volatile Halogenated
Qjganic ComMunds

1.1-Dichloroethane 5,5W EPA (1984f) 180 EPA (1986b) 4.31 x 10-3 EPA (1986b)
1.81 x 10-1

(Dimensionless)

1,2-Dichloroethane 8,524 EPA (1984g) 64 EPA (1986b) 9.4 x 10-4 Mabey et a]. (1981)

8,700 TDB Peer Rev. Cmnm. (1984) 3.95 x 10-2

at 2WC (Dimensionless)

8,450 Chiou et al. (1979) 9.78 x 10-4 EPA (1986b)

M 8,820 Valvani et al. (1980) 4.11 x 10-2
(Dimensionless)

9.6 x 10-4 Geometric mean
4.03 x I W2

(Dimensionless)

I,I-Dichloroethylene 2.25 x 103 EPA (1986b) 600 EPA (1986b) 3.4 x 10-2 EPA (1986b)
IA

(Dimensionless)

1ý2-Dichloroethylene 6,300 EPA (1994d) 265 EPA (1994d) 7.68 x 10-3 EPA (1985e)

(trans-) at 29 OC (trans-) (cis-)

3.500 EPA (1994d) 180 EPA (1984d) 6.56 x 10-3 EPA (1985e)

(cis-) at 2(rC (cis-) (trans-)

1,1,2,2-Tetrachlomethane Z900 Mabey et al. (1981) 5 Mabey et al. (1981) 3.8 x 10-4 Malbey et al. (198 1)

I'l , I-Trichloroethane 1,360 Chiou et al. (1979) 123 EPA (1986b) 1.44 x 10-2 EPA (1986b)

4,400 Verschueren (1977) 6.05 x 10-1

4,400 EPA (1984e) (Dimensionless)

1.500 EPA (1986b)

+ - For Henry's Law Constant, where a reference is not cited, values were calculated from EBASCO, 1989i/RIC 89227RO2,03

RIFS5[rable RISR E.2-3 11/14/91 8:54 AM dm



Table RISR E.2-3 - Chemical and Physical Properties of RMA Target Analytes (Pattitim -dficiwt 0--a K. Kj- wd DioconmwKian facuw we pn=KW beghwft an Page 12.) Page 2 of 31

Aqueous Solubility Vapor Pressure Henrys Law Constant +

Analyte Value Value

(m 0) Reference (mm Hg) Reference (atm-m3/mol) Reference

Ij a-Trichloroethane 4,400 TDB Peer Rev. Comm. (1984) 30 EPA (1986b) 1. 17 x 10-3 EPA (1986b)

at 2(rC 
4.92 x 10-2

4,500 EPA (1986b) (Dimensionless)

Carbon tetrachloride 930 Valvani et al. (1980) 100 Perry and Chilton (1973) 2.41 x 10-2 EPA (1986b)

780 Davies and Dobbs (1984) at230C 1.01

800 Rogers et al. (1980) Table IV 115 Rogers et W. (1980) Table IV (Dimensionless)

757 EPA (1986b) at 250C

800 Kenaga, (1980b) Table 1 90 EPA (1986b)

Chlorobenzene 500 Verschueren (1977) 11.7 EPA (1986b) 3.72 x 10-3 EPA (1986b)

300 Tewari et al. (1982) 1.56 x 10-1

tp 625 Valvani et al. (1980) (Dimensionless)

448 Mayo (1980); Kenaga (1980b)
466 EPA (1986b)

Chloroform 7,500 Davies and Dobbs (1984) 200 Perry and Chilton (1973) 2.87 x 10-3 EPA (1986b)

9,200 Valvani et al. (1980) at 25.90C 1.21 x 10-1

8,200 EPA (1986b) 151 EPA (1986b) (Dimensionless)

7,840 Dilting (1977) 192 Dilling (1977) 1.3 x 10-1 Dilling (1977)

at 298K at298K

Methylene chloride 13,200-20,000 EPA (1979) 436 Berkowitz et al. (1978) 2.03 x 10-3 EPA (1986b)

19,000 Valvani et al. (1980) 362 EPA (1986b) 8.53 x 10-2
(Dimensionless)

Tetrachloroethylene 150 EPA (1980b) 19 ACGIH (1980) 2.69 x 10-2 EPA (1986b)

200 Chiou et al. (1979) 17.8 EPA (1986b) 1.09

140-400 Berkowitz et al. (1978) (Dimensionless)

500 Davies and Dobbs (1984) Table 2

Trichlofoethylene 1,100 Rogers et al. (1980) Table IV 57.9 EPA (1986b) 9.1 x 10-3 EPA (1986b)

825 Valvani et al. (1980) 3.82 x 10-1

+ - For Henry's Law Constant, where a reference is not cited, values were calculated from EBASCO. 1989i/RIC 89227RO2,03

RIFS5[rable RISR E.2-3 11/14/91 8:54 AM dm



TableRISRE.2-3 Chemical and Physical Properties of RMA Target Analytes (PastitiancoeMcientOASK... K.). and Biocowmtration fscuw@nprcwraWbq&ydfton Page 11) Paxe 3 of 31

Aqueous Solubility Vapor Pressure Henrys Law Constant +

Analyte Value Value

(mg/l) Reference m Hjt) Reference (atm-m3/mol) Reference

Trichloropropene Not Located 13 estimated Lyman et al. (1982) Not Located

Volatile Hydrocarbons

2-Butoxyedmol 50,000 Merck (1983), Weast (1981) 0.38 estimated Lyman et al. (1982) Not Located

4-Hydroxy-4-methyl-
2-pentanone 1.8 estimated Lyman et al. (1982) Not Located

2,T-Oxybisethanol miscible Merck (1983) 4.4 x 10-3 estimated Lyman et al. (1982) Not Located

t7l
.L. Bicycloheptadiene 228 Lyman et al. (1982) 49.7 Lyman et al. (1982) Method 1 2.64 x 10-2 (MW=92; VP=49.7; S=228)

1.11
(Dimensionless)

Dicyclopentadiene 19A Lyman et al. (1982) 1 A Rosenblatt et al. (1975a, 1975b) 1.97 x 10-2 (MW=132; S=19A; VP--2.2)

at 200 C 8.28 x 10-1
2.2 Rosenblatt et al. (1975a, 1975b) (Dimensionless)

at 250C

Methy1cyclohexane Not Located 41 estimated Lyman et al. (1982) Not Located

Methylisobutyl ketone 19,000 Marochini (1984) 15.7 TDB Peer Rev. Comm. (1984) 1. 1 x 10-4 (MW=100; S=19,000-

at 2OPC 4.6 x 10-3 VN-15.7)
(Dimensionless)

+ - For Henry's Law Constant, where a reference is not cited, values were calculated from EBASCO, 1989i/RIC 89227RO2,03

RIFS5frable RISR E.2-3 11/14/91 9:54 AM dm



TableRISRE2-3 Chemical and Physical PrOVerties of RMA Target Analytes agdffiencodficicnta,%KýKý),wd Dioconminuen facw&nprywWAbe&mim- Pop 12-1 Page 4 of 31

Aqueous Solubility Vapor Pressure Henrys Law Constant +

Analyte Value Value (atm-m3/"91) Reference
(myfi) Reference (mm Hit) Reference

YWA&AMffl9kD=UiO

Benzene 1,780 Kenaga (1980b) 952 EPA (1986b) 5.59 x 10-3 EPA (1986b)

1,750 EPA (1986b) 2.35 x 10-1

1,700 Valvani et al. (1980) (Dimensionless)

Ethylbenzene 140 TDB Peer Rev. Comm. (1994) 10 TDB Peer Rev. Comm. (1994) 6.43 x 10-3 EPA (1986b)

at 150C at 25.90C 2.70 x 10-1

160 Valvani et.W.(1980) 7 EPA (1986b) (Dimensionless)

152 EPA (1986b)

Toluene 534.9 EPA (1980d) 28.1 EPA (1986b) 6.37 x 10-3 EPA (1986b)

515 Wilson et al. (1981) 2.68 x 10-1

tit (Dimensionless)

o,m,p-Xylene 175 Sax (1986) 10 EPA (1986b) 7.04 x 10-3 EPA (1986b)

(ortho) 
(mixed)

130 EPA (1986b) 
2.96 x 10_1

(meta) 
(Dimensionless)

199 Sax (1986)
(para)

198 EPA (1986b)
(mixed)

QMNMNKfULC=puundL

1,4-Oxathiane 20,0oo Berkowitz et al. (1978) 5.1 Merck (1983) Not Applicable

at250C
39 Berkowitz et al. (1978)

at2OOC

+ - For Henry's Law Constant, where a reference is not cited, values were calculated from EBASCO, 1989VRIC 89227RO2. 03

RIFS5/Table RISR E.2-3 11/14/91 9:54 AM dfn



TableRISRE.2-3 Chemical and PhYskal Properties of RMA Target Analytes (Partition cocffidentOAgK..Ký), -d Bi- twin fcujrawpwwedbe&wft- Pqp 12-) Page 5 of 31

Aqueous Solubility Vapor Pressure Henrys Law Constant +

Analyte Value Value

(mg/1) Reference (mm Hg) Reference (atm-m3/mol) Reference

Chloroacetic acid Very soluble Merck (1983) 0.791 Jordan (1954) Not Applicable

(sodium salt: at250C

850 g/liter) 0.0651 Freiter (1978)

at 2(rc at 2(rc

Dithiane 3,000 estimated Lyman et 81. (1982) 0.80 Berkowitz et al. (1978) Not Applicable

at 250C at 250C

Itiodiglycol Completely Union Carbide Corp (1970) 1.9 x 10-5 Small (19&4) Not Applicable

Soluble at 250C

703; 441 Lyman et al. (1982) 0.05 Lyman et al. (1982) Method 1 1.26 x 10-5 (MW=135; S=703; VP--0.05)

Benzothiazole (Eqn 2-3; log KOW=1.45; 1.67) 5.31 x 10-4
(Dimensionless)

2.02 x 10-6 (MW=135-, S--441; VP--0.05)

8.48 x 10-4
(Dimensionless)

Chlorophenylmethyl 16.4 Lyman et al. (1982) 0.05 Lyman et al. (1982) Method 1 6.4 x 10-4 (MW=158.7; S=16-4;

sulfide (Eqn. 2-3. log Kow=3.22) 2.7 x 10-2 VP--0.05)
(Dimensionless)

Chlorophenylmethyl 907 Lyman et al. (1982) 0.003 Lyman et al. (1982) Method 1 8 x io-6 (mW=190.6, S--%7*,

sulfone (Eqn 2-3; log Kow=1.33) 3.5 x 10-4 VN-0-003)
(Dimensionless)

+ - For Henry's Law Constant, where a reference is not cited, values were calculated from EBASCO, 1989i/RIC 89227RO2,03

RIFS5/Table RISR E-2-3 11/14191 8:54 AM dm



TableRISRE.2-3 Chemical and Physical Properties of RMA Tarnet Analytes (hotition aDeffmient CM Y,_, YýJ, wW BWcmmumion facwanpr"ýM ýSgý an Page 12-) Paite 6 of 31

Aqueous Solubility Vapor Pressure Hwrys Law Constant +

Analyte Value Value

(mO Reference (mm HR) Reference (aim-m3tmol) Reference

Chlorophenylmethyl 1,196 Lyman et &1. (1982) 0.078 Lyman et al. (1982) Method 1 1.5 x 10-5 (MW=174.6; S=1,196;

sulfoxide (Eqn 2-3, log Kow=1.20) 6.3 x 10-4 VP--0.078)
(Dimensionless)

Dimethyl disuffide 356 Lyman et al. (1982) 14.8 Lyman et al. (1982) Method 1 5.1 x 10-3 (MW=94.2; S=356; VP=14.8)

(Eqn 2-3; log Kow=1.77) 2.1 x 10-1
(Dimensionless)

Organapbophorous

GB-Avent Related
tri

Diisopropylmethyl
phosphonate 1,500 (approximate) Rosenblatt et al. 0.28 Rosenblatt et al. (1975a, 1975b) 1.9 x 10-4 (MW=180; S=349; VP=0.28)

(1975a,1975b) 
g.0 x 10-3

349 Lyman et al. (1982) (Dimensionless)

(Eqn 2-3; log I(ow=1.78)

Dimethylmethyl
phosphonate 8 x 105 estimated Lyman et al. (1982) 0.62 Nowak (1983) Not Applicable

at 250C
0.87 Berkowitz et W. (1978)

at 250C

Isopropylmethyl
phosphonic acid 4.8 x 104 estimated Lyman et W. (1982) Not Located Not Applicable

Methylphosphonic acid Not Located Not Located Not Located

Phosphoric acid, Not Located Not Located Not Located

Tributyl ester

Phosphoric acid, Not Located Not Located Not Located

Triphenyl ester

+ - For Henry's Law Constant, where a reference is not cited, values were calculated from EBASCO, 1989i/RIC 89227RO2,03

RIFS5[rable RISR E.2-3 11/14/91 8:54 AM din



TableRISRE.2-3 Chemical and Physical Properties of RMA Target Analytes (Psawm coefficient Oq K.. Yý), -d B'- waian factm am preseaW begimisy an Pate 12-) Page 7 of 31

Aqueous Solubility Vapor Pressure Henrys Law Constant +

Analyte Value Value

(mg/1) Reference (mm Hq) Reference (atm-m3lmol) Reference

DB 1,230 Chiou et al. (1979) 1.0 EPA (1986b) 3.5 x 10-4 Burlinson et al. (1982)

1,000 EPA (1986b) I A7 x 10-2
(Dimensionless)

3.11 x 10-4 EPA (1986b)
1.31 x 10-2

(Dimensionless)
3.3 x 10-4 Geometric mean

1.39 x 10-2
(Dimensionless)

Kw=etic ac*d Soluble Merck (1983) Not Located Not Applicable

00 Polynuclear Aromatic

Hydrocarbons

Fluoranthene 0.26 Mabey el al. (1981) 5xlO-6 Mabeyetal.(1981) 6.5 x 10-6 Mabey et al. (198 1)

Methyl naphthalene

Phenanthmne 1.0 Mabey et al. (1981) 9.6 x 10-4 Mabey et al. (1981) 2.6 x 10-4 Mabey et al. (198 1)

Pyrene 0.13 Mabeyetal.(1981) 2.5xio-6 Mabeyetal.(1981) 5.1 x 10-6 Mabey et al. (1981)

Semivolatile Halogoated
anic Compond

Hexachlorobutadiene Not Located Not Located Not Located

+ - For Henry's Law Constant, where a reference is not cited, values were calculated from EBASCO, 1989i/RIC 892271102, 03

RIFS5[rsble RISR E-2-3 11/14/91 8:54 AM din



TableRISRE.2-3 Chemical and Physical properties of RMA Taritet Analytes (Pattitian codriam OAR KJ, and BWconomftatien factm am Pmm-*W bcOm-ift - NAG 12-) Page 9 of 31

Aqueous Solubility Vapor Pressure Henrys Law Constant +

Analyte Value Value

(Ingfi) Reference (mm Hg) Reference (atm-m3/mol) Reference

Hexachlorocyclopentadiene 2.1 Dal Monte and Yu (1977) 0.08 EPA (1986b) 2.7 x 10-2 Atallah et al. (1980);

1.8 Wolfe et al. (1982) 1.13 Wolfe et al. (1982)

0.805 Lu et al. (1975) (Dimensionless)

2.1 EPA (1986b) 1.37 x 10-2 EPA (1986b)
5.76 x 10-1

(Dimensionless)
1.92 x 10-2 Geometric mean

8.1 x 10-1
(Dimensionless)

Tetrachlorobenzene 3.4 x 10-3 estimated Lyman et al. (1982)

Trichlorobenzene 4.7 x 10-4 estimated Lyman et al. (1982)

Organoch loriwrtsjdis-idu

Aldrin 0.013 Kenaga (1980a) Table 111 6 x 10-6 EPA (1986b) 1.60 x 105 EPA (1986b)

0.18 EPA (1986b) 5.12 x 10-5 Brammer and Blackwell 0.00335 Shell unpublished

0.00735 Brammer and Blackwell (1967, at 2900K (1%7,1970) 6.72 x 10-4

at2900K 1970), Miller (1970). 1.39 x 10-4 Brammer and Blackwell (Dimensionless)

Salmon (unpublished) at 298K (1%7,1970) 0.141 Shell unpublished

0.011 Brammer and Blackwell (1967, at290K

at 29rK 1970), Salmon (unpublished) 0.248 Shell unpublished
at298K

Dieldrin 0.2 EPA (1979) 1.78 x 10-7 EPA (1986b) 4.58 x 10-7 EPA (1986b)

0.022 Kenaga (1980a) Table 111 1.92 x 10-5

0.25 Rosenblatt et al. (1975a, 1975b) (Dimensionless)

o.1 Rao and Davidson (1983) Table 1
0.195 EPA (1986b)

+ - For Henry's Law Constant, where a reference is not cited, values were calculated from EBASCO, 1989URIC 89227RO2,03
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TableRISRE.2-3 Chemical and Physical Properties of RMA Target Analytes (Psfiden coefficient Oaj Y,-, K,), and RioconcenwKion facuirem on Pan 12.)

Aqueous Solubility Vapor Pressure Henrys Law Constant +

Analyte Value 
Value

(m YA Reference (mm Hit) Reference (atm-m31moQI Reference

Endrin 0.23 Rosenblatt et al. (1975) 2.0 X 10-7 Rosenblatt et al. (1975a. 1975b) 4.2 x 10-6 (MW=381; S--0.024;
VP--2 xIO-7)

0.1 Rao and Davidson (1983) Table 1 
1.8 x 10-5

0.024 Kenaga (1980a) Table III 
(Dimensionless

4.4 x I'V (MW=381; X--0.23;
VN-2 x 10-7)

I.g x 10-6

(Dimensionless)

Isodrin 1.4; 0.02 Lyman et al (1982) 0.0001 Cogley and Foy (1978) 3.4 x 10-5 (MW=365; S= I A; VP--0.0001)

M 
(Eqn 2-3 log Kow=4.38; 6.5 1) 

IA x 10-3
(Dimensioless)

3.2 x 10-3 (MW=365; S=0.015;
VP---0.0001)

1.3 x 10-1
(Dimensionless)

Dichlorodiphenylethane 0.001 Range of literature values 6.5 x 10-6 EPA (1986b) 6.8 x 10-5 EPA (1986b)

to 0. 14 reported (1986) in Kadeg et al. 
2.86 x 10-3

0.12 Burrows et al. (1979) 
(Dimensionless)

0.04 EPA (1986b)
0.10 Kenaga (1980b)

Dichlorodiphenyl- 5.5 x 10-6
trichloroethane 0.0017 Kenaga (1980a) Table III EPA (1986b) 5.13 x 10-4 EPA (1986b)

0.001 Rao and Davidson (1983) Table 1 
2.16 x 10-2

0.0012 NAS (1977) 
(Dimensionless)

0.0017 Briggs (1981)
0.0012-0.0025 EPA (1980a)

0.004 Chiou et al. (1979)
0.005 EPA (1986b)

Chlordane 0.056-1.85 Range of literatum values I x 10-5 EPA (1986b) 9.63 x 10-6 EPA (1986b)

reported in Kadeg et al. (1986) 
4.05 x 10-4

- For Henry's Constant, where a re nce is not cited, values were calculated from EBASCO, 1989i/RIC 89227RO2,03
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TableRISRE.2-3 Chemical and Physical Properties of RMA Target Analytes ftaiticm codficient 0,%Y.- K-), wd Biowmmustion fs"empremtedbezkniman Page 12.) Page 10 of 31

Aqueous Solubility Vapor Pressure Henrys Law Constant +

Analyte Value Value

(m%4) Reference (mm Hit) Reference (atm-m3/mol) Reference

Chlordane (continued) 0.009 NAS (1977) (Dimensionless)

0.056 Kenaga (1980b)
0.56 EPA (1986b)

Arsenic Insoluble; some EPA (1985f)
salts are soluble

Mercufy 56.2 Merck (1983) 0.0012 EPA (1984h)

at 25*C at 200C
0.002 Merck (1983)

at 250C

tp ICP Metals

Cadmium Salts are water EPA (1985f) I EPA (1985f)

soluble; metal is at 3940C
insoluble

Chromium Insoluble-, some EPA (1985f)
compounds are

soluble

Copper Most copper salts EPA (1985f) 1 EPA (1985f)

am insoluble, with at 1,6280C
the exception of

CuS04, Cu(NO3)2,
and CUC12 (the
more common

copper salts). The
metal is insoluble

in water.

Lead Insoluble; some organic EPA (1985f) 1.77 Merck (1983)

compounds are soluble at 1,0000C

+ - For Henry's Law Constant, where a reference is not cited, values were calculated from EBASCO, 1989i/RIC 89227RO2, 03
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Ta le RISR E.2-3 Chemical and Physical Properties of RMA Target Analytes (Partition coofficimt OAR K... K,). md Riomma tmian fww afe pma*W be&mift an Pole 12.) Page I I of 31

Aqueous Solubility Vapor Pressure Henrys Law Constant +

Analyte Value Value

(00) Reference (mm HO Reference (atm-m3linol) Reference

Zinc Insoluble-, some EPA (1985f) 1.0 EPA (1985f)

salts are soluble at4870C

QMW9ph=ULC=WMdS
&9kWdKdWQd

Atrazine 70 TDB Peer Rev. Comm. (1984) 3xIO-7 TDB, Peer Rev. Comm.(1984) I.8xlO-9 (MW =216; VP =3xlo-7; S.4)

33 Kenaga (1980b) Table I 7.5xIO-8
(Dimensionless)

Malathion 145 Berg (1982); Marochini (1984) 4xIO-5 Berg (1982) I.2xIO-7 (MW=330-.S=145;

tri 145 EPA (1986a) 410-5 EPA (1986b) 5.OxIO-6 VN-0.00004)
(Dimensionless)

Parathion 24 TDB Peer Rev.Comm. (1984) 3.8xIO-5 TDB Peer Rev. Comm. (1984)

20 Marochini (1984) 3.78xIO--5 Merck (1983) 7.9xlO-7 (MW=291; S=21;

20 Merck (1983) 5.7xlO-5 EPA (1975) 5.OxIO-5 VP--0000434)
(Dimensionless)

Supona 110 at 200C Berg (1982) 
7.3xlO-1O (MW=360;S=l 10;

145 at 230C TDB Peer Rev. Comm.(1984) LWO-7 Edward (1973) 3.IxIO-8 VP--l.7xlo-7)

(Dimensionless)

Vapona 10,000 Berg (1982) 
2.9xlO-7 (MW=22l;S=I0,000;NT1=0.0l)

10,000 Marochini (1984) 0.01 at Yr C TDB Peer Rev.Comm.(1984) 1.2x)0-5
(Dimensionless)

+ - For Henry's Law Constant, where a reference is not cited. values were calculated from EBASCO, 1989i/RIC 89227RO2,03
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Table RISR E.2-3 Chemical and Physical Properties of RMA Target Analytes. Pa 12 of 31

Partition Coefficient (Log Kow) Partition Coefficient (Koc) Bioconcentration Factor

Analyle Value Value

(mug) Reference (ml/g) Reference Value Reference

Volatile Halogt-nated
Organic ComoNnds

IJ-Dichloroethane 1.8 EPA (1986b) 227 Lyman et, al. (1982) 16.95 Lyman et al. (1982)
Eqn 4-8 (log Kow=1.8) Eqn 5-2 (log Kow=1.92)

73 Lyman and Lored (1987) 5.1 Davies and Dobbs (1984)
(log Kow=1.8) Eqn A (S=5,000)

30 EPA (1986b) 2.3 Davies and Dobbs (1984)
Eqn B (log Kow= 1.9)

11 Davies and Dobbs (1984)
Eqn C (log Kow= 1 -8)

18 Davies and Dobbs (1984)
Eqn B (log Kow=1.8)

14 Lyman et al. (1982)
Eqn 5-2 (log Kow=1.8)

la-Dichloroethane IA8 HanschandLeo(1979) 19 Chiou et al. (1979) Fig. 2 139 Davies and Dobbs (1984)

1.79 146; 224 Lyman et al. (1982) Eqn B (log Kow= 1 -6)

1.79 Veith et al. (1983) Eqn 4-8 (log KOW= I A5; 1.79) 7.8; 13.5 Lyman et al. (1982)

1.45 Davies and Dobbs (1984) 39; 72 Lyman and Loieti (1987) Eqn 5-2;(Iog Kow=1.48; 1.79)

(log Kow=1.45; 1.79 7.45 Lyman et al. (1982)

14 EPA (1986b) Eqn 5-2 (log Kow= I A5)

3.8 Davies and Dobbs(1984)
Eqn A (S=8417)

2 Davies and Dobbs (1984)
Table 2 (experimental)

8.8 Davies and Dobbs (1984)
Eqn C (log Kow= 1.6)

9.7 Lyman et al. (1982)
Eqn 5-2 (log Kow=1.6)
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Table RISR E.2-3 Chemical and Physical Properties of RMA Target Analytes. Palte 13 of 31

Partition Coefficient (Log Kow) Partition Coefficient O(w) Rioconcentration Factor

Analyte Value Value

(Myk) Reference (ml/jt) Reference Value Reference

1,1-Dichloroethylene 1.84 Mabey et al. (1981) 239 Lyman et al. (1982) 20.2 Davies and Dobbs (1984)

Eqn 4-8 (log Kow= 1 .84) Eqn C (log KOW=2.18)

78 Lyman and Lored (1987) 26.7 Lyman et W. (1982)
(log Kow--1.84) Eqn 5.2 (log Kow=2.18)

65 EPA (1986b) 30.9 Davies and Dobbs (1984)
Eqn, B (log Kow=2.18)

12-Dichloroethylene 1.48 Lyman et al. (1982) 36-49 Lyman et al. (1982) 8.6 Lyman et W. (1982)

1.53 Fragment method Eqn 4-5 (S=3,500-6,300) Eqn 5-2 (log KOW=1.53)

156 Lyman et al. (1982) 6.2-4A Davies and Dobbs (1984)

Eqn 4-8 (log Kow=1.5) Eqn A (S=3,500 - 6,300)

43 Lyman and Lored (1987) 12.6 Davies and Dobbs 0 984)
Eqn I (log Kow=1.5) Eqn B (log KOW=1.53)

35 Lyman and Lored (1987) 4.0; 1.58 EPA (1980b)
Eqn II (log Kow= 1.5) 8.08 Davies MW Dobbs (1984)

37 Lyman and Loreti (1987) Eqn C (log KOW=1.53)

Eqn III (log Kow=1-5)

75 Kadeg et al. (1986)
(log KOW=1.5)

1,1 a,2-Tetrachloroethane 2.39 Mabey (1981) 118 Mabey (1981)

1,1,1-Trichloroedone 2.5 EPA 0986b) 104 Chiou et al. (1979) 95 Davies MW Dobbs (1984)

2.47 Davies and Dobbs (1984) Figure 2 (experimental) Eqn B (log Kow=3.0)

546 Lyman et al. (1982) 8 Davies and Dobbs
Eqn 4-8 (log Kow =2.5) Table 2 (experimental)

256 Lyman and Lored (1987) 31.8 Lyman et al. (1982)
(log Kow--2.5) Eqn 5-2 (log Kow=2-28)

152 EPA (1986b) 32A Lyman et al. (1982)
Eqn 5-2 (log Kow=2.29)

40.7 Lyman et al. (1982)
Eqn 5-2 (log Kow=2.42)
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Table RISR E.2-3 chemical and Physical Properties of RMA Target Analytes. 
Page 14 of 31

Partition Coefficient (Log Kow) Partition Coefficient (Koc) Bioconcentration Factor

Analyte Value Value

(ml/ Reference (ml/p,) Reference Value Reference

1,1,1-Trichloroethane 
190 Lyman et al. (1982)

(continued) 
Eqn 5-2 (log Kow=3.3)

19-10.6 Davies and Dobbs (1984)
Eqn A (S--480-1,360)

23-82 Davies and Dobbs (1984)
Eqn B (log Kow=2.3-3.3)

46 Davies and Dobbs (1984)
Eqn B (log Kow =3.0)

110 Lyman et al. (1982)
Eqn 5-2 (log Kow=3.0)

1.1 2-Trichloroethane 2.47 EPA (1986b) 526 Lyman et al. (1982) 22.0 Lyman et al. (1982)

Eqn 4-8 (log Kow=2A7) Eqn 5-2 (log Kow =2.07)

242 Lyman and Lored (1987) 5.4 Davies and Dobbs (1984)

(log Kow=2A7) Eqn A (S--4,400)

56 EPA (1986b) 16 Davies and Dobbs (1984)
Eqn C (log Kow=2)

24 Davies and Dobbs (1984)
Eqn B (log Kow=2)

15.3 Davies and Dobbs (1984)
Eqn C (log I(ow=2.07)

26.5 Davies and Dobbs (1984)
Eqn B (log Kow=2.07)

Carbon tetrachloride 2.64 Neely et al. (1974) 72 Sabijic (1984) 17 Neely et al. 1974(experimental)

2.73 Davies and Dobbs (1984) 45 Rogers et al. (1980) Table V 72 Davies and Dobbs (1984)

2.73; 2.83 Geyer et al. (1984) 328; 462 Lyman and Lored (1987) Eqn B (log Kow=2.8)

2.83 Valvani et al. (1980) (log Kow=2.64; 2.83) 69.95 Lyman et al.(1982)

2.73 Rogers et al. (1980) Table IV 650; 825 Lyman et al. (1982) Eqn 5-2 (log Kow=2.73)

Eqn 4-8 (I(ow=2.64; 2.83) 78.3 Lyman et al. (1982)
Eqn 5-2 (log Kow=2.78)
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Table RISR E.2-3 Chemical and PhysiKc_al Properties of RMA Target Analytes. Page 15 of 31

Partition Coefficient (Log Kow) Partition Coefficient (Koc) Bioconcentration Factor

Analyte Value Value

(ITIVA) Reference (mllk) Reference Value Reference

Carbon tetrachloride 
83.3 Lyman et al. (1982)

(continued) 
Eqn 5-2 (log Kow=2.83)

13.7; 77 Davies and Dobbs (1984)
Eqn 3 (S =855; 40)

30 Davies and Dobbs (1984)
Table 2 (experimental)

36 Davies and Dobbs (1984)
Eqn C (log Kow=2.8)

79 Lyman et, al. (1982)
Eqn 5-2 (log Kow=2.8)

30 Barrows et al. (1980)
(experimental)

Chlorobenzene 2.84 Valvani et al. (1980) 125 SabIjic (1984) Table 1 24.8-16.4 Davies and Dobbs (1984)

2.98 Tewari et al. (1982) 836; 996 Lyman et al. (1982) Eqn 3 (S=300 -625)

Eqn 4-8 (log Kow =2.84; 2.98) 10.3 EPA (1980b)

470; 604 Lyman and Lored (1987) 84.8; 108.3 Lyman et al. (1982)

(log KDw=2.84; 2.98) Eqn 5-2 (log Kow=2.84; 2.98)

330 EPA (1986b) 83 Davies and Dobbs (1984)
Eqn B (log Kow=2.9)

41 Davies and Dobbs (1984)
Eqn C (log Kow=2.9)

94 Lyman et, al. (1982)
Eqn 5-2 (log Kow=2.9)

Chloroform 1.90 Davies and Dobbs (1984) 45 SabIjic (1984) 16 Lyman et al. (1982)

1.96 Valvani et W. (1980) 257; 281 Lyman et al.(1982) Eqn 5-2 (log Kow= 1.9)

1.97 Moriguchi (1975) Eqn 4-8 (log Kow= 1.90; 1.97) 18.18 Lyman et, W. (1982)

87; 99 Lyman and Lored (1987) Eqn 5-2 (log Kow=1.96)

(log Kow= 1.90; 1.97) 3.59; 4.03 Davies and Dobbs (1984)

Eqn A (S=7,500,9,200)
21 Davies and Dobbs (1984)
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Table RISR E.2-3 Chemical and Physical Properties of RMA Taritet Analytes. Page 16 of 31

Partition Coefficient (Log Kow) Partition Coefficient (Koc) Bioconcentration Factor

Analyte Value Value

(ml/g) Reference (m I /,q) Reference Value Reference

Chloroform 
Eqn B Oog Kow= 1.9)

(continued) 
12 Davies and Dobbs (1984)

Eqn C (log Kow=1.9)

Methylene chloride 1.25 EPA (1979) 27.5 SabIjic (1984) experimental 2.9-2.3 Davies and Dobbs (1984)

1.30 EPA (1986b) 114; 121 Lyman et al. (1982) Eqn A (S = 13,200 -20.000)

Eqn 4-8 (log Kow =1.25; 1.30) 5.25 Lyman et al. (1982)

27:30 Lyman and Lored (1987) Eqn 5-2 Qog Kow =1.25)

(log Kow = 1.25; 1.30) 8.6 Davies and Dobbs (1984)

8.8 EPA (1986b) Eqn C (log Kow =1.25)
5.81 Davies and Dobbs (1984)

tyl 
Eqn B (log KOW=1.25)

16.4 Lyman et al. (1982)
Eqn 5-2 Oog Kow=1.9)

21 Davies and Dobbs (1984)
Eqn B (log Kow=1.9)

14.2 Davies and Dobbs (1984)
Eqn C (log Kow= 1.9)

Tetrachloroethylene 2.6 Hansch and Leo (1979) 360 Chiou et al (1979) 49 Davies and Dobbs (1984)

2.53 Veith et al.(1983) 567; 619 Lyman et al. (1982) Table 2 (experimental)

Eqn 4-8 (log Kow=2.53; 2.60) 38-19 Davies and Dobbs (1994)

270; 306 Lyman and Loreti (1987) Eqn A(S=140-500)
(log Ko =2 " 53-2 * 60) 30.6 EPA (1980b)

364 EPA (z6b) 55.7 Lyman et al. (1982)
Eqn 5-2 (log Kow=2.6)

49.3 Lyman et al. (1982)
Eqn 5-2 (log Kow =2.53)

26.9 Davies and Dobbs (1984)
Eqn C (log Kow =2.55)
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Table RISR E.2-3 Chemical and Physical Properties of RMA Target Analytes. Page 17 of 31

Partition Coefficient (Log Kow) Partition Coefficient (Koc) Bioconcentration Factor

Analyte Value Value
(ml/jg) Reference (ml/jt) Reference Value Reference

Tetrachloroethylene 
51.3 Davies and Dobbs 0 984)

(continued) 
Eqn B (log Kow=2.55)

51.1 Lyman et al. (1982)
Eqn 5-2 (log Kow=2.55)

Trichloroethylene 2.29 Hansch and Leo (1979) 188 Rogers et al. (1980) Table V 95 Davies and Dobbs 0 984)

2.42 Veith et al. (1983) (experimental) Eqn B Oog Kow =3)

3.3 Valvani et al. (1980) 420; 1,487 Lyman et al. (1982) 17 Kenap (1980ab)

3.3 Davies and Dobbs (1984) Eqn 4-8 (log Kow=2.29; 3.30) Table 3(experimental)

3.24; 3.30 Geyer et al. (1984) 175; 1,073 Lyman and Lored (1987) 17 Davies and Dobbs

2.29 Rogers et al (0980) Table IV (log Kow=2.29; 3.30) Table 2 (experimental)

tri 2.53 Tewari et al. (1982) Table 111 126 EPA (1986b) 31.8 Lyman et al. (1982)

t4 2.39 EPA (1986b) Eqn 5-2 (log Kow=2-28)

00 32A Lyman et W. (1982)
Eqn 5-2 (log Kow =2.29)

40.7 Lyman et al. (1982)
Eqn 5-2 (log Kow =2.42)

189.7 Lyman et al. (1982)
Eqn 5-2 (log Kow=3.3)

14 Davies and Dobbs (1984)
Eqn A (S=825)

27.5 Davies and Dobbs (1984)
Eqn C (log Kow =2-57)

52.8 Davies and Dobbs (1984)
Eqn B (log Kow =2.57)

52.9 Lyman et al. (1982)
Eqn 5-2 (log Kow=2.57)

Volatile Hydrocarbons

Butoxyethanol
4-Hydroxy 4 methyl
2-pentanone

RIFS5[rable RISR E.2-3 11/14/91 11:11 AM d'n



Table RISR E.2-3 Chemical and Physical Properties of RMA Tarpet Analytes. page 18 of 31

Partition Coefficient (Log Kow) Partition Coefficient (KOC) Bioconcentration Factor

Analyte Value Value

(Inl/9) Reference (ml/,%) Reference Value Reference

2,2 -Oxybisethanol

Bicycloheptadiene im Lyman et al. (1982) 284 Lyman et al. (1982) 14A, 29.6 Davies and Dobbs (1984)

Fragment Method Eqn 4-8 (log Kow=1.98) Eqn A (S=785; 219)

101 Lyman and Loreti (1987) 13.7 Davies and Dobbs (1984)
Oog Kow=1.98) Eqn C (log KDw= 1.98)

Bicycloheptadiene 
23A Davies and Dobbs (1984)

(continued) 
Eqn B (log Kow=1.98)

18.8 Lyman et al. (1982)
Eqn 5-2 (log Kow = 1 .98)

Dicyclopentadiene 3.14 Lyman et al. (1982) 1,217 Lyman et al. (1982) 53 Bentley et al. (1976)

M Fragment Method Eqn 4-8 (log KOW=3.14) (experimental)
1 806 Lyman and Lofeti(1987) 114 Davies and Dobbs (1984)

!04 (log Kow =3.14) Eqn A (S =20)
143 Lyman et al. (1982)

Eqn 5-2 (log Kow =3.14)

115 Davies and Dobbs 0 984)
Eqn B (log Kow =3.14)

53.9 Davies and Dobbs (1984)
Eqn C (log Ko*=3.14)

Methylcyclohexane

Methylisobutyl ketone 1.25 Lyman et al. (1982) 19 Lyman et al. (1982) 6A7 Lyman et al. (1982)

Fragment Method Eqn 4-5 (S=19,000) Eqn 5-2 (log Kow=1.37)

1.1 Lyman and Lomti (1987) 2A Davies and Dobbs (1984)

(S=19.000) Eqn A (S=19,000)
10.1 Davies and Dobbs (1984)

Eqn B (log Kow =1.37)

5.81 Davies and Dobbs (1984)
Eqn C (log Kow =1.25)

8.6 Davies and Dobbs (1984)
Eqn B (log Kow =1.25)
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Table RISR E2-3 Chemical and Physical Properties of RMA Target Analytes. 
Palte 19 of 31

Partition Coefficient (Log Kow) Partition Coefficient (Koc) Bioconcentration Factor

Analyte Value Value

(1111/10 Reference (ml/g) Reference Value Reference

Methylisobutyl ketone 
515 Lyman et al. (1982)

(continued) 
Eqn 5-2 (log Kow = 125)

Volatile Arma. Ut
Organics

Benzene 2.01 Valvani et al. (1980) 18- 83 SabIjic (1984) Table 11 5.2 EPA (1985a)(experimental)

2.11 Geyer et al. (1984) 96 Rogers et al. (1980) 24 EPA (1980e)(experinwntal)

Benzene 2.13 Moriguchi (19175) Table V (experimental) 24 Davies and Dobbs (1984)

(continued) 2.12 EPA (1986b) 83 Kenaga (1980b)Table I Eqn B (log Kow =2)

19.8 Lyman et al. (1982)
Eqn 5-2 (log Kow =2.01)

23.6 Lyman et al. (1982)
Eqn 5-2 (log Kow =2.1 1)

24.5 Lyman et al. (1982)
Eqn 5-2 (log Kow=2.13)

18.5 Davies and Dobbs (1984)
Eqn C (log Kow =2.1 1)

9.3 Davies and Dobbs (1984)
Eqn A (S= 1,700)

16A Davies and Dobbs (1984)
Eqn C (log Kow=2.13)

28.8 Davies and Dobbs (1984)
Eqn B (log Kow =2.13)

Ethylbenzene 3.13 Tewari et al.(1982) 95 SabIjic (1984) Table 1 109 Davies aid Dobbs (1984)

3.15 Hansch and Leo (1979) 1,217, Lyman et al. (1982) Eqn B (log Kow =3.1)

3.15 Moriguchi(1975) Eqn 4-8 (log Kow =3.14) 37.5 EPA (1980c)

806 Lyman and Lored (1987) 67 Davies and Dobbs (1984)

(log Kow =3.14) Eqn C (log Kow =3.14)

1,100 EPA (1986b) 141 Lyman el al. (1982)
Eqn 5-2 (log Kow =3.13)
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Table RISR E.2-3 Chemical and Physical ProVerties of RMA Target Analytes. Palte 20 of 31

Partition Coefficient (Log KOW) Partition Coefficient (Koc) Bioconcentration Factor

Analyte Value Value

(In Vq) Reference (ml/g) Reference Value Reference

Ethylbenzene 
146 Lyman et.W. (1982)

(continued) 
Eqn 5-2 (log Kow=3.14)

36.6 Davies and Dobbs (1984)
Eqn A (S= 150)

117 Davies and Dobbs (1984)
Eqn B (log Kow =3-15)

54.6 Davies and Dobbs (1984)
Eqn C (log Kow =3.15)

Toluene 2.58 Valvani et al. (1980) 603; 728 Lyman et al. (1982) 59 Davies and Dobbs (1984)

2.65 Tewari et al. (1982) Eqn 4-8 (log Kow =2.58; 2.73) Eqn B (log Kow =2.65)

2.69 Geyer et W. (1984) 295; 386 Lyman and Lored (1987) 53.8 Lyman et. al. (1982)

tp 2.69 Moriguchi(1975) (log Kow=2.58; 2.73) Eqn 5-2 (log Kow=2.58)

300 EPA (1986b) 60.8 Lyman et al. (1982)
2.73 EPA (1986b) Eqn 5-2 (log Kow =2.65)

65.2 Lyman et.W. (1982)
Eqn 5-2 (log Kow=2.69)

18.1 Davies and Dobbs (1984)
Eqn A (S=525)

34 Davies and Dobbs (1984)
Eqn C (log Kow=2.6)

29.9 Davies and Dobbs (1984)
Eqn C (log Kow =2.64)

58.1 Davies and Dobbs (1984)
Eqn B (log Kow =2.64)

59.8 Lyman et al. (1982)
Eqn 5-2 (log Kow=2.64)

o,m,p-Xylene 2.77; 3.20-,3.15 MoFiguchi(1975) 1,157;1,414 Lyman etal.(1982) 95 Davies and Dobbs (1984)

(ortho, meta, para) Eqn 4-8 (log Kow 3.10; 3.26) Eqn B (log Kow =3)

2.95; 3.20; 3.115; Valvani et al. (1980) 750; 999 Lyman and Loreti (1987) 56 Davies and Dobbs (1984)

(ortho, meta, para) (log Kow=3.10; 3.26) Eqn C (log Kow =3)
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Table RISR E.2-3 Chemical and Physical Properties of RMA Target Analytes. 
page 21 of 31

Partition Coefficient (Log KOW) Partition Coefficient (Koc) Bioconcentration Factor

Analyte Value Value
(Ml/g) Referonrp W/g) Reference Value Reference

o,m,p-Xylene 3.13; 3.20-0.18 Tewari et al. (1982) Table 1 
34.7 Davies and Dobbs (1984)

(continued) (ortho, meta,para) 
Eqn A (S=165)

3.10 Geometric mean of all values 
75 Lyman et al. (1982)

for all isomers 
Eqn 5-2 (log Kow =2.77)

3.26 EPA (1986b) mixed isomers 
134 Lyman et al. (1982)

Eqn 5-2 (log Kow=3. 10)

146 Lyman et al. (1982)
Eqn 5-2 (log Kow =3.15)

159 Lyman et al. (1982)
Eqn 5-2 (log Kow =3.20)

8.7 Davies and Dobbs (1984)

tP 

Eqn A (log Kow =3. 10)

bi 

109 Davies and Dobbs (1984)
Eqn B (log Kow=3.10)

51A Davies and Dobbs (1984)
Eqn C (log Kow =3.10)

QMWWRftDWVmLnAjL

Mzqad-A9Ok&IalCd

1.4-Oxathiane -0.16 Lyman et al. (1982) Not Applicable Not Applicable

Fragment Method

Chlowacetic acid 0.22 Hansch and Leo (1981) Not Applicable Not Applicable

Dithiane 0.77 Lyman et al. (1982) Not Applicable Not Applicable

Fragment Method

Thiodiglycol -0.77 Small (1984) Not Applicable Not Applicable
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Table RISR E.2-3 Chemical and Physical Dpperties of RMA Taritet Analytes. Pape 22 of 31

Partition Coefficient (Log Kow) Partition Coefficient (Koc) Bioconcentration Factor

Analytic Value Value
WIR) Reference (ml/g) Reference Value Reference

Organosulfer Compgunds
Herbicide-Related

Renzothiazole 1.45; 1.67 Lyman et at. (1982) 146; 193 Lyman et. al. (1982) 9.02 Lyman et al. (1982)

Fragment Method; The two values Eqn 4-8 (log Kow =I A5; 1.67) Eqn 5-2 (log Kow =1.56)

presented represent two 39; 58 Lyman and Loreti (1987) 9.3 Davies and Dobbs (1994)

approaches to applying the (log Kow=IA5; 1.67) Eqn C (log Kow =1.56)

method. 17A; 16.3 Davies and Dobbs (1984)
Eqn A (S=560; 632)

13.2 Davies and Dobbs (1984)
Eqn B (log Kow =1.56)

Chlorophenylmethyl 3.22 Brueggemann (1979) 1,345 Lyman et al (1982) 69.1 Davies and Dobbs (1984)

sulfide Eqn 4-8 (log Kow=3.22) Eqn C (log Kow=3.35)

930 Lyman and Lored (1987) 154 Davies and Dobbs (1984)

Chlorophenylmethyl (log Kow =3.22) Eqn B (log Kow=3.35)

sulfide 
207 Lyman et al. (1982)

(continued) 
Eqn 5-2 (log Kow=3.35)

Chlorophenylmethyl 1.33 Brueggemann (1979) 126 Lyman et al. (1982) 5.54 Davies and Dobbs (1984)

sulfone Eqn 4-8 (log KOW=1.33) Eqn C (log Kow= 1.2 1)

31 Lyman and Lored (1987) 8.14 Davies and Dobbs (1984)

Eqn 4-8 (log Kow 1.33) Eqn B (log Kow =1.21)

4.89 Lyman et al. (1982)
Eqn 5-2 Oog Kow=1.21)

Chlorophenylmethyl 1.20 Brueggemann (1979) 107 Lyman et al. (1982) 5.88 Davies and Dobbs (1984)

sulfoxide Eqn 4-8 (log Kow =1.20) Eqn C (log Kow =1.26)

25 Lyman and Loreti (1987) 8.71 Davies and Dobbs (1984)

(log Kow=1.20) Eqn B (log Kow= 1.26)

5.34 Lyman et al. (1982)
Eqn 5-2 (log Kow=1.26)
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Table RISR E.2-3 Chemical and Physical Properties of RMA Tarmet Analytes. Page 23 of 31

Partition Coefficient (Log Kow) Partition Coefficient (Koc) Bioconcentration Factor

Analyte Value Value
(ml/g) Reference (ml/,q) Reference Value Reference

Dimethyl disuffide 1.77 Hansch and Leo (1979) 219 Lyman et al. (1982) 17.6 Davies and Dobbs (1984)

Eqn 4-8 (log Kow= 1.77) Eqn B (log Kow, =1.77)

69 Lyman and Loreti (1987) 22.7 Davies and Dobbs (1984)

(log Kow=1.77) Eqn A (S=350)
13.04 Lyman et al. (1982)

Eqn 5-2 (log Kow, = 1.77)

10.7 Davies and Dobbs (1984)
Eqn C (log Kow, =1.77)

Organgp-hgWhwws Comipounds
GB-Agent-Relatcd

tP Diisopropylmethyl
-06 phosphonate 1.73; 1.803; Brueggemann (1979) 2.89; 4.2 Kd value reported in 0.6 Bentley et al.(1976)

1.823 Wullschleger et al. (1980 & 1981) (experimental)

Diisopropylmethyl 208; 234 Koc estimated with Lyman et al. 2.08 Lyman et al.(1982)

phosphonate 
(1982) Eqn 4-8 (log Kow =1.73; Eqn 5-2 Oog Kow --0.72)

(continued) 
1.82) 3.4-1.8 Davies and Dobbs (1984)

64; 76 Koc estimated with Lyman and Eqn A (S=10,000-32,000)

Lored (1987) (log KOw= 1.73; 6.1 Davies and Dobbs (1984)

1.82) Eqn B (log Kow =1.0)

4.3 Davies and Dobbs (1984)
Eqn C (log Kow, =1.0)

3.4 Lyman et al. (1982)
Eqn 5-2 (log Kow=1.0)

Dimethylmethyl -1.88 Lyman etal. (1982) Not Applicable Not Applicable

phosphonate Fragment Method

lsopropylmethyl-
phosphoric acid -0.54 Small (1984) Not Applicable Not Applicable

Methylphosphonic acid
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Table RISR E.2-3 Chemical and Physical Properties of RMA Tarr-et Analytes. Page 24 of 31

Partition Coefficient (Log Kow) Partition Coefficient (Koc) Bioconcentration Factor

Analyte Value Value

(MVR) Reference (ml/g) Reference Value Reference

Phosphoric acid, Tributyl ester

phosphoric acid, Triphenyl ester

2.43 EPA (1985d) 130 Sabljic (1984) 41.4 Lyman et al. (1982)
DD-CE 2.29 EPA (1986b) Table I (experimental) Eqn 5-2 (log Kow=2.43)

420-,500 Lyman et al. (1982) 67.5 Lyman et al. (1982)

Eqn 4-8 (log Kow = 2.29; 2.43) Eqn 5-2 (log Kow =2.71)

175; 225 Lyman and Lored (1987) 11.2 Davies and Dobbs (1994)
(log Kow =2.29; 2.43) Eqn A (S=1,230)

63 Davies and Dobbs (1984)
Eqn B (log Kow =23 1)

43.5 Davies and Dobbs (1994)
Eqn B (log Kow =2.43)

35.9 Davies and Dobbs (1984)
Eqn B (log Kow =2.29)

19.8 Davies and Dobbs (1984)
Eqn C (log Kow=2-29)

27.6 Davies and Dobbs (1984)
Eqn C (log Kow =2A3)

32.4 Lyman et W. (1982)
Eqn 5-2 (log Kow=2.29)

EWOEaMfic Acid Not Located Not Applicable Not Applicable

Polypuclear Arom i-C
ffX4Mgarbonj

Fluoranthene 4.90 Mabey (1981) 3.8xlO4 Mabey (1981)

Methyl naphthalene
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Table RISR E.2-3 Chemical and Physical Properties of RMA Tarizet Analytes. Page 25 of 31

Partition Coefficient (Log Kow) Partition Coefficient (Koc) Bioconcentration Factor

Analyte Value Value

(ml/k) Reference (ml/jt) Reference Value Reference

Phenanthrene 3.55 Mabey (1981) lAxIO4 Mabey(1981)

Pyrene 3.10 Mabey (1981) IWO Mabey (1981)

Semivolatile Halogma
Organic ComMund

Hexachlorobutadiene

Hexachlorocyclopentadiene 5.04 Geyer et al. (1984) 13,140 Lyman et al. (1982) 29 Veith et al. (1979)

Eqn 4-8 (log Kow =5.94) (experimental)

M 
24,330 Lyman and Loreti (1987) 11 EPA (1980b)

t:o 
(log Kow =5.04) 279 Lyman et al. (1982)

Ch 4,800 EPA (1986b) Eqn 5-2 (log Kow=3.52)

195 Davies and Dobbs (1984)
Eqn B (log Kow =3.52)

107.6 Davies and Dobbs (1984)
Eqn C (log Kow =3.52)

179 Davies and Dobbs (1984)
Eqn A (S=9)

717 Davies and Dobbs (1984)
Eqn C (log Kow =5.04)

1,570 Davies and Dobbs (1984)
Eqn B (log Kow =5.04)

3,980 Lyman et al. (1982)
Eqn 5-2 (log Kow =5.04)

Tetrachlorobenzene

Trichlorobenzene
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Table RISR E.2-3 Chemical and Physical Properties of RMA Target Analytes. Page 26 of 31

Partition Coefficient (Log Kow) Partition Coefficient (Koc) Bioconcentration Factor

Analyle Value Value
(ml/g) Reference (ml/g) Reference Value Reference

Organochlorine Pesticides
Aldrin 5.66 Geyer et al. (1984) 76,000 Versar Inc. (1984) 1,555 Davies and Dobbs (1984)

5.66 Kenaga (1980a) Table 111 410 Kenaga (1980a) Table III Eqn C (log Kow =5.66)

7.40 Briggs (1981) 28,200 Briggs (1981) Table 111 13,640 Davies and Dobbs 0 984)

5.30 EPA (1986b) 40,000; 1.282,000 Kadeg et al (1986) Eqn C (log Kow, =7A)

(log Kow =5.3; 7.4) 1,500 Lyman et al. (1982)

96,000 EPA (1986b) 3,140 Kenaga (1980a)
27,500 Brammer and Blackwell (1967. Table 3 (experimental)

1970) 10,8W Kenaga (1980a)
Table 3 (experimental)

3,690 Davies and Dobbs (1984)
Eqn B (log Kow =5.66)

40,345 Davies and Dobbs (1984)
Eqn C Oog Kow=7A)

11,792 Lyman et al. (1982)
Eqn 5-2 (log Kow =5.66)

247,742 Lyman et al (1982)
Eqn 5-2 (log Kow =7A)

1,810 Davies and Dobbs (1984)

Aldrin 
Eqn C (log Kow --6-12)

6,940 Davies and Dobbs (1984)
(continued) Eqn B (log Kow =6.12)

26,400 Lyman et al. (1982)
Eqn 5-2 (log Kow=6.12)

Dieldrin 4.32 Davies and Dobbs (1984) 3,300; 12,880 Kadeg et al. (1986) 5,800,4,420 Kenaga(1980a)

6.2 Briggs (1981) Literature values Table 3 (experimental)

3.69 Rao and Davidson(1983) 7,413 Briggs (1981) 1,489 Davies and Dobbs(1984)

5.48 Kenaga (1980a) Table III Table III (experimental) Eqn B (log Kow=5-0)

3.5 EPA 0986b) 35,600 Kenaga (1980a) 12,590 Davies and Dobbs (1984)

Table III (experimental) Table 2 (experimental)
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Table RISR E.2-3 Chemical and Physical Properties of RMA Target Analytes. Page 27 of 31

Partition Coefficient (Log Kow) Partition Coefficient (Koc) Bioconcentration Factor

Anallyte Value Value
(ml/g) Reference (ml/IX) Reference Value Reference

Dieldrin 1,700 EPA (1986b) 292 Davies and Dobbs (1984)

(continued) 
Eqn C (log Kow --4.32)

1,130 Lyman et A. (1982)
Eqn 5-2 (log Kow --4.32)

30,339 Lyman et al. (1982)
Eqn 5-2 (log Kow --6.2)

1,350.7 Davies and Dobbs (1984)
Eqn A (S--0.25)

480 Davies and Dobbs (1984)
Eqn C (log Kow =5.0)

3,700 Lyman et al. (1982)
Eqn 5-2 (log Kow =5.0)

61 Endrin 5.34 Kenaga (1980a) Table III 1,7M, 7,590 Kadeg et, al. (1986) 4.050 Kenaga (1980a)

00 3.21 Rao and Davidson (1983) Table II (literature vlaues) Table 3 (experimental)

3.20-5.60 Kadegetal.(1986)(rangeof six 1,312;26,510 Lyman et al. (1982) 1,360 Kenaga (1980a)

literature values) Eqn 4-8 (log Kow=3.20-.5.60) Table 3 (experimental)

34,000 Kenaga (1980a) Table 111 2,377 Davies and Dobbs (1984)

(calculated value) Eqn B (log Kow=5.34)

897; 66,440 Lyman and Loreti (1987) 1,415.7 Davies and Dobbs (1984)

(log Kow=3.20; 5.60) Eqn A (S=0.23)

1,249; 65,640 Kadeg et al. (1986) 5,012 Davies and Dobbs (1984)

(log Kow=3.20; 5.60) Table 2 (experimental)
6,736 Lyman et al. (1982)

Eqn 5-2 (log Kow=5.34)

1,043 Davies and Dobbs (1984)
Eqn C (log Kow =5.34)

250 Davies and Dobbs (1984)
Eqn C (log Kový--4.44)

690 Davies and Dobbs (1984)
Eqn B (log Kow--4.44)

1,390 Lyman et al. (1982)
Eqn 5-2 (log Kow--4-44)
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Table RISR E.2-3 Chemical and Physical ProPerties of RMA Target Analytes. 
Page 28 of 31

Partition Coefficient (Log Kow) Partition Coefficient (Koc) Bioconcentration Factor

Analyle Value Value

(MI/9) Reference (ml/It) Reference Value Reference

Endrin 
1,640 Argyle (1973) (experimental)

(continued) 
13,000 Hcrmanutz (1978)

(experimental)

Isodrin 6.51 Lyman et al. (1982) Fragment 5751-.82,880 Lyman et al. (1982) 11,708 Davies and Dobbs (1984)

Method (based on endrin log Eqn 4-8 (log Kow--4.38; 6.51) Eqn B (log Kow=6.5)

Kow=5.34 as reported in 7448; 339,900 Lyman and Loreti (1987) 51,286 Lyman et al. (1982)

Kenaga 1980a) (log Kow=4.38; 6.5 1) Eqn 5-2 ((log Kow=6.5)

4.38 Lyman et al. (1982) Fragment 8759; 294,900 Kadeg et al. (1986) 4,436 Davies and Dobbs (1984)

Method ; based on endrin log (log Kow=4.38; 6.5 1) Eqn C (log Kow =6.5)

Kow--3.21 as reporW in Rao 
1,737 Davies and Dobbs (1984)

tTj and Davidson (1983) 
Eqn A (S=.16)

5.31 Lyman et al. (1982)Fragment 
233 Davies and Dobbs (1984)

Method (based on Endrin log 
Eqn C (log Kow--4.38)

K,Dw=4.14; geometric mean of 
635 Davies and Dobbs (1984)

reported values) 
Eqn B (log Kow--4.38)

1260 Lyman et al. (1982)
Eqn 5-2 (log Kow--4.38)

Dichlorodiphenylethane 5.69 Rao and Davidson (1983) 19,350; 662,200 Kadeg et al. (1986) 13,900 Lyman et al. (1982)

4.86 - 5.89 Range of literature values (log Kow--4.86; 7.0) Eqn 5-2 (log Kow=7.07)

reported in Kadeg et al. (1986) 50,100 SabIjic (1994) 12,430 Lyman et al. (1982)

7.00 EPA (1986b) 10,490; 153,100 Lyman et al. (1982) Eqn 5-2 (log Ko*=5.69)

Eqn 4-8 (log Kow--4.86; 7.0) 2,043 Davies and Dobbs (1984)

17,620; 818,500 Lyman and Lored (1987) Eqn A (S=O. 12)

(log Kow=4.86; 7.0) 25,362 Davies and Dobbs (1984)

147,900 Kadeg et al. (1986) Eqn B (log Ko*=7.07)

literature value 980 Davies and Dobbs (1984)
Eqn C (log Kow=5.60)

3,400 Davies and Dobbs (1984)
Eqn B (log Kow =5.60)
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Table RISR 112-3 Chemical and Physical ftperfies of RMA Tarjtq Analytes. Palte 29 of 31

Partition Coefficient (Log Kow) Partition Coefficient (Koc) Bioconcentration Factor

Analyte Value Value
(ml/g) Reference (ml/g) Reference Value Reference

10,600 Lyman et al. (1982)
Dichlorodiphenylethane Eqn 5-2 (log Kow=5.6)

(continued) 100,000 Davies and Dobbs (1984)
Table 2 (experimental)

366.9,659 Davies and Dobbs (1984)
Eqn B (log Kow =398; 6.36)

Dichlorodiphenyl 5.98 Kenaga (1980a) Table 111 23,800 Kenaga(1980a) 61,600; 84,500 Kenaga(1980)

-trichlormthane 6.19 Rao and Davidson (1983) Table III (experimental) Table 3 (experimental)

3.98-6.19 Hansch and Leo(1979) 140,000 Chiou et al. (1979) Experimental 623-29,800 Lyman et al. (1982)

5.98 Lyman et al. (1982) 243,000 Rao and Davidson (1983) Eqn 5-2 (log Kow =3.98-6.19)

6.36 Davies and Dobbs (1984) Table 1, mean of two soils 20,600 Lyman et al. (1982)
tri 5.98; 6.19; 6.28 Geyer et al. (1984) 4 XIO 6- 43,650 Range of 17 literature values Eqn 5-2 (log Kow =5.98)

6.36 reported in Kadeg et al. (1986) 40,100 Lyman et al. (1982)

4.0-7A8 Range of 20 literature values 240,000 Sabljic (1984) Table I Eqn 5-2 (log Kow --6.36)

reported in Kadeg; et al. (1986) 27,436-13,913 Davies and Dobbs (1984)
Eqn A (S=0.0012-0.004)

1,710 Davies and Dobbs (1984)
Eqn C (log KOW=6.07)

6,483 Davies and Dobbs (1984)
Eqn B (log ICW=6.07)

24,200 Lyman et.91. (1982)
Eqn 5-2 (log Kow --6.07)

Chlordane 2.78-,3.32; 5.49 Kadeg et al. (1986) 775; 22,810 Lyman et al. (1982) No values reported in Toxicity

Literature values. Eqn 4-8 (log Kow=2.78; 5.48) Assessment

44; 53,570 Lyman and Loreti (1987)
(log Kow=2.78; 5A8)

21,300 Kenage (1980a) Table III
(Calculated value)

624; 53,850 Kadeg et al. (1986)
(log Kow =2.78; 5.48)

141,200 Kadeg et.al. (1986)
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Table RISR E.2-3 Chemical and Physical Properties of RMA Target Analytes. Page 30 of 31

Partition Coefficient (Log Kow) Partition Coefficient (Koc) Bioconcentration Factor

Analyte Value Value
(myg) Reference (ml/jt) Reference Value Reference

Chlordane (Literature value)

(continued) 140,000 EPA (1986b)

Arsenic

Mercua

ICI'Metals

Cadmium
Chromium

tri Copper
Lead

Org bmhorus
Compund&

cide Related

Atrazine 2.32; 2.35 Rao and Davidson (1983) Table H 163 Rao and Davidson (1983) Table 1 3 Davies and Dobbs (1984)

149 Kenaga (1980b) Table 1 37.4 Davies and Dobbs (1984)
55 Davies and Dobbs (1984)

2.64; 2.68; 2.75 Geyer et al. (1984) 34.13 -35.97 Lyman et al. (1982)
56 Lyman et al. (1982)

24-38 Davies and Dobbs (1984)

Malathion 2.89 Hansch and Leo(1979)
2.36; 2.89 Rao and Davidson (1983) 1,797 Rao and Davidson (1983) Table 1 37.3 Davies and Dobbs (1984)

92.6 Lyman et al. (1982)

Malathion 2.89 EPA (1985b) 
49 Davies and Dobbs (1984)

(continued) 
82 Davies and Dobbs (1984)

PaFathion 
497 Lyman et.al. (1982 )
315 Davies and Dobbs (1984)

2,961 Lyman et al. (1982) 453 Lyman et al. (1982)

3.9 Briggs (1981) 600 Briggs (1981) Table 111 571 Lyman et al. (1982)
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Table RISR E2-3 Chemical and Physical EM rties of RMA TarVet Analytes. 
Page 31 of 31

Partition Coefficient (Log Kow) Partition Coefficient (Koc) Bioconcentration Factor

Analyte Value Value
WhO Reference WhO Reference Value Reference

Parathion 3.8 Rao and Davidson (1983) 2,878 Lyman and Lored (1987) 108 Davies and Dobbs (1984)

(continued) 
3,651 Kadeg et al. (1986) 167 Davies and Dobbs (1984)

10,650 Rao and Davidson (1983) Table 1 132 Davies and Dobbs (1984)
328 Davies and Dobbs (1984)
542 Lyman et al. (1982)

31-232 EPA (1986)
33-201 EPA (1986)

27 EPA (1986)

Supona 3.11 Briggs (1981) 1,172 Lyman et al. (1982)
763 Lyman and Loreti (1987) 135 Lyman et al. (1982)

111 Davies and Dobbs (1984)
65 Davies and Dobbs (1984)

tri 
40 Davies and Dobbs (1984)

4ý-tj
Vapona 1.4 Hansch and Leo (1979) 138 Lyman et al. (1982) 6.9 Lyman et.al. (1982)

36 Lyman and Loreti (1987) 3.4 Davies and Dobbs (1984)

64 Kadeg et al. (1986) 7.5 Davies and Dobbs (1984)
I I Davies and Dobbs (1984)
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the area where they had been disposed. Sorne contaminants at RMA, such as aldfin, endrin,

and dieldrin, typically occur in solid forrn but are usually dissolved in an organic solvent

during manufacture or use.

Contaminants in liquid fon-n typically dissolve more readily in surface waters and infiltrate

subsurface soils and aquifers more rapidly than do those in solid form. Liquid phases are

also subject to volatilization from surface soils and waters. Volatilization, in turn, produces

gaseous phases.

E.2.2 DENSITY

Tile density of a substance is the ratio of mass to unit volume. A related parameter, specific

gravity, is the ratio of tile mass of a given volume of a substance to that of an equal volume

of water.

The density of a nonaqueous-phase liquid contaminant determines whether it will float or sink

in an aqueous system. Where present in quantities in excess of solubility limits, pure phase

liquid contaminants with a density less than that of water (1 gram per milliliter [g/ml] at

25*C) or specific gravity less than 1.0 will float on the water table surface, as shown in

Figure RISR E.2-1. RMA target analytes that are less dense than water include

diisopropylinethyl phosplionate (DIMP), dicyclopentadiene, benzene, toluene, and xylenes.

Nonaqueous-phase contaminants with densities greater than that of water, when they reach tile

water table, tend to move downward in the aquifer until their progress is impeded by tile

dearee of residual saturation of the contaminant within soil pores or until impermeable

barriers are encountered (Figure RISR E.2-1). RMA target analytes that are more dense than

water in their pure form include the volatile organohalogens, organosulfur compounds, and

polynuclear aromatic hydrocarbons.

These pure phase contaminants will enter solution if a sufficient volume of water is

encountered relative to the volume of pure contaminant. Although contaminants will tend to
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Hypothetical Spills:
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Varying Solubilities and Densities

LOW SOLUBILITY HIGH SOLUBILITY

LIQUIDS LIQUIDS

SPILL SPILL SPILL

Unsaturated
Soi I Water Table

Density -c Water_--

Aquifer Density 3, or -c Water

Groundwater Flow

Density Water

impermeable Bedrock

Sourcc Modified from Kinzelback, 1986
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in Groundwater
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Prepared August 1991 Prepared by: Ebasco Services Incorporated
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diffuse throughout the water column, higher concentrations are generally encountered near the

base of the permeable unit where pure-phase contarninants denser than water have settled, and

near the water table surface where pure-phase contaminants less dense than water float. If a

contan-dnant is dissolved in a nonaqueous solution, the density of the solution rather than the

density of the pure contaminant controls transport. For example, a chemical that is heavier

than water in its pure form may float in groundwater if dissolved in a solvent that is lighter

than water.

E.2.3 SOLUBILITY

The aqueous solubility of a compound is defined as the maximum concentration that will

dissolve in a unit volume of water under specified conditions. When water comes in contact

with a compound, dissolution of the compound begins and continues until the solubility limit

is reached or until all the compound has entered solution. If concentrations exceed aqueous

solubility, the compound will exist as both a component of solution and as a separate solid,

liquid, or gas phase. Variables in the groundwater environment such as temperature, pH,

water hardness, concentrations of cations and anions, naturally occurring organic substances

such as humic and fulvic acids, and the presence of other organic compounds all affect tile

water solubility of compounds. Solubility is also affected by the salinity of the water,

althouah whether solubility increases or decreases with increased salinity is primarily

dependent upon the electrolyte concentration and the molecular structure of the compound

(Verschueren, 1983).

Aquatic solubility is a dominant characteristic for determining a contaminant's potential for

environmental transport and distribution; compounds that are more soluble are generally

subject to wider distribution in the environment than less soluble compounds as illustrated in

Figure RISR E.2-1. However, even compounds with very low aquatic solubilities will

eventually move entirely into solution given sufficient contact time, volume of water, and

favorable environmental conditions. Aquatic solubility is related to adsorption and desorption
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reactions on soil and aquifer sediment surfaces. Highly soluble compounds are generally

more likely to desorb from soils.

Organic compounds with solubilities of less than 50 milligrams per liter (rngjl) are considered

slightly soluble; they include organochlorine pesticides, some purgeable hydrocarbons and

organosulfur compounds, and dicyclopentadiene. Compounds with solubilities greater than

50 mg/l and less than 10,000 mg/l are considered moderately soluble and include benzene,

dibrornochloropropane (DBCP), DIMP, and most of the purgeable halogenated hydrocarbons

and organosulfur compounds. Compounds with solubilities greater than 10,000 mg/l are

considered highly soluble. Methylene chloride, dimethylmethyl phosphonate (DMMP), many

chemical agents, agent degradation products, hydrazines, and organonitrogen compounds are

highly soluble. Highly soluble compounds are leýs likely than slightly soluble compounds to

be adsorbed onto soil or concentrate in the tissues of living organisms. Metallic cations and

some inorganic anions, such as arsenic, chromium, fluoride, and sulfate, vary greatly in

solubility depending on overall solution composition.

E.2.4 VAPOR PRESSURE

Vapor pressure is the pressure at which a pure solution of a compound and its vapor are in

equilibrium at a given temperature. Vapor pressure can be used to predict tile potential for a

contaminant to volatilize from dry soils. Vapor-phase contarninants may be retained as

vapors in the pore space of unsaturated soils, diffuse through the soil and into the atmosphere,

or collect in subsurface structures such as sewers and basements. Diffusion through air in

soil is affected by several variables such as the physical structure of the contaminant, the soil

bulk density, soil moisture content, and soil adsorption potential (Dragun, 1988). The rate of

diffusion through air in soil is typically a fraction of the diffusion rate through the

atmosphere, which is discussed in the following section. For purposes of this report, vapor

pressure is serniquantitatively described as volatile (>1 mm Hg) sernivolatile (<1 but

>1 X IU3 mm Hg) or nonvolatile (<I x 10,3 mm Hg). These descriptions should not be
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confused with analytical distinctions between volatile and sernivolatile compounds or with the

volatility ranking based on the Henry's law constant which is presented ill Section E-2-6.

E.2.5 ATMOSPHERIC DIFFUSION

Atmospheric diffusion is the process in which gaseous molecules will mix and disperse within

the atmosphere. Diffusion is caused by pressure, temperature, and concentration gradients in

the atmosphere. These gradients are affected by the turbulent fluctuations of air motions

created by the local weather system. In addition to meteorological effects, the rate of

diffusion of individual vapor phase contaminants is influenced by their chemical structure,

including molecular weight and intermolecular forces (Dragun, 1988).

E.2.6 HENRY'S LAW CONSTANT

For a vapor-liquid equilibrium system, the ratio of tile concentration of a dilute compound in

the vapor phase to the concentration of the compound in the aqueous phase is represented by

Henry's Law constant (K,,), as illustrated in Figure RISR E.2-2. K. provides a more reliable

measure of tile relative volatilization from a dilute solution than simple vapor pressure. Kh

can be used to approximate environmental fate because it can be related to the degree of

volatilization and persistence in the surface water.

If a compound has a Kt, less than 10-7 atmospheres-cubic meters per mole (atm_M3/rnol), it is

considered to have low volatility. Of RMA analytes for which data are available, dieldrin and

organophosphorous pesticides, atrazine, rnalathion, and supona are considered to have low

volatility. Moderately volatile compounds have K, values in the 10*7 to 10,3 atm_M3/mol

range and are described as volatilizing slowly. RMA analytes in this moderate category

include most organochlorine pesticides, DBCP, DIMP, herbicide-related organosulfur

compounds. Some of the volatile halogenated and volatile aromatic compounds display K,

values at the upper end of this range. Highly volatile compounds have a value of K, greater

than 10-3 atm-m3/mol and are readily volatilized from soils and surface water. This
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classification includes most volatile halogenated organics, most volatile aromatic organics, and

many volatile hydrocarbons.

E.2.7 PARTITION COEFFICIENTS

In a two-phase system consisting of either liquid-liquid or solid-liquid phases, chen-dcal

species are usually detected at higher concentrations in one of the two phases. At equilibrium

conditions, the chemical concentration will be distributed between the two phases at a specific

ratio known as the partition coefficient. T'he octanol-water partition coefficient (K.") is

defined as the ratio of equilibrium concentrations of a dissolved substance in a two-phase

system of n-octanol and water. K.w has been used to predict the tendency for chemicals to

adsorb on soil organic matter, or to be subject to biological uptake and lipophilic storage.

K.,, is often presented in the form of its base ten logarithm (Verschueren, 1983).

While KOW is a readily determined and reproducible parameter in the laboratory, laboratory

determinations do not directly apply to the partitioning of organic contaminants between soil

or sediment and a coexisting water phase. However, the extent of adsorption of non-ionic

oreanic chemicals onto soil organic carbon correlates well with Ko"'. Empirical equations

relate K.,, to the soil-water partition coefficient (Kd) and die soil organic carbon content (fJ

throuah an intermediate parameter, the organic carbon partition coefficient (K,"). Koc of

compounds is calculated from Ko,,,, or in some cases the solubility of the compound of interest

(Lyman et al., 1982). Kc is then related to the organic carbon content within a specific soil

using the following equation:

Kd= Kc x fo,

where: fo, > 0.0001. Estimations of Koc (and thus, Kd) involve empirical relationships that

involve other properties of the chemical. Most commonly Kc is derived using regression

equations developed for limited classes of organic compounds. These equations are

commonly expressed in logarithmic form, such as:

log K,,c = a log K,,,v + b
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where a and b are constants. The uncertainties associated with estimating K., by these

different methods are reportedly less than one order of magnitude when applied to compounds

that are chemically similar to those used to derive each equation. Uncertainties increase with

the application of the equations to dissimilar compounds (Lyman et al., 1982).

As shown in Figure RISR E.2-2, Kdmay then be used to relate organic contan-anant

concentrations in coexisting soil (C) and water (Q phases:

Kd = CJC1

As with K,W1 compotinds with high K,,, or K,, values are strongly partitioned into tile solid

phase, while compounds with low K,. or K, values are preferentially partitioned into tile

aqueous phase. Where organic carbon contents in sediments are greater than 0.01 percent, the

relationship between K., and Kd indicates a direct correlation between the soil organic carbon

content and the degree to which organic contaminants are partitioned into the soil phase.

This is particularly true of sediments with high organic carbon contents, such as those present

within well developed topsoils or in lake beds.

In an aquifer sediment, organic carbon contents may approach or exceed the lower level of

applicability of the K.,-Kd relationship, which is approximately 0.1 + 0.01 percent f,. (Dragun,

1988). Sorption in sediments with low organic carbon contents becomes increasingly

dominated by mineral surface interactions, and may be related to the surface area, grain size,

cation exchange capacity, and percentage of silt and clay within the sediment. As a general

rule, sorption of organic and inorganic compounds generally increases with increasing silt and

clay content (Rhoades and Bernstein, 1971).

E.2.8 MEASURED SOIL-WATER PARTITION COEFFICIENTS

In order to evaluate the applicability of literature-derived partitioning data, an assessment of

Kdvalues for samples collected in Section 36 of RMA was conducted (ESE, 1988c/RIC

88344ROI). This study determined a range of K, values for each analyte and compared these
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field-derived values to values reported in the literature. In addition, other geochernical

parameters were determined, including organic carbon content, surface area, particle

distribution, and mineralogy.

A review of the results of the field investigation and comparison with literature-derived

partition coefficients suggest a good relative correlation between field Kdvalues and observed

phased partitioning. Environmental contaminants characterized as having a strong affinity for

the solid phase exhibit relatively high Kd values, while those with an affinity for tile aqueous

phase exhibit relatively low Kdvalues. However, there are significant discrepancies between

field Kd values and those tabulated in the literature, suggesting a high degree of variability in

the absolute partition coefficients. Reasons for discrepancies and high variability may include

kinetic inhibition, nonequilibrium behavior, deviation from linear partitioning relationships,

and the inherent heterogeneity of soils and sediments. Because of the high variability of

partition coefficients, the data are considered more suitable for use in describing the relative

behavior of a suite of contaminants in a similar environment rather than their absolute

mobilities. Contaminants should be viewed as having relatively high, medium, or low

affinities for solids in a given environment based on their relative partition coefficients.

Mobilities of these compounds in the aqueous phase are inversely proportional to their Kd.

Organic compounds are grouped by the relative magnitude of their partition coefficients.

Compounds with a Kc value of less than 250 ml/g exhibit a relatively weak affinity for tile

solid phase and high degree of mobility in the aqueous phase. Compounds with a K,. value

of greater than 4,000 ml/g exhibit a strong affinity for the solid phase and limited mobility in

the aqueous phase. Compounds with inten-nediate K., values exhibit moderate affinity for the

solid phase and moderate mobility in the aqueous phase.

These categories should not be viewed as absolute, but rather as convenient indicators within

a continuum of relative behavior. For example, dieldrin, which has a high K,,,, is nearly

immobile in Basin C topsoil (ESE, 1988c/RIC 88344ROI). Tile organochlorine pesticides,

E-51
RF5/APP0039 11/8/91 7:43 ain pf



including dieldrin, remain in the upper few inches of soil despite storage and infiltration of

clean water through these soils subsequent to using the basin for storage of liquid waste.

However, dieldrin has also migrated in the alluvial groundwater systern for a distance of over

2 miles (mi) along major flow paths from potential sources in the basins area (EBASCO,

1989d/RIC 89186ROI). In both cases, dieldrin appears to be relatively less mobile than most

of the other contaminants present, yet in an absolute sense its mobility is highly variable.

The source of this variability is believed to be inherent in the heterogeneity of naturally

occurring soils, sediments, and waters. It may also be related to little-understood

complexities such as transport of colloidal materials to which contaminants may be adsorbed.

E.2.9 RETARDATION FACTORS

The rate of contaminant miuration can be retarded with respect to groundwater flow velocities

through interactions with aquifer solids. The more strongly a constituent is attracted to

aquifer solids, the more slowly it will migrate with respect to groundwater flow velocities

(Figure RISR E.2-3). The relative migration rate can be described in terrns of a retardation

factor (R,), which relates the affinity of an organic compound for naturally occurring

sediments through an empirically derived K.,:

Rf I + (Dh)( K, ý ýf)
n

where:

Dt, = aquifer sediment bulk mass density

n = aquifer porosity

f. fraction organic carbon in the aquifer sediment.

A retardation factor of 1.0 implies that a contarninant will migrate at a rate equivalent to

groundwater flow velocities; whereas a retardation factor of 2.0 indicates a rate of migration

that is only half the rate of groundwater flow. Using porosities of 30 and 40 percent and a

bulk density of 1.5 grams per cubic centimeter (g/cm) for surficial sediments and 1.8 g/CM3

for aquifer sediments, ranges of retardation factors within saturated sediments below basins
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and ponds and the alluvial aquifer have been calculated (Tables RISR E.2-4 and RISR E-2-5).

Given the potential for high variability in K,. and f., values, these retardation factors should

be used only in a relative sense. There may be large differences in mobility for a given

compound in different environments. In addition, mobility may be enhanced by facilitated

transport, which includes cosolvent effects and particle transport (EPA, 1989).

E.2.10 BIOCONCENTRATION, BIOACCUMULATION, AND BIOMAGNIFICATION

FAC70RS

In a food web representing the feeding relationships among species in an ecosystem, large

numbers of organisms at low trophic, or feeding, levels are consumed by fewer organisms at

the next higher level. These organisms, in turn, may be consumed by a predator in yet a

higher trophic level. Through this process contaminants that are accumulated in biota may be

systematically concentrated or biomagnified in successively higher trophic level species.

Contaminant concentrations have a potential to reach levels that produce adverse or lethal

effects on populations of high trophic level or particularly sensitive species. The specific

aspects of bioaccumulation include bioconcentration and biornagnification, which are

discussed in the following paragraphs.

The bioconcentration factor (BCF) is indicative of the degree to which contaminants may

accumulate in aquatic organisms, and is defined as the ratio of contaminant concentrations in

an organic (C.) to the corresponding concentration in water:

C
BCF 

0
C

BCF values may be measured using bioassay tests, or may be estimated from empirical

relationships based on solubility, K.., and K.. Bioconcentration factors have been estimated

in Table RISR E.2-6 for RMA analytes using empirically derived regression equations

referenced in Table RISR E.2-3. These regression equations are based on data from flow
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Table RISR E.24. Partition Coefficients (K,) and Retardation Factors (R,) for Saturated Lakebed Sediments and

Soils at RMA. Page I of 3

Analyte Log K. R,'

Volatile Halogenated Organics (VHOs)
1,1-Dichloroethane 1.90 2.5 - 8.7

1,2-Dichloroethane 1.20 1.3 - 2.5

1.1-Dichlorethylene 2.02 3.0 - 11

1,2-Dichloroethylene 1.74 2.0 - 6.4

1,1,2,2-Trichloroethane 2.07 3.2 - 12

1. 1, 1 -Trichloroethane 2.34 5.1 - 22

1,1.2-Tfichloroethane 2.24 4.3 - 18

Carbon tetrachloride 2.55 7.7 - 36

Chlorobenzene 2.28 4.6 - 20

Chloroform 1.65 1.8 - 5.4

Meihylene chloride 1.20 1.3 - 2.5

Tetrachloroethylene 2.56 7.8 - 36

Trichloroethylene 2.64 9.2 - 44

Trichloropropene 
- -

Volatile Hvdrocirbons (VHCs)
2-Butoxyethanol 

- -

4-Hydroxy-4-methyl-2-pent.inone 
-

2,2-Oxybisethanol 
- -

Bicycloheptadiene 2.28 4.6 - 20

Dicyclopentadiene 2.99 19 - 96

Methylcyclohexane 
-Methylisobutyl ketone 0.60 1.1 1.4

2-Pentanone 
-

I-Methyl-1.3-cyclopentadiene 
-

Volatile Aromatic Or2anics (VAOs)

Benzene 1.62 1.8 5.1

Ethylty--nzene 2.75 11 56

m-Xylene 3.02 21 100

o- and p-Xylene 3.02 21 100

Toluene 2.63 9.0 43

Rr 1 + (D,)(K,,,)(f.)/n, where:

D, Bulk Density = 1.5 g/CM3

Log K.,, = Organic Carbon Partition Coefficient from Table RISR A.2-1.

f. = Organic Carbon Content, f., = 0.5% to 2.6% (J.P. Walsh, 1988; EBASCO,

1989b/RIC 89166RO I).
Range of R, reflects range of f..
n = Porosity = 0.40.

Note: Dash inserted where no information is available.
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Table RISR E.2-4. Partition Coefficients (K.) and Retardation Factors (Rf) for Saturated Lakebed Sediments and

Soils at RMA. Page 2 of 3

Analyte Loa K., Rf'

Organosulfur Compounds. Mustard-Agent Related (OSCMs)
1.4-Oxathiane 0.69 1.1 1.5

Chloroacetic acid
Dithiane
Thiodiglycol

Oroanosulfur Compounds. Herbicide Related (OSCHs)

Benzothiazole 
-Chlorophenylmethyl sulfide 3.05 22 . 110

Chlorophenylmethyl sulfone 1.80 2.2 - 7.2

Chlorophenylmethyl sulfoxide 1.71 2.0 - 6.0

Dimethyldisulfide 2.09 3.3 - 13

Oreinophosphorous Compounds. GB-Agent Related (OPHGBs)

Diisopropy1methyl phosphonate 2.09 3.3 - 13

Dimethylmethyl phosphonate - -

Isopropy1methylphosphonic acid -

Methylphosphonic acid -

Phosphoric acid, tribulyl ester - -

Phosphoric acid, triphenyl ester - -

Dibromochloroprovine (DBCP) 2AI 5.8 - 26

Or2inonitrouen Compounds (ONCs;I
Nitrosodimethylamine -1.00 1.0 - 1.0

Nitrosodi-n-propylarnine 1.18 1.3 - 2.5

Hydrazine 
- -

Meihylhydrazine
Unsymmetrical dimcthylhydrazine
Ciprolictarn 

-

Polvnuclenr Aromatic Hydrocarbons (PAHs)

Fluorinthene 4.58 710 3,700

Methyinaphthalene 
-Phenanthrene 3.85 130 690

Pyrene 3A2 50 260

Rr I + (D,)(K.)(fj/n, where:

D,, Bulk Density = 1.5 g/cM 3

Log K. = Organic Carbon Partition Coefficient from Table RISR A.2-1.

f., = Organic Carbon Content, 0.5% to 2.6% (J.P. Walsh, 1988; EBASCO,

1989b/RIC 89166RO I).
Range of R, reflects range of f.,.

n = Porosity = 0.40.

Note: Dash inserted where no information is available.
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Table RISR E.2-4. Partition Coefficients (K,.) and Retardation Factors (R,) for Saturated Lakebed Sediments and
Soils at RMA. Pa-e 3 of 3

Analyte Log K., Rf'

Sernivolatile Haloeenited Organics (SHOs)
Dichlorobenzene 

-Hexachlorobenzene 6.08 23,000 - 120,000

Hexachlorobutadiene 4.45 530 - 2,700

Hexachlorocyclopentadiene 4.06 220 - 1,100

Pentachlorobenzene 4.06 220 - 1,100

Tetrachlorobenzene - -

Trichlorobenzene - -

Organochlorine Pesticides (OCPs)
Aldrin 4.67 880 - 4,600

Chlordane 5.15 2,600 - 14,000

Dichlorodiphenylethine (DDE) 4.93 1,600 - 8,300

Dichlorodiphenyltrichloroethane
(DDT) 4.58 710 - 3,700

Dieldrin 3.86 140 - 710

Endrin 3.87 140 - 720

Isodrin 4.58 710 - 3,700

Oreinophosphorous Compounds. Pesticide Related (OPHPs)
Atrazine 2.21 4.0 - 17

Malathion 3.25 34 - 170

Parathion 3.40 48 - 250

Supona 2.98 19 - 94

Vaponi 1.83 2.3 - 7.6

Rf I + (DXK.)(f.)/n, where:
D, Bulk Density = 1.5 g/cm 3

Log K,, = Organic Carbon Partition Coefficient from Table RISR A.2-1.
f. = Organic Carbon Content, f. = 0.5% to 2.6% (J.P. Walsh, 1988; EBASCO,

1989b/RIC 89166RO I).
Ran2e of Rf reflects range of f,,.
n = ýorosity = 0.40.

Note: Dash inserted where no information is available.
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Table RISR E.2-5 Partition Coefficients (K.) and Retardation Factors (R,) for Unconfined Aquifer Sediments

at RMA. Page I of 3

Analyte Log K Rr'

Volatile Halogenated Oreanics (VHOs)
1,1-Dichloroethane 1.90 1.3 - 4.2

1,2-Dichloroethane 1.20 1.1 - 1.6

IJ-Dichlorethylene 2.02 1A - 5.3

1,2-DichloToethylene 1.74 1.2 - 3.2

1,1,22-Trichloroethane 2.07 1.5 - 5.8

1.1.1-Trichloroethane 2.34 1.9 - 9.9

1.1.2-Trichloroethane 2.24 1.7 - 8.1

Carbon tetrachloride 2.55 2.5 - 15

Chlorobenzene 2.28 1.8 - 8.8

Chloroform 1.65 1.2 - 2.8

Mcthylene chloride 1.20 1.1 - 1.6

Tctrichloroethylene 2.56 2.5 - 15.8

Trichloroethylene 2.64 2.8 - 18.8

Trichloropropene 
-

Volitile Hvdrocirbons (VHCs)

2-Butoxyethanol 
-

4-Hydroxyl-4-methyl-2-pentanone 
-

2.2-Oxybisethanol 
-

Bicycloheptadiene 2.28 1.8 - 8.8

Dicyclopentadiene 2.99 5.1 - 41

Mcthylcyclohexane

Methylisobutyl ketone 0.60 1.0 1.2

2-Pentinone 
-

I-Mcthyl-1,3-cyclopentadiene 
-

Volitile Aromatic Or2anics (VAOs)

Bcnzene 1.62 1.2 2.7

Ethylbenzene 2.75 3.4 24

m-Xylene 3.02 5.4 - 44

o- and p- Xylene 3.02 5.4 - 44

Toluene 2.63 2.8 - 18

Rf = I + (D0(K,)(fj/n, where:

D,, = Bulk Density = 1.8 g/cffi3

Log K,. = Organic Carbon Partition Coefficient from Table RISR E.2-1.

fý = Organic Carbon Content, f., = 0.07% to 0.68% (ESE, 1988c/RIC 88344ROI).

Range of R, reflects range of f.,.

n = ýorosity = 0.30.

Note: Dish inserted where no information is availible.
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Table RISR E.2-5 Partition Coefficients (K.) and Retardation Factors (R,) for Unconfined Aquifer Sediments

at RMA. Page 2 of 3

Analyte Log K., Rf'

OrRanosulfur Compounds. Mustard-Agent Related (OSCMs)
1,4-Oxathiane 0.69 1.0 1.2

Chloroacetic acid
Dithiane
Thiodiglycol
Organosulfur Compounds, Herbicide Related (OSCHs)
Benzothiazole -

Chlorophenylmethyl sufide 3.05 5.2 - 47

Chlorophenylmethyl sulfone 1.80 1.3 - 3.6

Chlorophenylmethyl sulfoxide 1.71 1.2 - 3.1

Dimethyldisulfide 2.09 1.5 - 6

Or2anophosphorous Compounds. GB-Agent Related (OPHGBs)

Diisopropylmcthyl phosp-honate 2.09 1.5 - 6

Dimethylmethyl phosphonate - -

Isopropy1methylphosphonic acid
Methylphosphonic acid
Phosphoric acid, tributyl ester
Phosphoric acid, triphenyl ester -

Dibromochloropronnne (DBCP) 2.41 2.1 - 11

Or2anonitro2en Compounds (ONLsj
Nitrosodimethylarnine -1.00 1.0 - 1.0

Nitrosodi-n-propylamine 1.18 1.1 - 1.6

Hydrizine -

Methy1hydrazine -

Unsymmetrical dimethy1hydrazine -

Ciprolactarn -

Polvnucleir Aromitic Hydrocarbons (PAHs)

Fluor-anthene 4.58 160 1,600

Mcthyin3phthilene -

Phenanthrene 3.85 31 290

Pyrene 3.42 12 110

Rf I + (D0(Kj(f,,)/n, where:
D, Bulk Density = 1.8 g/CM3

Log K. = Organic Carbon Partition Coefficient from Table RISR E.2-1.

fý Organic Carbon Content, f., = 0.07% to 0.68% (ESE, 1988c/RIC 88344ROI).

Ringe of R, reflects range of f.,.
n = Porosity = 0.30.

Note: Dash inserted where no information is available.

E-59

RF541TBLOO34AF5 11/8191 9:28 ain sina



Table RISR E.2-5 Partition Coefficients (K,) and Retardation Factors (R) for Unconfined Aquifer Sediments
at RMA. Page 3 of 3

Analyte Log K., R('

Semivolatile Halogenated Organics (SHOs)
Dichlorobenzene -

Hexachlorobenzene 6.08 5,100 - 49,000

Hexachlorobutadiene 4.45 120 - 1,200

Hexachlorocyclopentadiene 4.06 49 - 470

Pentachlorobenzene 4.06 49 - 470

Tetrachlorobenzene - -

Trichlorobenzene
Organochlorine Pesticides (OCPs)
Aldrin 4.67 200 - 1,900

Chlordane 5.15 590 - 5,800

Dichlorodiphenylethane (DDE) 4.93 360 - 3,500

Dichlorodiphenyltrichloroethine (DDT) 4.58 160 - 6,600

Dic1drin 3.86 31 - 300

Endrin 3.87 32 - 300

Isodrin 4.58 160 - 1.600

Organophosphorous Compounds. Pesticide Related (OPHPs)
Atrazine 2.21 1.7 - 7.6

Malathion 3.25 8.5 - 74

Pirn,thion 3.40 12 - 100

Supona 2.98 5 - 40

Vapona 1.83 1.3 - 3.8

Rf = I + (D0(Kj(f.)/n. where:
D,, = Bulk Density = 1.8 g/CM3

Log K., = Organic Carbon Partition Coefficient from Table RISR E.2-1.

f.c = Organic Carbon Content, f. = 0.07% to 0.68% (ESE, 1988c/RIC 88344R01).

Range of R, reflects range of f,,,.
n = Porosity = 0.30.

Note: Dash inserted where no information is avWlable.

E-60

RF54frBLOO34.RF5 11/8/91 9:28 ain snia



Table RISR E.2-6. Bioconcentration and Biornagnification Factors for Selected RMA Analytes. Paoe I of 2

RMA

Analyte Bioconcentration" Biomagnification(C)

Factor Factor

Volitile Halogenated Oroanics (VHOs)

IJ-Dichloroethane 9.0
1.2-Dichloroethane 7.2
I,I-Dichloroethylene 26 -

1.2-Dichloroethylene 5.5 -

1,1,1-TTichloToethane 43 -

1.1.2-Trichloroethane 16 -

Carbon tetrachloride 45 -

Chlorobenzene. 48 -

Chloroform I I -

Methylene chloride 8.5

Tetrichloroethylene - 41

Trichloroethylene 38

Volitile Hydrocarbons (VHCs)

Bicycloheptadiene 19
Dicyclopentadiene 88
Methylisobutyl ketone 5.9

Volitile Aromatic Oreanics (VAOs)

Benzene 18

Ethylbenzene 78 -

m-Xylene 68 -

o- and p-Xylene 68 -

Toluene 45 -

Orainosulfur Communds. Herbicide Related (OSCHs)

Chlorophenylmethyl sulfide 130 -

Chlorophenylmethyl sulfone 6.0 -

Chlorophenylmethyl sulfoxide 6.5

Dimethyldisulfide 15

OrganwhosOorous Compounds. GB-Agent Related (OPHGBs)

Diisopropylmethyl phosphonate 2.6

Applicable Bioconcentration and RMA Biornagnification Factors not available for other RMA analytes.

M The geometric mean of reported values was tabulated from Table RISR E.2-3.

Range of values reported for selected species (mallard, bluegill, pike, and eagle) determined by pathways

analysis at RMA. Values available only for Biota RI Contaminants of Concern (ESE, 1989/RIC 89173RO2).
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Table RISR E.2-6. Bioconcentration and Biornagnification Factors for Selected RMA Analytes. Page 2 of 2

RMA

Analyte Bioconcentration(" Biomagnification"
Factor Factor

Dibromochloroprovane (DBCP) 34 0.25 -31.88

Semivolatile Halogenited Organics (SHOs)

Hexachlorobenzene 12,000 -

Hexachlorocyclopentadiene 225 -

Pentachlorobenzene 1,800 -

Tetrachlorobenzene 1,800 -

Trichlorobenzene 182

Or2inochlofine Pesticides (OCPs)

Aldrin 5,100

Dichlorodiphenylethane (DDE) 8,100

Dichlorodiphenyltrichloroethane
(DDT) 19,000

Dieldrin 2,400 6,600-290,000

Endrin 2,000 350-11,000

Isodrin 2,600 -

Oginophosphorous Compounds. Pesticide Relited (OPHPs)

Atrazine 27 -

Malathion 61 -

Parathion 210 -

Supona 79 -

Arsenic limited 1.6-19

Mercurv insignificant 1,300-50,000

(a) Applicable Bioconcentration and RMA Biornagnification Factors not available for other RMA analytes.

M The geometric mean of reported values was tabulated from Table RISR E.2-3.

W Range of values reported for selected species (mallard, bluegill, pike, and eacyle) determined by pathways0

analysis at RMA. Values available only for Biota RI Contaminants of Concern (ESE, 1989/RIC 89173RO2).
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through laboratory experiments with a variety of fish species. ASTM (1985) indicates that

chemicals with BCFs less than approximately 100 have low potentials for causing harm to

wildlife and human health as a result of biornagnification of contaminants up the food chain.

The biornagnification factor (BMF) represents the direct accumulation of contaminants

originating in sediment, soil, or water by lower organisms, and subsequent accumulation of

contaminant residues by higher organisms due to exposure in the food chain.

Biornagnification factors are calculated by summing appropriate BCFs and accounting for

species-specific bioaccumulation effects to predict the fate of contaminants as they as

transformed from abiotic environments, up the food chain, to selected target species.

In terrestrial systems, plants may accumulate inorganic and organic constituents through their

root zones, although some adsorption may also occur through their leaves. For some

chemicals, phytotoxic effects limit bioaccumulation by elin-dnating susceptible plant species

from the food chain. Although generalities are presented, the unique effects of

bioaccumulation in different species is based in part on their geographic location, trophic

level, physiology, and life processes. Contaminants of concern are addressed in greater detail

specifically as they affect sensitive biota at RMA in the Biota RI (ESE, 19891RIC 89173RO2).

The Biota RI used RMA field data and multiple pathways analyses to develop species-specific

BMFs for five contaminants of concern at RMA which are presented in Table RISR E.2-6.

However, reported values for BCFs and BMFs may vary greatly for each species due to

variations in susceptibility, chemical accumulation, feeding habits, physical environments, and

biota assessment methodology. These numbers are presented only for use in examining

relative degrees of concentration and magnification in biotic systems.
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E.2.11 TRANSFORMATION AND DEGRADATION

Transformation and degradation processes detem-iine whether a chemical will persist in the

environment. Key processes include both chemical and biological mechanisms, such as

hydrolysis, photolysis, oxidation-reduction, and biotransformation. Contaminants are

generally reduced to less hazardous components, such as carbon dioxide and water. However,

degradation products may, in certain instances, be of greater concern due to increased

toxicity, persistence, or mobility. Specific rates at which these processes occur are dependent

on individual chemical and environmental characteristics. In general, surface processes occur

at faster rates than subsurface processes. Therefore, a chemical that is buried will generally

degrade at a slower rate than the same chen-dcal exposed at the soil surface. Exceptions

would include compounds more susceptible to reduction or anaerobic processes.

Several chemical reaction mechanisms potentially contribute to the overall process of

chemical transformation. Hydrolysis, photolysis, oxidation-reduction, and biological reactions

are the primary components of chemical transformation in soils, although other reactions may

be significant for individual compounds of interest. EPA (1979) assessed potential

transformations affecting priority pollutants in aqueous systems. A brief description of each

major class of reactions follows.

During hydrolysis, an organic compound reacts with water, which results in the introduction

of a hydroxyl group into the molecule and subsequent elimination of another functional group,

such as a halogen. Hydrolysis may be catalyzed by acid (H+), base (OH-), or metal (M+)

ions; thus, the rate of hydrolysis is dependent on pH and metal-ion concentration. Sorption

effects may also influence the rate of hydrolysis. Hydrolysis of some pesticide derivatives is

more rapid in the presence of hurnic materials.

Photochemical processes include both direct photolysis and sensitized photolysis. In direct

photolysis, a compound adsorbs solar radiation and is transformed, while in sensitized
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photolysis, the energy that transforms the compound is derived from another species in

solution. Photolysis reactions may occur in either air, near-surface soils, or surface water.

Oxidation-reduction (redox) reactions involving both inorganic and organic compounds are

important in soil and water environments. Inorganic chemists define oxidation as the loss of

electrons and increase in oxidation number, while reduction is the gain of electrons and

decrease in oxidation number. Organic oxidation reactions generally involve a gain in oxygen

and loss of hydrogen, while the reverse is frequently true for organic reduction. Oxidation

often requires the presence of molecular oxygen (02), but the reaction usually involves free

radicals, especially OH, R02, RO, and singlet oxygen as the oxidant (where R = carbon chain

or ring). Redox reactions are often biologically mediated but can also occur in abiotic

systems.

Reductive debalogenation involves the removal of a halogen atom via a redox reaction. This

reaction is most likely to occur in low-redox state groundwaters where oxygen has been

depleted. This reaction requires mediators, such as ferric iron (Fe") or naturally occurring

biological products, to accept electrons generated by oxidation of reduced organics and to

transfer these elec4rons to the halogenated organic compound to bring about dehalogenation

(Mackay et al., 1985).

Biotransformation occurs as a result of the metabolic activity of microorganisms through the

action of enzymes that catalyze chemical reactions. These reactions generally lead to the

production of energy or some essential nutrient for the organism, although some chemicals

may be transformed even though the specific reaction does not promote growth. Rates of

biotr,ansformation, are dependent on microbial tolerance to specific contaminant compounds

and the availability of groups of compounds, such as oxygen and nitrate, as nutrient sources.

Therefore, rates of biodegradation are dependent upon microbial population, environment, and

the physical-chemical properties of the compound. Although only limited information is
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available on rates of biodegradation, historical data and field studies may be helpful in

evaluating the importance of biodegradation.

E.3 CONTAMINANT BEHAVIOR

Physical-chen-dcal properties of organic analytes at RMA have been summarized in

Table RISR E.2-1. These properties may be used to describe the relative fate and mobility of

these contarriinants in the soil, air, surface water, and groundwater environments. The relative

magnitude of the K,, and K,, and solubility of RMA contan-dnants are directly proportional to

each compound's affinity for the solid, gas, and liquid phases, respectively.

The relationships between volatility and Kdpartitio n coefficient in the soil environment are

demonstrated throujh the use of a compartment model, which is discussed below and

illustrated in Figures RISR E.3-1 and RISR E.3-2. In addition, the general environmental

behavior of RMA analyte groups is summarized below.

E.3.1 COMPARTMENT MODEL

A valuable use for equilibrium partition coefficients is determining the relative distribution of

contaminants between the phases present. Given the partition coefficients and the quantity of

the solid, liquid, and gas phases per unit volume of environment, the fraction of contaminant

in each phase, or environmental compartment, can be calculated. The equations, derived in

the Determination of Partition Coefficients for the Primary Contan-dnant Sources of

Section 36 (ESE, 1988c/RIC 88344ROl), are used to describe these partitioning relationships,

which are applicable to either two- or three-phase systems.

The equations can be used to assess the potential for mobility of a contaminant in a given

system by calculating the fraction of contaminant in the mobile air and water phases as a

function of Kd and Kh. Figure RISR E.3-1 plots the values of Kh and Kd for RMA target

analytes. Superimposed on these values are lines denoting the total percentage of each

contaminant expected in the potentially mobile water and gas phases. The environmental
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conditions are representative of the unsaturated zone, where solids occupy 60 percent of the

volume, water 5 percent, and air 35 percent. These same relationships are determined for

conditions representative of the saturated zone in Figure RISR E.3-2, where solids occupy

60 percent of the volume, water occupies 35 percent, and air occupies 5 percent. The values

of Kdand Yt used in this plot were derived from data presented in Table RISR E.2-1.

Figures RISR E.3-1 and E.3-2 depict some important environmental characteristics of the con-

taminants. The curvature in the percent mobile phase lines above log K,' = -2.0 indicates that

the gas phase becomes an increasingly important reservoir for volatile contaminants with

higher Kds. The contaminants exhibiting log Khvalues greater than -2.0 demonstrate an

increasing mobility in the gas phase and can be volatilized to the atmosphere. For

contaminants exhibiting log Khvalues less than -2.0, the gas phase is relatively insignificant,

and liquid-solid phase interactions will control their behavior. Contaminants lying to the left

of the log Kd = 0 line (negative Kj are relatively mobile in the aqueous phase, while

contan-dnants to the right (positive K) demonstrate decreasing mobility in the aqueous phase.

E.3.2 ANALYTE GROUP BEHAVIOR

The environmental mobility of each of the RMA target analytes or composite groups of

compounds can be bracketed into general categories such as relatively immobile, moderately

mobile, and highly mobile. This is accomplished by evaluating contaminant properties, media

properties, and transport and fate processes acting in the environment. The following

discussion presents a relative description of the mobility of each composite analyte group in

air, soil, water, and biotic environments. In addition, general observations regarding

transformation processes, biodegradation, and bioconcentration are also provided. These

descriptions have been primarily based on data presented in the RMA Exposure Assessment

(EBASCO, 1989i/RIC 89227RO2,03). Other sources include EPA (1982), Moore and

Ramamoorthy (1984a; 1984b), and Dragun (1988).
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These descriptions of analyte behavior should be used in a relative sense to compare

compounds or groups of compounds in similar environmental settings. For example, in an

organic-rich soil environment that is subject to moderate infiltration, DBCP will be

transported much more readily than the organochlorine pesticides (OCPs). Therefore, in

comparison with the organochlorine pesticides and for a given period of time, a DBCP

contaminant plume would migrate farther and be more dispersed in groundwater.

E.3.2.1 Volatile Halogenated Organia

All of the volatile halogenated organic compounds (VHOCs) have moderate to high aqueous

solubilities, moderate to high volatilities, and moderate to low affinities for organic matter.

Therefore, these chlQrinated solvents are readily mobilized from shallow soils by volatilization

and infiltration. Once dissolved in surface waters and groundwaters, these compounds are

transported at moderate to high rates. In general, mobility decreases with increasing

halogenation within each of die chloromethane, chloroethane, and chloroethylene groups. The

chloromethanes generally exhibit a greater mobility than the chloroethanes or chloroethylenes.

In surface water systems, VHOs are readily volatilized to the atmosphere, where they are

rapidly photo-oxidized by hydroxyl radicals. Half lives for the volatilization process in

flowing surface water range from hours to days for the group (Moore and Ramamoorthy,

1984a). Although this process is relatively rapid, potential transport distances may still be

significant in most streams and rivers.

In groundwater systems, photolysis is insignificant, and losses due to volatilization are

minimized as a result of slow upward diffusion rates within the unsaturated zone. Abiotic

transformation by hydrolysis, reduction, or dehydrohalogenation occurs at relatively slow rates

for most compounds within the group, resulting in successive degradation to decreasingly

halogenated compounds. Rates of transformation increase in biologically mediated systems,

although reaction mechanisms are uncertain. Dehalogenation has been reported in both

microbial and mammalian systems (Vogel et al., 1987). Transfon-nation of the halogenated
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alkanes and alkenes to vinyl chloride (chloroethylene) is possible following the depletion of

oxygen in the groundwater.

Although trichloroethylene is readily absorbed by all routes of exposure, there is no evidence

of bioaccumulation in biotic systems. In general, BCFs for the group suggest that appreciable

bioconcentration or biornagnification is unlikely.

E.3.2.2 Volatile Hydrocarbons

The volatile hydrocarbon (VHQ group contains a wide variety of compounds exhibiting a

range of behaviors. For most compounds within the group, environmental behavior is

evaluated on the basis of approximate solubility measurements (Merck, 1983; Weast, 1975)

and vapor pressure estimates (Lyman et al., 1982). Other properties are inferred from relative

solubility and vapor pressure. Therefore, the following discussion of volatile hydrocarbon

migration focuses on general trends and characteristics.

The environmental behavior of the VHCs is subdivided into compounds exhibiting high

solubility and those exhibiting moderate to low solubility. 'Me high solubility group includes

2-butoxyethanol, Z2-oxybisethanol, 4-hydroxy-4-methyl-2-pentanone (diacetone alcohol), and

4-methyl-2-pentanone (methylisobutyl ketone). These compounds are characterized by both

their high solubility and moderate vapor pressure. Volatilization from soils may be a

significant loss mechanism, particularly for methylisobutyl ketone. However, the least

volatile of these compounds, 2,2-oxybisethanol, will not readily volatilize in the environment.

The affinity of these high solubility compounds for adsorption to soil organic carbon or

mineral surfaces is inferred to be low, resulting in a high potential for leaching from soils and

high mobility in groundwater with respect to flow rates. Transport in surface water will be

predominantly in the dissolved phase. Degradation of these alcohols and ketones by chemical

and biological transformations in soil and water is likely (EPA, 1985c; USAMBRDL, 1985).

Information regarding uptake in plants, biomagnification, and bioconcentration is currently

unavailable.
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The moderate to low solubility group of hydrocarbons includes dicyclopentadiene,

bicycloheptadiene, methyl cyclohexane, and 2-pentanone. These compounds exhibit moderate

to high vapor pressures, resulting in potential losses to the atmosphere from surface soils and

surface water by volatilization. Available data regarding the behavior of dicyclopentadiene

and bicycloheptadiene indicate low to moderate affinity for adsorption on soil organic carbon

and mineral surfaces. Their overall mobility in soil and groundwater is considered moderate.

Chen-dcal and biological transformations will degrade these hydrocarbons in soil and water

with half lives on the order of months. Photolysis is a potential degradation mechanism in

the atmosphere, surface soils, and surface water (Cogley and Foy, 1978).

Dicyclopentadiene iý not significantly accumulated in terrestrial plants (USAMBRDL, 1985).

For this group, appreciable bioconcentration or biornagnification is unlikely, although

available data are limited.

E.3.2.3 Volatile Aromatic Organics

The volatile aromatic organics (VAOs) exhibit moderate solubilities, moderate to high

volatilities, and low to moderate affinities for soil organic carbon. These characteristics result

in a moderate mobility for the group.

Volatilization is the major transport process in surface soils and surface water, followed by

photo-oxidation by hydroxy radicals in the atmosphere. Half lives of these compounds in

flowing surface water are on the order of hours (Moore and Ramamoorthy, 1984a). Although

this process is relatively rapid, potential transport distances may still be significant in most

streams and rivers (Dragun, 1988).

Biodegradation by fungi and microorganisms present in soil or water is significant in the

presence of oxygen. Half lives of the VAOs range from days to months in soils. The

potential for leaching of these compounds into groundwater is least significant for the

xylenes, which exhibit the strongest affinity for soil organic carbon. These compounds are
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transformed through incorporation of molecular oxygen into the aromatic structure to form

dihydroxybenzene degradation products, with aliphatic acid or benzoic acid derivatives as

products. References for degradation of these compounds include EPA (1985a), Dragun

(1988), USAMBRDL (1985), and Overcash et al. (1982).

In groundwater systems, volatilization is limited by slow upward diffusion rates within the

unsaturated zone. Oxidation and hydrolysis are relatively unimportant fate processes. Once

introduced into the groundwater system, migration will be moderately retarded with respect to

groundwater flow rates.

Bioconcentration factors for the group indicate that limited bioconcentration of xylene

residues may occur up through food chains. Bioconcentration and biomagnification are

unlikely for the remainder of the group.

E.3.2.4 Organosulfur Cornvounds, Mustard-A ent Related

The mustard-agent related organosulfur compounds (OSCMs) consist of mustard degradation

products that include 1,4-oxathiane, dithiane, and thiodiglycol, as well as chloroacetic acid,

which is reportedly used primarily as a preemergent herbicide and defoliant.

The mustard degradation products are moderately to highly soluble, exhibit low volatility in

water, and are weakly adsorbed to soil organic matter. As a result, they are considered highly

mobile in the environment and will be readily leached from soils and transported in surface

water and groundwater with little attenuation. Volatilization may also provide a transport

pathway in soils, although the high water solubility of these compounds minimizes the

significance of volatilization from water. Persistence and uptake data are generally

unavailable, but oxidation and biodegradation are reported as potential degradation

mechanisms. High aqueous solubility and low organic partitioning behavior indicates that

bioconcentration is not likely.
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For most of these compounds, available literature does not provide data regarding chemical

stability or degradation processes. Available information on dithiane is described below.

Dithiane is reported to readily oxidize to sulfoxides and sulfones (Berkowitz et al., 1978). It

is readily photo-oxidized to sulfoxide in nonaqueous solvents (Foote and Peters, 1971);

however, the presence of water may facilitate photo-oxidation (Berkowitz et al., 1978).

Although data on biodegradation of OSCMs were not found in available literature, this

process is suspected due to the microbial nutrients (carbon and sulfur) contained in dithiane.

Chloroacetic acid has been linked to mustard manufacturing and demilitarization and to

herbicide production at RMA. Chloroacetic acid is, also reported to be a degradation product

generated by the oxidation of 1,2-dichloroethane, 1,2-trichloroethane, chloroethane, and 1,1-

dichloroethene (Vogel et al., 1987). Chloroacetic acid is likely to occur in its dissociated

anionic form at normal soil and water pH values. It is highly soluble, exhibits high volatility,

and has little affinity for soil organic matter. This compound is also considered highly

mobile in the environment and will be readily leached from soils and transported in migrating

surface and groundwater.

Based on studies of a related compound (trichloroacetate), uptake of chloroacetic acid in

plants, followed by degradation, is suspected (Chow, 1970). The potential for

bioconcentration or food chain transfer is expected to be negligible.

E.3.2.5 Organosulfur Compounds, Herbicide Related

The herbicide related organosulfur compounds (OSCHs) have low to moderate solubility,

moderate to high volatility, and low to moderate affinity for soil organic matter. The

resulting mobilities, therefore, range from moderate to high, depending on the particular

compound of interest. Dimethyldisulfide is the most mobile compound of the group, with

volatilization from soils being a major transport pathway. Chlorophenylmethyl sulfide is the

least mobile compound of the group, exhibiting a limited potential for leaching from soils and

subsequently retarded rates of transport with respect to groundwater flow. Limited
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volatilization of chlorophenylmethyl sulfide from soils may also occur. The remainder of this

group is moderately mobile in groundwater and may also be transported in surface water and

suspended sediment.

Microbial degradation of these OSCHs has been reported, although data regarding the rate and

extent of degradation and the resulting products are unavailable. Chlorophenylmethyl sulfide

has been reported to chemically oxidize to chlorophenylmethyl sulfoxide. Other types of

degradation have not been identified in available literature. Half lives in soil range from

months to years for the group (Cogley and Foy, 1978; Guenzi et al., 1979). Data on the

persistence of benzothiazole or dimethy1disulfide in environmental media were not located in

available literature.

Uptake in plants occurs in both the roots and leaves of corn and sugarbeets, with residues

concentrated to the greatest degree within the leaves (Guenzi et al., 1979). Significant

bioconcentration and biomagnification are unlikely for the group.

E.3.2.6 Organoyhosphorous Compounds, GB-Agent Related

Limited information is available for most GB-Agent related organophosphorus compounds

(OPHGBs) within this group. Studies have investigated the behavior of DIMP and DMMP,

which are relatively well characterized as by-products of GB manufacture. Available dam

indicate that the compounds within this group exhibit moderate to high solubility, low to

moderate volatility, and low affinity for solid organic carbon. Therefore, these compounds

are considered mobile in the environment, readily leached from soils, and transported with

minimal attenuation in groundwater and surface water. The potential exists for limited

volatilization from surficial soils and surface water.

These OPHGB compounds hydrolyze slowly in water, with half lives for DIMP and DMMP

of 530 years and 12 years, respectively. Measurements on loss of DIMP and DMMP in soils

suggest half lives on the order of 2 years and 12 days, respectively. Data indicate the
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potential for biodegradation of isopropy1methylphosphonic acid. The degradation sequence of

GB reportedly progresses through a series of hydrolysis reactions from

isopropy1methylphosphonic acid and isopropy1methylphosphonate to methyl phosphonic acid,

and ultimately, phosphate. References for degradation include Rosenblatt et al. (1975a,

1975b), Howard et al. (1986), Howells et al. (1973), and Cook et al. (1978).

Uptake of DIMP into plant tissues occurs, with highest concentrations observed in the leafy

tissues (O'Donovan and Woodward, 1977). Bioconcentration of compounds within the group

is not expected to occur.

E.3.2.7 Organophosphorous Cornvounds, Pesticide Related

The pesticide-related organophosphorous compounds (OPHPs) have solubilities ranging from

low to high. They exhibit low to moderate volatilities and low to moderate affinity for soil

organic matter. These properties indicate that the group is moderately mobile and may be

leached from soils and transported by surface or groundwater. Retardation in groundwater

due to adsorption will be moderate. Volatilization to the atmosphere is a notable migration

pathway for some members of the group, particularly vapona and parathion.

Hydrolysis is an important degradation mechanism and is directly related to pH. Half lives in

water at a pH greater than seven range from days to weeks, but in acidic solutions these

values increase to years (NAS, 1977; Mabey and Mill, 1978; and TDB Peer Review

Committee, 1984). Hydrolysis in soil is also pH dependent, with reported half lives ranging

from weeks to years (Menzie, 1969; Menzie, 1980; Warnock and Leary, 1978; and TDB Peer

Review Committee, 1984). Degradation rates in soil increase with increasing pH and

decreasing organic carbon content.

Uptake of Supona has been observed in carrots (Edward, 1973). Appreciable

bioconcentration and biornagnification are unlikely for most of the group, although
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magnification of parathion residues in higher vertebrates may occur (EBASCO, 1989b/RIC

89166R01).

E.3.2.8 Dibromochloroproyane

This compound has a high aqueous solubility, moderate volatility, and a moderate affinity for

organic matter in soil. DBCP is lost from near-surface soils and surface water by

volatilization; therefore, detectable concentrations in shallow soil horizons are present only for

short periods of time following disposal. Although the volatilization process in surface water

is moderately rapid, potential transport distances in rivers and streams are significant. Once

flushed from shallow soils, DBCP is moderately retained by soil organic matter and

transported at moderate rates by groundwater. DBCP is relatively persistent in subsurface

soils and groundwater, but is decomposed slowly by hydrolysis and microbial action.

Dibromochloropropane can be converted to n-propanol, bromide, and chloride by soil-water

culture (Berkowitz et al., 1978).

Plant uptake can occur, with the highest residues generally present within the root portion

(EBASCO, 1989i/RIC 89227RO2,03). The bioconcentration factor suggests that appreciable

bioconcentration or biornagnification is not likely to occur.

E.3.2.9 Oreanonitrogen Compounds

The organonitrogen compound (ONQ group includes hydrazines, nitrosamines, and

caprolactam. The hydrazines and nitrosamines exhibit somewhat dissin-dlar properties and

behavior, despite their relatively consistent mobility in groundwater and surface water.

Although the RI sampling program conducted Phase I and Phase II investigations in the

vicinity of the hydrazine blending facility in the South Plants Study Area, a USATHAMA-

certified analytical method for hydrazines was not available. Descriptions of the ONCs and

their fate and transport behavior are derived from EPA (1982), Schmidt (1984), and Stone and

Wiseman (1988).
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The hydrazines are characterized by high solubility and low volatility in water. The

hydrazines are readily leachable from inorganic mineral sediments, although they become

irreversibly bound to organic matter. As a result, their mobility in soils is strongly related to

the form and availability of organic carbon in the soil horizon. Retardation in organic-poor

aquifer sediments will be dominated by cation exchange processes and correspondingly high

mobility. Volatilization from soil is a potential migration pathway, particularly for

unsymmetrical dimethyl hydrazine, but will decrease in importance in the presence of organic

carbon.

The hydrazines degrade rapidly in the environment. Degradation mechanisms include

photolysis and oxidation by hydroxyl radicals in the atmosphere, oxidation by dissolved

oxygen in water, and biodegradation by nitrogen-fixing bacteria in soil. Oxidation of

unsymmetrical dimethylhydrazine yields n-nitrosodimethylamine as a degradation product.

The nitrosan-dnes are characterized by high solubility, low affinity for soil organic carbon, and

low volatility. They are moderately mobile and will be leached from soils by infiltrating

water. Transport is likely to occur in the dissolved phase in association with groundwater and

surface water flow. The nitrosamines are reportedly unstable in sunlight and are

biodegradable. Data are currently unavailable regarding uptake in plants, bioconcentration, or

biornagnification.

Caprolactam was tentatively identified in groundwater at RMA based on gas

chromatography/mass spectroscopy (GC/MS) scans. It is a cyclic ONC described as

hexahydro-2H-azepin-2-one. It is a solid at room temperature and is freely soluble in water

and organic solvents (Merck, 1983). Vapor pressure calculated from the caprolactarn boiling

point indicates a moderate volatility for this compound in soil. High solubility and moderate

vapor pressure indicate a preference for the aqueous phase, with a low potential for loss

through volatilization or through attenuation by adsorption on soil and aquifer solids. Overall

mobility is considered high.
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E.3.2.10 Fluoroacetic Acid

Limited information is available regarding the behavior of fluoroacetic acid in the

environment. Both the acid and its sodium salt, sodium fluoroacetate, are highly soluble in

water. Under normal environmental pH conditions, dissociated anionic fluoroacetate species

will predominate over fluoroacetic acid. Sodium fluoroacetate is nonvolatile, and

consequently, will not be lost from soil or surface water through volatilization. The high

solubility of both the acid and sodium salt indicates a limited potential for adsorption to soils

and high mobility in groundwater and surface water.

Data are unavailable regarding the stability of fluoroacetic acid in air, soil, or water, or its

potential for bioaccumulation. However, given the soluble nature of fluoroacetic acid and its

sodium salt, bioconcentration is not anticipated.

E.3.2.11 Polvnuclear Aromatic Hydrocarbons

Polynuclear aromatic hydrocarbons (PAHs) are characterized by low solubility, moderate

volatility, and moderate to high affinity for soil organic carbon. As a result, these compounds

are considered relatively immobile. Primary transport pathways are limited to suspended

sediment or colloids in surface or aquifer waters or as wind-blown dust. Leaching from soils

by infiltration is minimal, and subsequent transport by groundwater flow would be strongly

attenuated due to the group's affinity for solid surfaces. Volatilization is unimportant for

these 3- and 4-ring PAHs.

The PAHs are degraded through photo-oxidation in the atmosphere, surface water, and

surficial soils. They vary in their sensitivity to this process, although compounds adsorbed to

particulates are more susceptible. Micro-organisms present in soil and sewage sludge are

capable of degrading these compounds. Breakdown products from photolysis are either

endoperoxides, which undergo secondary reactions to yield various products, or diones.

Photo-oxidation yields quiriones. Lower molecular weight PAHs can be degraded completely
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to carbon dioxide and water, whereas higher molecular weight PAHs form various phenolic

and acidic metabolites (Dragun, 1988; Moore and Ramamoorthy, 1984a).

Although half lives are short in aquatic biota, BCFs for this group indicate the potential for

significant bioconcentration. Uptake from water is rapid and increases with exposure

concentration, which results in rapid, but short-term, accumulation in fish tissues.

E.3.2.12 Sernivolatile Halogenated Organics

The sernivolatile halogenated organics (SHOs) contained within this group are characterized

by low solubility, moderate to high volatility, and high affinity for solids. Similar to the

VHOs, these compounds tend to volatilize rapidly from surface water. Half lives in flowing

water are hours (Moore and Ramamoorthy, 1984a). In contrast to the VHOs, however, they

are low in solubility and exhibit a strong affinity for soil organic carbon and mineral surfaces.

These characteristics limit their rates of volatilization and transformation in .-the soil

environment, as well as their potential for leaching. Mobility in groundwater is also low.

Degradation mechanisms vary with each compound. The chlorinated benzenes are

photodegraded in the presence of humic substances, while biodegradation is slow to

insignificant. Chlorobenzene is reportedly biotransformed to 3-chlorocatechol (Moore and

Ramamoorthy, 1984a). Hexachlorocyclopentadiene exposed to atmospheric photolysis results

in releases of carbaryl chloride, diacychlorides, ketones, and free chlorine radicals (EPA,

1984b). Hexachlorocyclopentadiene is rapidly transformed under favorable conditions through

photolysis, hydrolysis, and biodegradation. Other degradation products were not found in

available literature. Detailed discussions of SHO degradation processes are found in Moore

and Ramamoorthy (1984a) and EPA (1984b).

Bioconcentration factors for the group suggest that appreciable bioconcentration and

biornagnification may occur. Experimental studies indicate that increasing substitution in the

chlorobenzenes leads to increasing uptake and stability in both plants and animals.
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Experimental results also indicate, however, that hexachlorocyclopentadiene is not appreciably

bioconcentrated.

E.3.2.13 Organochlorine Pesticides

Organochlorine pesticides (OCPs) are generally very persistent in soil environments and

exhibits low mobility in the aqueous environment. Their distribution is a result of relatively

low aqueous solubilities, a high affinity for soil organic matter, and moderate volatility.

Therefore, OCPs present in unsaturated zone soils as solid or aqueous wastes would strongly

partition to naturally occurring organic matter and would be leached from these soils at very

low rates. However, leaching of these compounds may be significantly enhanced by the

presence of organic solvents.

Affinity for solid substrates results in transport of OCPs as windblown particulates and as

suspended sediment in runoff and surface water. Volatilization of endrin and chlordane may

be a significant loss process from surface waters, and rates of volatilization for dieldrin are

reported to increase with evaporation of surface waters (Jury, 1986). In groundwater,

transport is strongly retarded with respect to groundwater flow, although significant migration

may occur in coarse-grained, organic-poor sediments that present little opportunity for

sorption and retardation.

Once mobilized in the subsurface, OCPs may accumulate as secondary sources at optimal

locations along their migration pathways. Partitioning between soil and water phases will

tend to remain constant as long as subsurface conditions do not vary. An increase in clay or

organic carbon content or a reduction in available pore water may cause OCPs to sorb to

saturated or unsaturated zone sediments. Secondary sources formed under these conditions

may be responsible for the slow release of OCPs significant distances from their original

disposal areas (Mackay and Cherry, 1989).
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In agricultural soils, the OCPs are resistant to chemical and biological degradation, with half

lives ranging from 1 to 46 years (Rosenblatt et al., 1975a, 1975b; Berkowitz et al., 1978;

EPA, 1984a; and EBASCO, 1991). Photolysis and biodegradation, the principal

transformation mechanisms, occur slowly. Volatilization may also be responsible for losses

from the soils. Degradation products are similar to the original compounds. Aldrin is

converted to dieldrin by oxidation, while isodrin degrades to endrin. Similarly, metabolites of

DDT include p,p'-DDE and o,p'-DDD.

Residues of these pesticides in crops grown on treated soils vary, but generally appear to

accumulate in root crops. Accumulation in pasture crops has not been observed. 'Me

magnitude of BCFs for the OCPs, as well as direct measurements, indicate that appreciable

bioconcentration and biornagnification will occur in the food chain. The results of biota

studies at RMA agree with expected biornagnification of OCPs in both aquatic and terrestrial

environments (ESE, 1989/RIC 89173RO2).

E.3.2.14 Arsenic

Arsenic is a naturally occurring metalloid that is present in the environment in a number of

oxidation states. The indicator range for arsenic in RMA soils was selected as the certified

reporting limit (CRL) to 10 micrograms per gram (pg/g). Toxicity and environmental

mobility for arsenic are dependent on the valence state, which is in turn controlled by the Eh,

pH, and overall composition of the system.

Arsenic can occur as arsenate (+5), arsenite (+3), elemental (0), or arsenide (-3) species. The

elemental metal is extremely rare, while the arsenide form is present under strongly reducing

conditions generally characterized by the presence of sulfide. Under oxidizing conditions,

arsenite is oxidized to arsenate, which can be anticipated in oxygenated systems. In addition,

microbial action can convert arsenite to arsenate in well-oxygenated soils. Arsenite can be

found in moderately reducing systems generally characterized by the absence of both oxygen
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and sulfide. Arsenic also combines strongly with sulfur and carbon, forming numerous

organoarsenical compounds.

Arsenate and arsenite can be expected to predon-driate under environmental conditions

commonly encountered at RMA. These anionic species generally exhibit low solubilities and

are moderately mobile (Korte et al., 1976; and WHO, 1981); however, arsenite is more

soluble than arsenate. Arsenate or arsenite may be leached from soils and transported at low

levels in the dissolved phase (WHO, 1981). Their migration will be moderately retarded with

respect to groundwater flow rates. Transport in the dissolved phase may be enhanced by

complexation with dissolved organic matter (Moore and Ramamoorthy, 1984b).

Sorption of arsenate and arsenite is controlled primarily by inorganic and iron-manganese

oxyhydroxides and clay minerals contained in the silt- and clay-sized sediment fraction (Korte

et al., 1976; Huang and Liaw, 1979; Moore and Ramamoorthy, 1984b; and Dragun, 1988).

Soil organic matter is a less important sorptive phase. The presence of these arsenic species

in the fine sediment fractions makes wind-blown dust and suspended surface water sediment

important migration pathways. Under moderately reducing conditions, arsenic present in

sediments can be xesolubilized, primarily as the more toxic arsenite species (Moore and

Ramamoorthy, 1984b; Clement and Faust, 1981).

The concentration of arsenic in solution can also be controlled by the solubility of various

arsenate solids that may be precipitated. Minor concentrations of metals in solution, such as

iron, copper, and barium, can limit the solubility of arsenic. The reaction of adsorbed

arsenate with iron oxyhydroxides may result in the formation of ferric hydroxyarsenate, which

has a very low solubility (Hem, 1970).

Methylation of arsenic can occur in soil or water environments through the action of fungi

and bacteria (Chau and Wong, 1978; McBride et al., 1978; and WHO, 1981). The resulting

methylated arsenic compounds can be either volatile or nonvolatile, creating a potential loss
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mechanism for shallow soil and surface water arsenic. For a more detailed description of

these parameters and their influence on n-dgration, see Dragun (1988), Moore and

Ramamoorthy (1984b), and Faust and Aly (1981).

Although arsenic has been found to be phytotoxic to plants, evidence for significant

bioaccumulation of arsenic has not been found at RMA or elsewhere. RMA biota and other

studies to date indicate that arsenic bioconcentrates at lower levels, but higher predators are

not at significant risk (EPA, 1985c).

E.3.2.15 Mercury

Mercury is a naturally occurring metal that is found in the environment in a number of

oxidation states. The indicator range for mercury at RMA was selected to include levels from

the CRL to 0.1 pg/g. The prevailing species and corresponding behavior are dependent on

environmental conditions.

Mercury can occur in three oxidative states in the environment, including elemental (0),

mercurous (+1), and mercuric (+2) species. Mercuric species will predominate in oxygenated

environments. Under reducing conditions, elemental mercury should be the dominant

oxidation state. High concentrations of dissolved sulfide may stabilize the mercuric ion as

sulfide and bisulfide complexes even at very low redox potentials. The mercurous state is

restricted to low pH and moderate Eh conditions. Strong complexes are formed with

chloride, hydroxide, bisulfide ions, and organic ligands (Moore and Rarnamoorthy, 1984b).

At RMA, the mercuric species will predominate in most soil and surface water environments,

as well as in oxygenated groundwater. Mercurous and elemental forms may also exist in

moderately reducing groundwater, as characterized by the absence of oxygen. The solubility

of inorganic mercury in all of its potential oxidation states is low, and as a result, mercury in

soils is considered relatively immobile. Mercury binds strongly to both organic and inorganic

particulates (Rosenblatt et al., 1975a; 1975b), resulting in minimal leaching from soils and
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sediments and high retardation in groundwater. Solubility and subsequent transport in the

dissolved phase may be significantly enhanced by the presence of dissolved organic carbon or

by conversion to organic forms (Ramamoorthy and Rust, 1976; Rarnamoorthy and Rust, 1978;

and Moore and Ramamoorthy, 1984b).

Sorption of mercury is correlated with both the organic carbon content and the grain size or

surface area of soils and sediments. Desorption from sediments is slow (Reimers and

Krenkel, 1974; and Moore and Ramamoorthy, 1984b). Migration of mercury is likely to

occur in association with sediment transport, either as windblown dust or suspended sediment

and bed load in surface water.

Inorganic mercury may be transformed in the environment to a group of compounds called

organomercurials. These compounds may be produced through either biological or abiotic

processes. Characteristics of organomercurials vary widely, ranging in the aquatic

environment from water soluble and persistent to nearly insoluble and extremely volatile

(Moore and Ramamoorthy, 1984b). The biological and chemical cycling of mercury is a

complex process dependent on the nature of mercury input, physical-chemical composition of

the environmental system, and the metabolic state of various types of biota. However, these

processes are not completely understood, and virtually any mercury compound can be

remobilized in aquatic systems by conversion to methyl and dimethyl forms. Conditions

reported to enhance biomethylation include high concentrations of mercury, large bacterial

populations, absence of complexing agents, neutral pH, and aerobic environments (EBASCO,

1989i/RIC 89227RO2,03).

Mercury in organic and inorganic forms can volatilize to the atmosphere from both aquatic

and terrestrial environments. Precipitation subsequently removes mercury from the

atmosphere. Rates of volatilization are reduced by conversion of elemental mercury to

complexed or solid species. Additional discussions of mercury behavior may be found in

Moore and Ramamoorthy (1984b).

E-85
RF5/APPOO39 11/11/91 11:42 am mr



Uptake of mercury by plants has been demonstrated, with highest concentrations generally

found in bulb and root crops (Rosenblatt et al., 1975a; 1975b). Turf grass does not

accumulate mercury compounds exposed to the root zone (EPA, 1984c). Mercury is also

bioaccumulated by numerous aquatic organisms (EPA, 1984d). Large BCFs are observed in

aquatic systems and BCFs increase with increasing trophic level. The magnitude of reported

BCFs indicates that appreciable bioconcentration or biomagnification of mercury can occur.

However, the extent and severity of effects from mercury bioaccumulation at RMA are

significantly less than for the OCPs (ESE, 1989/RIC 89173RO2).

E.3.2.16 ICP Metals

The occurrences of the five inductively coupled plasma (ICP) metals at RMA, cadn-dum,

chron-dum, copper, lead, and zinc, are generally ubiquitous in soils at RMA. After review of

published information regarding naturally occurring metals concentrations in soils, and

consultations with the organizations and state, the following indicator range.ý were selected as

a best estimate of background concentrations:

" Cadn-durn (Cd) - CRL to 2 pg/g

" Chron-dum (Cr) - CRL to 40 pg/g

" Copper (Cu) - CRL to 35 pg/g

" Lead (Pb) - CRL to 40 pg/g

" Zinc (Zn) - CRL to 80 pg/g.

Cadmium, copper, lead, and zinc behave similarly in the environment. Although specific

behavior is strongly related to the chemical environment of interest, numerous generalizations

may be made for the group. These metals occur in the divalent state under Eh-pH conditions

encountered at RMA. The free divalent cations form aqueous complexes with hydroxide at

neutral to basic PH, as well as with chloride and dissolved organic matter. Cadmium, copper,

lead, and zinc readily precipitate as sulfides in reducing environments. In oxidizing systems,

they may form solid carbonates, sulfates, and phosphates with varying solubilities (Moore and

Ramamoorthy, 1984b; Faust and Aly, 1981; and EBASCO, 1989i/RIC 89227RO2, 03).
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Although solubilities of these metals vary widely under commonly encountered environmental

conditions, their aqueous mobility is limited by sorption to mineral and organic solids. In

solution, cadmium, copper, lead, and zinc exhibit a strong affinity for iron and manganese

oxyhydroxides, organic matter, carbonates, and clays (Moore and Ramamoorthy, 1984b; and

EBASCO, 1989i/RIC 89227RO2, 03). As a result, they are generally associated with soil or

sediment, rather than the surface water or groundwater phase.

Leaching of these four ICP metals from soils is difficult due to the abundance of sorptive

solids, particularly in soils with a pH of 7 or greater. In general, partitioning measurements

indicate an increasing affinity for the solid phase in the following order: Cd < Zn < Cu < Pb

(Dragun, 1988). The range of partitioning coefficients for these metals is shown in Table

RISR E.3-1. Although cadmium is considered the most mobile of this group of metals, it is

also relatively difficult to leach from soils. ICP metals transport is most likely to occur in the

form of wind-blown dust or as suspended and bed load sediments in surface water.

Remobilization of adsorbed metals in sediments may occur by desorption and solubilization as

a result of complexation with dissolved organics such as humic and fulvic acids.

Table RISR E.3-1. Ranges of KdValues for ICP Metals and Arsenic in Soils and Clays.

Element Observed Range

Cd 1.3 - 27
Cr 1.2 - 150,000
CU 1.4 - 333
Pb 4.5 - 7,640
Zn 0.1 - 8,000
As 1.0 - 18

Source: Dragun, 1988.

Copper and zinc are incorporated by plants and animals as essential nutrients, and are

bioconcentrated even where these elements are naturally occurring. However, they are

generally not biomagnified. Lead has similarly been shown to bioconcentrate in a variety of

organisms, although microcosm studies indicate that it is not biomagnified through the food

chain. Cadmium is readily concentrated in plants, but incorporation is generally offset by
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phytotoxic effects. Measured BCFs suggest that appreciable bioconcentration and

biornagnification of cadmium may occur.

Chromium occurs in two oxidation states in natural systems. The hexavalent state (+6) is

thermodynamically stable in well-oxygenated waters and exists as complex oxyanions such as

chromate (CrO4-') and dichromate (Cr207_2 )'The anionic hexavalent species are moderately

soluble and weakly adsorbed, resulting in considerable environmental mobility in groundwater

and surface water (EBASCO, 19890UC 89227RO2, 03). Chromium contained in chemical

manufacturing wastes is generally in the hexavalent state. Trivalent chromium (+3) is

thermodynamically stable under moderately to strongly reducing conditions, and occurs as a

trivalent cation or hydroxide complex. The cationic trivalent species exhibit a low solubility

and are strongly adsorbed by soils and sediments, resulting in a low environmental mobility

in the dissolved state- (EBASCO, 1989i/RIC 89277RO2, 03). Transport occurs as wind-blown

dust and as suspended or bed load sediments in surface water. Remobilization of trivalent

chromium following complexation with dissolved organic compounds may occur. Most

naturally occurring chromium exists in the trivalent state. Where present in minerals, it is

mobilized to different degrees depending on the solubility of the mineral in which it is

contained.

Hexavalent chromium species are readily reduced to the trivalent state by ferrous iron (Fe),

dissolved sulfides, and certain organic compounds such as those present in soils. Trivalent

chromium, by contrast, is oxidized slowly by oxygen under natural conditions due to kinetic

inhibition of the reaction (Moore and Ramamoorthy, 1984b). Kinetic inhibition allows

thermodynamically unstable trivalent chromium species to persist, particularly in the adsorbed

state, even in well-oxygenated waters. Certain conditions, however, will allow

interconversion of the trivalent and hexavalent states. Elemental chromium (Cro), used as an

electroplated protective coating, is relatively inert in the environment.

None of the plants used as food or animal feed are chromium accumulators. Chromium

absorbed by certain plants tends to remain primarily in the roots and is poorly translocated to

the leaves. Bioconcentration factors calculated from experimental observations indicate a

moderate potential for bioconcentration, but much lower than that for either mercury or
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cadmium. Chromium is rapidly eliminated from higher organisms, suggesting little potential

for biomagnification.

EA ENVIRONMENTAL FATE AND TRANSPORT PROCESSES

To aid in the understanding of the multitude of transport and migration processes affecting

more than 100 analytes at 178 RMA sites, the following discussion addresses the don-driant

migration processes in surface water, unsaturated zone, saturated zone, air, and biota media.

These transport processes comprise the most significant migration pathways in both surface

and subsurface environments. A brief discussion of anthropogenic transport is also included,

followed by a summary of predominant n-dgration pathways for each RMA site type. The

conclusions presented in the following sections reflect a summary and synthesis of the overall

effort. Major conclusions have been emphasized here in order to convey the most important

and widespread recurring trends at RMA. Discussion of exceptions and additional detail may

be found in the documents listed below or referenced in the text. Flow charts are provide or

schematic illustration (Figures RISR E.4-1 through RISR E.4-7), and Table RISR E.4-1 lists

individual Study Area Report (SAR) sites and pathways most conducive to analyte transport.

The bulk of the information was compiled from the individual SARs and media RI reports,

with additional references provided where appropriate.

E.4.1 SURFACE WATER PROCESSES

Surface water may transport a wide variety of contaminants relatively rapidly by two

mechanisms. Contaminants may be dissolved in the aqueous phase or they may travel in

solid phase as suspended material or bed load sediments. Material may be entrained by

erosion processes including wave and channel erosion, rainsplash erosion, and overland flow.

These dissolved and suspended chemicals may be carried by surface flow to channels, ditches,

lakes, or basins where they subsequently volatilize, infiltrate the soil column, remain in

solution, or collect on the bottom sediments.

Physical properties of the contaminants and environmental conditions control the solution,

stratification, and persistence of chemicals in surface water environments. In addition,

cosolvent relationships and particle transport may enhance n-dgration of compounds not

readily soluble in water. Large surface areas facilitate atmospheric interaction, optimizing

volatilization of dissolved compounds with high K, values, including many VHOs, VAOs,
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Table RISR E.4-1. Predominant Analyte Transport Processes Associated with Individual Sites at RMA. 
Page I of 7.

Spatially Pfedmninant Modes of Environmental Transport

Potential Associated Air Surface Unsaturated Saturated Biom

Site Site Type Analytes Detected Groundwater Source Plurne Processes Water Zone Zone Processes

Processes Processes Processes

NCSA-la Basins, Lagoons VHO, MECI, VHC. OSCM. Yes Yes x x x x x

OSCH, OPHOB, DBCP, PC2A.

SHO, OCP. AS, HG, ICP

NCSA-lb Basins. Lagoons VHO, VAO, VHC. OSCH. Yes Yes x x x x x

OPHGB, D", FC2A. PAH,

SHO, OCP, AS. HG. ICP

NCSA-ld Basins. Lagoons VHO. DBCP. SHO, OCP, No Yes x x x x x

AS. HG, ICP

NCSA-2a Basins, Lagoons VAO, OPHGB, FC2A, OCP, Yes Yes x x x x x

AS, HO, ICP

NCSA-2b Basins, Lagoons OSCH. OPHGB, FC2A. Yes Yes x x x x x

OCP, AS, HG, ICP

NCSA-2c Basins, Lagoons VHC, OSCH, OPHGB, FC2A, Yes Yes x x x x x

OCP. AS, ICP

NCSA-3 Basins, Lagoons VHO, MECL. VAO, VHC. Yes Yes x x x x x

OSCM. OSCH, OPHP, GB.
DBCP. PAH. SHO, OCP.
AS, ICP

NCSA-5& Basins. Lagoons OSCM, OPHGB. FC2A, No Yes x x

OCP. AS. HG, ICP

NCSA-9s Basins, Lagoons HG No Yes x x x x

SPSA-12& Basins, Lagoons VHO, SHO, OCP, HG No Yes x x x x

SPSA-12b Basins. Lagoons OCP. HG. ICP Yes Yes x x x x x

SPSA-1c Basins, Lagoons VHO, OCP, AS. HG No Yes x x x x

SPSA-le Basins, Lagoons VHC, SHO, OCP, AS, HG. Yes Yes x x x x x

SPSA-7b Basins, Lagoons VHO. OCP, AS No No x x x x

ESA-3h Ditches. Lakes, OSCM Yes No x x x x x

Ponds

ESA-3i Ditches. takes, VHO, HG, ICP Yes No x x x x x

Ponds

ESA-6c Ditches, Lakes, FC2A. AS, ICP No No x x x x

Ponds

NCSA-lc Ditches. Lakes. OPHGB. OCK AS, HG Yes Yes x x x x x

Ponds

NCSA-If Ditches, takes, VHO. OPHGB, OCP, AS, Yes Yes x x x x x

Ponds HG

NCSA-2d Ditches. takes. No Yes x x x x

Ponds
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Table RISR E.4-1. Predominant Analyte Transport Processes Associated with Individual Sites at RMA. 
Page 2 of 7.

spatially Predominant Modes of Environmental Transport

Potential Associated Air Surface Unsatursted Saturated Biota

Site Site Type Analytes Detected Groundwater Source Plurne Processes Water Zone Zone Processes

Processes Processes Processes

NCSA-5b Ditches, Lakes, VHC, OSCM, OPHGB. Yes Yes x x x x x

Ponds FC2A, SHO, OCP, AS,
HG, ICP

NCSA-5c Ditches, Lakes, SHO. OCP' ICP Yes Yes x x x x x

Ponds

NCSA-5d Ditches, Lakes, OCP, ICP No Yes x x x x

Ponds

NCSA-7 Ditches, Lakes. OPHGB, OCP, [CP Yes Yes x x x x x

Ponds

NCSA-9b Ditches, Lakes, VHO, MECL. DBCP. OCP. No Yes x x x x

Ponds AS, HG. ICP

NPSA-8a Ditches, Lakes. HG, ICP No No x x x x

Ponds

NPSA-8b Ditches. Lakes, VHO. HG No Yes x x x x

Ponds Yes x x x x

NPSA-8c: Ditches. takes. VHO, PAH, AS, HG. ICP No

00 Ponds

NPSA-ld Ditches, Lakes, OCP. HO No Yes x x x x

Ponds

NPSA-2d Ditches. Lakes, HG Yes Yes x x x x x

Ponds

SPSA-3a Ditches. takes. VHO.OSCH No x x x x

Ponds

SPSA-4& Ditches, Lakes, HG, ICP Yes Yes x x x x x

Ponds

SPSA-5& Ditches. Lakes, PAH, ICP No No x x x x

Ponds

SPSA-7& Ditches, Lakes, VHO No No x x x x

Ponds

SPSA-9b Ditches, Lakes, OCP. HG, ICP Yes No x x x x x

Ponds

SPSA-9s Ditches, Lakes, HG, ICP Yes Yes x x x x x

Ponds

SSA-I& Ditches. Lakes, OCP, AS, HO Yes No x x x x x

Ponds

SSA-lb Ditches, Lakes, VHO, SHO. OCP. AS, HG, Yes No x x x x x

Ponds ICP

SSA-1c Ditches. Lakes, DBCP. OCP, HO, ICP Yes No x x x x x

Ponds
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Table RISR E.4-1. Predominant Analyte Transpcot Processes Associated with Individual Sites at RMA. Page 3 of 7.

Spatially Predominant Modes of Envirormnental Transport

Potential Associated Air Surface Unsaturated Saturated Biota

Site Site Type Analytes Detected Groundwater Source Pltune Processes Water Zone Zone Processes

Processes Processes Processes

SNA-ld Ditches, FAes. VHU. MF, HU Yet No x x x

Ponds

SSA-le Ditches, takes, VHO, MECI, DBCP. OCP. Yes Yes x x x x x

Ponds AS. HG, ICP

SSA-If Ditches, Lakes. MECL. OCK HG No No x x x x

Ponds

SSA-2a Ditches, takes. OCP, HG. ICP No No x x x x

Ponds

SSA-2b Ditches, Lakes. SHO, OCP, HG, ICP Yes Yes x x x x x

Ponds
SSA-2c Ditches. Lakes, VHO. MECL, OCP, AS, HO Yes No x x x x

Ponds

SSA-5b Ditches, Lakes, VHO. OCP, AS, HG, ICP No x x x x x

Ponds
SSA-5e Ditches. Lakes, DOCK ICP No x x x x x

Ponds
WSA-fis Ditches. Lakes, VHO, VAO. OSCH. DBCP. Yes Yes x x x x x

Ponds PAH, OCP. AS, HG, ICP

WSA-6d Ditches, Lakes. 1Cp Yes Yes x x x x x

Ponds

WSA-6e Ditches. Lakes, HG, ICP No Yes x x x x

Ponds
CSA-3 Sewer OPHGB.HG No Yes x

NCSA-4a Sewer VHO, MECI- DBCP. PAH. No Yes x

OCP. HG. ICP

NCSA-6s Sewer VHO, VAG. VHC, OSCH, Yes Yes x x

DBCP, SHO. OCP

NCSA-6b Sewer OSCH, OPHGB, OCP, HG No Yes x

NCSA-8a Sewer VHO, OCP. ICP No Yes x

NPSA-I Sewer OPHGB,HG Yes Yes x x

SPSA-10 Sewer VHO, VAO, VHC, OSCM, Yes Yes x x

OPHP, DBCP, SHO, OCP, AS,

HG, ICP

SPSA-11 Sewer OCP No Yes x

SPSA-12 Sewer OCK AS. HG Yes Yes x x

WSA-7a Sewer 110, ICP No Yes

CSA-lm Solid Waste Burial VHO, MECI, VAG, OSCM, OP`HGB. Yes Yes x x

DBCP, FC2A, PAH, SHO. OCP,
AS, HG, ICP

CSA-lb Solid Waste Burial MECI, VAO, OSCM, OPHGB, DBCP. Yes Yes x x

FC2A, SHO, OCP. AS. HG
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Table RISR E.4-1. Predominant Analre Transport Processes Associated with Individual Sites at RMA. Page 4 of 7.

Predominant Modes of Environmental Transport Spatially
Potential Associated Air Surface Unsaturated Saturated Biota

Site Site Type Analytes Detected Groundwater Source Pluffne Processes Water Zone Zone Processes
Processes Processes Processes

CSA-Ic Solid Waste Burial VHO, MECI- VAO. OSCM, OPHGB, Yes Yes x x
DBCP. FC2A, PAH, SHO. OCP,
AS, HG, ICP

CSA-ld Solid Waste Burial MECI- OPHGB. FC2A, PAH, Yes No x x
OCP. AS. HG, ICP

ESA-2b Solid Waste Burial VHO, VAG, OSCH. OCP. HG Yes No x x
ESA-3k Solid Wwte Burial OSCM, ICP No No
NCSA-le Solid Waste Burial OSCM, SHO, OCP, AS, HO, ICP Yes Yes x x
SPSA-If Solid Waste Burial SHO, OCP, HG Yes Yes x x
SPSA-ga Solid Waste Burial SHO, OCP. AS, HG, ICP Yes No x x
SSA-3& Solid Waste Burial OCP. HG, ICP No No x
SSA-3b Solid Waste Burial DBCP, SHO, OCP, HG No No x
WSA-2 Solid Waste Burial VHO. PAH, SHO. OCP, AS, Yes Yes x x

HG, ICP
WSA-3b Solid Waste Burial SHO No Yes x
WSA-3c Solid Waste Burial VHO. ICP No Yes x
WSA-5& Solid Waste Burial VHO. VHC. SHO, OCP, AS, HG No Yes x
WSA-5b Solid Waste Burial VHO, HG. ICP No Yes x

C) WSA-5c Solid Waste Burial VHO, VHC, SHO, OCP, AS, HG No Yes x
C) WSA-5d Solid Waiste Burial VHO. VHC. SHO, OCP, AS. HO No Yes x

ESA-3f spin VHO. OSCM, FC2A. ICP No No

ESA-3g spin OSCM Yes No x x x x

NCSA-8c Spill HG No No x x

NPSA-6 spin VAG. OPHGB, OCP. AS, Yes Yes x x x x
HG. ICP

NPSA-7 spin No Yes x x x

NPSA-9s spin VAG. PAH No No x x x

NPSA-9d spin VAG. ICP No Yes x x x

NPSA-9e spin VHC No No x x x

WSA-la spin PAH No No x x x

WSA-lb spin VHO, VAG, PAH No No x x x

WSA-Ic spin PAH No No x x x

WSA-le spin DBCP Yes Yes x x x x

WSA-7b spin HG No No x x x

CSA-2b Buildings, Equip- VAG. PAH, OCP. HG, ICP No No x x x x

ment, Storage
ESA-3s Buildings, Equip- OSCM Yes No x x x x x

ment, Storage
ESA-3b Buildings. Equip- VHC, OSCM, AS, ICP Yes No x x x x x

ment. Storage
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Table RISR E.4-1. Predominant Anslyte Transport Processes Associated with Individual Sites at RMA. 
Page 5 of 7.

Spatially Predominant Modes of Environmental Transport

Potential Associated Air Surface Unsaturated Saturated Biots

Site Site Type Analytes Detected Gfoundwatef Source Plume Processes Water Zone Zone Processes

Processes Processes Processes

ESA-3c Buildings, Equip- VHO' ICP No No x x x x

ment. Storage

ESA-3d Buildings, Equip- VHC' OSCM. OSCH. ICP Yes No x x x x x

ment. Storage

ESA-3e Buildings. Equip- VHO.OPHGB No No x x x x

ment. Storage

ESA-5 Buildings, Equip- FC2A No No x x x x

ment. Storage

ESA-6s Buildings, Equip- ICP No No x x x

ment. Storage
NPSA-2 Buildings. Equip- VHO, VAO. ICP Yes Yes x x x x x

ment. Storage

NPSA-3 Buildings, Equip- V"O' OPHOB, OCP. ICP Yes Yes x x x x x

ment. Storage

NPSA4 Buildings. Equip- OSCM. ICP No Yes x x x x

Ment. Storage

NPSA-5 Buildings. Equip- VHO, VAO. OPHGB, AS. No Yes x x x x

ment, Storage HG. ICP

SPSA-la Buildings. Equip- VHO, VAO. VHC. OSCM. Yes Yes x x x x x

ment, Stooge OSCH, OPIIP, DBCP. PAH.

C) SHO. OCP, AS. HG, ICP

SPSA-lb Buildings. Equip- VHO. VHC. OSCK OSCH, OCP. No Yes x x x x

ment, Storage HG. ICP

SPSA-2a Buildings, Equip- VHO. VAO, VHC. DBCP. SHO. Yes Yes x x x x x

ment. Storage 0CP. ICP

SPSA-2b Buildings, Equip- VHO. VAO. VHC, SHO. OCP. Yes Yes x x x x x

ment, Storage ICP

SPSA-2c Buildings, Equip- VRO, VHC. SHO, OCP. HG, Yes Yes x x x x x

ment. Storage ICP

SPSA-31, Buildings. Equip- VHO, VHC. OSCH, OPHGB. No x x x x

ment, Storage OPUP, DBCP, SHO. OCP. AS,
HG.ICP

SPSA-3c Buildings. Equip- VHO, VHC, SHO, OCP, HG, ICP No Yes x x x x

ment, Storage

SPSA-3d Buildings. Equip- VHC. SHO. OCP, ICP No No x x x x

ment. Storage

SPSA-6 Buildings. Equip- VHC. SHO, OCP, AS, HC9, lCP No No x x x x

ment. Storage

SSA4 Buildings. Equip- VHO, SHO, OCP, HG No No x x x x

ment, Storage

WSA4b Buildings. Equip- VHO. VAO, HG, ICP Yes Yes x x x x x

ment. Storage
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Table RISR F.4-1. Pmdominant Anslyte Transpott Pfacesses Ass-fated with Individual Sites at RMA. 
Page 6 of 7.

Spatially Predominant Modes of Environmental Transport

Potential Associated Air Surface Unsaturated Saturated Biota

site Site Type Analytes Detected Groundwater Source Plume Processes Water Zone Zone Processes

Processes Promises Processes

WSA-6b Buildings, Equip- VAO. VHC. PAH. ICP No Yes x x x x

ment. Storage Yes Yes x x x x x

WSA-6c Buildings. Equip- VH0. AS

ment, Storage No Yes x x

CSA-28 Ordnance Testing FC2A. OCP, HG. ICP No No x x x

CSA-2c Ordnance Testing VAO, HG

CSA-2d Ordnance Testing VHO, VAO. PAH, ICP No No x x x

ESA-la Ordnance Testing VAO. OSCH, PAH. ICP No No x x x x

ESA-lb Ordnance Testing PAH. ICP No No x x x

ESA-1c Ordnance Testing PAH. AS. HG. ICP No No x x x

ESA-ld Ordnance Testing AS. ICP No No x x x

ESA-2* Ordnance Testing VHO. VAO. PAH. ICP Yes No x x x x

ESA-2c Ordnance Testing FC2A. OCP, HG. ICP No No x x x

Ordnance Testing ICP No No x x x

ESA-4a No No x x

ESA-4b Ordnance Testing HG. ICP
Ordnance Testing VHO' ICP No No x x x

ESA-k Windblown/Other SHO. OCP, HG. ICP No Yes x x

CSA-4 Windblown/Other OCP. HG, ICP No Yes x x

NCSA-Ig x x x

NCSA-4b Windblown/Other MECL. VHC. OSCH, OPHGB' Yes Yes x

FC2A. PAH. SHO, OCP. HQ ICP x x x

SPSA_jg Windblown/Other VHO. VAO, VHC, oscH. SHO, OCP, No Yes

AS. HG. ICP

SPSA-2e Windblown/Other VAO, VHC. DBCP, SHO, OCP. AS. No Yes x x x

HG, ICP Yes x x x

SPSA-3e Windblown/Other VHO, VAO, VHC. PAH. SHO. OCP. NO

AS. HG. ICP Yes x x x

SPSA-41, Windblown/Other VHO. VHC. PAH. SHO. OCP. AS. No

HG. ICP Yes x x x x

SPSA-5b Windblown/Other VHO. VAO, VHC. PAH, SHO, OCP, No

AS. HG. ICP No Yes x x x

SPSA-7c Windblown/Other VAO. PAH. OCP. AS. HG, ICP
VAO. SHO, OCP. AS, HG No Yes x x x

SPSA-8c Windblown/Other No Yes x x

SPSA-9b Windblown/Other OCK AS. HG. ICP No No
ESA-3j Isolated OSCH No No
ESA-61, Isolated SRO No No x
ESA-6d Isolated ICP No Yes
NCSA-9* Isolated OPHOB No No
NCSA-9b Isolated ICP No No
NCSA-9c Isolated [CP

NCSA-9d Isolated VHO, ICP No Yes

NCSA-9e Isolated ICP No Yes

NCSA-9f Isolated ICP No No
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Table RISR E.4-1. Predominant Analyte Transport Processes Associated with Individual Site$ at RMA. 
Page 7 of 7.

Spatially Predominant Modes of Environmental Transport

Potential Associated Air Surface Unsaturated Saturated Biots

Site Site Type Analytes Detected Grout dwater Source Plume Processes Water Zone Zone Processes

Processes Processes Processes

NCSA-9g Isolated MECI, ICP NO Yes NCSA-9h Isolated ICR&s

NCSA-9i Isolated VHC No Yes

NCSA-9j Isolated HG No Yes

NCSA-9k Isolated VHO No Yes

NCSA-91 Isolated AS No No x

NCSA-9m Isolated ICP No Yes

NCSA-9n Isolated VH0 No No

NCSA-9* Isolated AS No No

NCSA-9p Isolated AS, HG No No

NCSA-9q Isolated HO No Yes x

NCSA-9r Isolated ICIP No Yes

NPSA-9b Isolated ICP No No

NPSA-9c Isolated ICP No No

NPSA-9f Isolated AS No No

SSA-5a Isolated DBCP No No

SSA-5c Isolated ICP No No

SSA-5d Isolated IC!, No No

fri WSA-ld Isolated ICP No Yes

.!, WSA-1f Isolated OCP No Yes

C:) WSA-Ig Isolated Ho No Yes

WSA-3* Isolated VHO. VAO, ICP No Yes

WSA-3d Isolated VHC No Yes

WSA4a Isolated VHC No Yes

WSA-ga Isolated ICP No No

WSA-Bb Isolated ICI, No No

WSA-8c Isolated VHO No Yes

WSA-8d Isolated OPHGB No No

WSA-ge Isolated OPHGB No No

WSA-8f Isolated PAH No

Note: lliefe is no evidence available to detennine if isolated detections am due to migration from some source of contamination so no modes of transport am listed.

Abbreviations: VHO Volatile Halogenated Organics SHO Sernivolatile Halogenated Organics

MECL Methylcne Ctdoride OCIP Organochlorine Pesticides

VHC Volatile Hydrocarbon Compounds As Arsenic

VAO Volatile Aromatic Organics Hg Memory

OSCM Organosulfur Compounds. Mustard Related ICP ICP Metals

OPHGB Organophosphom Compounds, GB-Agent Related

OPHPH Otganooosphorus Pesticides

DBCP Dibromochloropropane
FC2A Fluofoacetic Acid

PAH Polynuclear Aromatic Hydrocarbons
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VHCs, and several SHO compounds. Photolysis, oxidation, hydrolysis, and biotransformation

may also decrease the persistence of compounds within this environment.

Transport in surface water may ultimately lead to subsequent migration of contaminants by

groundwater, air, and biota n-dgration pathways. In addition, surface water provides a major

exposure pathway to both aquatic and terrestrial biota. Once ingested or absorbed, these

contaminants are subject to transport by various biotic processes.

Analyte migration potential in surface water is limited by the hydrologic aspects of the

various study areas at RMA. The influence of surface water on contaminant migration is

further discussed on a more source-specific basis in the latter part of this section.

E.4.2 UNSATURATED ZONE PROCESSES

The unsaturated zone is both a critical pathway and a retarding medium between surface

sources and underlying groundwater systems at RMA. Contaminants are predominantly

transported by infiltration of liquid wastes, wastewater, or surface water containing dissolved

or suspended contaminants. In addition, vapor migration in soils allows upward, lateral, and

downward diffusion of gas phases, and may significantly contribute to the attenuation of

many volatile organic compounds. Infiltration and volatilization processes in the unsaturated

zone are further described below.

For organic compounds, infiltration potential is primarily a function of aqueous solubility, Kdl

and permeability of the underlying soil. Consequently, compounds such as OCPs and PAHs,

which display an affinity for solid phases, tend to leach less readily through the soil column

than other organic compounds. This results in limited mobility in the unsaturated zone. In

contrast, the VHOs, VHCs, VAOs, OSCMs, OPHGBs, DBCP, fluoroacetic acid, and SHOs,

which have moderate to high aqueous solubilities and moderate to low Kdl tend to partition

into soil water and infiltrate the soil column until environmental conditions cause interruption

of transport. The migration of inorganic compounds is complex and influenced by numerous

factors. In general, arsenic, mercury, and the ICP metals tend to remain near source areas,

exhibiting highly retarded migration in the unsaturated zone at RMA.
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The nature of the host material strongly influences transport. Parameters such as Ell, pH,

permeability, moisture content, and composition affect processes such as sorption and

desorption, degradation and transformation, and inorganic specification. Clay layers tend to

increase sorption and cation exchange capacity, which further retards transport. Relatively

high organic carbon contents, generally found in shallow soils or lake bed sediments, also

tend to increase sorption of organic and inorganic constituents. Organic carbon contents may

range from 2.6 percent in topsoil and root zone layers (J.P. Walsh and Associates, 1988) to

less than 0.01 percent in aquifer sediments (ESE, 1988a/RIC 88243ROI). It should be noted

that primary contaminant sources, as well as secondary sources resulting from transport and

subsequent deposition of contaminants in favorable subsurface horizons, result in releases to

the environment that vary spatially and temporally with changes in local conditions.

Cosolvency has appeared to facilitate transport of many organic compounds that are not

readily mobilized in the unsaturated zone. The historical practice of disposing solvents with

pesticides and other products provides a possible explanation for wide distribution of analytes

that normally display low mobility. Reductions in analyte retardation resulting from sediment

heterogeneity may also increase analyte mobilities, most notably for those that normally

exhibit limited movernent in the unsaturated zone. Despite these local variabilities in

contaminant mobility between sites, the relative mobility of most contaminants is fairly

predictable.

Vapor migration can result in transport of volatile organic compounds in contaminated soils

or permeable sediments that overlie volatile contaminant plurnes. The degree of vapor

movement is determined not only by chemical volatility of the contarninant but also by the

adsorptive properties of the affected soil and the vapor gradients established between the

contaminated horizon and the ground surface.

In addition to volatilization, attenuation and transformation in unsaturated sediments may

occur by a number of other mechanisms that vary depending upon local environmental

conditions. In surficial and shallow soils, hydrolysis, photolysis, oxidation, and

biotransformation may result in significant attenuation of organic compounds that are

amenable to these processes. Generally, the rate and effectiveness of these processes decrease

with depth as a result of limited sunlight, water, and atmospheric exchange. Tile upper
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unsaturated zone provides a critical exposure pathway to terrestrial biota. Analytes present in

the Toot zone are available for plant uptake, and terrestrial animals risk exposure by incidental

ingestion, dermal contact, and inhalation. Exposure to analytes in the unsaturated zone may

result in contaminant accumulation and transport in biotic systems.

In sununaTy, the significant migration pathways for contaminant transport in the unsaturated

zone include processes of infiltration and leaching and, to a lesser extent, vapor migration and

plant uptake. Transport in the unsaturated zone may ultimately lead to migration within the

saturated zone, air, or biota pathways.

E.4.3 SATURATED ZONE PROCESSES

Groundwater functions as the primary migration pathway for many contaminants at RMA.

Groundwater transport is controlled primarily by the processes of advective flow and

dispersion. Advective flow is the process by which solutes are transported by the bulk

motion of flowing groundwater. It is the dominant process by which dissolved contaminants

migrate in granular sediments. Dispersion results from the processes of molecular diffusion

due to the thermal-kinetic energy of the solute particles and mechanical mixing during fluid

advection (Freeze and Cherry, 1979). Dilution tends to result from dispersion, thereby

reducing maximum concentrations of analytes with increasing distance from the source.

Two types of saturated zones, which vary in their effectiveness as migration pathways, exist

at RMA. Artificial impoundments commonly create downward hydraulic gradients, thereby

generating saturated and sernisaturated zones that extend variable depths from the basin floor

toward the water table. These phenomena may diminish and even eliminate unsaturated zones

in some areas, thus greatly reducing transport time relative to migration through a comparable

thickness of unsaturated sediments. The second type exists below the water table, where the

unconfined flow system provides relatively efficient migration pathways that are responsible

for the extensive distribution of many analytes. Both types of saturated conditions are

spatially and temporally variable due to annual, seasonal, and local climatic variations, as well

as engineered controls.

Locally, sandy soils and closed depressions allow surface water infiltration that results in

recharge to the unconfined aquifer. In addition, wastewater discharges, sewer leaks, and
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chemical spills are capable of infiltrating directly to the water table. Contaminant sources

located below the water table are in direct hydraulic connection with the groundwater systern.

Examples of sources for direct rriigration may include underground storage tanks, transfer

pipelines, sewers, sumps, basins, ditches, and disposal pits. Once introduced to the

unconfined flow system, these contaminants are transported laterally over significant distances

at RMA and parts of the off-post area. Well-defined flow paths identified by hydrologic

assessments and contaminant plume configurations are described in the water RI (EBASCO,

1989d/RIC 89186ROI), and are shown in Figure RISR E.4-8. Data from this same report

generally show poor correlation between analyte concentrations from adjacent wells within the

deeper confined flow system. Although subject to local recharge from the unconfined flow

system, the confined groundwater system in the Denver Formation shows limited potential for

lateral contaminant transport.

Most target analytes exhibit some degree of retardation with respect to groundwater flow

rates. Retardation rates are subject to changes in organic carbon and clay contents, grain size,

and iron or manganese oxide concentrations. The heterogeneity of saturated zone sediments

and their resulting impact on analyte transport at RMA has been discussed by Mackay and

Cherry (1989).

Biological and chemical processes that transform contaminants in the surface environment are

generally less efficient in the subsurface. Available sunlight, atmospheric exchange, and

nutrients become significant rate-limiting factors for degradation processes in groundwater.

Volatilization of volatile organic compounds (VOCs) is capable of attenuating concentrations

in groundwater, although the effectiveness is controlled by the thickness of the overlying

unsaturated zone, soil permeability, and moisture content, and by VOC vapor concentration

gradients. Henry's law constants indicate the ability of each dissolved contaminant to

volatilize from groundwater, and vapor pressure controls the volatilization of nonaqueous

phase liquids. Thus, rates of volatilization are dependent on individual chemical properties,

permeability, and VOC vapor concentration gradients in the unsaturated zone.

In summary, migration pathways in the unconfined flow system dominate lateral and vertical

transport in the saturated zone. Isolated saturated zones extending below surface water bodies

are capable of efficiently transporting analytes in a dominantly vertical direction. Once
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introduced to the unconfined flow system, these analytes may be transported in both lateral

and vertical directions. The potential for lateral contaminant migration in confined water-

bearing zones of the Denver Fon-nation is considered substantially less than in the alluviurn of

the unconfined flow system.

E.4.4 AIR PROCESSES

Eolian (wind blown) transport appears to be the most important atmospheric migration

pathway at RMA. However, volatilization from surface water and soils has accounted for

detectable concentrations of volatiles and sernivolatiles, particularly peripheral to disposal

basins in the North Central Study Area (NCSA). Such detections occurred sporadically in

close proxin-dty to sources during periods in which, atmospheric conditions were considered

favorable for elevated concentrations of volatiles and sernivolatiles (ESE, 1988b/RIC

88263ROI).

Surficial soil contaminants exhibiting a high affinity to solid surfaces are candidates for eolian

transport, including OCPs, PAHs, chlorophenylmethyl sulfide, ICP metals, arsenic, and

mercury. Contan-driants transported by this pathway are dispersed and redistributed in surface

soil. Distribution is controlled largely by high-event winds because wind speed influences the

entrainment of particles and also the momentum with which airborne particles will travel

(Hartley and Graham-Bryce, 1980). High wind speed events are dominantly from the west

and south at RMA. Particle size and bulk density are two key factors in controlling eolian

transport of surficial soil. Finer particles travel farther than coarser, heavier grains. The most

erodible particles are considered to be approximately 0.1 n-dllimeter (mm) in diameter or

smaller.

Volatilization from surface water, soil moisture, or groundwater is significant for compounds

with high Y., values such as the VHOs, VAOs, and some VHCs. Evaporation of water may

also enhance the volatilization of some sernivolatile compounds such as dieldrin (Jury, 1986).

Volatilization, photolysis, oxidation, and hydrolysis are responsible for transformation and

attenuation of many RMA analytes that are transported by air pathways. The relative

importance of these mechanisms and their rates may vary considerably for different analytes.

Most volatile compounds do not persist in surface soils long enough to be dispersed by eolian
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transport. In the atmospheric environment, exposure to biota is primarily by inhalation and

skin contact. Some analytes such as lead may be absorbed through the leaves of sensitive

plant species.

In summary, eolian transport is considered the primary air pathway for less mobile

constituents at RMA, although volatilization may also be significant for volatile and

sen-dvolatile compounds near spills and surface water bodies. Contaminants that are

transported by blowing dust typically display a strong affinity for solid phases and generally

exhibit limited n-dgration in the unsaturated zone.

E.4.5 BIOTA PROCESSES

Results of the RI and previous biota investigations at RMA have indicated that

bioaccumulation haý'occurred for some analytes and has resulted in toxic effects to both

plants and animals. Pathways analyses show that bioaccumulation occurs for all selected

contaminants of concern (see Biota RI Report, ESE, 1989/RIC 89173RO2), particularly the

OCPs. Exposure resulting from ingestion, inhalation, or skin contact produc-es varying

degrees of accumulation and transformation for individual analytes in sensitive species. Many

factors affect the tendency for plants and animals to absorb and concentrate contaminants,

including: soil and water characteristics; contaminant concentrations, solubilities, and

partition coefficients; and species and tissue types, vegetative cover, and animal migratory

patterns (EPA, 1983; Rouchaud and Meyer, 1982; Kaufman, 1983). ContaiTiinant transport

and accumulation in biological systems generally do not lead to significant accurnulation in

abiotic systems.

E.4.6 ANTHROPOGENIC TRANSPORT

Anthropogenic transport is defined, for the purposes of the RI, to include any human activities

that result in contaminant migration that would otherwise not occur. Examples of

anthropogenic transport include transport of potentially contaminated soil, mud, or dust

adhering to vehicles, and ground surface modifications including excavations, grading, or fill

placement of potentially contaminated materials.

The significance of the first anthropogenic mechanism is difficult to assess but is expected to

be limited to roadways or heavily traveled tracks. However, restricted access and present
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decontamination and health and safety practices at RMA are specifically designed to prevent

or reduce further spread of contaminants by this mechanism. Ground surface modifications

are a factor to consider when assessing historical contaminant fate and transport. Routine and

emergency actions (such as filling basins, lakes, and ditches with runoff or other surface

water, solid waste burial practices; or regular ditch maintenance activities) historically had the

potential for spreading contan-dnants, into uncontan-dnated media.

E.5 CONTAMINANT MIGRATION PATHWAYS

The following section presents discussions of contaminant migration pathways, summarized

by analyte group, for the various media at RMA. Emphasis is placed on major contaminant

sources, pathways and exposure routes that were determined from the SARs for each of die

16 contaminant groups described in Section E.3.2. Generally, Ole distribution of contarninants

is consistent with conceptual models developed by evaluating disposal history, predicted

behavior, and site-specific environmental parameters. Discussions here have been generalized

and simplified to highlight the most significant sources and pathways; however, exceptions do

occur. Additional detail is provided in the individual SARs and media reports.

E.5.1 VOLATILE HALOGENATED ORGANICS

The VHOs exhibit a relatively widespread distribution throughout RMA, with occurrences in

all study areas and within all site types. VHOs were detected in all media sampled, with

repeated occurrences of all target analytes within the group. In accordance with their

expected behavior, the VHOs were most widely distributed in surface and groundwaters, with

less frequent occurrences detected in soil and air media.

The South Plants, Basin A, and Basin F have released the largest mass of VHOs to the

environment. Spills and disposal of VHOs from the chloroform manufacturing plant, as well

as other process facilities in the South Plants, are responsible for contamination of five

groundwater plumes emanating from the groundwater mound below the South Plants complex.

VHOs concentrations in the Basin F Pathway and Basin A/Basin A Neck Pathways are

attributed to release from the respective basins. The North Plants facility was also a source

of VHO releases; most notably, the tank farm used to store solvents for chemical agent

manufacture. Additional sources of VHOs include landfills in the Western Study Area

(WSA), disposal trenches in the Central Study Area (CSA) and Eastern Study Area (ESA),
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and other disposal basins and interconnecting ditches of the NCSA. Leaking portions of the

chen-dcal sewer apparently released significant quantities of VHOs into sediments and

groundwater in the southwestern comer of Section 36 and adjacent to Basin F and the deep

well area. The lakes in the Southern Study Area (SSA) received VHO-contan-dnated surface

water and groundwater from the South Plants complex, thereby causing these lakes to act as a

secondary source of VHO contamination. In addition, storage and building sites, spills, and

isolated sites exhibiting VHO contamination occur in manufacturing, storing, and disposal

areas at RMA. In addition to on-post sources, a major influx of trichloroethylene enters the

unconfined aquifer in the Western Study Area from off-post sources south of RMA.

The most significant releases of VHOs to the environment historically involved migration

from disposal basinsý underground storage tanks, solid waste burial trenches, and leaking

sewer lines. VHOs dissolved in surface water infiltrated the underlying sediments, reaching

the unconfined aquifer below many of the basins. Although this pathway accounts for

relatively low volume of recharge to groundwater flow, it provides an effective transport

pathway for VHO compounds. Migration from the bottom of disposal trenches, underground

tanks, and leaking sewer lines both above and below the water table has also led to relatively

efficient VHO migration and minimal retardation prior to reaching the unconfined aquifer.

Possible contan-driant migration pathways resulting from sewer leakage are illustrated in

Figure RISR E.5-1. Once introduced to the unconfined flow system, VHOs are capable of

migrating significant distances in both lateral and vertical directions.

Limited retardation in alluvial sediments has perniitted VHOs to migrate efficiently through

the unsaturated soil column. High volatilization and moderate to high solubility rates have

attenuated these concentrations, resulting in surficial. soils nearly void of VHO contamination.

Efficient vadose zone transport has generally produced the highest VHO concentrations at or

near the water table. This environmental transport and fate has repeatedly produced

secondary sources of VHOs where fine-grained sediments historically occurred near the top of

the water table below basins, disposal trenches, and other sites. Because of the deep

occurrences of VHOs, exposure to potential receptors is relatively limited in unsaturated soils.

Exposure is possible in areas of persistent, shallow water table conditions and where plants

and animals penetrate deeper portions of the soil column. Thus, plant uptake and incident

ingestion by animals are potential, but somewhat limited, exposure pathways.
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The most important migration pathways for VHO n-dgration from sources to receptors are

surface water and groundwater pathways. Due to their relatively low affinity for solids and

relatively high solubilities, the compounds of this group are most mobile and widespread in

aqueous environments. Volatilization and abiotic degradation processes effectively limit their

persistence in surface waters, with half lives expected to range from hours to days (Vogel

et al., 1987). However, VHOs have been repeatedly detected in drainage basins near the

South Plants and in SSA lakes that receive recharge of VHO-contan-dnated groundwater

(EBASCO, 1989b/RIC 89166ROI). The surface water pathway currently provides the greatest

risk of VHO exposure to biota at RMA, particularly to species that have developed habitats

within or near the SSA lakes. The current land use restrictions at RMA are designed to

eliminate exposure to humans along this pathway.

In groundwater at RMA, VHO compounds commonly define the extent of contaminant

plumes, due in pan to their relatively high environmental mobilities. Analyte mobility varies

within the group, with chloroform exhibiting the highest mobility, and often-exhibiting

broader lateral and longitudinal distribution than other analytes within groundwater plumes.

In contrast, chlorobenzene exhibits considerably slower migration with respect to the other

VHOs within the group. VHO plumes occur extensively in all of the major groundwater flow

paths shown in Figure RISR E.4-8, most notably the South Plants, Basin A, Basin A Neck,

and Basin F Pathways. Although volatilization, and to a lesser extent abiotic and biotic

transformation processes, are collectively expected to decrease VHO concentrations in

groundwater, migration in the unconfined flow system continues to be the most prominent

migration pathway for this group. These compounds occur only sporadically in the confined

flow system. The current land use restrictions at RMA essentially eliminate exposure of biota

and humans to VHOs along the groundwater pathway. The exception is exposure to deep-

rooted plants and burrowing animals in areas of shallow water table conditions, near basins,

lakes, the North Bog, and First Creek.

Contaminant migration along air pathways has been mitigated by removal of Basin F liquids

in conjunction with the Basin F Interim Response Action (IRA). The Air RI reported

occurrences of chloroform and methylene chloride peripheral to Basin F prior to containment

of the Basin F liquid (ESE, 1988b/RIC 88263ROl). VHO compounds were not detected
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elsewhere during the RI air sampling program at RMA. Very low levels of VHOs may be

entering the atmosphere as a result of volatilization from soils, groundwater, and surface

water at RMA, although this route is not expected to result in detectable levels or significant

exposure to potential receptors.

The VHO compounds, including chloroform, chlorobenzene, trichloroethylene, and methylene

chloride, have been detected in various biota species at RMA. Although these compounds

range in toxicity from low to high, only chlorobenzene is known to bioaccumulate.

Therefore, contaminant migration along biota pathways involving transport to higher trophic

levels is expected to be relatively minor in comparison to other pathways. Land use

restrictions relating to hunting and fishing on post are designed to eliminate exposure to

humans by this route. However, migratory habits may result in distribution of contaminated

waterfowl to other wetlands.

E.5.2 VOLATILE HYDROCARBON COMPOUNDS

Although the VHCs exhibit a widespread distribution at RMA, their occurrences are not as

frequent or widespread as the VHOs. All target and significant nontarget VHCs were

detected, although not all were detected within a single study area. Dicyclopentadiene,

bicyclopentadiene, and methylisobutyl ketone were the most frequently detected compounds in

the group. Their occurrences in soil, surface water, and groundwater are related to primary

sources at all site types except wind-blown contamination.

The most important sources of VHC contamination are the basins, drainages, and chemical

sewer in the NCSA; building, storage areas, sewers, and drainages in the South Plants Study

Area (SPSA); and the insecticide pits in the CSA. Smaller releases including spills and

isolated occurrences predominate in the ESA and WSA. Dicyclopentadiene is the only VHC

commonly detected in groundwater. It comprises contaminant plumes that tend to mimic

VHO plumes, but displays less extensive migration patterns.

In soils, VHCs were detected most frequently in the 2- to 5-ft sampling interval, with highest

concentrations occurring at or near the water table. This distribution indicates that downward

migration through the vadose zone is more significant than surface redistribution.

Volatilization is assumed to be the dominant transport mechanism in shallow soils, with
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infiltration and leaching to the water table significant in the central and lower parts of the

unsaturated zone. Deeper soil occurTences continue to persist as secondary sources of VHCs,

particularly in fine-grained soils. Degradation and transformation of VHCs due to photolysis,

oxidation, hydrolysis, biodegradation, and volatilization are expected to have attenuated

concentrations in shallow soils. Exposure to biota is minimal due to the limited occurrence of

VHCs in shallow soils as well as sparse population by biota communities near major VHC

occurrences.

Surface water pathways are second in significance only to groundwater pathways for these

compounds at RMA. VHC detections in soils of basin and drainage sites represent transport

by historical surface water processes. This transport has been minin-dzed by the discontinued

use of the surface water storage system. VHCs in surface water ditches draining the South

Plants appear to be iffectively mitigated by natural processes prior to reaching basins and

lakes (EBASCO, 1989b/RIC 89166ROl). However, seepage through the ditch sediments may

contribute to contamination of the unconfined flow system and subsequent discharge into the

lakes of the SSA. Surface water transport by overland flow is minimal because of the limited

persistence of VHCs in surface soils. Sporadic VHC detections in the North Bog are

attributed to discharge of contaminated groundwater that occurred when Basin C was in use.

Biota that inhabits areas adjacent to the North Bog and south lakes are the only potential

receptors of VHCs in surface water. Current land use restrictions serve to protect humans

from VHC exposure at RMA. Dicyclopentadiene, the most common VHC, reportedly does

not accumulate in plants or animals (EBASCO, 19890UC 89227RO2,03).

Three don-dnant dicyclopentadiene plumes persist along the Basin F, Basin A, and Basin A

Neck Pathways in the NCSA. Several smaller plumes originating at the South Plants facilities

and tank farm flow from the SPSA south, southwest, and southeast into the SSA. Current

data indicate that VHCs were not detected in SSA lakes. Dicyclopentadiene and other VHCs

were not detected in confined Denver Formation wells during sampling events conducted by

the Water RL The moderate environmental mobility of dicyclopentadiene is displayed by its

pervasive, but limited groundwater distribution with respect to the VHO compounds.

Exposure to potential human and wildlife receptors is minimal along this pathway, given the

current land use restrictions at RMA.
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Sources of detectable VHCs in air have been controlled by the initial stages of the Basin F

IRA. Prior to implementation of the IRA, acetone was the only VHC-related compound

detected in air, and these detections were suspect based on the potential for laboratory

contamination (ESE, 1988b/RIC 88263R01). Theoretically, VHC compounds are expected to

volatilize from surface water, sediments, and groundwater, but at essentially undetectable

concentrations. There is not evidence to suggest that VHCs persist in surface soils long

enough to be distributed by windblown sediments. Therefore, exposure to receptors along air

pathways are considered nominal.

Significant migration of VHCs in biota. is not anticipated. Biota exposure to VHCs at RMA

is minimal, and these compounds are not expected to appreciably bioconcentrate or

biomagnify.

E.5.3 VOLATILE AROMATIC ORGANICS

Similar to the VHCs, VAO compounds exhibit a sporadic but relatively widespread

distribution in soils and groundwater at RMA. Repeated surface water detections have also

been observed but are confined to a few sampling locations. The VAOs commonly display a

notable co-occurrence with the halogenated compounds, although VAO occurrences are less

frequent. The VAOs occur at all site types. They are most frequently associated with basins

and lagoons, storage, sewer, solid waste burial, and spill sites. These analytes were identified

in all study areas at RMA. Consistent with occurrences of other volatile organics in soil,

VAO occurrences tend to increase with depth.

The largest VAO releases are attributed to historical manufacturing, storage, and disposal

practices at the South Plants. The underground tank farm and chemical sewer in the SPSA

are sources of accidental VAO releases that resulted in free-phase hydrocarbons and

concentrations in groundwater as high as 1,000,000 pg/l in the southern and northern South

Plants plumes, respectively. Estimates of contaminant flux in groundwater from the SPSA to

the SSA range from 3,782 grams per day (g/d) to 380 g1d (EBASCO, 1989b/RIC 89166R01;

EBASCO 1989e/RIC 89166RO4). VAOs spills along roads, railroad tracks, and in storage

areas were identified in the SPSA, WSA, CSA, and the North Plants Study Area (NPSA).

Soil beneath the disposal basins in the NCSA persists as a secondary source of VAO

contamination. Historical infiltration from these basins resulted in VAO plumes along the
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Basin A and F flow paths. Isolated occurrences of benzene, ethylbenzene, toluene, and

xylenes resulted from spills, surface water transport, and sediments contaminated by VAO-

bearing groundwater.

Although VAO liquids were predon-driantly disposed at or near the surface, migration

pathways including volatilization, leaching, and infiltration effectively eliminated most of

these compounds from shallow unsaturated zone soils and surface water. The VAOs are

readily biodegraded by n-dcroorganisms within soils (Barker and Patrick, 1985; Zoetman et al.,

1981). The more frequent VAO occurrences at depth resulted in part from the decreased

efficiency of volatilization and transformation processes of photolysis, oxidation, and

biodegradation. Transport by groundwater pathways not only produced mappable contaminant

plumes, but secondary sources of residual soil contarnination where VAOs sorbed to aquifer

sediments. This pr6cess is most likely for xylenes, which display a greater affinity for solid

phases than the other constituents of the group.

Presently, groundwater provides the primary migration pathway for VAOs at RMA. The

alluvial aquifer has widely distributed these compounds from sources in the SPSA, NCSA,

CSA, and southern off-post areas along Basin A, F, and South Plants flow paths. Sporadic

and very low-level benzene detections in Denver Formation groundwater in the WSA, CSA,

and ESA cannot be attributed to RMA sources and are suspected to represent detectable,

naturally occurring background concentrations in the confined flow system. Detectable

background levels for benzene, toluene, and other naturally occurring hydrocarbons are

reported by Simonart and Batistic (1966). Human and biota exposure to VAOs in

groundwater is not expected to occur due to current land use restrictions at RMA and the lack

of bioaccumulation expected for VAOs in plants and animals.

Surface water transport is the only other notable n-Ligration pathway for VAOs evident at

RMA. All VAO group compounds were detected repeatedly in surface waters, but confined

to drainage ditches close to the South Plants. Volatilization and other degradation

mechanisms sufficiently reduced concentrations below detection limits as distances from the

sources in the SPSA increased. Suspended sediment transported by overland flow was also

presumably minimal due to rapid degradation of VAOs in shallow soils. Therefore,

contaminant migration in surface water is considered minimal due to the limited persistence
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of these compounds in surface environments. Potential for biota exposure to VAO

contaminated surface water exists with the risk of exposure confined to a very few ditches

and small pools near the SPSA.

Volatilization is expected to continue as an ancillary pathway in air, although at

concentrations that are not expected to result in detections of these compounds. Because of

the short half lives of VAO compounds in surface environments, eolian transport is not

considered a viable migration pathway.

Biota pathways are not considered significant due to limited population density in

contarninated areas and limited uptake and persistence of VAO compounds in biota systems.

The VAO compounds are not considered contarninants of concern for biota.

E.5.4 ORGANOSULFUR COMPOUNDS, MUSTARD-AGENT RELATED

All four OSCM compounds were detected in soil and groundwater, although their overall

distribution and concentrations were generally low compared to the volatile suites discussed

above. Soil occurrences were sporadic, and generally confined to a limited number of sites

including basins, solid waste burial trenches, and buildings or storage sites. At least one

compound from the group was detected in NCSA, CSA, NPSA, and SPSA soils, although

occurrences were generally infrequent. Detections of chloroacetic acid in samples collected

from within the WSA and NCSA sanitary sewer lines were suspected to have resulted froin

the use of commercial cleaning agents. The only repeated surface water detections were in

Basin A and the inflow ditch from the SPSA. OSCM plumes in the unconfined flow system

extended from source areas to the north and northwest boundaries. Sporadic detections were

noted in the confined flow system as well. These compounds were not observed in air or

biota sampled at RMA during the RI effort.

The OSCM compounds are readily leached through permeable soils because of their high

solubilities and preferences for the aqueous phase. Some original OSCM sources exhibit

sporadic occurrences in unsaturated zone soils, although other suspected sources show little in

the way of OSCM contamination. Limited degradation is expected to occur and volatilization

is the primary loss mechanism in soils, surface water, and shallow groundwater. Current soil

distributions reflect OSCM compounds adsorbed to soils or trapped in pore spaces. A
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comparison of OSCM distribution in groundwater and soils suggests that most OSCM sources

in the unsaturated zone have been significantly depleted. This phenomena, coupled with the

limited population density of resident species in most areas of OSCM contarrdnation, suggests

that exposure to biota by incidental ingestion is currently minimal.

Groundwater provides the dominant migration pathways for OSCMs at RMA. Their

hy&ophilic nature encourages relatively rapid transport in this environment. Dithiane is the

least mobile and appears to exhibit greater residence time in soils relative to the other

OSCMs. The largest OSCM plume lies below Basin A and Basin A Neck, where it bifurcates

and follows the North Boundary and the Northwest Boundary Pathways. The SPSA North

Plume, which lies upgradient of the aforementioned plume, also contains OSCM compounds.

Major sources for these plumes have been identified as the South Plants chemical sewer, the

NCSA disposal basins, and burial trenches in the CSA. The CSA burial trenches currently

persist as the most critical sources of these compounds because of their proximity to the water

table. Engineering controls applied to the other sources have significantly reduced their flux

of contaminants. Although OSCM migration in groundwater is extensive, the only on-post

receptors to contaminated groundwater are plants and burrowing animals that may encounter

saturated sediments. Chloroacetic acid is expected to be phytotoxic, limiting its exposure to

herbivores. Current biological and geochernical data indicate that potential exposure to

OSCM compounds in groundwater at RMA is minimal.

The OSCM compound thiodiglycol was detected in a sample of building liquid collected from

the NPSA. Although the Sump 1727 IRA addressed contaminated liquids associated with

these buildings (ESE, 1988a/RIC 88243ROl), potential for human exposure remains until

these buildings are fully remediated.

In addition to groundwater, surface water provides a limited exposure pathway for OSCMs.

The presence of these compounds in Basin A and the SPSA drainage ditch can be indicative

of potential sites for surface water ingestion and dermal contact by resident animal species.

Exposure to humans is not anticipated due to current land use restrictions at RMA.

Air and biota pathways provide very limited opportunities for OSCM exposure. Because

OSCM compounds are considered sernivolatile, they may be present in the atmosphere or soil
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in very low concentrations. These compounds were not detected during air monitoring, and

are not expected to provide a significant exposure pathway to human or other biological

receptors. Because OSCMs were not detected in biota and are not expected to bioaccumulate,

migration along biota pathways is not expected to impact the food chain.

E.5.5 ORGANOSULFUR COMPOUNDS, HERBICIDE RELATED

A very specific and somewhat predictable distribution of OSCH compounds resulted in

readily identified source areas and pathways for this group. These compounds were detected

in soils at manufacturing, storage, or disposal sites in the SPSA, CSA, and NCSA, and at

isolated locations in the ESA. The moderate mobility of the OSCH compounds is reflected in

extensive contaminant plumes and in a fairly widespread surface water distribution. The most

common analytes in the group include the chlorophenylmethyl sulfide-sulfoxide-sulfone

series, which has also been detected in air and biota samples at RMA.

The majority of OSCH contarriination observed at RMA was linked to major sources in basins

and lagoons of the NCSA, the chemical sewer in the NCSA and SPSA, building, storage, and

ditches in the SPSA, and solid waste burial sites in the CSA. Isolated occurrences at storage

and landfill sites in the ESA do not appear to impact groundwater quality. Soil occurrences

are variably located with respect to depth. The variable behavior for members of this group,

as well as environmental heterogeneities, are presumably responsible for this type of

distribution in soils. In addition, chemical transformation, such as oxidation of

chlorophenylmethyl sulfide to more oxidized forms, complicates the pathways analysis of

OSCH migration.

Infiltration, leaching, and to a lesser extent vapor migration, are the notable migration

pathways for OSCHs in the unsaturated zone. Liquid wastes containing OSCHs, which

infiltrated the soil column below basins, ditches, sewers, trenches, basements, and spills are

dominantly responsible for OSCH occurrences in groundwater at RMA. Leaching of these

compounds from burial sites and contaminated soils has also impacted groundwater. This is

particularly significant in parts of the CSA where historical and current water table conditions

are expected to have intersected buried waste materials. Infiltration below all sites except

burial sites is expected to be minimized under current conditions where local precipitation

remains as the only source of leaching solution. Vapor migration provides only an ancillary
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pathway for OSCH n-dgration from soils. The half lives for OSCH compounds in soil range

from months to years, with attenuation expected to result from the combined effects of

oxidation, volatilization, biodegradation, and plant uptake.

Migration of OSCHs in groundwater is notably the most significant migration pathway for the

OSCH group. These compounds were transported by the unconfined flow system from

sources in the NCSA, SPSA, and CSA to the north and northwest boundaries of RMA.

Sporadic detections in the confined flow system in the ESA and NPSA were not associated

with OSCH plumes or known sources. In the WSA and southern SSA, such occurrences

appear to have been introduced by off-post sources. These sporadic occurrences in the

confined flow system are generally not accompanied by detections in adjacent wells or

repeated by successive sampling. Degradation and transformation of OSCHs in groundwater

are not well documented. Oxidation and reduction, the predominant transformation reactions,

are expected to produce related analytes within the same group. Volatilization and

biodegradation may also be active in decreasing contaminant concentrations. Although it is

difficult to identify relative migration rates and transformations between the-OSCH

compounds, collectively they tend to exhibit similar environmental behavior and follow the

same migration pathways. The only known potential receptors to groundwater contamination

at RMA are plants with root zones that contact the capillary fringe. Plant uptake is known to

occur for these compounds and was substantiated by detections in a number of plant species

at RMA (U.S. Army, 1983).

Surface water transport is responsible for migration of OSCH compounds from SPSA sources

to ditches and pools in the SPSA and NCSA. A major component of surface water

accumulations are presumably introduced by discharge of contaminated groundwater and

storm runoff in areas of contaminated surface soils. Plants and animals that contact these

waters may risk exposure to OSCHs by uptake or ingestion.

Data collected for the Air RI indicated that chlorophenylmethyl sulfoxide was present in

detectable quantities peripheral to Basins A and F. Volatilization from Basin F is no longer a

pathway due to removal of Basin F liquids during the Basin F IRA. Volatilization from

liquids in Basin A may continue to be detected sporadically under optimal conditions. This
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pathway is not expected to impact biota or humans due to the low sporadic detections, lack of

nearby biological communities, and restrictions on access for humans.

Although OSCH compounds were observed in numerous plant and wildlife species, significant

biomagnification is not expected. These compounds were detected primarily in plants and

herbivores (Thorne et al., 1979; U.S. Army, 1983; Berry, 1984; McNeill, 1981a; McNeill,

1981b) and are not expected to migrate to higher trophic levels. Although information on

bioconcentration and biornagnification is hn-dted, biota migration pathways are not expected

to account for significant contaminant transport.

E.5.6 ORGANOPHOSPHOROUS COMPOUNDS, GB-AGENT RELATED

The distribution of the OPHGB compounds repeatedly identifies OPHGB source areas despite

variable distribution patterns for individual analytes. DIMP and DMMP are clearly the most

widespread analytes in the group, perhaps as a result of their greater environmental

persistence when compared to the other OPHGB compounds. Detection of OPHGBs are

generally restricted to contaminated soils, groundwater, and surface water related to sources in

the NCSA, NPSA, CSA, and SPSA. Although soil occurrences are sporadic, well-defined

groundwater plumes define the extent of contamination for these relatively hydrophilic

compounds.

The dominant source areas for OPHGB migration include CSA solid waste burial sites, basins

and ditches in the NCSA, and buildings and spills in the North and South Plants. Surface

water processes and groundwater transport have apparently produced secondary sources of

OPHGBs in saturated, or formerly saturated soils adjacent to sites, most notably the disposal

basins.

Organophosphorous, GB-agent related compounds exhibit limited distribution in soils, tending

to cluster in the vicinity of sources described above. Surface occurrences are rare, with the

most frequent and concentrated occurrences exhibiting a preference for soils near the water

table. These compounds may be sorbed to solids or may persist as a dissolved phase in pore

fluids. The relatively sporadic occurrences of OPHGBs in soils relative to groundwater

presumably results from their affinity for the aqueous phase and their greater persistence in

aqueous environments. Half lives for DIMP in soil range from 12 days to 2 years, while the
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same degree of degradation is estimated to be 580 years in water environments (Bel'skii

et al., 1969; Howard et al., 1986). Hydrolysis is the dominant degradation mechanism for the

group as a whole, due in part to minimal effects of photolysis, oxidation, biodegradation, and

volatilization. Degradation products are expected to include other OPHGB analytes,

methanol, and ultimately, phosphate.

As expected for these hydrophilic compounds, groundwater transport by the unconfined flow

system is the primary migration pathway. Historically, leaching and infiltration through the

vadose zone carried significant quantities of these compounds to the water table. The

resulting contaminant plumes originated below the North and South Plants, CSA burial

trenches, and NCSA basins, and flowed to the north and northwestern RMA boundaries.

Under present conditions of low precipitation and high evaporation, recharge through the

unsaturated zone is not expected to mobilize OPHGB compounds from current sources in

unsaturated soil. However, a rising water table is capable of transporting OPHGBs from

sources in deep unsaturated zone soils. Groundwater contaminated with OPHGBs poses little

risk of exposure to potential receptors, with the exception of deep-rooted plants and

burrowing animals. Plant uptake is known to occur at RMA (U.S. An-ny, 1983), although

phytotoxic effects serve to limit migration along this pathway.

Surface water provides a secondary migration pathway for OPHGB compounds. Isolated

detections in Basin A, overflow Basin B, and ditches draining the SPSA indicate current

storage and transport of water containing these compounds. Long half lives in surface water

indicate that natural attenuation in this environment is minimal. Surface water bodies

continue to allow limited zones of subsurface infiltration and transport. Although the

quantities of OPHGB-contaminated surface water are small compared to groundwater, surface

water presents a far greater risk to biological receptors by ingestion and dermal contact.

Historical evidence of exposure is documented by DIMP detections in aquatic snails,

earthworms, mallards, pheasants, deer mice, and other creatures (Thome et al., 1979; U.S.

Army, 1983; McNeill, 1981a).

Although OPHGB compounds are not expected to significantly bioaccumulate or biomagnify,

they have been detected in lower trophic levels at RMA, as described above. Biota exposure

to contaminated food sources is possible, particularly in the northern and central portions of
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RMA. Biological pathways persist at RMA, but are not expected to result in significant

concentrations at higher trophic levels.

Air pathways are not significant routes for OPHGB migration. Because these compounds do

not tend to persist in surface soils, their potential for eolian transport is negligible.

Volatilization is not significant for these compounds, and is confirmed by the lack of

detections at air monitoring stations.

E.5.7 ORGANOPHOSPHOROUS COMPOUNDS, PESTICIDE RELATED

The relatively limited distribution of OPHP compounds in soil, surface water, and

groundwater is confined to the SPSA. These compounds were detected in air during the RI

program. All of the OPHP compounds were detected in soil and groundwater; only atrazine

was detected in surface water samples.

The OPHP occurrences in soil appear to be confined to the chemical sewer and building and

storage sites. Historical spills in these areas are suspected, but were not clearly identified.

These historical spills are apparently responsible for sporadic OPHP occurrences in soil,

which range in depth from 0 to more than 20 ft. Infiltration and soil leaching, along with

leakage from the chemical sewer, are responsible for three small OPHP plumes that flow

north, south, and southeasterly from the central part of the SPSA. Contamination of OPHPs

along these flow paths exhibits limited lateral distribution. Risk of exposure to biota through

contaminated soils is possible but considered low because of the sparse distribution of these

compounds and low biota population densities near OPHP occurrences. Organophosphorous

pesticides in soil may enter biotic systems by plant uptake or incidental soil ingestion. These

compounds reportedly do not exhibit significant bioaccumulation (ESE, 1989b/RIC

89173RO2).

Groundwater is the primary migration pathway for the OPHP compounds, although their

distribution is limited by their moderately retarded migration rates and relatively short half

lives in slightly alkaline aqueous environments. Consequently, OPHP plumes have migrated

only short distances from their sources. They are limited to the unconfined aquifer and

presently do not provide a significant risk of exposure to potential receptors in this media.
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Occurrences of OPHP analytes in surface water is limited to a single site, which is the

northern drainage ditch leaving the South Plants. Although this distribution is minimal, it

does pose risk of exposure to animals through ingestion and skin contact. Plant uptake is

possible, potentially creating a secondary exposure pathway to consumers.

Although historical studies note that parathion was detected in rainbow trout from the lower

lakes at RMA (U.S. Army, 1981; 1982), more recent occurrences have not been observed.

Organophosphorous, pesticide-related compounds were not detected in air samples collected in

the vicinity of the South Plants, Basin A, or Basin F. Volatilization and vapor transport is

limited for these compounds, and thus air pathways are considered negligible.

OPHP compounds are not considered biota contaminants of concern due to their sparse

distribution and limited tendency to bioaccumulate or biornagnify (EBASCO, 1989i/RIC

89227RO2,03). Therefore, migration pathways through biotic systems at RMA are considered

insignificant.

E.5.8 DIBROMOCHLOROPROPANE

DBCP was detected in soil, groundwater, surface water, and biota at RMA during the RI

program. Soil occurrences are sporadic and generally restricted to a limited number of sites,

which include basins in the NCSA, solid waste burial trenches in the CSA, buildings or

storage sites in the SPSA, and isolated occurrences and spills elsewhere. Groundwater

plumes extend from these sources to the north and northwest boundaries. An additional

plume extends from a spill area near the railyard in the WSA to the northwest boundary. In

surface water, DBCP was detected predominantly in ditches that drain the SPSA. DBCP was

not detected in air or biota during the RI; however, previous studies have reported DBCP in

several bird species (McNeill, 1981a). Concentrations of DBCP in shallow lake bed

sediments may be a source of contamination to aquatic species.

The dominant sources of DBCP contamination are fairly well constrained to areas of product

manufacture, storage, transport, and disposal. Manufacturing and storage areas in the SPSA

are responsible for DBCP releases to soil, surface water, and liquid that collected in

basements. The WSA railyard spill is the most striking example of a product release
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associated with DBCP transport. Disposal of DBCP-contaminated water and wastes by the

chemical sewer and ditches to the disposal basins of the NCSA account for large releases to

unsaturated zone sediments and groundwater. Disposal in CSA trenches near the shallow

water table also contributed observable DBCP to the unconfined flow system. The sources

described above account for the don-driant occurrences of DBCP; however, numerous other

isolated detections were observed at RMA.

The mobility of DBCP at RMA appears to be controlled to a large degree by its combined

organic carbon and clay contents in soil and sediment. In undisturbed RMA soils, DBCP

tends to concentrate at depths greater than 5 ft. This behavior is not unexpected for DBCP,

which is known to exhibit moderate mobility in unsaturated soils. Volatilization, hydrolysis,

and biodegradation may also account for DBCP loss in shallow soils. However, in clay-rich

and often organic-rich shallow lake bed and basin sediments, DBCP tends to concentrate,

exhibiting only limited mobility. Thus, DBCP leaching and transport in the unsaturated zone

is strongly dependent upon the sorptive properties of the host material. As a result, secondary

sources of DBCP contamination may develop in fine-grained sediments within the unsaturated

or saturated zones. This behavior has significant consequences for groundwater transport as

described below.

Groundwater provides the dominant migration pathways for DBCP at RMA. DBCP has

migrated downgradient from sources in the central and western portions of RMA to the north

and northwest boundaries. Sporadic detections are not uncommon in the unconfined flow

system in the ESA. Relatively rapid transport and lin-ated retardation is expected for DBCP

in the coarse paleochannel deposits of the unconfined flow system. In contrast, fine-grained,

clay-rich sediments in the Denver Formation and similar alluvial strata are expected to

significantly retard DBCP migration as well as groundwater flow rates. This behavior

explains the very limited migration of DBCP in the confined flow system.

Secondary sources may form where DBCP has sorbed to fine sediments and slowly desorbs in

an effort to maintain equilibrium conditions. In many cases, DBCP sources in the unsaturated

zone appear to be depleted. The main portion of a plume may migrate downgradient;

however, fine-grained sediments may slowly release DBCP, producing a tailing effect. This

type of distribution is apparent in the railyard spill in the WSA. Degradation in saturated
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sediments is fairly slow, resulting predominantly from hydrolysis and biotransfon-nation.

Exposure to potential receptors is very limited, due to the predominance of DBCP in deep

subsurface media. Deep-rooted plants and burrowing animals may be exposed to groundwater

contaminated with DBCP, particularly in areas of pervasive, shallow water table conditions.

Surface water provides a limited migration pathway but a significant exposure pathway for

DBCP. Repeated detections in ditches draining the SPSA indicate that DBCP is currently

migrating by surface water processes in selected areas. The SPSA ditches carTy surface

runoff from the South Plants and may receive recharge from shallow groundwater as well.

Although migration distances are limited, these ditches are capable of transporting DBCP to

lakes and basins. Volatilization from surface water is expected to attenuate, but not eliminate,

DBCP concentrations in surface water. Exposure to biota is possible, predominantly resulting

from surface water ingestion and plant uptake. Land use restrictions at RMA control surface

water exposure to humans.

Biota do not appear to provide a significant migration pathway for DBCP. -Information on

DBCP in animal tissue at RMA is limited and was reported in only one study (McNeill,

1981a). The distribution of DBCP in biota does not appear to be widespread, probably

because of the high loss rate from animal tissues. DBCP is known to accumulate in root

crops, but metabolizes rapidly in animals (ESE, 1989/RIC 89173RO2). In addition, DBCP

does not bioaccumulate to a significant extent. Laboratory studies reported in the literature

and RMA pathways analyses in aquatic and terrestrial ecosystems support this conclusion.

1"herefore, although biota may be exposed to DBCP by ingesting contaminated food and

water, significant migration is not anticipated to result from biological pathways.

E.5.9 ORGANONITROGEN COMPOUNDS

Although sampling was conducted in the vicinity of the hydrazine blending facility, a

USATHAMA-certified analytical method for the hydrazines in soils was not available prior to

implementation of the RI program. None of the ONCs on the target analyte list that were

analyzed for were detected in soil, water, or air at RMA during the RI program. However,

caprolactam was tentatively identified in 45 groundwater samples collected at RMA between

1986 and 1987. Caprolactam occurs sporadically in both the unconfined and confined flow

systems, and was detected in all study areas except the ESA and SSA. Caprolactarn is highly
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soluble and is expected to migrate readily in groundwater. Apparently, caprolactarn was

released from undetermined on-post and off-post sources. Because caprolactarn was not

detected in soils, source areas can only be suggested based on groundwater distribution and

historical waste disposal practices. Caprolactam may have been released as a degradation

product of nylon and other plastics. Likely on-post sources are solid waste burial sites and

basins where plastics were burned or codisposed with solvents. Because caprolactam is

present only in groundwater, significant risk of exposure to biota or humans in highly

unlikely.

E.5.10 FLUOROACETIC ACID

Scattered occurrences of fluoroacetic acid were observed in soils in the NCSA, CSA, and

ESA. Detections were limited to surface and subsurface soils and occurred primarily in

unlined basins, ditclýes, and solid waste disposal areas. No fluoroacetic acid was detected in

surface water, groundwater, air, or biota.

Several potential sources are suggested by the distribution and expected behavior of the

compound. Fluoroacetic acid is highly soluble in water and consequently migrates readily in

surface water and groundwater. Based on this expected behavior, the distribution of

fluoroacetic acid in unlined basins and connecting drainages of the NCSA presumably

resulted from wastewater discharges from South Plants. Detections in soil surrounding

Basin F and sporadic occurrences in the CSA and ESA may be the result of rodenticide

applications. Fluoroacetic acid detected in solid waste disposal sites in the CSA and ESA

may be related to disposal of this compound or to degradation of the chemical agent GB.

Surface detections in a localized area of the CSA probably resulted from decontamination of

GB-contaminated materials.

Detections of fluoroacetic acid at RMA occur primarily in soil from moderate depths down to

the water table. In the unlined basins, fluoroacetic acid typically occurs in soil below

ponding areas in the basins. This depth distribution and the high solubility of fluoroacetic

acid identify wastewater infiltration and leaching as the dominant transport mechanisms. In

the disposal trenches, fluoroacetic acid may have resulted from degradation of chemical

mixtures in the trenches. Detections of fluoroacetic acid in soil just above the water table
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indicate transport to the groundwater. The absence of detections in groundwater may be

related to dilution or attenuation of highly soluble fluoroacetic acid to levels below detection.

Exposure to fluoroacetic acid is currently limited to surface and subsurface soils in scattered

locations. The greatest risk occurs in exposure to subsurface soils in Basin A and adjacent

areas where concentrations are highest. There is the potential for leaching of fluoroacetic

acid present in soil to the groundwater. However, this does not currently appear to be an

active process and, therefore, exposure to groundwater is not expected to pose a significant

risk. Potential biota receptors include plants and burrowing animals. Based on the solubility

of fluoroacetic acid, bioconcentration is not anticipated.

E.5.11 POLYNUCLEAR AROMA77C HYDROCARBONS

The four PAH compounds were tentatively identified in all RMA study areas except the SSA.

Although they were not part of the target analyte suite, they were identified by the nontarget

analytical program. PAHs were detected sporadically in surficial soils where they are

frequently associated with various combustion activities. These low-mobility compounds

were not detected in groundwater or surface water during the RI sampling programs.

Phenanthrene was detected in air and may be associated with Basin F prior to implementation

of the IRA, or to atmospheric fallout. PAH compounds were not analyzed as part of the

biota RI.

Limited occurrences indicate minor areas of PAH contamination in RMA soils, which include

building, equipment, and storage sites, chemical sewer sites, surface and subsurface burn sites,

basins and ditches, and ordnance test sites. PAHs were frequently detected near rail lines

where creosote was used to preserve wooden railroad ties. Because PAHs are a cornmon

product of combustion, they are commonly distributed throughout burn sites at RMA. In

soils, however, PAHs do not exhibit signs of significant migration from their source areas.

Detections are confined to points of discharge, such as surficial soils, soil in the vicinity of

sewer lines, and bum horizons within solid waste burial sites. There is no evidence to

suggest that PAHs have migrated noticeably from their sources in shallow soils. This

distribution is consistent with predicted behavior for these relatively insoluble compounds.
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The only notable migration pathways for PAHs at RMA involve transport of contarninated

surface soil by wind or storm runoff. Volatilization and photo-oxidation are limited loss

mechanisms for PAHs in surficial soils or entrained particles. Conduct of the Basin F IRA

has eliminated the only source of likely PAH contan-dnation detected during the Air Media

R1. Other atmospheric PAH concentrations fall within normal urban background levels

caused by gasoline combustion and vegetation. Because of their sparse distribution, which is

confined to surficial soils, PAHs present only a very limited risk of exposure to plants and

terrestrial animals. Although these compounds may occur naturally in plants, uptake is

possible and is expected to result in only short-term tissue accumulation.

E.5.12 SEMIVOLATILE HALOGENATED ORGANICS

The distribution of SHO compounds at RMA is primarily confined to surficial soils or

subsurface horizons-associated with SHO disposal or release. At least one of these low-

mobility compounds was detected sporadically in every study area except the NPSA. SHO

compounds were also observed to occur sporadically or in small plurnes confined to the

unconfined flow system in the NCSA and SPSA. Single, isolated groundwater occurrences

were noted in both the WSA and the CSA during the RI sampling prograrns. The only SHO

occurrences in surface water were observed in ditches draining the SPSA. These compounds

were not detected in air or biota during the RI.

Sources of SHO contamination at RMA include basins and the chemical sewer in the NCSA;

solid waste burial sites in the CSA, WSA, and SPSA; and ditches that drain the SSA.

Consistent with their predicted behavior, migration in unsaturated or saturated soils is strongly

retarded for these compounds. Overall, migration of SHOs from source areas appears limited,

due predominantly to their relatively low solubility and high affinity for fine-grained and

organic-rich soils. Facilitated transport may have enhanced migration through the vadose and

saturated zones below the basins, chemical sewer, and some solid waste burial sites. The

SHOs are persistent in shallow soils, showing little observable attenuation by photolysis,

hydrolysis, or biodegradation. Loss due to volatilization may be more significant, particularly

in surface waters.

E-131
RF5/APPOO39 11/11/91 11:42 am mr



Migration pathways are limited for SHO compounds at RMA. Surficial sediment transport by

winds or surface runoff is capable of transporting SHOs at the surface. Groundwater

transport is limited and expected to exhibit significant retardation in all but medium- to

coarse-grained aquifer sediments. Sparse SHO occurrences in surface water are subject to

transport along ditches draining the SPSA. In summary, a number of pathways are viable,

although none are expected to contribute to significant mass flux for SHOs. Appreciable

bioconcentration of hexachlorocyclopentadiene, the most abundant SHO at RMA, is not

expected to occur. The very sparse occurrences of the more highly chlorinated SHOs, which

tend to bioaccurnulate in biota, should limit migration along biota pathways. Exposure to

biota is restricted to incidental soil ingestion or exposure to contan-driated surface water in the

SPSA. The low biota populations and the sparse SHO concentrations in soil elsewhere

provide little risk of exposure to biota at RMA.

E.5.13 ORGANOCHLORINE PESTICIDES

The OCP compounds are distributed widely at RMA with detections reported in all media, all

site types, and all study areas. Each of the seven analytes were detected in-soils and

groundwater, and several OCP compounds were repeatedly observed in surface water, air, and

biota sampled during the RI.

The South Plants has a long history of OCP manufacture and storage and thus exhibits the

most pervasive OCP contan-driation in shallow soils and surface water. Disposal and storage

of OCP-contarninated wastewater in chemical sewers, ditches, and basins of the NCSA and

SPSA appear to have produced the most extensive OCP impacts to groundwater quality.

Solid waste burial sites in the CSA and SPSA were also major sources of OCP releases to

groundwater. In addition, secondary OCP sources were observed at depth where OCPs in

groundwater have sorbed to relatively fine-grained aquifer sediments. These contaminated

sediments may continue to slowly release OCPs to aqueous phases by desorption. This type

of occurrence was observed at the North Boundary Containment System (EBASCO,

1989h/RIC 89166RO7) and is suspected to occur elsewhere at RMA. Large areas of

contaminated surface soils containing OCPs at concentrations typically less than a few pg/g

appear to have resulted from eolian transport.
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The strong tendency for OCP compounds to bind to clays and organic carbon has resulted in

their widespread distribution in shallow soils and basin or lake bed sediments. Infiltration of

wastewater below disposal basins is responsible for extensive vertical distribution of OCPs in

soils that are currently unsaturated. Leaching has generally not been significant except in

areas where cosolvent transport, coarse-grained and organic-poor sediment, or shallow water

table conditions have enhanced transport and mass transfer. Such areas were identified in

Basin F, Basin A, the chemical sewers, and the solid waste burial sites in the CSA.

Consequently, these areas have historically been primary sources for subsurface migration.

Under current conditions, which have eliminated large bodies of contaminated wastewater,

transport in the unsaturated zone is significantly reduced. As a result, leaching of OCPs in

clayey soils at RMA by natural precipitation is expected to proceed very slowly. Degradation

and attenuation in soils can be expected to proceed slowly by volatilization, photolysis, and

biotransformation. Frequently, the degradation of one analyte produces a closely related

analyte within the group.

The potential for exposure of biota to contaminated soil is significant and is possible by plant

uptake and incidental ingestion. RMA areas that are highly contaminated with OCPs are not

presently accessible to the public; hence potential exposure of humans to contaminated soil is

remote.

Groundwater provides a primary migration pathway for OCPs despite the fact that these

compounds are considered relatively hydrophobic. Coincident disposal of OCPS with VHOS,

VAOs, or VHCs has presumably resulted in enhanced OCP transport as solutes in these more

mobile compounds. Once OCPs reach the coarse-grained paleochannels, that comprise the

dominant flow paths in the unconfined flow system and have little attenuating capability, OCP

transport by groundwater may proceed relatively rapidly. Hence, OCPs are widely distributed

along major unconfined flow paths between sources in the SPSA, CSA, and NCSA and the

leading edges of plumes near the north and northwest boundaries. Increased retardation of

OCPs in groundwater may be generally correlated to the abundance of fine-grained material

and organic carbon in the aquifer sediments. Consequently, transport in the finer-grained

sediments that dominate the confined flow system is restricted. As described above for soils,

degradation is slow and is not expected to produce noticeable mitigating effects. Because

groundwater is relatively inaccessible from the surface, biota receptors are generally confined
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to deep-rooted plants and burrowing animals. Generally, exposure is expected to be most

significant in areas of shallow water table conditions.

Although surface water flow is limited at RMA, this medium still provides several significant

transport mechanisms for OCPs. Channel flow in ditches draining the SPSA continues to

provide a migration pathway, transporting OCPs downstream from their sources in ditch

sediments to lakes, ponds, and basins. OCPs have accumulated in lake bottom sediments

since dredging in 1964-1965. Repeated OCP detections in surface water from these ditches

and receiving basins in the NCSA confirm that OCPs may currently migrate in surface water

ditches. Overland flow, resulting when precipitation exceeds the infiltration capacity of the

soil, is also a significant mode of transport for OCPs. Their persistence in surface soils

allows sediment transport during runoff to collect OCPs in natural and manmade channels and

depressions. Degradation and transformation in surface water environments are slow, as seen

in other environments. Contaminated surface water provides a major exposure pathway to

plants and animals by ingestion and other forms of uptake. Aquatic Organisms, marsh plants,

and waterfowl risk the greatest exposure.

Because OCPs tend to concentrate in surface soils and degrade very slowly, they are readily

entrained by wind. During the RL broad areas of surficial soils were observed to be

contaminated by low concentrations of OCPs. These areas are attributed to contaminant

migration by eolian transport. Limited volatilization was also identified by the Air RI

downwind of Basin F. Exposure to biota due to OCP volatilization is currently negligible due

to implementation of the Basin F IRA. Exposure to OCPs as wind-transported dust and the

resulting dispersion, however, may be significant. Biota are most likely to be "posed by

plant uptake, incidental ingestion, and inhalation.

The OCPs are known to accumulate in biotic systems to a higher degree than other analytes

at RMA. For this reason, along with their acute toxicity, OCPs have been deten-nined as the

most significant contaminants of concern for biota. At RMA, OCPs may be found in a range

of aquatic and terrestrial organisms, from the lower life forms to the top of the food chain.

Considerable uptake in plants, along with high BCFs and BMFs, serve to present the greatest

risk to higher level predators. The current distribution of OCPs in biota may spread widely

within the ecosystem and continue to increase in the higher trophic levels. The dominant
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exposure pathways in lower life forms occur by plant uptake, ingestion, and aquatic exposure.

At higher levels, ingestion of contan-dnated food and water are the major routes of exposure,

with ancillary pathways provided by soil ingestion, inhalation, and dermal contact. Land use

restrictions on fishing and hunting at RMA are designed to elin-dnate any risk of exposure to

humans by consuming contaminated foods. However, contamination in game species presents

a chance of exposure to persons hunting these species off post. Levels of OCPs detected in

fish and game have been identified as exceeding action levels established by the Food and

Drug Administration (FDA) (ESE, 1989/RIC 89173RO2).

E.5.14 ARSENIC

Arsenic occurrences above the upper end of the indicator range in soils (10 pg/g) are sporadic

and relatively wideVread at RMA. As discussed in Appendix A, arsenic concentrations

within the indicator range are considered indicative of naturally occurring background

concentrations. Indicator ranges were established based on published literature values of

naturally occurring concentrations in similar soils, and on an evaluation of data collected at

RMA and in off-post areas. Supporting documentation concerning selection of the indicator

ranges, including literature references, is provided in the Introduction to the Contamination

Assessment Report (ESE, 1987a/RIC 88204RO2). More recent studies conducted near RMA

have established a higher background concentration of 28 pg/g for arsenic (TRC, 1988).

Arsenic releases at RMA are predominantly associated with sites where army and riot control

agents were manufactured, stored, decontaminated, or disposed. Consequently, arsenic

source areas are primarily buildings and sewers in the SPSA; storage and solid waste burial

sites in the ESA, WSA, and CSA; and basins, lakes, ditches, and sewers in the NCSA and

SSA. Ditches and buildings are also contaminated with arsenic in the NPSA; however,

building contamination has been controlled by the Sump 1727 IRA. Arsenic has been

detected in all media at RMA; however, shallow soils and lake bed sediments contain the

greatest frequency of detections and concentrations above inferred background levels.

Isolated soil occurrences, whether natural or man-induced, are distributed widely throughout

RMA as well. Arsenic occurrences have formed plumes within the unconfined flow system,

and were also detected sporadically in groundwater samples from both the unconfined and

confined flow systems. Arsenic in surface water is generally limited to ditches and basins

and exhibits a less widespread distribution than many of the organic analytes. Arsenic has

E-135
RF5/APP0039 11/11/91 11:42 am mr



also been detected sporadically at air monitoring stations near Basin F and in many biota

species.

The arsenate species is expected to predominate in RMA soils. The distribution of total

arsenic above indicator levels occurs preferentially in shallow soils. Arsenic in surficial soils

may be subject to erosion and transport by wind or surface water. Except in devegetated

areas of the Arsenal such as disposal basins, these pathways are expected to be limited.

Plants exposed to arsenic in shallow soils may exhibit limited uptake or phytotoxic effects,

which contributes to devegetation and erosion-prone areas. Animals may be exposed by

incidental ingestion of soil, with only limited exposure expected to result from ingestion of

contaminated foods.

Migration of arsenic in groundwater is complex and influenced by many parameters such as

chemical speciation, aquifer characteristics, and particle transport. Arsenic was identified in

the unconfined flow system in the CSA and NCSA. Extensive plumes have developed in the

unconfined flow system, extending from the South Plants towards the north and northwest

boundaries. Thin vadose zones and historical disposal of the more mobile arsenate species

may also account for arsenic influxes to the unconfined flow system. In addition, sites that

lie only a short distance above coarse paleochannel deposits of the alluvial aquifer provide

only limited retarding media. Although many detections in Denver Formation wells are

considered natural occurrences, elsewhere, such as in the NCSA, arsenic in groundwater in

the upper Denver Formation appears to have migrated downward from the overlying

unconfined aquifer. Many other occurrences of arsenic in groundwater are limited in lateral

and vertical extent. These phenomena are frequently attributed to sporadic natural

occurrences that have resulted from aquifer inhomogeneities. There are few potential

receptors of arsenic in groundwater. Concentrations in plants are not readily distinguishable

as resulting from exposure to contan-dnated soils or groundwater. Existing controls and

restrictions at RMA serve to control significant exposure pathways for animals and humans to

arsenic in groundwater.

Arsenic was detected at relatively low concentrations in numerous species of plants and

animals during the RI program. These results are not surprising in light of the widespread

natural arsenic distribution, in addition to contamination associated with RMA source areas.
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Although arsenic may significantly bioconcentrate, it reportedly does not significantly

biomagnify. Therefore, exposure to arsenic-contarriinated soils and surface waters are

expected to have a far greater impact on biota than ingestion of arsenic in food sources. The

importance of biota migration pathways should not be ruled out for arsenic although transport

from lower to higher trophic levels is expected to be minor.

E.5.15 MERCURY

Mercury is present as a naturally occurring constituent of bedrock and soils and as a

contarninant associated with numerous activities at RMA. Results of the RI show that

mercury occurrences are dominantly confined to soils and biota at RMA. Primary sources of

mercury at concentrations above indicator levels (0.1 pg/kg) are shallow sediments in basins

in the NCSA, lakes -in the SPSA, and various ditches where mercury was introduced by direct

disposal or sediment transport by surface water. Solid waste burial sites and isolated

occurrences associated with storage areas and the sanitary and chemical sewers in the CSA

and NPSA comprise the majority of other detections at RMA. Mercury was detected in

isolated groundwater samples from both the unconfined and confined flow systems in all

study areas except the WSA and ESA. Mercury in various plants and animals at RMA has

been reported in either current or historical studies (ESE, 1989/RIC 89173RO2). Mercury was

not detected in surface water or air samples.

The solubility of inorganic mercury is low, and as a result, mercury in soils is considered

relatively immobile. Mercury binds strongly to both inorganic and organic particulates, so

that leaching from soils and sediments will be minimal and retardation will occur in

groundwater. Current and historical mercury migration has predominantly occurred in

association with sediment transport, either as wind-blown dust or suspended and bed load

sediment in surface water. Overall, relative rates of mercury migration are very slow

compared with most other analytes at RMA.

Mercury tends to bioaccumulate and can be transported along biotic pathways. Historical and

recent detections of mercury in many plant and animal species at RMA, both aquatic and

terrestrial, support this conclusion. Although mercury was selected as a biota contan-dnant of

concern, pathways analyses performed during the RI indicate that mercury bioaccumulation is

far less critical than OCP accumulation, particularly in terrestrial ecosystems. Where mercury
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is present in surface soils, a potential does exist for incidental soil ingestion by animals or

uptake by plants. Bioaccumulation in the food web is expected to follow exposure by

ingestion of contaminated food.

E.5.16 ICP METALS

The ICP metals were frequently detected in soil, air, and groundwater samples collected

throughout RMA. This widespread distribution, in part, reflects their natural occurrences in

the environment. As discussed in Appendix A, the indicator range includes concentrations of

analytes considered indicative of naturally occurring background concentrations. These ranges

were established based on published literature value and on soils collected from RMA and

from off-post areas (ESE, 1987/RIC 88204RO2). More recent data from an area near RMA

suggest higher soil background concentrations of 8, 413, and 820 pg/g for cadn-dum, lead, and

zinc, respectively (iRC, 1988).

Concentrations above the respective indicator range for each metal in soils are generally

associated with designated sites or may be associated with natural occurrences in soil or

bedrock. Where multiple ICP detections were identified in shallow soils, concentrations are

generally attributed to waste disposal, munitions testing, or chemical spills. Deeper

detections, which cannot be related to RMA activities, may be attributed to natural

occurrences.

Generally, ICP metals detected at air monitoring stations are attributed to ambient, urban

conditions. However, data collected during the RI program also indicate that Basins A and F

were probably sources of ICP metals dispersed as fugitive dust. The ICP metals cadmium

and copper were detected by historical studies in aquatic and terrestrial biota (Thome et al.,

1979; U.S. Army, 1983). None of the ICP metals have been designated contaminants of

concern by the Biota RI (ESE, 1989/RIC 89173RO2).

Anomalous metal concentrations that cannot be attributed to natural occurrences are primarily

restricted to a limited number of site types. Most apparent sources of ICP metals are the

disposal basins in the NCSA and bum sites or solid waste burial trenches throughout RMA.

Leaks in the chemical sewer have contributed to ICP metal distribution, as has storage of

metal equipment where it was exposed to the elements and allowed to oxidize. Munitions
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testing areas are commonly designated sites strictly based solely on the occurrence of ICP

metals in surface soils.

Wind and surface water transport, although relatively minor, represent the principal migration

pathways for ICP metals at RMA. Wind erosion and eolian transport is greatest for sparsely

vegetated sources, and were formerly attributed to Basins A and F. However, the use of a

dust suppressant on Basin A and the current extent of the Basin F IRA are expected to

minimize future transport of ICP metals from the basin areas to on-post receptors downwind

at RMA. The highest concentrations of metals were detected at the western and southern

RMA boundaries and appear to reflect off-post automobile emissions and ambient urban air

quality. Surface water is capable of transporting ICP metals in dissolved or suspended phases

by overland and channelized flow. Optimal conditions for surface water transport are

dependent on precipitation and occur only sporadically at RMA. Plant uptake of lead may

occur through the leaves of some plants, and exposure to humans and animals may result

from inhalation of fugitive dust. Under current conditions the limited flux of metals from

RMA sources is considered minor in comparison to natural occurrences and off-post

emissions. Potential receptors include aquatic and terrestrial plants and animals that risk

sporadic exposure by plant uptake or ingestion of contaminated surface water.

ICP metals exhibit very limited mobility in the subsurface. They have a strong tendency to

bind to soil constituents and aquifer solids. Consequently, their distribution is generally

limited to the immediate vicinity of contaminant releases. Metals disposed in landfills, burial

trenches, and bum pits have not migrated appreciably below the limit of excavation. At

munitions testing sites and drainage ditches, ICP metals are generally confined to surficial

soils. 'Merefore, leaching and unsaturated zone transport is considered negligible.

Groundwater transport is a restricted migration pathway for ICP metals. Sporadic occurrences

of all five metals in both confined and unconfined aquifers are attributed to natural

occurrences. Where present, they may migrate as dissolved phases or by particle transport.

Only the distribution of chron-dum, which exhibits spatially and temporally related

occurrences in the unconfined aquifer, is suspected to have resulted from RMA activities.

Presumably, chromium was introduced at or near the water table by infiltration below

Basin A or leaks in the chemical sewer. Receptors to sporadic chromium in this media are
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considered negligible due to its limited occurrence and tendency to sorb readily to the solid

substrate of the aquifer.

Biological uptake and accumulation is possible to varying degrees for all the ICP metals.

Only cadmium is expected to biomagnify and result in migration along biota pathways.

Chromium is phytotoxic and may result in devegetation, thereby limiting chromium

contan-dnated plants as a potential food source. In the hexavalent state, chromium can exhibit

toxicologic effects on humans. Although the metals exhibit varying degrees of toxicity and

bioaccumulation, they are not expected to biomagnify and thus are not considered primary

contaminants of concern to biota at RMA.
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APPENDIX F - LIST OF ABBREVIATIONS

Analyte GTOUVs and Selected Analytes

As Arsenic
Cr Chromium
Cd Cadmium
Cu Copper
DBCP Dibromochloropropane
DCPD Dicyclopentadiene
DDE Dichlorodiphenylethane
DDT Dichlorodiphenyltrichloroethane
DIMP Diisopropylmethyl phosphonate
GB Nerve agent Sarin
HC Hydrocarbons
ICP metals Metals analyzed for by inductively coupled argon plasma spectroscopy;

includes cadmium, chron-dum, copper, lead, and zinc

OCP Organochlorine pesticides
ONC Organonitrogen compounds
OPHGB Organophosphorous compounds, GB-agent related
OPHP Organophosphorous compounds, pesticide related
OSCH Organosulfur compounds, herbicide related
OSCM Organosulfur compounds, mustard-agent related
PAH Polynuclear aromatic hydrocarbons
Pb Lead
PCB Polychlorinated Biphenyl
SHO Sernivolatile halogenated organics
SVOC Sernivolatile organic compounds
TCE Trichloroethylene
TDG Thiodiglycol.
TOA Total organic analytes
TOC Total organic carbon
UDMH Unsymmetrical dimethy1hydrazine
VAO Volatile aromatic organics
VHC Volatile hydrocarbons
VHO Volatile halogenated organics
VOC Volatile organic compounds
VX Nerve Agent
Zn Zinc
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APPENDIX F - LIST OF ABBREVIATlONS
(continued)

National Acts and Organizations

AMCCOM U.S. Army Munitions and Chernical Command
CERCLA Comprehensive Environmental Response, Compensation, and Recovery Act

CFR Code of Federal Regulations
DOD U.S. Department of Defense
EPA U.S. Environmental Protection Agency
LDR Land Disposal Restrictions
NAAQS National Ambient Air Quality Standards
NCP National Contingency Plan
TVA Tennessee Valley Authority
USATHAMA U.S. Army Toxic and Hazardous Materials Agency
USDA-SCS, U.S. Department of Agriculture - Soil Conservation Service
USFWS U.S. Fish and Wildlife Service

Local Terminology

ARARs Applicable or Relevant and Appropriate Requirements
BDL Below detection Emit
CAR Contan-dnation Assessment Report
CDH Colorado Department of Health
CFS Confined flow system
CMP Comprehensive Monitoring Program
COC Contaminant of concern
CRL Certified reporting limit
CSA Central study area
DNAPL Dense nonaqueous-phase liquid
EA Endangerment assessment
EI Exposure index
ESA Eastern study area
FS Feasibility Study
GT Greater than
HBSF Hydrazine Blending and Storage Facility
ICS Irondale Containment System
IEA Integrated Endangerment Assessment
IRA Interim response action
IRDMIS Installation Restoration Data Management Information System
ISV In Situ vitrification
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APPENDIX F - LIST OF ABBREVIATIONS
(continued)

JARDF Joint Administrative Records and Document Facility
LNAPL Light nonaqueous-phase, liquid
LOAEL Lowest observed acceptable exposure lin-dt
MATC Maximum allowable tissue concentration
NA Not analyzed %
NAPL Nonaqueous-phase Liquid
NBCS North Boundary Containment System
NCSA North central study area
NS Not sampled
NWBCS Northwest Boundary Containment System
OAS Organizations and State
OTSP Organics (Organochlorine Pesticides) in Total Suspended Particulates
PM-10 Respirable particulates
PM1UVtA Program Manager for Rocky Mountain Arsenal
QA/QC Quality assurance/quality control
RC Risk Characterization
RI Remedial Investigation
RIC Rocky Mountain Arsenal Information Center
RI/FS Remedial Investigation/Feasibility Study
RISR Remedial Investigation Summary Report
RMA Rocky Mountain Arsenal
RMACCPMT Rocky Mountain Arsenal Contamination Control Program Management Team
SACWSD South Adams County Water and Sanitation District
SAR Study area report
SPSA South Plants study area
SSA Southern study area
STF South Tank Farm
SVE Soil vapor extraction
TCLP Toxicity Characteristic Leaching Procedure
TIC Tentatively identified compound
TSP Total suspended particulates
UFS Unconfined flow system
UNC Uncontaminated area (Usage Replaced by Nonsource, Area)
USCS Unified Soil Classification System
VEC Vertical extent of contarriination (Database)
WBZ Water-bearing zone
WRIR Water Remedial Investigation Report
WSA Western study area
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APPENDIX F - LIST OF ABBREVIATIONS
(continued)

Companies

CAL California Analytical Laboratories, Inc.
DataChem DataChem, Inc. (formerly Utah Biomedical Test Laboratory, UBTL)
EBASCO Ebasco Services Incorporated
ENSE ENSECO Inc. (formerly Rocky Mountain Analytical Laboratories)
ESE Environmental Sciences and Engineering, Inc.
HB&A Harland Bartholomew and Associates, Inc.
HITT Hittman-Ebasco
MKE Morrison-Knudsen Engineering
MRI Midwest Research Institute
RCI Resource Consultants, Inc.
RLSA R.L. Stollar & Associates, Inc.
Shell Shell Oil Company
WV*rE Wright Water Engineers

Measurements, Ouantities, and Parameters

AGM Adjusted geometric mean
BCF Bioconcentration factor
b.c.y. Bank cubic yards
BMF Biomagnification factor
cfs Cubic feet per second
F. Organic carbon fraction
ft Foot, feet
Fy Fiscal year
in Inch,inches
Kd Soil-water partition coefficient
K. Octanol-carbon partition coefficient
K. Octanol-water partition coefficient

Pg/1 Micrograms per liter (equivalent to parts per billion)

Pg/g Micrograms per gram (equivalent to parts per million)
pg/m' Micrograms per cubic meter
mg/1 Milligrams per liter

mi/9 Milliliters per gram, a measure of aqueous solubility
mph Miles per hour
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APPENDIX F - LIST OF ABBREVIATIONS
(continued)

Analytical Methods

GC/ECD Gas chromatography/electron capture detector
GC/FID Gas chromatography/flame ionization detector
GC4TPD Gas chromatography/flame photometric detector
GC/HECD Gas chromatography/Hall electrolytic conductivity detector
GC/MS Gas chromatography/mass spectrometry
BPLC High pressure liquid chromatography
ICP Inductively coupled argon plasma spectroscopy
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UMTEO S7ATESS ENVIRONMENTAL PROTEC70N AGENCY

REGION VIP

9 1 Sth S7RE'--:-l - SUTE 5 0 0

DENVER, COLORADO 80202-2405

JUL I in

Ref: sawm-rF

Kevin Blosef Chairman
RMA COMMittge
ATTN: AMXMR-PM
Rocky Mountain Arsenal
Commerce CitYs Colorado $0022-2180

Res Rocky.MOuntain Arsenal (AMA)

Draft Remedial Investigation
Summary Report, May 1991.

Dear Mr. Blose:

We have reviewed the above referenced document and have 
the

enclosed comments. The Army is to be commanded for the quality

of the graphical presentations. They aid greatly in the

understanding of the nature and extent of contamination at RMA.

The document, which for the most part is well done, is in need 04

a few clarifications. We particularly wish to highlight the

following areas In need of clarification:

1) Figure R:SR 2.1-1. The area indicated in yellow does

not include the 1989-1990 surficial soils data. A

figure should be constructed showing the extent at

surticial soils contamination to avoid the 
erroneous

impression that the windblown contamination 
is limited

to Sections 26 and 36.

2) Plate RISR 2.1-1. This plate, which is an excellent

graphic presentation a! the spatial relationship

between the arsenal and the groundwater 
contamination,

should indicate the CRIJJ used for the prep&raticn at the

contours in the saturated alluvium and bedrock 
surface.

3) The text should be amended in several sections to

clarity that Army agents were found in several areas

other than the Army trenc!%e6, including one :ewisite

detection In Section 35.

4) Page 2-21, the text should be amended to indicate that

"direct" human expcsure t-- the top few inches a! soil

is one of the most pathways.



5 Pa;e 2-30, the text needs to claril-y that, alth.cugh the

degree 01 contamination and m4g:atiOn in the Denver

Formation are less than in th; uncon!ined aquifer, the

contamination In the Denver Formation is never the less

signiticanto given concentrations of up to 10,000 ug/1
found in several areas, including Section 23.

6) Appendix A, the text should be expanded to include a

summary of the investigations performed to date of the

LNAPLer DNAPLa, and/or adsorbed contamination in

saturated soils, rather than focusing on water quality

only. The text should further indicate that additional

investigation of these contaminants will be performed

as needed during the FS.

7) Appendix A, the report should use the most recent QA/QC

data, rather than relying on data that is two years

old.

8) Table RISR A2.5-1, this table presents CRLs that are up

to an order of magnitude lower than those used in the

Bicta R1. This discrepancy, which could impact the CM?

and the valQes used in the bicta models should be

clar.4tied.

9) Appendix A, Section A3.1.1. We request a listing that

states what specific sites have been grouped into each

generic category. This would help in crosg-referencing
with FS documents.

10) Appendix 3, Vertical Extent of Contamination, the text

needs to indicate that the information and analysis

presented in this Appendix will be fully incorporated
into the FS, incliding any further sampling that may be

needed to address remediation alternatives for the

Denver Formation.

11) Appendix D, this appendix should provide a discussion

of soil sampling QA/QC procedures or a reference to

another document which contains these procedures.

Our contact on this matter is Linda Jacobson at 294-1977.

Sincerely,

Connally Z. Mears
r-?A Ccerdinator for RMA C:eanu;

Enclosure
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Glenn Tucker, ATSOR
Major John Fomous
Brad Bridgewater, DOJ
David Shelton, CDH
Jeff Edson, COH
Vicky Peters, CAGO
George Roo, Shell
Bill McKinney, Shell
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ENVIRONMENTAL PROTEMON AGENCY'S
COMMENTS ON THE

DRAFT FINAL REMEDIAL INVESTIGATION SUMMARY REPORT
MAY 1991

Cover Letter Comments

Comment 1: Figure RISR 2.1-1. The area indicated in yellow does not include the 1989-
1990 surficial soils data. A figure should be constructed showing the extent of
surficial soils contamination to avoid the erroneous impression that the
windblown contamination is limited to Sections 26 and 36.

Response: Two figures depicting the extent of organic and inorganic contamination in
surficial soils (0-2 in) for which analyses were performed were included in Appendix Dl of
the Draft Final Remedial Investigation Summary Report (RISR). The overall extent of
detected organic surficial soil contamination is shown in Figure RISR D1.4-1, Distribution of
Total Organics in Surficial Soils (0-2 in). Figure RISR D1.4-2, Distribution of Arsenic and
Mercury in Surficial Soils (0-2 in) Greater than the Indicator Range presents the extent of
detected inorganic contamination exceeding levels indicative of background concentrations.
Figure RISR 2.1-1 has been revised to clarify the extent of surficial soil contarnination. In
addition, the data from the surficial soils study (summarized in Appendix DI) have been
incorporated into Table RISR A3.1-8 and Figure RISR A3.1-10, both supporting the
discussion of the Surficial Soil and Other Predominantly Near-Surface Contamination site
type in the proposed final version of the RISR. This site type was referred to as the Inferred
Windblown and Other Contamination site type in the Draft Final version of the RISR.

Comment 2: Plate RISR 2.1-1. This plate, which is an excellent graphic presentation of the
spatial relationship between the arsenal and the groundwater contamination,
should indicate the CRL used for the preparation of the contours in the
saturated alluvium and bedrock surface.

Response: Because certified reporting limits (CRLs) depend on the individual analyte,
laboratory, and analytical method used, no single CRL value was used to plot the contours
shown for the total organic analytes in the unconfined flow system on Plate RISR 2.1-1.
Rather, the CRL contour encloses the area within which detections of any target organic
analytes exceeded their respective CRU A clarifying note has been added to the plate, and
to all other graphics depicting contoured total contaminant concentrations.

Comment 3: The text should be amended in several sections to clarify that Army agents
were found in several areas other than the Army trenches, including one
lewisite [sic] detection in Section 35.
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Response: In Section 2.2, Potential for Occurrence of Chen-&al Warfare Agents and
Unexploded Ordnance, Figure RISR 2.2-1 presents a rnap of areas with a potential for agent
occurrences. As is clear from inspection of this figure, other areas, in addition to the Army
trenches, are included.

Records in the Installation Restoration Data Management Information System (IRDMIS)
Rocky Mountain Arsenal (RMA) database indicating detections of agents in soils outside tile
areas shown on Figure RISR 2.2-1 are suspect, or were not confirmed by subsequent
sampling. The Lewisite method in use at the time was known to give false positive results.
The following bores show agent detections in soils in the RMA database:

Bore Depth (ft) Agent Concentr-ation Julian CRL Method
Pg/g Date Sampled

29Y
3092 5 Mustard 0.844 85175 2.1 29Y
3092 7 Mustird 0.22 95176 2.1 29Y
3094 5 Mustard 0.22 85175 2.1 29Y
3599 0 Mustard 0.882 88014 2.1 29Y
3500 3 Lewisiie 12.8 87280 5.0 29X
3504 3 Lewisitc >5.0 87272 5.0 29X
3629 1 Lewisite 55.4 88049 5.0 29X
3629 3 Lewisite 38.9 88049 5.0 29X
3629 4 Lewisite 5.9 88049 5.0 29X
4114 4 Lewisite 5.0 87294 5.0 29X
NRS06122 5 Lewisite 5.0 87265 5.0 29X
Limefix 1 0.0 Lewisite 18.5 89261 5.0 29V
Limefix 2 0.0 Lewisite 12.9 89261 5.0 29V
Limefix 3 0.0 Lewisite 5.5 89261 5.0 29V
Limesoil 0.0 Lewisite 14.9 89254 5.0 29V
R7?317T 0.0 Vx 5.9 89086 5.9 29U
RTP318T 0.0 Vx 5.9 89086 5.9 29U
RTP319T 0.0 Vx 5.9 89086 5.9 29U
RT?337T 0.0 Vx 5.9 89086 5.9 29U
R7?338T 0.0 Vx 5.9 89086 5.9 29U
RTP339T 0.0 Vx 5.9 89086 5.9 29U

Review of the data files, the Contamination Assessment Reports (CARs), lab analytical data
packets forrn the RMA Surety Lab, where all these and other agent analyses were performed,
and communications with Army and contractor personnel reveals the following:

Mustard:
1) All the mustard detections are at concentrations less than one-half of the method CRL,

therefore, were never positively identified, and should not have been entered into the
database.

Fl-2
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2) All the field test kit (M8 alarm and M18A2) results were negative for the mustard

locations (Final Phase I CAR, Site 36-17: Complex Disposal Activity, Version 3.2;

ESE, 1988/RIC 88013RO5).

3) With the exception of Bore 3599, no second column confirmation analysis was

available at the time,to confirm the mustard detections. Second column analysis on

Bore 3599 indicated a mustard detection below the method CRL but just above the

lowest calibration standard.

4) All the mustard detections are within Section 36, in the Complex Disposal Areas.

5) All the mustard detections are within the area shown in Figure RISR 2.2-1 as having a

potential for agent occurrences.

Lewisite:
1) The Lewisite methods were highly susceptible to false positives, since the methods

actually measured for acetylene resulting from reaction of the sample extract with

NaOH. Plastic debris and combustion byproducts were noted to be present in some

samples analyzed for Lewisite, which could have caused false positive readings (Elijah

Jones, Laboratory Support Division - Program Manager Rocky Mountain Arsenal
(PMRMA), oral communication with James Bush - EBASCO, August 8, 1991).

2) The Lewisite detection in Bore 3500 in Basin A was investigated for verification by
collection and analysis of a sample from Bore 3733, located within a 3 ft radius circle
of Bore 3500. Agent was not detected in that sample using a more reliable certified
method (Final Phase H Data Addendum, Site 36-1: Basin A, Version 3.1, pp 1-2;

ESE, 1988/RIC 87203RO7A).

3) Bore 3504 in Basin A was also reinvestigated during the Remedial Investigation (RI).
Analysis of a sample from Bore 3734, located within 3 ft of Bore 3504, indicated no

detections for agents, using a more reliable RMA Laboratory certified analysis (Ibid.).

4) Agent was not detected in a sample from Boring 3738, drilled 3 ft north of Bore 3629
in the Complex Disposal Sites North in Section 36 for verification purposes (Final

Phase 11 Data Addendum, Site 36-17: Complex Disposal Activity, Version 3.1, p. 17;
ESE, 1988/RIC 88013RO5A).

5) Bore 4114 was investigated further by collection of a sample from Bore 4138, located
within 2 ft east of it in Basin B in Section 35. Lewisite was not detected in this
sample using a more reliable analytical method (Final Phase II Data Addendum,
Site 35-3: Basin B, Version 3.1, p. 1; ESE, 1988/RIC 87203RO5A).
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6) Bore NRS06122 was drilled by Shell's contractor in the vicinity of the Former Toxic
Gas Storage Yard in Section 6. According to the "Final Phase I CAR, Site 6-6,
Former Toxic Gas Storage Yard, Version 3.2 (EBASCO, 1988/RIC 88196RO2), this

bore was located in the vicinity of Boring 5, a Phase I bore with high arsenic

concentrations. The vicinity of Boring 5 was investigated in Phase 13 by three bores,

Borings 23, 24, and 25. Two of these bores also had high arsenic concentrations (97

and 130 pg/g); however, the M8 and M18A2 field test kits used to monitor for agent

during both Phase I and Phase II investigations did not indicate any agent detections

(Final Phase I CAR, Site 6-6, Former Toxic Gas Storage Yard, Version 3.1, EBASCO,

1988/RIC 88196RO2A).

7) Bores Limefix 1, Limefix 2, Limefix. 3, and Limesoil were all collected as part of the

Remediation of Other Contamination Sources ("Hot Spots") Interim Response Action

(IRA), in the immediate vicinity of the Lime Settling Basins in Section 36. They were

collected from areas known to have high levels of various contaminants. While no

evidence of additional sample collection to verify these detections is available, these

samples are within the Lime Settling Basins area, shown in Figure RISR 2.2-1 as

having the potential for agent occurrences.

VX (Nerve Agent):
1) Bores RTP317T, 318T, 319T, 337T, 338T, and 339T with VX detections in the RMA

database all show the same concentration value. According to Elijah Jones,

Laboratory Support Division - PMRMA, all these records should have "U" (Less

than) in the boolean field preceding the concentration value (oral communication with

James Bush - EBASCO, August 12, 1991).

Summary:
With the exception of Bore 4114 and the RTP bores, all the bores showing detections of

agent in the RMA database are within the areas shown in Figure RISR 2.2-1 as being areas

with a potential for agent occurrences. It is the conclusion of the RI that the Lewisite

detection in Bore 4114 was a false positive, as evidenced by nondetects for agent in the

sample from Bore 4138.

All areas shown in Figure RISR 2.2-1 will be addressed by the Feasibility Study (FS) as part

of the evaluation of remedial alternatives with respect to agents.

In addition to the records for agent detections in soils discussed above, agent contamination in

certain structures is recognized by the Army. The text of Section 2.2 has been revised to

distinguish between soils and structures contaminated with agents.

Comment 4: Page 2-21, the text should be amended to indicate that "direct" human
exposure to the top few inches of soil is one of the most important exposure
pathways.
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Response: The text has been amended to reflect the importance of potential direct human
exposures associated with surficial soil contamination.

Comment 5: Page 2-30, the text needs to clarify that, although the degree of contamination
and migration in the Denver Formation are less than in the unconfined aquifer,
the contamination in the Denver Formation is never the less [sic] significant,

given concentrations of up to 10,000 ug/I found in several areas, including
Section 23.

Response: The text has been revised to indicate that contaminant concentrations in the

confined flow system in isolated locations may equal or exceed those in the overlying

unconfined flow system.

Comment 6: Appendix A, the text should be expanded to include a summary of the
investigations performed to date of the LNAPLs, DNAPLs, and/or adsorbed
contarTiination in saturated soils, rather than focusing on water quality only.
The text should further indicate that additional investigation of these
contaminants will be performed as needed during the FS.

Response: The text in Section A2.2.2 has been expanded to include a summary of

investigations regarding light nonaqueous-phase liquids (LNAPLs) and dense
nonaqueous-phase liquids (DNAPLs), and absorbed contan-dnation. Future investigations are

noted in the text.

Comment 7: Appendix A, the report should use the most recent QA/QC data, rather than
relying on data that are 2 years old.

Response: The RISR is intended to summarize the RI Program and its findings. Data
collection under the RI was essentially completed by March 1989. It is beyond the scope of
the RISR to attempt to surnmarize the findings of the many other investigations conducted at

RMA under various programs outside the RL However, CMP data have been considered
where appropriate. For example, references to the Comprehensive Monitoring Program
(CMP) are included as appropriate throughout the RISR to inform the reader of the existence
of additional data collected outside or subsequent to the RI program. Readers are encouraged
to explore these other program results. Results of the surficial soils and ground disturbance
programs are appended to the RISR because these two programs were agreed to by the parties
as a part of the finalization and acceptance process for the Study Area Reporu (SARs).

Comment 8: Table RISR A2.5-1, this table presents CRI-s that are up to an order of
magnitude lower than those used in the Biota RI. This discrepancy, which
could impact the CMP and the values used in the biota model, should be
clarified.
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Response: With the exception of endrin, the CRL values shown on Table RISR A2.5-1 are
the same as those shown of Table 4.3-3 of the Final Biota RI Report. The lower CRL value
for endrin was 0.040 pg/g, not 0.40 pg/g as shown. This typographical error has been
corrected. Some CRLs in the CMP prograrn are different than those in the Biota RI. CMP
reports have compared CRI-s used by both the Biota RI and CMP programs. Where CRLs
are lower, this should serve to decrease the uncertainty associated with the pathways model
by providing more and lower detections. All variations in CRLs are considered in data
manipulations which may be affected by CRL values.

Comment 9: Appendix A, Section A3.1.1. We request a listing that states what specific
sites have been grouped into each generic category. This would help in cross-
referencing with FS documents.

Response: Tables RISR 1.2-2 and 2.1-1 in sections 1.2 and 2.1 present such lists.

Comment 10: Appendix B, Vertical Extent of Contamination, the text needs to indicate that
the infon-nation and analysis presented in this Appendix will be fully
incorporated into the FS, including any further sampling that may be needed
to address remediation alternatives for the Denver Formation.

Response: The information presented in Appendix B will be considered in the FS. The text
has been modified to reflect this.

Comment 11: Appendix D, this appendix should provide a discussion of soil sampling
QA/QC procedures or a reference to another document which contains these
procedures.

Response: Appendix D does contain general descriptions of the soil sampling procedures
used for both the surficial soil and ground disturbance investigations, as well as references to
the final data summary reports for both programs, wherein the quality assurance/quality
control (QA/QC) procedures are further explained or referenced. In addition, please see
response to EPA Appendix D General Comment 1, wherein references to the Procedures
Manual and the Quality Assurance Program Plan are provided.

General Comments

Comment 1: This document is generally acceptable, but is in need of clarification in several
places. Realizing that this document is a summary of a massive amount of
data, it must necessarily omit some detail. Since the technical information in
this document is of limited value to detailed technical evaluation, this
document is most likely to be used by less technical readers. Therefore,
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accuracy and some additional detail is essential to the readers' accurate
understanding of the arsenal.

Response: Comment noted.

Comment 2: The Arrny is to be commended for the quality of the graphical presentations.

They aid greatly in the understanding of the nature and extent of
contan-ýnafion at the arsenal.

Response: The Army appreciates the comment.

Specific Comments

Comment 1: Executive Summary, page xxxii. The text should be amended to state that

contaminants were also introduced from emissions from permitted air stacks

and the use of commercial chemical products during non-nal facility operation.

Response: The text has been revised.

Comment 2: Paý,e 1-1. Section 1.0. Please amend the text to state that the RI/FS is being
developed in conformance with the requirements of the National Contingency
Plan as revised.

Response: The text has been modified as requested.

Comment 3: Paze 1-3, Section 1.0. Please annend the text to specifically identify the
parties or signatories to the Federal Facility Agreement, not included in the
preceding text.

Response: The text has been amended to specifically identify the signatories to the Federal
Facility Agreement.

Comment 4: Pace 1- 18, Section 1.3. This section does not indicate that numerous spills of
raw material or products occurred at RMA. It implies that spills occurred as
isolated incidents. This is inconsistent with the Chemical Index. It is
important to indicate that many spills occurred because this helps the reader
to understand the widespread contamination. For example, also note page
2-16, paragraph 2.

Response: Statements indicating the importance of spills have been added to Sections 1.3.3
and 2.1.3.
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Comment 5: Pace 1-21, Section 1.3.1. The text states that storage bunkers in Sections 5, 6,
7, and 8 were used for storage of cluster and incendiary bombs, which contain
white phosphorus. As a separate matter, we need to discuss how these storage
bunkers might be incorporated into the Surety IRA, which is assessing the
contamination and decontaiTý nation of the White Phosphorus building in the
South Plants.

Response: Comment noted. This action is known as the Chemical Process Related
Activities.

Comment 6: Page 1-24. Section 1.3.1. Please provide a reference to the hazardous [sic]
abatement work that has been performed at the HBSF, referred to in the text.

Response: According to the Final Phase I CAR for Site 1-7, Hydrazine Blending and
Storage Facility: "RMA implemented hazard abatement plans to eliminate potential sources
of [nitro sodi meth yl ami ne] (RNIA,1983; Smith, 1983). The abatement plans included tile
removal of all fuel from the facility and the decontainination of the entire facility. An Air
Force contractor submitted a bid for this work in late September 1983 (RMA, 1983)."

RMA. 1983, September 30. Rocky Mountain Arsenal annual historical review, October 1,
1982, through September 30, 1983. Microfilm RMA196, Frames 1216-1217.

Smith, R. W. 1983, July 22. Fact sheet to commanding general AMCCOM hydrazine
blending and storage prograin status, Rocky Mountain Arsenal. Microfilm RMA023,
Frarne 0516.

Comment 7: Pace 1-24, Section 1.3.2. The text indicates that Shell is a current lessee of
the South Plants facilities. If this statement is incorrect, please amend the
text.

Response: Tile text has been amended to show that Shell's lease on the South Plants
facilities expired in 1987.

Comment 8: Pace 1-27, Section 1.3.3. The text should be expanded to discuss the historic
production and discharge of arsenic-containing compounds in both Army and
Shell manufacturing.

Response: The Army handled arsenic-containing compounds Lewisite and Adamsite. The
manufacture of Lewisite is already mentioned in Section 1.3.1. A statement about the Army's
demilitarization of Adamsite in Building 1611 has been added to Section 1.3.1.
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According to Shell Comrnents #26 and #32 to tile RMA Chemical Index (EBASCO,
1988c/RIC 90326ROI), and the Army's responses to those comments, the only arsenic-
containing compound associated with Shell was a fuel oil in which arsenic was detected.

Comment 9: Page 1-30, Section 1.3.3. Please expand the text to mention the later closure
of tile deep well and to provide specifics on the pump testing program
conducted in 1968 that may relate to well integrity.

Response: Additional information on the well closure and the pumping tests, including a
reference, has been added to the text. Reference for the inforrilation provided is found in the
Final Phase I Contamination Assessment Report Site 26-1: Deep Disposal Well and
Chemical Sewers (Version 3.2), March 1988 (ESE, 1988/RIC 88103RO2). A report on the
1968 pump tests was prepared by Dr. H.K. Van Poollen for the U.S. Corps of Engineers in
January 1969. That report contains specific information and data obtained during the purnp
tests. The purpose of the pumping tests was to determine the feasibility of a full-scale
pumping program and detennine whether removal of fluid from the deep disposal well would
reduce seisi-nic activity in tile vicinity.

Van Poollen, H.K. January 1969. Report of Pumping Tests, Rocky Mountain Arsenal
Disposal Well, September - October 1968. Microýfilrn RMA 145, Frames 0003-0111,
0010-0019.

Comment 10: Pa2e 1-30. Section 1.3.3. Please state the current status of the Denver
Effluent Treatment Facility, constructed by Shell in 1975.

Response: Like other production and support facilities in South Plants, the Denver Effluent
Treatment Facility is currently inactive, and has been since 1982.

Comment 11: Paze 1-61, Section 1.4.1.2. The second paragraph should be expanded to
mention the construction of the Klein Water Treatment Facility oil RMA,
completed in 1989, to treat multisource TCE contamination.

Response: The purpose and construction completion date for the Klein Water Treatment
Facility on RMA have been added to the text in Section 1.3.4.

Comment 12: Paze 2-2. Paraeraph 2. sixth sentence. This sentence states that low levels of
OCPs are found throughout most of RMA. Without any qualifying statement
to indicate what these low levels are, the reader is free to use his own
imagination regarding the significance of these low levels of contamination.
The sarne can be said for the staternent that the contamination covers most of
the arsenal. Some indicafion of the significance of the low levels of
contamination and its areal extent would prevent the reader frorn drawing
erroneous conclusions.
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Response: The text has been modified to indicate the range of contaminant concentrations
detected by the surficial soil program outside of designated site areas. Within designated site
areas the maximum total organic concentration was 920 pg/g on the east side of and near
former Basin F. An exposure assessment of the surficial soils contarnination is being
prepared as part the addendum to the Hurnan Health Exposure Assessment.

Comment 13: Figure RISR 2.1-1. This figure shows the windblown soils as being very
limited, primarily around Basin F and South Plants. This contradicts the
statement made on Page 2-2 (see comment page 2-2, paragraph 2, sixth
sentence) which states that most of the arsenal is contaminated.

The area indicated in yellow also does not include the 1989-1990 surficial
soils data and should be so qualified. We recommend that a similar figure,
drawn from Figure RISR D1.4-1, showing the extent of surficial soils
contarnination be added to this section to avoid an erroneous impression that
the windblown contamination is limited to Sections 26 and 36.

It would be useful if the figure and/or text indicated what concentration levels
were used to delineate the boundaries of the Inferred Windblown and Other
Contamination areas.

Response: See response to EPA Cover Letter Comment 1. Figures RISR 2.1-1, A3.1-1, and
A3.1-2 have been modified to better indicate the extent of surficial soil contamination.

Comment 14: Paee 2-11, Paragraph 1. last sentence. This sentence states that the volume of
soils requiring remediation is based on detections only and may not be
indicative of actual volurnes that will require rernediation. This staternent
requires additional clarification as it leaves open the question of what is tile
value of these volume estimates.

Response: These volume estimates represent first-order approximations of the soil volurnes
that may require remediation. The FS will make refined estimates of the soil volumes
requiring remediation, based on nurnerous factors including data developed by other
programs, the exposure assessment and risk characterization results, and land-use and other
policy decisions.

Comment 15: Plate RISR 2.1-1. This plate is an excellent graphic presentation of the
spatial relationship between the arsenal and the groundwater contamination.
However, this plate should indicate what CRL was used for the preparation of
the contours in the Saturated Alluvium diagram. Without knowing the value
that was used, it is impossible to determine by what standard the extent of tile
groundwater contamination is being measured. It would also be very useful if
the plate identified which contaminants were used to create this plate.
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Response: The Army appreciates EPA's opinion of Plate RISR 2.1-1. No single CRL value
was used to contour contaminant concentrations in the unconflned alluvium. The RI analyzed

literally thousands of samples and many thousands of analyte concentrations from several
different laboratories using several different U.S. Army Toxic and Hazardous Materials
Agency (USATHAMA)-certified methods with different CRLs. Therefore, it would be

impossible to select a single CRL value that adequately presented the analytical results

without undesirable bias. Instead, Plate RISR 2.1-1 as well as all other graphic presentations

of multiple analyte occurrences, incorporates all target analyte concentrations in excess of

their respective CRLs for the sampling period shown. The effect of this approach is
conservative; that is, a positive detection of a single analyte at any given location will be

represented even if all other analytes, including those with more sensitive reporting limits

were below their CRL values. Similarly, ff less sensitive methods did not show detections,

positive results from more sensitive methods would still be shown. For the 1989 Total

Organic Analytes Plume in the unconfined flow system (UFS), all RI target analyte results

(see Section A2.2) were incorporated.

Comment 16: Page 2-14, Section 2.1.2, second to last sentence. This section indicates that
potentially Army agents may be found only in the Army trenches. This
presentation implies that Army agents will only be found in the Army
trenches. Data on the RMA database clearly shows that Army agents have
been detected in several other areas in addition to the Army trenches,
including one lewisite [sic] detection in section 35. Also, the second
paragraph on page 2-16 states that lewisite [sic] was detected in the M-1
settling basins. This sentence needs to be modified to indicate that the
presence of detectable Army agents exists in several areas, not just the Army
trenches.

Response: Please see response to EPA Cover Letter Comment 3. The cited passage does not
indicate that potential Army agent occurrences may be found only in Army trenches. It does
indicate that a potential for Army chemical agent occurrences exists in the Army trenches,
despite geophysical, analytical, and exploratory excavation evidence which did not support the
conclusion that Army agents are present in the trenches. The reported detection of Lewisite
contamination in the M-1 settling basins (site SPSA-le) is also not in contradiction with the
cited passage. Figure RISR 2.2-1 shows areas with a potential for agent occurrences.

Comment 17: Page 2-18, Paragraph 1. last sentence. While the Army has concluded that
the potential for groundwater n-dgration of OCPs from lake sediments should
be reduced due to the proclivity of these compounds to sorb onto soil
particles, this conclusion has not yet been positively demonstrated. A
statement to this effect would serve to avoid misleading the reader.
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Response: The paragraph in question has been revised in response to the U.S. Fish and
Wildlife Service (USFWS) Comment 6. The passage notes that the data from the RMA lakes
"suggests that aldrin and dieldrin are so strongly sorbed to sediment materials that normal

conversion mechanisms may not operate (Cushing, 1990)." Use of the term "suggests" was

deliberate to indicate that this conclusion is a reasonable hypothesis.

Comment 18: Page 2-18, Paragraph 2. last sentence. Please qualify "considerably less."

Considering the volume of contaminated material at the larger sites, the
sewers could still contribute a significant percentage to the volume of the

contaminated soils.

Response: The statement in question refers to ditches, not sewers. The volume estimates in

Table RISR 2.1-1 show that most ditch sites have a few thousand to a few tens of thousands

of bank cubic yards (b.c.y.) of contaminated soil associated with them, while contaminated

volumes associated with lake and pond sites range from under 100,000 b.c.y. to over 400,000

b.c.y. Therefore, the term "considerably less" in this context indicates that the volume of

contaminated soil assigned to ditches is approximately an order of magnitude less than that

associated with lakes and ponds.

Comment 19: Page 2-21, Paragraph 2, last sentence. The word "limited" is incorrect and
should be replaced with "direct." Direct human exposure to the top few
inches of soil is one of the most important exposure pathways.

Response: The passage has been modified to indicate that direct human exposure is

considered an important potential exposure pathway.

Comment 20: Page 2-21, Paragraph 3, first sentence. Please explain what parameters were
used to judge the on-post air quality to be superior to off-post air quality.

Response: The paragraph discussing the relative quality of air onpost and offpost has been

deleted from the text.

Comment 21: Page 2-23, Section 2.2. The detection of Amy agents, as evidenced by data
on the RMA database, includes lewisite [sic] as wen as mustard, contradicting
the Army's position as stated in this paragraph. Please modify the text to
indicate that agents have been detected on the arsenal and the detections are
not limited to mustard only. Furthermore, EPA does not consider agent
detections of 55 pg/g to be insignificant.

Response: The statement that "agents generally have short half-lives when exposed to the

natural elements and, with the exception of mustard that may have been trapped in voids

beneath buildings, are not persistent" is not contradicted by the records on the RMA database.

Agents do generally have short half-lives and, unless protected from the elements, tend not to
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be persistent in the natural environment. The mustard detections on the RMA database are all

at concentrations less than 50 percent of their CRL for the analytical method used (please see

response to EPA Cover Letter Comment 3). Nevertheless, the potential for mustard
occurrences and the presence of a Lewisite detection were previously noted in the text
(Sections 2.1.1 and 2.1.3). The text of Section 2.2 has been modified to include reference to
the data for Lewisite and mustard on the RMA database.

Comment 22: Page 2-24, Paragravh 1. second sentence and Figure RISR 2.2-1 According
to data filed in the RMA database, a lewisite [sic] detection has been noted in
Section 35. This contradicts the Army's statement that the map shows a
worst case scenario. The map does not include this detection in the areal
extent of agent contamination. Please modify the text and the map to
accurately depict the extent of agent contan-dnation.

Response: Please see response to EPA Cover Letter Comment 3. Lewisite detections outside
the M-1 pits (Site SPSA-le) in South Plants, as evidenced by data on the RMA database, are
suspect. The analytical method for Lewisite was known to give false positives, as it is
actually a measure of the presence of acetylene formed by reaction of NaOH with the sample
extract. Analysis of a Phase H sample taken at the location of a Phase I Lewisite detection in
Basin B was negative for Lewisite (Final Phase II Data Addendum, Section 35-UNC,
Nonsource Area, Version 3.1/RIC 87313ROIA). As noted in the previous response, the text
has been modified to include reference to Lewisite detections outside of the South Plants area.

Comment 23: Page 2-30, Paragralph 2. Many spatially related detections involve different
analytes. Differences in analytes are often the results of
degradation/transformation processes. The correlation between various
analytes should be clarified before the detections in the Denver Formation are
said to be "not spatially related."

Response: The text has been revised to refer only to the detections within the Denver
Formation as not appearing spatially related. The spatial relationship between individual
analytes detected in the Denver Formation are not discussed.

Comment 24: Page 2-32, Paragravh 2. This states that arsenic levels in plants near Basin A
were within the range that could produce phytotoxic effects, "however, no
such effects were noted." This statement appears to be in error, because no
plants grow in large portions of Basin A. We submit that significant
phytotoxicity exists, given the lack of vegetation in portions of Basin A and
believe that the statement should be deleted.

Response: Details of the study from which this conclusion was drawn are presented in the
Biota RI Report (Section 3.2.2, Methods; Section 4.3.2, Contaminants in Terrestrial
Ecosystems, and Section 5.3, Contaminant Effects). Section 5.3.2.1 (Effects of Contaminant
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Levels in Terrestrial Plants) of the Biota RI reports that signs of obvious phytotoxicity were
not observed and acknowledges that arsenic may have contributed to the low diversity of
species in Basin A. The high level of disturbance and soil compaction, factors that could also

affect plant species diversity, made this hypothesis difficult to evaluate. The text has been
revised to clarify these points. The statement "however, no such effects were noted" is
correct.

Comment 25: Page 2-30, Paragraph 2. last sentence. This indicates that the degree of

contamination and migration in the Denver Formation are "less than" the

unconfined aquifer. Ibis is not a sufficient statement because the unconfined

system contamination is high and extensive. The last sentence should be
revised to state that "although less than ... the unconfined system,
contan-driation in the Denver Formation is never the less [sic] significant,
given concentrations of up to 10,000 pg/l found in several areas, including
Section 23."

Response: The text has been revised to clarify the range of contaminant concentrations
detected in the confined flow system (CFS).

Comment 26: Page 2-32, Paragraph 4. This section should also indicate that significant
wildlife management practices have been implemented to attract wildlife to
uncontaminated areas of RMA and also to eliminate contan-dnated biota in
contaminated areas.

Response: A statement about wildlife management has been added to the first paragraph of

Section 2.4.
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ENVIRONMENTAL PROTECTION AGENCY'S
COMMENTS ON THE

DRAFT FINAL REMEDIAL INVESTIGATION SUMMARY REPORT
APPENDIX A - ENVIRONMENTAL SETTLING, RI APPROACH,

NATURE AND EXTENT OF CONTAMINATION
MAY 1991

General Comments

Comment 1: This document was well written and generally did an excellent job of

evaluating and summarizing a very large body of data, from a very complex

site.

Response: Tile Army appreciates tile EPA's comment.

Comment 2: The level of investication into contamination of the confined aquifer has

been disproportionately small compared to investigation of tile unconfined

aquifer, since the unconfined aquifer contains the bulk of contamination that
has migrated downward. The potential for remediation of the confined
aquifer should be addressed in the FS.

Response: The Army believes, because of the restricted contaminant migration potential of

the Denver Fon-nation, the typically reduced contaminant concentrations within the Denver

Formation, and the limited potential receptors of Denver Formation contamination, that in

general sufficient characterization of tile Denver Fon-nation has been developed to conduct the

FS. Additional site-specific investigations in limited areas will be considered in tile FS.

Comment 3: The text should be expanded to include a summary of the investigations
performed to date of the LNAPLs, DNAPLs, and/or adsorbed contamination
in saturated soils, rather than focusing on water quality only. The text
should further indicate that additional investication of these contaminants
will be performed as needed during the FS.

Response: Please see response to EPA Cover Letter Comment 6.

Specific Comments

Comment AI: Pne Al-3, partial Para2raph at top of page. last sentence. It is stated that
the highest wind speed recorded as a 1-minute average was 65 rnpli. It is
unclear if this refers to only the time period during the RI activities or tile
maximum ever recorded over a larger historical tirne period.
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Response: The statement is in error and has been revised. The highest windspeed recorded
at Stapleton in the time period of 1951 to 1980 as a 1-n-dnute average was 44 mph from the

northwest.

Comment A2: Page AI-3, last paragraph, last sentence. Even a very brief description of
the Basin F IRA would be helpful here. For example, "An interim response
action (IRA) for Basin F to containerize the liquids and stabffize soils and

sludges in a waste pile was completed in May, 1989." As written it is

assumed that the reader is familiar with the Basin F IRA. At the very least,

a reference to a document with a description of the past Basin F activities
should be included.

Response: The text has been revised. In addition, a summary of the Basin F IRA is
presented in Appendix C and a list of reports pertaining to the Basin F liquids, sludges and

soils remediation are provided in Table C.1-4 of this report.

Comment AI Paae A1-4, first Paragraph, first sentence. Again, a reference, or very brief
description of the purpose of the containment systems would be helpful.
For example, "Three groundwater interception/treatment systems .... are
present at RMA to capture contaminant plumes before they migrate off
post."

Response: The text has been revised as indicated.

Comment A4: Page A 1 -9, Partial paragraph at top of page, last sentence. A word or words
appear to be missing from this sentence. Please amend the text.

Response: The text has been amended.

Comment AS: Page AI-14, Section Al.5.3. Please expand the text to provide more
information on the Confined Flow System production wells in use on RMA,
including their location, depth, pumping rates, contan-dnation levels, and
use(s) of the water.

Response: The word "no" was inadvertently omitted from the last sentence of the second
paragraph on page AI-14. There are no production wells that obtain water from the CFS on
RMA. This is in keeping with the Federal Facilities Agreement which prohibits the use of
groundwater located under the Arsenal as a source of potable water.
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Comment A6: Page A2-12, first Paragraph Are there any instances when criterion 4 was

met, but not criterion 3? If so, the analyte under consideration would not

have been included as a target analyte. Because criterion 4 includes

consideration of the persistence of an analyte, it seems that any analyte

meeting criteria 2, 3, and 4 should have been emphasized.

Response: In general, analytes meeting criteria 2, 3, and 4 were included in the target list.

In addition to inclusion of likely degradation products and manufacturing by-products of

Army agents in the target analyte list, other methods were used to ensure that even those

agents or related compounds that were unlikely to be present would be detected. These

methods include field screening for chemical agent residues during sample collection, RMA

laboratory analysis of all soil samples for chemical agents prior to shipment to the contract

laboratories, and identification of nontarget compounds during Phase I gas

chromatography/mass spectroscopy (GC/MS) soil analysis. The use of these combined

strategies has resulted in a thorough analysis of Army agent compounds at RMA.

Comment A7: Page A2-51, Section A2.2.1, first paragraph, last sentence Were the stream

gaging stations that were installed starting in 1982 all located on post? The

sentence should be rewritten to clarify this.

Response: The stations were installed at on-post locations. The sentence has been modified

to include this description.

Comment A8: Paoe A2-54, first Paragraph To assist the reader in locating the results of

the study, a reference identifying where the results of Task 39 are presented

is needed in this paragraph.

Response: The text has been revised to include a reference for the Task 39 investigation.

The results of Task 39 are presented in the Off-Post Operable Unit Remedial Investigation

and Chemical Specific Applicable or Relevant and Appropriate Requirements Final Report

(ESE, 1988f/RIC 89173ROI).

Comment A9: Page A2-57, first full Paragraph, last sentence As stated, this sentence

detracts from the credibility of the document. This report is using data that

are 2 years old when more recent data exists. If there is a reason that data

collected after 1989 are not discussed, the reason should be stated here.

Response: See response to EPA Cover Letter Comment 7.

Comment A10: Table RISR A2.5-1 This table presents CRLs in animals that are up to an

order of magnitude lower than those used in the Biota RI. For example, the

Biota CMP gives a CRL for aldrin in animal tissue as 0.103 pg/g and the

RISR gives a lower CRL for animal tissue as 0.020 pg1g. The same
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situation is also observed for other compounds listed in the RISR, such as

dieldrin, endrin, DDT, and arsenic. Please explain these discrepancies

between the two documents. This could have a significant impact on the

CMP if the lower CRL presented in this report were applied to the Biota

CMP data. The number of detections would be increased significantly.

This change in CRLs could also impact the confidence of the values used in

the biota model.

Response: See response to EPA Cover Letter Comment 8. It is unclear whether EPA is

referring to discrepancies between the RISR and the Biota RI or the CMP. As previously

stated, the CMP is not a subject of the RISR.

Comment All: Page A3-2, top of page, second sentence. This sentence is incomplete.

Text appears to have been omitted from this sentence. Please clarify so the

meaning may be understood.

Response: The sentence has been corrected to include the words "were used."

Comment A12: Table RISR A3.2-1. This table appears to be in error in that it completely

omits the positive detections of agent, thereby creating the impression that

agents were either not analyzed for or not detected. We recommend that all

agent detections be included.

Response: This comment should probably refer to Table RISR A3.1-1, Summary of

Analytical Results for Soils in Basins and Lagoons rather than Table RISR A3.2-1 Summary

of Detections in Surface Water. The soils data tables are compilations of the information

developed in the RI program for target compounds and significant tentatively identified

compounds. Agent (surety compounds) analyses were not included in the target analytes

reported in the CARs or SARs and, consequently, are not included on the data summary

tables in the RISR. Verification sampling did not confirm most of the reported detections. In

addition, most reported detections were below the CRL value (but, due to the extremely

conservative nature of the surety lab program, were erroneously reported). Finally, most of

the reported detections are suspect due to the susceptibility of the analytical technique to

generate false positives. For further discussion of agent detections, please see response to

EPA Cover Letter Comment 3.

Comment A13: Page A3-6, Section A3.1.1. Since sites are grouped in generic categories, it

is not possible to ascertain for many sites exactly where they fit. Therefore,

we request a listing stating what specific sites (i.e., NCSA-2a, WSA-3e,

etc.) fit into each category. This would help cross-referencing with FS
documents and facilitate use of this RISR.
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Response: Tables RISR 1.2-2 and 2.1-1 in Sections 1.0 and 2.0 provide a lists of the sites

that are included in each site type.

Comment A14: Page A3-31, last Paragraph, sixth sentence. This sentence appears to be
missing depth information. Were the high concentrations of OCPs, DBCP,

and arsenic detected in the uppermost samples or at some greater depth?

Response: Depth information has been added to the sentence. High concentrations

(>10,000 pg/g) of organochlorine pesticides (OCPs), dibromochloropropane (DBCP), and

arsenic were detected in the 0- to 2-ft interval; high OCP concentrations were also detected in

the 2- to 5-, and 5- to 20-ft intervals.

Comment A15: Page A3-73, Section A3.2.1. Please include information on the location and

use of the South Plants sedimentation pond, referred to in this section.

Response: The South Plants sedimentation pond is Site SPSA-12b, which is included in the

Basins and Lagoons site type. The pond was a part of the South Plants process water system

and received overflows and purge water from the cooling tower. The location of the South

Plants sedimentation pond with respect to other surface water features is shown in Figure

RISR A1.5-1.

Comment A16: Page A3-75, tot) of page, second sentence. The word "Table" should be
deleted from this sentence.

Response: The sentence has been corrected.

Comment A17: Page A3-127, first full paragraph, second to last sentence. It is stated that
the total depth of contamination could not be inferred in Sections 22 and 26,
the southeast comer of Section 35, and the NBCS. Further clarification is
needed to explain why the depth of contarrdnation could not be inferred in
these areas. This is one of the data gaps that should be addressed in the FS.

Response: The total depth of contamination could not be inferred in these areas because
organics weir, detected in the deepest wells in these areas. This explanation has been added

to the text. The Amy believes, because of the restricted contaminant migration potential of

the Denver Formation, the typically reduced contan-dnant concentrations within the Denver
Formation, and the limited potential receptors of Denver Formation contamination, that in
general sufficient characterization of the Denver Formation has been developed to conduct the

FS. Additional site-specific investigations in limited areas will be considered in the FS.

Comment A18: Page A3-129, Section A3.3, first paragraph, last sentence. The text states
that ". . . the Structures Survey Report (EBASCO, 1988c/RIC 88306RO2)
below." The word "below" should be deleted.
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Response: The sentence has been corrected to indicate that the results of the programs are
presented in the Structures Survey Report.

Comment A19: Page A3-133, Section A3.3.4. The text states that asbestos was "only
detected in buildings from the South Plants". Does this statement refer only
to the RI Structures sampling effort? EPA has received notification of
asbestos abatement work at other structures than South Plants buildings.

Response: The text has been revised slightly to clarify this point. The statement in the text
refers only to the Task 24 RI Structures sampling investigation. The Asbestos Removal IRA
is currently addressing the need for additional assessment and removal of asbestos at RMA.

Comment A20: Page A3-133, Section A.3.3.5. The annual program of air monitoring in
agent operations buildings is not part of the Air CMP program. For what
purpose is this data being collected? Please provide reference to
documentation on this program.

Response: These data are collected by the Army as part of their internal health and safety
program. Reference to the program has been included in Section A3.3.5.

Comment A21: Page A3-145, Paragraph 2. This states that "similar associations could not
be made for OCPs" at o r trophic levels. It appears that this statement
was prepared without the benefit of the 1990 surficial soils data. If so, it
should be qualified, as it could appear to be misleading.

Response: The information summarized herein is from the Final Biota RI report. Additional
data from CMP, surficial soils, and subsequent programs will be incorporated into the
Endangerment Assessment (EA) and FS documents. The paragraph has been modified to
clarify the potentially misleading statement.

Comment A22: Figures A3.5-1 and A3.5-2.[sic] The units for contaminant concentrations
are incorrect. They should be pg/g of animal tissue rather than Pg/l.

Response: This comment incorrectly references Figure RISR A3.5-1, which does not present
any contamination concentrations, and should refer to Figure RISR A3.5-3 as well as Figure
RISR A3.5-2. Both Figures RISR A3.5-2 and -3 have been corrected.
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ENVIRONMENTAL PROTECTION AGENCY'S
COMMENTS ON THE

DRAF17 FINAL REMEDIAL INVESTIGATION SUMMARY REPORT
APPENDIX B - VERTICAL EXTENT OF GROUNDWATER_

CONTTAMINATION IN THE DENVER AQUIFER
MAY 1991

Specific Comments

Comment B1: Patie B-1, first yarami)h, second and fourth sentences. The text should
specify ranges of values for "low" hydraulic conductivities and well yields
or at least refer to that part of the document where these characteristics are
discussed. It would also be informative to state that hydraulic conductivity
and well yield are "low" with respect to values measured for the alluvial
aquifer. Tile use of the term "low" is very subjective and may rnean
different things to different readers.

Response: The estimated ranges of hydraulic conductivities for tile Denver aquifer
sediments, a comparison to hydraulic conductivities, and a reference to the sections in
Appendix A that include more detail regarding this information have been added to the text.

Comment B2: Page B-6. Section B.2.2. This section discusses how data were selected for
inclusion in the VEC data base. Only one value was selected for each well.
However, a review of any temporal trends, as appropriate, would also be
helpful to characterize the vertical extent of contamination. If tile data are
insufficient to evaluate temporal trends, the text should clearly explain this.

Response: A review of temporal trends was conducted in selecting tile values for the
Vertical Extent of Contamination (VEC) database. Please note the discussion in
Section B.2.3, Data Evaluation Criteria.

Comment B3: Pages B-7 and B-8. fifth, sixth, and seventh bullets. The values comprisingCý
the category A, B, and C exclusions should be briefly discussed in tile text.

Response: A brief discussion of the categories A, B, and C exclusions has been added to tile
text. The number of detections, ranges of values, and dates of samples for each category are
discussed.

Comment B41: Paee B-10, second T)araE!raT)h. last sentence. The text states that Table RISR
B.3-1 lists the organic analytes summed for the total organics maps. DIMP
is supposedly mapped separately, yet this compound is listed on the table.
Please clarify whether the total organics maps also include DIMP.
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Response: A sentence has been added to the text to clarify that
diisopTopy1methylphosphonate (DIMP) is also included on the total organics maps.

Comment BS: Paae B-11, second paragraph, fourth sentence. To someone not intimately
familiar with past RMA analytical practices, this statement is not clear. A
clear explanation of how the CRL's [sic] have varied would help the reader

to understand why such a map would be misleading.

Response: An explanation that CRLs have varied by up to three orders of magnitude has

been added to the discussion of CRLs in Section B.2.1, where they are first discussed in

Appendix B.

Comment B6: Page B-17, Section B.3.1.2. Possible explanations for dissimilar
contamination distributions between the unconfined flow system and the
Denver aquifer should be provided in the text. For example, why would
organics be detected in Section 22 in the Denver aquifer at a depth of 106
feet below the alluvium-bedrock contact and not in the overlying unconfined
flow system? Such explanations should also be provided for similar
observations noted in Sections 3.2.2., 3.4.2 (Fluoride - why higher in the
Denver aquifer?), and 3.5.2 (Chloride - why higher in Denver aquifer?)

Response: Based on minutes of the June 28, 1989 Water Assessment Working Group
Subcommittee meeting on the Vertical Extent of Groundwater Contamination at RMA, the
Army and the organizations and State agreed that a migration mechanisms analysis was
difficult to perform on a regional basis, and that the results of this study (Vertical Extent of
Groundwater Contan-dnation in the Denver Aquifer) would be integrated into the FS in order
to determine what additional investigations or analyses may be required. Additional
information regarding Well 22002 has been added to Section B.3.1.2 of Appendix B.
Speculation regarding higher concentrations in the Denver aquifer than in overlying UFS
groundwaters is presented here.

Generally, contaminant concentrations in groundwater decrease with depth throughout most of
RMA. Locally, contaminant concentrations in the Denver aquifer may exceed those found in

the overlying UFS. Two possible explanations for these local reversals in contaminant
concentrations are related to the dissimilar average linear flow velocities between the two
aquifers and the unequal degree of dilution within each aquifer. Groundwater flow rates are
considerably faster in the UFS than in the underlying Denver aquifer. In addition, conditions
at many contaminant sources have changed markedly over time, as have hydrologic conditions
within the UFS. In each of the instances noted by the EPA, it appears that contaminants
detected in the Denver aquifer may represent "relics" of contaminant plumes that have passed
by in the UFS. Following the introduction of contaminants into the UFS and Denver aquifer,
contaminant rnigration has proceeded at a much greater rate within the UFS than in the
Denver aquifer. Over time, many former sources of contamination have been eliminated or
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so altered that the mass of contaminants entering groundwater from thern has been greatly

reduced. In addition, the groundwater head pressures driving contaminant migration fi-oill

sources such as basins and ditches has in most areas declined dramatically or ceased

altogether. Consequently, there are areas through which the highest concentrations of

contaminant plumes have passed, and less contaminated groundwater is now present.

Contaminant plumes have also become diluted to some extent by dispersion, rrýxing with

uncontaminated or less contaminated groundwater, and the infiltration of uncontaminated or

less contaminated water from precipitation, surface water bodies, and possible water facilities

leakage such as fire systems, potable water systems, and sewer systerns. In the Denver

aquifer concentrations of contaminants introduced when concentrations were much higher in

the overlying UFS have not had tirne to attenuate to lower levels and may, therefore, reflect

the higher concentrations present in the UFS in the past. In addition, in sorne areas such as

the South Plants and the North Boundary Containment Systern (NBCS) contaminants probably

become diluted as they migrate from low porosity alluvial and Denver Fon-nation sediments

into more porous and permeable alluvial materials.

Comment 1137: Paee B-18, Section B.3.2.1, third parnraph, last sentence. This sentence

appears to be out of place with respect to tile discussion of North Plants. It

appears to contradict the previous paragraph and Figure B.3-6 which shows

DIMP in the 50 to 100 foot depth interval existing near Basin C.

Response: The sentence in the text is incorrect; it has been changed to reflect that no wells

in the immediate area of North Plants are completed below the 0- to 50-ft depth interval.

Comment B8: Paee B-20. third paraeraph, first sentence. Text should say "calculated
mean background fluoride concentration."

Response: The sentence has been changed to describe tile calculated mean background
fluoride concentration.

Comment B9: Pace B-24. Section BA second paracraph, third sentence. Some
explanation for tile "unexpectedly high frequency" of OCPs in the Denver
aquifer should be provided. Also, in this paragraph is the first discussion of
individual analytes in the Denver aquifer. Without distribution rnaps for
individual compounds or at least for classes of organic compounds,
discussion of their distribution is difficult to review. If these figures cannot
be provided in this document, a reference to where they may be found
should be provided.

Response: Possible explanations for the frequent detections of OCPs have been added to tile

text. References to maps showing the recent distribution of individual contaminants have

been added to the text. These references include tile 1989 CMP ground-water report (RLSA,

1990) and the Water Remedial Investigation Report (EBASCO, 1989).
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Comment B10: Page B-24, Section BA General Comment. A more expanded discussion of
why contaminant concentrations are typically lower in the Denver aquifer
and why concentrations typically decrease as depth increases should be
provided in the text. This discussion should address both hydrogeologic and
chemical factors.

Response: The text of Section BA has been expanded to include a discussion of processes
acting on contaminant concentrations in the Denver Formation.

Comment B11: Page B-28, Section B.5.1, second paragraph, last sentence. The meaning of
this statement is unclear. How do the high concentrations in the upper
Denver aquifer relate to the poorly characterized migration mechanisms?
Further explanation should be provided.

Response: Tile sentence has been clarified by deleting reference to migration mechanisms.
For further discussion of possible relationships, please see response to EPA Specific Comment
B6.

Comment B12: Page B-30, first Paragraph. Is tile conclusion therefore that the vertical
extent of contamination in the Basin A area has not been defined?

Response: Tile conclusion that the vertical extent of contamination has not been defined in
the Basin A area has been added to the paragraph. The Army believes, because of the
restricted contaminant migration potential of the Denver Formation, tile typically reduced
contaminant concentrations within the Denver Formation, and the limited potential receptors
of Denver Formation contarni nation, that in general sufficient characterization of the Denver
Formation has been developed to conduct the FS. Additional site-specific investigations in
limited areas will be considered in the FS.
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ENVIRONMENTAL PROTECTION AGENCY'S
COMMENTS ON THE

DRAFT FINAL REMEDIAL INVESTIGATION SUMMARY REPORT
APPENDIX C - INTERIM RESPONSE ACTIONS, VERSION 2.3

MAY 1991

General Comments

Comment 1: This appendix provides a brief synopsis or overview of the various IRAs at
RMA and their status. The appendix could be greatly improved by
providing reference to the Joint Administrative Record and Documents
Facility (JARDF) where documentation can be found on items such as
action levels in various media, treatment levels and effluent concentrations,
and summary schematics of the IRA irnplementations (including ground-
water extraction and injection, treatment process flow diagrams, etc.).

Response: A reference indicating that IRA documentation may be obtained at the JARDF,
located at RMA, has been added to the text.

Specific Comments

Comment Cl: Paae C-44. first full Paragraph Tile proposed action for the South Tank
Farm Plume Hot Spot IRA is not indicated in the text. Please correct this
omission.

Response: The text has been revised to indicate that groundwater monitoring was the
alternative selected for the South Tank Farm Plume Hot Spot IRA. For further details see the
Final Decision Document (MKE, 1991) and tile Draft Implementation Document for this IRA.

RIC 91122RO2
MKE, 1991. Final Decision Document for Other Contamination Sources, IRA South Tank

Farm Plurne.
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ENVIRONMENTAL PROTECnON AGENCY'S
COMMENTS ON THE

DRAFT FINAL REMEDIAL INVESTIGATION SUMMARY REPORT
APPENDIX D - OTHER SPECIAL INVESTIGATIONS, VERSION 2.3

MAY 1991

General Comments

Comment 1: This appendix lacks any discussion of soil sampling QA/QC procedures.
Since that is discussed in another document, the section and report should
be referenced in this document.

Response: Soil sampling procedures for the surficial soils investigation are presented in
the Final Surficial Soil Investigation Data Summary, Version 3.1 (EBASCO, April 1991/RIC
91121ROI). Soil sampling procedures for the ground disturbance investigation are presented
in the Final Ground Disturbance Investigation Data Summary, Version 3.1 (EBASCO, August
1990/RIC 90247ROl). Laboratory analysis and data validation QA/QC programs followed
during these investigations are described in the Procedures Manual to tile Technical Plan,
Volume II (EBASCO, 1985/RIC 86241/RO2), and in the Chemical Quality Assurance Plan
(PMRMA, 1989).

Comment 2: Although the text on page D2-24 indicates that QA/QC personnel
detennined that two lots of ICP metals should be rejected, the criteria and
methods used for this determination should be described or referenced.

Response: Tile text has been revised to indicate that the criteria used for determining
acceptance or rejection of the two lots of inductively-coupled plasma analysis (ICP) metals
are described in Section 7 of tile Chernical Quality Assurance Plan, Version 1.0 (PMRMA,
July 1989).

Specific Comments

Appendix DI - Surficial Soils Investiution

Comment D1: Paee DI-1. paragraph 2. third to last sentence. Please state when this
surficial soil sampling program was conducted.

Response: Surficial soil samples were taken in the first two weeks of October 1989.

Comment D2: Pace DI-I, paraaraph 2, last sentence. Please identify when the summary
report described in the text will be prepared.
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Response: The text has been modified to state that the Surficial Soil Data Summary Report
was released in April 1991.

Comment D3: Page DI-2. Ficure RISR D1.1-1. Please include the sample identification
numbers on this surficial soil sample locations rnap. The results of the
analyses shown in Table RISR DIA-la and 2a (beginning on page DI-16)
are of limited value without a map indicating where the individual samples
were collected.

Response: Sample identification numbers have been included in Figure RISR D1.1-1.

Comment D41: Paee DI-3, paracraph 3, sentence 4. The text mentions that areas
downwind frorn Basin A are being monitored and that "dust suppressants
will be reapplied on an as-needed basis." It would help to provide reference
to the JARDF where docurnents containing further infon-nation on this IRA
may be found.

Response: The text has been revised to include a reference to the JARDF.

Comment D5: Pace DI-4. Section D1.3, paraaraph two, sentence 2. Please explain how
one sample was accidentally destroyed.

Response: The jar containing sample SS30095 was accidentally dropped and broken by lab
personnel before an analysis could be performed.

Comment D6: Pa2e DI-8, Paragraph 1. This states that dieldrin has a half-life of 7 years
7-
in soils while aldrin has a half-life of 4 to 5 years in soils. We are unaware
of any scientific data which supports this conclusion. Please note that this
statement is at substantial variance with the document titled Position Paper
on the Dearadation of Contaminants of Concern at Rockv Mountain Arsenal
(EBASCO, 1991) which indicates a possible range of half-lives for aldrin up
to 10 years and 46 years for dieldrin.

Therefore, we recommend that this statement be revised to indicate that the
possible range of half-lives for aldrin and dieldrin is quite wide, subýject to
much uncertainty, and varies substantially whether field or literature values
are considered.

Response: We agree that the disappearance rate of aldrin and dieldrin are expected to vary
greatly based on soil and environmental factors. The text has been revised as recommended.
However, some studies on the disappearance of dieldrin in agricultural soils have found a
half-life of 7 to 12 years (Nash and Woolson, 1967; Nash and Harris, 1973; Freeman et al.,
1975). These studies were performed in soils and climates differing from RMA and the
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results are not directly applicable, but the results do provide an order of magnitude estimate

of the disappearance rates of these compounds.

Nash, R.G. and E.A. Woolson. 1967. Persistence of Chlorinated Hydrocarbon Insecticides in

Soils in Science, Volume 157, p. 924-927.

Nash, R.G. and W.G. Harris. 1973. Chlorinated Hydrocarbon Insecticide Residues in Crops

and Soil. In: Journ. Environ. Quality, Volume 2, No. 2, p. 269-273.

Freeman, H.P., A.W. Taylor, and W.M. Edwards. 1975. Heptachlor and Dieldrin

Disappearance from a Field Soil Measured by Annual Residue Determinations. In: Journ.

Agric. Food Chem., Volume 23, No. 6, p. 1101-1105.

Appendix D2 - Ground Disturbance Investization

Comment D7: Page D2-24, first three paragraphs. The criteria used for assessing quality
control and quality assurance of the sample results should already be
specified elsewhere. Please provide reference to that documentation.

Response: Please see the response to EPA's Appendix D General Comment 2 above.
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ENVIRONMENTAL PROTEMON AGENCY'S
COMMENTS ON THE

DRAFF FINAL REMEDIAL INVESTIGATION SUMMARY REPORT
APPENDIX E - CONTAMINANT FATE AND TRANSPORT, VERSION 2.3

MAY 1991

General Comments

Comment 1: In general, this appendix is well written; explanations of contaminant
pathways and natural processes that affect the contaminants of interest are
concise, correct and inclusive, with the exceptions noted below.

Response: The Army appreciates the EPA's comment.

Comment 2: Since the material presented in Appendix E-2 appears to be identical to
material provided in recent parameter data packets, all EPA comments on

the parameter data packets are hereby incorporated by reference.

Response: The parameter data packets refen-ed to by EPA are part of the Risk
Characterization program. Responses to comments regarding that program are not part of the
RISR. EPA comments on the referenced data packets that may have relevance to the
information presented in Appendix E have been considered in preparation of the proposed
final RISR. The information presented in Appendix E2 is provided only to inform the reader
of the physical and chen-dcal properties that influence contaminant mobility, transport
mechanisms, and effect the ultimate fate of the contan-dnants. The information and data
presented in Appendix E2 are representative values obtained from EPA and other sources, as
indicated in the footnotes of the various data tables in this section. The narrative discussions,
data presentation formats, and data sources cited differ in many regards from those in the
referenced data packets. Due to the range of reported values in the literature for the various
parameters presented in Appendix E2, the data values, while similar, are rarely identical to
those in the data packets. In addition, the purposes for which the data were compiled differ.
As noted above, the RISR provides this information for general informational purposes only.
The parameter data packets will be used where applicable in all EA and FS analyses.

Specific Comments

Comment El: Page E-46, parazmvh 3 The Henry's Law constant does not relate vapor
pressure (as defined in paragraph 2, same page) with aqueous solubility. By
definition, Henry's Law is valid for dilute solutions and the vapor pressure
of a compound is related to a pure solution of the compound. The term
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vapor pressure should be deleted in this paragraph and a definition of
Henry's Law (as used in this appendix) should be included.

Response: The text has been modified accordingly.

Comment E2: Pace E-77, Paragraph 3. This paragraph indicates that hydrazines and
nitrosamines "were not detected." Please note that 1986 data in the RMA
database show positive detection, while analytical work performed in 1988-
1989 had exceedingly high detection levels. Therefore, we recommend that
the statement be revised to indicate that the sampling yielded inconclusive
results.

Response: The text has been modified to clarify that USATHAMA-certified analytical
methods for the hydrazines were unavailable during the RI program. Additional
characterization of the hydrazine blenaing and storage facility (HBSF) is being conducted
(HLA, 1991/RIC 91222ROl). Information developed by this investigation will be considered
by the FS.

Reference: HLA, 1991, July 15. Final Letter Work Plan for the Hydrazine Blending and
Storage Facility Groundwater Investigation (RIC 91222ROI).

Comment E3: Pne E-81, Paragrai)h 4 This paragraph indicates that the half-lives for
OCPs range from I to 15 years. This appear [sic] to be in error. Please
refer to EPA's specific comment for page D1-8, paragraph 1, of this report.
At a minimum the upper end of the range may extend to 46 years.

Response: The text has been revised and a reference to die document cited by EPA in the
referenced comment has been included.

Comment E4: PaLle 82, Section E3.2.14. A discussion of the arsenic oxyanions should be
included in this section. Also a discussion of the mineral phases of arsenic
(such as scorodite) that may influence the fate of arsenic in the soils and
groundwater at RMA.

Response: The arsenate and arsenite oxyanion species, which are the forms of arsenic likely
to be present at RMA, are already featured in this section. A discussion of solid phase
equilibria has been added.

Comment E5: Paze E- 119, Section E5.4. This section omits any indication that actual
agents (mustard, lewisite, [sic] etc.) were actually positively identified. We
recommend that the database be searched for agent hits and a summary be
presented. We also recommend that the first sentence be revised to indicate
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agent detections. (See our earlier comments on Volume 1, pages 2-14, 2-
23, and 2-24, and Appendix A, Table RISR A3.2-1.)

Response: The database has been reviewed, and a review of the reported agent occurrences
in soils is summarized in response to EPA comments on Section 2 of this report, specifically
EPA Cover Letter Comment 3. Some reported agent occurrences were investigated by
collection of additional field samples, and no agent occurrence was verified by these data.
Occurrences within the areas shown in Figure RISR 2.2-1 were not typically field-verified;
however, many reports of their detection within the areas shown in Figure RISR 2.2-1 are
considered suspect. Inclusion of these reported occurrences in the RMA database does not
indicate positive identification in all cases for these compounds. The Army continues to
routinely monitor for agents where appropriate as a health and safety precaution during the
conduct of on-site activities.

Comment E6: Page E-136, Paragraph 1. The suspected background concentration of
arsenic Should be included in this paragraph, along with reasons for
selecting the value and references used in the decision.

Response: The paragraph referred to is a discussion of arsenic in groundwater. Background
concentrations for arsenic in groundwater have not been established at RMA. The text has
been edited with respect to background concentrations of arsenic in soil.

Comment E7: Page E-137, Paragraph 4. The same comments as above (page E-136,
paragraph 1) also apply to Cd, Cr, Cu, Pb, and Zn.

Response: The text has been edited with respect to background concentrations of cadmium
(Cd), chromium (Cr), copper (Cu), lead (Pb), and zinc (Zn) in soil.
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Appendix F2

Responses to the
Colorado Department of Health's
Comments on the Draft Final
Remedial Investigation Summary Report,
Version 2.3

Remedial Investigation Summary Report



July 1, 1991

Mr. Kevin Blose
Rocky Mountain Arsenal

COLORAW Building ill

1) 1; P A RT N1 F NT Commerce City, CO 80022-0116

OFAHEALTH

Re: State Comments Draft Remedial investigation

ROY row.R 
Summary Report

fiamom

)CM. KMV; Dear Mr. Blose:
Umm

Enclosed are State Comments on the above-referenced

document. We have not reiterated past comments 
on the

Cokrok, 022n-3716 Study Area and Media reports in this submittal; nor have
1~ (303) 320-1133 we repeated our previously transmitted regiiests for data

UkhA 1400M gap rectif ication. Those comments and proposals are

It"5617AMWI merely incorporated by reference. We look forward to

meetings in the near future to discuss Army responses to

those requests.

Ito "N"Wal Rom hW1anVTkWW
Ov'Vi M3433" The State is concerned about information contained

re.4418MUMOMM in Appendix B regarding the vertical extent of

contamination. It appears from the report that ground

water contaminants exceeding State and/or Federal

standards are migrating of f the Arsenal in the Denver

Formation, for example, chloride migrating 
from Section

23. The State believes an evaluation must be 
performed

to characterize all chemical plumes migrating around and

beneath the boundaries. A technical meeting is necessary

to discuss alternatives to minimize these 
contaminants.

We note also that the Remedial Investigation 
is

merely a summary of prior, more detailed 
data reports.

Therefore, in assessing risks posed by 
the site, or in

developing remedial alternatives, this report must not be

relied upon to the exclusion of such other more complete

information.

if you have any questions regarding the attached comments,

please call.

incere

J f PrV n
P 0
roject. Manager

Hazardous Materials and Waste

Management Division

Enclosure



cc: Vicky Peters, AAG
Bradley Bridgewater, Esq.
Bill Clemmens, Esq.
George Roe
Edward J. McGrath, Esq.
Connally Mears, EPA
Maj. John Fomous
Janet Yanowitz



COLORADO DEPARTMENT OF HEALTH'S COMMENTS ON THE DRAFr FINAL
REMEDIAL INVESTIGAnON SUMMARY REPORT

JULY 1991

General Comments

Comment 1: The State has previously transmitted extensive comments regarding its
perceived data gaps in the Army's Remedial Investigation (RI). These

comments were subn-dtted in response to the six study area draft reports (Data

Gaps for The North Plants Study Area will be forthcoming), and in response
to the Draft Final Task Plan Feasibility Study Data Collection. To the "tent

they have not been previously addressed, those comments are hereby
incorporated by reference. We look forward to resolving these matters in the

near future.

Response: Responses to the comments on the six study areas referred to by the State are

included at the end of Appendix F of the Proposed Final RISR. Comments on the North

Plants Study Area had not been received at the time these responses were prepared.
Responses to the comments on the Phase I Feasibility Study Field Data Collection Program
Draft Final Task Plan will be transmitted under separate cover to the organizations and State.

Responses to the State's North Plants comments will also be transmitted under separate cover.

Comment 2: The document should clearly acknowledge that it constitutes only a summary
of more detailed information that has previously been compiled in the various

contan-dnation assessment reports, study area reports, and media reports. In
assessing risks posed by contamination at the site, and in screening and
developing alternatives for remediation, the most complete and current data
sets should be utilized, including the Comprehensive Monitoring Program
Reports.

Response: The RISR does acknowledge that it constitutes only a summary of more detailed
information that has previously been compiled in various CARs, SARs, and media reports.

For example, see Executive Summary, p. xxxv, and Section 1.0, pp. 1-1 and 1-3. Results of
the CMP are not summarized in the RISR because they are not part of the RI. However, all
relevant data sets will be considered in assessing risks and developing final remedial
alternatives.

Comment 3: Many of the conclusions expressed in the RISR are contradicted by data
subsequently gathered as part of the various Comprehensive Monitoring
Programs (CMPs). See e.g. State Specific Comment 29 regarding biota.
Therefore, conclusions contained in the RISR must be confirmed by CMP
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data; where such data clearly indicate that RISR conclusions are erroneous,

appropriate modifications should be made.

Response: The Army has responded to all specific comments raised by the State. The Army

disagrees with the State's contention that many conclusions expressed in the RISR are

contradicted by data subsequently gathered as a part of the CMP. The CMP was designed to

expand and enhance data developed in the RI program. However, the CMP is not a subject

of the RISR. Please see the responses to the State's General Comment 2 and Appendix A

Specific Comment 29, and the EPA's Cover Letter Comment 7.

Structures

Comment 4: The additional sampling information for six buildings in the North and South

Plants, sampled for mustard and sarin, should be included or referenced in the

Final RISR. The results are sunu-narized in Sampling and Monitoring
Operations for Mustard (HD) and Sarin (GB) [sic] (Tennessee Valley

Authority, undated, approximately 1990).

Response: The additional sampling refer-red to by the State was conducted by the Tennessee

Valley Authority (TVA) in the Fall of 1989 to monitor and sample for the chemical agents

mustaTd and GB in selected buildings in the North Plants and South Plants. That program

was not part of the RL Samples were collected from within closed process vessels and piping

systems. All sampling points were sealed after samples were obtained. The results of that

investigation are presented in Sampling and Monitoring Operations for Mustard (HD) and

Sarin (GB) at Rocky Mountain Arsenal (TVA,1990/ RIC 91064ROI). The RI has always

considered the structures associated with chen-dcal warfare agents to be agent contarninated.

The supplemental information collected by TVA is being considered in the FS.

Comment 5: The Army made the following recommendations for further study of
structures on p. 42 of its Proposed Final Volume 1, Summary of Results
Structures Survey (Ebasco, September, 1988):

"In the course of this survey, many tanks, pieces of process
equipment, and pipe runs that may have contained contan-driated
liquids or residues were observed and documented. Prior to any
decontamination planning or program, these vessels should be
sampled."

The Army also states on p. 32 of Volume I of the Structures Survey that 54
structures were found to contain process equipment. Of these, process
equipment in six buildings in the North and South Plants have been sampled
for mustard and sarin, as reported in Sampling and Monitoring Operations for
Mustard (IHD) and Sarin (GB) at Rocky Mountain Arsenal (Tennessee Valley
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Authority, undated, approximately 1990). However, the RISR does not
indicate that any additional sampling of process equipment has been carried

out in Arsenal structures. Such sampling is necessary to determine the nature
and extent of contamination in those buildings and to develop and screen
potential remedial alternatives.

Response: Please see the response to the State's General Comment 4 above regarding the six

buildings referred to. The RI has always considered as a worst-case approach that all

buildings containing process equipment are contan-dnated. Limited sampling in the RI

verified this approach (see Appendix A3.3). The FS is using this worst-case approach and

also evaluating additional sampling of buildings as appropriate to refine this approach. The

Structures Sampling and Analysis Programs are being developed to support subsequent

remediation.

Biota

Comment 6: Reliance on the data for the seven major contaminants of concern to describe

the total nature and extent of RMA biota contamination is grossly inadequate.

As can be seen from Tables 4.1-2 through 4.1-6 in the Biota Remedial
Investigation Final Report (May 1989), at least 12 other compounds with
known toxic properties have been identified in RMA biota at elevated levels.
Presence of these compounds was not evaluated as part of the RI, and the
extent of their influence is unknown.

Response: Data on the seven major contaminants of concern (COCs) provided only a portion
of the data used to describe the nature and extent of contamination in biota on RMA. Thirty-

two additional COCs to biota were identified and addressed in the Biota RI. Chemicals not
analyzed in biological tissues included those that (1) would not be expected to occur in
biological tissues at predictable concentrations due to depuration or metabolism, (2) chemicals
for which there was no information relating concentrations in tissues to adverse effects, or
(3) chemicals which had extremely limited known areal extent on RMA. These chemicals
and others that met the criteria provided in the Biota RI for being COCs for biota were
addressed by means of toxicity assessments. These assessments included information on the
types of contaminant-related effects and other pertinent information used to characterize the
nature of each contaminant.

All contan-dnants listed in Tables 4.1-2 through 4.1-6 of the Biota RI Report were evaluated
in the Biota RI with respect to their toxicity, environmental persistence, and areal extent in
abiotic media. The extent of influence of the chemicals that were considered COCs for biota
was based on the spatial extent of the contaminant in the abiotic source media to which biota
were potentially exposed.
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Comment 7: The Draft RISR contains many generalizations and interpretations regarding
contaminant transport behavior without supporting such conclusions with
adequate Remedial Investigation data. For example, Table RISR A3.5-1
contains the category heading "detritivores" when making inter-trophic level
comparisons. One genus of detritivore was sampled at two different
locations-an insufficient survey on which to base categorical conclusions.
Such generalizations should be deleted from the text or explained with
qualifying language regarding the sparsity of data.

Response: The conclusions presented in section A3.5 are based on the findings of the RI
program - they are not represented as "categorical." The text in section A3.5.1 noted that
"the numbers of detections were variable and sample sizes were small." The text on page
A3-148 of the proposed final has been modified to clarify these points.

Comment 8: Section 3.5 [sic] of the Remedial Investigation Report [sic] makes several
references to the Army's inability to make more than general correlations
between biota contamination and soil, water, and sediment concentrations (e.g.
second paragraph on page A3-145). The Army is correct not to assume
greater certainty regarding these relationships; however, it is equally
inappropriate to use these same data as a basis for calibration and validation
of the Ecological Risk Characterization models. The fact that Biota RI data
are not appropriate for more than general correlation between animals and
soil/sediment should be conveyed to the members of the Endangerment
Assessment Subcommittee.

Response: This comment appears to refer to section A3.5 of the Remedial Investigation
Summary Report. The Army appreciates the State's concurrence with its approach of not
assuming greater certainty than is justified by the data. The text on page A3-145 has been
modified to note that the correlations referred to by the State were based on data available at
the time the Biota RI report was prepared. Section A3.5 refers to information from the Biota
RI which identifies the sources of uncertainty associated with correlating concentrations of
contaminants in biota and soils. These sources include mobility of organisms, inability to
sample biota at the exact location where soil sampling was conducted (e.g., areas without
appropriate habitat), and the fact that soil sampling composited samples over depth levels
greater than those to which biota were reasonably exposed. These data constitute only a
portion of the data that are being used for calibration and validation of the pathways model.
Additional sources of data include the Phase 11 soil surveys, surficial soils studies, and
collocated samples (shallow soils and sedentary biota) collected as part of the CMP which
should substantially reduce the uncertainty in correlating soil and biota concentrations. The
remaining uncertainty is being addressed by using parameter distributions and appropriate
accepted statistical procedures, to the extent feasible. The recognition of uncertainty in the
Biota RI led to some of the additional investigations that has reduced uncertainty, and has
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already been discussed in meetings of the EA Subcommittee. All relevant information will be

considered by the EA.

Air

Comment 9: Since completion of the Air Remedial Investigation Final Report (August,

1988) (Air Final Report) several years of Comprehensive Monitoring Program

(CMP) air quality data have been collected. The report does not mention this

fact except in the case of PM10 monitoring. Since the RI PM10 data

recovery was inadequate, the report states that CMP data will be used to

supplement it. In fact, a similar problem exists for meteorological data. The

RI only presents three months of on-site data. As a result, the Air Final

Report [sic] relies primarily on Stapleton Airport data. On-site data are,

however, preferable. The CMP and the Basin F IRA monitoring provide

several years of on-site data, at various Arsenal locations. These local data

should be used for future CERCLA products such as feasibility studies and

risk assessments.

Response: We believe that Stapleton Airport meteorological data are adequate to support the

FS. On-site data will be used in the future as available and appropriate. The RISR is a

summary of the RI findings, hence CMP results are not generally summarized in this report.

However, all relevant data will be incorporated into FS evaluations.

Comment 10: The State also has concerns about the Air RI Final Report "high event"

sampling. The number of sampling events were limited, and the air

monitoring instruments were frequently located upwind of the pollutant

sources due to an inability to predict wind directions. The CMP continued

the same data collection strategy. Although the CMP monitoring frequency
for Volatile Organic Compounds (VOC's) and Semi-Volatile Organic
Compounds (SVOC's) is not sufficient, these additional data are valuable, and

should be referenced here. Furthermore, the State recommends increased
frequency in monitoring at set stations to increase our understanding of high

wind events.

Response: Wind directions are obviously variable, and it is impossible to always locate

sampling locations downwind of future events. However, given this variability, the Army

believes the data collected in the RI and CMP are sufficient to support the FS. Supplemental

information was collected in addition to the CMP. The Basin F Interim Response Action

MU-F) Air Monitoring programs included a 6-day sampling schedule for VOCs and SVOCs

around Basin F, and a 12-day sampling schedule for total suspended particulates (TSP),
respirable particulates (PM-10), metals, arsenic, and mercury. The CMP was revised in 1991

to include a 6-day VOC and SVOC sampling around Basin F and three sites at the RMA
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boundary, and conformed to the same sampling schedules. The Army will consider all

available data when developing remedial alternatives.

Comment 11: There are other documents that summarize the CMP and Basin F IRA Air

Monitoring data. This information need not be reproduced in total for the

RISR; however, when evaluating remedial actions and risk assessments for

various Arsenal areas, the Army should take into consideration all data

previously coRected in each respective area.

Response: As previously noted, the RISR is a sunu-nary of RI results. CMP investigations

are not summarized in the RISR. All available and appropriate data are considered by both

the EA and the FS.

Comment 12: Since the Air RI Final Report was completed, the configuration of Basin F

has changed. Emission rates from the waste storage units (the waste pile,

ponds, and tanks), have not been established. This information is necessary

because the "baseline" situation has now altered. The assessment of future

remedial actions will be based on the present status of Basin F, rather than

the structures of several years ago.

Response: Emission rates from the Basin F Waste Pile vents were estimated under the

IRA-F program in 1990. Results of the IRA F programs wiH be presented in the IKA-F Air

Quality Monitoring Program Final Report (forthcoming). The baseline ambient air situation is

being monitored under the current CMP.

Comment 13: The Army has not adequately characterized air emissions from the Basin F

Interim Response Action structures. Concurrent canister samples and flowrate

measurements must be taken from each hazardous waste management unit

once per month, and HNU and OVA readings must be performed regularly to

identify vent emissions. Flux box monitoring for volatile and sernivolatile

organic compounds in the waste pile and restored basin must be performed

once per quarter.

Response: The monitoring done by the Army adequately characterizes air emissions from the

former Basin F area. Under IRA-F the real-time flame ionization and photoionization

detector (HNu PI-101 and OVA 128-GC) readings were collected monthly at the waste pile,

tanks, and Pond A vents through September 1990 and quarterly thereafter. Three separate

canister sampling events were conducted at the waste pile vents during 1990. Three separate

flux-box sampling events were conducted in 1990 including both the waste pile cap and the

restored Basin F floor. Data collected under IRA-F wiH be presented in the IRA-F Air

Quality Monitoring Program Final Report (forthcoming).
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Comment 14: The RISR does not include an air emissions inventory for the Arsenal. Prior
to the initiation of remedial actions, the present air emissions of the areas to
be remediated need to be established. These emissions are important for
conducting a baseline risk assessment for the required "no action" alternative,
and to determine combined air impacts of the various Arsenal emissions. The
inventory should include waste storage structures, and fugitive emissions from
contaminated soils. The inventory should also include emissions from interim
response action sources.

Response: Conducting an air emissions inventory at RMA prior to the initiation of remedial
activities would not be a cost effective use of resources. An ambient air monitoring and
sampling effort was conducted to determine the integrated impacts of all structures. This
program provides the exact data needed to address background conditions, whereas an
emissions inventory, which requires emissions characterization, emissions estimates, modeling,

and impact integration would be fraught with uncertainties and would be of less use than
ambient air quality data in terms of existing conditions. Air quality impacts from each IRA
will be addressed as that action is considered and evaluated.

Specific Comments

Comment 1: Page xxxiii -- This page states that "RI data show RMA air quality to be
superior to that of nearby urban areas." While this statement may be accurate
for criteria (NAAQs) [sic] pollutants, a comparison between on-post and
off-post levels of toxic pollutants has not been conducted. In addition, some
of the compounds which could impact air quality and are found in Arsenal
soils and water are unique to RMA. Please modify accordingly.

Response: A qualifying statement has been added to the sentence to indicate that it refers to
criteria National Ambient Air Quality Standard (NAAQS) pollutants.

Comment 2: Page 1-43, Table RISR 1.4-1, List of Technical Plans for RMA On-Pwt
Operable Unit -- Basin F IRA and post-IRA reports should be added to this
list of air RI documents.

Response: The Basin F IRA and subsequent reports were not part of the remedial
investigation and are not included in Table 1.4-1 which lists technical plans for remedial
investigation tasks. A complete list of Basin F IRA and post-IRA air reports is presented in
Appendix C, Table RISR C.14.

Comment 3: Pages 24 through 2-9, Table RISR 2.1-1, Estimated Volumes of
Contaminated Soils by Site - These contaminated soils can affect air quality
when they are transported by wind. Air should therefore be listed under the
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"potentially affected media" column, or the table should be divided into
primary and secondary effects.

Response: Table RISR 2.1-1 has been revised to indicate that the air media can be affected
by virtually any site for short durations given the proper meteorological conditions and/or a

physical disturbance at the site.

Comment 4: Page 2-16, 2.1.3, Buildings, Equipment, and Storage Sites -- The Army states:

Although hydrazine-related compounds were not detected in soils in
the HBSF area of South Plants,...

This statement is misleading, and should be removed from the text or
rewritten. The Hydrazine Blending and Storage Facility (HBSF) Phase I

investigation was designed as a reconnaissance sampling program for all
analytes within the HBSF area; Phase I borings were not located based on
hydrazine fuels usage or documented spills. In fact, historical information on

hydrazine storage, handling, and leaks became available only after
implementation of the Phase I program. The historical data indicated
numerous and major hydrazine fuel leaks resulting in widely distributed areas
with hydrazine-contaminated soils.

To assess potential hydrazine-contaminated soils in heavy usage areas and at
potential spill sites, twenty of the Phase U soil borings were placed based on
the historical data. However, a USATHAMA GC certification method for
hydrazine was not established prior to implementation of the Phase II
investigation. Soils analysis for hydrazine in the HBSF, therefore, has never
been conducted (see the State of Colorado May 21, 1990 letter to the Office
of the Program Manager regarding State's Proposal to Improve the Remedial
Investigation for the South Plants Area, Comment 8).

Response: The statement indicating that hydrazine was not detected in the HBSF area has
been removed, and a statement indicating that hydrazine was not analyzed for due to lack of a
certified method has been added. The HBSF is the subject of both an IRA and of additional
FS investigations planned as part of the Phase U FS Field Data Collection Program.

Comment 5: Page 2-20, 2.1.6. Svill Sites - The Army states:

Exceptions [spill sites that have resulted in laterally or vertically
extensive contamination] are in the Western Study Area, where a
dibromochloropropane spill in the railyard and a trichloroethylene
spill in the motor pool area have generated well-defined
groundwater plumes in the alluvial aquifer.
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Please modify this sentence to include the South Plants area where numerous

significant spills have resulted in highly contaminated soils and groundwater

including the South Tank Farm benzene plume in Section 2. Also, a newly

discovered hydrazine-related groundwater plume beneath the HBSF is

probably the result of spills in that area.

Response: Spills associated with the South Plants area are discussed in Section 2.1.3.

Effects of these spills on groundwater also are identified in that section. The Army

recognizes that numerous spills occurred in the South Plants area; however, spills occurring in

the manufacturing areas have generally been included in the buildings, equipment, and storage

site type, including those related to the South Tank Farm in South Plants. The text of both

Sections 2.1.3 and 2.1.6 have been modified for clarity. Reference in the text to the

trichloroethylene spill has been revised to indicate it is a possible spill; no direct

documentation or other direct evidence of a source for the elevated trichloroethylene

concentrations in groundwater or soil gas has been detected. The Army notes this as one area

where contaminant detections may, in part, be a manifestation of conditions at upgradient off-

post sources.

Comment 6: Page 2-21, 2.1.8, Windblown Contarriination -- The last paragraph states:

[t]he off-post impact of blowing dust is difficult to assess in the
absence of off-post surficial soil data....

The Army has in the past year collected off-post surficial soil data which,
when examined in connection with the on-post data, indicate that RMA is a
source of wind-borne organochlorine pesticide contamination. Further
investigations are currently being undertaken, and State comments on that
program have been submitted to the off-post RI subcommittee (see State
Proposed Surficial Soil Sampling Program North and Northwest of the RMA,
April 9, 1990, and State comments on PMO-RMA Letter Work Plan for 17
Additional Surficial Soil Samples Off post [sic] RMA, May 13, 1991.) Since
the above-referenced statement is not accurate it should be stricken from the
text.

Response: The referenced passage has been removed from the text.

Comment 7: Page 2-22, 2.1.9, Off-Post Sources -- The Army includes this section to
discuss the "relative importance [of off-post sourr-es] in contributing to on-
post contamination conditions in the water medium." However, in paragraph
2, the Army discusses a potential off-post source of groundwater
contamination to the west of RMA. While additional sources exist in this
area, this groundwater is generally downgradient and CTOss-gradient of the
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RMA. Please provide references for these assertions or delete them from the
text.

Response: The text has been revised. References to off-post sources of groundwater
contamination located west of RMA have been removed from the text.

Comment 8: Page 2-23, 2. 1.11. Balance of Areas Investigated -- The An-ny states:

Rare, low-level detections of organics such as benzene in
groundwater may reflect the petroleum-rich nature of the Denver
Basin and lignite-bearing horizons of the Denver Formation. Such
detections are typically found in the Denver Formation, and are
spatially unrelated to contaminant plumes or other sources of
contaminants.

This statement is misleading. Although benzene detections in the Denver
Formation may in part be naturally occurring, the Army, in its document
North Boundary System Component Response Action Assessment Final
Report, Volume 1, February 1989 states (page 8-21),"There are no data from
upgradient areas with which to substantiate this hypothesis." A discussion of
benzene and chlorobenzene distributions are also presented in that document,
and are discussed in the current groundwater Comprehensive Monitoring
Program (CMP) document. Because the above statement is unsubstantiated
and not consistent with prior Army documents, please delete it from the text.

Response: The statement has been deleted from the text in Section 2.1.11. A more general
statement regarding the potential for naturally occurring concentrations of organic compounds
in the Denver Formation has been added to the text of Section 2.3.3.

Comment 9: Page 2-23, 2. 1.11, Balance of Areas Investigated -- The text states that
"[a]nomalous methylene chloride detections at low concentrations have been
attributed to laboratory contamination." After reviewing the analytical results
from selected contamination assessment reports, the State cannot concur with
this conclusion. For example, at Site 4-5 detections as high as 800 ug/g were
not sufficiently explained, and at many sites detections were disn-dssed as lab
contamination although the lab blanks were clean. For additional discussion,
please refer to State Comments on the Draft Final Task Plan, Volume 1,
Feasibility Study Data Collection, January 22, 1989, and General Comment
No. 4 on the Draft Final Phase I CARs For All Suspected Contaminated
Areas of RMA, June 14, 1988. As discussed in these comments, many of
these sites should be re-sampled to confirm whether methylene chloride
actually exists in the soils.
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Response: This portion of the text is specific to anomalous methylene chloride detections in
the Balance of Areas Investigated. These areas are not associated with source areas or
contan-Anant migration pathways. The example cited by the State (former site 4-5) was
designated as sites WSA-5a, 5b, 5c, and 5d in the Western SAR. These sites are in the Solid
Waste Burial Sites site type and are not part of the Balance of Areas Investigated. In
previous reports methylene chloride was generally attributed to laboratory contamination when
it was detected in laboratory blanks or was detected at low concentrations which were
spatially inconsistent with adjacent sample results or site histories and contan-dnant migration
scenarios. However, previous professional judgement regarding the origin of methylene
chloride in soil samples is not an issue in this report because all methylene chloride detections
have been incorporated into the appropriate data presentations. In addition, all methylene
chloride detections will be addressed by the FS.

Comment 10: Paze 2-23, 2.2, Potential for Occurrence of Chemical Warfare Agents and
Unexploded Ordnance -- The text states:

Agents generally have short half-lives when exposed to the natural
elements and, with the exception of mustard that may have been
trapped in voids beneath buildings, are not persistent. Agents are
therefore not considered to be significant contaminants at RMA.

The State does not concur with this conclusion. See EPA correspondence
dated May 20, 1991, in which EPA recommends that all agent detections be
incorporated in the site-by-site risk characterization. Many of the agent
detections pointed out by EPA for Sarin, Mustard, and Lewisite are higher
than their respective PPLVs. This statement, therefore, should be deleted
from the report, and agent detections should be summarized in the RISR.

Response: Please see the responses to the EPA's Cover Letter Comment 3, and Specific
Comments 16, 21, 22, and A12 in Appendix Fl. The statement referred to by the State has
been revised, and a distinction drawn between soils and structures. The last sentence quoted
by the State has been deleted. Agents may represent significant contarriinants within
structures. Any agent occurrences within the areas shown in Figure RISR 2.2-1 will be
considered in the evaluation of remedial alternatives.

Comment 11: Page 2-28, 2.3.1, Unsaturated Zone -- Please make the following modification
to the third sentence: "The unsaturated zone at RMA is relatively thin beneath
Basin A, the lime settling basins, the Section 36 disposal trenches, and the
central section of South Plants."

Response: The text has been revised to include the north-central portion of South Plants in
the area where unsaturated thickness is five feet or less.
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Comment 12: Page 2-31, 2.3.4, Eolian TransT)ort - This section states that air contarriination

"does not appear to be a current problem at RMA;" yet, page 5-6 of the Air

Final Report states that: 'The sources of toxic airborne contamination at

RMA appear to be from known fugitive sources emitting dust and vapors,

such as basins and surface impoundments.... The significance of these

findings will be determined in the ongoing EA." Since a risk assessment has

not yet been conducted, the statement that air contamination is not a problem

should be deleted.

Response: The statement has been deleted from the text

Comment 13: Page 2-31, 2.3.5, Surface Water Transport - The Army states:

The two most highly contaminated surface water bodies are small

isolated holding ponds in Section 36.

Please give a detailed location of these ponds; provide chemical data (or a

source for the data); and summarize the current status of the ponds.

Response: The sentence has been modified to refer to the Basin A sampling station and the

South Plants sedimentation pond. Detections in samples from these stations are described in

Section A3.2.1.

Comment 14: Page 2-32, 2.4, Receptors -- The Army states:

Arsenic levels in the terrestrial plant species sampled near Basin A
(morning glory, common sunflower) were within the range that

could produce phytotoxic effects; however, no such effects were

noted.

Please provide details of the study from which this conclusion was drawn.

Note also that phytotoxic effects may be especially pronounced in younger

plants; thus, the presence of arsenic in isolated soil areas may have prevented

the establishment of any plants sensitive to arsenic.

Response: Details of the study from which this conclusion was drawn are presented in the

Biota RI Report (Section 3.2.2, Methods; Section 4.3.2, Contaminants in Terrestrial

Ecosystems, and Section 5.3, Contaminant Effects). Section 5.3.2.1, Effects of Contaminant

Levels in Terrestrial Plants of the Biota RI reports that signs of obvious phytotoxicity were

not observed and acknowledges that arsenic may have contributed to the low diversity of

species in Basin A. The high level of disturbance and soil compaction, factors that could also

affect plant species diversity, made this hypothesis difficult to evaluate.
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Comment 15: Page 2-32, 2.4. Receptors -- The Arrny states:

Invertebrate populations did not appear reduced as an effect of
RMA contamination.

and

Black-tailed prairie dog populations were not reduced as a result of
RMA contamination.

Both conclusions are not adequately supported by the data. Because of RMA

contamination a variety of ecological factors may have been altered such as

species composition, reproduction rates, and primary productivity. The

ecology of an uncontan-tinated, non-stressed RMA can only be speculated

upon. This statement should therefore be deleted.

Response: Statement regarding adverse population effects were based on comparisons of

invertebrate and prairie dog population densities in sites of known contamination with on-post

and off-post reference areas. This methodology is consistent with EPA recommended
methodology and with accepted scientific practice. Additional detail is provided in

Section 5.3 Contaminant Effects of the Final Biota RI Report.

Comment 16: Page 2-33, 2.4, Receiptors -- The Army states:

Given the omnivorous behavior of coyotes, and the potentially large
area] extent of their range, it cannot be concluded that RMA
sources were solely responsible for the dieldrin level detected.

Bioconcentration of lethal levels of dieldrin is more likely to have occurred at
RMA than anywhere else, given that dieldrin levels in the on-post
environment are considerably higher than in nearby off-post areas. The text
should therefore be modified to reflect this fact.

Response: Comment noted. The text adequately indicates that RMA is a likely local source

of dieldrin detected in the coyote's tissues.

Aippendix A Environmental Settini!, RI Awroach, Nature and Extent of Contamination

Comment 1: Page Al-4, AIA, Geology -- The Army states:

The eastern flank of the basin dips very gently, while the western
flank of the basin dips steeply, "posing virtually the entire
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sedimentary section of the basin in outcrop along the Colorado

Front Range. Because RMA is situated near the structural axis of

the basin, strata at RMA dip gently to the southeast at less than one

degree.

The only Denver Basin strata that dip steeply are those that occur between the

Golden Fault Zone and the Basin Margin Fault. T'his zone is not technically

part of the Denver Basin. Ile RMA sediments are on the western flank of

the basin and dip gently to the southeast, toward the center of the basin.

While the RMA is in fact situated near the structural axis of the basin, that

has no direct bearing on the amount of regional dip associated with the

aquifer formations. Please modify accordingly.

Response: The purpose of this paragraph is to describe the general geologic setting for the

Denver Basin in which RMA is located. The description is consistent with a general

description by Tweto (1980). The original and revised paragraphs are essentially identical in

content to that presented in the North Central SAR (EBASCO, 1989h/RIC 89166RO7; p.1-56).

None of the parties, including the State, made a comment on that passage at that time. In

addition, the Basin Margin Fault is postulated on the basis of interpretation of geophysical

data. Other wells and geophysical data do not support this interpretation. Finally, given the

very gentle nature of folding in upsection sediments along the structural axis of the basin, and

the subvertical orientation of theaxial'surface, the location of RMA near the structural axis

does imply that strata comprising the important near-surface aquifers have very low dips.

The trace of the structural axis of the Denver Basin has been variously mapped to the east,

west, and at RMA. Nevertheless, the paragraph has been revised for clarity.

Reference: Tweto, 0. 1980. Surrimary of Laramide Orogeny in Colorado in Kent, H.C.,

and Porter, K.W., eds. Colorado Geology: 1980 Symposium, Rocky

Mountain Association of Geologists. p. 129-134.

Comment 2: Page Al-6, A1.4.3, Alluvium-Bedrock Contact -- The Army states:

The bedrock surface is weathered in places at the contact and varies

from friable and heavily altered to more lithified, compacted

material that is fractured and jointed over a depth interval of less

than 5 ft.

In many parts of the RMA the thickness of the unconfined Denver has been

investigated and found to be much greater than 5 feet. At a 4/8/91

Subsurface Drain Treatability Study meeting, for example, the Army stated

that friable Denver Formation material was found to depths of approximately

45 ft and 65 ft below bedrock contact in the South Plants area. Also, in the

Draft Final Decision Document Other Contamination Sources Interim
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Response Action South Tank Farm Plume, January 1991, Shell states, 'The
uppermost portion of the Denver Formation is weathered and averages 4 to 6
feet thick, but may extend to approximately 20 feet at some locations."
(page 5). Finally, in the Northwest Boundary System Long-Term
Improvements Interim Response Action B(ii) Draft Final Assessment
Document, January 1991, the Army states, "Based on the available drilling
logs, ... the thickness of the weathered Denver is on the average of 15 feet at

bedrock highs and approximately 5 feet at bedrock lows." Please modify the

text accordingly.

Response: Ile text has been revised to indicate that the weathered portion of the bedrock
surface may locally extend to depths of 45 to 65 ft below the alluvium-bedrock contact, and

weathered bedrock is typically thicker on bedrock topographic highs than at bedrock lows.

Comment 3: Page Al-7, Al.4.4, Denver Formation -- The Army states:

The unit (Denver) ranges in thickness from approximately 200 ft to
500 ft in thickness and is separated from the underlying Arapahoe
Formation by a 30 to 50 ft thick relatively impermeable claystone
interval known to geohydrologists working in the Denver Basin as
the "buffer zone".

Certain geologic literature describes the transition between the Denver and
Arapahoe formations as gradational and indistinct (Weimer, 1973) and based
primarily on color change which is indicative of the introduction of early
Tertiary volcanics. The K/T boundary, and thus the base of the Denver, has
to date been described by this transition. Only the basal conglomerate of the
Arapahoe formation is laterally continuous and distinctive enough in nature to
identify consistently. Such geologic interpretations would appear to contradict
suppositions that a true "buffer zone" exists in this area. Please provide
references which evidence the existence of this "buffer zone" or, in the
alternative, delete the statement from the text.

Response: The text has been revised to qualify the reference to the "buffer zone." Not all
hydrogeologists familiar with the Denver and Arapahoe aquifers agree on the nomenclature
for the zone of relatively less permeable sediments comprising an aquitard at the
Denver/Arapahoe contact. Romero (1976) referred to the claystone interval separating the
Denver and Arapahoe aquifer systems as the buffer zone.

Reference: Romero, John C. 1976. Groundwater Resources of the Bedrock Aquifers of
the Denver Basin, Colorado: Report prepared by Division of Water
Resources, Dept. of Natural Resources. p. 21, 22 and 38.
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Comment 4: Page Al-11, A1.5.2 Unsaturated Zone -- Please make the following

modification to the fourth sentence: "Thickness ranges from less than 5 ft in

the area of the lakes, Basin A, First Creek, and the central area of South

Plants to ......

Response: The text has been revised to include the north-central portion of South Plants in

the area where the thickness of the unsaturated zone is 5 ft or less.

Comment 5: Page A1-12, A1.5.3, Unconfined Flow System -- Please provide the reference

for the aquifer tests conducted in the unconfined Denver Formation, and list

the well numbers in which the tests were conducted.

Response: The reference containing the results of the aquifer tests is listed in the text as

EBASCO, 1989d. Section A4 of Appendix A References describes this reference as the Final

Water Remedial Investigation Report. These results are contained in the Water RI Report in

Appendix B, Hydrologic Data, Section BA, Alluvial And Denver FM Aquifer Test Data. The

wells completed in the Denver Formation portion of the UFS in which the tests were

conducted include 01008, 01014, 02003, 23226, 24135, 24191, 26063, 26071.

Comment 6: Page A2-5, -Boring Density -- Please explain how the boring density curve

used in determining borehole spacing was generated.

Response: In order to maintain a consistent approach to the investigation of the multiple

potential contamination sites on RMA, a method of selecting an appropriate number of bore

locations within an individual site to assess the nature and extent of soil contamination was

required. Although some guidelines for determining sample densities had been published in

the available literature (and more have been published since the Army faced this problem),

they were too generic to be of substantial value, and no standard or universally accepted

methods were found, nor do they exist today. As a result, the Army convened a panel of

technical experts from among its consulting teams to develop a standardized (for RMA)

approach. The panel covered the disciplines of geology, geohydrology, engineering, statistics,

chemistry, risk assessment, and environmental project management.

The panel was faced with the difficult challenge of balancing the desire to collect the

maximum possible amount of site and contaminant information with the constraints imposed

by a large but nevertheless limited availability of time, labor, analytical capabilities, and

funds. The past experiences of the panel members were used to hypothesize what information

would be necessary to assess the nature and extent of contamination at a variety of different

site types and sizes. This information was then synthesized into a bore spacing curve in

which even very small sites would have multiple sample locations given the fact that

contan-dnant distribution at small sites could very well be sporadic, while larger sites would

have wider bore spacings given the likelihood that larger sites resulted from activities that

would create widely dispersed contamination patterns. Next, using the preliminary
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information that had already been amassed by the Army for suspected RMA contamination
sites, the preliminary bore spacing curve was applied to a variety of actual sites, and the
results were assessed in terms of the constraints described above. Upon review of these
results, the bore spacing curve was refined as shown in Figure RISR A2.1-1. The text of
Section A2.1.1.1, Boring Density has been revised slightly for clarity.

Comment 7: Page A2-84. A2.5.1. Phase I -- The text inaccurately states that "specific
biological effects of contamination" were included in the Phase I biota
database. The State has never seen such data, nor are we aware that such

work has ever been conducted.

The biota RI was limited to generic population studies of invertebrates;
juvenile/adult ratios studies on prairie dogs; reproductive success rates of
avian species; and limited acetylcholinesterase inhibition studies on dead
animals and selected species. "Specific biological effects," on the other hand,
should include animal necropsy and specific histological studies neither of
which were performed to our knowledge. Reference literature for the above-
mentioned generic studies were not provided for State review. Such
references must be added to the document.

Response: The statement that "specific biological effects of contamination" were included in
the Phase I database is correct. This information was included in Section 2.0, Evaluation of
Existing 1nformation of the Final Technical Plan for Phases I and II of the Biota Assessment
(ESE, 1988/RIC 88243RO5). Subsection 2.3.2, Contaminant Effects in Biota, specifically
addresses death, behavioral abnormalities, physiological malfunctions, and physical
deformations as biological effects related to contarriinants. All pertinent source documents
were referenced in the appropriate sections and fully described in Section 8.0, References of
that technical plan. The State had opportunity to review the Draft Final version of that
document. ne text includes a reference to this work plan.

The comment that necropsies were not performed is incorrect. Page 4-37 of the Final Biota
RI Report states that "... raptors, were necropsied and analyzed." Page 5-332 of the Final
Biota RI Report presents the results of these necropsies in relation to contaminant
concentrations found in tissues.

Comment 8: Page A3-2, A3. Nature and Extent of Contamination -- The Army states that
the adjusted geometric mean (AGM) was calculated to determine mean values
for data sets with less than 100 percent detections. However, it should also
be explained in the text that sampling for specific contan-dnants in areas
where those contaminants historically were not known to be stored, handled,
or spilled would result in a biased, low estimate of the AGM. As an
example, 38 of 41 groundwater samples analyzed for hydrazine-related
contarriinants as part of the South Plants Phase H sampling program were
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collected outside and upgradient of the Hydrazine Blending and Storage
Facility (HBSF), the only area on the Arsenal known to store and handle the

compounds (see the State of Colorado May 21, 1990 letter to the Office of

the Program Manager regarding State's Proposal to Improve the Remedial

Investigation for the South Plants Area, Comment 8). Calculation of the

AGM for the Phase H study would result in a biased, low estimate of the

mean concentration of hydrazine-related contaminants in groundwater. In

actuality, recently collected RMA groundwater data within and downgradient

of the HBSF indicated a wide distribution of hydrazine-related compounds.

The State, therefore, cautions the Army not to rely on its AGM methodology

in designing studies, assessing risks, or developing alternatives.

Response: The Army appreciates the State's cautionary remarks. Statements have been

added to the text of page A3-2, and in Sections A3.2.1 and A3.2.3, as caveats regarding the

purposes and use of the statistical information presented.

Comment 9: Page A3-2, A3, Nature and Extent of Contamination -- The Army states:

While it is recognized that the AGM generally does not compute a

representative mean value for sample populations with less than

about 25 percent detections, summed total AGMs better reflect the

actual sampled conditions in the water medium than do other

methods, which either artificially assign values to samples with no

detections, or overweight the significance of sporadic or anomalous

detections. For soil, water, and biota it should be noted that as the

percentage of analyses below the CRL increases, the AGM becomes

a less reliable measure of a mean concentration for the data set.

The Army's assertion that summed total AGMs are more representative of

sampled conditions than other methods is not substantiated. If the sampling

methodology is not valid for sample populations with less than about 25

percent detections, an AGM should not be calculated for that population.

Please modify the text and affected tables accordingly. Additionally, please

cite the source for the information presented on AGMs.

Response: AGMs were presented for all sample populations with 4 or more detections in

order to allow the readers to make their own comparisons between data sets. Nowhere in the

text is it stated or implied that the validity of the sampling methodology is affected by

calculations of AGMs. The reference (Romberg et al., 1984) was provided in the text.
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Comment 10: Page A3-6, A3.1.1. Contaminant Distribution by Site Type -- The text should
state that all tables in Section A3.1.1 summarize both Phase I and Phase H
data, without distinguishing between the two. Examination of Table RISR
A2.1-4 indicates that the certified reporting limits (CRLs) for some analytes
decreased by as much as one-to-two orders of magnitude from the Phase I to
the Phase H sampling programs (Table RISR A2.1-4); therefore, the ratio of

Phase I to Phase 11 samples may have more to do with the frequency of
detections than does the actual distribution of contaminants.

Additionally, there are several figures in Section A3.1.1 that include
contaminants which were not sampled in soils during the RI, but which have

a corresponding 0.0% detection frequency specified. For example, neither the
ONCs on Figure A3.1-11 nor the PAHs on Figure A3.1-12 were sampled

during the RI, but both have a 0.0% frequency detection. Specification of a

frequency detection in this instance is not correct; for contan-driants not
sampled in soils as part of the RI, please replace the 0.0% value specified
with a NOT SAMPLED (NS) indicator.

Response: The text has been revised to indicate that Phase I and H data are incorporated into

the data tables. The figures referred to have been revised as suggested.

Comment 11: Page A3-6, A3.1.1, Contaminant Distribution by Site Type -- The Army
states:

Because of the limitations inherent in graphically summarizing
results of over 260,000 analyses, detections representing a very
small percentage of the normalized data are not depicted at this
scale on the histograms. These data typically account for less than
0.04 percent for all analyte groups, and less than 1.0 percent of
normalized data for concentration ranges within a depth interval for
any group.

While we realize that there may be limitations in graphically summarizing
results of such a large data set, detections cannot be arbitrarily removed from
the histograms without: 1. summarizing, in tabular or graphic form, the data
that are excluded; and 2. presenting the rationale used in excluding these data.
Summarizing the percent of the detections represented by these data does not
indicate the relative importance of the data in characterizing groundwater
contamination. Please modify accordingly.

Response: No detections have been arbitrarily removed from the histograms or data tables.
The Army recognizes that all data are important. The passage in question is merely intended
to emphasize the limits of visual resolution associated with the histograms. These limitations

F2-19
RF5/RPT0105 11/15/91 3:51 pm sma



exist because the color-coded segment corresponding to concentration ranges into which each

depth interval on each bar is divided are demarcated by a black line of finite width.

Measuring directly from the histograms, these black lines are approximately 0.01 inches wide.

In those cases where plotting a detection or detections within a certain depth interval or

concentration range results in a color-coded segment that is narrower than 0.01 inches, the

segment will not be visible on the histogram.

Comment 12: Page A3-8. A3.1.1.1. Basins and Lagoons -- Page A3-8 attributes most metals

in soils to "natural occurrences." However, this conclusion is contradicted by

the fact that the highest percentage of detections were in ditches, lakes and

ponds (p. A3-14), and the fact that metal concentrations at building sites

decrease with depth (p. A3-31). This statement, therefore, should be removed

from the document.

Response: This comment apparently refers to the first sentence of the last paragraph of

Section A3.1.1.1, which states "Although the percentage of ICP metal detections is high, the

majority of these detections are within the indicator range and are, therefore, generally

attributed to natural occurrences." This statement refers to the data presented in Figure RISR

A3.1-3, the analyte group detection frequency histogram for Basins and Lagoons, which

shows that in Basins and Lagoons, 53.49 percent of detections were ICP metals, and only

3.78 percent of detections were ICP metals above the indicator range. Thus, 92.9 percent of

ICP metal detections in Basins and Lagoons were within the indicator range. Detections

within the indicator range are attributable to natural occurrences (see Section RISR A2.1.2.1

for a discussion of indicator ranges). ICP metal detections in other site types such as Ditches,

Lakes, and Ponds are irrelevant to the observation in this section of the report.

Comment 13: Pave A3-9, Table RISR A3.1-1, Summary of Analytical Results for Soils in

Basins and Lagoons -- Examination of Table RISR A3.1-1 indicates that the

upper CRL values for several contaminants are much greater than the Phase I

and II CRLs listed in Table RISR A2.1-4. For example, the actual achieved

CRL range represented in Table A.3.1-1 for 1,1-dichloroethane is 0.13-170,

while the projected maximum Phase I and Il CRLs were 0.9 ug/l and 0.074

ug/l, respectively; the CRL range listed in Table RISR A3.1-1 for

chlorobenzene is 0.18-150 ug/l, while the maximum Phase I and Il CRLs

listed in Table A2.14 are I ug/l and 0.2 ug/l, respectively. Explanations for

these high CRLs should be included, and the impacts of the higher CRLs on

contaminant distribution assumptions should be discussed in the text.

Response: As the footnote on Table RISR A3.1-1 indicates, both the lower and upper CRL

range values may reflect sample dilution prior to analysis. To analyze certain samples it is

necessary to perform sample dilution to minimize interferences in sample matrices or to

reduce the concentration of some analytes so they can be measured within the appropriate

method certification range. During evaluation of the RI data and the designation of sites,
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when an elevated CRL was found in the database several factors were considered to evaluate
whether there was potential for contan-dnation at the sample site. The interpreter would
consider factors such as the results from spatially adjacent samples, temporal data,
contarninant properties and transport mechanism, and relative distance from a known source
before judging whether a sample site should be considered to be part of a contaminated area.

Comment 14: Page A3-11, Table RISR A3.1-1, Summary of Analytical Results for Soils in
Basins and Lagoons -- The frequency of detections for n-
Nitrosodimethylan-dne is due to the inadequate design of the sampling
program, and does not represent the true distribution of contaminants in the
soils (see Jeff Edson May 21, 1990 letter to Don Campbell regarding State's
Proposal to Improve the Remedial Investigation for the South Plants Area,
Comment 8). This fact should be reflected in the text.

Response: A total of 85 analyses for n-nitrosodimethylamine were performed on samples
from Basins and Lagoons during the RI. There were no detections in any of these samples,
or in any soil samples collected from any site type at RMA. The State makes reference to
their recommendations to complete additional sampling and analysis for
n-nitrosodimethylamine in the HBSF, (Site SPSA-6, included in the buildings, equipment and
storage sites). No detections of the analyte were reported in 198 analyses during the RI for
this site type. The Army has agreed in its response to the State's recommendation (see
Appendix F5.6) to install additional soil borings in the HBSF if a USATHAMA-certified
analytical method for hydrazines in soil can be obtained. The State's recommendations and
the Army's responses are included as Appendix F5 of this report.

Comment 15: Page A3-14, A3.1.1.3, Ordnance Testing and Disposal Areas -- The Army
states:

Some of the ordnance testing and disposal areas may contain
unexploded ordnance that may pose a physical hazard if disturbed.

And on page A3-152:

... various types of unexploded ordnance have been collected during
recent site surveys in Section 36 and the eastern portion of RMA.

The State was not informed that unexploded ordnance had recently been
discovered on the RMA. Please include a summary section and map in the RI
that presents the locations of all unexploded ordnance found on the Arsenal,
and please notify the State upon finding unexploded ordnance in the future.
Also, please describe how such ordnance is being managed. Additionally, if
the ordnance is localized in specific areas, an investigation may be necessary
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to detem-dne the extent and distribution of potential remaining unexploded
ordnance.

Response: The passage on page A3-14 is correct. Some of the ordnance testing and disposal

areas may contain unexploded ordnance that may pose a physical hazard if disturbed. This

statement is based on the nature of the activities conducted in the areas, historical records,

personnel interviews, and the results of previous surveys and investigations.

The passage on page A3-152 has been revised. Unexploded ordnance were located and

properly disposed following Army procedures during previous surveys at RMA, but no

unexploded ordnance have been found in investigations or surveys conducted since the RI

commenced in 1984. However, during the RI a wide variety of demilitarized and

decommissioned ordnance debris was identified and catalogued at several sites at RMA.

There also were a number of other items identified during exploratory digging in burial

trenches which may pose physical hazards if disturbed by future invasive investigative or

remedial procedures. However, none of these other items was unexploded ordnance.

Regarding the various requests by the State:

" 'Me potential for unexploded ordnance has been adequately addressed in various RI

Products, including this report, the CARs and SARs. A map showing the locations with

the greatest likelihood for encountering unexploded ordnance is provided in Figure

RISR 2.2.-2.

" The Army maintains and routinely follows standard operating procedures which govem

handling and management of unexploded ordnance at this U.S. Army facility.

" The sites where unexploded ordnance arr potentially present are localized in specific areas

as was stated in various RI products and other documents. No additional investigations

are warranted because potential for the presence of unexploded ordnance at various sites

was adequately addressed in the Rl.

Comment 16:
Page A3-20, A3.1.1.4, Solid Waste Burial Sites - The Army states:

Three chen-dcal waste burial sites, each including multiple trenches,
are located within Section 36, and one burial site is within the
South Plants area.

Please specify that the three chemical waste burial sites referenced by the
Army are CSA-la (Shell Complex Disposal Trenches), CSA-lb, and CSA-1c
(Army Complex Disposal Trenches) identified in The Proposed Final
Remedial Investigation Report Central Study Area, June 1989 (CSAR), page
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3-14. Although it i s stated in the CSAR that ...... early joint Army/Hyman

disposal practices took place in northern CSA-lb," the Army, to our

knowledge, has never investigated the site nor characterized contaminant

distribution associated with the Army/Hyman waste disposal practices (see

State Proposal for Rectification of Remedial Investigation Data Gaps in the

Central Study Area, March 2, 1990, Comment LB); therefore, we were not

aware that "multiple waste burial trenches" had been identified in CSA-lb.

Please provide the information supporting this conclusion.

Additionally, please identify the site name and location, and reference the

document which summarizes site characterization of the chemical waste burial

site in the South Plants area.

Response: The text has been modified and the passage clarified to specify the designated

sites. The Army employed various investigative techniques in the RI of the area in

Section 36 now designated as the CSA-lb site. Based on RI soil contamination data and

other information it was concluded that early joint Army/Hyman disposal took place in an

area that straddles the CSA-lb/CSA-lc mutual boundary, as the two sites have been

configured. The criteria used to draw the mutual CSA-lb/CSA-lc boundary were based on

many things. In order to classify sites in an organized manner, an effort was made to include

all burial trenches in the CSA-lc vicinity within its boundary so that CSA-lc contained

predon-driantly burial sites and so that CSA-lb contained soil contamination attributable to

noriburial activities. However, because of the complex setting and disposal history of the

area, part of the early joint Army/Hyman disposal site falls within the northern portion of

CSA-lb as it was drawn. During Phase II of the RL exploratory trenches were excavated

through burial trenches in the southern part of CSA-lc and the burial trenches were

characterized. After the completion of the RI, the Army recognized that additional

groundwater data were needed for the FS regarding any potential trenches in the

CSA-lb/CSA-Ic boundary area, and an IRA investigation (the Remediation of Other

Contan-driation Sources Interim Response Actions ("Hot Spots")) is being conducted to collect

these data (see Appendix C, Section C.13). The FS will address additional data collection

needs in this area following review of the "Hot Spots" IRA results.

The Solid Waste Burial Site referenced in the South Plants area is the Hex Pit, Site SPSA-lf

(former site 1-13), characterized in the Phase I CAR, Sites 1-13 and 2-18, (EBASCO,

1988/RIC 88286RO7; p. 19; Figure SPSS-5b), and the SAR (EBASCO, 1989/RIC 89166RO4;

p. 3-20).

Comment 17: Page A3-20, A3.1.1.4, Solid Waste Burial Sites - The Army states:

Sanitary landfills were used for the disposal of trash, construction
debris, and other material related to RMA activities, with the
exclusion of chemical waste.
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This statement is misleading. Although the level of contamination present in
general rubbish disposal site CSA-ld was less than that found in the
contan-dnated waste disposal sites, the Arrny states (CSAR, page 3-14), "CSA-
ld contains low levels of contaminants. This fact refutes the assertion that it

was used as a disposal site for "uncontaminated solid wastes"... The levels of

contamination in CSA-ld appear to be attributable to incidental contan-dnation

of general rubbish materials and burning of refuse with fuels in some
trenches. Please modify the text accordingly.

Response: The text of the passage in question has been clarified to indicate that sporadic,

low concentrations of contaminants have been detected in some samples of landfill debris.

Comment 18: Page A3-21, Table RISR A3.1-3, Summary of Analytical Results for Soils in

Ordnance Testing and Disposal Areas -- Table RISR A3.1-3 states that 158
borings were sampled in the Ordnance Testing and Disposal areas. However,

it appears from an examination of Figure RISR A3.1-2 that only
approximately 90 borings were actually located within the testing and disposal

areas, and that the remaining 68 borings are located outside of those
boundaries. Inclusion of outside borings is not appropriate since they will
affect (bias towards a low value) the frequency of detections, concentration
ranges, and statistical values. Please list bore numbers for all borings
included within the testing and disposal area site boundaries, and modify
Table RISR A3.1-3 based only on data from these borings.

Response: The State is correct that not all bores plot within the boundaries of the sites
comprising this site type. The site boundaries are approximate; absolute boundaries will not

be fixed until remedial alternatives are finalized. The following 158 borings are included in

the data summaries for the Ordnance Testing and Disposal Areas site type. Approximately 40
of these are outside or adjacent to the site boundaries as depicted on the RISR graphics, but
all are considered to be indicative of contaminant conditions in this site type. Bores within
mapped boundaries include:

1419015285 1532050006 1532060009 3305

1420015294 1532050007 1532060010 3486

1429015304 1532050008 2232050012 3487

1429015305 1532050009 2232050013 3488

1532000004 1532050010 2232060011 3715

1532000020 1532060001 2232060012 3716

1532050001 1532060003 2232060014 3717

1532050002 1532060004 2232060015 5282

1532050003 1532060005 2232060016 5283

1532050004 1532060006 2232060017 5284

1532050005 1532060008 3118 5285
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5286 5311 5377 5546

5287 5312 5379 5547

5288 5313 5380 5548

5290 5339 5388 5549

5291 5340 5392 5550

5293 5342 5393 5551

5294 5343 5480 5552

5295 5345 5481 5553

5297 5348 5522 5557

5298 5356 5523 5558

5300 5357 5532 5565

5303 5358 5533 5582

5304 5359 5540 5583

5305 5360 5541 5586

5306 5361 5542 5593

5307 5362 5543 NRS30103

5308 5375 5544 NRS30104

5309 5376 5545 NRS30106

5310

Bores outside mapped boundaries:

1532000013 3303 3710 5524

1532050011 3304 5269 5554

1532060002 3306 5292 5555

1532060007 3309 5296 5556

2232060013 3310 5299 5559

3117 3311 5301 5560

3119 3388 5302 5561

3120 3489 5374 5562

3121 3490 5378 5564

3301 3702 5482 5567

3302

Comment 19: Page A3-55, A3.1.1.10, Balance of Areas Investigated - It appears that SHO
references included in this paragraph should be replaced with VHCs; please

modify the text if necessary.

Response: The text has been corrected.
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Comment 20: Page A3-70, A3.1.2.3, Five- to 20-ft Dewh Interval -- The Army states:

Inorganics are elevated along a shallow bedrock feature which
trends northwest/southeast across Section 36. This occurrence, like
other elevated inorganics in bedrock samples, probably reflects the
natural bedrock geochemistry.

'Me Army Complex Disposal Trenches located in Section 36 were completed

in soils above the northwest-trending bedrock high, and soil and grab
samples from the trenches indicated high levels of metals contaniination.

Therefore, the elevated metals concentrations in the 5-to-20 ft depth interval

in this area may be related to operation of the disposal trenches. Examination

of Figure A3.1-23 and A3.1-24 seem to support this hypothesis. The metals

distribution does not appear to be random, but in most instances is associated
with soils and groundwater organic contamination. Please modify the text

accordingly.

Response: While the Army has shown that inorganics are elevated in and immediately below

burial trenches in CSA-Ic and CSA-1d, there are many samples from the 5- to 20-ft interval

between trenches and elsewhere in other portions of Section 36 far from trenches which

consistently show elevated inorganics concentrations. Typically, those samples were taken

from bedrock materials or from soils derived from in situ weathering of bedrock materials.

The shallow bedrock feature discussed in the text happens to be comprised of a characteristic
volcaniclastic unit which would be expected to have elevated inorganics concentrations. The
consistently elevated inorganics concentrations reported for samples of volcaniclastic bedrock
materials confirm this expectation. A statement has been added to the text to clarify that
there are both high naturally occurring inorganics in Section 36 5- to 20-ft soils as well as
elevated inorganics in burial trenches in Section 36.

Comment 21: Page A3-72, A3.1.3, Sewers and Process Water Systems -- Page A3-72 states
that no sediment samples were collected from chemical sewers. Are such
analyses planned for the future?

Response: No. The chen-dcal sewers are considered contaminated.

Comment 22: Page A3-85, A3.2.3, Unconfined Flow System -- Please make the following
modification to the second sentence, "As discussed in Section Al.5.3 of
Appendix A, the UFS comprises saturated alluvial and eolian deposits, and
the upper portion of the Denver Formation in hydraulic connection with those
deposits." Contrary to statements in the text, the UFS is not limited to
alluvial, eolian deposits, and subcropping Denver sands.

Response: The text has been revised to clarify the description of the UFS.
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Comment 23: Page A3-129, A3.3.1, Building Classification -- The text states:

[h]istorical records of each structure were reviewed during the RI.
Structures were classified on the basis of suspected contamination
in conjunction with the limited sampling data available.

This classification approach is unreliable because it emphasizes historical
information. Instead, each structure must be evaluated on a case-by-case
basis, and sampled in a manner sufficient to determine the nature and extent
of contamination present prior to demolition or future use (see State's
Approach for Confirmation Sampling of RMA Structures, November 17,
1989). In addition to toxicity characteristic leaching procedure (TCLP)
sampling, the Army should also perform sampling for any listed wastes that
are likely to be present. The existence of aldrin and dieldrin in the
non-source area surficial soils presents such a likelihood. 6 CCR 1007-3,
Sec. 262.11 requires a generator of a solid waste to determine whether the
solid waste is listed as a hazardous waste or whether the waste exhibits any
of the characteristics of hazardous wastes. The analysis of building materials
for listed and characteristic wastes, when there is potential that they exist, will
ensure that the final disposal of building debris will be in compliance with
RCRA/CHWMA, including the land disposal restrictions (LDRs).

Response: The use of historical records is an accepted means of evaluating contamination
conditions in structures at Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) sites. Sample collection is not required when there is no basis for
believing a structure to be contaminated. Limited structures sampling during the RI was
conducted, and results tended to confirm classifications based on historical documentation.
There is no accepted protocol for structures sampling at present. The Army has convened an
expert panel to evaluate structures sampling within the context of FS requirements.

Comment 24: Page A3-129. A3.3.1, Building Classifications -- The Army states that there
are 763 existing structures. However, on p. 24 of Volume I of the Structures
Survey, it is stated that there are 982 existing structures. The discrepancy is
apparently due to the exclusion of the 219 electrical substations from the
Final RI. The RI should be revised to indicate the existence of the electrical
substations in the total number of structures and it should reference the
information available on PCB contamination at each substation as summarized
in the final pages of Table 24.1-2 of the Final Structures Survey. We expect
to receive additional information regarding the extent of PCB contamination
at the Arsenal in the coming months.

Response: The text has been revised to include the 219 substations, which when combined
with the 763 structures, gives a total of 982. The ongoing polychlorinated biphenyls (PCB)
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inventory at RMA is being completed by the Army in compliance with 40 CFR763. This
PCB inventory is being conducted in addition to and is not part of RI activities at RMA.

Comment 25: Page A3-141, A3.4.6, Metals -- The State lead standard is incorrectly cited as
a 3-month average concentration. It is actuaUy based upon a 1-month average
concentration.

Response: The text has been changed to indicate that the State lead standard is based on a
1-month average.

Comment 26: Page A3-145, A3.5. Biota -- The Army states:

Terrestrial producers (plants), and to some degree carnivores, show
elevated levels of OCPs in tissue samples that can be broadly
associated with OCP concentrations in RMA soils. This
relationship also tends to hold for mercury in carnivores. Similar
associations could not be made for OCPs, arsenic, or mercury in
other trophic levels.

[sic]

Response: No comment noted.

Comment 27: Page A3-145, A3.5. I. Terrestrial Ecosystems -- The Army states:

The following discussion groups species investigated by trophic
levels in order to discuss the nature and extent of biota
contan-dnadon at RMA. These groupings and representative species
are listed below.

Primary Producers Morning glory, sunflower
... [sic]
Carnivores American kestrel, red-tailed hawk, ferruginous hawk,
golden eagle, great homed owl, coyote, badger.

Given that the two forbs, morning glory and sunflower, do not represent the
predon-dnate RMA groundcover, inclusion of at least one grass would more
appropriately characterize contaminant distribution at this trophic level.

Inclusion of coyote, owl, and badger in this list gives the erroneous
impression that these species were studied in depth as part of the Remedial
Investigation. In fact, these animals are represented only as isolated samples
of opportunity in the Biota RI. Please modify the text accordingly.
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Response: The text has been revised to indicate that these animals were samples of
opportunity in the Biota RI.

Comment 28: Pages A3-146 and A3-148, A3.5.1, Terrestrial Ecosystems -- The Army
states:

Table RISR A3.5-1 allows comparisons between data contained in
previously published RMA studies.

The Army's reference to previous biota contamination studies is appropriate,

but the Army makes no apparent use of the information which these studies
contain. Section 4.1.3 for example, of the Biota RI (Historical Contamination
Levels in Wildlife) indicates that (among other things) mercury has been

detected in producers (pg. 4-16) and that DDT can be found in a variety of

trophic levels (pg. 4-12); however, this information is not reflected in the
RISR.

Response: The purpose of the RI was to identify the current nature and extent of

contamination. These conditions may vary through time. Data from past studies served as a

basis for scoping the RI studies that identified the current nature and extent of contamination.
The text has been modified to clarify that Table RISR A3.5-1 presents RI data. Presentations
of various mean values used in previous studies are included to allow comparison of RI data

with other studies.

Comment 29: Pages A3-148 and A3-149. A3.5.1, Terrestrial Ecosystems -- The Biota
portion of the RISR includes only a few samples from various trophic levels.
As a result, conclusions and observations presented on pages A3-148 and A3-
149 are inaccurate, as is demonstrated by comparison of Tables RISR A3.5-1
and RISR A3.5-2 with results of the 1988 and 1989 Comprehensive
Monitoring Program (CMP). These inconsistencies include:

A. pg. A3-148: (terrestrial trophic levels)
1. 1988 and 1989 CMP results indicated aldrin detections in detritivores,
omnivores, and primary producers; the RISR indicates aldrin only in
herbivores.
2. 1988 and 1989 CMP results indicated DDE in detritivores, herbivores,
and primary producers; the RISR indicates DDE only in ornnivores and
carnivores.
3. 1989 CMP results indicate DDT in all trophic levels but carnivores; the
RISR indicates no DDT detections in any trophic levels.

B. pg. A3-149: (aquatic trophic levels)
1. 1988 and 1989 CMP results indicate DDT detections in primary and
top carnivores; the biota RI showed no DDT detections.

F2-29
RF5AU"MI05 11/15/91 3:51 pfn una



Therefore, the use of all CMP data to verify RI observations and/or

conclusions regarding the presence of contan-dnation in the food chain is

essential.

CMP data also contradicts RISR observations regarding the areal extent of

contamination in terrestrial biota (see Figure RISR A3.5-2). CMP data

indicate biota contamination in several areas of RMA which the A3.5-2 [sic]

map depicts as non-detect areas for various trophic levels.

Response: The CMP program built on information developed from Biota RI studies. Food

webs, species, and sites were added to the CMP, based in part on information provided in the

Biota RL The fact that additional trophic levels were found to be contan-dnated in the CW

attests to the usefulness of this continued effort. The additional information on both areal

extent and distribution within food webs provided in the CMP does not indicate any

inconsistency. Increasing the number of species and locations should provide more

detections. The CMP data provide additional useful information that will be incorporated into

the biota portion of the EA process, and, together with calibration and validation of the

pathways model, will provide a more complete understanding of contaminant distribution and

transfer within biological systems at RMA. However, it is clearly stated that the RISR

summarizes data from the Biota RI and not data from subsequent biota programs. The text

on page A3-145 has been modified to further emphasize this point.

Comment 30: Page A3-149, A3.5.2, AQuatic Ecosystems -- The Army states:

In addition to these data for the RMA lakes, Rosenlund et al.

(1986/RIC 8604IR02) reported dieldrin, aldrin, and mercury in

aquatic plants; dieldrin, endrin, DDE, and mercury in ornnivores;

dieldrin, aldrin, and mercury in primary carnivores; and dieldrin,

aldrin, endrin, DDE, and mercury in top carnivores.

The Army makes no attempt to account for the apparent greater success

enjoyed by Rosenlund in detecting RMA contaminants; yet clearly the

contan-driation is either no longer present or the RI program was inadequate to

detect it. Either of these conclusions have great relevance to the RMA

Remedial Investigation.

Response: There are other possible explanations of why more detections were reported by

Rosenlund et al. than were obtained in Biota RI studies. Rosenlund's detection limits were in

most cases lower than the CRLs used in the Biota RL and the level of certainty regarding his

results was also lower. Sedimentation in the lakes may have made some of the contamination

less available to biota between the time that the Rosenlund data were collected and the time

of the RI studies. Rosenlund's data were evaluated as relevant infon-nation for the Biota RI
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and provided a basis for continuing investigation and -analysis during the CMP and EA

phases. These points are included in the revised text.

Comment 31: Page A3-151. The Army states:

The detection ratios between on-post and off-post samples were

tested for significance using the method suggested by Sokal and

Rohlf (1981). The percentage of dieldrin detections for terrestrial

species was significantly greater on-post than off-post at the 95
percent confidence level with a 95 percent certainty. On-post versus

off-post detection ratios for theother analytes, were not significantly

different.

The information presented in Figure A3.5-6 [sic] does not appear consistent

with the claim of no statistical difference in frequency for most contaminant

detections. According to the figure, aldrin and endrin had on-post detection

frequencies of 3% and 4% respectively while none was measured off-post;

mercury was detected in 20% of on-post samples and in only 8% of off-post

samples. Please provide the specific statistical test which was used to arrive

at your conclusions (the 1981 citation contains many different statistical tests

and procedures), and details of the data which were used so that the parties

can reproduce the Army's results. The meaning of "95 percent confidence

level with a 95 percent certainty" is also unclear and should be explained. In

addition, were on-post samples taken from less contaminated areas pooled

with samples from more heavily contaminated on-post areas when this

statistical comparison was made?

Response: All on-post sample results were pooled and compared to all pooled off-post data.

The test used for comparison of collective on-post and off-post percentages of detection was

the true difference between percentages test on page 765 of the referenced document (Sokal

and Rohlf, 1980). This and other points have been clarified in the text in Section A.3.5.3.

Note that statistical tests take into account sample size and the numerical value of detections,

not just their frequency when calculating statistical significance of differences. In standard

statistical usage, confidence is a measure of the reliability of the results of a statistical test,

while certainty is a measure of the probability of the results being valid and not based on

chance.

Comment 32: Page A3-151, A3.5.3, Comparison of Off-Post and On-Post Biota SamWing

Results -- The Army states:

... only three samples in northern off-post control areas and one
control sample from south of RMA are suspected to have moved

off of RMA.
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Please provide the basis for this suspicion.

Response: Ile text on page A3-151 has been revised.

Comment 33: Figures RISR A3.5-2 and RISR A3.5-3 -- Concentration ranges are expressed
as ug/1 in the legend. Did the Army intend to express this information in
ug/g?

Response: Ile figures have been corrected; pg/g are the'correct units for these concentration
ranges.

Appendix B Vertical Extent of Groundwater Contamination in the Denver Aquifer

The Army has appeared to follow most of the decisions and suggestions presented by the
OAS at the Vertical Extent of Contamination (VEC) technical subcommittee meetings.
However, there are several topics that the State believes were discussed at the meetings but
which have not been addressed in Appendix B. It is probable that the subjects were not
included in the text and/or maps due to differences in understanding between the parties
regarding the final status of the topics. Those subjects that we believe are still necessary to
address are again presented in the following general and specific comments.

Comment 1: The only map of well locations included by the Army in Appendix B is a
map showing the location of wells evaluated for inclusion in the Vertical
Extent of Contamination (VEC) data base (Plate RISR B.2-1). While it is
important to identify all wells considered for the program, it is equally
important to include a map of only those wells actually selected for inclusion.
Without such a map, it is difficult to verify that data base wells most
representative of the vertical extent of contamination have been included on
the corresponding cross-sections. Additionally, in those areas for which data
are insufficient to determine the vertical extent of contamination, comparison
of the two maps will indicate areas in which ABC data base wells are
available for sampling, and those areas where additional wells would have to
be constructed to determine vertical extent of contamination.

In addition to the map of VEC wells, please provide four maps that present
well locations for the 0-50, 50-100, 100-150, and >150 foot depth intervals.
The distribution of wells by depth definitely influences interpretation of
vertical extent of contamination. The ma ority of wells in the dam base are
probably completed in the 0-50 foot depth interval, while the fewest number
of wells will be completed in the >150 foot interval; therefore, without the
requested maps, it is impossible to determine whether distribution of
contaminants in the deeper intervals is representative of actual contamination

F2-32
MMM105 11/15/91 3:51 pm sma



with depth, or an incomplete presentation due to inadequate distribution of

wells at these deeper intervals.

Please include a sixth cross-sectional figure (with estimated vertical extent of

contan-dnation) oriented east-west running from Section 33 to Section 32.

The five cross-sectional figures currently included in the report do not

contain data regarding the vertical extent of contan-dnation beneath Basin A in

Section 36. Since this area includes one of the most extensive alluvial

plumes and some of the highest contaminant detections on the RMA, an

understanding of the vertical extent of contamination beneath the basin is

necessary. Additionally, due to an absence of wells completed deeper than

50 ft below bedrock contact, the vertical extent of contamination beneath

Basin A and immediately to the west of the basin has not been defined. This

should be represented on the cross-sections (see Appendix B Specific

Comment 26E).

Response: The data evaluated for the VEC database are highly variable. Not all wells were

sampled for all analytes; in addition, detection limits and CRLs vary considerably for

different analytes and different analytical methods, and between different laboratories, as well

as over the time period represented by the data evaluated in this investigation. The

contaminant distribution maps are summaries of detections within various depth intervals

beneath the bedrock/alluvium contact for various analyte groupings that satisfied the criteria et

forth in Section B.2.3 of Appendix B. While the maps for DIMP, fluoride, and chloride

present information for single analytes only, the maps for total organics and for arsenic,

mercury, and ICP metals show summed concentrations for multiple analytes. The fact that a

well is not plotted on an individual map for a given analyte or analyte group in a given depth

interval is indicative only of the fact that the data, if any, for that well did not satisfy the

criteria for inclusion in the VEC database as outlined in the text of Appendix B. It does not

indicate that an analyte was not detected, nor that it was not sampled for, nor that no data

were collected. The data selected for inclusion in the VEC database represent the

contaminant conditions known on the basis of positive analytical evidence and considered to

reliably reflect contaminant conditions at those sampled locations. If no detections were

selected as representative of conditions at the well, the well was not included in the VEC

database. The maps in Figures RISR B.3-1 through RISR B.3-18 and RISR B.5-1 through

RISR B.5-5 show wells actually selected for inclusion in the VEC database. Therefore, only

wells with one or more detections were included in the VEC database. The wells without

detections, as well as the wells with detections and the wells not satisfying the criteria set

forth in Section B.2.3 are shown on Plate RISR B.2-1.

It is the Army's understanding that one map showing the locations of all wells considered

would be sufficient for the Organizations and State. The databases of all wells that were

considered and all wells that were included in the vertical extent evaluation was provided to

the organizations and State as an attachment to the Draft Final Appendix B of the RISR.
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However, an additional map of the wells included in the VEC database has been created as

Plate RISR B.2-2 for the Proposed Final RISR. The file ALLDEN.DBF provided with the

report is a listing of all sampled wells that are completed in the Denver Formation, and the

file VEC.DBF is the VEC database of all wells included in this evaluation of the vertical

extent of contamination.' In addition, at the request of the State 0 wells in the ALLDEN file

have been sorted by completion depth interval below the bedrock contact and plotted on four

new figures, RISR B.2-1, RISR B.2-2, RISR B.2-3, and RISR B.2-4, for the Proposed Final

version of the RISR. The reader is cautioned to bear in mind the lirnitations that apply to

these maps and the caveats that these maps do not show areas of data collection for all

analytes and are not directly comparable to sampling densities based on hydrostratigraphic

water-bearing zones. Wells completed in the same hydrogeological units may not plot on the

same depth maps due to variations in the bedrock surface across RMA, and discontinuities

and variations in the stratigraphic units.

Additional wells in the Basin A area have been added to existing cross-sections N-N' and

F-F. These wells indicate the vertical extent of contamination in this area has not been

defined. The State's comment indicated that the absence of wells on cross-sections in this

area was the reason for requesting an additional cross-section; therefore, the Army believes

these additional wells satisfy the State's comment, and an additional cross-section figure is

not necessary.

Comment 2: The Army summary of the VEC data indicates that contaminants are
migrating off-post in Denver Formation sands beneath the North Boundary
Containment System (NBCS), the Northwest Boundary Containment System
(NWBCS), and Section 22, and that the areal and vertical extent of
contarnination in these areas have not been defined. A study is therefore

necessary to characterize extent of contarriination migrating off-post between

the two boundary systems.

Response: As an ongoing part of the Feasibility Study the most recent dam are continually

reevaluated to characterize contarriinant migration that may have occurred or been detected

since completion of the RL The NBCS, NWBCS, and areas between these systems will be

included in this ongoing process. Wells 22027, 22028, and 23184 have been part of the well

network for the CMP. The FS will evaluate sample results as they become available.

Comment 3: If a well -has been sampled for all contaminant groups and is found to have

values below detection limits or background levels, it is appropriate to use
that well to delineate vertical extent of contamination. However, if the well

has not been sampled for all of the contaminant groups, it should not be used
to define vertical extent, since it cannot be assumed that concentrations in the
contaminant groups that were not sampled are below detection Emits or
background values. If any such well was included in the VEC data base, it

should be identified and replaced with an appropriate well.
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Response: The Army recognized the possibility described in the State comment when
constructing the VEC database and cross sections of this report. The wells most recently

sampled have the most complete sampling suite of analytes. The sample dates associated

with each detection are included in the database so that the older data can be identified.

Recently sampled wells were used as much as possible in representing the vertical extent of

contamination on the cross sections. Where possible deep wells with more complete

sampling suites were used to define vertical extent of contamination. Where not possible, the

extent of contamination is qualified accordingly. If no recent samples were collected, and the

well was in a location where the vertical extent of contamination was not defined, the well

was identified as having an inconclusive sampling chronology (Table RISR B.5-1).

Comment 4: Page B-7, B.2.2, Selection of Water Ouality Data and Page B-33, BA
Summary -- The Army states:

In cases where existing data could not be used to clearly identify
reliable values of concentration, conservative values were selected.
The resulting VEC database tends to overestimate the extent of
contamination in areas where dam were not conclusive.

Please clarify this comment. It is not clear- 1. whether existing data were
used, reliable or not; 2. what qualifications were used in determining that data
were not reliable; and 3. the source of thý "conservative values" referenced by
the Army. Additionally, it is not clear how selection of "conservative values"
has resulted in the possible overestimation of the extent of contamination.

Response: The text has been revised to indicate that in cases where consistent values of
concentration could not be identified, recent elevated detections were selected for inclusion in
the VEC database. In using the higher concentrations, this approach is considered
conservative because the extent of contamination may be overestimated.

Comment 5: Page B-8, B.2.4, Background Water Quality - The Army states:

In general, background concentrations of many organics
found at RMA are near CRU

We are not aware that background concentrations for on-post RMA organic
contaminants have been determined; therefore, please clarify the above
statement.

Response: Background concentrations of on-post organic contaminants have not been
deten,ninecL The Army can only speculate on the origin of these organic analyte
concentrations, including both natural sources such as hydrocarbon deposits in various
geological units, and potential upgradient off-post, man-made sources such as manufacturing,
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industrial, transportation, sewage treatment, or energy-related facilities, and other activities.

The statement in the text has been clarified to indicate that concentrations of many organics

in areas that are hydraulically upgradient of plumes are detected near CRLs.

Comment 6: Page B-8, B.2.4, Background Water Quality -- The Army states that Denver
Formation wells completed in Sections 5, 6, 7, 8, 11, 12, 19, 20, 29, and 30
are hydraulically upgradient of known RMA source areas, and are therefore
representative of background groundwateTconcentrations. This list should

also include areas within Section 32, and possibly Section 31.

Additionally, please list all wells used in the determination of background
inorganic and metals concentrations. All historical data included in the RMA

Environmental data base [sic] for these wells should have been used in the

calculation; please verify that this was done, or indicate which data were used

for the calculation and explain the rationale for the approach.

Response: The list of Denver Formation wells considered representative of background

concentrations has been revised to include all Denver Formation wells in Sections 5, 6, 7, 8,

11, 12, 19, 20, 29, 30, 31, and 32 except Wells 31006, 31007, and 31008. These three wells

comprise a well cluster in an area potentially downgradient of some sources in Section 36.

Table RISR B.2-1 has been revised accordingly. All historical data were considered in

developing the VEC database. However, for purposes of this report, values presented in

Table RISR B.2-1 are based on data included in the VEC database.

Comment 7: Page B-10, B.2.4, Background Water Quality - The Army states:

The wide range of detected concentrations and high standard
deviations of detections shown in Table B.2-1 [sic] show that
background concentrations vary substantially from location to
location. This extreme variability may be attributable either to
naturally high spatial or temporal variation, or to the presence of
more dw one population subset.

It is possible that the variation in concentrations is attributable to inclusion of
wells screened in different Denver Formation sand units in the background
calculations. If background concentrations were determined by sand unit, it is
probable the variability would decrease.

Response: While it is possible that the suggested approach would reduce variability within

individual hy&ostratigraphic intervals, because of the difficulty in correlating
hydrostratigraphic units across RMA, the overall range in background concentrations in the
Denver Formation are better characterized by the approach used.
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Comment 8: Page B-1 1, B.3, Areal Distribution of Contaminants -- The Army states that
wells in which contan-iinants were not detected are not included on the

contaTninant distribution maps. However, Denver Formation wells with no

organic detections, and with metals and inorganic detections at or below

background values, should be included on the maps and plates. Inclusion of

these wells would help to delineate, spatially and vertically, contaminated

areas, as well as delineating those areas in which the vertical and areal extent

of contamination has not been determined.

Response: As explained in the text, the wells with no detections are not shown on the maps

because of the following reasons that could result in an inaccurate portrayal of concentration

distributions:

" CRLs for most contairdnants have varied. As a result, a well that was sampled when

CRLs were higher could be mapped as uncontaminated. Nearby wells sampled when

CRLs were lower could indicate the presence of contaminants.

" Analytical suites have varied. The State described this problem in their Appendix B

Comment 3. A limited number of analytes may have been analyzed, and a potential

contaminant that was not included in the analytical suite may not have been detected.

This could result in a depicted below CRL location where contaminants were actually

present.

Comment9: Page B-11. B.3.1, Total Organic Analytes -Please replace the sentence,
"Most elevated levels of total organic analytes (greater than 10,000 ug/l)..."
with "Most detections of total organic analytes exceeding 10,000 ug/1 ......
Any level of organics above background should be considered elevated.

Response: The sentence has been modified as requested.

Comment 10: Page B-12, Table RISR B.2-1. Background Concentrations of Inorganic
Analytes in the Denver Aouifer -- Please include the well numbers, number of
samples analyzed per analyte or analyte group for each well number, and

corresponding number of detections per analyte or analyte group in the table.

Response: Please refer to the response to the State's Appendix B Comment 6 for a

description of the methods used to construct Table RISR B.2-1. In light of the method used,

it is appropriate to include only the number of detections in the table.. These values are
included.

Comment 11: Page B-17, B.3.1.2, Relation to Alluvial Contamination -- Please replace the
final sentence in the first paragraph of Section B.3.1.2 with, "Areas of
dissiniilar distribution between the unconfined flow system and the Denver
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aquifer include the northeast area of South Plants, Section 22, and North
Plants."

Response: The paragraph as written recognizes that there is a dissimilar distribution beneath
North Plants. Therefore, a reference to the North Plants has not been added to this sentence.

Comment 12: Page B-18, B.3.2.1, Areal Distribution - 'Me Army states:

Below Basin C, DIMP was detected at a maximum concentration of
25,600 ug/1 in Well 26053, at a depth of 16 ft below the alluvium-
bedrock contact. This concentration was reported in 1979; no
samples were collected after this date.

Because of the high DIMP detection and the uncertainty with which the Army

views pre-1984 data, Well 26053 should be resampled. If high DIMP
detections are again found in the well, completion of deeper wells in the
vicinity of Well 26053 will be necessary to define the vertical extent of
contamination beneath Basin C.

Response: Well 26053 is not included in any proposed sampling at this time. From the FS
perspective, additional sampling data are not required at this location in order to evaluate

remedial alternatives. Final decisions regarding additional investigations in the Denver
aquifer will be reached following discussions with the organizations and State in the

appropriate RMA Committee and Subcommittee meetings formats.

Comment 13: Page B-19, B.3.3, Sum of Arsenic, Mercury, and 1CP Metals -- Please replace
the sentence in Section B.3.3 beginning with, "This range corresponds...",
with, "This range corresponds to the upper limit of the range of background
concentrations detected in upgradient wells..."

Response: The requested modification would incorrectly relate a range of values (10 to

100 p&11) to a single value (99.3 pg/1), the upper limit of the range of background
concentrations.

Comment 14: Page B-21, B.3.4, Fluoride -- Please add to the first sentence of this page that
the secondary drinking water' standard for fluoride is 2,000 ug/l.

Response: The secondary drinking water standard for fluoride has been added to the text.

Comment IS: Page B-22, B.3.4.2, Relation to Alluvial Contan-dnation -- In the second
paragraph of Section B.3.4.2, please include Sections 3 and 33 as having
elevated Denver Formation fluoride concentrations with respect to unconfined
flow system values.
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Response: According to Mr. G. Mohrman, PMRMA, interference effects from chloride may

potentially produce artificially high fluoride values (oral communication with Mr. I Bush,

EBASCO, October 28, 1991). Nevertheless, the text has been modified to include Sections 3

and 33, and to note the potential for these interference effects.

Comment 16: Page B-22, B.3.5, Chloride - Please replace the first sentence of Section

B.3.5 with, "Most chloride concentrations greater than or equal to 5,000,000
ug/I ...... Any chloride level above background should be considered elevated

not only those in exceedance of 5,000,000 ug/l.

Response: The sentence has been reworded as requested.

Comment 17: Page B-23, B.3.5.1, Areal Distribution - The Army states:

Chloride was not detected in this area below 194 ft.

Please clarify whether chloride was not sampled at depths greater than 194 ft,
or was sampled and not found at levels above CRLs.

Response: A sentence indicating chloride was not sampled below this depth has been added
to the text.

Comment 18: Page B-24, BA Vertical Extent of Contamination -- The Army states:

Although the shallow bedrock of the Denver Formation appears to
be effective in partly containing contamination within the
unconfined flow system, it is not a completely effective barrier to
migration.

Due to the number and range of contan-dnant detections in the Denver
Formation, it is obvious that the Denver is not a barrier to contaminant
migration. Because much more study is needed to understand not only the
transport of contaminants in the Denver, but also the nature and extent of
interaquifer communication between the Denver and the Arapahoe, it is
inaccurate to imply that the bedrock acts as a barrier to vertical contaminant
migration. The State, therefore, recommends omitting the sentence.

Response: The Army recognizes that the Denver Formation does not serve as a complete
barrier to contaminant migration, as is expressly recognized in the referenced sentence.

However, in many areas concentrations of contarridnants are substantially less in the Denver
Formation from those detected in the overlying UFS. Therefore, the Denver Formation
clearly serves as a partial barrier to migration. The sentence has not been deleted. However,
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the Army recognizes that the need to evaluate the effectiveness of the Denver Formation as a

barrier to migration on an area by area basis will be addressed by the FS.

Comment 19: Page B-24, BA Vertical Extent of Contamination -- The Army states:

In the Denver aquifer beneath this area [the vicinity of Basin A],
the concentration is typically less than 700 ug/l.

However, examination of Figure B.3-1 [sic] indicates that the majority of

detections of total organic analytes (TOA) in the 0-50 ft depth interval

beneath Basin A and immediately to the north of the basin, fall within the

concentration ranges of >1000-10,000.ug/l, and >10,000 ug/l. The text should

reflect this fact, and further indicate that these detections are located beneath

the area of greatest alluvial contamination in the vicinity of Basin A, and are

consistent with the major flow path in theoverlying alluvium; therefore, the

higher concentrations are representative of Denver contan-dnation in this area.

Response: The sentence has been corrected to state that the concentration is typically less

than 7,000 pg/l in the Denver aquifer beneath the vicinity of Basin A. Eighty-five percent of

the detections in this area were less than 7,000 pg/l. Some of the concentrations above

1,000 pg/1 that are shown in the figure are in the UFS. Four of the five detections above
10,000 pg/l were reported in 1977 through 1979; these concentrations may not be comparable

to concentrations reported in more recently sampled wells.

Comment 20: Page B-26, B.4.2, Diisoprory1methylphosphonate (DIMP) -- The Army states:

Other elevated concentrations of DIMP were detected in the 0- to
100-ft depth range between the NBCS and NWBCS in Section 23.
In two of the deepest wells in this area, DIMP was detected at
concentrations of 21.0 and 33.0 ug/l between 102 and 106 ft below
the alluvium-bedrock contaCt...

It appears from the maps that the referenced wells are located in Section 22;
please modify the text if necessary.

Response: The deepest wells (>100 ft) with detections are in Section 22; however, the
elevated DIMP concentrations in the 0 to 100 ft depth range are in adjacent Section 23. The
section reference has been removed from the text to alleviate any confusion.

F2-40
RF5AUIT0105 11/15/91 3:51 pin sma



Comment 21: Page B-28, B.5.1, South Plants Area -- The Army states:

Although present in virtually all wells of the South Plants area, the

concentration of VHOs and VAOs in deeper wells is relatively low.

Consequently, the vertical extent of contamination has been
detem-dned with reasonable confidence.

Examination of the figures and plates in this document indicate that, in

several areas within South Plants with very high detections of TOA in the 0-

50 ft interval below bedrock contact, it appears that no or few wells are

screened at depths >50 ft Lsee Specific Comment 28A, B, and Q. Therefore,

the vertical extent of contamination has not been determined; and this

statement must be deleted from the text.

Response: Please refer to responses to the State's Appendix B Comments 28A, B, C, and D

which provide additional discussion concerning the extent of contamination beneath South

Plants. Based on these discussions the Army concludes that the extent of contamination

beneath South Plants is approximately defined and is sufficient to support the FS. The

statement has been modified to reflect this conclusion.

Comment 22: Page B-32, B.5.7, Miscellaneous Areas -- The Army indicates that Denver
Formation well 22002, completed to 107 feet below bedrock contact and

having a 1981 DIMP detection of 21 ug/l, is not being resampled as part of
the CMP. Because the Army also states that the limited sampling history
may have resulted in an inaccurate assessment of contaminant distribution in
this area, we request that Well 22002 be resampled as part of the VEC
program. The sampling will allow determination of the vertical extent and
range of concentrations migrating off-post in Section 22.

Response: The text of Section B.3.1.2 has been revised to indicate that the construction of

Well 22002 was of questionable quality, and this well was recently abandoned. No samples

were collected from Well 22002 after 1983. As stated in the response to the State's
Appendix B Comment 2, the CMP has monitored other wells in Section 2.2.

Comment 23: Page B-34, B.6, Summary - Please add the following RMA areas to the list
at the bottom of page B-34 representing areas needing additional investigation
to characterize the vertical extent of contamination (Lee also Specific
Comment 28):

- southeast comer of Section 35;
- Hydrazine Blending and Storage Facility, and downgradient of the facility

(South Plants);
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on the southern boundary, and immediately south of South Plants on the
western boundary of Section 1;
immediately south of South Plants on the eastern boundary of Section 2;
North Plants area;
Basin A Neck flowpath on the southern boundary of Basin C;
Basin C area;
Basin F area;
Basin E area, and connection between Basins D and E.

Response: The text has been revised to include most of the areas listed in the State's

comment, and to indicate that these are areas where the absolute vertical extent of

contamination has not been defined. Some sampling, well installation, and testing are

planned in several areas of the Denver Formation in support of the FS. Final decisions

regarding investigations will be made after appropriate consultations with the organizations

and State and representatives of the FS.

The HBSF has not been added to the list of areas needing additional investigation to

characterize the vertical extent of contamination because detections in the VEC in this area

primarily are suspect concentrations of hydrazines and a nitrosan-dne reported in 1986 samples
and associated blanks. Subsequent sampling in 1988 and prelin-dnary results from sampling
in August 1990 and March and August 1991 indicated no hydrazines are present in the wells
in this area; however, nitrosodimethylamine was detected in an UFS well (01055) in August
1990 (uncertified method) and in March and August 1991. Nitrosodimethylamine was
detected in Wells 01701 and 01051, both in the UFS in August 1991 only. Based on these
results, the vertical extent of contamination in this area is approximately defined.
Investigations designed to evaluate if hydrazines and nitrosamines are present in groundwater
will continue to be conducted in this area.

Comment 24: Figure RISR B.4-1. Vertical Extent of Contamination in the Denver
Formation Along Cross-Section Al-Al' - In cluster well 01022 and 01023,
the vertical extent of contamination as defined by the Army is located
between the two wells. While this is correct given the current data, it should
be noted that the Certified Reporting Lin-dts (CRLs) for DIMP in the latest
sample (and duplicate) for Well 01023 (1986) are 5.7 ug/l and 10.5 ug/l, both
of which are greater than the TOA detection in Well 01022. Therefore, it is
possible that contamination in this area extends deeper than Well 01022, but
was not detected because of the high CRLS.

Response: Comment noted.

Comment 25: Figure RISR B.4-2, Vertical Extent of Contamination in the Denver
Formation Along Cross-Section B I -B V -- This figure indicates that the depth
of contamination at wells 02030 and 02031 is defined by the alluvial-bedrock
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contact. However, groundwater flow in this vicinity occurs in the unconfined
Denver Formation, not in the alluvium (see the South Tank Farm Interim
Response Action documents), and high levels of organic contaminants along
this flow path are well documented. Therefore, the depth of contamination
should be changed to the base of the top sand unit.

Response: The Army infers that the State is actually referring to Wells 02032 and 02033,
not Wells 02030 and 02031. The Army agrees that the base of contarnination should be
changed to the base of the volcaniclastic unit in Wells 02032 and 02033. Cross-section Bl-
Bl' has been revised accordingly.

Comment 26: Figure RISR B.4-2, Vertical Extent of Contamination in the Denver
Formation Along Cross-Section Bl-Bl' -- Well 23190 had two low detections
of DIMP, one in 1988 and one in 1989. The sporadic detections of DIMP are
indicative of vertical extent of contamination in this area; therefore, base of
contamination should be changed to Well 23190.

Response: The values in the VEC database were selected to depict current contaminant
concentrations at wells. These selected values were used to depict contaminant distributions
as point plots and indicate the vertical extent of contamination by the use of cross-sections. It
would be inconsistent to utilize data that are in the database of excluded detections, as the
State suggests.

Comment 27: Fizure RISR B.4-4, Vertical Extent of Contamination in the Denver
Formation Along Cross-Section Dl-Dl' -- Please explain why the base of
contarnination was placed at Well 25009 and not at Well 25010 which had
higher detections of most contaminants than did the shallower well.

Response: The figure indicates that one analyte, a volatile halogenated organic (VHO)
compound, was detected in samples from Well 25010. However, no organics are reported in
this well in the VEC database; therefore, the organic concentration of Well 25010 has been
removed from the figure. The base of contamination is placed at Well 25009 and not 25010
because of the absence of organics detections that met the criteria of this investigation for
inclusion in the VEC database.

Comment 28: Figures RISR B.4-1 through RISR B.4-5 and Plates RISR B.4-1 through RISR
B.4-7 -- The following are general comments regarding modifications to
cross-sections Al-Al' through El-El', and cross-sections A-A' through Q-Q':

A. In the extreme northeastern section of South Plants and immediately
downgradient of the area known as the Hydrazine Blending and Storage
Facility (HBSF), eight detections of TOA in the >100-1000 ug/l range
and at depths of 0-50 ft below bedrock contact were measured. See
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Figure B.3-1 [sic]. An examination of figures B.3-2 [sic] through B.3-4
[sic] indicates that wells completed at depths greater than 50 ft below
bedrock contact do not exist in this area (this could be verified by
exan-dnation of the well location maps with depth requested in Appendix
B General Comment #1 [)]; therefore, the vertical extent of contamination
has not been defined in the vicinity of the HBSF. This observation
should be reflected on the cross-sections; however, none of the wells with
detections in the >100-1000 ug/l range are included on any of the cross-
sections. To indicate that the vertical extent of contarrdnation in the
northeastern section of South Plants, and the area downgradient of this
section, has not been determined, please include representative well(s)
from this area on cross-sections Al-Al, El-El', G-G', and 0-0'.

Response: The detections of total organic analytes (TOAs) in the >100 to 1,000pg/l range
that the State refers to are the detections of hydrazines and a nitrosamine that were reported
in 1986. These detections were, suspect and resampling indicated that no hydrazines or
nitrosamines were present in these wells. Concentrations of the other organics were typically
less than 10 pg/l. For example, Well 01036, located on cross-section G-G' shows a
concentration of 112 pg/l; however, hydrazines were reported at a concentration of 103 pg/l.
The only concentration detected in this area that was higher than 100 pg/l (minus the
hydrazines and nitrosan-dnes) was 145 pg/l, detected in Well 01055, which is screened in the
UFS (nitrosodimethylan-dne has been detected in this well, at less than 10 pg/l, in 1990
[uncertified method] and 1991). Deep wells to the north and south of this location are shown
on cross-sections F-F' (Well 36104) and EI-El' (Wells 01042 and 01043). Adding additional
wells to the cross-sections, as the State has requested, would not change the interpretation of
the vertical extent of contan-tination in this area (as approximately located on cross-section
Al-Al').

B. On the western side of Section 1, along the southern boundary of South
Plants, Figure B.3-1 [sic] indicates that approximately 20 TOA detections
in the range >10,000 ugA and 9 detections in the range >1000-10,000 ug/l
have been measured in the 0-50 ft depth range below bedrock contact;
these detections include hits of 1.11*10' [sic] ug/l TOA measured in
wells 0 1555 and 0 1565. See pages B- I I and B -16. However, with the
exception of one well on the southern boundary of South Plants located
on the extreme northwestern comer of these detections, it does not appear
that any wells are completed at depths greater than 50 ft below bedrock
contact in this vicinity. This uncertainty should be reflected in the cross-
sections. Only one well, Well 01542 with TOA = 100,300 ug/l, is
included on cross-section H-H', and none of the wells are included on the
cross-sections with estimated vertical extent of contamination (Al-Al'
through EI-El). The only other wells in Section I included on the
cross-sections are not in the vicinity of the high TOA detections, and
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have TOA concentrations 4-to-6 orders of magnitude lower then the high
TOA wells. To indicate that the vertical extent of contamination in this
area has not been defined, please include several of the high TOA wells
(including 01555 or 01565) on cross-sections Al-Al' and El-El, and
additional wells on cross-sections H-H' and N-N'.

Response: Three wells in the 50 to 100 ft depth interval are located within the area of

>100,000 pg/l concentrations, Wells 01015, 01081, and 01082. Well 01082 is located

adjacent to Well 01542 and has been added to cross-sections H-H'. The VEC database

indicates no organics were detected in this well or in Well 01015. Well 01015 is clustered

with Well 01014, which has a total organic concentration of 214,102 Pg1l. Wen 01081 is

located where total organic concentrations approaching 1.000,000 pg/l are present in the UFS;

total organics were detected in Well 01081 at a concentration of .20.90 pg/l. 'Me base of

contamination in this area is approximately defined.

C. On the eastern boundary of Section 2 immediately south of South Plants,
eight detections in the >100-1000 ug/l range, three detections in the
>1000-10,000 ug/l range, and one detection in the >10,000 ug/l range
have been measured; all wells are screened in the 0-50 ft interval below
bedrock contact. With the exception of wells 02032/33 [sic], located at
the downgradient extent of the identified area, it does not appear that
wells completed to depths >50 ft below bedrock contact are present. The
vertical extent of contarnination has therefore not been determined in this
area. To indicate this, please include several of the high TOA wells
(including the well with TOA in the range >10,000 ug/1) on cross-
sections BI-Bl', H-H', and M-M'.

Response: Total organic concentrations in UFý wells located within 100 ft of Wells 02032
and 02033 were approximately 33,000 pg/l in Well 02502 and approximately 13,000 pg/l in
Well 02503. These concentrations are in the highest range of concentrations detected in this
area; therefore, it is not appropriate to discount the depth of contamination as defined by
Wells 02032 and 02033. The well that the State specifically request to be added to the
cross-sections (Well 02584) is screened in the UFS and has a total organic concentration of
12,802 pg/l in the VEC database. Because the primary purpose of the cross-sections is to
show the vertical extent of contamination, additional UFS well have not been added to the
cross-sections.

D. Include the well in the eastern part of Section 36 with a DIMP detection
>1000 ug/l and TOA in the range >10,000 ug/l on cross-section Al-Al'
and 0-0' (well identification may be 36184, but we cannot tell without
maps requested in General Comment 8). Data from this well are more
representative of Denver Formation contamination downgradient of
Anomaly C than are data from Well 36154 which was not located
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immediately downgradient of the anomaly. See Army responses to State

Specific Comments 36 and 38, and EPA Specific Comments 68 and 70
on Central Study Area Report; Final Implementation Document for the

Interim Response Action at the Army Complex Disposal Trenches,
Summer, 1990.

Response: "Me State is correctly referring to Well 36184. This well is completed in the UFS

and occurs in a cluster with Well 36153, which is screened to a depth of 110 ft below the

alluvimn-bedTock contaCt. Total Organics in Well 36153 are reported in the VEC database at

5 pg/1. Cross-section Al-Al' currently shown Well 36154, which is screened to a depth of

128.8 ft below the alluvium-bedrock contact, with a total organic concentration of 28.8 pg/l.

Because the Army is utilizing a conservative approach to showing the vertical extent of

contarribiation, it is appropriate to use the well with the highest concentration in the deepest

screened depth interval. In this case, Well 36154 meets this criteria.

E. None of the cToss-sections include data from the 0-50 ft depth wells
located within Basin A (two detections in the range >100-1000 ug/l, five

detections in the range >1000-10,000 ug/l, and four detections in the
range >10,OW UgA), Or data from the western perimeter of the basin with
high TOA detections. The cross-sections should reflect not only positive
detections, but also the lack of data at depth. Therefore, please include
data from two Basin A wells, one well in the north and one well in the
south of the basin, with detections in the range >10,000 ug/l in the 0-50
ft depth range on cross-section N-N', and the cross-section requested in
General Comment 8. Additionally, the well located on the western
boundary of Basin A with TOA in the range >100-1000 ug/l at the 50-
100 ft and 100-150 ft depth intervals should also be included on these
two cross-sections.

Response: Wells 36178 and 36179, screened to depths of 53.7 and .117.7 ft, respectively,
below the alluvium-bedrock contact and located in the northwestern area of Basin A, have
been added to cToss-section N-N'. Wells 36170 and 36171, screened to depths of 85.1 and
146.6 ft, respectively, below the alluvium-bedrock contact and located in the southwestern
area of Basin A, have been added to cross-section F-F'. Well 36171 is the well specifically

requested by the State. No shallow wells (wells completed in the UFS) have been added in

this area because the primary purpose of the cross-sections is to illustrate the depth of

contamination, and the distribution of shallow detections is shown on the contaminant
distribution maps.

F. It does not appear that wells completed >50 ft below bedrock contact are
present beneath the North Plants facility in Section 25, and that therefore
the vertical extent of contamination has not been defined in this area.
Because this is not evident from reviewing the cross-sections, please
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include the well with TOA in the range >1000-10,000 ug/l on cross-
sections Dl-Dl' and C-Cl'.

Response: It is correct that there are no wells completed in the >50 ft depth interval beneath

North Plants, and the vertical extent of contamination in this area have not been defined.

However, no wells have been added to the cross-sections, as the interpretation of the inferred

depth of contamination in this area, as shown on cross-section Dl-Dl' between cluster

Wells 25008, 25009, and 25010 and cluster Wells 25012, 25013, and 25015 is dashed

approximately 115 ft below the alluvium-bedrock contact.

G. The vertical extent of contamination has not been defined, and is

currently not represented on cross-sections for the following areas in

Section 26 below the designated depths:

- beneath Basin C at depths >50 - below bedrock contact: include Well

26053 (>10,000 ug/l TOA in the 0-50 ft depth interval) on cross-section

Bl-Bl' or Dl-Dl', and D-D' or L-L'.
- beneath Basin F: no data at any depth interval are available; therefore,

well(s) to the north and south (Wells 26128/129 [sic]) of the basin should

be included on cross-section Bl-Bl' and the area beneath Basin F should

be represented by a dashed and question-marked line.
- eastern perimeter of Basin F in the 0-50 feet interval: at depths >50 ft

below bedrock contact there were eight TOA detections in the range

>100-1000 ug/l, and one TOA detection in the range >1000-10,000 ug/l.

The five wells selected to represent contamination in this area and

presented on Figure Bl-Bl' [sic] have either no detections of organic

contaminants (Wells 26138/139 [sic]) or low detections of organic

contan-dnants (Wells 26140/141/142 [sic]) and therefore are not

representative of the high level of TOA measured on the eastern
boundary of the basin, and may not properly define the vertical extent of

contamination. Please replace wells 26138/139 [sic] with representative
0-50 ft wells with TOA in the range of >100-1000 ug/l.

- beneath Basin E at depths >50 ft below bedrock contact: replace Well

26077 on cross-section D-D' with Well 26061 (TOA in the range of

>100-1000 ug/1). And,
- beneath the connection between Basins D and E at depths >100 ft below

bedrock contact: please include Well 26069 (TOA in the range >1000-
10,000 ug1l) in the 50-100-interval on cross-section L-L'.

Response: The Army agrees that the vertical extent of contan-dnation is poorly defined in

areas of Section 26. This was noted in the Draft Final RISR, Appendix B (Page B-34,
paragraph 3, line 7) and is shown on cross-sections Bl-Bl' and Dl-Dl' by a dashed,
question-marked line. In addition, one of the wells the State has requested be added was
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specifically mentioned in the text (Page B-18, Section B.3.2.1, paragraph 2) and identified on

Table RISR B.5-1 as a well with an inconclusive sampling chronology.

It is not evident that any of the changes the State requested to these cToss-sections would alter

the interpretation that the total depth of contamination cannot be inferred in areas of

Section 26. Wells included on the cross-sections are the deepest wells in the area. All of the

wells the State requested be added are screened in shallower depth intervals and do not

provide additional information on the inferred depth of contamination.

Comment 29: ABC Data Base - The State's review of Category B and C wells in the ABC

Data Base [sic] indicate that the following Category B wells should be

included in the VEC Data Base [sic] for the respective analytes:

Data from Category B Exclusion that should be retained in the VEC Database.

Well Data [sic] Analyte Result pgll

01516 90002 CPMS02 3.84

01517 89361 DLDRN 0.44

02005 88040 DBCP 1.3

02544 79191 DIMP 24.0

02545 89011 DIMP 0.65

02573 83111 DIMP 59.8

26074 79003 DIMP 6.52

79037 DIMP 13.7

26130 80178 CPMSO 457

26136 79155 DIMP 3.4

26137 79107 DIMP 52.2

79155 DIMP 2.6

26138 79227 DBCP 0.34

26139 79227 DBCP 0.32

26146 89216 DIMP 12.1

26148 88229 12DCLE 920

26150 89045 DIMP 0.445

89124 DIMP 0.57

F2-48
RF5/RM105 11/15/91 3:51 pFn sma



Data from Category B Exclusion that should be retained in the VEC Database.

26155 88078 AS 4.16

88327 AS 2.41

26157 88209 12DCLE 620

89044 12DCLE 930

*03003 87121 MG 8120

*22031 84339 ALDRN 1.49

These data are in both the Category B exclusion and VEC database.

Based on our interpretation of Category B criteria, and our evaluation of the

temporal and area] distribution of the detections in question, the wells/analytes
should not have been excluded from the VEC data base [sic]. Please make the

requested modifications, and any resultant modifications necessary to the

cToss-sections.

Response: Based upon the Army's review of the data the State requested be added to the

VEC database, the Army has added the data for Wells 02005 (sample date 88011), 02545,

26074 (13.7 pg/1), 26138 (0.32 pg/1), 26139 (0.34 pg/1), and 26155 (2.41 pg1l), with the
corrections identified in parentheses. Duplicate entries in the Category B exclusion and VEC
database for Wells 03003 and 22031 have been removed from the VEC database and are
retained in the HITSABC file because the concentrations were anomalous when compared to

adjacent wells and to the chronological sequence. The figures have been revised accordingly.

Data identified by the State for Wells 01516 and 01517 were not available when the VEC
was established and, therefore, have not been added to the VEC database. The Army
concludes that the data for the remaining wells should be excluded from the VEC database,

based on the Army's interpretation of the criteria for exclusion, as outlined in Section B.2.3,

Data Evaluation Criteria.

Appendix C Interim Response Actions

Comment 1: Page C-2, Table RISR C.1-1, Interim Response Actions at the Rocky
Mountain Arsenal -- Please make the following modification to Objective 1,
"Eliminate much of the potential for any future exposure from contaminated
alluvial groundwater ......

Response: The requested modification has been made.

Comment 2: Page C-26, C.2.1, Description -- Please make the following modification to the
first sentence, "The final alternative selected for the IRA will incorporate
groundwater extraction and treatment, and..."
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Response: The requested modification has been made.

Comment 3: Page C-26, C.2.1. Descrimion -- Please make the following modification to the
final sentence of the first paragraph, "The treated water will be returned to the
alluvium by using recharge wells and trenches ......

Response: The requested modification has been made.

Comment 4: Page C-26. C.2.2. Imipact - Please make the following modification to the first
sentence, "Implementation of this IRA will affect alluvial groundwater north of

RMA,and upgradient of the canals."

Response: The requested modification has been made.

Comment 5: Paize C-27, C.3.1, Description -- Please make the following modification to the
final sentence, "These recharge trenches increase the system's ability to
reinject treated water and result in a reverse hydraulic gradient along vortions
of the slurry wall "

An evaluation of the impact of the recharge trenches on the downgradient
potentiometric surface in the alluvial aquifer is included in The Comprehensive
Monitoring Program Annual Ground Water Reportfor 1990, Draft Report,
February 1991, which states:

The potentiometric head was higher south of the barrier than north
of the barrier along approximately two-thirds of the NBCS [North
Boundary Containment System) ... In the summer of 1990, a reverse
hydraulic gradient existed along most of the western half of the
NBCS [but not the eastern hal as indicated by the shaded area on
Figure 5.1-2 [emphasis added]. (page 64).

Response: The requested modification has been made.

Comment 6: Page C-37, C.9. I. (Closure of the Hydrazine Facility) Description -- The
description of this IRA is incorrect. It reflects the previously selected
alternative and timetable, both of which have been overtaken by events.
Although the Army has not finalized its Proposed Amendment to the Decision
Document for the Hydrazine Blending and Storage Facility, it has proposed to
treat the wastewater in the Basin F Submerged Quench Incinerator. The Status
paragraph must also be re-written to accord with the facts.

Response: The description of this IRA has been revised and updated.

Comment 7: Page C-38, C.10.3, Status (of Fugitive Dust Control) -- The text states that the
"[a]ssessment of future (dust suppressant) applications will be on a
case-by-case basis until the final Record of Decision." It is unclear what
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constitutes a case-by-case basis. As presented in the Implementation
Document for this IRA, the language used to describe the Army's intentions

for conducting future dust suppressant applications is vague and fails to
demonstrate a commitment by the Army to adequately inspect and evaluate the

area to determine the need for additional applications. In State comments

previously submitted to the Army, the State addressed this issue (see State

Comments on the Implementation Document for the Application of Dust

Suppressant at Basin A (Section 36) of the Rocky Mountain Arsenal, May 10,

1991).

Response: Comment noted. Additional information regarding this and other IKAs may be

obtained at the JARDF.

Comment 8: Page C-42, C.13.1, Description -- Please make the following modification to

the final sentence, "The preferred IRA alternative is in situ vitrification (ISV),

installation of a ternvorary, subsurface barrier wall ......

Response: The requested modification has been made.

Appendix D Other Special Investi2ations

SURFICIAL SOILS INVESTIGATION

Comment 1: Page DI-8, D1.4.1, Organic Analytes - The Army states that 270 surficial soil

samples were analyzed for OCPs; however, only 266 sample locations are
shown on Figure RISR D1.4-1. Please correct this discrepancy.

Response: Two hundred and sixty-seven sample locations were shown on Figure RISR

D1.4-1 of the Draft Final RISR. The figure has been revised to show 270 sample locations.

Comment 2: Page Dl-9, Figure RISR D1.4-1. Distribution of Total Organics in Surficial
Soils (0-2 in.) -- The placement and orientation of the contours indicate that
organic surficial soil contarrdnants have been transported off-post.

Response: Comment noted.

Comment 3: Page DI-13, D1.5, Interpretations and Conclusions -- Average wind speed of 9
mph at RMA should be clarified to read average annual wind speed of 9 mph.
The last sentence should be changed to read "could account for most eolian
transport of contaminated sediments."

Response: The requested modifications have been made.
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Comment 4: Page DI-17 to Dl-31, Table RISR DIA-lb Army Analytical Results for the
Surficial Soils Investigation at RMA -- Given the numerous NA (not analyzed)
entries on this table, additional notation should be provided for NA entries to
explain the reasons why no analysis was conducted.

Response: Confirmation GC/MS sampling was performed on a subset of the samples
collected (shown under the label "Sernivolatile Organics" on the tables referenced) in order to

verify analyte identifications. Not all samples were subject to the confirmation GC/MS
analyses.

Comment 5: Paize Dl-33 to DI-41, Table RISR D1.4-2 Shell Analytical Results for the
Surficial Soils Investigation at RMA -- Given the numerous NA (not analyzed)
entries on this table, additional notation should be provided for NA entries to
explain the reasons why no analysis was conducted.

Response: Please see response to the State's Appendix D Comment 4 above.

GROUND DISTURBANCE INVESTIGATION

Comment 6: The 63 sites not included in the requested ground disturbance sampling
program were excluded based on the following: 1) They had been previously
investigated; 2) They were no longer discernible in the field; 3) They are
located in an area that corresponded to a site as shown on the June 1989
preliminary map "Area of Known or Inferred Occurrence of Analytes Above
Background Levels at the Rocky Mountain Arsenal"; or 4) They were found
to be the result of non-RMA activities such as farn-dng, containment system
construction, or natural drainage depressions. Please provide greater detail
regarding non-RMA containment system construction.

Response: There has been no non-RMA containment system construction. The sentence has
been clarified.

Comment 7: In addition to the map and chemical analyses already provided in Appendix D,
the State requests the following:

a) A map showing the approximate location of pre-existing non-source area
borings. These borings could be included on the current Appendix D
disturbance area map, but must be clearly designated as pre-existing non-
source area borings;

b) A summary of the chemical data for all pre-existing borings referred to in
the text (in addition to the data included from the 37 sampled ground
disturbance areas);

c) Documentation of known or speculated source or cause of each of the 100
ground disturbances originally investigated.
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Note that the State has yet to receive an Army response to these items

previously requested in a March 14, 1990 letter from Jeff Edson to Donald

Campbell.

Response: a) The locations of all nonsource area borings are plotted in Figure RISR

A3.1-13. In addition, the Final Ground Disturbance Investigation Data Summary (EBASCO,

1990/RIC 90247ROl) contains a map showing nonsource area borings that are located within

ground disturbance areas identified by the State in its original proposal for a ground

disturbance investigation.

b) Chemical data for all nonsource area borings are readily available to the State and other

parties in the CARs, SARs, and in the RMA database. In addition, nonsource area borings

are included in analyte distribution maps in Appendix A3 of the RISR.

0 An assessment of each of the original 100 proposed locations was included in the

Final Ground Disturbance Investigation Data Summary (EBASCO, 1990/RIC 90247ROl). In

cases where the origins of ground disturbances were known, these origins have been noted.

In cases where the origins of ground disturbances are unknown, it is inappropriate to

speculate. In general, if historic information suggesting the possibility of contamination were

available about disturbed areas, they would have been designated as such in the original

Rocky Mountain Arsenal Contamination Control Program Management Team (RMACCPMT)

"Tricolor Map" and investigated as potential sites. Such historical information does not exist,

and therefore these areas were investigated as nonsource areas, and in most cases, sampling

supported this designation. Speculation about the origins of ground disturbances whose

origins are unknown and which have been shown to be uncontaminated serves no apparent

purpose. By reference, the State's letter of March 14, 1990, from Jeff Edson to Don

Campbell is responded to herewith.

Comment 8: The selection criteria used in locating the borings within the 37 disturbance

areas are not provided; additionally, the location of several of the borings

seems inappropriate. The majority of borings were completed in close

proximity to the disturbance area centers. However, contrary to this trend,

boring GD19026 is located in the SW corner of a disturbance area. In

addition, the number of borings taken within a disturbance area seems to be

independent of disturbance area size and shape. As an example, boring
GD25019 is located near the top of a narrow disturbance area which extends

over the entire length of section 25. Sampling near the top of this disturbance

area may not give an accurate indication of contamination in the lower portion

of the disturbance area almost a mile away. More borings are required to

adequately characterize the area. Borings GD04007/GDO4008 [sic], GDO4006

and GD19026 also do not adequately characterize the disturbance areas in

which they are located; therefore, further sampling is requested. It is possible

that RI borings combined with GD borings adequately characterize the areas;

if so, data from the previous RI borings should be summarized and

incorporated into Appendix D.
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Response: The Army believes the locations of all borings are appropriate. Boring GD 19026
is indeed located in the southwest comer of the disturbance area as it is shown in Figure

RISR D2.1-1. However, in its original proposal for a ground disturbance investigation, the

State identified this ground disturbance as "smaller bermed area SW of firing range"

(November 28, 1988 letter from Jeff Edson to Don Campbell). Although the disturbance area

is depicted on the map as including all of the firing range and areas to the north and east,

boring GD 19026 is located southwest of the firing range in the area originally identified by

the State as the ground disturbance to be investigated. The ground disturbance investigated

by Bore GD25019 appeared to be a road along a telephone line. The area was included in

the borrow area used during the Basin F IRA; GD25019 was located near the Sand Creek

Lateral in a part of the ground disturbance not affected by the borrow operations. Likewise,

Bores GDO4007 and 04008 were placed to investigate a former parking lot or graded surface

feature and were located in unvegetated areas, and 04006 was placed to investigate a ditch

feature in the lowest point possible. Field personnel located bores at each disturbance so as

to maximize detections of potential contaminants.

Comment 9: The ma ority of the 63 excluded sites were eliminated from the sampling
program based on the assumption that previously completed borings had

properly characterized the respective disturbance areas. It does appear that

these borings fall within the specified disturbance areas. However, because
the borings were completed as part of a grid and not specifically to investigate
ground disturbances, it is unlikely that the number and locations of such
borings are ideally suited to investigate potential contamination in these areas.
If upon review of the data requested in Appendix B [sic] 7.a and 7.b, the State
finds that a ground disturbance has not been properly characterized, additional
sampling for that ground disturbance area(s) will be requested.

Response: According to RISR Section A2.1.1.1, Geotechnical Strategy: 'The nonsource area

sampling grid was adjusted based on field inspection to ensure that samples were collected

from areas most likely to contain or concentrate contan-iinants (e.g. depressions, scarred areas,

and similar features)." It is not clear why the State considers a boring within a ground
disturbance area that happens to be pan of such a sampling grid to be less valid than a similar
boring that is similarly located within a ground disturbance area that happens to be part of
such a sampling program requested by the State. The Final Ground Disturbance Investigation
Data Summary (EBASCO, 1990/RIC 90247ROl) contains a map showing the 63 excluded
gTound disturbances and the RI borings located within those ground disturbances, as well as

the ground disturbances that were included in the investigation and the borings located within

them. A review of this map indicates that there is at least one, and in some cases numerous
borings, located within most of the 63 excluded areas. Other excluded areas were determined
to be SAR sites or to be related to containment system construction. Analytical data from
nonsource area borings within the excluded areas typically did not show elevated
concentrations of metals or organic analytes. Additional sampling is therefore unwarranted.

Comment 10: ICP metal detections above the IR (indic ator range, the natural or background
occurrence) were reported in 10 of the ground disturbance samples not rejected
by QA/QC. For the 10 detections found (9 of which are shown) additional
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information from nearby soils/sewer RI borings and from Contan-dnation
Assessment Reports (CARs) and Study Area Reports (SARs) are provided.
However, the exact location of these borings in relation to the GD borings is
not shown on the maps provided.. This makes it difficult to determine their
relevance. It is also noted that GD25019 (mentioned earlier as a lone boring
which was inadequate to characterize the mile-long disturbance area) is among
the 10 detections above the IR. This again suggests the need for more
sampling locations within this disturbance area.

Response: Please see the responses to the State's Appendix D Comments 7 and 8 above.

Locations and chen-dcal data for all nonsource area borings are readily available to the State
and other parties in the CARs, SARs and in the IMNUS database for RMA. In addition,
these data are summarized and locations are plotted on numerous maps in Appendix A3.

Appendix E Contaminant Fate and Transport

Comment 1: Paize E-77, E.3.2.9, Organonitrogen Compounds -- The Army States:

Although the RISR [sic] sampling program conducted analyses for
the hydrazines and nitrosamines in the vicinity of the hydrazine
blending facility in the South Plants Study Area, they were not
detected.

This statement is misleading. Please see Specific Comment #4 and modify the
text accordingly.

Response: The text has been modified to more accurately reflect the RI program within the
HBSF. Additional assessment work at the HBSF is being conducted under the Closure of the
Hydrazine Facility IRA, and additional soil sampling for hydrazines or nitrosamines will be
conducted under the Feasibility Study if a USATHAMA-certified analytical method is
available.

Comment 2: Page E-108, E.4.3, Saturated Zone Processes -- The Army states:

... the confined groundwater system in the Denver Formation shows
little or no evidence of lateral contaminant transport.

and

The potential for lateral contaminant migration in confined water-
bearing zones of the Denver Formation is considered minimal.

To our knowledge, the Army has never conducted an investigation of Denver
Formation contamination with the purpose of evaluating lateral transport
within the formation. Although the sand layers within the Denver Formation
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may be discontinuous across the Arsenal, they are laterally continuous in local
areas and interfinger with other sand lenses. This interconnection of sands and

the hydraulic gradient present in the Denver Formation may result in lateral
migration of contan-dnants within the aquifer. Please delete these statements
from the text.

Response: The Army has conducted hydraulic measurements of Denver Formation confined

water bearing zones. Consideration of these data, in conjunction with the hydraulic gradient

present, indicate that ground water flow rates are significantly less than in the UFS alluvium.

The rate of lateral migration within the CFS is also substantially less than in the UFS. As a

result, the potential for lateral contan-driant migration in the confined Denver Formation is

considered substantialJy less than in the alluvium of the UFS. Both passages have been

modified to clarify this understanding.

CommentI Page E-111, R.5.1, fSicl Volatile Halogenated Organics- The Army states:

In addition to on-post sources, a major influx of trichloroethylene
enters the unconfined aquifer from the off-post sources south of
RMA.

Please clarify in the text that the off-post trichloroethylene source is
immediately up-gradient of Section 9 only. Because Section 9 is located in
the extreme southwestern comer of the Arsenal, the source does not impact the
majority of groundwater entering the Arsenal from the south.

Response: The Army believes that off-post sources located to the south result in water
quality impacts to groundwater upgradient of RMA. These impacts are reflected in VHO
contaminants found in the Western Study Area and a reference to this study area has been
added to the sentence.

Comment 4: Page E-128, E.5.9, Organonitrogen Compounds -- The Army States [sic]:

None of the ONCs on the target analyte list were detected in soil,
water, or air at the RMA during the RI program.

This statement is misleading. Please see Specific Comment 4, and modify the
text accordingly.

Response: The text has been modified to reflect the limited analysis of hydrazines during the
RI program.

F2-56
RF5/RPT'DI05 11115191 3:51 pm sma



Appendix F3

Responses to Shell C)i I Company's
Comments on the Draft Final
Remedial Investigation Summary Report,
Version 2.3

Remedial Investigation Summary Report



Shell oil Company (D
c o --!vme
z ite " 00
!7r,C L!ncoin

,enver. CC -2:2C2

July 1, 1991

Mr. Kevin T. Blose
Office of the Program Manager
Rocky Mountain Arsenal, Building Ill
ATTN: AMXRM-E
Comifterce City, CO 80022-2180

Re: Draft Final Remedial Investigation Summary Report

Dear Kevin:

Enclosed please find our comments on the Draft Final Remedial
Investigation Summary Report.

If you have any questions, please contact Roberta Widdicombe with
MK-Environmental Services at (303) 860-8621.

Sincerely,

George Roe
Manager, Technical
Denver Site Project

GR/jy

Enc.

91-1012



SHELL'S COMMENTS ON THE DRAFT FINAL
REMEDIAL INVESTIGATION SUMMARY REPORT

JULY 1991

General Comments:

Comment 1: This report provides a reasonable summary of a tremendously large volume of

hydrogeologic and water quality data. However, because of its generality,

inaccurate statistical calculations, and non-site specific information on fate and

transport, it may prove to be of limited value to FS or risk managers. As such,

the report should emphasize that FS and EA evaluations and decisions should

be based on specific data sets, not on values contained within this summary

report.

Response: While potentially useful to the FS and EA, the RISR is not intended to be the

final source of information on the RI for these other programs, and the FS and EA

evaluations and decisions will not be based on the data summaries as presented in the RISR.

The RISR is specifically identified as a summary presentation of the information developed

during the RI program.

Comment 2: Although Appendix E is titled "Contan-driant Fate and Transport," there is

essentially no discussion of the fate of contaminants. If there is to be such an

Appendix at all, it needs to be (a) less academic, and focused on RMA-specific

data, and (b) more appropriately balanced to include contaminant fate data.

The latter is particularly important for RMA, where several years will pass

before final remediation decisions are made.

Response: Appendix E is included in the RISR to provide a discussion of contaminant fate

and transport which may be utilized as a reference for the RISR, as well as for the individual

SARs, media reports, and FS documents. Rather than summarize the media- or study

area-specific fate and transport information available in the earlier RI documents, this

appendix includes sections containing detailed information concerning physical and chen-dcal

properties, individual contan-dnant behavior, environmental fate and transport processes, and

contaminant migration pathways. Discussions in each of these sections concentrate on data

specific to RMA. Furthermore, it is well-recognized that the properties and processes

discussed in the initial section of the appendix, and used throughout the remainder of the

appendix, are essential to understanding and determining both the fate and transport of

contaminants in the environment.

Comment 3: Since a significant amount of additional air quality data have been collected

under the CMP, it would be beneficial to include these data in this summary

reporL Information regarding OTSP and temporal changes in air quality
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between 1988 and 1990 would be particularly useful. Additionally, we
recommend stating in the report that high-frequency (i.e., every six days)
sampling of VOC was conducted for the 1991 CMP and will enhance the
knowledge of organic compounds in air on the RMA, for future decision-

making.

Response: As noted in responses to other organization comments, the CMP is not a subject
of the RISR. Additional references have been added to the text (for example, p. A2-82) to

aprise the reader of the CMP activities. All pertinent data will be considered in future
decision making.

Comment 4: The discussions of biota in this draft final summary report contain a number of

n-dsleading statements regarding the ecological behavior and toxicological
significance of RMA contaminants of concern. Since the function of the RI is

to document the nature and extent of contamination only, these conclusions are
inappropriate and should be deleted.

Additionally, many of the statements regarding negative effects on higher

trophic levels are inconsistent with data collected under the Biota CMP, which
generally show higher trophic levels to be free of observable effects.

Response: No specific examples are presented in this comment. Ecological and toxicological
considerations were factors in the identification and selection of COCs for the Biota RL The
discussions of biota included in the RISR are an accurate summary of the findings of the
Biota RI. As previously noted, the CMP is not a subject of the RISR. The text will not be
revised.

Specific Comments

Comment 1: Page 1-18 through 1-33, Section 1.3. Throughout this section there are
incorrect statements about the date when Shell Chen-dcal Company became a
lessee at RMA. Shell Chemical Company acquired the stock of Julius Hyman
& Company in 1952, and Hyman continued in existence as the lessor until
1954, when it was merged into Shell Chen-dcal Company. The first lease
document executed by Shell instead of Hyman was Supplemental Agreement
No. 13, dated effective July 6, 1955.

Response: References to the date when Shell became a lessee of facilities at RMA have been
corrected throughout this section.

Comment 2: Page 1-1, first Paragraiph, second sentence. Agricultural chemicals were also
produced at RMA.
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Response: The sentence has been modified to state that agricultural chemicals were produced
at RMA.

Comment 3: Pages 1-20 through 1-31. The document should indicate that the Army
purchased and applied a variety of pesticides, including DDT. Also, it should
indicate that wastes from the painting of munitions, the motor pool, munitions
testing, and laundry were discharged to surface soils.

Response: Additional passages have been added to the text (Sections 1.3.1 and 1.3.3)
regarding Army pesticide use and waste disposal.

Comment 4: Page 1-26, second paragraph, third sentence. This sentence could be
misinterpreted to mean that all the listed chemicals were detected in the early
1950s. Because of the importance of the exact chronology of who knew what
when about South Lakes contamination, we suggest either deleting the sentence
or providing sufficient details to avoid confusion about this issue.

Response: The sentence has been modified to clarify who knew what when.

Comment 5: Page 1-27, second paragraph. This paragraph should be incorporated into the
third paragraph on page 1-29. Its inclusion in Section 1.3.2 incorrectly implies
that the off-post crop damage was a result of Hyman's operations.

Response: The paragraph has been moved to Section 1.3.3.

Comment 6: Page 1-28 The aqueous wastes were also neutralized with calcium hydroxide
(lime) and calcium hypochlorite.

Response: The sentence has been revised to indicate that wastes were also neutralized with
calcium hydroxide and calcium hypochlorite.

Comment 7: Page 1-28, third paragraph, second sentence. The Section 36 Trenches were
used between 1952 and 1965, as cited in Appendix C, Page C43, not
1952 through 1955."

Response: The typographical error has been corrected.

Comment 8: Page 1-30, third paragraph, fifth sentence. Ibis sentence is incorrect. What in
fact happened is that, at the Army's direction, Hyman and Shell delivered
liquid wastes to the Army at the boundary of the leased premises and the Army
conducted those wastes in the Army's chemical sewer to the basins.
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Response: The text has been modified to indicate that Shell discharged its aqueous chemical
wastes into the chemical sewers system connecting to Basin F.

Comment 9: Page 1-32, second paragraph To reflect the actual language of the Cease and
Desist Orders, change "the Army and Shell" to "the Army and/or Shell" in the
first line; and change "Shell and RMA" to "Shell and/or RMA" in the third
line.

Response: The requested modifications to the text have been made.

Comment 10: Page 2-11, first paragraph, first sentence The distribution of contaminants in
soils is typically irregular because of the heterogeneous nature of the soil
matrix. Volume estimates based on the assumption of uniform contaminant
distribution (i.e., simply calculating the volume of an arbitrarily defined cube
at each site) has little reliability and should be qualified in the text.

Response: A statement emphasizing the heterogenous nature of the soil matrix and its effect
on volume estimates has been added to the text.

Comment 11: Page 2-14, third paragralph Please include in the discussion that waste
pharmaceuticals from Fitzsimmons Army Hospital were buried at RMA.

Response: Tle text in Section 1.3.3, Waste Disposal Operations, has been revised to note
that medical materials from off-post and overseas may have been disposed at RMA. A more
detailed description of these activities is presented in the Final Phase I CAR, Site 36-17:
Complex Disposal Activity, Version 3.2, January 1988, in Appendix 37-17D, pp. 25-26 ESE,
1988/RIC 88013RO5. The information presented there cannot be substantiated.

Comment 12: Page 2-19, last paragraph. The chemical sewers are also significant because
of the potential for increased rates of contaminant migration in the backfill
along the lines. This mode of transport is illustrated by symmetrical
concentrations of contaminants adjacent to the sewer lines between the South
Plants and Basin A and to the east of Basins C and F.

Response: The possibility of enhanced groundwater flow along sewer trenches and backfilled
trenches has been added to the teXt.

Comment 13: Page 2-29, first paragraph, fifth sentence. Other factors that affect transport
include biodegradability, the composition of the aquifer, complexation (for
metals and organics), flow velocity, and the chemistry of the compound (i.e.,
dissociation constants, etc).
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Response: Biodegradability, aquifer composition, complexation, flow velocity, and analyte

chemistry have been added to the list of factors that affect analyte transport.

Comment 14: Page 2-29, first iparagraiph, last sentence. "Some aquifer sediments may act as

continuing, slow release sources." This interpretation was not discussed in the

SARs and is at odds with typically very low TOC. Please provide supporting

data.

Response: This sentence has been deleted.

Comment 15: Page 2-29, second paragraiph Basin F should be included in this listing of

sources that have had "greatest contaminant releases to the unconfined flow

system".

Response: Reference to former Basin F has been included in the text.

Comment 16: Page 2-32, first paragraph, last sentence. Tissue concentrations of chemicals,
even lipophilic ones, do not always increase along food chains (e.g., Moriarty
and Walker, 1987). Tissue concentrations of chen-dcals depend upon both the
nature of the chernicals and the physiology and biochemistry of the species
concerned. Please modify the statement to reflect this fact.

Response: The text has been modified to clarify that OCPs, which are known to
bioaccumulate and biomagnify, are given as an example of the type of contaminants that are
of concern in food webs.

Comment 17: Page 2-32, second Paragraph, first sentence. Plants were not cleaned prior to
analysis. Therefore, measured contaminant levels cannot be attributed entirely
to contaminants present in plant tissues, where phytotoxic effects would be
exerted. The unknown effect of contaminants adhering to plants on the
analytical results complicates any discussion of phytotoxicity or
bioaccumulation.

Response: The sentence is correct as stated. It does not imply that arsenic levels did or
should have resulted in phytotoxic effects.

Comment 18: Page 2-32, second paragralph. Arsenic does not ' tend to bioaccumulate.
Moreover, the statement that OCPs "are known to bioaccumulate and produce
effects higher in food chains" is overly simplistic.

Response: As stated in Section 5.2.2.1 and 5.2.2.7 of the Biota RI report, arsenic does
bioaccumulate, although only to a limited degree. The text on page 2-32 of the RISR has
been modified to emphasize OCP bioaccumulation.
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Comment 19: Page 2-32, third vararraph, second sentence. The basis and significance of

the statement, "organochlorine pesticides at levels that could prove hazardous

to higher-trophic-level species were detected in invertebrates sampled at

contamination sites," are difficult to evaluate. If invertebrate tissue

concentrations are being compared with criteria for "higher-trophic-level

species," the statement is inappropriate and invalid. If the inference is that

ecological processes make tissue concentrations measured in invertebrates a

threat to higher trophic levels, this statement should not be included since

RMA biota data appear to indicate that no threat exists to higher trophic

levels.

Response: ne sentence is correct as stated. In the context of the pathways analysis,

elevated levels of contaminants in this trophic level could prove hazardous to higher trophic

level species. No assertion was made that this was shown to be the case at RMA, but

insufficient data were available at the time the Biota RI was prepared to rule out this

possibility.

Comment 20: Page 2-32, third paragraph, fourth sentence. What is the significance of the

statement $'mercury concentrations exceeding certified reporting limits werr,

also detected in earthworms collected in South Plants"? Certified reporting

limits are simply the quantitation limits associated with the selected analytical

method; the quoted language simply means that mercury was also detected in

earthworms collected in the South Plants. Simple detections are irrelevant to

toxicological considerations.

Response: The text has been revised to indicate that mercury was also detected in

earthworms collected in South Plants.

Comment 21: Page 2-32, fourth iparagraph. first sentence. ne basis and significance of the

statement, "Black-tailed prairie dog populations were not reduced as a result

of RMA contamination, but organochlorine pesticides were detected in some

prairie dog samples . . . at levels that could be hazardous to ... predators,"

are difficult to evaluate. Achievement of levels of contaminants that "could

be hazardous to ... predators" depends on complex interactions among

ecological parameters such as dietary fraction, consumption rates, seasonality

and physiological status. RMA predator data indicate that no hazard is

present for predators. Thus, the statement is not only speculative but at odds

with the data.

Response: The statement is neither speculative nor is it at odds with the data. The context

of this statement was the RMA food web leading to bald eagles in which most of the diet of

wintering eagles was shown to be prairie dogs (Section 5.2 of the Biota RI). If the prey of an

individual eagle came from an area in which prairie dogs were contaminated at the highest
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levels detected in the sampling program, these prairie dogs could be hazardous to the eagle

predators. Available data on the foraging ranges of individual bald eagles at RMA could not

rule out this possibility. The only chemical analyses performed on bald eagles at RMA were

of blood, and these results could not confirm that individual eagles were not exposed to

contaminants via the prairie dog pathway at RMA. The Army is aware that complex

interactions among ecological parameters arr, involved.

Comment 22: Page 2-33, second paragraph. first sentence This is an incomplete,

misleading, and erroneous evaluation of existing information. Neither 1986

nor 1988 data revealed statistically detectable reproductive differences among

kestrel populations on- and off-post [sic]. The fact that the average number

of fledglings per nest was below maintenance levels suggests a regional rather

than RMA-induced tendency.

Response: The words "American kestrel and" have been deleted from this sentence.

Comment 23: Pam 2-34, first 13aragraift first sentence The proposed "correlation"

discussed here cannot be supported without considerable documentation. Is

there correlation between soil and tissue levels or just between soil levels and

detectibility in tissues? What correlation analyses were used? Curiously, of

all possible correlations between abiotic media and biota, the only one of

significance was between soil and terrestrial carnivores. By their size and

range, these animals would be least expected to show detailed spatial
relationships to soil concentrations. This "correlation" might well prove to be

spurious if rigorously examined.

Response: The text has been modified to clarify the meaning of these statements.

Appendix A Specific Comments

Comment 24: Page Al-2, Climate. Please include a frequency distribution of the number of

"high-event" days per year for volatile and sernivolatile organic compounds

and potential windblown dust events.

Response: A total of six high event days for VOCs and SVOCs were selected based on

threshold criteria. A total of twelve high event days for metals and particulates were selected

for analysis. The frequency and thresholds were based on a judgement of on-site conditions.

Comment 25: Page A14, first parauaph Modifications to all three boundary systems have

recently been or are currently being made under the IRA program and should
be mentioned here.
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The ICS was completed in December of 1981, not 1982. Also, the NBCS
includes injection or recharge trenches in addition to injection wells.

Response: Recent or pending IRA activities include installation of recharge trenches at the
NBCS; extension of the slurry wall and installation of extraction, injection, and monitoring
wells at the Northwest Boundary Containment System (NWBCS); and, at the Irondale
Containment (ICS), installation of "traction, injection, and monitoring wells and
improvements to the treatment facilities to allow for increased flow to the ICS. A discussion
of these activities has been added to the paragraph. In addition, the ICS completion data has

been changed to December 1981, and the presence of recharge trenches at the NBCS has been

incorporated in the text

Comment 26: Page Al-7, first paragraph, last sentence. The role of paleochannels in
contaminant migration is over-emphasized. The paleochannels influence
groundwater flow and contan-driant n-dgration but do not necessarily control it.
For example, the DBCP plume from the railyard crosscuts the deepest
paleochannel on the RMA.

Response: The text has been modified to state that paleochannels influence contaminant
migration.

Comment 27: Page A 1 -8, last Paragraph. Flow in part of Sand Creek Lateral is not
necessarily infrequent. Frequent, possibly continuous discharge from the
RMA steam plant enters Sand Creek Lateral in the South Plants area. This
flow does not Teach First Creek because of infiltration.

Response: The text has been revised to include infiltration as a reason that flow in Sand
Creek Lateral does not usually reach First Creek. Discharge from the steam plant also
typically infiltrates before it reaches Sand Creek Lateral.

Comment 28: Page AMO, last paragraph Continued urban development of areas south of
RMA would not necessarily increase flooding potential. New developments
are required to construct detention facilities which maintain peak flows at
historic levels, preventing increased flows from occurring downstream.

Response: The text has been revised to state that the flooding potential would increase if
properly sized detention facilities were not constructed.

Comment 29: Page A 1- 12, second Paragraph. The wells that cause an approximately 11 ft
drop in the water table during the summer are correctly described as part of
the South Adams County Water and Sanitation District (SACWSD) public
water supply system and are connected to the Klein water treatment plant.
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Response: 71e text has been modified to correctly describe these wells.
I

Comment 30: Page Al-13, last iparagraph, first sentence. Please clarify this sentence. By
definition the potentiometric surface of a confined aquifer is above the bottom
of an upper confining layer; therefore, if the potentiometric surface is below

the confining layer, the aquifer is unconfined.

Response: The sentence has been corrected to state that where the potentiometric surface is

below the water table of the UFS, recharge of the CFS may occur by leakage from the
overlying UFS.

Comment 31: Page AI-14, first sentence. Although discharge from the CFS to the
Arapahoe aquifer via leakage is possible, it is not probable because of the
presence of the buffer zone overlying the Arapahoe Formation.

Response: The comment appears to refer to the first sentence of the second paragraph on

p. AI-14. The sentence has been modified to indicate that discharge from the CFS may occur

by leakage to the Arapahoe aquifer. Although the buffer zone may act as a confining unit

separating the CFS from deeper aquifers, the buffer zone has not been determined to be a

completely impermeable barrier to groundwater migration.

Comment 32: Page AI-14, second paragraph, last sentence. "Currently, production wells
obtain water from the CFS on RMA."

Does this refer to the three wells in Section 4 that were installed in the mid-
1950s and are used for fire protection and maintenance of water levels in the
South Lakes? If so, Shell would like a copy of the logs of these wells, since
our current understanding is that these wells are screened in the alluvium (i.e.,
UFS). If not, please identify which wells produce water from the CFS on the
RMA.

Response: The word "no" was inadvertently on-dtted from this sentence. The sentence has
been revised to indicate that no production wells obtain water from the CFS on RMA.

Comment 33: Page A 1 -18, first paragraph, first sentence. Please define "high Federal
concern."

Response: The term "high Federal concern" is based on the designation of the bald eagle as
a federally listed endangered species, and the ferruginous hawk (also a raptor) as a candidate
for federal listing as a threatened species.

Comment 34: Page Al-18, last paragraph "Counts" are not the same as "densities."
Without information on the unit areas in which animals were counted, no
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valid claim of population enhancement, higher densities, or greater relative or
absolute abundance of deer on RMA versus off-post can be made.

Response: 7le term "densities" in the text has been changed to "counts."

Comment 35: Page A2-8, second Raragrai)h. Shell has commented on the soil sampling

intervals selected by the Army in numerous documents. The 1-4 ft interval in

the soil profile is important from a contaminant distribution standpoint and

should have been represented in the sampling. Lithologic and chemical

changes that influence sorption of contaminants occur in this interval.

Figure A2.1-4 [sic] shows that Phase 11 sampling was conducted in the 2-3 ft

interval; however, this was probably an exception. Most Phase U samples

were collected in the 0-1 and 4-5 ft intervals.

Response: Comment noted. Most Phase II samples were collected in the 0-1 and 4-5 ft

intervals.

Comment 36: Page A2-84, third paragraph This paragraph leads the reader to the
erroneous conclusion that relationships between contarriinant concentrations in
environmental media and RMA biota and adverse effects on the biota have

been thoroughly studied and documented, and are wen understood.
Information provided to date is insufficient to thoroughly document exposure,

uptake, and toxicological effects of any contaminants on either individuals or

populations. The existing information in fact indicates minimal or no
toxicological effect.

Response: 7be Army disagrees with the first and last sentences in this comment. The Army

believes that information developed for biota by the RI is adequate to initiate and support the
FS. The paragraph in question is descriptive of the biota RI, and does not lead to any

conclusions.

Comment 37: Page A2-89, first yaragraT)h The phrase "all OCPs" in the fifth sentence is

not accurate. Arsenic and mercury are contaminants of concern, but not
0CPs.

Response: The sentence has been corrected.

Unnumbered
Comment: Page A3-2 second paragraiph The calculation of a probability weighted mean

assumes that the samples were collected randomly. If the sampling was not
collected randomly, the probability distribution would not accurately reflect
the distribution of concentrations in the population. Instead, the distribution
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may reflect sample densities, and the sample median, geometric mean, and
AGM would be biased toward concentrations of soils in areas with highest
sampling density.

Response: Comment noted. The sampling was designed to help identify the nature and
extent of contamination sites on RMA; an RI designed to randomly sample soils across the

entire breadth of RMA would be an W-conceived and uneconomical endeavor. The data

summaries presented in Section A3 of Appendix A have been subdivided by site types to

better focus the findings.

Comment 38: Page A3-6, Section A3.1.1. The relative frequency of various contaminant
groups to each other is n-dsleading. The frequency of detection of different
groups can only be compared if the CRLs of the groups are similar. The

CRLs for OCPs are one to two orders of magnitude below the remaining

target analytes. 71erefore, the frequency of OCPs may be an artifact of the
low CRL for OCPs, rather than a true indication of extent of contamination.

Response: The relative frequency of various contaminant groups to each other is merely a

way of presenting the data that were collected during the RL The relative importance of
detections of various contaminant groups is not necessarily related to the frequency of

detection whether the CRLs are similar or not, but will be determined by the EA and risk

assessment.

Comment 39: Page A3-9, Tables A3.1.1 - A3.1-10. What values were assumed for the
nondetects for the calculation of sample standard deviation? Why was a
geometric mean calculated, but not a geometric standard deviation. If the
data are lognormally distributed, the standard deviation is either a geometric
standard deviation or arithmetic standard deviation calculated for lognormally
transformed data.

It should be noted in the text and on the data summary tables that the data
included in the summary represent a composite of multiple sampling events
that varied in sampling objective, density, and location. Therefore, the
calculations of central tendency in these tables may be biased toward
concentrations in densely sampled areas.

Response: The text has been revised to indicate that both the Phase I and Phase II data are
summarized. The data summary tables for both soils and groundwater have been revised to

include arithmetic means and standard deviations, and geometric means and geometric (log
transformed, base e) standard deviations. No nondetect values were assumed in these
calculations; as shown on the data tables, the statistical calculations were performed for the
detections only. The adjusted geometric mean (AGM) value is the geometric mean value of
the detections adjusted (multiplied) by the ratio of detections to nondetections. Cautionary
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statements have been added to the text in Section A3.1 and A3.2 regarding the purposes and

use of the statistical information presented.

Comment 40: Page A3-66, lastparagraiph This paragraph should include a qualifying

statement that reiterates that actual samples were typically collected from 0-1,

4-5, and 9-10 ft, not from the full 0-2, 2-5, and 5-20 ft depicted on the

referenced maps.

Response: A qualifying statement has been added to the text.

Comment 41: Page A3-72, last iparagrai)h Detections of DBCP in sanitary sewer sediments

are problematic. It is Shell's understanding that there were laboratory

problems with these DBCP analyses raising questions about the validity of the

data. Further qualification of this paragraph is needed to convey the

understanding that additional sampling is necessary prior to consideration of

remedial actions.

Response: There were no laboratory problems associated with DBCP detections in samples

collected from the sanitary sewers. DBCP was not detected by GC/MS sernivolatile analysis

which had a detection limit of 0.3 pg/g, but was detected at a concentration of 0.015 Pg/g via

gas chromatography/electron capture detector (GCECD) techniques which had a detection

limit of 0.005 pg1g. No additional sampling is currently planned for this site. Final

remediation decisions regarding the sanitary sewers have not been made.

Comment 42: Page A3-113, second paragraph. In addition to the DBCP plume that

originates in the Rail Classification Yard, the TCE plume originating in the

Motor Pool and migrating toward the ICS should be mentioned.

Response: A sentence mentioning the plume of trichloroethene that extends from the motor

pool to the ICS has been added to the paragraph.

Comment 43: Page A3-119, Section A3.2.4 Confined Flow System Artificial conduits

caused by pre-RMA farm wells and deteriorating or improperly constructed

wells may also have contributed to the irregular pattern of contamination in

the Denver Formation.

Response: The text has been modified to include this hypothesis.

Comment 44: Page A3-125, second paragraiph. The water quality information in the vertical

extent database does not represent recent concentrations in all cases. For

example, if a well had a detectable concentration from the early 1980s, but

was not subsequently sampled, that early concentration was included in the
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database without verification. Older data do not necessarily represent current

concentrations in those locations.

Response: The reference to present-day contamination has been replaced with a reference to

the most recent representative contaminant concentration from available data. The Army

recognizes that the approach used in constructing the VEC database was conservative in that

it likely overestimated contaminant conditions.

Comment 45: Page A3-126, first paragraph In the central portion of RMA, part or all of

the upper 20 feet of bedrock may be located within the UFS and reflect

alluvial aquifer contaminant distribution, not that of the CFS.

Response: While the elevated concentrations in the upper 20 feet of the Denver Formation in

Section 1 typically are representative of UFS contamination, in Section 36 many of the

elevated concentrations in the upper 20 feet of the Denver Formation are in the CFS. The

previous section in Appendix A, Section A3.2.3, indicated that in some areas, groundwater in

the uppermost subcropping stratum of the Denver Formation is under unconfined flow

conditions. This section (Section A3.2.4) describes contarriinants in the CFS; therefore, no

changes have been made to the text.

Comment 46: Page A3-126, second paragraift As noted above, OCPs are more likely to

occur in higher frequencies and wider distributions because their CRLs are at

least an order of magnitude less than other contaminants. 7berefore, the

frequency of detection may be irrelevant.

Response: Comment noted. Please see response to Shell Specific Comment 38.

Comment 47: Page A3-146, third paragraph This finding is unsupported in the text, and
the technical implications are not clear. Can it be said with statistical
certainty that dieldrin detection frequencies are greater than those for arsenic

and mercury?

Response: This sentence is "in general" true as stated. The statement makes no reference to

statistical testing or results.

Comment 48: Page A3-151, first paragraph, last sentence. On what basis are the four
samples "suspected" to have moved off RMA onto putative "control" sites?

How dependent are the conclusions upon this suspicion?

Response: 7be text has been revised to clarify off-post control site sample results.

Reference to the four samples has been removed.
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Comment 49: Page A3-151. Section A3.5.3, Comparison of Off-Post and On-Post Biota
Sampling Resul This comparison is critical to the scientific credibility of
the analysis. It needs to be explored in greater detail, beginning with a
thorough evaluation of the validity of the comparative data. If the data are
acceptable, statistical comparison should be made of key parameters,
accounting for alternate sources and temporal and spatial exposure processes.
The analysis presented here cannot support so important an aspect of the
evaluation.

Response: This section is a summary of the Biota RI document. It presents the results, at
the stated levels of significance and certainty, of statistical comparison of composite on-post
and off-post percentages of detections. Additional discussion of the data and reference to the
statistical test used (the true difference between percentages test) have been added to the text.

Appendix B Specific Comments

Comment SO: Page BA third iparagralph Although in general we agree that the rates
of migration in the Denver aquifer are generally slow compared to rates of
migration in the unconfined flow system," we do not agree that this probably
indicates that the data in the vertical extent of contamination (VEC) database,
which covers a "broad time period," are representative of the present-day
extent of contamination. The older data included in the VEC database are
probably not representative of the current concentrations of contaminants
because of a number of environmental fates that result in attenuation.

Response: The text states that the VEC database is considered generally representative of the
present-day "tent of contamination. The Army recognizes that many entries in the VEC
database were from samples collected more than 5 years ago. In several areas where the
older data are critical to understanding vertical extent, additional sampling as part of CMP or
other programs has been planned.

Comment 51: Page B-7, first paragraph, last sentence. Although the stated purpose of
Appendix B concerns the confined Denver aquifer, at least one alluvial well
(e.g., Well 27085 on Figures RISR B.3-1, B.3-8, B.3-11, and B.3-15) and
numerous wells screened in the weathered/unconfined portion of the Denver
Formation are included in the evaluation. Therefore, water quality for the 0-
50 ft interval may be more representative of the unconfined flow system than
of the Denver aquifer.

Response: The stated purpose in the Introduction (Section B.1) incorrectly implied that only
CFS weUs were included in the VEC database. The screening process for the VEC database
was conducted based on the location of the bottom of the screen relative to the bedrock depth.
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If the base of the screen was below the alluvium/bedrock contact, the well was selected for
inclusion in the VEC database. This resulted in the inclusion of some wells completed in the

UFS. However, the focus of this investigation and report was on the vertical extent of

contamination, and, therefore, focused on the CFS. The introductory paragraph has been

revised to clarify this point.

Comment 52: Page B-9. second 1)aragraph Please see previous comments on the use of the
AGM. Additionally, the correct measure of dispersion about the mean for

lognormally distributed data is the geometric standard deviation.

Response: Please see previous responses to comments on the use of the AGM. The

geometric standard deviations (natural log values) have been added to Table RISR B.2-1.

Comment 53: Page B-10, first Paragraph. The standard deviations would have been even

larger if the nondetects were included in the calculations by assuming the
same zero concentration for nondetects as is assumed by the AGM.

Response: Please see the response to Shell's Specific Comment 39. As previously

explained, zero concentrations are not assumed for nondetections in calculations of AGMs.

Comment 54: Page B-11, second paragraph Non-detections are valid data points that help
in the understanding of contaminant distribution. Since CRLs have decreased
over time and the present-day contaminant distribution is being depicted,
wells that have recently been below CRL would add to the assessment of
distribution and variability of contan-driation in the confined Denver aquifer
and should be included on the contaminant maps.

Response: Plate RISR B.2-1, Location of Groundwater Wells Considered for the Vertical
Extent of Contamination (VEC) Database, shows all wells that are screened to a depth below
the alluvium/bedrock contact and have been sampled one or more times. Plate RISR B2.-2,

Location of Groundwater Wells Included in the Vertical Extent of Contamination (VEC)
Database, was prepared for the Proposed Final RISR and shows all the wells included in the
evaluation of the vertical extent of contan-driation. These maps can be used in conjunction
with the contaminant distribution maps and the database of all analytical data that was
provided to the organizations and State by examining the sample date(s), analytical suite, and
depth below the alluvium/bedrock contact to ascertain where no contaminants have been
detected. For the reasons discussed in the text, it could be misleading to display locations
where no contaminants were detected. The FS will consider all relevant data available in the
evaluation of reme-dial alternatives.

Comment 55: Page B-16, section [sicl PaTagravh.. The deepest detection of organic analytes
was in Well 01046, located approximately 2,000 feet to the east of either
Well 01555 or 01565. These wells are screened within the weathered Denver
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Formation of the unconfined flow system, not the confined Denver aquifer.
Detections in these wells do not reflect conditions within the confined Denver
aquifer, and are not consistent with the stated purpose of this study. Also,
there is no mention of the fact that the alluvium is unsaturated and thin in
much of the South Plants area; therefore, relatively high concentrations in the
Denver Formation are not unexpected.

Response: This paragraph has been modified to indicate that many of the concentrations in
the 0- to 50-foot depth interval in the South Plants are representative conditions in the UFS.
In addition, please see response to Specific Comment 51.

Comment 56: Page B-28, Section B.5.1 SOUTH PLANTS AREA. Most of the
contamination in the South Plants Area is located within the unconfined flow
system.

Response: Please see response to Specific Comment 55. As indicated in the response, in
Section B.3.1.1, the text has been modified, and the presence of contamination in the upper
portion of the Denver aquifer is described as typically present in the UFS.

Comment 57: Pages B-33 through B-35, SUMMARY. Some of the contamination attributed
to the upper Denver aquifer may actually represent contamination in the
unconfined flow system.

Response: Please see response to Shell's Specific Comment 51.

Appendix C Specific Comments

Comment 58: Page C-42, third paragraph, last sentence. The "bench-scale" soil vapor
extraction system that will be utilized is more accurately described as "pilot-
scale."

Response: The term "pilot-scale" has been substituted into this sentence to replace the
term "bench-scale."

Comment 59: Page C-43, first paragraph, third sentence. There is no "motor pool area
groundwater extraction/treatment system." Groundwater to be extracted from
the motor pool and railyard areas will be piped to the ICS for treatment.

Response: The text has been clarified to indicate that water extracted in the railyard and
motor pool areas will be treated at the ICS.
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Comment 60: Page C , second mragraiph. last sentence. No construction activities for the
South Tank Farm Plume IRA are scheduled for November 1991 or for any
other time. Groundwater monitoring is the alternative selected for this IRA
and has already been initiated.

Response: The text has been revised to indicate that groundwater monitoring was the

alternative selected for this ERA. Although no construction of slurry walls or groundwater
treaunent systems are scheduled, monitoring wells and piezometers were installed and the

groundwater monitoring has been initiated.

Appendix D Specific Comments

Comment 61: Page Dl-2-Figure RISR D1.1-1 and Figures RISR D1.4-1 and RISR D1.4-2.
Sample ID numbers should be added to sample locations on these maps since
this information has not been published in any other document.

Response: This information was published in April 1991, in the Final Surficial Soil Program
Data Summary Report, Version 3.1 (EBASCO, 1991/RIC 91121ROI). Sample ID numbers
have been added to Figure RISR D1.1-1.

Comment 62: Page DI-5, second paragraph, first sentence. Shell's contract laboratory used
analytical methods certified by USATHAMA; therefore, the first sentence in
this paragraph should read "the Army's and Shell's contracting laboratories
used analytical methods certified by U.S. Army Toxic and Hazardous
Materials Agency (USATHAMA) and/or the Program Manager for RMA."

Response: The requested modification has been made.

Comment 63: Paae DI-5, second paragraph, fifth sentence. This sentence should read
11specific protocols for all analytical methods used by all contracting
laboratories may be obtained from PMRMA."

Response: The requested modification has been made.

Comment 64: Pages DI-16 through Dl-41, Tables RISR D1.4-la, DIA-lb, RISR Dl.4-2a-
and D14-2b. It would be helpful to have surficial soil data listed numerically
by sample ID rather than by section number. Moreover, Army and Shell data
should be combined.
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Response: The referenced data tables are presented in identical format to Tables 5-la, 5-lb,
5-2a, and 5-2b, respectively, of the Final Surficial Soil Program Summary Report, Version
3.1, and will not be changed.

Appendix E Specific Comments

Comment 65: Page E-1, first bullet. Comparison of theoretical contaminant behavior to
contaminant distribution hardly "confirm(s)" source areas or "verifies" the
nature and extent of contamination. It simply provides a level of confidence
in interpretations of contaminant transport based on theoretical behavior.

Response: Ile text has been revised and the terms "verification" and "confirmation" have
been deleted.

Comment 66: Page E-2, Section E.2. Physical and Chemical Proverties that Influence
Contaminant Mobility, It would be helpful to include a discussion of
diffusivity in air in the section on physical and chemical properties that
influence contaminant mobility.

Response: Section E.2 has been modified to include a discussion on atmospheric diffusion as
subsection E2.5. All subsequent subsections of Section E2 are renumbered.

Comment 67: Page E-6, Table E.2-1. The row of data provided for DBCP is shifted one
column to the left. Also, the solubility value for DBCP of "11,000 mg/1" is
incorrect. On Page E-18, Table E.2-3 gives more accurate solubility values of
"1,000 and 1,230 mg/1" for DBCP.

Response: These typographical errors have been corrected.

Comment 68: Page E-43, fourth paragraph. The effects of adsorption and degradation in
impeding the downward movement of DNAPLs is probably small in
comparison to decreases in penneability and the degree of saturation of
DNAPL in soil pores.

Response: The text has been modified accordingly.

Comment 69: Page E-45, first sentence. The heterogeneity of many aquifers precludes such
gross generalizations as "higher concentrations will be encountered near the
base of the aquifer where pure-phase contaminants denser than water have
settled."
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Response: Although the complexities of many aquifers preclude generalization, this
illustration is useful in conceptualizing pure-phase contan-dnant behavior within a permeable
unit. The text has been revised to read "...higher concentrations are generally encountered ......

Comment 70: Page E-45, second paragraph, second sentence. The concentrations actually
measured in the aqueous phase do not need to exceed the aqueous solubility
of the compound for NAPLs to be present. Measured dissolved
concentrations may be quite a bit lower than the aqueous solubility.

Response: Agreed. The text states, however, that if concentrations exceed aqueous
solubility, then separate phases will exist. The stated situation is the reverse of the comment.

Comment 71: Page E-45, second paragraph, third sentence. Attainment of equilibrium is not
precluded by "all the compound entering solution" or vice versa.

Response: The reference to equilibrium has been removed from the text and has been
replaced with a reference to the solubility limit.

Comment 72: Paize E-45, second varagraph, last sentence.

1) Salinity only changes the solubility of ionic organic compounds.

2) Increases in salinity decrease the solubility of all ionic organic
compounds. 'Ibis decrease occurs because activity coefficients of organic
compounds increase above one for all concentrations of increasing
salinity, thus decreasing the solubility of the compound. The effect is
quantified by the Setchenow Equation.

Response: 1) The presence of electrolytes in solution can decrease the solubility of nonpolar
solutes, a process known as salting out. The presence of the electrolyte interferes with the
organization of the solvent about the solute molecules, thereby making the nonpolaT solutes
less soluble. Further, increasing salinity has a greater effect on ionic inorganic solutes.

References:
Hurne, R.A. 1969. Marine Chemistry - The Structure of Water and Chemistry of the
Hydrosphere. Wiley-Interscience, New York, NY. pp. 81-85.

Garrels, R.M. and C.L. Christ. 1965. Solutions, Minerals, and Equilibria. Freeman,
Cooper & Co. San Francisco, CA. pp. 67-70.

2) In dilute solutions, solubility of ionic compounds is enhanced in the presence of inert
electrolytes. Activity coefficients of ionic species in these dilute solutions are less than one.
In more concentrated solutions, activity coefficients may become greater than one, and in very
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concentrated electrolytes the solubility of an ionic salt may become smaller again. The use of
a single equation to describe these complex electrolyte effects often results in error when
applied over a wide range of ionic strengths, such as occur at RMA.

Reference:
Stumm, Werner and J.J. Morgan. 1981. Aquatic Chemistry - An Introduction Emphasizing

Chemical Equilibria in Natural Waters. Wiley-Interscience, New York, NY. pp. 299-300.

Comment 73: Page E-46-- first iparagraph, last sentence. The solubility of all cations varies

as solution chemistry (i.e., ionic strength) varies, not just some. The effects

can be predicted using appropriate models for activity coefficients (e.g.
Debye-Huckel, Davies, or Pitzer models) and are similar for ions of similar
charge. Solubility of metals also depends on complexation of the metal.

Response: The sentence has been revised slightly for clarity. The solubility of species in

solution is dependent on many effects, including electrolyte concentration, complexation, and

also solid-solution equilibria. However, the solubility of some species is far more sensitive to

solution composition than the solubility of other species. For instance, the Debye-Huckel

equation defines the activity coefficient as a function of the square of the ionic charge. As a

result, the activity coefficient of a trivalent cation varies much more than that of a
monovalent cation for the same change in solution ionic strength.

Reference:
Garrels, R.M. and C.L. Christ. 1965. Solutions, Minerals, and Equilibria. Freeman,
Cooper & Co. San Francisco, CA. pp. 58-64.

Comment 74: Page E-48, third paragraph. K.,, is a measure of partitioning between organic
and aqueous phases and is only used to predict adsorption to soil organic
carbon. It is not considered valid for adsorption to mineral surfaces (e.g.,
clays).

Response: The text has been modified accordingly.

Comment 75: Page E-48, last Paragraph, last sentence. Adsorption of organic compounds to
organic carbon correlates well with K., Adsorption of organic compounds to
inorganic sediment particles does not correlate well with Y.,.,. This distinction
is important on the Arsenal where aquifer sediments have been found to
contain little or no detectable organic carbon (Shell 1990; WCC 1911 [sic]).

Response: The text has been modified accordingly.
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Comment 76: Page E-50, second 1)aragraph Is the F. value of 0.01% a typographical

error? Most writers cite 0.1% as the critical level of organic matter below

which inorganic sorption becomes significant.

TOC data collected by Shell near Basin C and north of Basin F and by

Woodward-Clyde near the NWBS indicate that, [sic] the amount of organic

carbon in unconfined aquifer sediments is very low. Shell aquifer samples

contained less than 0.05% TOC (detection limit) and the Woodward-Clyde

samples contained from 0.001% to 0.014% TOC. Therefore, it may not be

appropriate to use the K,.-Y.,drelationship to calculate retardation.

Response: The critical level of soil organic carbon varies with the methods used to calculate

Y%,,,. For some methods, the lower level of applicability is 0.01 percent f.. Limitations in the

Y.,,c-Kdrelationship are described in the paragraph cited, as well as the preceding paragraph.

Emphasis on the use of K,. and fc values to estimate adsorption does not imply that organic

chemicals will not adsorb on n-dneral surfaces in the absence of organic matter. Some

adsorption will always occur, and may be of particular significance in clays with vary high

surface area and where chernisorption is a factor. Methods for estimating adsorption effects

in the absence of organic matter are currently unavailable.

References:
Dragun, James. 1968. 'Me Soil Chemistry of Hazardous Materials. Hazardous Materials

Control Research Institute. Silver Springs, MD. pp. 243-250.

Lyman, W.J., W.F. Rechl, and D.H. Rosenblatt. 1982. Handbook of Chemical Property

Estimation Methods - Environmental Behavior of Organic Compounds. McGraw-HiU, New

York, NY. p. 4-5.

Comment 77: Page E-50, Section E.2.7. The organic carbon content of unconfined aquifer

sediments measured in Section 36 may not be representative of the entire

RMA. The range measured in Section 36 was 0.07% to 0.68% f, which is

significantly higher than that measured by Shell and Woodward-Clyde as

discussed in the above comment. Since the fc may be over-estimated, the

range of retardation factors calculated for the unconfined aquifer may be too

high.

For example, the retardation factor for trichloroethylene calculated from

laboratory studies for the Chemical Sales Superfund site just west of RMA

ranges from 1.2 to 1.6 as compared to 3.8 to 28 calculated in this summary

report. Retardation derived for dieldrin based on RMA field data are also

lower than the range of 47 to 440 estimated in Table RISR E.2-5.
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Response: The section summarizes a single investigation, and also states that heterogeneity

of natural occurring soils, sediments, and waters may account for variability in transport

behavior observed in different areas of RMA. Organic carbon contents are known to vary in

different types of soils, aquatic sediments and sub-soils. As Shell has previously pointed out,

sorption to inorganic phases may also be a significant retardation mechanism. As such, if the

K.,-Ký relationship is inappropriate, it is difficult to predict whether actual sorption to

inoTpnic substrates will be greater or less than the sorption predicted for low Organic carbon

soils on the basis of this relationship. Page E-52 also states that given the high potential for

variability in Y.,. and F. values, these retardation factors should be used only in a relative

sense, and that there may be large differences in mobility for a given compound in different

environments.

Comment 78: Page E-52, second paragraph The bulk density value given for aquifer

sediments seems to be incorrect. A value of 2.7 g/crTi' corTesponds to grain

density with virtually no porosity. Bulk density of coarse-grained, quartzose

aquifer sediments is usually assumed to be 1.6 to 1.8 g/cm'.

Field data may also be used to calculate retardation factors on the RMA and

to compare theoretical rates with observed rates.

Response: The bulk density used in Table RISR E.2-5 was inappropriate, and has been

modified. Field data have been used to calculate retardation factors, as described in Section

E.2.7. Other methods, such as tracer studies (ESE, 1988d) have also been attempted. These

field-based methods have been only partially successful.

Comment 79: Pages E-57 through E-59, Table RISR E.2-5. Shell found no detectable

concentrations of TOC (i.e., <0.05%) in aquifer sediments underlying Basin C
and north of Basin F (Shell 1990); therefore, it should be noted that the

retardation factors are probably lower than those listed in this table.

Response: Despite the fact that no detectable concentrations of organic carbon were found

underlying Basin C and north of Basin F, there is no evidence that retardation factors may be

lower than calculated in Table RISR E.2-5. The Y.,.-Kd relationship has been applied at its

lower limit, where sorption to inorganic soil phases may become significant. There is no

evidence that these inorganic sorption effects, particularly in fine-grained sediments, wW be

any less than the organic carbon sorption effects calculated at the lower limit of the K.-Y.,

relationship. In addition, Page E-52 already states that given the potential for high variability

in K,. and f. values, these retardation factors should be used only in a relative sense.

Comment 80: Page E-60, first paragraph "...contan-dnants may be... systematically
concentrated or biomagnified in successively higher trophic level species."
Given that the model essentially assumes a homogeneous abiotic environment
(i.e., temporal and spatial variability is not directly accounted for), the BMFs
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should be adjusted to take in to account these factors as they relate to
exposure. In this case, it should be stated there that, in the context of the

model, exposure-weighted BMFs may be less than 1.0, particularly for metals,

i.e., contaminants may not be systematically concentrated in some cases.

Response: 7le statement is correct as expressed. Systematic concentration does not imply

either high rates or homogeneity of concentration. The concerns regarding the fact that, at

RMA, an assumption of uniform exposure for some species is unlikely will be addressed in

detail in the EA.

Comment 81: Page E-60. second paragraph, second sentence. "The BCF for a particular

contaminant at a given trophic level in an aquatic system is merely the ratio

between the contaminant concentration in organisms a that trophic level and

the contaminant concentration in the ambient water." This statement is

incorrect and misleading. BCF is entirely independent of trophic level and is

a meaningful quantity only when water is the sole source of a contaminant
(i.e., laboratory experiments). BAF, in the context of the RMA model, is the

ratio of contaminant concentration in organisms at atrophic level to

contaminant concentration in the preceding trophic level. What is actually
being described here, therefore, is the BMF since trophic level transfer is

implicit in the definition given and the denominator is the abiotic medium.

Response: The text has been modified to clarify these definitions.

Comment 82: Pam E-60. second Paragraph. third sentence. "Bioassay techniques"--in which
responses of a living organism are used to gauge the toxicity of a sample--
have nothing to do with bioconcentration factors. The phrase "bioassay
techniques" should be replaced with "quantitative analytical techniques."

"BCF values may be measured using bioassay techniques or may be estimated
from empirical relationships based on solubility, K,),, and K," This statement
should include the caveat that bioconcentration can be greatly affected by
other factors (e.g., lipid content of the target organism, the molecular size and
shape of the contaminant, physiological control of uptake, biotransformation,
bioavailibility, intra- and interspecies variations and environmental conditions.

Response: The text has been modified as suggested. As this is a summary document, it is

not appropriate to include all caveats here. The other factors influencing bioconcentration
factors (BCF) will be addressed appropriately in the forthcorriing EA.

Comment 83: Page E-60, second paragraph, fourth sentence. "At the lowest trophic level
organisms are assumed to be autotrophs, and any contaminant accumulation in
them is attributed solely to direct uptake from water." This statement is
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probably adequate to describe concentrations of contaminants in

phytoplankton. The model however (as we currently understand it), combines

phytoplankton and zooplankton (which may feed on phytoplankton), such that

the "true" value for "plankton" as a multi-trophic group may fall between the

BCF and BAR In addition, this statement appears to assume no uptake of

contaminant from sediment via macrophyte roots which is known to be

incorrect and is not consistent with the diagrammatic representation of the

model which has been provided at the on-post meetings. The statement also

appears to assume that aquatic invertebrates do not feed at all (acquire

contaminant only from water). Such assumptions would be in error.

Response: The statement assumes that BCF is the primary mode of uptake for all plankton

and aquatic invertebrates, although some wW also be ingesting contaminants as well, as has

been clarified in the text This assumption is documented in the literature referenced in the

Biota RI report for this trophic level. The uptake of contaminants from sediment through

macrophyte roots would pass through a water interface and not be at variance with the

general statement made in the text.

Comment 84: Page E-60, second paragraph, sixth sentence. A statement regarding the

methodology used to calculate BMFs should be included.

Response: A statement regarding methodology for calculating biornagnification factors

(BMF) is presented in the last sentence of this paragraph. Additional detail is provided in

Section 5.0 of the Biota RI report, which this document summarizes.

Comment 85: Page E-60, second Paragraph, ninth sentence. "The BMF... is calculated by

summing BAFs over each pathway. . ." The factor calculated here is not the

BMF since it does not relate to the abiotic medium, it is actually a feeding
fraction "normalized" trophic level BAR BMFs are calculated by multilplying

trophic level specific BAFs.

Response: The definition presented here is consistent with the general definition and use of

the term BMF. Additional information is provided in Section 5.0 of the Biota RI report,

which this document summarizes.

Comment 86: Page E-60, third para"a h The "back-calculation" procedure as described

here ignores temporal and spatial variability and the resultant value for the
abiotic medium should not be applied as a clean-up criterion. The probable

product of this back-calculation procedure is an extensive, arsenal-wide,
clean-up effort, when all that may be really necessary is intensive Ternediation
of a few selected areas. Temporal and spatial variability must be considered
when devising alternative clean-up programs.
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Response: The back-calculation approach summarized here was based on general
assumptions and does not address the temporal and spatial variability of contaminant
distribution in abiotic media. The goal of the back-calculation is to derive a single cleanup

biota. criterion for each of the abiotic media. This criterion will then be divided into the

medium concentration at a specific site to calculate a site-specific exposure index (EI). The
EI will identify areas having contamination greater than the biota criterion. This process is

being implemented in the ongoing EA process at RMA.

Comment 97: Page E-63. first parazraph. second sentence. Tle central importance of the
MATC parameter requires that it be rigorously defined. For what species will

MATCs be developed? What criteria will be used to develop MATCs? Since
MATC is defined as a LOAEL, are the adverse effects expected at that tissue
concentration considered harmless? On what basis? Will the same adverse
effect be applied to all species? If so, how will equivalent toxicological
significance in different species be demonstrated? If not, how will differences
be reconciled?

Response: A more detailed discussion of the use of maximum allowable tissue

concentrations (MATCs) is provided in the Biota RI report, which this document summarizes.
Additional evaluation of the MATC approach is under development as part of the forthcoming
EA. Adverse affects will be defined for species as appropriate.

Comment 88: Page E-66, Section E.3.1 COMPARTMENT MODEL. The calculations and
conclusions in this section are based on the assumptions that the aquifer
contains more than the n-dnimum threshold fraction of organic carbon of 0.1%
required to use K,,, to predict K, This is not realistic in many areas. For
example, Shell found no detectable amounts of TOC (i.e., <0.05%) in
unsaturated and saturated sediments beneath Basin C and north of Basin F
(Shell 1990).

Response: Sediments at RMA have been observed with organic carbon contents at levels
equal to or greater than the 0.1 percent value used to prepare this figure. In addition, the
compartment model is used to illustrate the relative behavior of contaminants in generalized
solid-liquid-gas systems, rather than to predict their migration potential in a specific
environment.

Comment 89: Page E-81. third varagraph. Desorption of OCPs from soils and sediments is
believed to display hysteresis. Is there any direct evidence at the RMA that
the OCPs in aquifer sediments are secondary sources of groundwater
contamination, in view of both hysteresis and low TOC?

Response: As discussed by Mackay and Cherry (1989), kinetic limitations to desorption have
been observed in both field and laboratory studies. The practical effect of these kinetic
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limitations is to slow the removal of contaminants from the aquifer, thereby increasing both

the time required to achieve cleanup and the volume of water that must be extracted to flush

the contaminated zone. In addition, the partition coefficients study has demonstrated the

presence of contaminants within saturated zone aquifer sediments. Slow desorption of these

contaminants should be anticipated in developing rernediation strategies.

Comment 90: Page E-82, second paragraph It should be stated that arsenate and arsenite

exist as anions since the behavior of anions is important in determining the

geochernical behavior of arsenic.

Response: The text has been modified accordingly.

Comment 91: Page E-83, second Paragraph With regard to wind transport of fine particles
containing arsenic, iron oxide often serves as cement to clay-sized particles
and thus [sic], would form larger aggregates which would be less available for

wind transport. The statement about the resolubilization of arsenic as the

more toxic arsenite species is unclear. Redox. reactions of metals in solid
phases are very slow and the likely situation for reduction of arsenate to
arsenite would be for the arsenic to remain in the solid phase since the
mobility of arsenate and arsenite are similar.

Response: Windblown transport of contan-dnants is suspected to be an important migration

mechanism at RMA. Solid phase reduction is presumed to occur in association with the
aqueous phase, as in lacustrine sediments. Please refer to the cited references in Section

E.3.2.14, particularly in the fourth paragraph for further explanation.

Comment 92: E-86, second iparagraph Cadmium, copper, lead, and zinc behave similarly
because they exist as cations. In addition to hydroxide aqueous complexes,
halides also form complexes with these metals.

Response: The text already states that these metals occur as divalent cations or as complex

species. Chloride has been added as a potential ligand.

Comment 93: E-86, fourth Paragraph . What is the relevance of Table RISR E.3-1 in
illustrating the order of increasing affinity for the solid phase? The ranges
shown in the table are too broad to draw conclusions about the behavior of
the various elements.

Response: The text has been revised for clarity. A wide range of natural conditions may
lead to a wide variety of sorptive behavior. Change in these conditions may result in changes
in mobility.
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Comment 94: Page E-108, fourth Parazraph Please clarify the first sentence.

The data from the vertical extent report do not support the contention

that contan-dnants are transported extensively in the vertical direction.

Response: The first sentence of this paragraph indicates that lateral and vertical migration

we more efficient within the UFS than in the underlying CFS. The vertical extent report

deals principally with the presence of contaminants in the CFS portion of the Denver

Formation aquifer, not the overlying UFS. Contaminants within the UFS appear to be

transported both laterally and vertically to a greater degree than in the confined waterbearing

zones of the Denver Formation.

Comment 95: Page E-127, third paragraj3h. A tailing effect for DBCP in groundwater by

release from fine-grained sediments has not been demonstrated. In fact, data

downgradient of the ICS indicate that no tailing effect occurs in the aquifer.

Response: The text refers to the source of the DBCP plume in the railyard, not downgradient

of the ICS. Initial concentrations in the railyard are likely to have been much greater than

those experienced by aquifer sediments off post, making any tailing effects more evident near

the source.

Comment 96: Page E-132, third paragraph See comment for page E-81, third paragraph.

Response: Please see the response to Shell Specific Comment 89.

Comment 97: Page E-135, Section E.5.14 ARSENIC. The description of the fate and

transport of arsenic described in the first three paragraphs is inconsistent.
Either a consistent model should be formulated or a statement should be

added to indicate that no complete model to explain the data has been
determined.

Response: The text has been modified to enhance consistency among these paragraphs.

Tables

Comment 98: Table RISR A3.5-1. Demonstration of "clear biomagnification tendency" may

be complicated by artifacts of data selection and presentation. For example,

the coyote is in fact omnivorous, while the carnivores listed here feed at a

number of trophic levels. Body burdens from the individual animals included

in the data (whether those burdens were acquired on- or off-post [sic], or from

multiple sources) can skew the presentation. For example, it is highly
unlikely that golden eagles acquire their full body burden on RMA.
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Therefore, mechanistic linkage to RMA, or risk management on the basis of
measured body burdens, must account for alternate sources.

While valid and defensible correlation of tissue concentration with trophic
level may be possible, it must be done with care. This is more clearly
demonstrated in the aquatic food web demonstration, where inappropriate
specification of "plankton" as primary consumers (zooplankton, presumably
meant here, actually feed at a number of trophic levels), inclusion of the very
broad-feeding bluegill as a separate trophic level, and equation of bass and
pike (which feed at various levels) have masked any possible pattern in tissue
burdens. Sin-dlar processes pertain to the terrestrial food chain analysis,
where the allegedly "clear" pattern is a result of somewhat unclear grouping
of species.

Response: The "clear biornagnification tendency" can be complicated by the factors stated,

but the statement in the first bullet on page A3-148 is correct as expressed. While the
selection of species for which data are available to examine trophic levels is limited and not
ideal, the pattern alluded to in the text is evident from the data. Risk management
implications will be addressed as part of the EA process that has not yet been completed.

Comment 99: Tables RISR E.2-1 and RISR E.2-3. The information provided in these tables
is, depending upon a given compound, either inconsistent with or could be
supplemented with the information which EBASCO has prepared for the
Army for the On-Post RCAEA. A discussion of the QA/QC of this data,
which has presumably been performed, would add to the reader's confidence
in considering the data. The converse of this argument is: What data was
[sic] rejected or not considered?

Response: Please see response to EPA's General Comment 2 on Appendix E. The
information and data presented in Appendix E2 are representative values obtained from
various sources as indicated on the tables. This information is generally consistent with that
prepared for other programs, but due to the range of reported values in the literature for
various parameters, is not necessarily identical to the data packets that Shell refers to.

Unnumbered Comment: Tables E.2-4 through E.2-6 [sic] Reported log K. values have
been compared with readily available literature values and important

discrepancies have been listed below. Although we understand that
reported values frequently differ markedly for a given compound (Kadeg
et. al. 1986), we note that some of these values differ by as much as two
orders of magnitude. Therefore, the values reported in these tables
should be verified.
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Log K. Log K.
Reported in Value Obtained Literature

Compound Biota IR [sicl From Literature Reference

Benzene 1.62 2.50 [21
DDT 4.58 5.48 [31
DDT 4.58 5.39 [4]
Fluoranthene 4.58 5.32 [31
Hexachlorobenzene 6.08 5.22 M
Parathion 3.40 4.03 [41
Phenanthrene 3.85 4.22 [31
Pyrene 3.42 5.13 [3)
Trichloroethylene 2.64 2.02

[1] SRC 1991
[2] EBASCO 1990
[3] Kadeg et al. 1986
[41 Rao and Davidson 1980

Response: It is agreed K., values differ, sometimes by two orders of magnitude, depending
upon the method of calculation. The potential for high variability in K,. values is pointed out
in Section E.2.8. Table RISR E.2-3 provides a list of various K.,, values and the references
for each of them. It is the Army's intent to use appropriate methods for determining K,.
values, which are discussed and reviewed in the RMA Exposure Assessment.

Comment 100: Table RISR E.2-6 and Page E-60, second paragraph, fifth sentence, and Page
E-63, second paragraph, last sentence. This information is impossible to
evaluate. What are the "lowest trophic level" organisms referred to? Where
are the tissue and water analyte concentrations from which the listed BCFs
were derived? Were they calculated using regression equations? There is no
"Table RISR A.2-1" listed in the Table of Contents. What was the basis for
selecting the mallard, blue gill [sic], pike and eagle for BMF calculations?
Estimates of BMF for the species considered should be listed individually;
lumping them into a range yields little insight into the "relative degrees of
concentration and magnification in biotic systems." Also, it should be made
clear that these numbers calculated in the Biota RI reflect limited "field
data.11

Response: The text in Section E.2.10 has been revised to clarify the discussions of
bioconcentration and biomagnification. Information presented in Table RISR E.2-6 for
bioconcentrations was calculated using regression equations. Ranges in BMFs are presented
for the species at RMA for which sufficient data were available from the Biota RI to calculate
BNffs.

F3-29
MAWM104 11115/91 2:29 pm pf



The ranges in BMFs by specific analyte for all the species noted in footnote c in Table
RISR E.2-6 were used as a summary tool to compare relative degrees of biomagnification by
analyte. The revised text notes that BMFs may vary greatly by species due to differences in

susceptibility, feeding habits, the environment, and assessment methodologies.

Reference to Table RISR A.2-1 in footnote b in Table RISR E.2-6 is a typographical error

and has been corrected; the correct reference is to Table RISR E.2-3.

Fieures

Comment 101: Figure A2.1-2 [sic]. Figure A2.1-2 [sic] shows that samples were collected
at 5-ft intervals to 30 ft and then at 10-ft intervals thereafter. This should be
20 ft, rather than 30 ft.

Response: Figure RISR A2.1-2 has been corrected to show that from 20-ft depth on, samples

were typically collected at 10-ft intervals.

Comment 102: Figures RISR A3.1-3 through RISR A3.1-12. These figures are graphically
sophisticated, but misleading for the following reasons. The data include
multiple sampling rounds of variable sampling density, none of which were
collected randon-dy. Therefore, the probability distributions likely reflect
density and frequency of sampling as much as the true distribution of analyte
concentration. Fewer samples were collected at deeper depths; therefore, the
"per-cent detection" at these depths are likely biased by the particular criteria
used to select total depth.

The depth intervals are not accurate. Typically, samples were taken between
0-1, 4-5, 9-10, and >20 ft; therefore, the representation of 0-2, 2-5, and 5-20
ft is n-dsleading in that it suggests that most samples were collected over
wider intervals. This representation places emphasis on the anomalies rather
than the norm.

The comparison of percent detections between analyte groups is misleading
in that it reflects those analytes that have lower CRLs, rather than those that
are truly more common. For example, the OCPs are the most commonly
detected analyte group on all but two of the figures. This may reflect the
lower CRL for the OCPs, rather than a higher frequency of occurrence.

Response: Given the volume of data collected by the RL and the complexities introduced by
the vast scope of the investigations, including the need to analyze thousands of samples for
multiple analytes at different laboratories utilizing certified methods with different CRLs, and
the design of the program which appropriately concentrated more sampling at shallower
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depths and in areas with a greater likelihood of contamination than a purely random approach,

any summary data presentation format will have some limitations. Nevertheless, the

referenced figures represent an efficient and informative method of conveying both the nature

and extent of the contan-dnation in the various site types at RMA. Samples were collected

between 14- to 15-ft and 19- to 20-ft depths as well as 9- to 10-ft within the 5- to 20-ft

interval. Therefore, the 0- to 2-ft interval is represented by one sample, as is the 2- to 5-ft

interval, and the 5- to 20-ft interval is represented by three samples. The higher frequency of

detections for OCPs may, in part, be a result of the low CRLs used for these analytes; OCPs

are more likely to pose risks at low concentrations than many other analytes, however.

Comment 103: Fizure RISR A3.2-14. This figure will not be informative to the risk
manager because it provides no information regarding the natural occurrence

of the "total ICP metals" against any contaminant levels, nor the form of

these metals. Chromium, for example, could be present naturally in an

insoluble silicate matrix, or it may be present as a soluble salt, but is

unlikely to be present in its elemental form.

Response: This figure is not intended to serve the risk manager with specific information,

but rather to provide a summary presentation of ICP metals concentrations detected during the

RL Evaluation of risks posed by ICP metals is a subject of the EA.

Comment 104: Figures RISR A3.2-15 through A3.2-19. Please see comment on Figures
RISR A3.1-3 through A3.1-12.

Response: Please see response to Shell Specific Comment 102.

Comment 105: Fizure RISR E.4-8. The South Tank Farm Plume is not migrating into the
South Lakes as depicted in this map.

Response: The arrow in Figure RISR E.4-8 showing the contaminant migration pathway

towards the South Lakes has been shortened to show that the South Tank Farm Plume has not

migrated to the lakes.
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United States Department of the Interior
FISH ANM WI=T.IFE SERVICE
IcT1 514 A-N7D W-rLDL7E

ROCKY MOUNTALS ARS&NAL F=M OMCE
BL=D;G M

CO.V-MJ=E CrrY. COLORADO SM22-2M
RMILY KLMR TO.-

July 3, 1991

Office of the Program Manager
for Rocky Mountain Arsenal
ATrN-. AMXRM-E (Mr. Kevin Blase)
Building Ill
Commerce city, CO $0022-2180

Dear Mr. Blase:

The U.S. Fish and Wildlife Service (Service) has reviewed the Draft
Final Remedial Investigation Summary Report. The Service notes that the
subject document is a summary of the Remedial Investigation, however
sometimes more current information is provided on specific subjects ie.g.
IRA's, surficial soils and ground disturbance investigations). We assume that
the portion on wildlife is a summary of species distribution and abundance at
the time of the RI, however if it is Intended to be current, additional
Information is needed. Please noti-Ify the Service regarding the reported time
period of this summary report to clarify the factuality of the information
presented.

If you have any questions or comments, please contact Patty Stevens at
289-0232.

Sincerely.,

r Y,
Donald R. P6er
Coordinator
C

enclosure



U.S. FISH AND WILDLIFE SERVICE
ROCKY MOUNTAIN ARSENAL FIELD OFFICE

COMMENTS ON DRAFr FINAL
REMEDIAL INVESTIGATION SUMMARY REPORT

JULY 1991

Volume I [sic] [Sections 1.0, 2.0, and 3.0]

Comment 1: Page 1-24,,Daragraph 3. line 7. Ibis should read "between 1946 and 1982, at
which time all manufacturing operations in the South Plants ceased."

Response: Ile sentence has been corrected as requested.

Comment 2: Page 1-24, paragralph 3, line 10. Is Shell Chemical Company really still a
lessee of facilities in the South Plants?

Response: No. Shell's lease expired in 1987. The text has been corrected.

Comment 3: Page 1-25, paragraiph 1. line 3-4 It is unclear whether Shen acquired the
South Plants or Julius Hyman and Company. Please revise for clarity.

Response: The sentence has been clarified.

Comment 4: Page 1-30, 1)aragralph 2, line 6. "Wsates" is misspelled, it should read wastes.

Response: This spelling error has been corrected.

Comment 5: Page 2-17,,Daragraph 4, line 5. This should read "Aldrin/dieldrin ratios range
from less than 1 in some shallow areas of the lake to over 100 in deep areas
of the lake".

Response: 7he sentence has been corrected as requested.

Comment 6: Page 2-18, paragraph 1. While the potential for groundwater migration of
organochlorine pesticides (OCPs) from lake sediments is reduced due to the
strong adsorption of OCPs to lake sediments, the potential does exist for
migration of OCPs up the food chain (bioaccumulation) through the direct
ingestion of contaminated sediments by bottom feeding organisms.

Response: A statement has been added to emphasize this point.
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Comment 7: Page 2-19, paragraph -1. line 3 It is stated that contaminant contribution from

chen-dcal sewers is difficult to assess due to the influence of other contaminant

sources. What is the primary source of contamination?

Response: Both sewers and other sites are or were primary sources to soil and, in some cases,

water contamination. In areas such as Section 36, where sewers overlap with other types of

sources, the interpretation of how much contamination is associated with each source is somewhat

arbitrary. In Table RISR 2.1-1, the volume of contaminated soil associated with sewers is less

than that associated with basins and lagoons; ditches, lakes, and ponds; and solid waste burial

sites.

Comment 8: Page 2-20, paragraph I The benzene, toluene, and xylene plume in the South

Tank Farm area is well defined and has supposedly resulted from a benzene

spill in the tank farm area. this plume is the subject of the South Tank Farm

Plume IRA.

Response: While numerous spills and leaks occurred in the South Plants area, this section of

the text addresses contarriination sites that are the results of spills in areas not included in other

site-type discussions. The South Plants area is included in the buildings, equipmentý and storage

site-type, and is discussed in Section 2.1.3 of the text

Comment 9: Page 2-21, paragraph 4, line 4. Only one WA (ongoing) has been implemented

to control fugitive dust.

Response: The sentence has been corrected.

Comment 10: Page 2-24, Paragraph 1, line 6-10 This sentence should read "... though still

considered contaminants Additionally, the potential still exists for

accidental releases of chemical warfare agent during remedial investigations

and activities.

Response: The sentence has been corrected as requested. The potential for accidental releases

of chen-dcal warfare agent during remedial investigations and activities is, given the design of

these programs, extremely remote and unlikely.

Comment 11: Page 2-27, imragraph 3. line 2. This is the first time that "eolian" is defined,
although it is used prior to this. It should be defined the first time it is used.

Response: The first use of the term eolian, on page 2-21 of the Draft Final RISR, has been

eliminated. The term is therefore now defined the first time it is used.
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Volume H Fsicl FADvendix Al

Comment 1: Page A 1 -1. Pararraph I The southern boundary of the Arsenal is also adjacent
to industrial and commercial activities.

Response: The sentence has been changed to reflect the presence of industrial and commercial
activities in the area of Montbello on the southern boundary of RMA.

Comment 2: Page AI-15. Wildlife. The service assumes that the wildlife portion of this
report is representative of the wildlife at the time of the Biota RI only as this
is a summary report. If the intent is to document current wildlife diversity and
abundance, please contact the service for additional information.

Response: The USFVVS is correct in its assumption. However, all available data will be used
in the EA and FS.

Comment 3: Page A3-2, paragraph 1, sentence 2. This is not a complete sentence.

Response: The sentence has been corrected.

Comment 4: Page A3-88, paragraph 2. sentence 1. This sentence is missing a parenthesis.

Response: The missing parenthesis has been added.

Volume M [sicl fAviDendix A Ficures and Platesl

Comment 1: Figure RISR A1.6.1. [sic] Vegetation Map. Visual observation of Section 36
indicated more vegetation is present than appears on this map.

Response: Figure RISR A1.6-1 is based on an earlier report by MKE, as indicated by the
reference in the figure (MKE, 1988). Vegetation will not be remapped for the RISR.

Comment 2: Figure RISR A3.2-24. Total ICP Metals. The color code does not match the
colors used to define sampling locations.

Response: The color code in Figure RISR A3.2-24 has been corrected.

Comment 3: Figures RISR A3.5-1 through A3.5-3. The use of animal symbols for defining
biota sampling locations and trophic levels is a unique way of the presenting
the material. The service appreciates it.

Response: 'Me Army appreciates the comment.
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Volume TV [sicl [Avvendix B1

Comment 1: Page B-9. -paragraph 3, line I Table RISR B.1-2 should read Table

RISR B.2-1.

Response: The reference to Table RISR B-2-1 has been corrected.

Comment 2: Page B-32, iparagraph 2. line 8 The word "including" should be changed to
"included".

Response: The sentence has been corrected.

Volume V [sicl [Appendix C. Appendix D. a d Appendix El

Comment 1: Page C-37, paragraph 1 The hydrazine wastewater will now be transported to

Pond A for storage until incineration can occur.

Response: The paragraph has been modified to reflect this.

Comment 2: Page C-44, Paragraph 2. "Buttons" should mad "bottoms" in line 4. What

construction is expected to begin in November 1991? The service was not

aware of any additional construction, only of continued periodic monitoring of

existing wells for contaminant distribution and water table levels.

Response: The spelling of "bottoms" has been corrected, and the description has been updated

to indicate that groundwater monitoring is the selected alternative.

Comment 3: Page DIA i)aragrai)h 2. Plastic/rubber gloves may contaminate soil through
the coating that is applied to the gloves. Was this taken into consideration
during the analytical process?

Response: The surficial soil samples were being analyzed quantitatively for OCPs, arsenic, and

mei ury. The serniquantitative SVOC screen that was conducted on most samples did not reveal

the presence of phthalates or other compounds that may be associated with the use of gloves.

AD pesticide hits are confirmed by second column analysis.

Comment 4: Page E-130, Paragraph 2, line 6 This should read "significant migration from

their source areas".

Response: The sentence has been corrected as requested.
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11,14TRODUCTION

Appendix F5 of the RISR presents the Army's responses to the State's proposals for data gap

rectification or the improvement of the RI for six of the seven study areas, as listed in the

State's letter of July 26, 1989 (attached). The Army notes that proposals regarding the

Eastern, Western, Southern, North Central, Central, and South Plants study areas are pertinent

to, and were received in time to be responded to in the Proposed Final version of the RISR.

Of the other items listed in the State's letter, the Army notes that:

" Reconunendations for a Structures Sampling Program have been received and are

considered within the framework of the Structures Sampling and Analysis Programs

being developed by the Army

" The Off-Post Northwest Proposed Ground Water Monitoring Well Locations have been

received but are not germane to the RISR and are not responded to herein

" The State submitted its res'ponse to the Army's proposal for the Phase I Vertical

Extent of Contan-dnation Investigation, Rocky Mountain Arsenal as scheduled in the

attached letter. Appendix B of the RISR presents the results of that investigation, and

should be construed as the Army's action with respect to the State's submittal.

To the best of the Army's knowledge, the remaining items have not been received.

F5-1
RF5MMI 12 11/15/91 2:29 pm pf



3 1 JUL nen P ý-

STATE OF COLO&ADO

COLORADO DEPARTMENT OF HEALTH T 0A
4210 East I I th Avenue
Denver, Colorado 80220
Phone (303) 320-8333 July 26, 1989

'\

Roy Romer
Covefnoi

Thomas M. Vernon, M.D.
Executive Director

Mr. Donald Campbell
Office of the Program Manager
Rocky Mountain Arsenal
Attn: AMXRM-PM, Building III
Commerce City,, CO 80022

Subject: Schedule for Submittal of State Proposals for Data Gap
Rectification, Rocky Mountain Arsenal

Dear Mr. Campbell:

As promised during the July 5-7 Study Area Reports meetings,
enclosed is the anticipated schedule for submittal of a series of State

proposals for data gap rectification regarding the RMA remedial investi-

gation. The schedule was developed based on perceived Amy priority,
level of work required by the State to develop particular plans and our

availability of resources. If, upon review of this schedule, there are

topics on which your staff would need input sooner, we can consider
reprioritization of the schedule. As we have discussed previously, this

schedule contains target submittal dates only, provided as a courtesy to

aid the Amy in its future activities. The State may actually transmit
these documents before or after the proposed milestones. The State is
looking forward to working with the Army to resolve these important
issues.

If you have any questions regarding this schedule, please call.

Sincerel ,
X10.O"

WVAf__
f Edson

RMA Project Coordinator

cc: Michael Hope
David Anderson
Chris Hahn
Edward McGrath
Connaly Mears
Mike Gaydosh
Lt. Col. Scott Isaacson
Tony Truschel



State of Colorado RI Data Gap Identification Program,

Rocky Mountain Arsenal

Document

Topic to Army

1. Vertical extent of contamination proposal Aug I

" State's well inventory
" review of proposal

2. UnknownITIC Identification 
Aug 4

* State's List of Prevalent Unknowns

3. Eastern, Western, and Southern Study Areas 
Aug 11

Areas requiring additional characterization

4. Offpost Northwest 
Aug 11

Proposed Ground Water Monitoring Well
Locations (as promised to Mr. Charles
Scharmann)

S. North Central/Central Study Area 
Aug 25

Data Gaps and Proposed Data Collection
Activities

6. State's Analysis of Volatiles in Shallow 
Aug 28

Soils and Recommendations

7. North Plants Study Area 
Sept 8

Data Gaps and Proposed Data Collection
Activities

S. South Plants Study Area 
Sept 15

Data Gaps and Proposed Data Collection
Activities

9. Structure Sampling Program Sept 22

Recommendations

10. Analysis of Army's Data Quality Assessment 
Sept 29

and Recommendations for additional work or

documentation
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5TATE OF COLORADO
COLORADO DEPARTMENT OF HEALTH 1ý01 ýco

4210 East I ith Avenue
Denver, Coloraco BU220
Phone (ý03) 320-6333

August 2, 1989 
Rov Romer
c4vernof

Thorms M. Vemon, M.D.
Executrve Director

Mr. Donald Campbell

Deputy Program Manager

Rocky Mountain Arsenal

AMXRM-PM, Bldg. III

Commerce City, Colorado 
80022-2180

Re: Eastern Study Area; Clarification of State Concerns Regard-

ing Site Inadequacies 
and Rectification

Dear Mr. Campbell:

The State is responding to the minutes 
for the RMA Eastern

SAR Subcommittee meeting which was held on June 6, 1989. since

these minutes were incorporated into the Final Eastern Study

Report without the State's knowledge and without the opportunity

for the State to confirm 
or refute the Army's characterization 

of

discussions, this letter should also be included in the Ad-

ministrative Record.

Concern 1: Adequacy of RI Data for 
Sites ESA 3a, 3b, 3c

The State's concerns regarding 
perceived data gaps for 

sites

ESA 3a, 3b, and 3c were addressed by the Army's commitment to

perform additional characterization work as explained in its

Meeting Summary. We anticipate that this work will be set forth

in a task plan which the State 
will comment upon as appropriate.

Concern 2: Surface Water Ditch Samples

As a result of some apparent 
miscommunication, the 

S*#.,ate's

concern number 2 has not been adequately 
addressed. The State

noted in comment number 11 on the 
Eastern SAR that the sporadic

detections of contaminants in First Creek and its tributaries

merited additional sampling to confirm whether they consý,,.:itute

pathways of contamination. 
The Army suggested that 

the nine Com-

prehensive Monitoring 
Plan sampling stations 

along First Creek

should satisfy this concern; 
however, as explained in commen:E7no.

7 on the proposed surface-water 
CMP, it is the State's perception

that sampling proposed 
in that plan will not close 

this data gap.

Therefore, the State again requests that the First Creek and

tributary ditches in Section 31 and 6 be re-sampled to provide a

sufficient data base to 
evaluate this potential 

contaminant path-

way. I apologize for any misunderst 
' anding that may have resulted

from the State's communications 
on this matter and would 

welcome

an op ortunity to clear up any remaining confusion on this sub-

ject at future Feasibility 
Study working meetings.

ni-ý rn 9,



Mr. Campbell
Rocky Mountain Arsenal
August 2, 1989

Page 2

Concern 3: Structures Survey

The State agrees with the Meeting Summary concerning this
issue and intends to submit recommendations on a sampling program
for structures.

Concern 4: Re-Sampling Monitoring Well 20001

The minutes reflect the Army"s commitment to re-sample well
20001 which historically has shown detections of Arsenal con-
taminants; however, the parties acknowledged at the meeting that
this well may not be of sufficiently sound cons,"-,, ruct ion to enable
the Army to obtain a reliable sample. It was therefore agreed
that in such an event the well would be replaced or a new well
drilled as nearby as possible and with the same monitoring inter-
val as the old well. The Army subsequently informed the State at
the July 6, 1989, RHA Committee Meeting that Well 20001 has been
destroyed and cannot be re-sampled. Therefore, the State expects
the Army to install a new well as agreed on June 6. Initially,
the State recommends two sampling episodes to verify detections
of RMA contaminants.

Additional Concern: Composited Phase I Soil Borings Conducted in
the RMA Non-Source Areas

The State reiterated its position that due to the grid-based
boring placement and the compositing of 0-1 foot and 4-5 foot in-
tervals, the non-source area boring program is of little use in
characterizing the nature and extent of contazina".*ion in the RMA
non-source areas. The State insisted that data collected from
this program be used sparingly, and specifically maintained that
results from this program could not be relied upon to assert that
those areas are uncontaminated. The parties acknowledged that
the State has proposed two proc.jrams, the ground disturbance in-
vestigation and the surficial. soil sampling program to provide a
level of Remedial Investigation data to enable the Army to enter
into the Endangerment Assessment/ Feas ibil ity Study phases of the
investigation. The State's programs will not establish con-
clusively that the "non-source areas" are "uncontaminated"; nor
do they necessarily preclude the need for additional sampling
during Feasibility Study and site remediation activities.

At the meeting, and in response to the State's General Com-
ment 8, representatives of the Army informed the State that
detections during Phase I of the soil boring program were re-
sampled during Phase 11, and that these samples were not com-
posited. However, upon reviewing the data, the StCate has iden-
tified numerous instances where detections were not confirmed by
further sampling. We anticipate forwarding to you a list of the
more troubling instances of unconfirmed detections with a



Mr. Campbell
Rocky Mountain Arsenal
August 2, 1989

Page 3

proposal to re-sample and further characterize as necessary.
This list will not be limited to the Eastern Study Area. The
parties did agree that the issue would be revisited once the E.A.
has been completed.

Additional Matters:

The final statement in the Summary is incorrect. It was
agreed at the meeting that the Army would send a letter to the
State memorializing the parties' agreements, and that the State
would have an opportunity to respond as appropriate. Instead,
this Summary was prepared and inserted into the SAR without the
State's knowledge or consent.

I hope that this letter clarifies the State's positions
regarding these matters and wish again to express the State's ap-
preciation for the Army's willingness to attend the meeting and
attempt to resolve the State's concerns. We look f orward to
resolving these issues.

Sincere

6,jii Edson
RMA Project Coordinator
Hazardous Materials and
Waste Management Division

JE:jmb
D:\WS2000\RMA\CAMPBEL3.LTR

Attachments

cc: Michael Hope, Esq.
John Moscato, Esq.
Chris Rahn, Shell
Edward J. McGrath, Esq.
Connally Mears, EPA
Bill Clemmons, EPA
Lt. Col. Scott Isaacson
Tony Truschel, GooTrans



RESPONSES TO THE COLORADO DEPARTMENT OF HEALTH'S
EASTERN STUDY AREA; CLARIFICATION OF STATE CONCERNS

REGARDING SITE INADEQUACIES AND RECTIFICATION
AUGUST 1989

Concern 1: Adequacy of RI Data for sites ESA 3a, 3b, 3c

The State's concerns regarding perceived data gaps for sites ESA 3a, 3b, and 3c

were addressed by the Army's commitment to perform additional

characterization work as explained in its Meeting Summary. We anticipate that

this work will be set forth in a task plan which the State will comment upon as

appropriate.

Response: This work was set forth in the Draft Final Phase I FS Field Data Collection

Task Plan, which the State reviewed and returned written comments on under cover of a letter

addressed to Mr. Don Campbell - PMRMA from Mr. Jeff Edson - CDH, dated

January 22, 1989. We believe this letter was misdated and should have been dated

January 22, 1990. In addition, the Army plans to resample Well 05004 as part of the Phase II

FS Field Data Collection Program. The State had previously requested that this well, which

was installed and sampled as part of the RI Phase 11 program, be resampled.

Concern 2: Surface Water Ditch Samples

As a result of some apparent ndscommunication, the State's concern number 2

has not been adequately addressed. The State noted in comment number 11 on

the Eastern SAR that the sporadic detections of contaminants in First Creek and

its tributaries merited additional sampling to confirm whether they constitute
pathways of contamination. The Army suggested that the nine Comprehensive

Monitoring Plan sampling stations along First Creek would satisfy this concern;
however, as explained in comment number 7 on the proposed surface water
CMP, it is the State's perception that sampling proposed in that plan will not

close this data gap. Therefore, the State again requests that the First Creek and

tributary ditches in Section 31 and 6 be resampled to provide a sufficient
database to evaluate this potential contaminant pathway. I apologize for any

misunderstanding that may have resulted from the State's communications on
this matter and would welcome and opportunity to clear up any remaining
confusion on this subject at future Feasibility Study working meetings.

Response: In their comments on the Draft Final Phase I FS Field Data Collection Task

Plan, the State concurred with the Army plan to further investigate the Open Storage Yards

(ESA-3), the Section 31 Storage Yard, the Section 5 Storage Yard, and the Section 6 Storage

F5. 1 -1
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Yard (Comment Hj of State's Comments on the Draft Final Task Plan (Volume 1) Feasibility
Study Data Collection - December 1989), and noted that "[o]f particular interest to the State
is the sediment samples to be collected from tributary ditches in Section 31." The State
specifically indicated that "[t]his concern was conveyed to Don Campbell in an
August 2, 1989 letter from Jeff Edson regarding ESA data gaps."

Concern 3: Structures Survey

Ile State agrees with the Meeting Summary concerning this issue and intends
to subn-dt recommendations on a sampling program for structures.

Response: Concern noted.

Concern 4: Re-Sampling Monitoring Well 20001

The minutes reflect the Army's commitment to resample well 20001 which
historically has shown detections of Arsenal contaminants; however, the parties
acknowledged at the meeting that this well may not be of sufficiently sound
construction to enable the Army to obtain a reliable sample. It was therefore
agreed that in such an event the well would be replaced or a new well drilled
as nearby as possible and with the same monitoring interval as the old well.
The Army subsequently informed the State at the July 6, 1989, RMA
Committee Meeting that Well 20001 has been destroyed and cannot be
resampled. Therefore, the State expects the Army to install a new well as
agreed on June 6. Initially, the State recommends two sampling episodes to
verify detections of RMA contarninants.

Response: Well 20002 was installed and sampled in the Phase I FS Field Data Collection
Program. A second sample will be collected as part of the Phase II FS Field Data Collection
Program, and results of both samplings will be made available to the State.

Additional Concern:
Composited Phase I Soil Borings Conducted in the RMA Non-Source Areas

The State reiterated its position that due to the grid-based boring placement and
the compositing of 0-1 and 4-5 ft intervals, the non-source area boring program
is of little use in characterizing the nature and extent of contamination in the
RMA non-source areas. The State insisted that data collected from this
program be used sparingly, and specifically maintained that results from this
program could not be relied upon to assert that those areas are uncontan-dnated.
The parties acknowledged that the State has proposed two programs, the ground
disturbance investigation and the surficial soil sampling program to provide a
level of Remedial Investigation data to enable the Army to enter into the
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Endangerment Assessment/Feasibility Study phases of the investigation. The

State's programs will not establish conclusively that the "non-source areas" are
"uncontaminated", nor do they necessarily preclude the need for additional

sampling during Feasibility Study and site remediation activities.

At the meeting, and in response to the State's General Comment 8,
representatives of the Army informed the State that detections during Phase I of

the soil boring program were resampled during Phase H, and that these samples

were not composited. However, upon reviewing the data, the State has

identified numerous instances where detections were not confirmed by further

sampling. We anticipate forwarding to you a list of the more troubling

instances of unconfirmed detections with a proposal to resample and further

characterize as necessary. This list will not be limited to the Eastern Study

Area. The parties did agree that the issue would be revisited once the E.A.

[sic] has been completed.

Response: Concern noted. Both the ground disturbance and surficial soil investigations

were carried out, and are summarized in Appendix D of the RISR. Results of both programs

were released in the Final Ground Disturbance Investigation Data Summary Report

(EBASCO, 1990/RIC 90247ROI) and the Final Surficial Soil Investigation Data Summary

Report (EBASCO, 1991/RIC 91121ROI).

Additional Matters:
The final statement in the summary is incorrect. It was agreed at the meeting

that the Army would send a letter to the State memorializing the parties'
agreements, and that the State would have an opportunity to respond as
appropriate. Instead, this summary was prepared and inserted into the SAR
without the State's knowledge or consent.

Response: The State's conunent is noted.
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STATE OF COLORADO
COLORADO DEPARTMENT OF HEALTH hill;
4210 East 11th Avenue
Denver, Colorado 80220
Phone (303) 32"333

1 76

November 10. 1989 Roy Romer
Govemor

Thomas M. Vernon, M.D.
Executive Director

Mr. Donald Cumbell
Office of the ýrogram Manager
Rocky Mountain Arsenal
AMXRM-PM, Building ill
COWlerce City, CO 80022-2180

Re: State's Proposal to Improve the Remedial Investigation for the Southern
Studv Area

Dear Mr. Campbell:

Enclosed is the State's proposal to improve the Remedial Investigation for the
Rockv Mountain Arsenal Southern Study Area (SSA). As State personnel have
previously informed you, the significant data gaps that remain, based upon the
RI conducted to date, must be rectified to ensure that the nature and extent
of contamination in the SSA is fully defined. Unless the data gaps are
filled, the Feasibility Study could result in the selection of an inadequate
remedy based upon insufficient data.

This document was prepared based upon the State's review of the Southern Study
Area Report (SSAR), Army responses to State comments on the SSAR and the SSA
component of the Onpost Exposure Assessment.

This proposal prescribes a "limited" data collection program to address
it significant data gaps" identified to date in the remedial investigation.
7his proposal does not specify all the data which will need to be collected to
ensure a comprehensive Feasibility Study (FS) for the SSA.

Under separate cover, the State will also provide the Army with specific
RMA-wide comments and proposals to help rectify the data gaps and problems
with:

- the Non-Source Area Investigation;

- the Structures Survey;

- the Methylene Chloride detections found during the remedial
investigation;

- unknown and tentatively identified compounds;

- the Armv's current Quality Assurance/Quality Control (QA/QC) reporting
program; and

- the Biota Remedial Investigation.
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ý-Ir. Donald Campbell
Page 2
November 10, 1989

As alwavs, the State is willing to meet and work with the Army 
to rectifN., the

significant RI data gaps for the SSA. If you have an:v questions, please call

me.

Sincerel

" onRMA Project Manager
Hazardour. Materials and
Waste Management Division

JE/cf

cc: Michael Hope
Chris Hahn
Edward McGrath
Torkv Truschel
LTC Scott Isaacson
Bruce Rav
John Moscato, Esq.
Connally Mears



RESPONSES TO THE COLORADO DEPARTMENT OF HEALTH'S PROPOSAL

TO IMPROVE THE REMEDIAL INVESTIGATION FOR THE SOUTHERN STUDY AREA

NOVEMBER 1989

Comment 1: SSA Nonsource Area Characterization

The State has prescribed two programs to provide a minimum data base to

enter the Endangerment Assessment and Feasibility Study phases of the RI/FS

program: the surficial soil sampling program and the ground disturbance

program. The State provided a list of ground disturbances to be investigated in

a November 28, 1988 letter to Mr. Donald Campbell. The State understands

that the surficial soils program is complete although data from that program

have not yet been received. The State was also informed at the November 2,

1989 RMA Committee Meeting that the Army has also completed its field

work for the ground scar program. The State had hoped and expected to have

substantial participation in the screening of those sites proposed for

investigation. Unfortunately, we were not given the opportunity. However, we

are looking forward to receiving a detailed report explaining the investigation
undertaken by the Army and setting forth the Army's rationale for dismissing a

substantial number of proposed sites from that investigation. Mr. Kevin Blose

assured the State at the Committee Meeting that such a report would be
prepared and conveyed to the State.

In addition to these programs, the State requests that all significant contaminant
detections found in the Phase I boring program be verified, and further
investigated, as appropriate. As indicated in the cover letter to this document,
the State's analysis of nonsource area detections indicative of the need for
further investigation will be presented under separate cover.

Response: As noted in previous responses to State comments regarding additional
investigations in Nonsource areas, Phase II programs were undertaken where Phase I

analytical data or previously unidentified historical information or field observations indicated

some potential for contarriination. The surficial soil sampling and ground disturbance
programs were intended to assess the degree and types of potential soil contamination at

selected nonsource area locations, and support the development and assessment of feasible
remedial actions. These sampling programs are considered supplemental to previous
nonsource area studies but are still basically independent of past sampling efforts.

The Army believed that the organizations and State did reach consensus on all major points
regarding field activities and that the State was fully apprised of any changes to the ground
disturbance program. Results of that program were released in the Final Ground Disturbance
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Investigation Data Summary Report, Version 3.1 in April 1990 (EBASCO,
1990/RIC90247ROI).

Comment 2: South Tank Farm Plume

In the Southern Study Area Report (SSAR), State General Comment 3
(Appendices), the State indicated that the potential Volatile Halogenated
Organics (VHOs), primarily chloroform and chlorobenzene, and Volatile
Aromatic Organics (VAOs), primarily benzene, groundwater plumes are
migrating towards and may be impacting Lake Ladora. Since presenting this
comment, additional data incorporated from the South Plants Study Area
Report (SPSAR) indicates that VAO and VHO plumes are not completely or
properly characterized. Specifically, the following significant data gaps have
been identified:

a. The extent of VHO contan-driation in WBZ 2 and 3 has not been fully
investigated. Based on the following observations:

i) the lateral extent and magnitude of the VHO plume in Water Bearing
Zone I (WBZ 1);

ii) the downward vertical gradients in SPSA-1 (Central Subarea) and the
South Tank Farm SPSA-2 (Southern Subarea), probable sources for
the VHO and VAO plumes, respectively; and

iii) the fact that the only sampling point in Section 2 south of the SPSA-
SSA boundary and immediately north of Lake Ladora had a VHO
detection in the range of 10-100pg/l.

It is probable that a VHO plume is migrating within WBZ 2 (and possibly
WBZ 3, though no wells were sampled in Section 2 within this zone)
southward from SPSA towards Lake Ladora. The extent of contamination
in this zone must be characterized.

b. Figure SPSA 3.3-3 (SPSAR) indicates that a second VHO plume originates
in the vicinity of the center of SPSA-2b. The plume is migrating towards
the southeast, and has concentrations equivalent to those of the southwest-
trending plume at the SPSA-SSA boundary. The Army has not discussed
the potential for VHO plume n-dgration to the southeast, and the resultant
possible impact on Lower Derby Lake. No wells in Section 1,
downgradient of the SPSA VHO plume, were sampled for VHOs in WBZ
I or 2 (the two wells sampled in WBZ IA-1, Figure SSA 2.3-1 in the
SSAR, appear to be crossgradient frbm the plume as it is presented in
Figure SSA 3.5-3). The presentation of a single VHO plume in Figure
SPSA 3.5-1 contradicts both the 2-lobed VHO plume presented in Figure
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SPSA 3.3-3, and the potentiometric contour maps in Figures SPSA 1.5-5
and 1.5-7.

c. Figure SPSA 3.3-8 indicates that a second VAO plume originates in
approximately the same location as the northwest-trending VHO plume, in
the vicinity of SPSA-2b. The VAO plume is migrating towards the
southeast, and plume concentrations are equivalent to those of the south-
west-trending plume in the SPSA-SSA boundary. Very high benzene
concentrations, greater than 10,000 pg/l, were consistently detected at the
SPSA-SSA boundary in WBZ I (Figure SSA 2.3-6), yet no wells were
placed immediately downgradient of the detections or upgradient of Lower
Derby Lake (again, the two wells sampled in WBZ IA-1, Figure SSA 2.3-
5, appear to be cross-gradient from the plume as it is presented in Figure
SPSA 3.3-8). The presentation of a single VAO plume in Figure SSA 3.5-
1 contradicts both the 2-lobed VAO plume presented in Figure SPSA 1.5-5
and 1.5-7. 'ne Army stated in the SPSAR (page 2-37) that "absolute
concentrations [of VAOs] generally increased by one order of magnitude
between 1979 and 1988." Therefore, the potential impact of this plume on
Lower Derby Lake must be characterized.

It appears that the Army has completely mischaracterized the southeast-trending
VHO and VAO plumes migrating from SPSA-2b, across the SPSA-SSA
boundary and towards Lower Derby Lake. Plume definition in all three water-
bearing zones, but especially WBZ 1, is necessary. Additionally, the extent of
VHO and VAO contamination in WBZs I and 2 in the vicinity of Lake Ladora
downgradient of SPSA must be investigated. This can be done by sampling
properly-screened and completed wells currently in place, or by installation and
sampling of new wells sited specifically for VHO and VAO plume definition in
Sections I and 2. The State has received the Shell Letter Technical Plan for
the Remediation of Other Contaminant Sources IRA, South Tank Farm Plume
(11/3/89), and will be providing comments on the field plan based on the goal
of VAO and VHO plume characterization. The State again requests that
sources of the VHO and VAO plumes be characterized in the South Tank
Farms Hot Spot IRA. This is especially significant given the order of
magnitude increase of VAO concentrations in groundwater between 1979 and
1988, and the resultant potential impacts on the Lower Derby and Ladora
Lakes.

Response: (a) The need for additional investigations in this area will be addressed by the
FS.

(b) In analyzing a "second VHO plume," it would be more appropriate to compare data from
the same time period. The figure referenced in this comment (Figure SPSA 3.3-3) uses 1979
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and 1983 data to show the two lobes of a VHO plume, whereas Figure SSA 3.5-1 uses data

from 1987 and 1988. Figure SPSA 3.3-4 uses 1988/1989 data to show a more recent

configuration of the VHO plume. This configuration correlates well with the one shown in

Figure SSA 3.5-1; moreover, Figure SPSA 3.3-4 only shows an inferred southeastern trending

lobe at 10 pg/l of the VHO plume.

In response to the comment that "no wells in Section I were sampled for VHOs in WBZ 1 or

2", please see Figure SSA 1.5-1, SSA 2.3-1, and SSA 2.3-2. Ten wells in Section I of the

SSA were sampled in WBZ IA-1 (see Figure SSA 2.3-1) and are downgradim not cross-

gradient from SPSA VHO plume (see Figure SSA 1.5-5 for a depiction of the groundwater

flow). Two wells in Section I were sampled in WBZ 2 (see Figure SSA 2.3-2) and are also

downgradient of the VHO plume. When comparing the most recent and contemporaneous

data from the two study areas, a "second VHO plume" would not be inferred.

(c) A second southeast trending VAO plume does not exist; however, there is a small lobe of

the VAO plume that trends to the southeast which is contained entirely within the SPSA. The

outer border of this lobe contains VAOs at a concentration of 100 pg/l, and is still contained

within the SPSA. Five wells (01582, 01028, 01047, 01030, and 01031) in Section I of the

SSA in WBZ 1A-1 are located directly downgradient of this lobe (see Figure SSA 1.5-3 for

well locations and again, see Figure SSA 1.5-5 for a description of the groundwater flow).
The potentiometric contour maps referenced in this comment only show trends for the SPSA;
it is preferable to reference SSA potentiometric and groundwater contour maps that show

trends in the SSA.

The "absolute concentrations" of the VAO plume have changed between 1989 and 1988;
likewise it appears that the configuration of this plume has changed somewhat in this time
period. However, at the time of the RI investigation of this plume, no VAOs were detected
in wells downgradient of the plume.

The FS is planning to sample Wells 01582, 01049, 01578, 01579, 01580, 01581, and 01588
as part of the Phase H FS Field Data Collection effort. In addition, a new monitoring well
will be installed 500 feet east of Tank 464B.

Comment 3: Better Characterization of Site I I- I (Buried lake sludge)

Site 11-1 was used as a disposal site for OCP- and mercury-containing sludges
from Lake Ladora, and possibly Upper and Lower Derby Lakes. the following
are inconsistencies and inaccuracies presented in the Army's responses to
comments for the SSAR:

a. Only three of the trenches in 11-1 (figure 11-1-2, pg 3, 11-1 CAR) had
borings located adjacent to them in the Phase I investigations, no borings
were completed in any of the three trenches;
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b. Because OCPs were not detected outside of the trenches in the Phase I

programs, OCPs were not sampled for in Phase II, despite the fact that

lake sludges were known to have been contan-dnated with pesticides;

c. Borings 3 and 4, not located in any trench, had mercury detections in the

0-1' and 7-8' intervals respectively;

d. A Geraghty and Miller boring in the northeastern section of the site had a

dieldrin detection;

e. Monitoring well 02011 is generally downgradient of Site 11-1; (see Army

response to State specific comment 22, SSAR, pg. 12/16), but is not along

the same flowpath. Therefore, despite the Army assertion, contamination

from Site 11 -1 is not likely to be detected in Monitoring well 02011.

Therefore, despite the Army's contention that "the nature and extent of

contan-dnation (has been) adequately defined" (see Army response to State

Comment 22, SSAR), the site has not been sufficiently characterized. Based

upon this insufficient data the Onpost Exposure Assessment has recommended

this site for the no-action alternative. To obtain adequate information for the

Exposure Assessment and the Feasibility Study, the following deficiencies must

be corrected:

a. Because dieldrin and mercury were detected in the northern section of Site

11 - 1, it appears that Lake Ladora sludges have been disposed of by land
application as well as in the trenches; therefore, the areal and vertical

extent of the sludge contamination must be determined;

b. Despite the Army's contention in Site I I -I (pg 9, final paragraph), the

Dames and Moore study did detect aldrin, dieldrin, and endrin, and

tentatively identified chlordane, DDD, DDE, phathalates and
diethylbiphene in Site I I -I soils (Rocky Mountain Arsenal Southern Tier

Contamination Survey, 1985, pg. 4-7); therefore, a resampling program for
OCPs at this site is required;

c. The Dames and Moore study delineated three contamination zones (Rocky
Mountain Arsenal Southern Tier Contamination Survey, 1985, pg. 4-11),
0 of which must be characterized by the Army;

d. Surface waters drain to both Lake Ladora and a local depression just south
of the site (Site 11-1 CAR, pg.5). Sediment samples must be taken from
the depression, and surface waters sampled in order to survey this area for
possible contamination.
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Response: The buried lake sludges were presumed contairdnated with OCPs at the

inception of the RI investigations; consequently, Phase I samples were collected from areas

peripheral to the buried sludges. OCPs were not detected in these samples. However, on the

basis of mercury contamination identified at the site during the RI and its areal and vertical

extent towards the site's outer boundaries and lowest anticipated depths of emplacement, and

inference was made that any volume of soils bearing potential contamination by OCPs was

already accounted for by the incident mercury contamination. On that basis the Army
concluded, and continues to maintain, that the RI at this site is complete. Additional soil

sampling within the buried lake sediment sites will be addressed by the FS in the Soil

Subcommittee meeting format. If specific action levels and remediation technologies for soils

developed during the FS are markedly different for OCPs and mercury reassessment of this

area may be appropriate.

Several inaccuracies and inconsistencies were identified in the State's comments, notably:

Comment 3a: Three Phase II borings were located in trenches where buried sludges were

presumed to be disposed. Results of the analyses found mercury at depths ranging from 4 ft

to 10 k and at concentrations ranging from 0.055 to 0.71 pg/g. Mercury was detected above

indicator level (0.1 pg/g) at several Phase II locations.

Con-anent 3b: OCPs were not analyzed during the Phase II investigation on the basis of
(1) no Phase I detections of OCPs and (2) inconclusive evidence from the Dames and Moore

study regarding OCP contaminant occurrence. Standard procedure for Phase U investigations
was to evaluate the site on the basis of Phase I analyses or additional historical data that came
to light following the Phase I investigation. As noted earlier, OCPs were presumed to be
present at this site, but at concentrations below the Phase I CRLs.

Comment 3c and 3d: Comments are noted, but it is unclear why the State considers these

facts inconsistent with conclusions presented in the SSAR (see preceding responses).

Comment 3e: Well 02011 is not only downgradient of "Site 11-1", it is also along the same
flow path for groundwater in this area (see Figure SSA 1.5-5 for general groundwater
flowpaths). Samples from this well, and others within one-half mile downgradient of the site,
did not contain OCPs. In addition, Well 11006 will be sampled in phase II of the FS Field
Data Collection Program.

Finally, in response to States final four comments:

(a) The State's conclusion that "land application" of "Lake Ladora sludges" occurred is
purely speculative. In fact, very little is known about the engineering methods used to
dispose of the buried sediments. The Army maintains that, for the purposes of the RI, the
areal and vertical extent of contamination has been verified.
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(b) The State is clearly mistaken in saying that Dames and Moore verified the presence of

OCPs at Site 11-1. The paragraph in the Dames and Moore report referred to by the State

was general in nature and in fact referred to contan-dnants found not just at Site I I -I but two

others investigated (12-1, Buried Lake Sediments, and 12-2, Rod and Gun Club Pond).

Review of the chemical results at Site 11-1 (Dames and Moore, 1985/RIC85218RO1,
Appendix DA) did not reveal the presence of any OCPs. Mercury was the only target analyte

detected by Dames and Moore at this site, and was consistent with the results of the Phase I

and II analyses for the RI. Groundwater samples from Wells 12006, 12007, and 12008 in the

Rod and Gun Club pond vicinity will be collected during Phase I[[ of the FS Field Data

Collection Program.

(c) The three zones Dames and Moore identified are within or adjacent to site SSA-3a. The

RI borings sampled in Phase I and Phase Il were located in each of the three zones delineated

by Dames and Moore. While the RI program may not have been as site intensive as Dames

and Moore's for these three zones, they were investigated as part of the RI and were

characterized, based on the RI results, in the SSAR.

(d) Surface water has not been observed in the depression located south of the Section 11

sediments. Four Phase I and H borings were drilled on the edge of this depression as part of

the Section I I Non-Source Area investigation. Phase 11 borings were triangulated around a

Phase I boring where toluene had been detected in the nontarget fraction. Phase H results

confirmed, by GC/MS methods, the presence of toluene in the 4 to 5 ft interval of one of the

three borings. Neither OCPs nor mercury were detected in Phase I samples collected from

this depression.

Comment 4: Uvalda Ditch DBCP Detections

In its response to State specific comment #28 on the SSAR, the Army has
indicated that additional sampling will be conducted in this area to verify
DBCP detections in Uvalda Ditch. The State assumes that this investigation

will be done as proposed and will provide comments on the approach upon
receipt of the technical plan.

Response: Uvalda Ditch was included in the Phase I FS Field Data Collection Program.

Comment 5: Ground Disturbance in Site 12-1 Trash Dump

The State requests that the Army investigate two features that may be
indicative of RMA activities: a) two craters, one of which is located in the
west-central and the other in southwest portion of the site, and b) a ground
scar located along the northeastern half of the site. These disturbances could
be appropriately addressed as part of the ground disturbance program and
should be included, if not done so already.
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RespoTm: The intent of the ground disturbance program was to address potential
contamination issues at previously uncharacterized locations. Therefore, the disturbances
referred to by the State at Site 12-1 were not investigated as part of the ground disturbance
program. Seventy-five soil samples were collected from 23 borings and several trenches
excavated at this site during the RI. Contan-dnation by OCPs, sen-dvolatile halogenated
organics (SHOs), and heavy metals was found to be widespread throughout the site, and

encompassed all of the three disturbances noted by the State. Additional sampling at this site

would not serve to further characterized this site, and is not warranted.

Comment 6: Upper Derby Lake, Havana Pond, Rod and Gun Club Pond Water Quality

In its response to EPA specific comment #9 on the SSAR, the Army indicates
that water quality in lakes other than Lower Derby, Lake Ladora, and Lake
Mary were not addressed because Upper Derby Lake, Havana Pond, and Rod

and Gun Club Pond are not permanent bodies of water on RMA and are not as

important from and ecological and recreational standpoint.

The State insists that this is a significant data gap. Documenting and assessing
water quality in these less pron-dnent lakes is important to detern-dne an overall
picture of contan-dnant presence and migration in the RMA lake system.
Furthermore, lakes with intermittent presence of water still have ecological
significance. The State, therefore, requests that water quality be detern-dned for
Upper Derby Lake, Havana Pond, and Gun Club Pond.

Response: All available surface water quality data was incorporated into the SSAR. The
source of the data was Morrison-Knudsen (MKE), Holmes, Roberts and Owens' consultant on
Shell's behalf. MKE felt that from an ecological standpoint, these intermittent water bodies
had diminished value compared to other aquatic systems on RMA. The Army believes that,
despite the intermittent nature of these water bodies, their ecological importance still must be
considered. Currently, the CMP includes annual water quality investigations, usually during

spring runoff, at all of these sites. This information can be used to supplement dam needs
identified in the water RI. Chemical analyses include all RMA target analytes as well as pH,
conductivity, alkalinity, nitrates, and metals. The water levels in these water bodies are also
monitored on a weekly basis.

Comment 7: Sporadic or Isolated Detections in the Denver Formation

It is the State's understanding that the Vertical Extent of Contamination (VEC)
investigation will evaluate all Southern Study Area (SSA), Denver Formation
sporadic or isolated contaminant detections. This study should exaniine
historical records, well construction history, sampling and detection frequencies
for each analyte, and temporal concentration fluctuations when analyzing
detections. This investigation should also compare potential migration pathways
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across study areas (eg: VAO and VHO detections in the SPSA and SSA). If

the evaluation of current data is inconclusive with respect to inclusion or

exclusion of a given well and analyte in the VEC study, the well may need to

be resampled for that analyte(s). The State anticipates that the study will

include, but not be limited to, Denver Well 02038, in which an isolated DBCP

hit was detected (see Army Response to EPA Specific Comment 68, SSAR

Appendices).

Response: Historical records, sampling and detection frequencies for each analyte, and

temporal concentration fluctuations were all addressed in the SSAR. All of the above were

incorporated as part of the data presentations in Section 2 or discussed in the text of Section 2

of the SSAR. Well construction history was discussed in the Task 4 and 44 reports, which

were also referenced in Section 2 of the SSAR.

As discussed in the response to EPA Comment 68, SSAR Appendices, the DBCP hit in

Denver Well 02038 is "likely the result of inadvertent laboratory/field contamination or

analysis error and do(es) not indicate actual groundwater contan-dnation." The response to

Comment 68 explains that because "DBCP was only detected at very low levels in only I of

4 samples from each well; these wells are not located near surface sources of DBCP

contamination; and that analysis of samples from the shallower wells in these clusters did not

detect DBCP; it is highly unlikely that this contamination was caused by downhole

contamination during drilling or [is] due to faulty well completion."

Denver Formation groundwater data from the SSA were reviewed as part of the investigation

of the extent of contamination in the Denver Formation. Results of that investigation are
reported in Appendix B of the RISR.

Comment 8: Under separate cover, the State will also provide the Army with specific RMA-
wide comments and proposals to help rectify the data gaps and problems with:

- the Nonsource Area Investigation;
- the Structure Survey;
- the Methylene Chloride detections found during the remedial investigations;
- unknown and tentatively identified compounds;
- the Army's current Quality Assurance/Quality Control (QA/QC) reporting

program; and
- the Biota Remedial Investigation.

Response: Cornment noted.

F5.2-9
RF2AUYrOO45 11/14/91 2:55 prn pf



Appendix F5.3

North Central Study Area

Remedial Investigation Summary Report
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Roy Romer

November 10, 1989 Govemor

Thomal m. Vernon, M.D.
Executive Directof

Mr. Donald Campbell
Office of the Program Ma w er
Rocky Mountain Arsenal
AMXRM-PM, Building 111

roe City, CO 80022-2180

Re: State's Proposal to Improve the Remedial Investigation for the 
North

Central Study Area

Dear M.r. Campbell:

Enclosed is the State's proposal to improve the Remedial Investigation for the

Rocky Mountain Arsenal North Central Studv Area INCSA). As State personnel

have previously informed you, the significant data Caps that remain, based

upm the RI conducted to date, must be rectified to ensure that the 
nature and

extent of contamination in the NCSA is fully defined. Unless the data gaps

are filled, the Feasibility Study could result in the selection of an

inadequate remedy based upon insufficient data.

This document was prepared based upon the State's review of the North Central

Stucbr Area Report (NCSAR), Amy responses to State comments on the NCSAR, the

NCSA component of the Onpost Exposure Assessment.

1his proposal prescribes a "limited" data collection program to address
"significant data gaps" identified to date in the remedial investigation.

7his proposal does not specify all the data which will need to be collected 
to

ensure a comprehensive Feasibility Study (FS) for the NCSA.

Under separate cover, the State will also provide the Arm with specific

RM-wide comments and proposals to help rectifv the data gaps and problems

with:

- the Non-Source Area Investigation;

- the Structures Survey;

- the Methvlene Chloride detections found during the remedial

investigation;

- uhimown and tentativelv identified compounds;

- the Army's current Qualitv Assurance/Qmlitv Control (QA/QC) reporting

program; and

- the Biota Remedial Investigation.
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Mr. Donald Campbell
Page 2
November 10, 1989

As alwavs, the State is willing to meet and work with 
the Amv to rectify the

significant RI data gaps for theNCSA. if you have any questions, please call

me.

Sincere

Edson
14RMA 1PIroject Manager
Hazardous Materials and
Waste Management Division

JE/cf

cc: 'Hichael Hope
Chris Hahn
Edward McGrath
Tonv Truschel
LTC Scott Isaacson
Bruce Ray
John Moscato, Esq.
Connally Mears



RESPONSES TO THE COLORADO DEPARTMENT OF HEALTH'S PROPOSAL
TO IMPROVE THE REMEDIAL INVEST'IGATION FOR THE

NORT`H CENTRAL STUDY AREA
NOVEMBER 1989

Comment 1. NCSA Nonsource Area Characterization

The State has prescribed two programs to provide a minimum data base
necessary to evaluate non-source areas in the Onpost Endangerment
Assessment and the early stages of Feasibility Study. These programs are the

surficial soil sampling and the ground disturbance program, proposed in
November 15, 1988 and November 26, 1988 letters to Mr. Donald Campbell,
respectively. The State understands that the surficial soils program is complete

although data from that program have not yet been received. The State was
also informed at the November 2, 1989 RMA Committee Meeting that the
Army has also completed its field work for the ground scar program. The
State had hoped and expected to have substantial participation in the screening
of those sites proposed for investigation. Unfortunately, we were not given
that opportunity. However, we are looking forward to receiving a detailed
report explaining the investigation undertaken by the Army and setting forth
the Army's rationale for dismissing a substantial number of proposed sites from
that investigation. Mr. Kevin Blose assured the State at the Committee
meeting that such a report would be prepared and conveyed to the State.

In review of the NCSAR, the following ground disturbances, indicative of
potential RMA spill or disposal activities, were identified:

a. Ground disturbance within Site 35-5 (State Specific Comment #8, NCSAR);

b. Undocumented pits in Section 35 (State Specific Comment #9, NCSAR);

c. Four ground disturbances located west of Basin A. Two of the four
historical ground disturbances were later found to be associated with
Site 36-13 and characterized by the Army. However, the remaining two
disturbances, located within subarea NCSA-1d appear not to have been
investigated to date; and

d. Network of small ditches thought to have been drainage diversions from the
Sand Creek Lateral (State Comment #24, NCSAR).
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These disturbances must be investigated to assess if these areas are sources of
contarriination. This could be done under the Ground Disturbance Program
[sic].

In addition to the surficial soil sampling and ground disturbance programs, the
State requests that significant contan-dnant detections found in the non-source
area contamination assessments be verified, and further investigated, as deemed
appropriate by the organizations. As indicated in the cover letter of this
document, the State's proposal for additional investigation of specific non-
source area contaminant detections will be provided under separate cover.

Response: 1. a. The ground disturbance referred to by the State appears to be the one
investigated by the ground disturbance program as boring GD35010.

b. Boring GD35013 was located in a manmade depression between Basin B and the old
unused caustic waste basin on the aerial photo examination and field inspections (1989). We
believe this boring is located in the area of the "pits" referred to in State Specific Comment 9
on the NCSAR.

c. The two disturbances the State refers to are located within Site NCSA-1d, an area
including the old liquid storage pool for South Plants runoff. Because these disturbances are
within a recognized SAR site, as shown on Plate RISR 2.0-1, Remedial Investigation
Contaminated Soil Sites at Rocky Mountain Arsenal (the "Pink Map"), they were not included
in the ground disturbance program. Inclusion on the Pink Map was one criteria for exclusion
from the ground disturbance program.

d. The ground disturbance program evaluated the small ditches referred to by the State.
Boring GD35012 is believed to be located at the extreme western terminus of the central of
the three ditches. Review of the Phase H Data Addendum for Site 35-7 shows that two
Phase H borings, 5591 and 5592, were located along the feeder ditch and the southern of the
three small ditches, approximately 40 ft downstream of the headgate on the Sand Creek
lateral, and on the feeder diversion ditch approximately 340 ft downstream of the headgate,
respectively. Lead was detected in both borings in the 0-1 ft interval above indicator level.
Chron-dum, copper and zinc were also detected, but within indicator levels. DDE was
detected in the 0-1 ft interval of boring 5591 at 0.5 ppm, but was not detected further
downstream in the drainage ditch network. The NCSAR classified the Sand Creek lateral as a
Category 3 source (contributions to groundwater).

The State's final request and intent to provide additional proposals for nonsource areas under
separate cover is noted.
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Comment 2. Better Definition of Alluvial Ground Water Contamination in Sections 34 and

35 Apparently Emanating from the South Plants

The chloroform plume migrating northwest from the South Plants is not

defined at this point in the remedial investigation representing a significant dam

gap-

The Army's response to State comments regarding this data is insufficient to

adequately address this plume. The Army has proposed to use two cluster

wells installed under Task 44, 35087-35089 and 34012-13 to aid in defining the

source of the chloroform plume. However, monitoring wells 34012, 34013,

and 35089 are completed in the Denver formation and therefore will not be

useful in delineating the plume in the unconfined alluvial flow system where

the plume is present (1988 CMP, Figure 4.3-4). Monitoring wells 35089 and

35088 were not analyzed for chloroform in the FY88 CMP. The wells, located

in the southwestern part of Section 35 (1988 CMP, Figure 4.3-3) may help

delineate the southern extent of the chloroform plume if they are sampled in

future episodes of the CMP, but these wells do not appear to be located along

or near the main axis of the plume.

Therefore, the State again proposes that unconfined flow system monitoring

wells be installed in Section 34 and 35 to delineate the chloroform plume.

Characterization of the plume and gTound-water flow path will require the

greatest density of well locations to be sited in the central and northwestern

portions of Section 35 and the northeastern part of Section 34. Borings

associated with the monitoring wells may also help to define the structure of

the major paleochannel trending to the northwest through the two sections (see

State Specific Comment #14, NCSAR). The State is available to work with the

Army in locating these monitoring wells.

Response: The FS is planning to install two new clusters of wells in Section 35 to

investigate the chloroform plume. These will be installed during the Phase U FS Field Data

Collection Program and will be sampled at least twice.

Comment 3. Characterization of Chemical Sewer Line Feeding the Lime Settling Ponds

As documented in the Final CAR, Chemical Sewers - North Plants and South

Plants (page 44 and Plate CS-SP-1), the original (30 inch?) chemical sewer line

feeding the Lime Settling Ponds from South Plants is still in place; and despite

the Army's claim to the contrary, soils surrounding the feed line were not
characterized in either the Site 36-4 Phase I and II investigations, or in

Task 10. In the 36-4 Phase I CAR, Boring 3185 was located just south of a

manhole hypothesized to be associated with the abandoned feed line.
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Therefore, because the location of the lines was not known to the Army at that
time (4/87), and was not presented in the Phase H investigation or in the
NCSAR, it is difficult for the State to understand how "soils surrounding this
pipe were adequately characterized during the Site 36-4 Phase I and II
investigations (Army Response to State Specific Comment #25, NCSAR). The
line is still in place; the outlet, though plugged with brick and mortar, was

observed to be leaking, and the soils have not been investigated. The
contamination in and around the chemical sewer line remains a potential source

of contamination to ground water. The surrounding soils must be
characterized.

Response: The State's comment contains an error in reference; the 36-4 Phase I CAR

does not show the location of, or data collected from Boring 3185; such information was

presented in the 36-20 Phase I CAR (p. 9, Fig. 36-20-5). Soil samples were collected from

soils in the vicinity of the feed line referred to by the State. Borings 3137 and 3133 (36-4

Phase I CAR), 3185 (36-20 Phase I CAR), and 3428 (36-4 Phase II CAR) were apparently

located within approximately 50 feet of the feeder line, although its precise location is

uncertain. The entire area is characterized as a Category 3 source on the basis of overall RI

data results. Consequently, the feeder line and the surrounding soils are within areas which

require remediation. The FS will address the feeder line as part of the evaluation of remedial

alternatives for the South Plants chemical sewers. If removal of the lines is the selected
alternative, sampling will be conducted at that time.

Comment 4. Effectiveness of the Northwest Boundary Containment System

The numerous relevant concerns about the Northwest Boundary Containment
System (NWBCS) represent a significant data gap at this point in the RI/FS.
The Army response to the State's General Comment #3 (NCSAR Appendices)
was that a comprehensive evaluation of the NWBCS to the level that the State
requests is beyond the scope of the NCSAR. The State did not expect such
evaluation in the NCSAR; however, such an evaluation is necessary to
determine the nature and extent of contamination in this area. Recent
communications from the Army indicate that it intends to undertake such
investigations, apparently in the context of a NWBCS Improvements IR.A. The
State will provide comment on this program upon receipt of the technical plan.

Response: Comment noted. The Draft Final Implementation Document for the NWBCS
Short-Term Improvements IRA was released in May 1990 and reviewed by the State.

Construction on the system extension is now completed. The Proposed Decision Document
for the NWBCS was released in June 1991. The State has opportunity to comment on that
document.
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Comment S. TX Disposal Wells in Sections 23 and 24

The State anticipates that all TX disposal wells will be investigated under the

Task 37 Abandoned Well Program to determine whether they have been
adequately abandoned. This specific task was agreed to by the Army (see

Army response to State Specific Comment #6, NCSAR).

Response: The Abandoned Well IRA reviewed the TX disposal wells to determine if they

had been adequately abandoned. Every well located was closed according to the procedures
outline in the technical plan for the Abandoned Well IRA. Details of the TX well review and

closure actions are included in the Final Rocky Mountain Arsenal Abandoned Well Closure

IRA Report, Version 3.0 (Weston, 1990/RIC 90072RO7) which was made available the the
State.

Comment 6. Potentially Contaminated Water from the North Bog Sprayed on the Areas of
Sections 26 and 23

At this point in the Remedial Investigation, the Army does not know the
magnitude or the extent of contamination, if any, resulting from the spray
disposal of water from the North Bog (see State Specific Comment #5,
NCSAR). Therefore, these areas must undergo further investigation.

A surficial soil sampling program should be developed for these specific areas.
The Phase Il shallow soil sampling program around Basin F and the State's
proposed surficial soil sampling program may be able to shed light on
contamination in this area, but only if the samples are collected in areas of
suspected spray disposal. If so, they may be used as an initial screening. Note
that neither of these programs were designed to assess this particular
contamination; instead the State's surficial soil program was designed to detect
windblown contaminants emanating from the known source areas.

Response: Comment noted. The surficial soil sampling program results for Sections 23,
24, and 26 show OCP contan-dnation in 0-2 inch soils in the area referred to by the State,
where North Bog waters were apparently sprayed. Based on the development of applicable,
or relevant and appropriate requirements (ARARs), Exposure Assessment results, and the
remedial alternatives proposed by the FS, the Army may consider additional surficial soil data
collection efforts.

Comment 7. Basin F, the waste pile, the tank farm, Pond A and Pond B, which are all
located in Section 26 of the North Central Study Area (NCSA), are
RCRA/CHWMA hazardous waste management units. CHVrMA is
independently applicable to all hazardous waste management units at the Rocky
Mountain Arsenal.
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The Basin F Interim Response Action is only an interim action. The cover
system will only be effective for a short-term period. Significant amounts of
contaminated soils are present in the Basin [sic], both within and outside of the
wastepile. In order for the closure of Basin F to provide adequate protection of
human health and the environment, additional investigations may be warranted.
The State will supply the Army with specific comments, concerns, and
requirements under separate cover.

Response: The Army notes that, as a result of the Basin F IRA, technically Basin F no
longer exists, and reference should properly be made to the former basin. The Basin F IRA
initiated in July 1986 and implemented between February 1988 and July 1989 is one in a
series of IRAs which are being performed at Rocky Mountain Arsenal (Arsenal) as part of the
remedial action process developed pursuant to the Comprehensive Environmental Response,
Compensation and Liability Act of 1980 (CERCLA), as amended, 42 U.S.C. 9601 et seci and
the National Contingency Plan (NCP), 40 CFR Part 300, for the purpose of mitigating or
preventing the spread of contan-dnation, reducing actual or potential risks to human health and
the environment, and expediting the clean-up prior to the completion of the final,
comprehensive remedial plan. The Basin F IRA was performed pursuant to CERCLA Section
104, 42 U.S.C. 9604, and is designed to be consistent, to the maximum extent practicable,
with the final response actions selected for the Arsenal. The process for the remediation of
contarnination at the Arsenal is set forth in the Federal Facility Agreement prepared pursuant
to CERCLA Section 120, 42 U.S.C. 9620, the Technical Program Plan adopted under the
Federal Facility Agreement, and the Settlement Agreement prepared pursuant to CERCLA
Section 122, 42 U.S.C. 9622, which became effective February 17, 1989. Prior to February
17, 1989, the remedial action process at the Arsenal was governed by the terms of the
proposed Consent Decree of February 1, 1988, and the RVFS Process Document.

Comment 8. Under separate cover, the State will also provide the Army with specific RMA-
wide comments and proposals to help rectify the data gaps and problems with:

- the Non-Source Area Investigation;
- the Structures Survey;
- the Methylene Chloride detections found during the remedial investigation;
- unknown and tentatively identified compounds;
- the Army's current Quality Assurance/Quality Control (QA/QC) reporting

program; and
- the Biota Remedial Investigation.

Response: Comment noted.
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STATE OF COLORADO
COLORADO DEPARTMENT OF HEALTH

4210 East 11th Avenue
Denver, Colorado 80220
Phone (303) 320-8333

Roy Romer

November 10, 1989 Governor

Thomas M Vernon, M.D.

Executive Director

Mr. Donald Campbell
Office of the Program Manager

Rocky Mountain Arsenal

AMXRM-PM, Building 111

Commerce City, CO 80022-2180

Re: State's Proposal to Improve the Remedial Investigation for the 
Western

Study Area

Dear Mr. Camr)bell:

Enclosed is the State's proposal to improve the Remedial Investigation 
for the

Rocky Mountain Arsenal Western Studv Area (WSA). As State Dersonnel have

previously informed you, the significant data gaps that remain, based upon the

RI conducted to date, must be rectified to ensure that the nature and extent

of contamination in the WSA is fully defined. Unless the data gaps are

filled, the Feasibility Study could result in the selection of an inadequate

remedy based upon insufficient data.

This document was prepared based upon the State's review of the Western Study

Area Report (WSAR), Army responses to State comments on the WSAR, the WSA

component of the Onpost Exposure Assessment, and the State's review of the

Motor Pool and Railyard Classification Yard IRA Alternative Assessment Reports.

This proposal prescribes a "limited" data collection pro-gram to add ess
11 significant data gaps" identified to date in the remedial investigation.

This proposal does not specify all the data which will need to be collected to

ensure a comprehensive Feasibility Study (FS) for the WSA.

Under separate cover, the State will also provide the Army with specific

M-JA-wide comments and proposals to help rectify the data gaps and problems

with:

- the Non-Source Area Investigation;

- the Structures Survey;

- the Methylene Chloride detections found during the remedial

investigation;

- unknown and tentativelý, identified compounds:

- the Army's current Quality Assurance/Quality Control (QA/QC) reDorting

program: and

- the Diota Remedial Investigation.

glim



Mr. Donald Campbell
Page 2
November 10, 1989

As alwavs, the State is willing to meet and work with the Amy to rectify the

significant RI data gaps for the WSA. If you have any questions, please call

me.

Sincere

e Edson
RMA Project Manager
Hazardous Materials and
Waste Management Division

JE/cf

cc: Michael Hope
Chris Hahn
Edward McGrath
Ton,y Truschel
LTC Scott Isaacson
Bruce Ray
John Moscato, Esq.
Connally Mears



RESPONSES TO THE COLORADO DEPARTMENT OF HEALTH'S
PROPOSAL TO IMPROVE THE REMEDIAL INVESTIGATION

FOR THE WESTERN STUDY AREA
NOVEMBER 1989

Comment 1. Non-Source Area Characterization

The State has prescribed two programs to provide a minimum data base to
enter the Endangerment Assessment and Feasibility Study phases of the RI/FS
program: the surficial soil sampling program and the ground disturbance
program. The State provided a list of ground disturbances to be investigated in
a November 28, 1988 letter to Mr. Donald Campbell. The State understands
that the surficial soils program is complete although data from that program
have not yet been received. The State was also informed at the November 2,
1989 RMA Cornmittee Meeting that the Army has also completed its field
work for the ground scar program. The State had hoped and expected to have
substantial participation in the screening of those sites proposed for
investigation. Unfortunately, we were not given that opportunity. However,
we are looking forward to receiving a detailed report explaining the
investigation undertaken by the Army and setting forth the Army's rationale for
dismissing a substantial number of proposed sites from that investigation. Mr.
Kevin Blose assured the State at the Committee Meeting that such a report
would be prepared and conveyed to the State. Without having reviewed the
repon and without having much familiarity with the Army's program as carried
out, the State specifically requests that particular attention be given to the
following ground disturbances in the WSA (see also EPA Specific Comment
#31, Westem Study Area Report (WSAR) Appendices):

I. Section 3

A. Ground stain in the southeast section of the Rail Classification Yard
immediately north of Sixth Avenue (visible in 1948 aerial photograph);

B. Large light-toned fan-shaped ground scar southwest of Buildings 171
through 176 (visible in 1955 aerial photograph);

C. Two ground stains in the central portion of Section 3 (visible in 1970 aerial
photograph); and

D. Ground scar at the intersection of the new railroad tracks and a north-south
road in the southeastern comer of Section 3 (visible in 1975 aerial
photograph).
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U. Section 4

A. Trench TI (standing liquid observed in 1948 aerial photograph);

B. Trench T3 and two T2 trenches;

C. Open Storage Yards OSI, OS2, OS3, and OSS;

D. Each of the three areas identified as ground stains (GST) in Section 4 Non-

Source Area CAR (immediately north of Tl, and immediately west of

buildings 626 and 627);

E. North-trending ditch immediately north of WSA-6 (Site 4-6), east of Phase

I Boring 37, and adjacent to "B" Street;

F. Wester] y-trending ditch and surface depression north of OS3 and WSA-3

(Site 4-3);

G. Continuation of major drainage ditch from just north of WSA-6 (Site 4-6)

to the northeast between WSA-4 (Site 4-4) and WSA-5 (Site 4-5); and

H. Two ground scars in SW comer of Section 4 (visible in 1955 aerial

photograph).

In addition to these programs, the State requests that all significant contaminant

detections found in the non-source area contamination assessment be verified,

and further investigated, as needed and deemed appropriate by the
organizations. As indicted in the cover letter to this document, the State's

analysis of significant non-source area detections indicative of the need for
further investigation will be presented under separate cover.

Response: The Final Ground Disturbance Investigation Data Summary Report,

Version 3.1, and the Final Surficial Soils Investigation Data Summary Report, Version 3.1,

were released in August 1990 and April 1991, respectively. Results of both investigations are

summarized in Appendix D of the RISR. With respect to the ground disturbances listed by

the State, the following information is presented:

I. Section 3

A. Remedial Investigation (RI) Boring 1503000050 was drilled and sampled in the area of

this ground stain. No analytes were detected above their indicator limits.
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B. Remedial Investigation (RI) Phase I Borings 1503000025, 1503000046 and 1503000049
were drilled and sampled in the area of this ground stain. No analytes were found above their

indicator limits.

C. RI Phase I Boring 1503000024 was drilled in this area. No analytes were found above

their indicator limits.

D. RI Phase I Boring 1503000028 was drilled in this area. No analytes were found above

their indicator limits.

H. Section 4

A. The ground stain north of trench T1 was sampled in October 1989 under the ground

disturbance program (Boring GDO4005) at the request of the State. Trench T1 was included

in the Phase I FS Field Data Collection Program.

B. Trenches T2 and T3 were sampled in October 1989 under the ground disturbances program

(Borings GD04004 and GDO4002, respectively).

C. Open Storage Yards OS1 and OS2 were sampled in October 1989 under the ground
disturbances program (Borings GDO4007 and GDO4008, and GDO4003, respectively). OS 3
was sampled during the RI and reported in the UNC-4 Phase I and H CARs (Borings
1504000022, 2204000044, 2204000045, and 2204000046). 1,1,2,2-Trichloroethylene was
detected in the 0-1 ft sample from 2204000046. No other analytes were detected above their
indicator levels in these borings. RI Phase I Borings 1504000025 and 1504000034 were
drilled in OS 5. No analytes were detected above their indicator levels in these borings.

D. The ground stain north of T1 was sampled in the Phase I FS Field Data Collection
Program. The other two ground stains are scheduled to be sampled in the Phase H FS Field
Data Collection Program. (See State's Comment 2 below).

E. This ditch was sampled under the Phase I FS Field Data Collection Program in 1990.

F. This ditch was sampled under the Phase I FS Field Data Collection Program in 1990.

G. This ditch was sampled under the Phase I FS Field Data Collection Program in 1990.

H. These ground scars were sampled in October 1989 under the ground disturbances program
(Boring GDO4001).
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Comment 2. Additional Soil Borings - Motor Pool Area (WSA-6)

Several ground stains and ground disturbances identified in aerial photographs
do not appear to have been sampled during the Phase I soil boring program.
Additionally, potential sources of contamination to groundwater, and isolated
and/or high contaminant detections must be reinvestigated. The State proposes
soil investigations for the following areas identified in the Site 4-6
Contamination Assessment Report:

Location Potential Products/Contarrdnants

" parallel to and just east nimethyl benzene, naphthalenes,
of railroad tracks west of trimethyl and nonyl phenols,
building 627 and butoxyl ethanol, tridecane,
(foundation) 626 tetrachloroethylene

" pit east of Building 627 trimethyl benzene, naphthalenes, trimethyl
and nonyl phenols, butoxyl ethanol,
tridecane, tetrachloroethylene

southeastern corner of paints, solvents, acids, thinners,
Building 625

" west and south of TCE, chloroform,
Building 631 tetrachloroethylene

" ditch east of Building TCE, chloroform,
631 tetrachloroethylene

" south of Building 621

" southeast of Building caustics (oakite, zurco),
624 chlorinated organic solvents,

HCs, TCE, tetrachloroethane

" underground gasoline non-target aromatic, cyclic, and
lines from storage tanks chlorinated HCs, alkanes
to Building 629

" major drainage ditch
west of Building 627 to
northern boundary of
WSA-6
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(of the 6 borings placed in the ditch adjacent to 627 during Phase I study,
Boring 4 is too far upgradient of 627 to be affected by Motor Pool discharges.
Only Borings 5 and 9 were completed to depths greater than 20 feet, and both
of these borings - separated by over 300 feet - had tetrachloroethylene
detections at 20 feet).

Location Potential Products/Contaminants

" adjacent to railroad aldrin (49 to 50 ft, 62 to 63 ft)
tracks by Phase I Boring
38

" adjacent to railroad high metal concentrations (Cd,
tracks north of Building Cr, As, Hg)
624

Response: With respect to each location, the Army notes the following:

" Parallel to and just east of This area will be sampled during
railroad tracks west of building the Phase II FS Field Data Collection
627 and (foundation ) 626 Program. (See State's Comment 1,

part H.D above).

" Pit east of Building 627 This area will be sampled during the Phase
11 FS Field Data Collection Program.

" Southeastern comer of Building RI Boring 23 was drilled in a ditch in this
625 area. Pyrene or fluoranthene was

tentatively identified at 0.2 pgIg, and
chromium, lead, and zinc were above their
indicator ranges. These constituents were
at elevated concentrations only in the
surface interval of the boring. A soil gas
sample was collected from the southeast
comer of Building 625 and analyzed for
the chlorinated hydrocarbons that would
indicate solvents, paints, or thinners. Soil
gas concentrations decreased away from a
source area northwest of Building 624, and
did not indicate an additional source at
Building 625. Therefore, no additional
samples are needed in this area.
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West and south of Building 631; In all of these locations, chlorinated ditch

east of Building 631; south of Building 621 solvent constituents are the contaminants of
concern of fisted by the State. These
compounds were analyzed in soil gas
samples collected across the motor pool
site, and only one source was indicated to
the northwest of Building 624. Solvent
concentrations uniformly decrease away
from this source, and no other sources are
indicated in the areas listed. The source
identified by soil gas sampling near
Building 624 was investigated with soil
borings and confirmed by groundwater
monitoring wells. No additional sampling
is needed in these other areas.

Southeast of Building 624 No ground staining or wetness has been
observed in this area since a 1948
photograph, and the soil gas program
indicated no chlorinated organic solvent
sources there. Caustics and hydrocarbons
have not been analyzed for in this area, but
floor drains in this building lead to the
ditches to the west, which already have
been sampled and discussed in the Western
SAR.

" Underground fuel lines from The FS will address removal and storage
tanks to Building 629 remediation of the underground fuel lines,

including confirmation sampling during
remediation.

" Adjacent to railroad tracks by Borings 2, 10, 17, 24, 25, and 39 were all
Phase I Boring 38 drilled within 100 ft of Boring 38, and no

aldrin was detected in any soil samples
from these or other Motor Pool area
borings except at depths of 50 ft and
greater in Boring 38. Wells in this area
are being monitored to confirm whether
aldrin is present in the soil and is
migrating to the groundwater in this area.
Therefore, no additional soil samples are
needed.
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Adjacent to railroad tracks Fourteen soil borings (Borings 3-10, 17,23-
north of Building 624 25, 38, and 39) have been drilled to

characterize the elevated metals
concentrations in shallow soils to the north
of Building 624. The WSAR already has
interpreted these metals levels to extend
along the ditch throughout the site. Since
the analytical results are consistent between
borings, no additional samples are needed
to confirm this characterization of the site.
Additional sampling in the ditch to the
north of the site is planned in the FS.

Comment 3. Better Definition of Groundwater Contamination Upgradient of WSA Source
Areas

The Army continues to insist that off-post Alluvial [sic] sources of VHOs,
VAOs and OCPs upgradient of the Motor Pool and Rail Classification Yard are
potentially migrating on-post into these areas (CDH Specific Comment 9, EPA
Specific Comments 55, 83, 95, 96, and 98, WSAR Appendices). Based upon
historical and current data from the two Alluvial wells located upgradient of
the sites, 03008 and 03011 (Plates WSA 1.5-4 and WSA 1.4-1, WSAR), these
statements are unsubstantiated. The Army also references a "potential source
of groundwater contaminants in an off-post area generally upgradient from
RMA" as a site that "may be an example of the type of site that could
contribute contaminants to WSA groundwater" (EPA Specific Comment 98,
WSAR Appendices). These vague and unfounded statements cannot be
substituted for complete characterization and mitigation of the contamination
present at the Motor Pool and Rail Classification Yard. The State believes that
alluvial contamination present beneath the two sites are directly related to
RMA activities. If the Army continues to disagree with this conclusion, then
additional data collection must be initiated to characterize groundwater
migrating on-post upgradient of Sections 3, 4, and 9. The State proposes that 3
to 4 Alluvial aquifer wells be installed; one between "B" Street and Well 03011
along Sixth Avenue, a second bisecting the distance between Wells 03011 and
03008 along Sixth Avenue, and a third located just south of Sixth avenue along
"B" Street.

Further characterization is also necessary for the TCE plume that appears to be
entering RMA Section 9 from the south. The plume and flux across Section
A-A' (Plate WSA 3.2-2) is based on data from three monitoring well clusters
located along one inferred flow line (09008, 09009, 09011, 09012; and 09013,
09014). Rather than speculating on the width of this plume, the Army should
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implement a prudent monitoring well installation program for Section 9. The

State proposes that monitoring wells be installed in the following locations:

A. Four (4) monitoring wells should be installed along the south boundary of

Section 9. Two wells should be placed, one each, 150-200 feet on either

side of monitoring well [sic] 09013 to better define the width of the TCE

plume. Additionally, one monitoring well should be placed between the

inferred edge of the plume and the east boundary of Section 9 and one well

placed between the inferred edge of the plume and the boundary with the

U.S. Post Office facility.

B. One monitoring well should be placed upgradient of the Motor Pool Area

in Section 4 along the inferred groundwater flowline.

Response: The reference to a "potential source of groundwater contaminants in an off-post

area generally upgradient of RMA" as a site that "may be an example of the type of site that

could contribute contaminants to WSA groundwater," is in regard to a report the EPA

released to the attendees at the April 13, 1989 Committee meeting at RMA. The report,

prepared by Ecology and Environment for the EPA, indicated that a site at 49th and Havana

Streets was an off-post source of trichloroethane contamination to groundwater (E&E, 1989,

Preliminary Assessment for 49th and Havana Street, Denver, Colorado. TTD F08-8902-07.

Prepared for the USEPA). This site is upgradient of and a potential contributor to on-post

contamination at RMA.

The Army's position has been and remains that upgradient off-post sources may contribute to

on-post contaminant detections. The data presented in the WSAR for Section 9 clearly

indicate off-post sources of VHO contamination in the unconfined aquifer (see Plates

WSA 2.4-1; WSA 3.2-2, and WSA 3.2-3).

The Army disagrees with the State's recommendation to install additional wells along Sixth

Avenue and "B" Street upgradient of the Motor Pool area. Well 03011 should be regularly

monitored, however. The Motor Pool area is recognized as a source to groundwater, and

Well 03011 is situated upgradient along the flow path to Wells 04035, 04048, 04049, 04050,

and 04051, where VHOs and VAOs were detected during the RI.

A. The Army disagrees with the State's recommendation that additional wells be installed

along the southern border of Section 9 to define the width of the plume migrating on-post.

Definition of the plume width at that location is not significant to determining remedial

alternatives, if any, that the Army should instigate for this groundwater plume. The Army

encourages the State and EPA to continue attempts to locate the source or sources of this

VHO contamination which is entering RMA from the south. Monitoring of the unconfined

aquifer wells in Section 9, and up- and downgradient of WSA-2 in Section 4, will continue to

provide data to the FS for use in evaluating all options regarding remedial alternatives.
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B. Both Well 03008 and Well 03011 were sampled in 1989. No OCPs or VOAs were

detected in samples from these wells. Therefore, no additional investigations are needed in

this area.

Comment 4. Sporadic Detections of Contaminants in Denver Formation Monitoring Wells

It is the State's understanding that the Vertical Extent of Contamination (VEC)
investigation will evaluate all WSA Denver Formation detections of VHOs

(chloroform, methylene chloride, 1,2-dichloroethane, and 1,1,2-trichloroethane;
WSAR Section 3.0, page 3-39), VAOs (benzene, toluene, m-Xylene, o,p-

Xylene and ethylbenzene; WSAR Section 3.0, page 3-50), benzothiazole
(WSAR Section 3.0 page 3-56), OCPs (aldrin, dieldrin, isodrin, and endrin),

and arsenic (WSAR Section 3.0, page 3-66). This study should examine
historical records, well construction history, sampling and detection frequencies

for each analyte, and temporal fluctuations of concentrations in analyzing
isolated or qu'estionable detections. The investigation should compare potential
n-dgration pathways across study areas (eg: OCP detections in the South Plants
Study Area (SPSA) and the WSA). If the evaluation of current data is

inconclusive with respect to inclusion or exclusion of a given well and analyte
in the VEC study, the well may need to be resampled for that analyte(s).

Response: Denver Formation groundwater data from all study areas were reviewed as part

of the investigation of the extent of contamination in the Denver Formation. Results of that
investigation air. reported in Appendix B of the RISR.

Comment 5. Under separate cover, the State will also provide the Army with specific RMA-
wide conunents and proposals to help rectify the data gaps and problems with:

- the Non-Source Area Investigation;
- the Structures Survey;
- the Methylene Chloride detections found during the remedial investigation;
- unknown and tentatively identified compounds;
- the Army's current Quality Assurance Quality Control (QA/QC) reporting

program; and
- the Biota Remedial Investigation.

Response 5: Cornment noted.
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STATE OF COLORADO
COLORADO DEPARTMENT OF HEALTH C C
4210 East 11th Avenue
Denver, Colorado 80220
Phone (303) 320-8333

1876

March 2, 1990 Roy Romer
Governor

Thomas M. Vernon. M.0
Executive Director

Donald Campbell
Deputy Program Manager
Rocky Mountain Arsenal
AMXRM-PM Building ill
Commerce City, Colorado 80022-2180

Re: State Proposal for Rectification of Remedial Investigation
Data Gaps in the Central Study Area

Dear Mr. Campbell:

Enclosed are the State's identified data gaps for the
Central Study Area (CSA) of the Rocky Mountain Arsenal along with
general proposals f or improving the remedial investigation (RI)
f or this area. As these proposals are necessarily broad, we
recommend that the parties meet to discuss these concerns, and
that the Army address these data gaps in a workplan to be circu-
lated for review and comment prior to commencement of additional
field work. As we have previously stated f or other data gap
packages, these proposals for additional work represent the mini-
mal field investigations necessary to define broadly the nature
and extent of contamination in the various study areas. Further
work may be necessitated based on the results of these investiga-
tions, or based on the requirements of the Feasibility Study.

The vast majority of data gaps identified in the enclosed
comments pertain to the inadequate characterization of Section 36
trenches. The proposals for additional investigations are based
upon the approach adopted by the Army in its Phase I and II in-
vestigations of this area. Thus, in completing the additional
work suggested by the State, the Army will merely be satisfying
the goals and protocols dictated by those programs consistently
throughout the complex disposal area. Most likely, additional
characterization would be necessary prior to a detailed
Feasibility Study or selection of remedial alternative. Further
identification of vertical and lateral extent of contamination
may also be indicated based upon results of the State's proposed
program.

The data gaps identified, and recommendations contained in
this proposal supersede those previously provided as an appendix
to the State's comments on the Army's Draft Alternative Assess-
ment for the Complex Disposal Area. Under separate cover the
State has provided analysis and proposals to address other RI
concerns including:
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Donald Campbell
U.S. Army
March 1, 1990

Page 2

1. Structures

2. Methylene chloride detections possibly not attributable

to laboratory contamination

3. Incomplete investigations of contaminant detections in

"non-source" areas

4. Vertical extent of contamination in groundwater.

Matters discussed in those submittals may also pertain to the

Central Study Area and should be addressed. In addition, the

State may be submitting proposals for rectification of data gaps

in the biota and air RIs. The State also anticipates proposing

certain tentatively identified and unknown compounds for further

analysis once it has received a response to its September 28,

1989, letter. Some of these compounds may be of issue in the

Central Study Area.

The State would welcome the opportunity to discuss these

matters with Army representatives at their earliest convenience.

In the meantime, if you have any questions, please feel free to

call.

Sincerely,

V 
ý_Y Z2
,igý-Y,Jk

Jeff Edson
RMA Project Manager
Hazardous Materials and
Waste Management Division
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RESPONSES TO THE COLORADO DEPARTMENT OF HEALTH'S
PROPOSAL FOR RECTIFICATION OF REMEDIAL INVESTIGATION DATA GAPS

IN THE CENTRAL STUDY AREA
MARCH 1990

Comment 1. Central Study Area Trenches

The Central Study Area (CSA) contains extensive, complex disposal areas.
Much of the characterization presented in the Central Study Area Report
(CSAR) is based on historical evaluation and aerial photography interpretation.
The field investigations in the areas were limited and, in many cases, disposal
areas were "characterized" by relying on the characterization of one trench to
represent many disposal trenches.

The State believes that the CSA disposal areas remain a significant remedial
investigation data gap. Based on review of information to date, the State has
outlined each area where information is still lacking and a recommendation as
to what needs to be done to complete an adequate RI characterization in
accordance with the Army's Phases I and II programs. The State is available
to work with the Army on these recommendations for additional work.

A. CSA - Ic Area

Trench and pit information collected prior to and during the Phase I CSA-Ic
(36-17N) program were based on extensive historical evaluation of aerial
photographs, and field geophysical studies. 'Me geophysical investigations
used continuous magnetic and electromagnetic (EM) surveying to delineate
possible patterns and trends indicative of trench-type disposal at the site. The
Phase I geophysical study delineated seven areas, or anomalies, that represented
probable trench disposal of wastes: A, B, C, E, F, G, and H. The Army
acknowledged that only one Phase I borehole was completed in a trench (3086,
Anomaly B), and that traditional Phase Il methodologies were inadequate for
the complex disposal site 36-17N (Site 36-17 Phase I CAR, page 62).
Therefore, the Phase 11 program incorporated continuous trenching, grab
samples (of excavated trench material), and borings (completed to 5 feet [ft]
below bottom of trench). For purposes of this comment package, the State
defines the term "Pit/boring" to mean trenching and subsequent boring
completed to 5 ft below the bottom of the waste trench.

Design of the Phase 11 program was based on the assumption that
characterization of specific trenches in a given anomaly would adequately
characterize all trenches in the anomalies. However, exan-driation of
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Table 36-17-11-1 (Phase Il CAR 36-17), indicates that although contents of
some trenches within an anomaly may be similar, any one trench is not
representative of all trenches within that anomaly. This is particularly evident
in the two anomalies with the highest trench excavation density (sampled by
continuous trenching), C and H. Therefore, it is probable that material
excavated in selected trenches in remaining anomalies may not be indicative of
material buried in neighboring trenches. Additionally, locations of trenches
excavated in Phase II did not always coincide with historical (aerial
photographs) and Phase I geophysical data (e.g., Anomalies C and H). It is
therefore apparent that this preliminary information cannot be relied upon to
locate the boundaries of the trenches.

The 9 (and possibly 10, if pivboring 3592 is included, see comment l.A.v
below) pit/borings which were completed in natural soils during the Phase H
study cannot be used to characterize the trenches within the anomalies.

The following summarizes dam gaps present in each anomaly within CSA-1c,
and provides recommendations necessary to provide limited characterization of
the trenches in the respective anomaly.

i. Anomaly A - The Site 36-17 Phase I CAR states (page 30) "Aerial
photographs indicate more than 10 pits and trenches and two 200-ft long
trenches oriented east-west (in Anomaly A). Geophysical results
confirmed three trenches and indicate more potential disposal sites than
previously noted" (emphasis added). Fourteen trenches and pits were
identified in the Phase I geophysical study (Site 36-17 Phase I CAR,
Figure 36-17-7).

The Phase II program consisted of only three pit/borings to investigate
three of these trenches. However, only I pit/boring (3581) was
completed in a trench; the remaining 2 pit/borings (3580 and 3582) were
completed in natural soils (Site 36-17 Phase II CAR, Figure 36-17-H-1).

In the Spring 1989 field survey conducted by Woodward-Clyde
Consultants, two exploratory trenches were excavated across the trench in
which Phase II piVboring 3581 was completed, further defining the
boundaries of the trench located in the southeastern section of Anomaly A
(Results of Field and Laboratory Investigations Conducted for the
Remediation of Other Contamination Sources IRA, 11/89,
Section 4.2.2.1).
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Recommendation: The remaining thirteen trenches and pits in the
anomaly must be characterized. This can be accomplished by pit/borings,
grab samples of the waste materials, and documentation of all disposal
trench contents encountered during excavation.

ii. Anomaly B - According to the Site 36-17 Phase I CAR (page 30), "Aerial

photographs indicate ... at least four trenches (in Anomaly B) ...
Geophysical results confirm the four trenches and indicate one or more
additional trenches. All of the trenches, including a 7-ft deep open
trench, appear to be about 200 ft long ...... Five trenches and two pits

were identified in the Phase I geophysical study (Site 36-17 Phase I CAR,

Figure 36-17-7). However, the Phase II program consisted of only two
pit/borings to investigate this area.

Recommendation: The remaining three trenches and two pits must be
characterized, utilizing pit/borings and grab samples of the waste
materials. Disposal trench contents encountered during excavation should
also be documented.

iii. Anomaly C - The Site 36-17 Phase I CAR states that (page 30) "At least
five trenches ... were identified (in Anomaly Q in aerial photographs.
Geophysical results confirmed the location of the trenches and suggested
the presence of other trenches in adjacent areas" (emphasis added). Six
trenches and three pits were identified in the Phase I geophysical
investigation (Site 36-17 Phase I CAR, Figure 36-17-7). Four of the
trenches were located in the northern section of the site and two in the
south, with the trench axes oriented north-south (N-S).

The Phase H program consisted of a continuous trench crossing the
northern section of Anomaly C, and actually identified six disposal
trenches (Site 36-17 Phase II CAR, Figure 36-17-11-1) but possibly
n-&sed an easternmost trench (Site 36-17 Phase I CAR, Figure 36-17-7).
One grab sample was taken from each of the six trenches. The program
also included three pit/borings (3585, 3587, 3588), only two of which
were completed in trenches (pit/boring 3588 was located in natural soils
south of its original location 3586 due to a white phosphorus fire). The
two southern trenches in Anomaly C were not investigated; the western
trench due to the white phosphorus fire and the eastern trench due to the
discovery of 55-gallon drums containing Lewisite (Site 36-17 Phase U
CAR, Table 36-17-11-1).
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Recommendation: To be consistent with the Army Phase 11 investigation,
borings should be completed (to 5 ft below bottom of trenches) in the six
northern trenches. Although piUboring 3585 was completed in the same
trench as grab sample 3606, that pit/boring was not located beneath the
grab sample which contained significant concentrations of aldrin, dieldrin,
isodrin, and arsenic and therefore cannot be used to determine the vertical
extent of contamination beneath the grab sample. Accordingly, a boring
should be completed to 5' [ft] below the bottom of the trench in the
location from which grab sample 3606 was taken. Also, Table 36-17-11-4
chemical results, the location of pivboring 3587 in Figure 36-17-13-1, and
the uncertainty associated with depth to bottom of the easternmost trench
shown in cross-section CC' (Site 36-17 Phase 11 CAR, Figure 36-17-11-1),
indicate that pit/boring 3587 may not have been completed below the
actual trench. This trench, therefore, should also be resampled. The
continuous trench completed in the northern section of Anomaly C should
be continued to the east to determine if an easternmost trench exists. The
two large southern trenches must be characterized with pit/borings and
grab samples of the waste materials. Additionally, disposal trench
contents encountered during excavation should be documented.

iv. Anomaly E - Aerial photographs reviewed in the Phase I investigation
indicated 4 to 7 pits in Anomaly E (Site 36-17 Phase I CAR, page 31),
and the Phase I geophysical study identified 9 small, discrete pits
(Figure 36-17-7). The Phase II program consisted of 3 pitfborings, all of
which were completed in natural soils (Site 36-17 Phase 11 CAR,
Figure 36-17-11-1 and Table 36-17-H-1).

Recommendation: It appears that none of the pits in Anomaly E have
been characterized. This can be accomplished by completing two
east-west trending continuous trenches, one across the northern half of
Anomaly E (and the northern set of pits) and the second continuous
trench across the southern half of the anomaly (and southern set of pits).
Grab samples should be taken of the waste materials, borings completed
below the bottom of the pits, and pit contents documented.

V. Anomaly F - The Phase I geophysical survey identified six small trenches
and pits in Anomaly F (Site 36-17 Phase I CAR, Figure 36-17-7). The
Phase H program consisted of three pit/borings to investigate this area
(3590-3592). Pit/boring 3590 was completed in natural soils. According
to Table 36-17-11-1, depth to trench bottom for pit/boring 3592 was 0.5 ft;
also, no disposal contents were encountered during excavation, indicating
that 3592 may also have been completed in natural soils (Site 36-17
Phase H CAR, Figure 36-17-11-1 and Table 36-17-11-1).
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Recommendation: Five of the six trenches in Anomaly F have not yet
been characterized. This can be accomplished by completing two east-
west (E-W) trending continuous trenches, one across the northern two
trenches and one through the southern three trenches shown in
Figure 36-17-7 (Site 36-17 Phase I CAR). Borings should be completed
below the bottom of the five trenches, grab samples col.lected of the waste
fill material, and disposal contents documented.

vi. Anomaly G - The Phase I geophysical study identified four approximately
200-ft long N-S trending trenches in the central and eastem half of
Anomaly G, and six small pits near the western edge of the site
(Site 36-17 Phase I CAR, Figure 36-17-7). The area also appears to
correlate to a site previously investigated by Moloney (1982; RIC #
85085 ROI) which consisted of three N-S oriented trenches (Site 36-17
Phase I CAR, page 32). There is currently one open trench in
Anomaly G, but it is unclear which of the four trenches identified in the
Phase I geophysical study represents this trench.

The Phase II program consisted of two pit/borings (3602 and 3603).
Pit/boring 3602 was completed in a surface bum, and piUboring 3603 was
completed in natural soils; no debris was encountered during excavation
of the pits (Site 36-17 Phase H CAR, Table 36-17-H-1).

Recommendations: The open trench and 2-to-3 trenches identified in the
Phase I geophysical study have not been investigated. Because of the
uncertainty associated with location of the filled trenches with respect to
the open trench, characterization of this area should include two E-W
trending continuous trenches located on both sides of the open trench. If
buried trenches are identified, grab samples should be taken of the waste
materials, borings completed below the bottom of the trenches, and
materials encountered during excavation documented. Additionally, a
boring should be completed below the bottom of the open trench.

vii. Anomaly H - The Phase I geophysical investigation identified 10 trenches
and 5 pits in Anomaly H (Site 36-17 Phase I CAR, Table 36-17-7). Eight
of the 10 projected trenches, oriented E-W, were located on the western
edge of the anomaly, ranging from the northern to southern boundaries of
the site.

The Phase H program consisted of a N-S trending continuous trench
completed in the western half of Anomaly H, which identified four (E-W
trending) disposal trenches (Site 36-17 Phase II CAR, Table 36-17-11-1).
Four borings were completed in the waste trenches (3596 to 3599), but
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boring 3599 was not analyzed due to probable mustard contamination.

Pit/boring 3600 located a fifth trench in the eastern section of the

anomaly. A possible sixth (E-W trending) trench located in the

northeastern comer of Anomaly H (Site 36-17 Phase I CAR,

Figure 36-17-7), was not investigated.

In the Spring 1989 investigation conducted by Woodward-Clyde

Consultants, 17 exploratory trenches were completed in Anomaly H, and

four exploratory trenches were completed just to the west of the anomaly

(Results of Field and Laboratory 1nvestigations Conducted for the

Remediation of Other Contamination Sources IRA, 11/89, Section 4.2.2.3

and Figure 4-6). The investigation identified five E-W trending disposal

trenches in the western section of Anomaly H, and one trench (previously

unidentified) to the west of the anomaly.

Recommendation: Further characterization needs include: 1) placement

of a boring in the southernmost trench to investigate contaminant

distribution below the bottom of the trench (replacement boring for

boring 3599 which was not analyzed in Phase 11); and 2) a pit/boring in

the northeastern comer of Anomaly H to locate the trench indicated by

the Phase I geophysical survey. Additionally, in contrast to the five

trenches identified in the Spring 1989 study, the continuous trench

completed by the Army in the Phase II investigation identified only four

disposal trenches; please explain this discrepancy.

B. CSA-lb Area

The Army and Hyman reportedly shared a joint trench disposal area north

of Site 36-3 in Site 36-17S during the late 1940's and early 1950's. The

site is probably "... adjacent to and north of site 36-3..." (Site 36-17
Phase I CAR, page 16) and may be evidenced by the ground disturbances

apparent in aerial photographs taken from 1948 to 1965 (Site 36-17
Phase I CAR, page 17). Woodward-Clyde Consultants, in their review of

six aerial photographs taken between 1948 and 1975, identified trenches

in the northern portion of Site 36-17S (Final Task Plan, Volume I,

Remediation of Other Contamination Sources, 6/89, page 5-4). Also, as

summarized by the Army on page 3-20 of the CSAR: 1) the historical

references to joint Army-Hyman contaminated waste disposal trenches;

2) the Phase I geophysical responses in the northern section of CSA-lb
northern zone; and 3) the distribution of chlordane and DDE/DDT (Plates

CSA 2.1-50 and 2.1-54, respectively), "confirm the field location for these

trenches (CSA-lb northern zone, Figure CSA 3.2-1, CSAR).
Additionally, the Army indicates in Figure CSA 3.2-1 (CSAR) that the
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entire northern zone of Site 36-17S may have been used as a trench-
disposal area. However, no exploratory trenches or pit/borings were

completed in this area during Phase I or II site investigations.

Recommendation: None of the trenches in the northern zone of

Site 36-17S have been characterized. A geophysical investigation of all

oTpart of this area was supposedly conducted during the Spring 1989

field study, but the area investigated was not depicted graphically and

results of the study were not presented (Results of Field and Laboratory
Investigations Conducted for the Remediation of Other Contamination

Sources IRA, 11/89, Section 4.2.1.4). If the Spring 1989 geophysical

survey incorporated the northern zone of Site 36-17S and data can be

used to interpret trench locations, additional geophysical data are not

necessary although any existing data should be transmitted to the parties

without delay. If, however, geophysical data are not available for this

area or available data are questionable, a second geophysical investigation
will be necessary to delineate trench locations. Design of a pit/boring
program, similar to that conducted in CSA-1c, should then be based on

geophysical survey results, further examination of aerial photographs, and

chlordane and DDEIDDT distributions. Depending on disposal trench
orientation, the trenches can be investigated using continuous trenching,
or transects across individual trenches, in addition to grab samples of

waste fill material and borings. This program should also document
disposal trench contents encountered during excavation.

NOTE:
The State has previously requested that the Army investigate pre-1952
joint Army-tenant disposal trenches located in the northern zone of
CSA-lb (CSAR, Appendix CSA-F, State Comment 30). The Army stated
in its response to State Comment 30 that "the ongoing hot spot IRA
addressing the trenches in the CSA is currently investigating these
(CSA-lb northern zone) trenches." In response to EPA Comment 37
(CSAR, Appendix CSA-F), the Army again states that "The
characterization of probable burial trenches in this area in CSA-lb
northern zone, is being addressed in the Hot Spot IRA presently being
conducted by the Army." The State therefore assumes that
characterization of these trenches is being addressed in the Complex
Disposal Trenches IRA, and requests a summary of all data collected to
date regarding trench locations, dimensions, chemical concentrations of
the waste material and soils beneath the trenches, and trench contents.
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C. CSA-1d Area

Excavated material from trenches in two geophysical anomalies within

Subarea CSA-ld (Site 36-7) indicate that the site was used for the

disposal and burial of rubbish (Site 36-17 Phase II CAR, Table 36-7-11-1).

However, the presence of low to moderate levels of Organosulfur

Compounds, Herbicide Related (OSCHs), fluoracetic acid, Polynucleated

[sic] Aromatic Hydrocarbons (PAHs), and Organochlorine Pesticides

(OCPs) in trench fill material and below the base of the trenches, in

conjunction with the Army statement that "some trenches were reportedly

used for the destruction and disposal of incendiary bombs, white

phosphorus (WP) grenades, mustard-filled (distilled mustard (HD))

projectiles, agent ID Set vials, M125 (GB) bomblets..." (Site 36-7 Draft

Phase I CAR, page 8), indicates that the trenches may also have been

used for the disposal of agent related wastes.

The Phase I geophysical study delineated eight anomalies: A, B, E, F, G,
N, Q, and the southwestem comer of Site 36-7. The anomalies are

probably associated with disposal trenches and pits (Site 36-7 Phase I

CAR, page 27-31). However, Phase H pit/borings were only completed
in Anomalies A and B.

i. Anomaly A - Although only three trenches were identified in Anomaly A
in the Phase II investigation (Site 36-7 Phase U CAR, Figure 36-7-H-1),
the Phase I CAR indicated that visible ground scars noted in the field
correlated with 12 trenches and 8-to-10 pits identified by Moloney in the

Assessment of Historical Waste Disposal in Section 36 of RMA report,
RIC 85085RO1, 1982 (Site 36-7 Phase I CAR, page 27). This
discrepancy needs to be addressed. The Phase I geophysical data also
suggested that Anomaly A may extend beyond the northern and western
Phase I geophysical survey boundaries (Site 36-7 Phase I CAR, page 27).
No additional geophysical investigations were conducted to address this
concern. Additionally, the strongest soil conductivity values mapped at
Site 36-7 occurred in the northern part of Anomaly A and corresponded
to the location of a large ground scar mapped in the field. Though
Phase U pit/boring 3683 was completed in natural soils in this area, the
presence of ground scars and Phase I geophysical results warrant a second
pit/boring in this locale.

ii. Remaining Anomalies - As previously stated, no pit/borings or continuous
trenches were completed in Anomalies E, F, and G (probable buried
metal and waste materials), Anomalies N and Q (probable buried
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nonferrous metals and debris), and the southwestem comer of 36-7
(trench identified by Moloney in this location).

Recommendation: Characterization of CSA-ld trenches and pits should

consist of pit/borings or continuous trenches, grab samples, and borings in

Anomalies E, F, G, N, and Q, and the southwestem comer of 36-7. A

second pit/boring is recommended for the northwestern section of

Anomaly A.

D. CSA-la Area

In response to State Con-anent 7F in the Final Alternatives Assessment

Report, Other Contamination Sources IRA, Shell Section 36 Trenches

(Alternatives Assessment Report), Shell disagreed with the State's

assessment that Shell trench locations and structures were well

documented. Shell instead asserted that exact locations, depths, and

widths of the trenches are not known (Alternatives Assessment Report,

page A-36). In light of Shell's assertion, the State believes a level of

data collection should be undertaken to address these data gaps. The

goals and approach are consistent with Army investigations (where

completed) in the CSA-1c complex disposal trenches. The program
should consist of:

i. Comparison of aerial photographs (Site 36-3 Phase I CAR, page 9) with

Phase I geophysical data to determine trench locations and orientations,
and total number of trenches;

ii. Continuous trenching oriented perpendicular to the long axes of the
disposal trenches and completed to the base of the disposal trenches.
This will detern-dne trench locations, depths, and widths and elevation of

the water table across the site. Transects will be selected based on the
aerial photograph/geophysical evaluation in Part A;

iii. Sampling of waste material excavated from the trenches, and
documentation of trench contents; and

iv. Borings completed to 5 feet below bottom of selected trenches and
sampling from the 0-to-l foot and 4-to-5 foot intervals to determine the
vertical distribution of target analytes below the trenches.

Response: A general response was formulated to address the entirety of this comment. This

response covers the general scope of the comment, but does not specifically address many of

the individual aspects pertaining to certain anomalies and trench clusters. Individual points
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are discussed in the following sections. Several of these issues have been previously

presented by the State and were discussed in response to earlier comments on the CSAR.

In response to the State's "Note", the Army notes that the Complex Disposal Trenches IRA

does not include any soil sampling, but consists of groundwater monitoring in the Complex

Disposal Area. Geophysical investigations in this area are planned as part of the Phase 11 FS

Field Data Collection Program.

The State's general contentions in these comments are: A) the characterization of one trench

cannot be used to represent many disposal trenches and B) each trench within the identified

anomalies was not sampled strictly according to Phase I and Phase H procedures, and

therefore, the RI is not adequate and this lack of consistency constitutes a significant RI data

gap for the CSA.

The State also presents field sampling proposals that it feels would supplement the Phase I

and II investigations and "satisfy" its perceived RI data gaps.

The following statement is particularly pertinent given the general tone and concept of the

State's Comment 1.

"...The objective of the RI/FS process is not the unobtainable goal of removing all

uncertainty, but rather to gather information sufficient to support an informed risk

management decision regarding which remedy appears to be most appropriate for a

given site. The appropriate level of analysis to meet this ob ective can only be

reached through constant strategic thinking and careful planning concerning the

essential data needed to reach a remedy selection decision..."

The above quote is excerpted from Interim Final Guidance for Conducting Remedial
Investigations and Feasibility Studies Under CERCLA, Section 1.1, Purpose of the RI/FS

(USEPA, 1988). The fundamental goal of an RI is to collect sufficient high quality data to

select an appropriate remedial approach from a number of potential remedial options. The

over-collection of data is as much a problem as not collecting enough data. The over-

collection of data implies that valuable resources, i.e., time and money, were wasted on

unnecessary information collection, resources that should have been applied to properly

selecting and implementing a remedial action. Enough confirmatory data are already

available to assess the CSA trenches. As always, if the FS uncovers a specific data need, it

has the flexibility and mechanisms to collect those dam.

As to relying on the A. "...characterization of specific trenches in a given anomaly..." to

"...characterize all trenches in the anomalies.":

Any investigation program for the CSA trenches using invasive methods must carefully weigh

the risks to personnel safety and of potentially spreading buried contarrdnation against
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acquiring more information. The scope of the Phase II trench characterization in the CSA
was designed to balance data collection and historical confirmation with risks to personnel

and the environment.

Contrary to the State's position, the characterization of selected trenches was appropriate and

effective. The strategy used "pit/borings" to evaluate and confirm the accuracy of the
historical, aerial photography, and geophysical data for applicability in characterizing the
nature and extent of contarriination within the Complex Disposal Area. The approach
minimized the potential for worker exposure and contaminant transport from disposal areas

known to be grossly contan-dnated.

The conclusive characterization of the location and contents of each trench would require a

prohibitive number of samples/analyses. For this reason, a representative set of trenches from

disposal areas defined by visual surveys, aerial photography, and geophysical data were used

as appropriate for the investigative unit in the Complex Disposal Area.

For the design of the field investigations in the Complex Disposal Areas, historical disposal
information was compiled, analyzed, and summarized. Historical documentation of disposal
activities indicated that disposal areas were comprised of trenches which were generally
constructed and filled chronologically with waste materials. Disposal of wastes in the
trenches was generally nonrandom, meaning that similar wastes generated at specific time
periods were disposed in trenches which were within close and predictable proximity to each
other within a disposal area.

Sample locations within anomalies were selected to verify the location and contarriination of
trenches as documented by the historical disposal record, aerial photography, and geophysical
data. The location and contents of a trench within an anomaly were verified against the
historical record, aerial photography, and the geophysical data and important information was
also acquired from samples collected in inter-trench areas. The information developed by this
approach could be used, in conjunction with other environmental data, to evaluate the nature
and extent of contarrdnation within the anomalies and the entire Complex Disposal Area.

It is the Army's opinion that the nature and extent of contamination within the Complex
Disposal Area has been adequately characterized for the RI, using the approach for the
Phase I and II investigations which protected workers and minimized disruption of the sources
of contamination identified in previous noninvasive studies. Additional field studies may be
conducted by the FS to supplement RI data and address FS or post-FS issues, if required.

In response to B. "...the CSA disposal areas remain a significant remedial investigation data
gap.":

Each anomaly area was characterized as a landfill or bum area comprised of trenches
containing complex mixtures of wastes as verified by the samples analyzed and the historical
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record of disposal at the anomaly. Other soil and groundwater samples were used to evaluate

the fate of contaminants that may have originated in the trenches of the identified anomalies.

It is not clear what benefit would be gained for the RI by carrying out the State's

recommended field investigations. Historical disposal data were already generally confirmed

by the field investigation. Further pit/borings could only verify the contents on a trench-by-

trench basis, and this amounts to "overkill." The proposed additional sampling of each of the

trenches does little to enhance the RI conclusions pertaining to the nature and extent of

contamination associated with the anomalies within the Complex Disposal Areas of the CSA.

Additional groundwater monitoring is planned as part of the Phase II FS Field Data

Collection Program downgradient of the trenches.

The RI presents enough data to adequately evaluate remedial alternatives pertaining to the

disposal sites within the Complex Disposal Area. Additional data may be required to further

resolve trench dimensions and refine contaminated material volumes for the remedial design

and remedial action phases. As stated many times previously and reiterated here once again,

the FS is capable of acquiring additional data to refine estimates further.

Through analysis of the complete set of geophysical, historical, soil, and groundwater data,

the nature and extent of contamination in the Complex Disposal Area was adequately

characterized at an appropriate scale to meet the data requirements of the EA and initiate and

continue with the EA and FS.

Comment 2. Discrepancies Between CSA and Adjacent Study Area Potentiometric Surface

Maps

The Army states in its response to State General Comment I (CSAR,
Appendix CSA-F) that the Denver Formation AM/AL potentiometric: surface

map presented in the CSAR (Plate CSA 1.5-5) is in close agreement with the

revised regional Zone A potentiometric surface map shown in Figure 2.10 of

the Final Water Remedial Investigation Report (WRIR). However, review of

the two figures indicates that the Zone A potentiometric contours between the

CSA and North Plants Study Area (Sections 36 and 25), CSA and the Eastern

Study Area (Sections 36 and 31), and CSA and the North Central Study Area

(Sections 36 and 35) as represented in these two figures do not coincide.

Potentiometric: contours projected across study areas should match exactly;
lack of agreement between the areas indicates a corresponding lack of Denver

Formation hydrologic data collected by the Army.

According to the Army, the Denver Zone A potentiometric data presented in
the CSAR are more recent, site-specific, and accurate than those presented in

the WRIR (see Army responses to State General Comment 1, Shell Specific

Comment 37, and EPA Specific Comment 58, CSAR Appendix CSA-F). The
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interpretation of the CSAR Zone A potentiometric data represents a significant

departure from that presented in the WRIR regarding n-dgration pathways

downgradient of CSA contaminant sources. In WRIR Figure 2.10, the gradient

in Denver Zone A wells [sic] 36110, 36103, 36066, 36064, 36157, and 36160

is towards Section 25 in the north, whereas, in the CSAR, the gradient for the

same six wells is to the northeast towards Section 31 (CSAR, Plate

CSA 1.5-5). Because Zone AM/AL is projected to suberop immediately

northeast of the CSA (CSAR, pages 1-55 and 1-58), the northeastern

component of flow in CSA Zone AWAL presented in the CSAR indicates that

Denver Zone A contan-dnants will discharge downgradient of the CSA to the

First Creek alluvial aquifer flow system.

This flow path is only evident in the interpretation of the Denver Zone A

potentiometric data presented in the CSAR, not in the WRIR. Therefore, the

regional Zone A potentiometric map presented by the Army in the WRIR

appears to be in error when compared to the more recent and accurate data

presented in the CSAR. The Army must reevaluate existing data, or collect

sufficient new data such that the contours projected across the CSA

Section 36 boundaries agree with the North Central, North Plants, and Eastern

Study Area Zone A potentiometric data. This evaluation should have been

completed in the RI, and is necessary for the assessment of FS remedial

alternatives. The State requests a copy of the Army's evaluation when

completed.

Response: The Army disagrees with the State's contention that the perceived discrepancies

between the Final WRIR Figure 2.10 potentiometric surface map of the Denver Zone A and

the Plate CSAR 1.5-5 potentiometric surface map of the Denver Zone AM/AL constitute an

RI "data gap." Furthermore, additional data are not required to adequately reanalyze and

rectify their perceived discrepancies.

The potentiometric surface maps identified above were constructed at different scales, using a

different network of control wells, and with data collected at different times. The WRIR

Figure 2.10 is a regional scale presentation of Spring 1987 data which uses only five control

wells within the CSA to characterize regional Denver Zone A conditions, whereas the Plate

CSAR 1.5-5 is a CSA specific scale presentation of Spring 1988 data which uses ten control

wells within the CSA (twice the number as used in the WRIR Figure 2.10) to characterize

Denver Zone AM/AL Zone conditions. Furthermore, Denver Zone AM/AL is a subdivision

of Zone A. Given the local geologic conditions in the CSA, the potentiometric surface may,

in fact, be different for Zone AM/AL than for Zone A in general. The potentiometric surface

presented in the Plate CSAR 1.5-5 was constructed to better evaluate the complexities of

groundwater flow within the Denver Zone AM/AL that were not apparent in the regional

presentation. Thus, the use of the Plate CSAR 1.5-5 allows better characterization of the

potential pathways for contamination migration within the CSA.
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Because of the differences in scale, time, and data used between these maps, potentiometric

surface contours should not be expected to be exactly coincident. To the contrary, if the

contours were made to be coincident, it could illustrate either a rare static groundwater system

or a lack of technical understanding of temporally and spatially sampled data, and the

dynamics of groundwater systems, among other circumstances.

When the differences in scale, dates, control points, and aquifer specifics between the two

maps are evaluated, neither map is more nor less accurate than the other. These maps are

depictions of interpretations of potentiometric surfaces. Potentiometric surface maps are

representations of hydrogeologic conditions reflecting the conceptual model of groundwater

flow in the area.

The differences in the two maps are not significant when relative volumes of potential

groundwater flow and the ultimate fate of the potentially transported contaminants are

considered. Four calculations of estimated contaminant flux are presented in the CSAR which

illustrate the relative significance of groundwater flow paths and contan-driant transport within

the CSA. These estimates clearly illustrate that the flow of groundwater along the flow path

from the western portions of the CSA toward the First Creek alluvial aquifer system are on

the order of 1/10 to 1/50 that of flows toward the northwest. This supports the conclusion

that contaminant transport through the Denver Formation volcaniclastic and AM zones toward

the First Creek alluvial aquifer is not a major transport mechanism, although the possibility

exists for contamination transport along this flow path.

Groundwater sampling during the RI at wells located downgradient of the Denver/First Creek

alluvial aquifer contact indicate that contaminants from sources in the south and west have

not yet reached the First Creek alluvial aquifer. These data supported the conclusion stated in

the CSAR that the dense clay-rich lithology and configuration of the Denver Formation in the

CSA was an effective barrier to flow, as well as attenuating contaminant transport from

localized sources in the south and west.

Eventually, the First Creek alluvial aquifer could receive contan-driants from groundwater

discharged from the Denver Formation, but the nature and extent of contamination in this

area, at present, has been adequately characterized in the RI. Because the potential for the

ultimate contamination of the First Creek alluvial aquifer exists, the FS team's proposed well

installation program as described in the response to the State's comment 6 (below) is

appropriate. This proposed program will help resolve when contaminant discharge into the

First Creek alluvial aquifer is likely to occur by evaluating localized vertical and horizontal

gradients in the Denver Formation. Further discussion pertaining to this groundwater flow

path and potential contaminant n-dgration in this area is provided in response to the State's

Comment 6 below.
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Finally, the CMP continually refines hydrogeologic conceptual models at RMA. Future

refinement by that program or the FS will take the conditions in the Denver Formation

Zone A into account.

Comment 3. Verification of High Arsenic Concentrations in Monitoring Wells 36145 and

36146

Arsenic (As) was historically detected at 110 mg/l and 55 mg/I in alluvial and

Denver wells 36145 and 36146, respectively, located immediately south of

CSA-ld. The Army stated that results were based on total As, and that further

review of historical records indicated that results from a subsequent resampling

period were below detection limits for dissolved As in the two wells (see

Army response to State Specific Comment 22, CSAR Appendix CSA-F).

Information on the historical data referenced must be presented.

It is the State's understanding that monitoring Wells 36145 and 36146 have

not yet been resampled in the Comprehensive Monitoring Program (CMP) for

dissolved As (see Army response to State Specific Comment 22, CSAR

Appendix CSA-F). Well 36145 must be sampled because it appears to be

located along, "A well defined arsenic pathway ... in the unconfined aquifer

leading northwest from the Basin A area to the Basin A Neck..." (NCSAR,

page 3-169). Possible upgradient sources for the As plume include the M-1

Settling Basins in the SPSA (SPSA-le), the Lime Settling Basins in the NCSA

(NCSA-lb), and the Shell and Army complex disposal areas CSA-Ia and

CSA-Ic-H in the CSA (CSAR, page 3-91). Additionally, Wells 36145 and

36146 must both be sampled for total As to substantiate or invalidate the

historical data. Total As values in the range of 100 mg/l, if presentý would

necessitate a characterization of the extent of As contamination in the alluvial

aquifer.

NOTE:
The Draft Final Task Plan Feasibility Study Field Data Collection Report,

Volume 1, 12/89 (page 6) states that Well 36145 will be sampled for filtered

(dissolved) and unfiltered (total) As. However, it is not clear from the Task

Plan that Well 36146 will also be sampled for both total and dissolved As

under the CMP; only dissolved arsenic data are provided for Well 36146 in the

1988 Annual Ground Water CMP Report (12/89). The State requests

confirmation that Well 36146 will be sampled for both total and dissolved As

in the CMP. Additionally, confined Denver Well 36146 is listed as an

unconfined well in Table 3.2-2 and Figure 4.3-3 of the 1988 CMP Report
(12/89), but is shown as being completed in Denver Formation Zone AM in

Appendix C of the same report. Please clarify this discrepancy.
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Response: Historical data for Wells 36145 and 36146 are presented below.

Summary of Well Sampling Results for Arsenic at Wells 36145 and 36146

Julian Data Results

Date Program Analysis Well 36145 Well 36146

83222 Regional As (total) I 10,000 Pg/I
83222 Regional As (total) 55,000 pg/l

84178 RMA Containment As (filtered) LT detection
limit

88131 CMP As (total) Dry LT 2.50 pg/1

89006 CMP As (total) Dry 4.82 pg/l

89164 CMP As (filtered) Dry 2.87 pg/I

90085 FS Phase I As (total) Dry
FS Phase I As (filtered) Dry

90010 CMP As (total)
CMP As (filtered) LT 2.35 pg/I

Well 36145 was found to be dry during the Phase I FS Data Collection Program and therefore

was not sampled.

Well 36146 was sampled in January 1990 under the CMP. Filtered As samples were

collected at that time and were below the certified reporting limit.

Well 36146 was completed in the Denver Zone AM and was originally interpreted to reflect

confined conditions at the time of completion. It appears water levels have dropped and

hydrogeologic conditions have changed since then. Currently, the CMP has interpreted the

Denver Zone AM at the Well 36146 location to reflect unconfined conditions. Therefore,

Table 3.2-2 and Figure 4.3-3 are conr.CL

Comment 4. Verification of Sporadic or Nonrepeating Detections of Contan-dnants in Deeper
Denver Formation Units

Volatile Halogenated Organic Compounds (VHOs), Volatile Aromatic Organic
Compounds (VAOs), OSCHs, Organophosphorus Compounds, GB-related
(OPHGBs), Dibromochloropropane (DBCP), OCPs, and arsenic were detected
in CSA Denver Formation wells during historical sampling and/or the RI
sampling program (see State Specific Comment 23, CSAR Appendix CSA-F).
Because this indicates that RMA contan-driation is impacting the Denver
Formation, the State requested that all conclusions to the contrary presented in
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the CSAR be removed. In response to the request, the Army stated that, in all

cases of Denver Formation contaminant detections, "the detection has not been

confirmed by a repeat detection from a subsequent sampling event or the well

is suspected or confirmed to be of inferior well construction" (see Army

response to State Specific Comment 23, CSAR Appendix CSA-F); however,

specific well numbers and construction and sampling histories were not

referenced or provided. 'Me State needs to examine and correlate the weR

number, sampling frequency, chemical data and well construction history for

these Denver wells prior to agreeing or disagreeing with the Army's response

to the State Specific Comment 23.

The Army states in Response to EPA Specific Comment 10 (CSAR,

Appendix CSA-F) that "Repeated detections of contan-tinants in samples from

wells screened in confined zones are only considered to be artifacts of poor

well construction." Between this and the previously referenced comment, the

Army has invalidated ALL detections of ALL analytes in ALL CSA Denver

wells. The State strongly disagrees with this position. These Denver CSA
wells must be evaluated as part of the Vertical Extent of Contamination study.

Response: In response to the first paragraph of Comment 4, we suggest that the State brings

up a key point when it says that it needs to review data before agreeing or disagreeing with

the conclusions that "detections have not been confirmed by a repeat detection ... or the well is

suspected or confirmed to be of inferior well construction." We anticipate that after the State

has reviewed all the data, historical as well as RI, it too will arrive at the same conclusions

we have drawn.

In response to the second paragraph of Comment 4, the key word here within the quotations

is "Repeated". Where repeated detections were found, all were from wells of known or

suspected inferior construction. Nonrepeated or nonvejfied detections did occur in both

adequately constructed wells and inferior wells. Denver CSA wells were evaluated in the

vertical extent study. Results of that study are presented in Appendix B of the RISR.

Comment S. Additional Characterization Needed for CSA-2d - Incinerator NW3601 [sic]

The Army's statement that "additional site characterization may be necessary in
the FS" for Site CSA-2d (Incinerator NN3601) is misleading since no field
characterization of the site has been undertaken (see Army response to State
Specific Comment 40, CSAR Appendix CSA-F). Additionally, the size of the
incinerator (described by the Army as "small" in the response) does not
eliminate the possibility that it has contaminated surrounding soils.

The Army has indicated that it will collect soil samples from the 0 to I foot
and 4 to 5 foot intervals in two borings in the vicinity of Incinerator NN3601
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during the FS data collection program (Draft Final Task Plan, Feasibility Study

Data Collection Report, 12/89, page 6-8). The sampling plan is acceptable,

however, a more extensive Phase Il program will probably be necessary if

contaminants are detected in either of the two borings. In addition, given the

nature of the contamination which can be anticipated to surround an

incinerator, a Surficial Soils Sampling Program (0 to 2 inches) should be

undertaken. Although the State neglected to include this comment in its

submittal on the above-referenced report, it is now requesting that such a

program be implemented. We apologize for any inconvenience this oversight

may have occasioned.

Response: As stated in response to State Specific Comment 40 (CSAR Appendix CSA-F),

characterization of the CSA-2d incinerator site was accomplished during the RI using data

from the historical record, field observations, and evaluation of environmental samples

collected from soils and groundwater surrounding the site. Thus, use of the word "additional"

was not misleading. Additional site characterization to supplement the existing site

characterization was carried out during the FS as described in the Phase I Field Data

Collection Task Plan. Bores 36BOREOOI and 36BORE002 were sampled in the incinerator

location. Dieldrin and DDT were detected in 36BORE001 from the 0-1 ft depth interval.

There were no organic analyte detections in 36BORE002. In addition, surficial (0-2 inch) soil

samples were collected in the vicinity of the incinerator. Results of the surficial soils

investigation have been previously presented in the Final Surficial Soil Investigation Data

Summary Report, Version 3.1 (EBASCO, 1991/RIC 9112IR01) and are summarized in

Appendix DI of the RISR. The FS Phase I results are consistent with the findings of the

surficial soil investigation.

Comment 6. Assessment of the Potential for Contaminant Migration to First Creek Alluvial

Aquifer

The Army had formerly claimed that the vadose zone contamination in CSA-lc

was not a probable source of contamination to groundwater because of low

Denver Formation permeabilities and the potential for chen-dcal attenuation (see

reference sited [sic] in State Specific Comment 38, CSAR Appendix CSA-F).

The Army further contends, in its response to State Specific Comment 38, that:

"The suite of contaminants detected in samples from these wells indicates little

or no hydraulic communication between the alluvial aquifer to the cast and the

unconfined Denver Formation aquifer to the west. Thus, the data corroborate

the stated conclusion regarding the effective groundwater barrier imposed by

the low permeability of the Denver Formation volcaniclastic unit which here

comprises the unconfined aquifer. These data do indicate the presence of

localized sources of contaminants to the unconfined Denver Formation with

subsequent flow in the system toward the northeast."
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The first two sentences of this quote are unsupported by the data. On the
contrary, recent dam from unconfined Denver Formation Wells 36158, 36184,
and 36185 indicate that contan-dnants from trenches in CSA-lc anomalies are
impacting the water table (see Army response to State Specific Comment 38,
CSAR Appendix CSA-F) and subsequently flowing to the north-northeasL
There may be reduced flow rates in the unconfined Denver, but the phrase
"effective groundwater barrier" is both n-dsleading and inaccurate. Ile Army's
unsupported conclusion would mean that the potential for contaminant
migration to the First Creek alluvial flow system does not eXiSt. The only way
to assess the potential impact of CSA-lc contamination on the First Creek flow
system is to monitor contaminant movement in the unconfined aquifer. This
necessitates completion of 2 to 4 wells downgradient of Wells 36158, 36184,
and 36185, and upgradient of Wells 36501, 36502, 25038. The wells can be
installed in a two-phased program. Two wells would initially be completed (in
a line perpendicular to the hydraulic gradient) approximately one-third of the
way between Wells 36158, 36184, 36185, and Wells 36501, 36502, 25038,
closer to the upgradient wells. If RMA contaminants are encountered in the
first-phase wells, two additional wells would be installed between the first
phase wells and Wells 36501, 36502, 25038. This program will monitor
contaminant migration towards the First Creek alluvial aquifer.

Response: The recent data from Wells 36158, 36184, and 36185 do support the conclusions
presented in the CSAR and in response to State Specific Comment 38 (CSAR
Appendix CSA-F). The suite of contarriinants and relative concentrations of contarriinants
detected at these wells indicate little or no hydraulic corrununication between the Basin A
alluvial aquifer to the west and the unconfined Denver Formation to the east. The lack of
volatile hydrocarbon compounds (VHCs), organosulfur compounds, mustard related (OSCMs),
OSCHs, and DBCP detections in Wells 36158, 36184, and 36185 illustrate the isolation of the
unconfined Denver Formation from the Basin A alluvial aquifer. Likewise, the relatively high
concentration detections of VHOs, OPHGBs, and methylene chloride in these three wells is
compatible with sources overlying the unconfined Denver Formation. The sources of
contamination at these wells are disposal trenches in the eastern portion of the CSA-lc site.
Also, the migration of contaminants within the unconfined Denver Formation from these
source trenches toward the First Creek alluvial aquifer is apparent. However, because no
contamination of the First Creek alluvial aquifer has been detected in Wells 36501, 36502, or
31501, and only single, isolated, and nonrepeated detections of chlorophyenylmethyl sulfide
and DIMP in Well 31005, the conclusion regarding the Denver Formation as an effective
barrier to groundwater flow or as an attenuator of contaminant migration is supported by the
data.

As a part of the Phase U FS Field Data Collection Program, the FS plans to install four new
wells in the area indicated by the State. The four wells will be sampled twice, and two of
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them will be the sites of pumping tests designed to determine aquifer hydraulic properties to

support the FS in alternatives analysis.

Comment 7. Characterization of DNAPJ, from Shell Section 36 Trenches

The lateral and vertical extent of a dense non-aqueous phase liquid (DNAPL)

found in Well 36517 during the August 1989 Shell field sampling program has

not been characterized. The volume, distribution, and migration pathway of the

DNAPL in both the vadose and saturated zones must be investigated. The

State recommends that characterization of the DNAPL include groundwater

sampling for the presence of dissolved-fraction analytes listed in Table 3-3 of

the Results of Field Investigations Conducted August and September 1989,

Shell Section 36 Trenches, RMA report (Shell Section 36 Field Report). The

groundwater sampling is also necessary to determine organochlorine pesticide

(OCP) concentrations downgradient of the Shell Trenches. OCPs, which

comprise 78 percent of the identified DNAPL (Shell Section 36 Field Report,

Table 3-3), were not analyzed for in the 11 cone penetrometer groundwater

samples collected during the August 1989 Shell field program. Additionally,

OCP data from 16 wells sampled during April 1989 did not meet quality

control criteria (Draft Final Alternatives Assessment for Other Contarriination

Sources IRA, Shell Section 36 Trenches, September 1989, page 4-9).

The State is willing to work with Shell and the Army in designing a field

program to characterize the lateral and vertical extent of the DNAPL.

Response: The FS is evaluating various remedial alternatives for the Shell trenches area, as

part of the Detailed Analysis of Alternatives. Additional characterization of the trenches,

including DNAPLs, will be undertaken by the FS as necessary for the assessment of remedial

alternatives.

Comment 8. Additional Investigation of Dieldrin in Surficial Soils in the Vicinity of CSA-2a

Three Phase II borings, 3724-3726, were triangulated around Phase I

boring 3277 to investigate the extent of surficial dieldrin contamination

detected in the Phase I program. Dieldrin was detected in all three borings,

indicating that the extent of contamination has not been determined (see EPA

Specific Comment 41, CSAR Appendix CSA-F). The Army's response to the

comment stated that the distribution of dieldrin in the soils would be addressed

either in the surficial soil sampling program, or during the FS if additional

characterization is needed for remedial alternative assessment.

The surficial sampling program was not designed to characterize the extent of

surficial contamination around specific sites that had Phases I and II detections.
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Rather, the program's purpose was to detect areas of possible windblown

contamination. Therefore, the extent of dieldrin contan-dnation around Phase II

borings 3724-3726 (Site CSA-2a, former Site 36-2) was not addressed in this

program. Because Phases I and 11 borings failed to determine the extent of

dieldrin (and other OCP) surficial contamination, additional sampling is

necessary to characterize the site, independent of the remedial alternative

selected in the FS.

Response: The surficial soil sampling program was designed to characterize areas of possible

windblown contamination. The dieldrin contan-dnation in surficial soils detected in

Borings 3277 and 3724 to 3726 was considered to be of windblown origin. Therefore,

findings of the surficial soil sampling program have been integrated with the RI data to assess

contaminant dispersion to soils from the eolian pathway. As indicated in the RISR, surficial

(0-2 inch) soils throughout RMA are recognized as being contaminated by OCPs. Consistent

with the response to State Specific Comment 41 (Appendix CSAF), the FS program will

address these findings in the evaluation of remedial alternatives.

Comment 9. Assessment of Mustard Contan-iination in Site 36-17S

In the Phase I soil investigation of Site 36-17S, the Rocky Mountain Arsenal

Laboratory (RMAL) reported positive results for mustard analyses in samples

composited from the 0-to-1 foot and 4-to-5 foot intervals of Borings 3090,

3092, 3093, and 3094 (Site 36-17 Phase I CAR, page 26). Because of the

mustard detections in the four borings, the samples were not analyzed for any

RMA contaminants. Supposedly, a subsequent Quality Assurance review

performed by the RMAL found that the reported mustard values were below

the certified detection limit of 2.1 ppm. However, as stated by the Army,

"Sample holding times ... had expired and these samples were not re-collected"

(Site 36-17 Phase I CAR, page 47).

Two Phase 11 borings were completed approximately 50 feet to the northeast

and southeast of Phase I Boring 3094 and sampled for mustard-related

organosulfur compounds. However, Phase 11 replicate borings were not

completed for Borings 3090, 3092, and 3093. Additionally, the two closest

Phase 11 borings to Boring 3093 (3667 and 3682), and the only Phase 11 boring

completed in the vicinity of Boring 3092 (3666) were not analyzed for mustard

or mustard-related organosulfur compounds (Site 36-17 Phase U CAR,

Table 36-17-11-5). No Phase II borings were placed in the vicinity of Boring

3090 (Site 36-17 Phase II CAR, Figure 36-17-11-3). Therefore, the lateral and

vertical extent of possible mustard contamination in the vicinity of the three

borings has not been characterized. Ile State requests that borings be

completed adjacent to Phase I Borings 3090, 3092, and 3093, and the O-to-

1 foot and 4-to-5 foot intervals be analyzed for mustard, dithiane, and
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oxathiane (samples should not be composited). Additionally, if mustard
contandnation is found, the Army is requested to provide the disposal history
associated with its occurrence in this area.

Response: While it is correct to state that preliminary results of analyses by the RMA
Laboratory qf composited samples from the 0 to I ft and 4 to 5 ft intervals of Phase I soil
Borings 3090, 3092, 3093, and 3094 indicated mustard was present, it is also correct to state
that the QA review for those samples indicated mustard was not present at levels above the
2.1 ppm CRL. Additionally, according to standard procedure at the time, when a positive
agent analysis was prelin-dnarily reported from a composited sample, separate analyses of the
individual 0 to I ft and 4 to 5 ft intervals of the aforenventioned borings were also conducted
in order to pinpoint the interval(s) producing the positive result in the composite samples and
determine the concentration for the detection. The analytical results from the individual
intervals from those borings also indicated mustard to be below the CRL. It is unfortunate
that the eight samples detained for this more extensive clearance procedure were lost RI target
analyte analyses due to elapsed holding times. In hindsight, it may now be appropriate to say
that the eight samples, once being cleared for shipment off-post, should have been analyzed
anyway even though they would have been a couple of days past their holding times for
volatile analyses.

The tight time constraints to provide clearance for samples prior to sample shipment to meet
tight holding time deadlines, as well as the hazardous nature of the agent potentially present,
required analytical reporting procedures susceptible to false positive reports. The
circumstances of detections and routine laboratory QA procedures in some situations resulted
in discounting the preliminary detections.

There is no corroborative evidence that supports the contention that mustard was indeed
present at the site of these four borings. Visual evidence of the soils encountered during
boring logging indicated no trenching or disturbed materials indicative of disposal. Visual
inspection of surficial materials at the sites also do not indicate disposal activities typical of
mustard munitions demolition or mustard disposal. Geophysics completed in the vicinity of
Borings 3092, 3093, and 3094 do not indicate trenches or disposal. There are no documented
historical records that indicate mustard was in fact handled, disposed, or den-tilitarized at the
specific locations of the borings. Field testing during drilling activities with the M8 alarm
and M18A2 test Idts did not indicate the presence of mustard at the four sites. Therefore, on
the basis of all this investigative information, the preliminary reports for mustard were
discounted as false positives. In addition, the location where mustard disposal activities did
take place in 36-17N trenches have been corroborated by several pieces of information.

The area of Site 36-17S where the set of four bori ngs were clustered, was investigated
subsequently in Phase II. The density of borings completed in the area is comparable to other
RMA sites with similar contaminants, disposal histories, and hydrogeology. Phases I and II
borings in the vicinity of Borings 3090, 3092, 3093, and 3094 were all analyzed for
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organosulfur compounds by GC or GC/MS methods. The gas chromatography flame

photometric detector (GCIFPD) method detects OSCM analytes that are related to or

degradation products of mustard. Additionally, samples from several borings were also

analyzed for the OSCM analyte thiodiglycol OrDG), by the high-pressure liquid

chromatography (HPLC) method. The GC/MS method, in addition to detecting degradation

OSCMs, also is capable of detecting mustard in its nontarget or tentatively identified

compound capabilities. Furthermore, all Phase I and II borings were screened by the RMA

Laboratory for mustard and other chemical agents as was standard procedure. Mustard was

not detected in any samples from nearby borings. The following table lists borings completed

in the immediate vicinity of the four previously listed borings and gives the analytical tests

conducted on the samples from these borings capable of detecting OSCMs.

Boring Method

Phase 1 3090 Mustard
3091 SVOC, mustard
3092 Mustard
3093 Mustard
3094 Mustard
3095 SVOC, mustard
3213 SVOC, mustard
3214 SVOC, mustard

Phase H 3662 Mustard, SVOC
3663 Mustard, OSCM, TDG
3664 Mustard, OSCM
3665 Mustard, OSCM
3666 Mustard, SVOC, TDG
3667 Mustard, SVOC
3668 Mustard, OSCM, TDG
3669 Mustard, SVOC, TDG
3442 Mustard, OSCM, SVOC
3443 Mustard, OSCM, TDG
3430 Mustard, OSCM
3431 Mustard, OSCM
3432 Mustard, OSCM

Nevertheless, the locations of these Phase I bores with report mustard detections are included

in the area shown in Figure RISR 2.2-1 of the RISR as having a potential for agent

occurrences. The FS will address the areas shown in Figure RISR 2.2-1 as part of the

evaluation of remedial alternatives.
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Comment 10. CSA Nonsource Area Characterization

The State has prescribed two programs to provide a minimum data set

necessary to evaluate non-source areas in the Onpost Endangerment

Assessment and for the early stages of the Feasibility Study. These programs

are the surficial soil sampling proposed in the November 15, 1988 letter to

Mr. Donald Campbell, and the Ground Disturbance Program, proposed in the

November 26, 1988 letter to Mr. Donald Campbell. The Surficial Soils

Program is apparently complete although data from that program have not yet

been received. The State was also informed at the November 2, 1989 RMA

Committee Meeting that the Army had completed its field work for the ground

scar program. Although, the State expected to have substantial participation in

the screening of those sites proposed for investigation, it was not given that

opportunity. However, we have received a preliminary report explaining the

investigation undertaken by the Army and setting forth the Army's rationale

for disn-dssing a substantial number of proposed sites from that investigation.

The State will convey specific comments and problems concerning that report

under separate cover.

In addition to these programs, the State has requested that significant

contaminant detections found in the Phase I boring program be verified, and

further investigated, as appropriate.

Response: The comments are noted. The Final Surficial Soil Investigation Data Summary

Report, Version 3.1 was released in April 1991 (EBASCO, 1991/RIC 9112IR01), and the

Final Ground Disturbance Investigation Data Summary Report, Version 3.1 was released in

August 1990 (EBASCO, 1990/RIC 90247ROl). Both programs are summarized in Appendix

D of the RISR.

In response to the last paragraph of this comment, significant Phase I contaminant detections

were investigated by the Phase II sampling program as appropriate.
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STATE OF COLOFADO
COLORADO DEPARTMENT OF HEALTH 11 cot,

4210 East 1 1th Avenue Telelax:

Denver, Colorado 80220-3716 1303,322-9076 jMain Building/Denverl

Phone (303) 320-8333 (3031320-1529 (Ptarmigan Place/Denver)
(3031248-7198 (Grand junction Regional Officel 1876

Rov Romer
Governor

MAN' 21. 1990 Thomas M. Vernon. M.D.
Executive Director

Mr. Donald Campbell
Office of the Program Manager
Rockv Mountain Arsenal
A!KKHM-PM. Building Ill
Commerce City. CO 80022-2180

Re: State's ProDosal to Imnrove the Remedial Investigation for the
South Plants Studv Area

Dear mx. Campbell:

Enclosed is the State's proposal to imDrove the Remedial Investigation (RI)
for the Rocky Mountain -Arsenal South Plants Studv Area (SPSA). As State
Dersonnel have Dreviously informed vou. the significant data gaps that remain.

iiased on the RI conducted to date, must be rectified to ensure that the nature

and extent of contamination in the SPSA is fullv defined. Unless the data

gaps are filled, the Feasibility Study could result in the selection of' an

inadeauate remedy based upon insufficient data.

With this report. the State has provided the Armv with six data gap summaries

and proposals for the seven Studv Areas. The seventh and final State data gap

summarv will be orovided uDon review of the recently received North Plants

Tennessee Vallev Authoritv reports. As stated above. the Colorado Department

of Health believes it is essential that these data gaps be investigated as

soon as possible. To date we have not received anv response from the Armv on

the five previousiv provided summaries.

This document mas prepared based upon the State's review of the South Plants

Study Area Reloort (SPSAR), along with resr)onses to State comments on the SPSAR.

This proposal does not identify data gaDs associated with the RI

characterization of the South Plants chemical sewers. It is the State's

Dosition that the characterization of the extent of contamination in the

imderlying soils beneath and surrounding the South Plants chemical sewers can

onlv be done once the sewer piping has been removed. The removal of these

chemical sewers. along with contaminant identification in the soil. must be

done Drior to issuance of the on-post Record of Decision. unless

characterization of the underlying soils associated with these sewers can be

done without sewer removal (i.e.. trenches adJacent to the piping). It is

imDracticable to attemDt to select an adequate remedy without Imowledge of the

nature and extent of the soil contamination.



Donald Camobell
Page 2
.May 21, 1990

This proposal prescribes a "limited" data collection orogram to Add ess

significant data gaps" identified to date in the remedial investigation.

This proposal does not specify ail the data which will need to be coiiected to

ensure a comprehensive Feasibility Study.(FS) for the SPSA.

Under separate cover, the State previously provided the Army with specific

RMA-wide comments and proposals to help rectify the data gaps and problems

with:

- Structures;
- Methvlene chloride detections possibly not attributable to

laboratory contamination:
- Incomt)lete investigations of contaminant detections in "non-source"

areas:
- Vertical extent of contamination in ground water.

Matters discussed in those submittals mav also pertain to the SPSA and should

be addressed. In addition, the State may be submitting proposals for

rectification of data gaps in the biota and air RIs. The State also

anticipates proposing certain tentatively identified and unknown compounds for

further analysis once it has received a response to its September 28, 1989

letter. Some of these compounds may be of issue in the SPSA.

As always, the State is willing to meet and work with the Amv to rectify the

significant RI data gaps for the SPSA, along with the five previously

presented data gap sunan ies. If you have any questions, pies e call me.

Sincerel

ý9017,
ff Ed

e-X-ason
FMA Project Manager
Hazardous Materials and

Waste Management Division

JE/cf -

cc: Jackie Berardini
Chris Hahn
Edward McGrath
Tony Truschel
MaJor Lawrence E. Rouse
William Clemmens
Bradley Bridgewater
Connally Mears



RESPONSES TO THE COLORADO DEPARTMENT OF HEALTH'S
PROPOSAL TO IMPROVE THE REMEDIAL INVESnGATION

FOR THE SOUTH PLANTS STUDY AREA
MAY 1990

Comment 1. Characterization of the Northwest Chloroform Plume

As recognized by the Army in its North Central Study Area Report (NCSAR),
a volatile halogenated organic (VHO) plume (specifically chloroform) has been

detected in Water Bearing Zone I (WBZ-1) in sections [sic] 35 and 34 of the
Rocky Mountain Arsenal (RMA). (See State's Proposal to Improve the
Remedial Investigation for the North Central Study Area, November 10, 1989,
Comment 2.) The sources of this plume must be identified as part of the
Remedial Investigation (RI). As more fully explained below, the State's
review of existing RI data indicates that these sources are probably located in

the South Plants Study Area (SPSA). The contaminants then migrate west-
northwest through section 2, into section 35, and from there northwestward into
section 34.

Figures SPSA 3.3-3 and 3.3-4 depict a VHO plume emanating from section 1
and migrating southwest through the extreme southeast comer of section 2.
However, review of the WBZ-1 potentiometric surface map indicates that
ground water in this area also migrates to the northwest through the northern
part of section 2 and into section 35 (Figure SPSA 1.5-5). Therefore, the
source of this southwest migrating plume may also be the source of the VHO
plume detected in the NCSA.

The Army's limited well data support the above-stated hypothesis. WBZ-1
Well 02594, the only well sampled for VHOs in this area, was sampled once in
1988, and had a detection in the range of 100- <1,000 pg/l. Contaminants in
this well could have migrated from the sources described above, and would
continue to migrate to the northwest into section 35. Downgradient WBZ-2
Wells 02045, 02043, and 02041, and WBZ-3 Well 02042, all of which are
located in subareas SPSA-3 and SPSA-8, also showed detections of VHOs in
1983, the only time they were sampled for these contan-dnants (Figure
SPSA 2.4-1; for locations of monitoring wells in the SPSA see Figure
SPSA 1.5-3). In discussing ground water data from section 1, the Army stated
that "(a)U of the occurrences in WBZ 2 were below higher concentration
plumes in WBZ I " (SPSAR, pp. 3-76). WBZ-1 well data corresponding to the
deeper wells listed above are not available; however, based upon the Army's
observations, it is logical to conjecture that the detections in WBZ-2 and 3 are
indicative of higher concentrations in overlying WBZ-1.

F5.6-1
RMAAUrMl 11/14191 10:47 Wn Pf



Recommendation: To characterize the VHO plume, existing WBZ-1
Wells 02003, 02005, 02053, and 02594 located in the northwestern section of

SPSA-3e, should be sampled. The annual FY88 sampling program included

the former two wells, but did not include the latter, although as previously

noted, well [sic] 02594 was sampled in 1988. Contemporaneous sampling is

preferable. In addition, the screen in Well 02053 may be set at or above the

water table; if so, it should not be included in the proposed sampling event.

If the chloroform plume boundaries cannot be delineated using data from

existing wells, construction of new unconfined monitoring wells must be

completed in this area. This monitoring well program should be consistent

with the State's monitoring well program proposed for sections 35 and 34 (see

State NCSA data gap letter, November 10, 1989, Comment 2). The State

would welcome an opportunity to work with the Army in designing such a

program.

Response: Several wells have been sampled to investigate chloroform contamination in

Section 35 since the collection of RI data. These wells and the sample periods are:

0 02003 - CMP, winter 1987-1988, fall 1989
* 02005 - CMP, winter 1987-1988, fall 1988, spring 1989, -fall 1989
0 35013 - CMP, winter 1987-1988, fall 1988, spring 1989, fall 1989
a 35052 - CMP, winter 1987-1988, fall 1988, fall 1989

Results from these sampling periods are presented in appropriate CMP Annual Groundwater

Reports.

The analytical results from these wells show a distribution which is consistent with that

shown in the SPSAR (1979, 1983, and 1988 data). The lowest contour interval in the FY89

CN4P report (0.5 pg/1) is twenty times lower than that shown in the SPSAR (10 Pg/1). The

trace of the 0.5 pg1l contour line in that report suggests that the South Plants (specifically the

western portion of Section 1) is a source of chloroform to Section 35. Additionally, several

elevated chloroform concentrations were detected immediately downgradient of Sand Creek

Lateral. These elevated concentrations suggest that Sand Creek Lateral is also a source of

chloroform to Section 35.

Wells 02053 and 02594 wW be sampled as part of the FS to address a potential chloroform
source in the eastern portion of Section 2. In addition, the FS is planning to install two new

well clusters in the SE 1/4 of Section 35 to investigate the chloroform plume. These will be

installed during Phase II of the FS Field Data Collection Program.
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Comment 2. Characterization of Northwest DCPD Plume

The Army has identified a dicyclopentadiene (DCPD) plume apparently
originating in the southeastern section of subarea SPSA-3, and migrating
toward the southwest (Figure SPSA 3.3-5). However, review of the WBZ-1
potentiometric surface map shown in Figure SPSA 1.5-5 indicates that ground

water in this area potentially flows to the northwest into section [sic] 35.
Therefore, the possibility of a northwestern migrating plume originating in this

same area must be investigated.

In addition, the sources of the DCPD plume(s) have not been idenfifiecL It is
probable that the plume(s) originate in the chlorine Plant/Steam Plant subarea,

SPSA-3c, including Tanks 321A and 321E (see Figure SPSA 3.3-5). Soils

sampled in the vicinity of Tank 321A had DCPD concentrations in the range of

>10-100 pg/l [sic] at the 5-20 depth [sic] interval (Figure SPSA 2.1-11): soils
underlying Tank 321E have not been analyzed. Data from Wells 02005 and
02594, located to the northwest of these tanks, had DCPD detections of 100 -
<1,000 pg/l in 1979 and 1988 respectively (Figure SPSA 2.4-4), indicating
possible contributions to ground water.

Recommendation: Wells 02005, 02594, and 02053, if screened below the
water table, could be used to detern-iine whether there exists a northwestward-
migrating DCPD plume in WBZ-1 of subarea SPSA-3. If data from these
wells are insufficient to define plume boundaries, however, additional
monitoring wells will be necessary. If so, this program could be combined
with that proposed in item I to characterize the northwest migrating chloroform
plume.

In addition, since the well data that were used to define the southwest-trending
DCPD plume appear to be over 10 years old (SPSAR, p. 3-84), Wells 02006,
02544, 02007, 02002, and 02546 should be re-sampled to better characterize
this plume. Wells 02006 and 02007 were sampled in the annual FY88
Comprehensive Monitoring Program (CMP); however, contemporaneous
sampling is preferable.

Response: The potentiornetric surface of WBZ-1 (SPSAR, Figure SPSA 1.5-5) shows that,
due to the South Plants groundwater mound, groundwater flow in the southeastern section of
subarea SPSA-3 can be southwest, west, and/or northwest. RI and subsequent CMP sampling
adequately characterize the southwest migration of DCPD from the southeastern section of
SPSA-3. However, the west and northwest potential DCPD migration from this area has not
been characterized due to limited coverage of sampled wells. This limited coverage has
shown that DCPD existed at Well 02594 in 1988 at concentrations between >100-1,000 pg/1
(SPSAR). Because the extent of DCPD migration west and northwest from SPSA-3 may
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effect the design of remedial actions in this area, several additional wells will be sampled.

These wells are screened in WBZ-1 and include 02003 (sampled by the CMP) to determine

the north extent, 02053 to determine the northwest extent, and 02594 to determine the west

extent. The results from sampling these wells will also be used to help identify DCPD

sources in SPSA-3. In addition, the FS is planning to install two well clusters in the SE 1/4

of Section 35 as part of the Phase 11 FS Field Data Collection Program. These will further

aid in determining the extent of DCPD contamination to the north and northwest of SPSA-3.

Although DCPD data presented in the SPSAR are over ten years old, Wells 02005 and 02007,

both located within the plume, have been sampled during subsequent fall 1988 and fall 1989

periods. Fall 1988 results are presented in the CMP Annual Groundwater Report for 1989

(Stollar, 1990); fall 1989 data are presented in the CMP Annual Groundwater Report for

1990. DCPD concentrations within the southwest migrating plume, as presented in the

SPSAR, are confirmed by these subsequent CMP data. Wells 02023, 02034, and 02037, also

sampled under the CMP during fall 1988 and fall 1989, monitor the downgradient extent of

this plume. Additionally, quarterly CMP water level data collected from this area indicate

that hydraulic conditions have not changed significantly since the collection of RI data. The

confirmed plume concentrations, the monitoring of the downgradient extent, and the

consistency of hydraulic conditions, combine to provide an adequate characterization of the

southwest migrating DCPD plume.

Comment 3. Characterization of the Southeast Migrating Plumes Emanating from the South

Plants Southern Subarea SPSA-2

Figures SPSA 3.3-3 through 3.3-8 indicate that two separate lobes of VHO,

volatile aromatic organic (VAO), and volatile hydrocarbons (VHC) plumes

appear to originate in the southern subarea SPSA-2. The western lobe of VHO,

VAO, and VHC plumes migrating towards the southwest and Lake Ladora, are

currently being investigated by Shell and the Army as part of the South Tank

Farm Interim Response Action (IRA). (South Tank Farm composite plume

Figure SPSA 3.3-1). However, the eastern lobe of the plumes, forming in the

vicinity of Tanks 463G, 463H, and/or 464B have not been characterized.

Based on the WBZ-1 potentiometric surface map (Figure SPSA 1.5-5), these

plumes migrate from the eastern half of subareas SPSA-2a and the Open

Storage Area (SPSP-2b [sic]), southeast towards Lower Derby Lake. The

Army has not investigated the potential impact of these plumes on the lake in

either the SPSAR or the Southern Study Area Report (SSAR), and presents

contradictory or incomplete interpretations of the VHO, VAO, and VHC
plumes in the two reports. The discrepancies include:

a. VHO plume - in the SPSAR, a southeast-trending VHO plume originating

in the vicinity of Tank 463G and/or Tank 464B is shown migrating towards
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Lower Derby Lake (Figure SPSA 3.3-3); however, this plume is ignored in

the SSAR VHO discussion and plume presentation (Figure SSA 3.5-1).

b. VAO plume - in the SPSAR, a southeast-trending VAO plume originating

in the vicinity of Tank 464B is shown migrating towards Lower Derby

Lake and possibly Upper Derby lake [sic] (Figure SPSA 3.3-8); however,

this plume is'ignored in the SSAR VAO discussion and plume presentation

(Figure SSA 3.5-5).

c. VHC plume - in the SPSAR, a south-southeast flow component is

represented in WBZ-1 in the vicinity of Tank 464B (Figure SPSA 1.5-5).

That report also presents a southeast-trending VHC plume in Figure

SPSA 3.3-6. These data are not included in the SSAR which presents a

plume configuration that is inconsistent with that presented in the SPSAR.

The inconsistencies between the SSAR and SPSAR demonstrate that the Army

has not characterized the southeast-trending VHO, VAO, and VHC plumes

originating in subarea SPSA-2. This failure represents a significant data gap,

especially since these plumes could impact Lower Derby Lake.

Recommendation: In its Letter Technical Plan for the Remediation of Other
Contaminant Sources IRA, South Tank Farm Plume, October 11, 1989 (Shell

Tech Plan), Shell proposed construction of four wells, 01578 through 01581
which were apparently completed during the fall of 1989. (Draft Final (sic)
Alternatives Assessment of Other Contan-driation Sources IRA, South Tank
Farm Plume, March 1990, p. 5). Although not designed for this purpose, these

wells could be used to define the plumes described above; however, locations
and data from these wells have not been made available to the State.
Therefore, the State requests these data as soon as possible to determine if they
can be used to evaluate contaminant distributions in the vicinity of Lower
Derby Lake. In addition, existing Wells 01027, 01028, 01049, and 1588 [sic]
should be sampled for the three analyte groups to aid in the delineation of the
lateral extent of the plumes.

Response: The Army assumes Well 1588 referred to by the state is Well 01588. At the
time the SSAR was prepared, there was no evidence of a southeast-trending plume of

volatiles extending from the South Plants into the SSA, hence it was not addressed in the
SSAR. Because this plume is located in an area where a southeast groundwater gradient from

the South Plants groundwater mound intersects the northwest gradient from the regional

system, groundwater flow in this area is difficult to predict. To more completely understand
groundwater flow and VAO, VHO, and VHC migration in this area, Wells 01582, 01049,
01578, 01579, 01580, 01581, and 01588 will be sampled by the FS for these three analyte

groups. The drilling and well completion logs for Wells 01578, 01579, 01580, and 01581 are
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attached for the State's review. Well 01027 has been abandoned and cannot be sampled;
Well 01028 will not provide any further information to delineate lateral extent than
Well 01582, and will not be sampled.

Comment 4. Data Gaps Identified in the State's Review of the South Tank Farm (STF)
Interim Response Action Investigation

Although data have not been made available to the State or presented in the

Draft Final (sic) Alternatives Assessment for the STF plume, Shell has

reportedly completed fall 1989 field work originally proposed in the Shell Plan.

In that plan, Shell appeared to be addressing:

a. the southeast-trending plumes originating in subarea SPSA-2; and

b. the light non-aqueous phase liquids (LNAPL) in the immediate vicinity of
Tank 464A.

The State's November 30, 1989 comments on the Shell Plan enumerated
potential data gaps in the study. These are summarized below:

a. investigation of potential VHC LNAPL plumes in the vicinity of
Tank 463H in site SPSA-2a, and Tank 464B in site SPSA-2b;

b. additional characterization of the lateral extent of LNAPL contamination in
the vicinity of Tank 464A;

c. investigation of the status of Tanks 464A, 464B, 463G, and 463H;

d. investigation of VHCIVAO vadose zone contamination; and

e. VAO/VHO source identification for the southwest-migrating STF plumes.

After a preliminary review of the Draft Final (sic) Alternatives Assessment of
Other Contamination Sources IRA, South Tank Farm Plume (STFP Alternatives
Assessment Document), it appears that some of the RI data gaps identified by
the State regarding the LNAPL and the southeast-n-dgrating plumes will now
not be addressed as part of the STFP IRA. Because of the apparent
modification in the scope of the IRA and concerns the State has with the
document, additional State comments on the STFP data gaps have been
presented in the State's comment package on the Alternatives Assessment
document and in the State of Colorado Comments on Shell Letter Technical
Plan, Fall 1989 South Tank Farm Plume Investigation. In addition, the State
will continue to examine these issues and identify data gaps through the IRA
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process. Since investigation of the data gaps is not included in the IRA, they

must be addressed in the RI/FS or as a separate IRA investigation.

Response: Potential data gaps identified by the State in comments on the Shell South

Tank Farm IRA investigation (November 30, 1989) are being addressed as follows:

a. Potential VHC LNAPL plumes in the vicinity of Tank 463H and 464B will be addressed

by the FS. NAPL sampling of suitable existing wells in South Plants is included in the FS

Phase Il Field Data Collection Program.

b. The lateral extent of LNAPL contamination in the vicinity of tank 464A was investigated

and reported in the Report of the Investigation of the LNAPL Plume near 464A, Section 1,

RMA (Shell, 1989/RIC89264ROI).

c. The State has been previously informed that the tanks in the South Tank Farm (including

tanks 464A, 46413, 463G, and 464H) are empty. Additional investigations of the "status" of

these tanks is unnecessary.

d. A conservative approach was used to delineate vadose zone contamination in the South

Tank Farm area in the SPSAR. Vadose zone contamination near the LNAPL will be further

investigated as a part of the Treatability Study for the South Tank Farm LNAPL plume

(Technical Work Plan, LNAPL Plume Soil Vapor Extraction [SVEJ Process Field

Demonstration Treatability Study, Shell. 1990/RIC 91002R01).

e. The additional characterization of both mobile and immobile LNAPL in the South Tank

Farm Plume (STFP ) should satisfy the State's request for further source identification for the

southwest-n-dgrating plume.

In addition to the above responses, we would like to note that:

1. Ile data referred to as not available to the State were transmitted to the Colorado
Department of Health (CDH) in May 1990 in a report titled Hydrogeologic and Water Quality

Conditions, South Tank Farm, RMA.

2. The Final Implementation Document, Other Contamination Sources IRA, South Tank
Farm Plume (Shell, 1991/RIC 91298R01) presents the scope of work for this IRA. The FS
Phase 11 Field Data Collection Program does include NAPL sampling in the South Tank Farm
area, as noted above. Additional NAPL investigation proposals will be addressed through the

FS Groundwater Subcomn-tittee meeting format.
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Comment 5. LNAPL Characterization Within the SPSA

A. Sources of VHC Ground Water Plumes

Except for the Shell investigation of light nonaqueous phase liquids (LNAPL)
in the immediate vicinity of Tank 464A in subarea SPSA-2b (Report of the
Investigation of the LNAPL Plume Near Tank 464A, Section 1, RMA -
LNAPL IRA Report), the presence of light or dense NAPLs in the SPSA does
not appear to have been adequately investigated. This represents a significant
data gap for the SPSA. In its LNAPL IRA Report, Shell concludes that there
appears to be a close correlation between the configuration of a 1989 separate-
phase LNAPL plume (shown in Figure SPSA 3.3-9) and the 1988 dissolved
VHC plumes, assumed to reference Figure SPSA 3.3-6 of the SPSAR (LNAPL
IRA Report, p. 8). In Figure SPSA 3.3-9, however, two separate-phase plumes
are mapped. One appears to originate in the vicinity of Tank 463H in subarea
SPSA-2a to the north; and the other around Tank 464A in subarea SPSA-2b to
the south (the eastern lobe of the STF plume). The plumes are composed
primarily of VHCs, incorrectly labeled as VAO LNAPLs in the figure. Shell
investigated the soils and ground water only within the latter plurrie (subarea
SPSA-2b), and verified the presence of VHC-dominated LNAPLs in the
vicinity of Tank 464A (LNAPL IRA Report).

In Responses to State of Colorado Comments on Shell Letter Technical Plan,
Fall 1989 South Tank Farm Plume Investigation, Shell states on page 10:

The LNAPL plume shown in the vicinity of Tank 463H in Figure
SPSA 3.3-9 appears to be negligible relative to the plume near
Tank 464A, based upon measurements in existing wells. The plume
near Tank 463H was drawn based upon measured LNAPL thickness of
0.01 ft in Wells 01533 and 01550. Measurements made in these and
other wells in the vicinity in late June 1989 showed no LNAPL to be
present.

In the LNAPL field investigation, Shell installed seven new wells to monitor
the LNAPL plume in the vicinity of Tank 464A (LNAPL Field Report).
Well 01545 was located the greatest distance form Tank 464A at approximately
60 feet. Wells 01550 and 01533, used by Shell to monitor LNAPL in the
vicinity of Tank 463H, are located 270 feet and 470 feet, respectively, from the
tank. Additionally, based on the vadose zone map in Figure SPSA 1.5-2 and
the D.P. Associates, Inc. Sections Plots and Well Summary, the water table in
these two wells is above the tot) of screen by approximately 3 to 8 feet.
Because of the distance from the tank and the location of the screen with
respect to the water table, it would be surprising to find any LNAPL in the
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well; therefore, the presence of 0.01 [sic] LNAPL in the two wells should be
investigated.

In addition, page 20 of the Fl7FP [sic] Alternatives Assessment Document
acknowledges that additional monitoring is necessary to characterize the
LNAPL plume nears Tanks 464A and B. Given the inadequate data and
Shell's questionable interpretation of those data, the State concurs that

additional characterization is necessary and should be indicated [sic] on an

expedited basis. We would welcome the opportunity to work with Shell and

the Army to design an appropriate field program.

Considering the correlation between dissolved VHC contaminants in the eastern

lobe of the South Tank Farm plume and the VHC LNAPLs in the vicinity of

Tank 464A, it is possible that the remaining VHC ground water plumes shown

in Figure SPSA 3.3-5 and 3.3-6 may also be partially or completely derived

from corresponding LNAPL plumes. The dissolved VHC ground water plumes

that may also indicate corresponding LNAPL plumes include the north plume,
the southeast-migrating plume originating in SPSA-1 (SPSA-1 southeast
plume), the western lobe of the South Tank Farm plume, and the southeast-
migrating plume referenced in Comment 3 above (SPSA-2b southeast plume).

Recommendation: The State requests that the possible presence of LNAPLs
corresponding to the plumes described above be investigated. A phased
approach would be reasonable: further work would be done if NAPL is
detected in the first phase of investigation. The State further requests that the
northern LNAPL plume originating in the vicinity of Tank 463H
(Figure SPSA 3.3-9) be investigated and the resultant data distributed to the
parties. A discussion of this plume was not presented in the SPSAR text.
Characterization of separate-phase product may require installation of additional
monitoring wells screened both above and below the top of the water table.
The majority of existing wells initially monitored by Shell in the Tank 464A
investigation were screened below the water table only; this may have distorted
results on LNAPL thickness and distribution. For any existing well selected
for the investigation, screened intervals with respect to the water table must be
documented. The State is prepared to work with the Army in selecting and
designing an appropriate monitoring network to accomplish this task.

In any areas where LNAPLs are found, it is probable that vadose zone
contamination at or below residual saturation is also present. Therefore, the
vertical and lateral extent of LNAPL contamination in the unsaturated zone
must also be characterized.
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The sources of the VHC plumes must be identified. If the Army determines
that NAPLs are not the source of the VHC plumes, it must investigate other
possible sources.

B. Possibility of NAPLs Indicated by Pumping Well APW-2

In the November 1983 Steams-Roger South Plants Groundwater Treatment
Pilot Plant Report (Steams-Roger Report), a free-flowing black liquid was

discovered in pumping well APW-2, located to the northwest of Building 537
in subarea SPSA-1. The zone of pumping was approximately 40 feet below

land surface (Steams-Roger Report, pp. 5-18), or 25 feet below the top of

bedrock. Inexplicably, this information was not presented in the SPSAR.
From the tentative list of contaminants identified in the liquid present at
"significantly high levels" (Stearns-Roger Report, pp. 5-18), and the behavior

of the liquid in the presence of water, it appears that both a dense and light

fraction of NAPLs exist.

Recommendation: The lateral and vertical distribution of this fluid within the
Denver Formation must be investigated and the source(s) identified.

Response: The two issues discussed by the State are being addressed as follows:

A. Additional investigation into the possibility of LNAPL occurring in other portions of the
South Plants will be undertaken by the FS. The Phase 11 FS Field Data Collection Program
includes sampling for NAPLs in the South Plants area. The South Tank Farm Plume LNAPL
Treatability Study (to be proposed soon) will include field investigative techniques that, if
successful near tank 464A, may be applied elsewhere if the need is defined by the FS.

As the State is aware from its review of the LNAPL report, Shell installed additional wells in
1989 in the South Tank Farm that are screened above the water table specifically to address
the questions that the State raises. All the construction details were transmitted to CDH over
a year ago.

B. Reference to the NAPL detected by Stearns-Rogers in 1983 in pumping well APW-2 was
inadvertently omitted from the SPSAR. Additional investigations into the possible presence
of LNAPLs in the South Plants will be addressed by the FS. Wells 01513 and 01507 in the
vicinity of Well APW-2 are included for sampling in the Phase H FS Field Data Collection
Program. Investigations into the possible presence of DNAPLs in the South Plants will be
addressed as a later phase of the proposed Treatability Study of Subsurface Drains in the
South Plants.
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Comment 6. Characterization of Arsenic in SPSA Ground Water

A. Identification of Sources of Arsenic Contamination

The Army investigation of arsenic (As) in SPSA ground water failed to identify
the M-1 pits (Site SPSA-le) as a major source of As contan-driation to ground
water. A spring [sic] 1989 sampling study, however, detem-Lined that "the high
concentrations of As downgradient of the M-1 Settling Basins clearly indicate
that this site is a direct source of arsenic contamination to the groundwater"
(Final Alternatives Assessment of Interim Response Actions for Other
Contamination Sources, M-1 Settling Basins, November 1989-M-1 [sic]
Alternatives Assessment Report, p. 2-9).

The M-1 Basins were one of three principal contributors of As to SPSA soils.
The others included the As storage silos (Building 523 and associated tanks),
and a segment of the chemical sewer associated with an abandoned mustard
and dichlor pit, located north of Building 434 (SPSAR, pp. 3-115). All three
sites have high concentrations of As in the 5 to 20 foot soil intervals
(Figure SPSA 1.5-2), and are in probable contact with the ground water
(Figure SPSA 1.5-2). These remaining two sites may also be contributing
significant levels of As to ground water and consequently should be
characterized.

B. Discrepancies and Problems with Arsenic Data

Two sampling episodes conducted by the Army identified only sporadic
detections of As in the SPSA ground water; however, problems associated with
the two sampling programs include the following:

a. of the six WBZ-1 wells sampled for As in 1988, none were located
downgradient or in the vicinity of the M-1 Basins, the storage silos, or the
abandoned mustard pit; and

b. 37 of the 41 WBZ-1 wells sampled in 1979 had CRLs in the range of
10,000-100,000 pg/l, four to five orders of magnitude greater than dissolved
arsenic concentrations measured in the four downgradient wells on the northern
boundary of SPSA (SPSAR, Figure SPSA 2.4-22).

In addition to the inadequate sampling size and distribution of the 1988
program and the extremely high CRLs reported in 1979, a discrepancy exists
between pre-1989 and 1989 arsenic data collected by the Army. Sampling
conducted prior to 1989 supposedly indicated that the majority of arsenic found
in the SPSA and Central Study Area (CSA) wells was suspended (absorbed to
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particles) in solution (M-1 Alternatives Assessment Report, pp. 2-9; Army
Response to Colorado Department of Health Section I Specific Comment 22 ,
CSAR Appendix CSA-F). In the Spring 1989 sampling program, however,
almost all of the arsenic was in the dissolved phase, indicating that arsenic is

mobile in SPSA and CSA ground water (M-1 Alternatives Assessment Report,
pp. 2-9).

The SPSAR references weUs downgradient of the M-1 pits that had high levels

of total arsenic (SPSAR, pp. 3-115). The Army does not provide well

numbers, sampling dates or total arsenic concentrations for these wells;

however, based on a review of historical records, it appears that two of the

wells correspond to Wells 01503 and 01504. These weUs have pre-1989 total

arsenic concentrations up to 50,000 pgA (M-1 Alternatives Assessment Report,

p. 2-9). Though the two wells appear to have been sampled for total and

dissolved arsenic in the SPSAR, the Army only presented dissolved arsenic

concentrations in the report (maximum 1979 value of <1 pg/l, Figure
SPSA 2.4-22). Total arsenic values should not have been arbitrarily excluded
from the SPSAR, especially since these data confirm that the M-1 basins [sic]

are sources of arsenic to SPSA and CSA groundwater [sic]. The State requests
an explanation of this discrepancy in the presentation of the data.

Recommendation: To adequately assess the distribution of arsenic
downgradient of the abandoned mustard pit and arsenic silos, the following
)vVBZ-1 wells should be sampled for both total and dissolved arsenic:

a. abandoned mustard pit - Wells 02545, 02056, 02581, 02572, and 01522;
and

b. arsenic silos - Wells 01524, 01078, 01515, and 01514.

Because flow directions are not definitely known immediately downgradient of
the ground water mound in subarea SPSA-1, these wells have been selected to
maximize the chances of intercepting flow paths downgradient of the two sites.

This evaluation was based on the WBZ-1 potentiometric map presented in
Figure SPSA 1.5-5. The Army is requested to inform the State of any updated
and/or revised data that would modify well selection for the arsenic sampling
program.

Total and dissolved arsenic is scheduled to be sampled on a quarterly basis in
Wells 01083 and 01524 (upgradient of the M-1 Basins) [sic] and Wens 01503,
01504, and 36193 (downgradient of the M-1 Basins) as part of the Other
Contamination Sources IRA, M-1, [sic] Settling Basins (M-1 Alternatives
Assessment Report, p. 4-2).
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Response: With respect to the items presented in the State's recommendation above:

A. Please see the SPSAR source area discussion for the Buried M-1 Pits (Section 3.2.1.5,

pp. 3-19 and 3-20, SPSAR), wherein the M-1 pits are (1) classified as a category 3 source

(contaminants in contact with groundwater); and (2) delineated as "potentially leaching

(arsenic) into the groundwater..." Please also see Section 3.3.13.1, a discussion of the

migration pathways for arsenic. In particular, note the third full paragraph of this discussion

on page 3-115 which states "...total arsenic (dissolved and undissolved) was sampled from

wells downgradient of the M-1 pits (SPSA-le), and results indicate that high levels of arsenic

are present in the non-aqueous phase."

As these discussions imply, the Army has, in fact, identified the M-1 pits as a source of

arsenic contamination to groundwater.

B. The occurrence of arsenic in SPSA groundwater was presented in two ways:

(1) dissolved arsenic was presented in text, tables, and on plume maps; (2) total arsenic was

presented in text. Values for total arsenic were inadvertently on-dtted from tables.

Sampling for dissolved and total arsenic will be conducted at Wells 01522, to investigate

groundwater downgradient of the mustard pit, and at Wells 01503, 01514, 01515, and 01524

to investigate groundwater in the vicinity of the arsenic trichloride storage silos, as part of the

Phase H FS Field Data Collection Program.

Downgradient of the mustard pit Wells 02545 and 02056 were sampled under the CMP

during fall 1988, spring 1989, and fall 1989. Another downgradient well, 02058, was
sampled during fall 1988 and spring 1989. The analytical results indicate that arsenic has not

migrated to these wells. Well 02572 is cross-gradient from the mustard pit and will not be

sampled by the FS. Well 02581 is within 100 ft of sampled Well 02058. Because

Well 02058 is located closer to the downgradient flow path from the mustard pit than 02581

and is not scheduled for the CMP sampling, Well 02058 will be sampled by the FS;

Well 02581 will not. Well 01078 located downgradient of the arsenic trichloride storage silos

was sampled under the CMP during June and December 1989.

Comment 7. Additional Characterization - Vapona Spill (SPSA-1)

The following two documented vapona spills occurred in subarea SPSA-1:
(1) a 200-gallon spill south of Building 471; and (2) a 1980 spin consisting of
53,397 pounds of vapona [sic] in the vicinity of Tank Farm 0110, south of
Building 472 (Shell Spill Sites Phase I CAR sites 1- 13 and 3-18, pp. I I and
13). No borings were placed to investigate these spills. Additionally, vapona
was not analyzed for in SPSA soils during Phase I and Phase 11 soil boring
investigations (SPSAR, Table SPSA 2.1-1).

F5.6-13
RMAAU"MI 11/14191 10:47 am pf



Recommendation: Soil borings in the areas of the suspected spills, south of
Building 471 and in the TF0110 area, must be sampled for vapona to
characterize vapona distribution in the soils.

Response: A soil boring program consisting of four borings drilled to the water table will

be conducted during the Phase II FS Field Dam Collection Program to investigate the alleged

Vapona spills and to further characterize the extent of organophosphorous compounds,
pesticide-related (OPHP) soil contamination in these areas.

Comment 8. Characterization of Hydrazines and Nitrosarnines; in SPSA Soils and Ground

Water

The Hydrazine Blending and Storage Facility ("HBSF") is a RCRA facility,
subject to state haza dous waste laws and regulations. Consistent with this
authority, the StateTequests that the Army submit a closure plan for this
facility.

The occurrence and distribution of hydrazine in the soils, and hydrazines and
nitrosarnines in the groundwater beneath and downgradient of subarea SPSA-6
(Hydrazine Blending and Storage Facility, HBSF, Site 1-7) have not been
characterized.

A. Problems with Existing Ground Water and Soils Data

An examination of the ground water and soils data presented in the SPSAR
reveals major problems with the data, including the following:

1. In 1986, 12 monitoring wells located on the perimeter of and within the
HBSF were sampled for hydrazines, and four wells were sampled for
nitrosamines; however, results of the study were ambiguous and unreliable
(Site 1-7 Phase I CAR, p. 11); consequently, they cannot be used to
characterize ground water contan-iination in the area.

2. Forty-one wells in the SPSA were sampled in a second program in 1988.
According to the Army, "no hydrazines or nitrosamines were detected by gas
chromatography (GC) in any of the 1988 samples" (Site 1-7 Phase I CAR,
p. 11). However, of the forty-one wells tested, only three are located along
flow paths that could be impacted by operations at the facility (SPSAR, Figure
SPSA 2.4-17). And, although no known sources of these chemicals were
known to be present other than in the HBSF, 30 of 41 wells were located
outside of that site in subareas SPSA-1, -2, -3, -5, and -9. With the exception
of one sampling point in SPSA-5, the remaining 29 wells are located
upgradient or cross-gradient of the HBSF. Non-detections of hydrazines and
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nitrosamines in these ground water samples, therefore, cannot be used to
determine effects of the HBSF on local ground water.

3. The two primary process liquids stored and handled in the HBSF included
anhydrous hydrazine (hydrazine) and unsymmetrical dimethy1hydrazine
(UDMH) (Site 1-7, Phase I CAR, P. 20). However, though hydrazine and
UDMH were blended in the west yard and stored in the west and east yards of

the HBSF since the beginning of operations in 1960, comparison of the

Certified Reporting Limits (CRL) presented in Table SPSA 2.4-2 and shown in

Figure SPSA 2.4-17 indicates that neither of these two analytes were sampled

in HBSF wells during the 1988 investigation. The only hydrazine fuel sampled

in the I I HBSF wells were [sic] monomethyl hydrazine (MME). This
compound had a relatively high CRL of 3,000 pg/l when compared to CRLs of

31 pg/l and 22 pg/l for hydrazine and UDMH, respectively.

4. Hydrazines and nitrosan-dnes were not detected in the 15 soil borings
completed during the Phase I investigation. However, the Phase I investigation
was designed as a reconnaissance sampling program for all analytes within the
HBSF area; Phase I borings were not located based on hydrazine fuels usage.
Additionally, historical information on hydrazine storage, handling, and leaks
became available only after implementation of the Phase I program (Site 1-7
Phase I CAR, p. 26).

Twenty of the Phase II soil borings were placed to assess potential hydrazine
and nitrosarnine soils contamination in heavy usage areas and at potential spill
sites. Although both sets of compounds were supposed to be analyzed for in
the Phase 11 program, a USATHAMA GC certification method for hydrazine
was not established prior to implementation of the Phase U investigation
(Site 1-7 Phase II CAR, p. 3). Soils analysis for hydrazine, therefore, never
took place.

B. Evidence of Leaks at Hydrazine Blending and Storage Facility

Documents from 1962 to 1983 have reported numerous sources of hydrazine
fuel leaks, including:

(I)eaks on pipe flanges where meters were removed; leaking inspection
plates on the storage tanks; leaking arm valves and pump shaft seals at
load and unload stations; leaking pressure lines; leaking drum station
valves and pump shaft seals; short fdl-line hoses and cracked hoses;
leaking valves in the blender; cracks in the concrete slab of the blender
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facility; leaking drums stacked on the concrete slab; and leaking flange
fittings.

(Site 1-7 Phase I CAR, p. 22).

A 1978 site inspection of the HBSF also indicated that "almost every major
fuel product line was leaking and at least three were frozen in the open
position" (Site 1-7 Phase I CAR, p. 23). The apparent negligence in
maintaining this facility has obviously resulted in hydrazine-contaminated soils
in the HBSF area. This conclusion is indirectly supported by the results of a
1983 Army soil gas survey (Site 1-7 Phase I CAR, p. 23). It is possible the
Army activities at this site have also resulted in hydrazine-contarninated ground
water.

Recommendation: The incomplete characterization of the HBSF is a major
data gap. The State makes several recommendations below regarding this
problem; however, this list may not be exhaustive. Other problems may
potentially exist and will need to be addressed. RI characterization should
include:

1. sampling wells within the East and West Yards of the HBSF and
immediately downgradient (not cross-gradient) of the facility for hydrazines
and nitrosamines; and

2. completing additional soil borings for hydrazine, UDMH, and nitrosamines
analyses. Borings should be placed in key locations, including the
following:

a. within the concrete dike surrounding Tank US-4 at depressions or
runoff-collection areas in the soils (this will address the 1975 loss of
2,000 pounds of UDMH, and the 1976 spill; (Site 1-7 Phase I CAR, p.
21);

b. within the concrete dikes surroundings tanks HAS-1, -2, -3, CS-1, and
US-1, -2, and -3 in soil depressions or runoff-collection areas;

c. in soils below joints in the chen-dcal sewer lines connecting the East
Yard with the inground concrete tank in the West Yard (Ebasco HBSF
Report, Figure 3-2);

d. in soils below the tributary chemical sewer lines from the West Yard
Tanks and the Blender Facility;
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e. below the inground concrete tank;

f. in the railroad tank car and truck downloading/uploading areas (north
and south ends of Building 756);

g. in the Blender;

h. in the Drum-Filling Station (Building 761);

i. in the Drum-Storage Pad;

j. in the Drum-Cleaning Shed (Building 759);

k. in the Transfer Pump Pit in the East Yard of the HBSF; and

1. in soils immediately beneath joints in the overhead pipeline.

(Reference Ebasco Hydrazine Blending and Storage Facility Wastewater
Treatment and Decommissioning Assessment, Version 3.1, 6/88 --Ebasco
HBSF Report, Figure 1-4 and Table 1-2).

Borings specified in items f through I above should be completed in soils if
present. If the sites are located on concrete foundations, the borings should be
placed in soils below cracks in the concrete, or in soil depressions immediately
surrounding the facilities.

The proposed boring will: (1) address the spills and leaks summarized in the
Site 1-7 Phase I CAR; and (2) evaluate the integrity of the below-ground
chemical sewer lines which have not been investigated by the Army. The
sampling program for the chemical sewer and the inground concrete tank could
be done in conjunction with the HBSF IRA demolition program; however, all
borings must be sampled prior to regrading and backfilling of the site.

The State requests the opportunity to participate in the design of the soil boring
and groundwater data collection programs.

Response: With respect to the State's contention that the Hydrazine Blending and Storage
Facility (HBSF) is a RCRA facility, the Army notes that the HBSF is the ob ect of an IRA,
one of several in a series of IRAs which are being perfon-ned at Rocky Mountain Arsenal
(RMA) as part of the remedial action process developed pursuant to the Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA), as amended,
42 USC Section 9601 et seg., and the National Contingency Plan (NCP), 40 CFR Part 300,
for the purpose of mitigating or preventing the spread of contarrdnation, reducing actual or
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potential risks to human health and the environment, and expediting the clean-up prior to the

completion of the final, comprehensive remedial plan. The HBSF IRA is being performed

pursuant to CERCLA Section 104, 42 USC Section 9604, and is designed to be consistent, to

the maximum extent practicable, with the final response actions selected for RMA. The

process for the remediation of contan-iination at RMA is set forth in the Federal Facility

Agreement prepared pursuant to CERCLA Section 120, 42 USC Section 9620, the Technical

Program Plan adopted under the Federal Facility Agreement, and the Settlement Agreement

prepared pursuant to CERCLA Section 122, 42 USC Section 9622, which became effective

February 17, 1989. Prior to February 17, 1989, the remedial action process at RMA was

governed by the terms of the Proposed Consent Decree of February 1, 1988, and the RI/FS

Process Document.

As part of IRA-H, the Army has sampled for hydrazines and nitrosarnines in existing

Well 01701, located downgradient of the Storage Shed, Change House, and Loading Dock;

and Well 01702 located downgradient of Tanks US-3 and US-4. Additionally, Wells 01008,

01019, 01036, 01051, 01054, 01055, 31003, 36069, 36075, and 36080 have been sampled.

Hydrazines have not been detected in these wells; however, n-nitrosodimethylamine was

detected in Well 01055 in August 1990 (uncertified method), and in March and August 1991.

n-Nitrosodimethylan-dne was also detected one time (August 1991) in Well 01701 and Well

01051. As part of the Phase 11 FS Field Data Collection Program, a new alluvial monitoring

well will be installed approximately 100 ft northeast of soil boring 9 (Figure 1-7-11-1, Site 1-7

Phase H CAR). This location is downgradient of the Blender, Drum Storage Pads, Loading

Dock, Drum-Filling Station, In-Ground Tank, and Storage Tanks HAS-1, -2, -3, CS-1, and

US-1, and -2. This well will be sampled for hydrazines and nitrosamines.

Presently there is no USATHAMA-certified method for analysis of soil samples for the

presence of hydrazines. Additional soil borings, located at the sites specified by the State,

will be sampled if a USATHAMA-certified analytical method for hydrazines in soil can be

obtained.

Comment 9. Buried Hex Pit (SPSA-1f) Characterization

Neither Shell nor the Amy has adequately characterized the buried Hex Pit site
in the northeastern section of the subarea SPSA-1. Historical information
indicates that hexachlorocyclopentadiene wastes (Hex bottoms) were disposed
of in an open pit (Hex Pit, Site SPSA-lf) from 1951 to 1952, and that the pit
was subsequently backfilled (Investigation of the Hex Pit as a Possible Source
of Groundwater Contamination at the RMA, August 1989 -- Shell Hex Pit
Report, p. 2). During excavation of the foundation of Building 571B, a black
tarry substance, consistent with the appearance of Hex bottoms, was
encountered at 4 feet below land surface.
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Prior to a Shell April 1989 field program, the extent of field investigations
within the Hex Pit area consisted of a single soil boring completed to a depth

of I foot (Shell Hex Pit Report, p. 3). The 1989 field investigation
(summarized in the Shell Hex Pit Report) consisted of sampling three existing
and five newly-constructed wells for four Hex bottom analytes
(hexachlorocyclopentadiene, hexachlorobenzene, hexachlorobutadiene, and

hexachloroethane). The following problems and omissions are evident:

a. Soil borings were not collected within the site; therefore, the chemical

composition and distribution of the waste within the pits were not defined;

b. Hex Pit dimensions are assumed; actual area] and vertical extent of the

disposal site is not known;

c. Because soil borings have not been completed to the bottom of the Hex Pit,

the distance between the base of the pit and the top of the water table is not
known. Despite the obvious lack of data, Shell concludes that "the Hex Pit has
probably not been in contact with groundwater since 11984)" (Shell Hex Pit
Report, p. 7);

d. Of the three existing wells sampled in the field investigation, none of the
purported downgradient wells (01506, 01508) are actually downgradient of the
Hex Pit based on the April 1989 water table map (Shell Hex Pit Report, Figure
5); therefore, data from these two wells do not define the contamination
contribution from the Hex Pit.

e. It is questionable as to whether newly-constructed downgradient well 36153
[sic] is along a flow path influenced by the Hex Pit; and

f. Ground water quality results from the spring 1989 sampling episode are
questionable. Hex data from the USATHAMA certified method MM8A were
invalidated; laboratory recoveries for standard matrix spikes were unacceptably
high for all but two of the analytes; and field-collected sample matrix spike
recoveries were low which "may indicate that ... reported concentrations ... are
artificially low" (Shell Hex Pit Repom p. 9).

The only definitive results from the study indicate that the Hex Pit is
contributing hexachlorobenzene to ground water. Well 01572, immediately
downgradient of the site, had a concentration of 11 pg/l, approximately one
order of magnitude greater than upgradient concentrations. Additionally,
cluster weUs 36511/36512, 6,000 feet downgradient of Well 01572, also
showed elevated levels of the analyte (4.9 pg/l and 11 pg.1 [sic], respectively).
Well 36512, screened over the lower part of the alluvial aquifer, had higher

F5.6-19
RMAAUT0061 11/14/91 10.47 am pf



concentrations than Well 36511 (screened over the upper part of the aquifer),
indicating potential sinking of the product along the flow path.

Recommendation: Areal and vertical extent of the Hex Pit must be determined,
and Hex bottom composition and distribution characterized.

Hex Pit contribution to ground water contamination must be defined. Wells
01573, 01507, 01572, 36511, 36512, and 36513 should continue to be sampled
for Hex bottom analytes. Data from Wells 01506 and 01508 should not be
included in this program.

Response: With respect to the State's list of problems and omissions, as designated above:

a. A soil boring will be drilled as part of the Phase II FS Field Data Conection Program at
the site to identify the depth of the Hex pit bottom, and to characterize the nature of
contaminants present within the pit.

b. The Army is confident that the assumed dimensions of the Hex pit are accurate enough to

support the FS. Given that most of the Hex pit is overlain by Building 571B, absolute pit
dimensions cannot be determined until final remediation of this structure is initiated.

c. 71e soil boring proposed in a) above will yield the depth of the pit bottom. Water
elevations will bý obtained from nearby wells.

d. Wells 01506 and 01508 were used to identify the lateral extent of a potential plume
moving away from the Hex pit. Well 01572 was installed to characterize contaminants
immediately downgradient of the pit.

e. We assume that the State is referring to Well 36513. The Army is confident that Wells
36513, 36512, and 36511 adequately investigate the downgradient pathway.

f. Additional sampling will be conducted during the Phase II FS Field Data Collection
Program at Wells 36511, 36512, 36513, 01572, and 01573 to confin previous results. Well
01507 is both up- and cross-gradient of the Hex Pit, but will be sampled for NAPLs and the
CMP suite of analytes in the Phase II FS Field Data Collection Program as part of the NAPL
investigation requested by the State in Comment 5.b above.

The FS is evaluating various remedial alternatives downgradient of the Hex Pit in Section 36
as part of the Detailed Analyses of Alternatives. Source area remediation within South Plants
is also being addressed by the FS.

F5.6-20
RMAAtPMI 11/14/91 10:47 am pf



Comment 10. Drainage Ditch Characterization, Subareas SPSA-5 and SPSA-9

According to the Army, the primary drainage ditches in section [sic] I have

been used to carry surface water runoff and process water discharges since the

1940's (SPSAR, pp. 3-48). The drainage ditch originating in subarea SPSA-5a,
has had surface water detections of organochlorine pesticides (OCPs), VHOs,

DCPD, benzene, and dibromochloropropane (DPCP [sic]) at a sampling station
in subarea SPSA-9 just southeast of the boundary with subarea SPSA-5
(Figures SPSA 2.2-1 through 2.2-3 and 2.2-9, and SPSAR, pp. 3-37, and 3-49).
Although this ditch (SPSA-9a) "eventually merges with First Creek" (SPSAR,

pp. 3-36), no surface water samples or soil borings have been taken at the point
where the ditch exits SPSA-9 from section I into sections 6 and 31.

Recommendation: To determine the influence of surface water contaminants
on downgradient soils and surface water drainages, we request that sediments
and surface water be sampled for the above contaminants at the point the
drainage ditch exits section 1.

Response: Sediments have been sampled at this location at 0-1 ft and 4-5 ft depths.
Results are presented in both Sections 2 and 3 of the SPSAR. Surface water in this ditch is
present only during rare storm events; therefore, no surface water samples were collected.
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Appendix F6

Additional Comments and Responses
on Proposed Final Remedial Investigation
Summary Report,Version 3.1

Remedial Investigation Summary Report



INTRODUCTION

The Remedial Investigation Summary Report (RISR) is designated in the Federal Facility
Agreement as a formal RI Product for the On-Post Operable Unit at RMA. As such, the
Draft Final version of the RISR is subject to review and comments by the organizations and
State. In accordance with the Federal Facility Agreement, the organizations and State
submitted comments on the Draft Final RISR. Responses to those comments were prepared
and were, along with certain revisions and modifications requested in the comments or agreed
to in the responses, incorporated into the Proposed Final version of the RISR, which was
resubirdtted to the organizations for their acceptance or dispute.

The Federal Facility Agreement does not provide an opportunity for comment on Proposed
Final versions of formal RMA RI/FS Products, nor are formal responses to such comments
required by the Agreement. Rather, the signatory parties to the Agreement typically review
Proposed Final Products in order to determine whether or not to exercise their right to invoke
the Dispute Resolution Process, or to formally accept the document as a Final Product.

The EPA, while expressing their intent not to dispute the RISR, submitted additional
comments to the Army regarding the Proposed Final RISR. The State also submitted
additional comments. To ensure that the concerns of both EPA and the State regarding the
RISR are addressed, and to facilitate a cooperative atmosphere among all the parties, the
Army has elected in this case to provide written responses to these additional comments as
part of the Final RISR.
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Appendix F6.1

Responses to Environmental
Protection Agency Comments
on the Proposed Final Remedial
Investigation Summary Report,
Version 3.1

Remedial Investigation Summary Report



UNITED STATES ENVIROWENTAL PROTECTION AGENCY
REGION V1

999 1 Sth STREET - SUTE 500
DENVER, COLORADO 80202-2405

Ref: SHM-FT DEC - 9 1991
Kevin Sloss
ATTN: AM)=-PH
Rocky Mountain Arsenal
Commerce City, Colorado 80022-2180

Re: Rocky Mountain Arsenal (RMA)
Proposed Final Remedial
Investigation summary Report,
November 1991.

Dear Mr. Sloss:

We have reviewed the above referenced document and have the
enclosed comments. We are not invoking dispute resolution with
the understanding that our remaining concerns will he addressed
during FS studies. Please note our concern about the statement
that there was no statistically significant difference between
detection ratios for on and off post biota other than for
dieldrin. We request that a caveat accomvany this statement,
such as to preclude it from being used out of context. Our
contact on this matter is Linda Jacobson at (303) 294-1977-

Sincerely,

r-07 -
- hu2pý

Connally E. Mears
EPA Coordinator for RMA Cleanup

Enclosure

cc: Brian Anderson, RMA
Major John Fomous pj!A 91-1602
Brad BridqQvater, DOJ
David Shelton, CDE
Jeff Edson, CVH
Vicky Peters, CAGO
Janet Yanowitz, Geotrans
Bill MCKInney, Shell
George Roe, Shell



ENVIRONMENTAL PROTECTION AGENCY'S COMMENTS ON THE PROPOSED
FINAL REMEDIAL INVESTIGATION SUMMARY REPORT, NOVEMBER 1991.

General Comments:

For the most part, the Army's responses to EPA's comments on the draft
[sic] RISR are satisfactory. The EPA has comments and questions,
however, on the following responses.

Response: Comment noted. EPA previously commented on the Draft Final RISR.

Specific Comments:

Comment 1. Army's Response to EPA Apipendix A General Comments, Comment 2: The
Army states "Additional side-specific investigations in limited areas will be
considered in the FS." EPA believes that such investigations are necessary,
and we have actively participated in FS subcommittee meetings to define the
limited areas requiring further definition. Please note our concerns in the
following areas:

1) The influence that flow in the Denver Formation may be having on
contaminant migration, particularly in the South Plants area. EPA asked for
better definition of the Denver Formation, per our letter of November 22, 1991.

2) An investigation of NAPLs per discussion at FS Data Needs meeting on
October 17, 1991.

3) The nature and extent of vertical contamination specifically in Sections 25
(North Plants area) and 26 (Basins C, D, E, and F). The Army states on pages
F2-46 and F2-47 that the vertical extent of contamination in these areas has
"...not been defined."

4) The reason(s) why "...concentrations of organic analytes vary with depth in an
irregular manner..." (Appendix B, page B-26) in the North Boundary
Containment System area.

5) The implications of data needs of a possibly lower DIMP standard.

6) The necessity of additional IMPA and NDMA testing for FS evaluations.

7) Verification and source definition of anomalous hits.

F6.1-1
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8) Validation of surety detections, currently thought to be questionable, including
reliable quantification of the concentration levels and the volume of soils
impacted.

9) Phase II investigation for better definition of surficial soils for FS data needs.

Another issue which needs to be addressed is the correlation of on-post
remedial goals with off-post criteria.

Response: With respect to the EPA's concerns as noted above:

1) The FS is in the process of collecting additional groundwater data in the South Plants area
as part of the Phase H FS Field Data Collection program for groundwater. These
additional data will be used in conjunction with other available data to refine the
understanding of Denver Formation properties and contaminant migration as they pertain
to achieving the goals of the FS.

2) As the EPA is aware, further investigation of NAPLs is included in the Phase II FS Field
Data Collection program for groundwater in the South Plants area. In addition, the
NAPLs investigation proposed by the State in the October 17, 1991 meeting referred to
by the EPA is being evaluated by the Army within the context of FS goals.

3) and 4) The FS is evaluating the results of the investigation of the vertical extent of
groundwater contmi-dnation in the Denver aquifer, as presented in Appendix B of this
report. Based on this evaluation, and the additional data developed by the Phase H FS
Field Data Collection program, the FS will determine to what extent, if any, further
information is required in these areas in order to evaluate remedial alternatives.

5) The FS will evaluate its data needs with respect to developing or revising remedial
alternatives in the event DIMP standards are lowered.

6) The necessity of additional isopropylmethyl phosphonic acid (IMPA) and
n-nitrosodimethylan-dne (NDMA) sampling will be evaluated by the FS as part of the
overall evaluation of remedial alternatives.

7) "Me EPA's concern is noted. In general, additional verification and source definition of
anomalous hits beyond that undertaken as part of the RI in Phase I and Phase 11, and in
the FS Field Data Collection program, is unwarranted and unnecessary.

8) Areas with a potential for agent occurrences will be included in the evaluation of remedial
alternatives conducted by the FS.

F6.1-2
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9) Surficial soils investigations to address specific exposure assessment and FS needs are
planned as part of FS. The organizations and State will be kept informed of these
activities and the results of the investigations. In addition, the need to address the
correlation of on-post remedial goals with off-post criteria was identified in the
Subcommittee meeting on remedial action objectives (RAOs), held December 11, 1991 at
RMA.

Comment 2. Army's Response to EPA Cover Letter Comments, Comment 10: The Army
states that the text has been modified to include the fact that information
presented in Appendix B will be considered in the FS. Where is this
mentioned in the text?

Response: The reader's attention is directed to the first and second paragraphs of
Section B.1.1, particularly the second sentence of the second paragraph, which states that the
results of the Phase I investigation of the vertical extent of groundwater contan-dnation are
presented in Appendix B. That the FS will consider the information developed during Phase I
is stated in the final paragraphs of Section B.1.1, Purpose and Scope, on page B-2 of
Appendix B of the RISR, and again in Section B.6, Summary, in the second complete
sentence on page B-35.

Comment 3. Page A3-140, paragrat)h 1: The data, included in this report, are not conclusive
enough to "show ... that RMA is not a significant source of airborne
particulates." The data collected for the Comprehensive Monitoring Program
for Air, which supports this conclusion, should be referenced.

Response: The Comprehensive Monitoring Program (CMP) was not a subject of the
Remedial Investigation Summary Report (RISR), hence it was not included in the discussion
presented in Section A3.4 of Appendix A. However, findings of the CMP for air support the
conclusion that RMA is not a significant source of airborne particulates. While RMA may be
a local, short-term source of total suspended particulates (TSPs) during periods of invasive
remedial activities coupled with high-wind events, the CMP concluded that these impacts
were localized and fell off rapidly with distance from the location of the activity. (CMP Air
Quality Data Assessment, Fiscal Year 1990 Final Report, Version 3.1; Section 4.2.6,
Summary; RLSA, 1991/RIC 91311ROI). Air quality for TSPs is consistently superior on post
at RMA than in the off-post Denver urban area.

Comment 4. Page A3-153: The Army states that "using the 'true difference between
percentages' method suggested by Sokal and Rohlf (1981), only the percentage
of dieldrin detections for terrestrial species at the 80 percent confidence level
was significantly greater on post than off post with a 95 percent certainty. On
post versus off post detection ratios for the other analytes were not significantly
different."
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We are concerned that this statement presents a misleading oversimplification,
and should be accompanied by a caveat. Although we do not intend to invoke
dispute on this item, we do not agree with it and must insist that it be flagged
such as not to be taken out of context. We suggest that the statement be
accompanied by a caution indicating its limitations, in that it pertains only to
pooled populations and does not take into account differences in age groups.

First, please note that the above-quoted is a statistical statement that does not
take into account the ecological significance of contan-dnation findings. For
example, with regard to mallards, the Biota RI states that "for mercury,
significant differences were found between juveniles from control and
contaminated sites, as well as differences among age groups when
contaminated and control sites were pooled." (Biota RL Volume I, p. 4-44).
Second, use of a different statistical method yields different results. Please
note that the difference between percentages of detects is statistically
significant for mercury (p<0.001) and marginally significant for arsenic and
aldrin (p=0.10) when the analysis was performed with a one-sided Fisher's
exact test. We believe that the test indicated by the Army (Sokal and Rohlf)
may have been used inappropriately, as we have not been able to duplicate the
results for mercury. The approach described by Sokal is used to detern-dne the
sample sizes required in an experimental setting to detect a given "true"
difference between two percentages. The prespecified difference should be the
minimum difference that the investigator feels is ecologically iMportant. As
indicated in the mercury example above, we believe that ecologically
significant indicators Ouvenile and age-groups) were ignored. Finally, the
statement about 80 percent confidence with 95 percent certainty is a statement
about statistical power which does not make sense unless the difference worth
detecting is given.

Response: EPA is correct that the "true difference between percentages" method suggested
by Sokal and Rohlf was inappropriately cited in the text as a test of significance between on-
post and off-post detections ratios. The text has been revised to clarify that the "true
difference between percentages" test was used to determine whether sample populations were
large enough to evaluate the significance of the percentage difference between on- and off-
post detections ratios. Chi-square tests and the one-sided Fisher's exact test were performed
on the data for the seven contaminants of concern, and according to these tests arsenic,
mercury, and dieldrin detections appeared to differ significantly between on- and off-post
samples. However, when the "true difference between percentages" test suggested by Sokal
and Rohlf was applied, only the percentage difference between on- and off-post dieldrin
detections was great enough that the number of samples collected could be shown to be
adequate to establish that the difference was significant at the 80 percent confidence level
with a 95 percent certainty.
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Comment 5. Response to State of Colorado Comment 2(a) on the Proposal to Immove the
Remedial Investigation for the Southern Study Area: The response needs to be
expanded to discuss specifics of how the State concern for the degree of
investigation of the extent of VHO contamination in Water Bearing Zone
(WBZ) 2 and 3 will be addressed in the FS.

Response: The FS is considering the need for additional investigations in this area. The
specifics have not been established, and further discussion of factors affecting the area are
appropriate. For example, while local flow conditions in WBZ-1 are towards Lake Ladora,
and contaminant conditions within WBZ-1 are well established, it is not clear whether flow
conditions within WBZ-2 and -3 are towards the lake, or reflect regional groundwater flow
conditions to the north and northwest. In addition, given the shallow nature of Lake Ladora,
the local hydraulic gradient imposed by the presence of the surface water in the lake, and the
depth of WBZ-2 and -3, it is also not established that, even if contaminants were migrating to
the southwest in WBZ-2 and -3 in this region, they could affect surface water in Lake Ladora.
It may be appropriate to include the area between South Plants and Lake Ladora in further FS
investigations as part of the evaluation of proposed remedial alternatives; these concerns can
be addressed as part of the FS dam needs process.

Comment 6. Response to State of Colorado Comment 9 on the Proposal to Improve the
Central Study Area Remedial Investigation: The text states that "The tight time
constraints to provide clearance for samples... required analytical reporting
procedures susceptible to false positive reports." Is resampling to verify the
presence of mustard at these suspect locations planned during the FS? Have
analytical methods or handling procedures (including clearance time for
samples) been improved to prevent recurrence of this in the future?

Response: Agent compound screening of samples collected in areas where the potential for
agent occurrence exists will be a component of FS sampling throughout the evaluation and
implementation of remedial alternatives. Sample handling and analytical protocols are
designed to ensure that valid analytical data is collected. While it is impossible to predict
every contingent condition which may affect the generation of false positive reports, every
effort to assure data validity has been and will continue to be exercised throughout the RMA
environmental programs.
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Appendix F6.2

Responses to Colorado Department
of Health Comments on the Proposed
Final Remedial Investigation
Summary Report, Version 3.1

Remedial Investigation Summary Report
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Telafax Numbers:
Main SuildinglDeavet
(303) 322-9076

4210 East 11th Avenue Purmilto rlutlDenver ROY ROMER
Denver Colorado 8DZZO-3716 (303) 3204S29 Ciovernor
Phone 1303) 320-8333 Ptnt National bank ZvfldingAýcnvor

(303) 35S-059 JOEL KOHN
GtwA Jumdon Offiec interim Ex=tiv6 Dirtaor

COLORAW (3M) 248-7199
Puebla Office

DEPARTMENT
OFAHEALTH

December 9, 1991

Office of the Program Manager
Rocky Mountain Arsenal
ATTN: AMXRM-E (Mr. Kevin Blase)
Building ill
Commerce City, CO 80022-0166

Re: State Comments on the Proposed FinAl RI Summary Report

Dear Mr. Bloset

Enclosed are the State's couments on the above -re f erenced report.
Of concern to the State are major and still unresolved data gaps,
such as lack of adequate characterization of chemical agent
contamination, and the inexact iin'derstanding of the contaminants in
dieposal trenches, understanding of the contaminants in disposal
trenches, underground piping, and structures.

The State urges the Army to discuss these data gaps in upcoming FS
meetings in an attempt to rectify the existing holes before the RI
Report is finalized. If you have any questions or comments, please
don't hesitate to call.

sincerely/

V

rr V-
RMA Project Manager
Hazardous Materials and
Waste Management Division

JE/cf

cc: Vicky Peters, AGO 
p1-1A 91-1603

George Roe
John Fomous
Edward McGrath
Bradley Bridgewater
Connally Mears
John Barth
Ira Starr, GeoTrans



COLORADO DEPARTMENT OF HEALTH'S COMMENTS ON THE
PROPOSED FINAL REMEDIAL INVESTIGATION SUMMARY REPORT

DECEMBER, 1991

General Comments:

Comment 1. The nature and extent of chemical warfare agent contamination has not been
adequately characterized. Figure RISR 2.2-1 summarizes the information made
available to the Parties. It is a map showing Areas with Potential for Agency
[sic] Occurrences, and is, according to p. 2-23, "drawn conservatively as a
9worst-case' scenario." This limited information is not sufficient for inclusion
in the quantitative assessment of risk performed in the EA, nor is it adequate to
conduct a Feasibility Study to remove these contaminants. Thus, a sampling
program to determine the extent of agent contan-dnation must be undertaken
throughout all areas of potential agent contamination. The Army must provide
justification for the areal extent of the sampling program. During the
October 25, 1991, FS data needs meeting Kevin Blose stated that the database
is not inclusive of all known agent contan-dnation, explaining that there were
certain areas on the Arsenal which the Army knew were contaminated with
agent. Because the Army felt that exact contan-iinant levels were not necessary,
these sites were not sampled for agent as part of the R1. This information,
promised in the FS dam needs meetings, must be provided to the Parties to be
used in our rev..w of an agent sampling program.

Response: Figure RISR 2.2-1, Areas with Potential for Agent Occurrences at Rocky
Mountain Arsenal, represents the worst-case scenario for chen-dcal warfare agent occurrence at
RMA. Throughout the FS process and the Record of Decision (ROD) these areas will be
treated as if contaminated by agents. That is, the scope of all remedial actions designed in
the FS for the areas shown on Figure RISR 2.2-1 and evaluated for eventual selection in the
final remedy will include treatments capable of handling chen-dcal warfare agents.

It is not the Army's intent to disniiss the potential for agent contamination within designated
areas on Figure RISR 2.2-1 from consideration within the context of the FS. Analytical
screening for agent is a standard procedure on all soil samples collected from potential agent
occurrence areas as part of the FS Field Dam Collection program, and will continue to be
employed for confirmation samples taken from these areas during the implementation of any
remedial actions. The purpose and intent of this sampling is, and win continue to be, to
focus the actual remediation efforts in order to achieve the most effective and efficient
remedy possible. The State, as well as the organizations that are party to the Federal Facility
Agreement, will be kept fully apprised of the information developed by these sampling
programs.
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Comment 2. In several Army responses to comments on the RISR, and during the FS data
needs meetings, the Army has stated that a "worst-case" would be assumed
rather than undertaking additional data collection. For example, regarding the
nature of contamination in disposal trenches and the depth of contarriination in
those trenches (Army Complex Disposal Area), the contamination surrounding
underground piping and sewers, the contamination of structures, and the
presences of chemical agents. In these areas the nature and extent of
contamination has not been adequately determined; in addition, it will not be
acceptable to limit the choice of remedial actions based upon a lack of data.
For example, the choice of capping as the remedial alternative for disposal
trenches will not be acceptable if justified only because there may be agent or
unexploded ordnance, or the trench may extend to depths to which excavation
is difficult. If limited characterization of any RMA site prevents the Army
from fully screening and developing remedial options, then the RI has
obviously not been adequate, and additional sampling must be carried OUL

Response: The State is correct in noting that the An-ny has taken a worst-case approach
towards contan-driant conditions at certain sites, rather than initiate additional data collection
efforts at this time. However, the State incorrectly implies that this worst-case approach will
be used to "limit" the choice of remedial actions. On the contrary, the worst-case approach is
intended to ensure that these sites will be the object of remedial actions designed to remedy
precisely the 'worst-case.' Confirmation sampling conducted during the implementation of
remedial actions will be utilized to confirm the efficacy of the selected remedial alternatives
and to fine tune the remedy as appropriate.

Comment 3. In several RISR responses to comments, and in the FS data needs meetings, the
Army has responded to specific data gathering requests of the parties by
explaining that these would be addressed by interim response actions (ERAs) or
in the Surface Water CMP. Two of the referenced IRAs were the Lake
Sediments and Chemical Sewers IRAs. Although a discussion was held a
couple of years ago regarding prevention of contarriinant loading to the lakes
from ditches and overland flow around South Plants, the State is not aware of
any concrete plans to establish an IRA to deal with this issue; nor were we
aware that such an IRA would encompass characterization or remediation of
the lake sediments themselves. A Chen-dcal Sewers IRA, on the other hand,
has never even been discussed. We request updates on the status of such
efforts. In addition, since these IRAs have not even been established, it would
appear that data could be gathered more rapidly under the F.S. Data Gap [sic]
program which is currently ongoing. No reason to delay such investigations
has been provided.

The State has not received the Surface Water CMPs [sic] for 1989 or 1990, nor
are we aware of any results from the South Tank Farm LNAPL Treatability
Study. This information should be provided as soon as possible. Additional
data needs may be identified upon review of those documents.
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Response: The State presents no specifics regarding where such references to the "Lake
Sediments" and/or "Chemical Sewers IRAs" were made in either the responses to comments
included in the Proposed Final RISR or in any FS data needs meetings. No such references
are included in any RISR responses to comments; in addition, while the proceeding of any
meetings having to do with FS data needs are not a subject of the RISR, the Army disputes
the allegation that such IRAs were referenced in those meetings. The State is kept apprised
of the status of IRAs duDugh the RMA Committee and Subcommittee meetings in accordance
with procedures outlined in the Federal Facility Agreement. Ile potential for an action to
prevent sediment-bearing runoff from entering the lakes is currently being considered and will
be the focus of an upcoming Committee meeting.

The CMP report on surface water for 1989, titled "Comprehensive Monitoring Program, Final
Surface Water Data Assessment Report for 1989, Version 2.0" (RLSA, 1990/RIC 91343ROl),
was released to the parties on December 4, 1991. The draft 1990 CMP surface water data
assessment report is presently under review and will be forthcoming. The Draft Technical
Evaluation, LNAPL Plume Soil Vapor Extraction (SVE) Process Field Demonstration
Treatability Study is also under review and will be released to the parties when completed.

Comment 4. Adequate characterization of the Central Study Area disposal trenches remain
[sic] a significant data need. The Army has promised to review its decision
regarding additional characterization of the Army-Hyman trenches and Army
trenches to the east of the bedrock divide (36-17N). The results of its review
should be presented to the parties as soon as they are available.

Response: Comment noted.

Specific Comments:

Comment 1. F2-28, Comment 26. The State's comment, though somehow lost in
transmission, was as follows:

Page A3-145, A3.5, Biota--The Army states:

"Terrestrial producers (plants), and to some degree
carnivores, show elevated levels of OCPs in tissue samples
that can be broadly associated with OCP concentrations in
RMA soils. This relationship also tends to hold for
mercury in carnivores. Similar associations could not be
made for OCPs, arsenic, or mercury in other trophic levels."
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The meaning of the term "broadly associated" is unspecific and should be
clarified. The Army apparently intends this passage to describe attempts to
correlate tissue concentrations to soil samples. It is not clear how plants and
carnivores could be correlated with specific soil concentrations, while
intermediary trophic levels cannot. This is especially true given the tendency
for the foraging behavior of higher trophic levels to result in larger home
ranges. Thus, this lack of correlation for intermediary trophic levels brings into
question any correlation claimed between soil levels and carnivores. We would
appreciate a clarification of this statemem

Response: The State's commentý as received by the Army, was accurately reproduced in its
entirety on page F2-28 of Appendix F of the RISR. That comment consisted only of a
quotation of a passage from Appendix A of the RISR. As is evident, no comment regarding
the quoted passage was originally made, and that fact was noted in the Anny's response. In
response to the comment which the State now makes with respect to the quoted passage, the
Army notes that the "broadly associated" relationship between OCP levels in plants, and to
some degree carnivore tissue samples, and OCP levels in RMA soils is a statement of fact
regarding the data collected during the RI. No "correlation" was claimed between soil levels
and carnivores. Use of the term "broadly associated" rather than "correlated" was deliberate
in order to avoid precisely the sort of inappropriate conclusion which the State imputes was
the Army's intent.

Comment 2. P. F2-38, Comment 13. This comment was apparently misunderstood by the
Army. The State intended to point out that the Army was claiming that
background concentrations of metals were in the range of 10 to 100 ug/1 range
[sic] when in fact the geometric mean concentration of background was only
5.95 ug/1 according to Table RISR B.2-1 (the arithmetic average was
12.6 ug/1). Although no range of values was given in these tables [sic],
background concentrations must be below 10 ug/1 in a significant portion of
all background samples to have resulted in these values.

Response: Table RISR B.2-1 reports adjusted geometric mean concentrations, not geometric
mean concentrations. In the Army's opinion the text change for section B3.3 recommended
by the State in Comment 13 (p. F2-38) lacks clarity. However, the idea presented by the
State has been included by replacing the sentence "This range corresponds to the range of
background concentrations . . ." on page B-20 of Appendix B with the following sentences:
"This is within the range of background detections from upgradient wells. However, the
adjusted geometric mean of metals concentrations in the Denver aquifer is slightly greater
than in background wells (Table RISR B.2-1)."
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Comment 3. P. F2-48, Comment 29. We believe that the An-ny should include the
following data in the VEC database or present reasons for their exclusion.

Well Sampling Date Analyte Result (ug/1)

26130 80178 CPMSO 457
26148 88229 12DCLE 920
26157 88209 12DCLE 620
26157 89044 12DCLE 930

These are high concentration hits, which may be reflective of significant deep
contamination. Moreover, the presences of DCLE in the vicinity of wells
26148 and 26157 has been verified on three occasions as indicated by the
above data.

Response: Wells 26148 and 26157 are part of the CMP groundwater network and have been
sampled several times since the 1988 and 1989 dates identified in the comment. Samples
from these wells did not contain 1, 2-dichloroethane (12 DCLE) or related chlorinated
solvents. Therefore the referenced samples for these wells were not included in the VEC
database.

Well 26130 is not part of the CMP network. However, nearby Denver aquifer wells included
in the CMP network (wells 26089, 26090, 35038, and 35039) have not contained
chlorophenylmethyl sulfoxide (CPMSO) or related compounds. The referenced sample in
well 26130 is from 1980 prior to implementation of the QA/QC requirements of the remedial
investigation or the CMP. Because of these facts, it is considered unlikely that the 1980
sample at well 26130 is representative of present conditions in the Denver aquifer.

Comment 4. P. F5.2-6. The Army's response to this comment shows the illogical nature of
the sampling methodology in this area. In the first sentence the Army states
"The buried lake sludges were presumed contaminated with OCPs at the
inception of the RI investigations; consequently, Phase I samples were collected
from areas peripheral to the buried sludges," but then states in response to
Comment 3b, "OCPs were not analyzed during the Phase U investigation on the
basis of (1) no Phase I detections of OCPs and (2) inconclusive evidence from
the Dames and Moore study regarding OCP contan-driant occurrence." In other
words, during Phase I the Army did not sample within the trenches because it
assumed they were contaminated with OCPs. The Army did not sample the
trenches for OCPs during Phase II because it did not find any OCP detections
in Phase I and because it, without additional data, rejected its prior assumption.
The Army must sample the trenches in this area for OCPs, as requested by the
State and EPA in the FS data needs meeting.

F6.2-5
RF5/RPTOI 14



Response: The State fails to comprehend the Army's response to Cornment 3 of the State's
Proposal to Improve the Remedial Investigation for the Southern Study Area, as presented on
page F5.2-6 of Appendix F of the Proposed Final RISR. What the response says is that the
buried lake sludges were presumed contaminated with OCPs, and Phase I bores were located
in areas peripheral to them. No OCPs were detected in these Phase I bores; consequently,
Phase 11 bores to further investigate the area of the Phase I bores were unwarranted. The
response further states that three Phase H bores were located in trenches where buried sludges
were presumed to be disposed; mercury was detected in samples from these bores, but OCPs
were not analyzed for using OCP-specific GC methods because the sludges were already
presumed to be OCP-contan-dnated. Sernivolatiles were analyzed for using GC/MS, a method
capable of detecting OCPs but with less sensitive detection limits (0.3 ug/g for aldrin and
dieldrin) than the GC method. OCPs were not detected in these analyses. The Army did not
reject its prior assumption that the buried lake sludges were contarrdnated with OCPs; on the
contrary, it has acted in accordance with this assumption. The response further stated that
reassessment of the area may be appropriate during the FS. Soil sampling of the buried lake
sludges is currently planned as part of the FS Field Data Collection program.

Comment 5. P. 5.5-19, [sic] Conunent 6. In the Army's response to this comment, it states,
"because no contan-driation of the First Creek alluvial aquifer has been detected
in Wells 36501, 36502 or 31501, and only single isolated, and nonrepeated
detections of chlorophenylmethyl sulfide and DIMP in Well 31005, (sic) the
conclusion regarding the Denver Formation as an effective barrier to
groundwater flow or as an attenuator of contaminant migration is supported by
the data." However, Wells 36502, 31005 and 31501 are not directly down-
gradient of CSA-1c, and can therefore not be used as indicators of
contan-dnation from the Army Complex Disposal trenches. Well 36501, which
is located immediately downgradient of the eastern trenches, has not been
sampled since 1987, and the 1987 data are stored in the Pre-QC file of the
RMA database. Additionally, the 1987 data indicate the presence of elevated
methylene chloride concentrations which are also found at much higher
concentrations in the vicinity of up-gradient trenches in Anomaly C (see Figure
3-11 of the Army Complex Disposal Trenches Re-Evaluation Report).
Therefore, the Army's conclusion that data from Well 36501 indicate that the
trenches have not impacted the First Creek Alluvial Aquifer is not valid; the
well must be resampled to determine the possible impacts of the trenches on
the aquifer.

Response: The Army's response to Comment 6 of the State's Proposal for Rectification of
Remedial Investigation Data Gaps in the Central Study Area, as presented on page F5.5-19 of
Appendix F of the RISR, states in the final paragraph that four new wells will be installed
and sampled twice as part of the Phase 11 FS Field Data Collection program in the area
indicated by the State. In addition, two of the wells will be used for pump tests to determine
aquifer hydraulic properties in order to support the FS in alternatives analysis.
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Comment 6. The Army's Response [sic] to State Comment No. 31 is insufficient and
presents unsupported conclusions regarding On [sic] versus Offpost [sic] biota
contamination. The Army presented no justification for their choice of the
"true differences between percentages" statistical test. The Army has not
provided sufficient detail of their methodology to allow reproduction of the
results or confirmation of the conclusion that, with the exception of dieldrin,
"On-post versus off-post detection ratios for the other analytes were not
significantly different." No explanation is given by the Army for changing "95
percent confidence" to "80 percent confidence" in the final version [sic] of the
Remedial Investigation Summary Report. FinaUy, the Army has reached these
conclusions without differentiating between ecologically similar sample groups.
Rather, the above mentioned generalization has been made on the basis of
pooled samples and, as such, is potentially trdsleading.

Response: This comment is similar to EPA's Comment 4 on the Proposed Final RISR
(pages F6.1-3 and -4 of Appendix F of the Final RISR (version 3.2)), and the reader is
encouraged to review the Army's response to that comment as well.

The "true differences between percentages" test was inappropriately cited in the text of the
Proposed Final RISR as a test of the significance between on-and off-post detection ratios. In
fact, the test is used to evaluate whether the sample populations are of sufficient size that the
significance of the differences between the detection ratios can be established. The text in
Section A3.5.3 of the Final RISR has been revised to clarify this. When the "true difference
between percentages" test was applied to the pooled on-and off-post biota data for the seven
contaniinants of concern, only the dieldrin data were from a sample population sufficiently
large to establish, at the 80 percent confidence level with 95 percent certainty, that the
difference between on-and off-post detection ratios was significant. The text has also been
revised in Section A3.5.3 to note that the comparisons between on-post and off-post data are
for pooled terrestrial biota samples, and to caution against the use of these comparison results
out of context. Finally, the "95 percent confidence" level was changed to "80 percent
confidence" from the Draft Final to the Proposed Final RISR to assure, with a reasonable and
not unrealistically stringent degree of confidence, that the significance of the difference
between on-and off-post detection ratios for the seven contaminants of concern would not be
masked by an unreasonably large required sample population, based on the results of the "true
difference between percentages" test.
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