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EXECUTIVE SUMMARY

Field investigations conducted over the last several years in the area

offpost of RMA have examined various media to evaluate the nature and extent

of contamination that may have resulted from contaminant migration from

Rocky Mountain Arsenal (RMA). Consumptive Use Assessments and Contamination

Assessments conducted since 1984 have indicated that ground water was the

primary pathway for contaminant migration to the offpost area. Thus, much

of the Remedial Investigation (RI) efforts focused on evaluating ground-

water pathways and the nature and extent of ground-water contamination.

However, surface water, sediments, air, and biota were also examined to

evaluate potential contamination in these media and the extent to which

these media may be contaminant pathways from RMA to the Offpost Operable

Unit. The evaluation of soils potentially contaminated as a result of

irrigation with contaminated water offpost of RMA will be addressed in the

Offpost Endangerment Assessment/Feasibility Study (EA/FS).

The nature and extent of ground water and surface water contamination are

sufficiently understood for the EA/FS to proceed in evaluating remedial

actions for these media. Additional data collection for these media,

particularly for ground water downgradient of the Northwest Boundary

Containment System (NWBCS), will be outlined in a plan for a Supplemental

Technical Investigation (STI). The results of the STI will be incorporated

into remedial design and provided as part of preliminary design documents.

Other media, such as sediments, soils, biota, and windblown dust, were

considered in the planning stages of the RI. Soils and windblown dust were

not thought to represent potential exposure pathways offpost except where

surficial soils are impacted by irrigation with contaminated water.

However, further evaluation of offpost soils and windblown dust will be

conducted to respond to comments from Colorado Department of Health (CDH)

and the Environmental Protection Agency (EPA). Although data have been

collected to evaluate offpost sediments, additional data collection

pertaining to this media is being planned to address concerns of citizens in

the Offpost Operable Unit and comments from CDH. Biota studies were

conducted to determine whether potentially contaminated species could
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migrate from near source areas onpost to the Offpost Operable Unit.

Although one species was identified as an exposure pathway and will be

addressed in the EA/FS report, additional evaluation of biota will be

conducted to respond to EPA. comments. All data collected pertaining to

these medial will be provided in addenda to the RI report.

The ground-water investigations performed as part of the RI concentrated on

the area north of the RMA north boundary because this area is downgradient

of the primary onpost ground-water contaminant plumes. Data collected under

the RI identified two general zones of alluvial contamination in this

offpost area,. These zones generally correspond to two paleochannel features

in the bedrock surface. These paleochannel features are referred to as the

First Creek and Northern pathways.

Recharge to the alluvial aquifer from irrigation canals both directly from

seepage and indirectly from irrigation appears to be responsible for

substantially reduced contaminant concentrations downgradient of the canals.

This is in contrast to concentrations observed upgradient of the canals and

just north of the RMA north boundary.

Contamination in the Denver Formation (Fm) generally exhibited a trend of

decreasing contaminant concentrations with depth. The highest contaminant

concentrations in the Denver Fm were generally observed in samples from

wells completed within sandy zones of the upper Denver Fm- These zones are

in direct contact with the base of contaminated alluvium.

Consumptive use studies performed by ESE during 1984 and 1985 located only

three Denver Fm domestic use wells in the area north of the RMA boundary and

upgradient of O'Brian Canal. None of these wells exhibited organic

contamination at concentrations exceeding certified reporting limits (CRLs).

The available data indicate that much of the observed ground-water

contamination north of RMA migrated to the offpost area prior to

installation of the North Boundary Containment System (NBCS) and that the

NBCS has had a significant effect in lowering downgradient organic

contaminant concentrations. This is substantiated by lower contaminant
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concentrations downgradient of the NBCS relative to upgradient contaminant

concentrations.

The alluvial aquifer downgradient of the Northwest Boundary Containment

System (NWBCS) was shown to be contaminated with dieldrin and chloroform.

Dieldrin's presence here appears to result from contamination prior to

construction and operation of the NWBCS, along with dieldrin's low mobility

in ground water. Chloroform contamination in the alluvial aquifer

downgradient of the NWBCS may be the result of contaminantion migration

prior to construction and operation of the NWBCS or current operation

practices whch may have resulted in chloroform breaking through the carbon

adsorption system at the NWBCS. Efforts are currently underway to modify

the operational procedures at the NWBCS to alleviate chloroform break-

through. More mobile contaminants such as DBCP and DIMP, which have also

migrated toward the NWBCS, were generally not observed in offpost samples

collected downgradient of the NWBCS.

An evaluation of surface runoff patterns and chemistry data collected since

1985 indicated that First Creek was the primary pathway for surface water

contaminant migration to the area offpost of RMA. Further evaluations of

chemistry and ground-water level data along First Creek indicates that

contamination was primarily entering First Creek via infiltration of

contaminated ground water offpost.

Organic contaminants in surface water were observed only sporadically in

samples collected downstream of First Creek and at levels near the CRLs.

This observation was primarily attributed to fate processes, such as

volatilization, and dilution from larger upstream flows from O'Brian Canal.

Observed organic contamination in samples from the upstream station on the

South Platte River may be attributed to contaminated flow from Sand Creek,

which enters the South Platte River upstream.

The extent of sediment contamination in the Offpost Operable Unit was

evaluated by assessing analytical data from two sampling events. The data

from nine sampling locations showed five detections of organic contaminants
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(p,p-DDT; p,p-DDE; and dieldrin). The detections of these compounds were

all just above their respective CRLs-

The highest levels of metals in sediments were noted in samples from Barr

Lake, particularly from a deep stratum level (20 to 24 inches). With the

exception of arsenic, Barr Lake concentrations were considered to be above

the levels typically found in fresh water sediments and may be attributable

to the past disposal of wastewater sludge in the lake. Metal concentrations

in First Creek samples were generally considered to be within the range of

metals concentrations for fresh water sediments. The single detection of

dieldrin in First Creek sediments may be the result of RMA contaminant

migration. However, the fact that organic contaminants were not observed in

the fine-grained sediments in the offpost First Creek impoundment suggest

that the extent of organically contaminated sediments along First Creek is

not great.

The evaluation of air conditions in the Offpost Operable Unit were evaluated

by assessing onpost data for criteria pollutants and toxic airborne

contaminants. Because the criteria pollutants measured onpost were well

within Federal and State standards and guidelines for ambient air quality.

the offpost air quality was not significantly affected by RMA operations.

There are no specified Federal or State toxic air quality guidelines for the

toxic airborne contaminants. However, the onpost toxic air contaminants

were noted at very low concentrations. Therefore, due to dispersion,

offpost levels would be as low or lower than onpost concentrations. The

source of most of these toxic air contaminants, Basin F, is presently being

remediated as a part of an onpost Interim Response Action (IRA).

Biota was examined as a potential pathway from RMA to the Offpost Operable

Unit by identifying species that could transport onpost contaminants by

migrating offpost. Most resident species occurring on RMA were found not to

be potentially significant pathways of contaminant migration from RMA to the

Offpost Operable Unit. This was due to infrequent contamination of

individual animals, small home ranges, or small populations at RMA.
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The species of greatest concern was the ring-necked pheasant. Some

individuals collected from areas of contamination onpost contained

detectable concentrations of organochlorine pesticides. This species also

has home range sizes large enough that permitted them to move offpost.
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1.0 INTRODUCTION

The Rocky Mountain Arsenal (RMA) occupies 27 square miles in southern Adams

County, Colorado (Figure 1.0-1), and lies within the Denver metropolitan

area north of the City of Denver and east of Commerce City, Colorado. Since

RMA began operation in 1942, it has been a site for the manufacture and

demilitarization of chemical and incendiary munitions, and the manufacture

of industrial chemicals, primarily pesticides and herbicides. A detailed

account of disposal practices associated with these operations and resulting

soil contamination are presented in Contamination Assessment Reports (CARs)

for each potential site. An overview of ground-water contamination is

presented in the Final Screening Program (ESE, 1988a, RIC#88034RO3).

The disposal practices of the Army and leaseholders occurred over

approximately a 40-year period and resulted in the widespread release of

organic and inorganic contaminants into the ground water; most notably,

diisopropylmethyl phosphonate (DIMP), dicyclopentadiene (DCPD),

dibromochloropropane (DBCP), organosulfur compounds, organochlorine

pesticides, volatile aromatic compounds, volatile organohalogen compounds,

arsenic, chloride, and fluoride. Cround-water monitoring programs conducted

since the mid-1970's have detected some of these compounds offpost of RMA.

In order to address the contaminants in the area north and northwest of RMA,

the Program Manager - Rocky Mountain Arsenal (RMA) has issued Contract No.

DAAK11-84-D-0016, Task Order 39, to Environmental Science and Engineering,

Inc. (ESE) to assist the Army in conducting a Remedial Investigation (RI)

and Feasibility Study (FS) in the offpost area. For the purposes of this

investigation, the area shown in Figure 1.0-2 is considered the Offpost

Operable Unit. The primary objectives of the Offpost RI/FS are to:

0 Collect additional data to refine the current understanding of

ground-water flow and surface water patterns, and the nature and

extent of contaminants offpost of RMA;
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0 To evaluate the potential for contaminant migration to the Offpost

Operable Unit in various media such as ground water, surface

water, sediments, air, and biota;

0 Evaluate the danger posed to humans living in the Offpost Operable

Unit and also evaluate environmental impacts using current

knowledge of the concentrations and distributions of contaminants

in the offpost area;

0 Develop a range of remedial alternatives which would mitigate

public health and environmental impacts;

0 Evaluate the candidate remedial alternatives with respect to

technical factors, cost efficiency, and the extent to which they

mitigate public health and environmental impacts; and

0 Select a preferred remedial alternative based on the alternatives

assessment.

The result of the RI/FS will support a Record of Decision (ROD) addressing

the potential offpost contamination and justify any remedial actions that

may be appropriate.

The following sections describe the conditions in the Offpost Operable Unit.

The overall technical approach for conducting the RI/FS is also described

with emphasis on the RI portion of the program. While the emphasis of this

report is on the RI, a summary of FS activities is also included. A more

detailed description of the FS will be contained in later submittals.

Following a brief description of the offpost conditions and RI/FS program,

subsequent sections of this report are organized as follows:

" Section 2.0 - Data Collection and Analyses;

" Section 3.0 - Ground-Water Conditions;

" Section 4.0 - Surface Water Conditions;

" Section 5.0 - Offpost Sediment Conditions;

" Section 6.0 - Air Quality Conditions;
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" Section 7.0 - Biota Conditions;

" Section 8.0 - Potential Chemical-Specific ARARs; and

" Section 9.0 - Conclusions.

In many cases the Task 39 Technical Plan is referenced as are other support

documents. These publications are available at the RMA Information Center

(RIC).

1.1 COUDIUM-1H THE FEMST-MEARLE-UH11

A number of the onpost contaminants from RMA have been detected in offpost

ground water,by previous studies which were conducted to assess the nature

and extent of offpost contamination. In particular, the "Rocky Mountain

Arsenal Offpost Contamination Assessment Report" (Offpost CAR) (ESE, 1987a,

RIC#87202ROl) utilized data from several studies to depict the distribution

and level of offpost contamination to the north and northwest of RMA. The

most widespread of the organic contaminants detected in the Offpost Operable

Unit was DIMP. DIMP is suspected of migrating off of RMA along the northern

boundary via ground water and surface water. Because of its high mobility

and persistence in the Offpost Operable Unit and the fact that it is solely

related to RMA, DIMP is a good delineator of migration pathways. Other

organic contaminants have also been detected in the Offpost Operable Unit.

These include organochlorine pesticides, organosulfur compounds, volatile

organics, DBCP, and DCPD- With the exception of isolated concentrations

observed downgradient of the RMA northwest boundary, these contaminants have

generally been noted in areas north of the RMA north boundary.

Chloride and fluoride, naturally occurring inorganic constituents, were

generally observed at concentrations exceeding background levels in the

Offpost Operable Unit. In particular, chloride migrated from RMA's northern

boundary and has been routinely found exceeding background levels in the

areas to the north and northwest of the RMA northern boundary.
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In the offpost area north of 80th Avenue, and south of 88th Avenue, volatile

organohalogens, most notably trichloroethylene were sporadically detected in

samples collected from alluvial monitoring wells and alluvial domestic wells

(ESE, 1985, RIC#872016RO2, and the present report). The levels of

trichloroethylene generally ranged from just above the certified reporting

limit (CRL) of 1.3 ug/1 to a concentration of 9.1 ug/1 observed in a

domestic well sample. However, the majority of trichloroethylene detections

were less than 5.0 ug/1 which is the MCL. The presence of compounds which

would be strictly related to RMA in this area, such as DBCP, were not

observed in samples collected from the area.

Several sources of trichloroethylene have been documented south of the

Offpost Operable Unit in or near Commerce City. Also, recent investigations

by the Army along the western sections of RMA have detected the presence of

a trichloroethylene plume entering Section 9 along the southern boundary of

RMA. Although trichloroethylene has been detected in selected dewatering

wells of the Irondale system, no trichloroethylene has been detected in the

influent or effluent sumps of the system. Because of the potential for

multiple trichloroethylene sources upgradient from the Offpost Operable

Unit, trichloroethylene observed in the area between 80th and 88th Avenues

falls under the jurisdiction of the EPA as per an Executive Order No. 12580.

52 CFR 2923 (1987). A summary of the findings of the most recent EPA

studies in the area south of 80th Avenue is provided in Section 3.0 of this

report.

Based upon known areas of onpost and offpost contamination and the

predominant ground- and surface water flow patterns, the operable unit for

the offpost RI/FS is the area between the north and northwest boundaries of

RMA and the South Platte River. The specific boundaries of the unit are the

same as for the offpost CAR as shown in Figure 1.1-1 and described below:

0 Southeast Boundary - north and northwest boundaries of RMA;

0 Southwest Boundary - 80th Avenue;
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" West and Northwest Boundary - the South Platte River; and

" Northeast Boundary Second Creek.

The area chosen was based upon a conservative estimate of the area within

which contaminants from the Arsenal may now or eventually exist. However,

based upon hydrologic and hydrogeologic considerations, most of this area is

not expected to be contaminated by materials originating from RMA. In order

to emphasize areas where impact to the public and environment is most

likely, the study focuses on those areas that were defined in the offpost

CAR as being zones of higher contamination. Barr Lake has also been

included in the Offpost Operable Unit because of the potential for

contaminant migration through surface water features and the unique habitat

it provides for wildlife in the area.

1.2

A number of contamination control measures have been implemented at RMA and

additional control measures have been planned or are proposed. With regard

to controlling the migration of contaminants to offpost areas, three major

containment/treatment systems have been installed at the arsenal boundaries.

Based upon the chemical analyses performed on the systems' influent and

effluent7 it is apparent these systems have been successful in removing

organic ground-water contaminants and recharging treated ground water at RMA

boundaries. These systems are described briefly in the following

paragraphs.

1.2.1 NORTH BOUNDARY: CONTAINMENT/TREATMENT

The containment system installed at the north boundary of RMA consists of a

physical soil-bentonite barrier, dewatering wells to intercept the natural

flow of ground water approaching the northern boundary, a ground-water

treatment system to remove organic contaminants, and recharge wells to

return treated water to the alluvial aquifer.

A comprehensive evaluation of the North Boundary Containment System (NBCS)

has just been concluded under Task 36. The purpose of this evaluation was

to identify problems with the system and to propose interim actions which
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will improve system performance. As a result of this study, the following

interim actions were recommended to enhance system performance:

" Installation of recharge trenches to improve the recharge capabilities

of the system and to reduce high hydraulic gradients across the soil-

bentonite barrier;

" Abandonment of poorly constructed bedrock wells to reduce the

potential for cross-contamination between the alluvial aquifer and the

Denver Fm;

" Improvement of carbon washing procedures to reduce the amount of

carbon,fines generated in the plant effluent;

" Refinements in the operation of dewatering system to enhance the

performance of this component.

1.2.2 NORTHWEST BOUNDARY: CONTAINMENT/TREATMENT

The containment system at the northwest boundary utilizes a physical soil-

bentonite barrier, dewatering wells, a ground-water treatment system to

remove organic contaminants, and recharge wells. The system at the

northwest boundary is similar to that of the north boundary system, except

that the soil-bentonite barrier does not extend the entire length of the

system.

The nature and distribution of contaminants upgradient and downgradient of

the Northwest Boundary Containment System (NWBCS) was assessed by the

Boundary Systems Monitoring program, Task 25. The results of this task

indicate that the NWBCS has been effective in reducing downgradient

concentrations of the majority of organic contaminants detected in this

area. The only apparent deficiency of the system is its inability to

effectively remove chloroform from the influent water. Operational

improvements are currently underway to correct this deficiency.

1.2.3 IRONDALE: CONTAINMENT/TREATMENT

A hydrologic control system is installed at the southern end of the RMA

northwest boundary, referred to as the Irondale area. This control system

consists of two rows of dewatering wells, one row of recharge wells, and a

ground-water treatment system to remove organic contaminants.
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The Irondale Boundary Control System (ICS) was installed to mitigate the

migration of DBCP to offpost areas. The most recent monitoring conducted in

this area during the Consumptive Use Phase III program (ESE, 1987f) and

during the RI did not indicate the presence of detectable levels of DBCP

offpost downgradient of the system. This data suggets that the ICS has been

effective in preventing the offpost migration of this compound.

1.3 SUMMARY-U-1ECHUICAL-ARP-MACH

In order to adequately evaluate the nature and extent of contamination in

the Offpost,Operable Unit, to determine risk to humans and the environment,

and to plan remedial measures, an RI/FS program was developed as described

in the Task 39 Technical Plan (ESE, 1987e, RIC#87204R15) and the Technical

Program Plan (TPP) (ESE, 1988, RIC#88131ROl). The program is consistent

with the Comprehensive Environmental Response and Compensation Liability Act

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

(SARA), and not inconsistent with the National Contingency Plan (NCP) and

guidance by the U.S. Environmental Protection Agency (EPA) that is not

inconsistent with CERCLA, SARA, and the NCP-

Because this report only summarizes RI activities, the following technical

approach concentrates on the RI portion of the RI/FS program. Separate

reports will document EA and FS activities. The potentially contaminated

media of concern in the Offpost Operable Unit are water, sediments, biota,

and air. The evaluation of soils as a potentially contaminated media of

concern in the Offpost Operable Unit will be addressed in the EA. The

primary migration pathways appear to be ground and surface waters. For this

reason, the RI activities concentrate on the evaluation of these pathways

although all media pathways are addressed in the RI.

The ground water and surface water data presented in this report are

considered sufficient to define the genral nature and extent of

contamination and to conduct an EA/FS for these media. Additional data

collection for these media, particularly for ground water downgradient of
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the NWBCS, will be outlined in a plan for a Supplemental Technical

Investigation (STI). The results of the STI will be incorporated into the

remedial design and provided as a part of preliminary design documents.

The offpost program was developed to supplement data from the Offpost CAR

and to more specifically define the extent and concentrations of

contamination that has migrated to the Offpost Operable Unit. For the

evaluation of ground water, the placement of the well and borehole network

was designed to meet the following objectives:

" Further definition of offpost geology;

" More specific delineation of known contaminated alluvial ground-water

concentrations and plume boundaries;

" Delineation of suspected offpost contaminated alluvial ground-water

concentration and plume boundaries;

" Characterization of Denver Fm ground-water quality in contaminated

areas near the RMA boundary;

" Characterization of the extent and quality of discharge from Denver Fm

aquifers to the alluvium in areas downgradient of the RMA northern

boundary;

" Characterization of ground-water quality in population centers and

other locations of ground water used by humans, crops, and livestock;

" Description of the aquifer systems affecting contaminant transport;

and

" Definition of aquifer characteristics necessary for input into ground-

water models and for evaluation of remedial action alternatives.

The monitoring program for the offpost area involved elements of the

evaluations in the boundary systems monitoring tasks (Tasks 25 and 36).

Ground-water sampling methodology and techniques conformed to USATHAMA

Ceotechnical Requirements with respect to decontamination, collection,

preservation, shipment, and chain-of-custody requirements.

Additionally, surface water and sediment samples were collected in the

offpost area in order to define contaminants in these media. Samples were

collected in surface features that were suspected pathways for migration of
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onpost contamination to the Offpost Operable Unit. These features included

streams9 creeksy impoundments, and lakes. The data were used to evaluate

contamination in surface waters and sediments as well as to evaluate surface

water and ground-water interaction.

Biota and air quality conditions were evaluated using onpost and offpost

information collected during past and current studies. Input from the

Offpost CAR was used to assess transport of contaminants and impacts on

biota in the offpost area from onpost conditions. Likewise, data from the

Air Remedial Investigation Report (ESE, 1988c) were used to assess the

potential for migration of airborne contaminants to the Offpost Operable

Unit.

The water, sediments, biota, and air quality information was organized so

that a comprehensive evaluation of RMA contaminants in all media could be

made in the Offpost Operable Unit. The information collected during the RI

was integrated with historical data as well as data being collected during

other ongoing RMA investigations.

Other media, such as sediments, soils, biota, and windblown dust, were

considered in the planning stages of the RI. Soils and windblown dust were

not thought to represent potential exposure pathways offpost except where

surficial soils are impacted by irrigation with contaminated water.

However, further evaluation of offpost soils and windblown dust will be

conducted to respond to comments from CDH and the EPA. Although data have

been collected to evaluate offpost sediments, additional data collection

pertaining to this media is being planned to address concerns of citizens in

the Offpost Operable Unit and comments from CDH- Biota studies were

conducted to determine whether potentially contaminated species could

migrate from near source areas onpost to the Offpost Operable Unit.

Although one species was identified as an exposure pathway and will be

addressed in the EA/FS report, additional evaluation of biota will be

conducted to respond to EPA comments. All data collected pertaining to

these medial will be provided in addenda to the RI report.
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In conjunction with the RI data collection activities, a preliminary

evaluation of applicable or relevant and appropriate requirements (ARARs)

for RMA contaminants found in the offpost area was made. This was conducted

as an initial step in the EA process in order to make a preliminary

evaluation of the significance of the RI data. The contaminant-specific

ARARs are presented in Section 8.0.

1-12



C-RMA-39D/RIARARPT-20.1

12/28/88

2.0 DATA COLLECTION AND ANALYSES

The data collection efforts under the offpost RI were an extension of work

performed over the past several years in the Offpost Operable Unit. Because

of the extensive ground- and surface water data base that existed previous

to the initiation of this study, the first step in the data collection

effort was to compile and analyze data and results from past and ongoing

programs. This work involved reviewing all pertinent information on file at

the RIC and the Program Managers PMO-RMA, and interviewing technical experts

in the PMO-RMA, U.S. Corps of Engineers (COE), U.S. Army Engineer Waterways

Experiment Station (WES), EPA, and other agencies with a knowledge of the

Offpost Operable Unit.

The review of past studies provided the data to evaluate wells that have

been sampled in the past, utilize results from previous aquifer tests,

analyze historic onpost and offpost contaminant plumes, and examine and

develop an overall geologic and hydrologic understanding of the offpost

area. Additionally, biota and air quality information was reviewed in the

offpost area and was used to assess the human and environmental systems that

may be at risk and to define airborne pollutant pathways.

As a result of the review of the past and ongoing programs, limitations to

the ground-water, surface water, and sediment data bases were identified.

For this reason, the primary focus of the Task 39 data collection program

was oriented to the water and sediments media. The following section

explains the objectives of the monitoring program and the procedures used to

collect and analyze data.

Data collection consisted of compiling new hydrogeologic and contaminant

data relevant to the offpost area. Data were obtained by drilling new wells

and borings, collecting ground water and surface water quality samples,

measuring ground-water levels and surface water flows, conducting aquifer

tests, and obtaining sediment samples for analysis. An overview of the data
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obtained, the rationale for the various investigations, and the techniques

used to obtain information in the field are described in this section of the

report.

An overview of the environmental setting in the Offpost Operable Unit was

presented in the Task 39 Technical Plan. The plan provided a preliminary

description of the area geology, hydrogeology, and preliminary siting

rationale for well installations and borings. Detailed assessments-of

ground water, surface water, and sediment conditions offpost of RMA,-which

incorporate all data collected under current programs, are presented in

Sections 3.07 4.0, and 5.0 of this report, respectively.

2.1 GRQUUD=k[AILE-MQN12:QRINC--ERQGRAM

There were three primary objectives of the ground-water monitoring program.

The first was to delineate suspected offpost contaminated alluvial ground-

water plumes downgradient of the RMA north boundary. This included further

definition of the known contaminant plume extending northwestward from the

northern boundary along the inferred First Creek paleochannel described in

the Offpost CAR (ESE, 1987a, RIC#87202ROl). It also included determining

whether contaminant plumes extend from the RMA north boundary to remote

areas directly north of RMA where isolated detections of several RMA

contaminants such as DIMP and DBCP have been documented.

A second major objective of the monitoring program was to assess the quality

of ground water in Denver Fm aquifers downgradient of the RMA north

boundary. Of particular concern was whether these units were acting as

contaminant migration pathways which bypass the North Boundary Containment

System (NBCS). The data from these wells were also used to determine

whether ground water from the Denver Fm may be contributing to alluvial

aquifer contamination. This possibility is being addressed in the Task 39

study because many of the Denver Fm units are projected to subcrop and

discharge water into the alluvial aquifer immediately downgradient of the

RMA northern boundary.
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The third major objective of the monitoring plan was to supplement existing

wells downgradient of the Northwest Boundary Containment System (NWBCS).

Although the primary plumes onpost extend from source areas to the north

boundary, additional monitoring was needed to substantiate an apparent

absence of contamination in the offpost area downgradient of the NWBCS.

To accomplish these objectives, monitoring wells were completed in both the

alluvial aquifer and sandstones of the Denver Fm. Alluvial wells were

installed primarily to the north of the RMA north boundary in Sectioms 13

and 14. Several wells were also installed downgradient of the NWBCS.

Cluster wells were installed to assess the potential for vertical flow

between the alluvial and Denver Fm aquifers. These sites consisted of one

alluvial well paired with one or two Denver Fm wells. At sites with two

Denver wells, the wells were completed within the first and second sandstone

aquifers encountered during drilling.

The installation of Denver Fm monitoring wells were concentrated within an

area immediately north of RMA and between 96th Avenue and Colorado Route 2.

The Denver wells were installed in this area to assess the ground-water

quality in Denver sandstones which subcrop offpost of RMA and are the

uppermost units onpost. The following sections describe the ground-water

monitoring program by explaining the rationale in selecting monitoring

locations and by documenting the sample collection and analyses procedures.

2.1.1 MONITORINC NETWORK AND RATIONALE

The Task 39 Technical Plan describes the initial thought process for

selection of ground-water monitoring locations. The selection of new

monitoring locations was based upon an initial review of the existing

monitoring network. Each existing well utilized in the monitoring network

was carefully examined to determine the relationship between screened

intervals and hydrogeologic setting. The primary objective of this review

was to confirm the specific hydrogeologic unit that each well was

monitoring. Upon examination of the alluvial well network, it was found

that some of these wells extended into the Denver Fm beyond the 1 to 2 feet

(ft) currently specified for construction of RMA alluvial monitoring wells.
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Although the overwhelming majority of these wells were thought to yield data

representative of alluvial water chemistry and water levels, wells producing

ground water which might be partially representative of Denver Fm

characteristics were identified. This work was conducted to generate

accurate products such as potentiometric surface and contaminant

distribution maps for the alluvial and Denver Fm aquifers.

All monitoring wells were assigned a designation category based upon whether

data collected from them were believed to be representative of the alluvial

aquifer, Denver aquifers or a composite of both. The percentage of screen

length intersecting the Denver Fm and alluvial aquifer units was determined

and compared to the approximate transmissivity of each strata encountered

within the screened interval.

After performing a preliminary review of the well completion and lithologic

data, five well designation categories were generated. These

designations, identified by Categories 1 through 5, are described in detail

in Appendix A. A general description of the numbered categories is provided

below:

0 Ca_tR4oxX__L - These wells were considered strictly alluvial wells.

Wells assigned to this category were screened across the alluvium

and extend less than 3 ft into fine-grained bedrock. The majority

of alluvial wells in the Offpost Operable Unit were designated as

Category 1 wells.

" C-a-tegory-2 - These wells were considered alluvial wells, but are

either screened 3 ft to 6 ft into fine-grained bedrock, or have a

minor percentage of the screened interval in direct contact with a

subcropping bedrock sand zone.

" C"Pagory-3 - These wells had a significant percentage of the

screened interval within the Denver Fm, but because of the

relative transmissivity of the alluvial and Denver materials

screened, water levels and water chemistry were believed to be

mostly indicative of the alluvium.

" Catagory__ýL - These wells also had a significant percentage of

their screened interval within the Denver Fm- Because of the
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similar transmissive characteristics of the alluvial and Denver Fm

materials screened at these sites, these wells were thought to

represent a composite of Denver and alluvial water levels and

water chemistry.

0 Catagorv__5 - These wells were screened entirely within the Denver

Fm.

All data from wells categorized as 1 through 4 have been considered in the

generation of alluvial water table and contaminant distribution maps-.

Similarly, data from wells designated as Categories 4 and 5 have been

evaluated for inclusion into Denver Fm work products. Denver wells are

further delineated in Section 3.2 as to the specific sandstone unit in which

they were screened.

2-1-1.1 Allumial-Aqui1er anitor_ing_L1.e1.war_k

The alluvial monitoring network developed for this study is shown in Figure

2.1-1. This map shows all existing and newly installed wells and indicates

whether they were used to monitor water quality and water levels, or only

water levels. Three domestic alluvial wells are also plotted and were used

to supplement the network used to describe chemical distributions. The

aquifer designation number assigned to each well is provided In Table 2.1-1.

All alluvial wells installed under the current Composite Well Program (ESE,

1987b, RIC#88104RO4) in the Offpost Operable Unit are shown in Figure 2.1-2.

All alluvial wells were installed in accordance with the Task 39 Draft Final

Technical Plan. Boreholes for well installation in the alluvial aquifer

were drilled using hollow-stem augers. At new water quality well sites,

continuous samples were collected in polybutyrate tubes for logging as the

augers were advanced during drilling. Water quality wells were completed

inside the hollow-stem augers across the entire saturated thickness of the

aquifer. A typical alluvial well completion is shown schematically in

Figure 2.1-3.
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Table 2.1-1. Aquifer Designations for Wells in Offpost
Operable Unit (Page 1 of 2)

Well Aquifer Designation Well Aquifer Designation
No. Category No. Category

37304 1 37356
37306 1 37357 1
37307 1 37358 1
37308 4 37359 1
37309 1 37360 1
37310 5 37361 1
37311 1 37362 1
37312 1 37363 1
37313 5 37364 2
37316 5 37365 5
37317 5 37367 5
37318 5 37368 1
37319 5 37369 1
37320 5 37370 1
37321 5 37371 1
37322 5 37372 5
37323 5 37373 5
37327 1 37374 1
37330 1 37376 1
37331 1 37377 5
37332 1 37378 1
37333 2 37379 1
37334 3 37380 5
37335 1 37381 5
37336 3 37382 2
37337 2 37383 3
37338 1 37385 1
37339 1 37386 1
37340 2 37387 1
37341 1 37388 5
37342 1 37389 5
37343 2 37390 3
37344 1 37391 5
37345 1 37392 1
37346 1 37395 1
37347 1 37396 1
37348 1 37397 1

37349 1 2

37350 2

37351 1
37352 1

37353 1

37354 1

37355 1
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Table 2.1-1. Aquifer Designations for Wells in Offpost Operable Unit.
(Page 2 of 2)

Note: 1 Alluvial well with screen < 3 ft into claystone bedrock.
2 Alluvial well with screen 3 to 6 ft into claystone bedrock.
3 Screened mostly in Denver Fm but due to relative

transmissivity of the alluvial and Denver materials, screen

considered to be representative of alluvial water levels and

water chemistry.

4 Composite of Denver and alluvial water levels and water

chemistry

5 Screened entirely in Denver Fm-

Source: ESE, 1988.
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Each alluvial borehole was logged during drilling by ýhe drill site

geologist. Soil descriptions and depths contained on the logs conform to

the requirements and procedures outlined in the Task 39 Draft Final

Technical Plan. All logs and well completion diagrams for each site are

presented in Appendix B.

The Universal Transverse Mercator (UTM) coordinates and specific well

completion data at each new drill site location are provided in Table 2.1-2.

The general well locations, descriptions of the geologic conditions -

encountered, and siting rational are discussed for each well in Appendix C.

2-1-1.2

The Denver monitoring network developed for this study is shown in

Figure 2.1-4. This map shows all existing and newly installed wells and

whether they were used to monitor water quality and water levels, or water

levels only. All Denver Fm wells installed under current drilling programs

in the Offpost Operable Unit are shown in Figure 2.1-5. All Denver Fm wells

were installed in accordance with the guidelines of the Task 36 Final

Technical Plan (ESE, 1988b, RIC#88063RO8).

Boreholes for bedrock wells were drilled using direct water-rotary drilling.

Before well installation, pilot coreholes were drilled and logged at all

sites to determine lithology and facilitate well construction. Downhole

geophysical loggings, including spontaneous potential, natural gamma, and

resistivity, were performed at each corehole to further define lithology and

to help determine appropriate intervals for well completion. All corehole

and geophysical logs are provided in Appendix B.

Precautions were taken for all bedrock wells to prevent the possibility of

cross-contamination between aquifers. The alluvial aquifer was sealed from

lower aquifers by grouting conductor casing in place before drilling into

bedrock. Similarly, upper Denver Fm aquifers were sealed from lower Denver

aquifers by telescoping smaller conductor casing in place before drilling

further into the Denver Fm. During well completion, lower units were

isolated from upper units by placing a 5-ft bentonite plug above the well

2-11
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Tahle 2.1-2. CffTletim Data for N(ý. Alluvial Wells

Location Cnordimites Graind Level Elevation Scre.-n Too of Ton of Depth to

Site well Ulm Elovation* Top of PVC* Intprval** Rpntoni tý*k SITK" Redrocký

R.+ýr Ntrivr North Fast (ft) (ft) (ft/8GL) (ft) (ft) (ft/W;L)

E-18 37374 44134(0.0 511822.4 5,117.97 5,120.03 9.0-25.0 5.0 8.0 26.0

E-39 Drv 13477.8 512358.2 5, 1 V4.62 N/A N/A NIA NIA 18.0

E-40 37370 4413610.4 512595.7 5,117. -K) 5,119.89 4.5-26.0 2.0 3.0 26.0

E A2 37369 414134,8.2 5131)23.6 5,172.09 5,124.70 4.0ý29.5 2.0 1.0 25.5

E44 37373 4413808.5 512613.1 5,112.28 5,114-57 4.5-25.5 2.0 3.5 25.0

F. 4A 37399 46 1 3R 13.9 512(01.9 5,112.36 5,114-53 3.5-24.0 1.5 2.5 23.5

E -1w. 37399 1.413919.8 512591.8 5,112.5() 5,114.97 4.0-V4.0 0.5 2.0 23.0

E4.6 37377 41,14n 16. 7 513568.6 5,136.67 5,139.24 23.0-39.0 18.0 22.0 '49.5

F-11. 7 37378 4414015.2 513956.5 5,137.73 5,140-07 214.0-35.0 19.0 23.0 35.0

E-50 37396 4414111.7 512387.9 5,1()8.9 5,110.48 7.5-28.5 1.50 3.5 28.5

Fý 52 37397 4415064.0 513132.0 5,115.6 5,117.36 18.5-35.0 9.0 14.0 32.0

F-53 37367 4414828.1 513554.7 5,119.0 5,120.05 11.5-38.5 4.0 8.0 39.5

E-53 3700 441480.0 513553.5 5118.36 5,120-06 16.5-41.5 7.5 Mn 38.5

E-53 37401 W. 14852.6 513551.5 5,117-92 5,119.42 17.0-42.0 1.0 q.0 41.0

E-55 37382 4412393.0 51(Y433.2 5,121.82 5,123.40 33.5-50.0 23.5 28.5 44.0

Fý 58 37368 41#15307.6 513146.2 5,108.83 5,110.44 18.0-34.5 8.0 13.0 34.0

E-59 37395 4415381.3 513516.5 5,116.2 5,117.86 18.5-45.0 6.0 11A 44.50

E-63 37389 4M396.0 5M35.6 5,128.03 5,129.38 8.5-35.0 3.0 7.0 ?3.5

E- 64 Dry 414 jdn 1 .8 513149.3 5,131.95 N/A N/A N/A NIA 20.5

E-65 37391 44 137 70. 0 512155.9 5,110.73 5,112-04 7.5-28.5 3.0 4.0 29.0

F 66 37V6 4412278.8 510743.6 5,117.69 5,1 V.. is 19.5-50.5 10.0 35.0 50.0

E-67 17385 44 123V..9 "934.0 5,115.13 5,116.0 'r.0-51.5 19.0 74.0 51.0

E-73 173ql 404015.6 511193.2 5,116.77 5,138.53 19.54.1.0 1n.0 15.0 4n.o

E-74 37392 4V. 14012.7 513737.9 5,135.81 5,117.(Y) 13.0-2q.5 I.S 8.5 2ft. 0

E-75 Drv 4414827.1 513231.3 5,122.29 N/A N/A N/A N/A 13.0

F-76 37383 4414828.8 513719.7 5,121.05 5,122.37 17.5-39.0 7.5 12.5 5().0

Sj"eypd elevationq.

Scr-ýnM intervAq, depth to beirock, and w1l comlotion ctita ro-W tn + 0.5 ft. SO, - B,I,- r.r.-I 1ý,J.

N/A - M4 Appfi-bl- N,, -It

KSF, I'mm.
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sand pack. These two precautions provide assurances that the water samples

and water levels obtained from Denver Fm wells are indicative of the desired

water bearing zone and that cross-contamination will not occur as a result

of well installation.

Several different Denver well completion designs were described in the Task

39 Draft Final Technical Plan for each of the unique hydrogeologic

conditions expected at the site. The two most prevalent well completion

designs were those for first and second sandstone wells where the sandstones

were geologically distinct from overlying and underlying aquifers. These

two completion designs are shown in Figures 2.1-6 and 2.1-7. Typical

completion details for Denver wells are shown in the schematic of Figure

2.1-6.

The UTM coordinates and specific well completion data at each site are

provided in Table 2.1-3. The general site locations, descriptions of the

geologic conditions encountered and siting rational are discussed for each

drill site location in Appendix C.

2.1.2 GRQUND-WAIER-MOMRIUC

The water level and water quality monitoring programs were designed to

provide the water chemistry and hydrologic data required to support the

offpost RI. An overview of the water level and water quality monitoring

program, along with the analytical program, is provided below.

2.1-2.1 WzIrr_Lr.YeI_MQniIor_in&

Water levels were measured at each of the network wells within the Offpost

Operable Unit as shown in Figures 2.1-1 and 2.1-4 for the alluvium and

Denver Fm, respectively. These measurements were obtained during the spring

Ord quarter-May, June) and summer (4th quarter-August, September) of 
1987.

Water level measurements were coordinated to obtain data in the shortest

possible time span. This was done to approximate an instantaneous set of

measurements for each period so that resulting potentiometric maps are

indicative of a distinct point in time. All water level measurements were

2-15



Co

Cement
Ground Surface

Unsaturated Alluvium
Outer Gtoul-t-%ý.

C3

Water Table 0

zt
Conductor
-Casing Saturated Alluvium

Bedrock Contact

Inner Grout
Shale. Mudstone Or
Siltstone

Bentonite

Sand Pac First Sandstone

0

Shale, Mudstone, Or
Sillstone

CENTRALIZERS WERE PLACED ON ALL BLANK CASINGS
AT INTERVALS OF NO MORE THAN 40 FEET.

Figure 2.1-6 Prepared for:

GENERALIZED BEDROCK AQUIFER MONITOR WELL CONSTRUCTION U.S. Army Program Manager's Office

(DENVER FM. WELL COMPLETED IN FIRST SANDSTONE ALLUVIUM For Rocky Mountain Arsenal
SATURATED. SHALE AT THE ALLUVIAL- BEDROCK CONUCT). Aberdeen Proving Ground, Maryland

SOURCE: ESE, 1988



Cement

Ground Surface

Unsaturated Alluvium
Outer Grout----*-. :E

Water Table 00iz
0

Outer Conductor Saturated Alluvium
Casing

j1* -A '014 A' Bedrock Contact

Shale, Mudstone, Siltstone

tE
Z,- coMiddle Grout

First Saturated ca
_7 -7 Sandstone 0-

a:
Innei Cond6c 0'r' Inner Grout
Casing.

7=--- Shale, Mudstone, Siltstone
-Benlonite-

ca
Sand Pack Second Saturated

Sandstone to co

a:
p

Shale, Mudstone, Siltstone ---------

CENTRALIZERS WERE PLACED ON ALL BLANK CASINGS
AT INTERVALS OF NO MORE THAN 40 FEET.

Figure 2.1-7 
Prepared for:

GENERALIZED BEDROCK AQUIFER MONITOR WELL CONSTRUCTION U.S. Army Program Manager's Office

(DENVER FM. WELL COMPLETED IN SECOND SANDSTONE ALLUVIUM For Rocky Mountain Arsenal

SATURATED, SHALE AT THE ALLUVIAL-BEDROCK CONTA6T). Aberdeen Proving Ground, Maryland
SOURCE: ESE, 1988



06/06/88

Table 2.1-3. Ccvpletim Data for New Denver Wells

Location Coordinates Ground Level Elevation Screen Top of Ton of Depth to

site Well Ulm Elpvation* Top of PVC* Interval** Bentmite** ."A*k Bedrock**

A erber Arber North Fast ft) (ft) (ft/BCL) ft) (ft) (ft/BGL)

E- 34 17376 41,13227.2 513943.9 5,136.65 5,138.07 40.5 - 51.0 34.5 3q.0 il.0

E-38 37379 44IY470.3 511831.2 5, 11 8.,-f) 5,120.21 39.5 - 55.5 13.5 3S.0 27.0

E-3R 373R) 41. 1 V#80. 9 51 IM 1 .2 5,119.00 5,120.22 64.5 - 75.0 5(..n 59.0 27.0

E-39 37387 44IY477.8 512358.2 5,135.24 5,137.07 37.0 - 43.0 28.0 32.5 17.0

Eý 19 373,R8 4413490.3 512358.4 5,135.40 5,137.03 70.0 - 86.0 60.0 64.0 17.0

E-40 37371 4413607.5 512586.5 5,117. Y4 5,119.91 28.5 - 39.0 23.0 27.5 26.0

E-40 37372 4413610.1 512577.4 5,117.47 5,119.41 61.5 - 88.5 56.0 60.5 26.0

E-46 N/A 4414016.7 513568.6 5,316.67 N/A NIA NIA NIA 39.5

E-63 37390 4413412.6 513416.7 5,127.37 5,128.% 40.0 - 46.0 Y4.0 39.0 23.5

E-69 N/A 4413264.8 512760.9 5,140.07 NIA N/A NIA N/A 27.0

E-73 N/A 4414015.6 513383.2 5,135.49 N/A N/A N/A N/A 40.0

E-74 N/A 41414012.7 513737.0 5,114.93 NIA N/A NIA N/A 28.0

S.'r-yrd elvatims.
00 Scree.ninp intervals, depth to bedrock, ýmd well coupletion data rounded to + 0.5 ft. BGL Below Crowd Level.

N/A - Not Applicable. No well ccxTleted at this site.

S,ýrc,: ESE, 1988.
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obtained in accordance with the methodology and techniques described in the

Technical Plans for Task 4 (ESE, 1986a, RIC#87013R01) and Task 39.

2 .1.2 - 2

Water quality sampling was conducted during the spring and summer of 1987

under this program. However, offpost water quality data collected from

other programs exist since December, 1984. The water quality wells within

the study area are shown in Figures 2.1-1 and 2.1-4 for the alluvial aquifer

and Denver Fm, respectively. The spring and summer 1987 sampling events

were coordinated to obtain all applicable water chemistry data in the

shortest possible time frame. Water sampling was performed in accordance

with the technical guidelines outlined in the Technical Plans for Tasks 4

and 39. Adherence to these guidelines established uniform procedures by

which samples could be consistently collected to accurately reflect the

water chemistry from the hydrologic zone of interest.

Several specific objectives of the water quality monitoring network were

established at the outset of this program. The primary objectives were to:

" Further define specific chemical concentrations and distributions

in the alluvial aquifer in the Offpost Operable Unit;

" To define water chemistry in the Denver Fm near highly

contaminated alluvial areas to assess potential contaminant

transport between aquifers.

2.1.3 ANALYTICAL PROGRAM

Analysis of water quality samples were conducted jointly by ESE laboratories

in Gainesville, Florida and Denver, Colorado. Both laboratories underwent a

series of rigorous U.S. Army Toxic and Hazardous Materials Agency (USATHAMA)

certification procedures designed to ensure accurate and precise

determination of the analytes of interest. The laboratories also

implemented USATHAMA Quality Assurance procedures to continuously monitor

the quality of these data. These steps assured that the Army was provided

with reliable and statistically supportable chemical data regarding the type

and level of contamination in ground water offpost of RMA. A detailed
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discussion of analyst certification and quality assurance criteria is

presented in the Task 4 Technical Plan.

The analyte schedule for the Offpost Operable Unit well network was

determined in coordination with ongoing monitoring programs at RMA. These

programs have identified the primary contaminants present in the ground

water that have been targeted for analysis in all Army monitoring programs.

The target analyte list has been updated periodically to incorporate

additional analytes at the request of the memorandum of agreement (MOA)

parties and the State.

The analyte schedule for the offpost RI was chosen in September 1986 based

upon evaluation of all applicable monitoring data. In particular,

contaminant distribution data from the Final Screening Program, Task 4 (ESE,

1988, RIC#88034RO3), and the first quarter results from the Boundary Control

Systems Assessment Remedial Investigation (ESE, 1988, Draft), Task 25,

(August through September, 1986) were used to define which organic and

inorganic compounds may be present offpost of RMA. Data from these tasks

were the most recent ground-water quality data available at project

initiation.

Based upon these evaluations, all RMA target organic analytes certified for

water at that time were incorporated into the analytical schedule for the

Offpost Operable Unit. All target inorganic analytes were also analyzed in

the offpost monitoring program. Field measurements of pH, temperature, and

conductance were taken to aid in obtaining representative water samples and

in assessing the potential communication between aquifers. Table 2.1-4

contains the final list of analytes, sample holding times, a reference to

the specific methods utilized for each parameter, and method CRLs for the

ESE laboratories in Denver and Gainesville.

Certified Reporting Limits, as employed by USATHAMA, are used to define a

range of analyte concentrations over which a given method can generate

analysis results with well defined accuracy and precision. The lower CRL of

a USATHAMA method corresponds to the classical analytical chemistry term of

2-20
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Table 2.1-44. Chomical Analyses Offpost Operable Unit Analytical PrWam (Pape I of 2)

certified
Re.partirw

level of Reference RKA Analytical Limit

Analysis/Analytes Hold Tine Certification Methods Method Method 09/1)

GW DER GW DER

Ory,anochlorine Pesticides Quantitative EPA 608 SS MMSA CAP-OC/ECD

Aldrin Extract as 0.0700 0.OP3O

Endrin quickly as 0.0520 0.0600

DieMrin poýsible (no O.OFIOO 0.0540

Isodrin more than 7 0.06M 0.0560

Nexachlorocyclopentadiene days). Analyze 0.0700 O.OF'0

p.p'-DDE within 30 days 0.05on 0.04,6n

P, p,-DDT of extraction. 
n.0700 0.0590

Chlordane 
0.1520

Volatile Organobalogens Quantitative PTA 601 YS TIS PACK-M/Hall

Chlorrhenzene 14 days 0.58 1.40

Chloroform 14 days 1.40 1.90

Carbon Tetrachloride 14 days 
1.40 1.70

trans-1,2-Dichlaroethylene (12DCE) 14 days 1.70 1.90

Trichloroýthylenp (TRCLE) 14 days 
1.20 1.30

Te.tracblorm.thylene (MEE) 14 days 1.10 2.8n

I,I-Dichloroethylene 0IDCE) 14 days 
1.10 1.85

I,I-Dichtoropthane (IlDCIE) 14 days 1.20 1.9r)

1,2-Dichloroethane (12DCLE) 14 days 
0.61 2.10

1,1,1-Trichloropthane (11ITCE) 14 days 
1.70 1.10

1,1,2-Trichloroethane (121M) 14 days 
1.00 1.63

Mpthylene Cbloride 14 days 
5. ry) 2.50

Organosulfur CaVounds Quantitative EPA 609 us PPSA PACK-M/FFD-S

P-Chlorophe.nylmethyl sulfane Extract as

(CM902) quickly as 
4.70 2.24

P-alcyrophenyluethyl sulfoxide possible (no

(MM) more than 7 days). 
1. 30 1.98

P-ailorophenybnethyl sulfide Analyze within 30

(CFM) days of extraction. 
4.20 1.08

1,4-Dithiane 
1.10 3. Y4

1,4-Oxathiane 
2.OD 1.15

Dimthyidisul fide (EM) 
1.80 1.20

Bermothiazole 
2.OD 1.2D

Volatile Aram tics Quantitative EPA 602 W SS8 PACK-M/PM

Toluene 14 days 
1.21 2.10

Benzene 14 days 
1.34 1.92

Xylene 00 14 days 1.35 IJY4

Xylene (o,p) 14 clays 2.47 1.34

Ethylbenzene 14 days 
I.OD 0.62
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Table 2.1-4. Cliemical Analyses - Offpost Operable Unit Analytical Program (Page 2 of 2)

Certified
Reporting

Level of Reference RM Analytical Limit

Analysis/Analytes Hold Tine Certification Methmq Method Method (UP/1)

CW DEN CW DEN

rOV/411V QuAnti tat iýe EPA 6M Za R8 CAP-0C/FM

DicVC1ýP"ItAli,ne FxfrACt Aq 5.17 9.31

M. r1,0iAA.,tVl 1,1ý. (MI120 (11. i C11 I Y AR 5. X 12.9

posaible (no

n)re tivin 7
days). Analyze
extract within
10 d.1ys of

extraction.

DMI/rit-T Quantitative EPA 622 78 PACK-GC/FPD-P

DiiýnprvpylwthvI phosphmite Extract within 7 10.00 mi
Dim,,thylme.thyt pho,phnnate days of smoling. 15.20 16.3

Analyze within 30
days of extraction.

DnrP Quantitative V8 Q8 CAP-GC/FCD

Dibrmmhloropropane 14 days 0.112 0.130

lwreanics quantitative EPA 3M XB NNB

Cliloride 28 days Ion Chrnmtmrarhv 4,8M 1,5qO

fluoride 28 days Ion Chromatoerapýw 1,20n I'(W

S,,Ifate 28 days Ion Chrnmar(vrAphy In,ono 5,GW

Nitrate 28 days EPA 353.2 XB Auto Analyzer-CW 10.0 -

Metals
Arsenic 6 months Quantitative EPA 206 AS W8 AA-Hydride Furnace-(W 1.90 2.50

AA-Graphite Furnace-DW

calcium 6 months Quantitative EPA 200.7 B8 ICAP 500 -

Scdi.n 6 months ICAP 764 -

Magnpqiuýn 6 monthý ICAP 5on -

Zinc 6 months ICAP 20.1 -

Cadmium 6 months ICAP 5.16 -

La,id 6 mnnths ICAP 18.6 -

Chromium 6 months ICAP 5. % -

Copper 6 month ICAP 7.91 -

Potassium 6 month: Quantitative EPA 258.1 AA8 XKB Fl,ý-AA I'm 590

Mercury 28 days Quantitative EPA 245.1 LB WA Cold Vapor-DW
Auto Analyzer-(NV O.X2 0.5

Source: UE, 1988-
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Limit of Quantification (LOQ). It is possible to detect the presence of an

analyte at concentrations that are below the lower CRL, but the

quantification of the analyte at these concentrations is subject to

potentially large errors. Analyte concentrations above the lower CRL have

well defined accuracy and precision values that can be used to gauge the

significance of the analytical data generated for this project. Since these

analytical data are to be used in support of RI/FS engineering efforts, the

reliability and accuracy of these data are of paramount importance. For

this reason, the use of CRL's rather than "Limits of Detection" was required

for the reporting of analytical data.

2.1.4 AQUIFER TESTS

Aquifer tests were conducted in the Offpost Operable Unit to further

characterize aquifer parameters such as transmissivity, hydraulic

conductivity, and storativity in the alluvial and Denver Fm aquifers.

Pumping tests were performed and analyzed for the alluvial aquifer to obtain

estimates of aquifer parameters along the major flow paths emanating from

the RMA north boundary. Slug tests were used to estimate hydraulic

conductivity for Denver Fm sandstone units identified downgradient of the

RMA north boundary. A brief description of the test locations, field

testing methods, and data analysis techniques is provided below.

2 .1.4 -1 Eumping-lasla

Two pumping tests were proposed for the alluvial aquifer in the Offpost

Operable Unit. These tests were to be performed on monitoring Wells 37373

and 37367. Well 37373 is approximately 2,000 ft north of 96th Avenue and

about 1,500 ft west of Peoria Street. First Creek is approximately 20 ft

south of the well. Well 37367 is approximately 10 ft north of 104th Avenue

and about 900 ft east of Peoria Street. Testing of Well 37373 was postponed

because of flow in First Creek. Testing during periods of flow in First

Creek may have yielded data not representative of the alluvial aquifer zone

near the well.

Pumping tests were performed at Well 37367 during the week of April 11,

1988. Three tests were conducted at Well 37367: a step test, a constant-
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rate test, and a recovery test. The step-test was used to provide data to

select a pumping rate appropriate for the constant-rate test. Analysis of

the step-test data also supplied an estimate of potential well losses. Data

from both the constant-rate and recovery tests were used to estimate aquifer

parameters, as well as to assess potential effects of delayed yield and

nearby aquifer boundaries.

The step-test consisted of three 60-minute constant-rate discharge periods

at varying discharge rates. The initial discharge rate was 10 gallons per

minute (gpm), and subsequent discharge rates and number of steps were

determined based upon available drawdown. The well was allowed adequate

time to recover before further testing was performed.

The constant-rate test was performed for 24 hours. The test was conducted

at a rate of 32.3 gpm. This rate was determined from the step-test data as

the rate that could be sustained over the duration of the test. Recovery

was monitored when the pump was shut off. Monitoring was continued until

water levels recovered to 90 percent of their former level. Recovery only

required 4 hours at the site.

Two observation wells were installed 40 ft and 80 ft to the north of Well

37367. The observation wells had screened intervals similar to that of the

Well 37367. The pumped well and the two monitoring wells were monitored

during the tests, in addition to monitoring before the start of the test to

provide background data. The wells were monitored with pressure transducers

and an In-Situ SE2000 datalogger. Data were collected at logarithmically-

spaced time intervals. The smallest time intervals were at the beginning of

the test, when changes occurred most rapidly. The time intervals between

measurements increased as the test proceeded until a maximum interval of 30

minutes was reached. After the tests were completed, data from the data

logger were transferred to computer for analysis. Additionally, barometric

pressure was monitored during the test period to estimate barometric

effects, if any, on the well. Corrections were made as necessary to the

data to account for barometric fluctuations.

2-24
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A 50-gpm submersible pump was used for the pumping test. During testing, a

calibrated flow meter was placed in the discharge line and discharge rates

were monitored frequently throughout the testing period. All discharge

water was pumped to three 20,000-gallon (gal) tanks that were left on site

for the duration of the tests. Subsequently, discharge water was pumped

from the tanks and transported by tankers to the South Adams County Water

and Sanitation District (SACWSD) sewage treatment facility at 97th Avenue

and Monaco Street.

Values for transmissivity (T) and storativity (S) were determined from

pumping test,data by solving the differential equation applicable to the

transient flow conditions near the pumped well. Three different methods

were used for analysis of the test data. These methods are the unconfined

aquifer type curve method (Prickett, 1965), the modified non-equilibrium

method (Jacob, 1950) and the residual drawdown method (Theis, 1935). The

results of the testing and analysis are provided in Section 3.2 and details

of the analyses performed are provided in Appendix D.

2.1-4.2 Slug__Teals.

Slug tests were performed on all newly installed Denver Fm wells in the

Offpost Operable Unit as shown in Figure 2.1-5. These tests were conducted

to obtain order-of-magnitude estimates for hydraulic conductivity for the

Denver sandstone units identified in the offpost area downgradient of the

NBCS. Slug-in and slug-out tests were conducted on all wells to provide two

hydraulic conductivity values for comparison.

Slug tests were performed by lowering or raising the water level in the well

by rapidly removing or adding a fixed volume and measuring the resulting

change in water levels with time. A nearly instantaneous rise or decline in

water levels was simulated by displacing a known volume of water by adding

(slug in) or withdrawing (slug out) a stainless steel cylinder. This

cylinder was 10.2 ft long, had a 3-inch diameters and displaced 0.5 cubic*

feet (ft3) of water. The water levels were measured with a 25 pounds per

square inch (psi) pressure transducer and the data recorded on an Envirolab

data logger directly in feet of water above the transducer. The data logger
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allowed measurements to be taken at intervals as frequently as one second.

Figure 2.1-8 is a schematic diagram illustrating the conditions in the well

during a slug-in aquifer test.

Data from the slug tests were evaluated using analytical procedures

appropriate for the field boundary conditions encountered at individual

Denver well sites. The field conditions encountered during drilling and

testing of Denver wells were:

" Confined flow conditions;

" Water bearing sandstones of finite thickness and infinite extent,

with respect to the radius of the wells;

" Fully penetrating well screens; and

" Transient or nonsteady state flow conditions during tests.

The Cooper et al. (1967) method of slug test analysis addresses all of the

above boundary conditions and has been utilized for evaluation of test data

in this study. This solution method is based upon the following

assumptions:

0 The aquifer is homogeneous, isotropic, of uniform thickness and

infinite areal extent;

0 The aquifer is confined;

0 The well is screened throughout the entire thickness of the

aquifer; and

0 Non-steady state flow conditions exist during the test.

For these assumptions, Cooper developed a solution of the basic equation for

transient flow to a well, and prepared type curves to match with field data

to determine transmissivity. The graphs, calculations, and Cooper-type

curves used for the slug test analyses can be found in Appendix D. The

results of the slug tests are presented in Section 3.2.

2.2 SURFACE-VAIER-MQUIMFLING

Monitoring of surface water in the Offpost Operable Unit over the last

3 years has consisted of water quality sampling and analysis and stream

gaging. The water quality sampling program is an extension of a previous
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program conducted by the Army known as the 3600 Program (RMA, 1978,

RIC#81352MO37). This program was developed by the U.S. Army to investigate

the potential for offpost ground-water and surface water contaminant

migration.

The surface water quality portion of the 3600 Program employed the sampling

network illustrated in Figure 2.2-1. The network was utilized in this study

and quarterly sampling was conducted from the winter of 1985 through the

winter of 1987. This network design provides for sampling of all

significant surface channels both upstream and downstream of RMA.

The network shown in Figure 2.2-1 consists of 11 sampling sites. Three

sites were located upstream of RMA and are on the South Platte River

(01CDD), Burlington Ditch (01DCC), and First Creek (08ADD). Since the flows

in O'Brian Canal are diverted from Burlington Ditch, an additional upstream

site on O'Brian Canal was considered unnecessary. Downstream locations for

the O'Brian Canal include a site on Barr Lake (22CAA) and at the Barr Lake

inlet channel (33ABB). The Burlington Ditch downstream site was located

just above the Second Creek confluence (06CBB), and the South Platte River

downstream site (12AAB) was located just west of Brighton. First Creek

sites were also located where First Creek exits RMA at 96th Avenue (13DCC),

and where it terminates at the O'Brian Canal (14BDD). The final site was

located on the O'Brian Canal just upstream of the Second Creek confluence

(07BAA). This site allows for the analysis of O'Brian Canal waters just

downstream of RMA but prior to mixing with water from Second Creek and Third

Creek. The sampling network allows for an examination of the origins of

contaminants found in offpost surface water. Since Second Creek is not

suspected of being a pathway for RMA contaminants, it is only sampled as it

enters the O'Brian Canal (07ABB).

There has not been an extensive surface water gaging network set up for all

surface water features the Offpost Operable Unit. However, several gages

were installed to monitor surface water flows in areas where RMA

contamination was suspected (Figure 2.2-2). First Creek flows are monitored

at gaging stations located where First Creek enters RMA (southeast boundary
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gage), First Creek exits RMA (North Boundary gage), and at a site located

just upstream of its confluence with the O'Brian Canal (O*Brian gage). Data

for the Southeast Boundary gage and North Boundary gage dates back to

October 1985 and data for the O'Brian gage date back to July 1986.

Platte River flows are monitored by the USCS at a site 1,900 ft upstream of

the Sand Creek confluence by the Colorado Department of Water Resources

(CDWR) near Henderson. The Burlington Ditch is also gaged by the CDWR in

the vicinity of its headgate with the South Platte River. The only

downstream gages are located in the O'Brian Canal just upstream of Barr Lake

where the diversion into Barr Lake is located. There are also gages located

on the Barr Lake inlet channel and on the O'Brian Canal downstream of the

diversion structure. These flow data were obtained for the last 5 years to

delineate general flow patterns in offpost surface water features other than

First Creek. The location of these gages is shown in Figure 2.2-2.

2.2 - 1 ACCURACY OF-RF-SULIS

Although the data are considered to be the best collected to date, the

stream flow monitoring was not continuous. The conversion from stream stage

to discharge or lake stage to area or volume is dependant upon stream

rating, stage-volume, and stage-area relationships which are typically not

100 percent accurate.

Cenerally, errors need to be defined for stream discharge calculations,

instrument error, rating curve development, data reduction, and recorder

downtime. The reported accuracy of the Stevens Recorders is 0.05 ft for

stage, and within two hours per week for time. These errors are considered

less significant as those attributable to the data reduction.

Rating curve errors are attributable to both the gaging measurements and

curve extrapolation. The stream gaging measurements used to determine the

discharges at different stages are accurate within 10 percent. Due to the

infrequency of, and the short peaks associated with, flood occurrences at

RMA, verification of extreme discharge events was tenuous. Therefore, the
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rating curves were extrapolated for higher flows using the HEC-2 computer

program as outlined by the U.S. Army Corps of Engineers Water Resources

Support Center Manual, HEC-2 (1982).

Even though a continuous stream discharge record has been generated for the

gaging sites, there have been periods when the gages were not in operation

or the data were considered misrepresentative. The most extensive period

for which the gages were inoperative occurred each winter as a result of

freezing conditions. The gages were shutdown for freezing conditions from

December 3, 1985 to March 4, 1986 and from December 8, 1986 to March 30,

1987. During this period, stream staff gages were read on a weekly basis.

The hourly data were assumed to be a linear interpolation of the weekly

readings. This is generally not a bad assumption because flow conditions

are typically low and constant for this period.

2.3 SEDIMEUI-aAMF-L.IUC-AHD-AUALISTS

As part of the RI, sediments from the surface waters in the Offpost Operable

Unit were collected for analysis to determine the nature and extent of

offpost sediment contamination. Sampling was concentrated in and downstream

of First Creek because First Creek was identified as the primary surface

water pathway for contaminant migration from RMA. The following discussion

summarizes the sampling site locations, field sampling techniques, and

methods of analysis used during the study.

2.3.1 SITE LOCATIONS

Nine sampling sites were selected on the Offpost Operable Unit in First

Creek, O'Brian Canal, and Barr Lake. The locations of these sites are shown

in Figure 2.3-1. Three sites along First Creek were sampled between the RMA

north boundary and O'Brian Canal. The first site, labelled FCS1, was

located 10 to 15 ft downstream of the culvert passing beneath 96th Avenue.

A sample-from the second site, labelled FCIS, was collected from an

impoundment (approximately 8 acres in surface area) located just west of

Peoria Street through which First Creek flows. A field duplicate was

collected at this si-te. The last site on First Creek, labelled FCS2, was
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located 15 to 23 ft downstream of the culvert passing under Highway 2 and

about 250 ft upstream of the confluence with O'Brian Canal.

Sediments at three sites along O'Brian Canal were sampled. The first site,

OBCS1, was originally intended to be immediately upstream of the First Creek

confluence, but due to high water, was relocated to the 96th Avenue bridge,

about one and one-quarter mile further upstream. The second site on O*Brian

Canal, OBCS2, was located at the Highway 2 bridge over a half mile upstream

of its confluence with Second Creek. The last site was just upstream of the

Barr Lake State Park boundary before the headwater gates diverts O'Brian

Canal flow to Barr Lake.

Three sites in Barr Lake were sampled for sediments. Samples from two

sites, BLSNE and BLSC, were collected in the northeast section of the Lake,

and a sample from site BLSSW, was collected in the southwest wildlife refuge

area. Water depths at these sites were 33.8 ft, 28.9 ft, and 24.6 ft,

respectively.

2.3.2 FIELD SAMPLING METHODOLOGY

Two techniques were used for sampling the sediments in lakes and streams.

The techniques selected were based primarily upon expected differences in

texture and biological activity at the different sites. Stream sediments

were collected with a 6 inch x 6 inch Ponar dredge and then passed through a

1 millimeter (mm) polypropylene sieve to remove coarse sand, gravel, and

twigs. Water from the dredged material was used to wet-sieve the samples.

The sieved material was then allowed to settle and the supernatant water

discarded before sample transfer to amber bottles and storage on ice. Loss

of some colloidal material was observed in the discarded water.

Lake sediment sampling was performed using a 1.97-inch diameter gravity

corer fitted with a polycarbonate sample tube. The corer was allowed to

slowly penetrate the sediments, and only those cores with distinct sediment-

water interfaces were kept for sectioning. Cores were immediately extruded,

sectioned and placed in amber glass bottles. About five cores at each site

were necessary to obtain an adequate sample mass for analysis. At Barr
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Lake, only the top 6 inches were retained for analysis. These upper

sediments represent the most biologically active strata. At the First Creek

impoundment, the top 8 inches were retained. Because lake sediments are

finer-grained than stream sediments, no sieving was necessary for samples

from Barr Lake or the First Creek impoundment.

2.3.3 ANALYTICAL METHODS

Because of the fine-grained nature of lake and sieved stream sediments,

collected samples exhibited a high water content. Therefore, samples were

centrifuged to remove excess water prior to extraction and analysis.

Samples were,extracted by the USATHAMA-approved SS-9 method and analyzed to

Level 2 standards at the ESE Gainesville analytical laboratories. The

analytical suite for samples consisted of organochlorine pesticides, DBCP,

DIMP, organosulfur compounds, inductively-coupled argon plasma spectrometry

(ICAP) metals, arsenic) mercury7 and organic carbon. All analyte

concentrations were determined in terms of the dry weight of the sediment.

Organic carbon was measured as that fraction lost on ignition at 5500C. The

rationale for the analytical suite will be discussed in Section 5.0 of this

report.

2 -4 A:LR_MQH1T.QR1NG

Air quality monitoring was not conducted as part of this investigation in

the offpost area. Rather, characterization of air quality north and

northwest of RMA was determined from existing offpost information as well as

from simulation of impacts from onpost airborne contaminant sources that

were evaluated during other recent RMA investigations.

The airborne contaminants of concern at RMA are the criteria pollutants and

the toxic pollutants such as asbestos, organics, and metals. Total

suspended particulates (TSP), particulate matter less than 10 microns in

diameter (PM-10), carbon monoxide (CO), nitrogen oxides (NOx), sulfur oxides

(sox), ozone (03), and lead (Pb) are the criteria pollutants for which there

are National Ambient Air Quality Standards (NAAQS). The criteria pollutants

have been monitored onpost and offpost of RMA with the majority of offpost
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monitoring having been conducted by Federal and State agencies. Onpost

monitoring for both criteria and toxic airborne contaminants has been

conducted by the U.S. Army.

2.4.1 OFFPOST AIR MONITORING

The criteria pollutants are monitored by the EPA and CDH throughout the

Denver-metro area. The monitoring stations nearest to RMA are located at

4301 East 72nd Avenue and at 78th Avenue and Steel Street in Adams County.

The data are published in an annual summary report prepared by CDH.

Because PM-10 has only recently been added to the list of criteria

pollutants, there is a minimal data base for this airborne contaminant

offpost of RMA. However, there appears to be a general proportional

relationship between TSP and PM-10, and until more PM-10 data are collected,

applying this correlation will be appropriate for estimating PM-10

concentrations.

Toxic airborne contaminants have not been monitored offpost of RMA on a

routine basis. EPA has, however, sampled for organic and inorganic toxic

contaminants through special investigations as part of the Denver Air Toxics

Study (DATS). The results of DATS will be published in 1988.

2.4.2 ONPOST AIR MONITORING

Observations of airborne contaminants have been documented by various

agencies and personnel at RMA since the 1960's. Studies have been

undertaken as response actions to RMA operations, as well as to establish

background levels of ambient contaminants at RMA. The data indicate that

some emissions had resulted from specific operations and that the

contaminants are no longer being emitted to the atmosphere since operations

ceased. Examination of ambient air data also indicates that dust and vapor

emissions from known fugitive sources within RMA contain contaminants

specific to the source.
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The U.S. Army Environmental Hygiene Agency (USAEHA) has been the primary

agency responsible for monitoring airborne contaminants at RMA. In addition

to monitoring standard criteria pollutants, USAEHA monitored toxic

contaminants including organics and metals. Table 2.4-1 summarizes air

quality sampling programs at RMA.

A sample of the blowing dust was obtained from the southern part of Basin A

during a wind storm in September 1977 (Witt, 1978). The chemical analysis

of this sample detected a number of organic and inorganic contaminants. The

Environmental Division Contamination Migration Branch sampled air near Basin

F in November 1980 (Engineering Laboratory, 1980). This sampled contained

dimethyl acetamide, DMMP, toluene, and benzaldehyde or benzyl alcohol. In

January of 1981, the Environmental Division Contamination Migration Branch

again sampled the air near Basin F and found airborne organic compounds

(U.S. Army, 1981, RIC#81293RO4).

An ambient air quality assessment was conducted southeast of Basin F in 1980

(Hanson, 1981). From April to September 1980, arsenic, mercury, cadmium,

copper, lead, aldrin, dieldrin, and endrin were sampled and analyzed.

During this time arsenicq mercury, cadmium, copper, and lead were detected.

From September through December 1980 the air was sampled for pesticides.

Aldrin, endrin, and dieldrin were detected.

In April to August 1982, the USAEHA conducted tests for airborne emissions

from Basin F liquids (USAEHA, 1982, RIC#81392RO2). The USAEHA evaluated

various adsorption media for collecting Basin F emissions. Although this

study did not attempt to characterize ambient air emissions near the basin,

the findings indicated the potential for observing many organic

contaminants, including pesticides.

Based upon these previous investigations and upon current RI activities at

RMA, the Army recently conducted and completed an air quality and

meteorological monitoring program at RMA. The objective of the air

monitoring program under Task 18 was to establish a quality data base on the

ambient air quality at RMA. The program was designed to support RI/FS

activities and, to a lesser extent, support future remedial actions.
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Table 2.4-1. Summary of Previous Air Quality Monitoring Programs at RMA.

Responsible
Contaminant Sampling Event Organization Reference

TSP 1969 Moss, E. Moss, 1969

1969 USAEHA USAEHA, 1970

1980 USAEHA USAEHA, 1981

Historical CDH CDH, 1984 and 1985

Pb, As, Cd, Hg, Cu 1980 USAEHA USAEHA, 1981

Pb Historical CDH CDH, 1984 and 1985

sox 1969 USAEHA USAEHA, 1970

Historical CDH CDH, 1984 and 1985

NOX 1969 USAEHA USAEHA, 1970

Historical CDH CDH, 1984 and 1985

03 Historical CDH CDH, 1984 and 1985

CO Historical CDH CDH, 1984 and 1985

Organic Compounds 1976 USAEHA RMA 0120 2864 FL

1977 USAEHA RMA, 1978

1978 Hartman, F. Hartman, 1979

1980 USAEHA USAEHA, 1980a

1980 NSTL CSC, 1980

1980 USAEHA USAEHA, 1980b

1981 USAEHA RMA, 1981

1982 USAEHA USAEHA, 1982

Hydrochloric Acid 1969 USAEHA USAEHA, 1970

Source: ESE, 1988.
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Specifically, air quality parameters were monitored to provide data in order

to evaluate if there were imminent hazards to public health and the

environment, or if these contaminants may have implications on future

remedial actions. Likewise, meteorological parameters were measured and

evaluated as to their impact on air quality conditions at RMA. Based upon

previous air quality investigations, potential contaminant sources, possible

future remedial actions, and other RI tasks at RMA, the monitoring program

was established under the Task 18 Technical Plan (ESE, 1987c). The

following parameters were monitored:

" TSP;

" PK-10;

" Asbestos;

" Volatile Organic Compounds (VOCs).

" Semi-Volatile Organic Compounds (SVOCs);

" Metals.

The Army is continuing to monitor these parameters as well as to expand the

air quality program on RMA to monitor CO, NOx, SOx, and 03 under the

Continuous Monitoring Program.

Section 6.0 of this report discusses the significance of air quality north

of the RMA, based upon offpost data and upon a simulation of migration to

the offpost area from onpost sources. Where applicable, airborne

contaminant concentrations are compared to appropriate Federal and State

standards and guidelines. If standards and guidelines do not exist, the EA

portion of this study will evaluate the significance of a contaminant

relative to human and environmental impacts.

2.5 RIQIA

Of the potential pathways to humans from RMA contaminants in the Offpost

Operable Unit, four involve biota. Domesticated plants and animals may be

exposed to contaminated surface and ground water in the offpost area.

Offpost wildlife and vegetation may be similarly exposed, but the

opportunities for this exposure are limited. Investigations of these

pathways have been undertaken as part of the Offpost Operable Unit FS.
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The levels of some contaminants (e.g-, dieldrin, mercury) in the flesh of

game animals and edible fish on RMA exceed the Food and Drug Administration

(FDA) action levels for animal and fish tissue (Food and Drug

Administration, undated). The U.S. Fish and Wildlife Service has expressed

concern to the CDH regarding the potential health hazard to humans of

contaminated wildlife moving off of RMA (U.S. Fish and Wildlife Service,

1981). Concern has also been expressed by the Colorado Division of Wildlife

over the movement of pheasants contaminated with pesticide residues off RMA

onto private lands to the north and east of RMA where they can be hunted.

These birds were reportedly contaminated above levels acceptable for human

consumption (U.S. Fish and Wildlife Service, 1981). Data on contaminant

levels in the tissues of pheasants and cottontail rabbits from onpost

locations have been collected as part of the Biota Assessment studies and

are incorporated into the Biota RI (ESE, 1988, draft).

Although contamination of resident game species on RMA has been documented

for several years (Thorne, 1982, RIC83042ROl), information on local animal

home range and movements is lacking, and wide variation exists in home range

size in other regions of the country (Dalke and Sime, 1938; Allen, 1939;

Ingles, 1941; Schwartz, 1941; Haugen, 1942; Fitch, 1947; Lord, 1963; Hanson

and Progulske, 1973; and Trent and Rongstad, 1974). The movement of these

game species of wildlife from RMA into the Offpost Operable Unit comprise

potentially important pathways for the movement of RMA contaminants into the

offpost environment. Absence of sufficient water in streams crossing RMA

boundaries precludes movement of contaminated fish from RMA; however,

terrestrial game species are not restricted from moving off RMA.

Desert cottontail rabbits (Sylyilagus auduhQaii) were evaluated for study

because of their abundance in habitats on and near RMA, and because they may

provide a regular food source for some area residents (Howard, 1984). The

movement of ring-necked pheasants Uhasianua colahicus) was also evaluated.

Because pheasant chicks eat large numbers of insects (Baxter and Wolfe, 1

1973), the chicks may contain higher contaminant levels than adult pheasants

or other herbivorous species. As these chicks mature and disperse from the

nesting area, they may carry significant levels of contaminants offpost.

Contaminant uptake by both desert cottontails and ring-necked pheasants has
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been demonstrated at RMA (Thorne, 1982, RIC#86058RO1, RMA 031 0751F, RMA 046

1751F, RMA 045 1797, RMA 046 2040, RMA 076 0736, RMA 117 1364, RMA 162

0821F, RSH 855 1544 F).

Resident game species (e.g., cottontail rabbits and ring-necked pheasants)

were also selected for investigation because they are known to be hunted in

the vicinity of RMA. All possible biota pathways to humans were reviewed

prior to the initiation of field studies. Investigations of migratory

species (e.g., waterfowl and mourning dove) were not conducted because these

species appear to present a lesser potential hazard to humans due to the

large range movements. Migrating game species such as waterfowl and

mourning dove that visit RMA move hundreds of miles from RMA and become

dispersed among individuals from other locations, thus reducing the

likelihood that a hunter would take more than an occasional RMA bird.

The objective of this portion of the offpost RI was to determine the offpost

movement of resident small game species which may have become contaminated

on RMA and which might subsequently pose a threat to human health offpost.

Estimated home range area, greatest distance moved, and seasonal movements

were the parameters selected for this purpose. This information will be

used in conjunction with analysis of tissue samples collected from these

species onpost to delineate the extent to which these animals may present a

pathway for contamination to the offpost area. Data will be presented in

the RMA Biota RI Report and subsequently the effects of this pathway in the

Offpost Operable Unit will be addressed as part of the FS.

2.5.1 METHODS OF INVESTIGATION

A preliminary study was conducted during the spring and early summer (April

to July) of 1985, to determine the type of biota in the Offpost Operable

Unit, to evaluate trapping methods, and to ascertain signal detectability

and the feasibility of radiotracking in an area with high radiowave activity

(ESE, 1987at RIC87202ROl). In this preliminary study, two desert
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cottontails received radio collars and two pheasants were fitted with

transmitters.

Following the completion of the preliminary study, cottontails and ring-

necked pheasants were captured and marked during mid-summer 1985, and then

again during a period in late October 1985. All trapping occurred in the

northern portion of RMA within one mile of the northern boundary. The area

adjacent to this boundary is primarily agricultural and provides public

hunting opportunities. 
-

Pheasants were captured using night lighting procedures (Labisky, 1968). A

field vehicle equipped with floodlights was driven through predetermined

portions of the capture area at dusk and in the early evening. A second

team member captured spotlighted birds with a long-handled net. Live

trapping was the principal method used to capture desert cottontails. Wire

mesh traps (Tomahawk collapsible traps, 9 by 9 by 32 in) were set in the

evening and checked the following morning. Fresh, sliced apples and carrots

were used as bait.

Sex, age, and date of capture were recorded for both species, and weights

were also obtained for cottontails. All pheasants received a sequentially

numbered metal leg band offering a $10.00 reward for its return, and each

rabbit received a sequentially numbered metal ear tag. All pheasants were

fitted in summer with bib-mounted transmitters, because the pilot study

indicated this mount was less likely to come off or interfere with the

pheasants' movements. Neck-mounted transmitters were used on the

cottontails. Miniature two-stage transmitters with a range of 3 to 4 miles

and a battery life of 150 days were used for pheasants, while subminiature

one-stage transmitters with a range of 0.5 to 0.75 mi were placed on

rabbits. Each transmitter weighed 20 to 25 grams and had a separate

frequency in the 150 to 151 MHz range. Transmitters and receivers were

obtained from Wildlife Materials, Inc. of Carbondale, Illinois. Handling of

animals was minimal and all were released at the point of capture. Several

transmitters recovered during field monitoring were later used on animals

caught in the second capture period.

2-42



-)'IV /XiAKARM I - ZU-4.)

12/28/88

A lightweight, portable TRX 24 receiver or a Falcon Five receiver and a

folding directional, hand-held yagi antenna were used for radiotracking.

Monitoring occurred in summer (June through August, 1985), fall (September

through November, 1985), and winter (December 1985 through January 1986) and

included day and night readings. Pheasants and rabbits were located

primarily by triangulations (Cochran, 1980; Mech, 1983) and occasionally by

homing in on the signal. An effort was made to approach within 0.5 mile of

collared animals before triangulation. Only locations resulting from a

triangulation angles of 450 to 1350 were used in analysis (Springer,-1979).

Accuracy was,evaluated by placement and relocation of transmitters in the

field with observed signal azimuths compared to known azimuths to determine

error (Heezen and Tester, 1967). Maximum error was estimated at ±40 and

resulted in an error polygon of about 8 acre at a distance of 0.5 mile. All

acceptable locations were plotted and home range size estimated by the

convex polygon method (Mohr, 1947).

The length of the major axis of each pheasant polygon was measured and

represents the greatest distance moved within the home range. All home

range and movement parameters are minimum values, because readings were not

taken continuously. The results of this study are provided in Section 7.0

of this report along with an assessment of contaminant levels found in

tissue samples from these species onpost.
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3.0 GROUND-WATER CONDITIONS

3.1 GEQLQGY

As part of the investigation of the ground-water conditions present in the

Offpost Operable Unit, the necessity to establish an understanding of the

local geology has been recognized. Of primary importance is to develop a

working knowledge of this natural frame work, for the components which

comprise it control the behavior and fate of the hydrologic and chemical

systems imposed upon the geology. At RMA, the geology is characterized by

complex erosional and depositional histories and the resulting stratigraphic

relationship of the surficial deposits, the alluvium, and the uppermost

bedrock stratum, the Denver Fm.

The geology as presented in this section progresses from a regional to a

more local description of the geologic conditions encountered in the Offpost

Operable Unit. The two geologic units of primary concern are the

unconsolidated alluvial/eolian surficial deposits and the Denver Fm. The

Arapahoe Fm which underlies the Denver Fm will also be discussed in Section

3.1.4 in regard to the Offpost Operable Unit.

3.1.1 CHARACTERIZATION OF ALLUVIUM

The alluvium in this report refers to the unconsolidated surficial deposits

that are present in the Offpost Operable Unit. The alluvium has been

characterized by first presenting a general description as it appears

regionally at RMA. This is followed by a more localized characterization

that focuses on the alluvial stratigraphic units that are present in the

Offpost Operable Unit.

Sediments at the land surface in the vicinity of RMA consist of

unconsolidated alluvial and eolian deposits of Quaternary age (May, 1982,

RIC#82295ROl). The material is composed primarily of terrace gravel,

colluvium, eolian sand, loess, and fluvial sediments (Romero, 1976,

RIC#81266R69). The exact composition varies physiographically across RMA.

The age of the alluvial material is Pleistocene and Holocene. The pre-

Wisconsin aged deposits contain fluvial silts, sands, and gravels and occur

3-1



12/28/88

in valleys and at higher elevations. More recent Wisconsin alluvium was

deposited as glacial outwash (May, 1982; RIC#82295R01). The eolian

sediments are Holocene, and are composed of wind-worked glacial outwash.

RMA is almost entirely blanketed by alluvium except for the Denver Fm

exposures in the north central part of RMA (Figure 3.1-1). Borehole data

indicates thickness of alluvium up to approximately 100 ft is present in the

Offpost Operable Unit near the NWBCS (Lindvall, 1981b, RIC#81352MO22.). The

thickest deposits are located in the paleostream channels eroded into the

underlying Denver Fm-

The alluvial deposits have been classified in the literature according to

age, origin, and physical characteristics. These include the Verdos,

Slocum, Louviers, Broadway, Eolian Deposits, Piney Creek and Post-Piney

Creek. As shown in Figure 3.1-2 the oldest unit is the Verdos which

unconformably overlies the Denver Fm- Younger alluvial units, including

Slocum through Post-Piney Creek overlie the Verdos. The alluvial deposits

at RMA have been logged in soil borings using the Unified Soil

Classification System (USCS) as shown in Figure 3.1-3.

The generalized east-west cross section shown in Figure 3.1-4 illustrates

the stratigraphic relationships of alluvial units as they appear from the

South Platte River to the northeast corner of RMA. The units that are

present in the Offpost Operable Unit are the Slocum, Louviers, Broadway,

Piney Creek, Post-Piney Creek, and the eolian deposits.

The maximum alluvial thickness in the Offpost Operable Unit is approximately

100 ft and the average thickness is about 40 ft. This alluvium is comprised

of two dominant lithostratigraphic units. The sequence consists of an upper

unit of fine-grained eolian silt and clay deposits which mantle lower units

of well-sorted fluvial sand and gravel. The lower, coarser units may be

Slocum, Louviers, Broadway or Piney Creek Alluvium depending on location.

These lower units are important from a ground-water standpoint because they

transmit more water regionally than the upper unit. The Slocum Alluvium of
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Illinoian age is generally 10 to 15 ft thick (Lindvall, 1971b,

RIC#81352MO22). The Slocum has been subdivided into the younger and older

Slocum ME, 1988). The Slocum Alluvium generally consists of coarse gravel

interlayered with thin lenses of fine- to medium-grained arkosic sands.

The Louviers Alluvium (Wisconsin Age) is stratigraphically above the Slocum

Alluvium and outcrops in the Offpost Operable Unit along the South Platte

River. At depth, the Louviers Alluvium unconformably overlies large-areas

of the weathered bedrock surface ME, 1988). The Louviers Alluvium varies

in thickness, up to 35 ft in the South Platte River Valley, and is a

reddish-to yellowish-brown coarse-grained arkosic sand and gravel with

occasional boulders and minor lenses of silt and clay (DeVoto, 1968,

RIC#84291ROl).

The Broadway Alluvium (Wisconsin Age) outcrops along the west edge of the

Offpost Operable Unit in a nearly mile-wide terrace immediately east of the

South Platte River. Thickness of the unit ranges from 0 to 15-ft. The

Broadway alluvium is pink to light brown and consists of fine- to medium-

grained arkosic sand and gravel generally less than 1 inch in size, with

scattered cobbles as large as 4 inches ME, 1988).

Following deposition of the Broadway Alluvium, loess-like sediments were

windblown to variable depths over large areas of RMA during the late

Pleistocene and early Holocene Epochs. The Loess is commonly a yellowish

brown to light grayish brown, sandy silt and is generally less than 10 ft

thick (Lindvall, 1971b, RIC#81352MO22). Eolian sands were similarly

deposited during the Holocene Epoch and today dominate the surficial cover

of the Offpost Operable Unit. The eolian sands are generally 10 to 20 ft

thick, light brown fine sand, sandy silt and clay.

The Piney Creek Alluvium (Holocene Epoch) is present in the First Creek and

Second Creek drainages as well as the major tributaries to these streams.

The Piney Creek Alluvium is generally less than 5 ft in thickness and

consists of brown, light brown, light- to dark-gray interbedded sand, silt

and clay. Gravelly channel lag deposits are common at the base of the Piney

Creek Alluvium.
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The Post-Piney Creek Alluvium (Holocene Epoch) is the most recently

accumulated sediment in the area and comprises the present day South Platte

River floodplain. This deposit consists of light- to dark-grayish brown

clay, silt, sand and small amounts of gravel (Lindvall, 1971b,

RIC#8135MO22).

In the Offpost Operable Unit, the coarser lower unit is thickest in the

paleochannels eroded into the underlying Denver Fm. An east-west cross

section located approximately 3,000 ft downgradient of the NBCS in Section

13, illustrates the lower unit is thickest in the paleochannel and wedges

out against a bedrock high near Peoria Street (Figure 3.1-5). In this area

the maximum alluvial thickness averages 40 ft and the lower unit of fine- to

coarse-grained poorly graded sands averages 15 to 20 ft thick. An east-west

cross section located along 104th Avenue in Section 12 also illustrates the

lower coarser unit wedging out against a bedrock high near Peoria Street.

This cross-section is provided in Appendix E.

A southwest-northeast cross section along Highway 2 from the area of the

NWBCS to the northeast of First Creek is represented in Figure 3.1-6. In

the vicinity of the NWBCS, the maximum alluvial thickness averages 55 ft and

the coarser lower unit of fine to coarse grained gravelly sand averages 20

ft thick. In the area between the NWBCS and First Creek the maximum

alluvial thickness averages 25 ft and the thickness of the coarser lower

unit averages 10 ft or less. In the vicinity of First Creek, the lower unit

thickens to an average of 20 ft. A more detailed description of the

alluvium-filled paleochannels is presented in the following description of

the bedrock surface.

3.1.2 BEDROCK SURFACE

This section describes the bedrock surface underlying the alluvial sediments

at RMA and in the Offpost Operable Unit. The description of the bedrock

surface presented in the following paragraphs addresses bedrock topography,

the location of alluvium filled paleochannels, and the general lithologic

character of the bedrock surface. The bedrock elevation map in the Offpost

Operable Unit near the RMA north and northwest boundaries has been provided
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in Figure 3.1-7 for discussion. The entire bedrock elevation map for the

Offpost Operable Unit is provided in Appendix E.

The surface of the Denver Fm reflects the erosional development of the South

Platte River Valley during the Quaternary Period. Consequently, the bedrock

surface configuration is largely a result of the paleodrainage system and

its overall degrading nature. As such, the bedrock surface is characterized

by isolated bedrock and numerous paleochannels. In general, the bedrock

surface exhibits a regional northwest slope with maximum elevations

occurring at the southeast portion of RMA and minimum elevations in the

offpost area immediately northwest of the RMA boundaries. The topographic

relief of the bedrock surface in the Offpost Operable Unit is greatest

immediately northwest of RMA (Figure 3.1-7). In this area, paleochannels

that are tributary to an ancestral South Platte River are deeply incised

into the ancient bedrock stream terraces. Steep-walled paleochannels in

this area are as much as 60 ft deep and less than 1,000 ft wide. The most

significant of these pale6channels is one that originates from the NWBCS

area as shown in Figure 3.1-7.

A number of other paleochannels are eroded into the bedrock surface in the

central portion of the Offpost Operable Unit. Two of the most dominant

paleochannels in terms of contaminant transport extend from the RMA north

boundary. The paleochannel trending to the northwest is referred to as the

First Creek paleochannel. The First Creek paleochannel follows an

orientation that approximately corresponds to the present day course of

First Creek. The other paleochannel trends northward through the western

half of Section 13 and is referred to as the Northern paleochannel. This

paleochannel is observed in the east-west cross section shown in Figure 3.1-

5. An upgradient portion of the Northern paleochannel encroaches upon the

First Creek paleochannel just downgradient of the NBCS.

The bedrock surface is, in part, deeply weathered. Following deposition of

the Denver Fm the surface was exposed to erosional processes. This is

evident in the fact that the bedrock surface slopes toward the northwest

despite the fact that the regional dip of the Denver Fm is gently to the
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southeast. Weathering of the surface has left upper portions of the fine-

grained Denver Fm disaggregated. As such, it is often difficult to pinpoint

the precise contact between the Denver Fm and the overlying alluvium based

upon grain size and friability only. This is especially true where

subcropping Denver Fm sandstones are encountered as opposed to Denver Fm

clayshales. Observing changes in texture, color, composition, and

mineralogy is often necessary to discern this interface.

3.1.3 CHARACTERIZATION OF THE DENVER FM

The other geologic unit of primary concern in the Offpost Operable Unit is

the Denver Fm. In this portion of the report, the Denver Fm is first

characterized by describing its depositional environment, and second by

describing methods used for stratigraphic correlation. The resultant

sandstone morphologies are fundamental to an understanding of ground-water

flow in the formation. This discussion focuses on the local

characterization of the Denver Fm and the definition of Denver Fm sandstone

units in the area offpost of RMA. The definition of Denver Fm sandstone

units has been conducted primarily through the assessment of geologic cross

sections and geologic isopach and subcrop maps that were prepared under

boundary system monitoring tasks and will be presented in the forthcoming

Task 25 and 36 reports.

3.1.3. 1 DepQaitiQna1_En3zimnmen1

The Denver Fm is composed of 250 to 300 ft of interbedded clayshale,

claystone, siltstone, and sandstone. The Denver Fm is thickest in the

southern portion of RMA and thins to the west and the north due to erosion.

The base of the Denver Fm is taken as the top of a "buffer zone" that

consists of 50 to 100 ft of clayshale at the top of the Arapahoe Fm. This

clayshale "buffer zone" provides hydraulic separation between the Arapahoe

and Denver Fm aquifer systems (Romero, 1981).

Continuous regression of the inland sea, rise of the Laramide Rockies, and

Denver Basin subsidence during the late Cretaceous-early Tertiary'resulted

in the deposition of the Denver Fm. Sediments were derived from orogenic

sources and were deposited under low-energy, continental conditions by
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fluvial processes in a distal alluvial plain environment (Kirkham and

Ladwig, 1979, RIC#82314RO2) as shown in Figure 3.1-8(a). As such, the

environment is characterized by numerous sedimentary accumulations which

include a variety of overbank and channel deposits.

An example of point-bar sand accretion in which a stream meandering across a

floodplain deposits units of varying morphology and lithology is portrayed

in Figure 3.1-8(b). High-water episodes in this setting can lead to_

breaching of the natural levee and deposition of locally continuous,

sheetlike deposits of silts, clays, and sands known as crevasse-splay

deposits.

The clayshale of the Denver Fm is hard and bentonitic ranging in texture

from blocky to fissile with laminated fossiliferous members. The clayshales

are usually interbedded with layers of very fine sandstone or siltstone.

The sandstones are often lenticular and shoestring or sinuous in nature.

These lenses are distributed within thick clayshale sequences and are poorly

defined where the sandstones grade into clay and shale. The sandstones are

discontinuous to semi-continuous and are difficult to correlate over

distances of even a few hundred feet.

An illustration of how a low-gradient meander belt can result in stacked

sequence sandstone bodies encompassed by siltstones and claystones is

presented in Figure 3.1-8(c). These morphologies have been observed on both

a local and regional scale at RMA.

The depositional environments and resultant morphologies of the Denver Fm

sandstone units strongly influence ground-water flow patterns. Ground-water

flow is greatest in areas of highest hydraulic conductivity and therefore,

the contaminant flux will be greater over time in these areas. At RMA, the

more permeable sediments of the Denver Fm are the sands of channel and

crevasse-splay deposits. The depositional environment provides the

framework for the complex ground-water flow paths through the sandstone

units in the Denver Fm-
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3.1 - 3.2 Fm

Correlating stratigraphic units for moderate to long distances across RMA is

difficult and is further complicated by the erosional truncation of the

individual strata. The Denver Fm at RMA has a regional strike from

southwest to northeast and an average regional southeasterly dip of less

than one degree. Thus, a Denver Fm unit that may subcrop and lie in direct

contact with the alluvium in the northwest portion of RMA will occur, or its

time stratigraphic equivalent will occur, at greater depth toward the

southeast. Greater depths to stratigraphically equivalent units to the

southeast are also the result of higher topographic elevations onpost.

Denver Fm units subcropping beneath alluvial overburden have been documented

from the central area of RMA to the north and to the northwest and west (May

el al., 1980, RIC#81226R48).

To facilitate a regional correlation of Denver Fm strata, larger distinct

units and zones have been identified at RMA. A continuous lignite (coal)

seam with an average thickness of 8 ft has been used as a marker bed from

which all other zones, above or below, have been referenced. Denver Fm

zones correlated above the lignite marker bed have been designated A and B

in ascending order. Denver Fm zones correlated beneath the lignite marker

have been designated 1, 2, 3, and 4 in descending order.

In the Offpost Operable Unit, the sandstone units of concern are those that

subcrop in the area and generally correlate to regional zones 2, 3, and 4.

All other stratigraphic units in the Denver Fm identified in the regional

study have been removed by erosion. These three zones have been

characterized by the geologic study conducted under the Boundary Systems

Monitoring Task (Task 25, ESE, 1987d, RIC#87014R24) and will be discussed in

the following subsection. This discussion will focus on the regional

characterization of Denver Fm zones 2, 3, and 4.

Stratigraphic control from the numerous wells in and around the NBCS has

facilitated a further localized subdivision of regional Denver Fm zones 2,

3, and 4 in the NBCS area. A localized description of the Denver Fm in the

vicinity of the NBCS and a definition of the local sandstone units is

presented in the North Boundary System Component Response Action Assessment
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(Task 36, ESE, 1988b, RIC#88063RO8). The local sandstone units that were

identified in the Task 36 study and that subcrop in the RMA offpost area

north of the NBCS, will be discussed in Section 3.1.3.3.

3.1-3.3 Char-acLter-izalion-and-Definltion-of-the-Denmer--Em

In the Offpost Operable Unit, the Denver Fm generally consists of

carbonaceous clayshales, claystones, and siltstones interbedded with

lenticular sandstone units. The Denver Fm sandstone units are micaceous,

locally lignitic, and contain dark-colored minerals such as augite and

hornblende. The sandstone units are generally weakly lithified, although

locally they may be well-cemented with calcium carbonate and silica.

RegiDnal-Charac.ter-izat.iQn-and-Defini.tiQn-QL-D.enmer--Em-Sand-ZQnes

To accomplish the regional correlation of Denver Fm sand zones in the

Offpost Operable Unit, the geologic cross sections that were constructed

under the boundary monitoring tasks (Task 25 and 36) were assessed. The

locations of the cross sections referenced in this text are shown in Figure

3.1-9. The Task 25 cross sections are oriented northwest to southeast

parallel to dip, and northeast to southwest along the strike. The cross

sections constructed in the Task 36 study area are oriented east-west and

north-south.

Due to the limited geologic data on the Denver Fm in the immediate vicinity

of the NWBCS, Denver Fm zones have been projected in the direction of dip to

the RMA offpost area from borings that are located upgradient of the NWBCS.

This was done to indicate general locations of subcrop areas. Denver Fm

zones 3 and 4 can be projected to subcrop in the RMA offpost area near the

RMA northwest boundary. Denver Fm zones 2, 3, and 4 are present in the

offpost area north of the NBCS.

Each zone consists of a major alluvial channel sandstone and associated

crevasse-splay sandstones. The total thickness of these deposits may be as

great as 30 ft. The intervals between these zones generally consist of 0 to

30 ft of sandy clay, clayey sand or clayey silt depending on location. The

low permeability clayshale aquitards act as a confining layer and inhibit

3-17



31 129th Avg.
-j 33 34 35 38 tm

'6
0

Imh Ave

zed

3 ý7 6N6

11211 A,

'k 1121h Ave.

a 12 _7

0

EXPLANATION

""r 
N13 Downgradlent 

59 
1064th Ave. 

NB Downgradlent 
30.6 Of The North Boundary 

Soil-Bentonlte 
Barrier.0 East-West Cross-Sectlon Located Approximately 301

13 18

NB Slurry Wall Ea3t-West Cross-Section Located Approximately At(
Of The North Boundary Soil-Bentonite Barrier

NWB Upgradlent 7.8 Southwest -Northeast Cross-Section Located Approx

NB Downgradlent 30.6 Southeast Of The Northwest Boundary Soil-Bentonit

.......... NWB Downgradlent 3.5 Southwest-Northeast Cross-Sectlon Located Approx

River Northwest Of The Northwest Boundary Soil-Bentonit

a NBCS North Boundary Containment System

\1 11_ý RMA ttDRTH BOUNDARY E 904h Ave.

21 22 2Y P. NB SlurU Wall 124 19 NWBCS Northwest Boundary Containment System

6 nIon1le Necs Denotes Location Of Hydrologic System
?let

Sewage
lb

Plant

ýsoii-oenlonlle Barrier

NW13CS z

29 20 
26 1 25 "0 91h Ave. I

A

.0

0 20M 40M

Oth A SCALE IN FEET

Figure 3.1-9 Prepared for:

LOCATION OF GEOLOGIC CROSS-SECTIONS IN THE VICINITY OF THE OFFPOST U.S. Army Program Ma

OPERABLE UNIT For Rocky Mountain Ai

SOURCE: ESE, 1988 
Aberdeen Proving Ground, Mary

3-18



12/28/88

vertical migration of ground water between the sandstone units. In the
upper Denver Fm, the aquitards may be fractured and weathered, and
communication between the alluvial aquifer and the Denver Fm may exist.

Interpreted lateral correlations of zones within the Denver Fm near the
NWBCS are shown in Figure 3.1-10. These zones have been correlated over
significant distances between boreholes based on the geologic data

available. Figure 3.1-11 shows a southeast-northwest cross section
illustrating the projection of Denver Fm zones beneath the NWBCS updip to
the northwest of the NWBCS. A summary of the depositional history,
occurrence) and extent of Denver Fm zones 2, 3, and 4 as they appear in the
Offpost Operable Unit are presented below.

DP_nYP_r_Fm_ZQne_2_--Sandstone units within zone 2 are generally fine-to
medium-grained, silty, poorly sorted, partially cemented and contain organic
and micaceous material. These sandstone units grade laterally and

vertically into siltstones and clayshales.

Dany.er_ Fm_ZQne_.3--Sandstone units within zone 3 are generally fine-to
medium-grained, silty and shaley, poorly sorted, and partially cemented.
These sandstone units grade laterally and vertically into siltstones and
clayshales.

DP.nYP.r_Fm_Zanr._ýL--Sandstone units in zone 4 are generally fine-to medium-
grained, fair to poorly sorted, and well cemented to uncemented. These
sandstone units grade laterally and vertically into siltstones and
clayshales.

JsQpar.h_Ma12.a--Isopach maps showing the net sand thickness, lateral extent,
and trend of Denver Fm zones 2, 3, and 4 are located in Appendix E. Zone 2
appears to be present in the offpost area north of the NBCS. The general
trend of the zone north of the NBCS is to the north and the thickness ranges
from 10 to 20 ft. Projections of zone 2 indicate it to be compldtely eroded
in the offpost area downgradient of the NWBCS-
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In the vicinity of the NWBCS, Denver Fm zone 3 appears to be relatively thin

with a thickness less than 10 ft, but geologic data are sparse in this area

and variations in thickness are not well defined. Offpost, in the vicinity

of the NWBCS, there are few geologic borings that penetrate zone 3 and its

configuration is therefore not well defined. North of the NBCS, zone 3

generally trends to the north and shows thinning to the west in Section 14.

The channel of zone 3 is located in the eastern portion of Section 13 and

the thickness is approximately 20 ft. Just north of the RMA north boundary,

near Peoria Street, two stacked sandstone units comprise zone 3 and the

thickness of the unit is again about 20 ft.

Based upon the limited borehole information near the NBCS, it appears that

the axial trend of the channel of Denver Fm zone 4 is to the northeast. The

zone is thickest, approximately 30 ft, in the area beneath the pilot portion

of the NBCS. Overbank deposits of this channel have been correlated to

Boreholes E-39 and E-40, which are located approximately 1,000 ft north of

96th Avenue and to the west of Peoria Street. The net sandstone thickness

at these locations is approximately 10 ft. There are no boreholes that

penetrate zone 4 in the vicinity of the NWBCS, therefore this zone can not

be characterized in this area.

Su.barDp_Ma.ps--The projected locations of subcrops for Denver Fm zones 2, 
3,

and 4 are shown in Figure 3.1-12. This subcrop map was generated by

plotting the locations where the top of the unit and base of the unit are

projected to intersect the bedrock surface. These subcrop zones were

defined using a grid of cross sections, and projecting the zones onto the

bedrock contour map, consistent with the regional dip of less than one

degree.

In some areas the subcrops have been verified with geologic borings. The

location of the alluvial and Denver Fm sites that were used to help verify

the subcrop areas are shown in Figures 2.1-1, 2.1-2, 2.1-4, and 2.1-5. In

areas where there was limited borehole data, the limits to the extent of the

subcrop was inferred based on knowledge of the depositional environment,

geologic boring control in three dimensions, and experience in the onpost
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area where there is more geologic data. The location of the inferred

subcrops is subject to interpretation, and therefore uncertainty, due to the

projection of the sandstones for distances up to 2,000 ft.

Denver Fm zones 2, 3, and 4 subcrop successively in the Offpost Operable

Unit from southeast to northwest. The subcrop map also includes the

subcrops of identified sandstone lenses within the zones as well as those

general areas where channel sandstones subcrop.

Denver Fm zone 2 is not present in the Offpost Operable Unit downgradient of

the NWBCS. In the northern portion of the Offpost Operable Unit,

zone 2 subcrops in the First Creek paleochannel to the north of the NBCS.

Denver Fm zone 3 subcrops just northwest of the NWBCS in the vicinity of the

RMA northwest boundary and north of the NBCS.

The subcrop area for Denver Fm zone 4 is projected to occur just onpost in

sections 22 and 27 southwest of the NWBCS- The northwesterly extent of the

subcrop area for zone 4 is based on projection of sand thickness from the

cross sections updip to the intersection with the bedrock surface. Based on

the available data, the lateral extent of the subcrop of zone 4 can not be

defined.

To help correlate Denver Fm sandstone units in the offpost area north of the

NBCS, 31 geologic cross-sections were constructed under the North Boundary

System Component Response Action Assessment (Task 36). The locations of the

cross sections in relation to the NBCS are presented in the Task 36 report.

Fifteen of these cross sections are oriented north-south, and 16 are

oriented east-west. An east-west cross section and a north-south cross

section are provided for discussion in Figures 3.1-13 and 3.1-14,

respectively. These cross sections and the locally defined sandstone units

near the NBCS are being discussed here to describe the relationship with the

regional zones.

3-24



12/28/88

Numerous lenticular Denver Fm sandstone units were identified locally near

the NBCS, ranging in thickness from a few inches to 30 ft. These sandstone

units generally represent alluvial channel and crevasse-splay deposits which

grade laterally and vertically into finer materials- The thickest sandstone

units occur in the deeper portions of former active channels, whereas

crevasse-splay deposits appear to be thinner. The crevasse-splay deposits

have a sheetlike morphology and are more laterally continuous.

Because of the irregular nature of the sandstones and the lateral changes in

these units, correlation in cross sections can be difficult. Four sandstone

units have been identified primarily beneath the pilot portion of the NBCS

west of D Street, and three sandstone units have been identified

predominately east of D Street. The sandstone units are locally named based

upon their location relative to D Street [e.g., North Boundary West (NBW)

and based on their relative positions beneath the base of the alluvium,

beginning with 1-A (e.g., NBW#lA).

Interpreted lateral correlations within the Denver Fm beneath the soil-

bentonite barrier at the NBCS are shown in Figure 3.1-13. These sandstone

units have been correlated over significant distances between boreholes.

Figure 3.1-14 contains a north-south cross section illustrating how the

sandstone units below the soil-bentonite barrier are projected updip and

subcrop to the north of the NBCS in the RMA Offpost Operable Unit.

The Denver Fm zones identified under Task 25 have been correlated to the

local sandstone units identified under Task 36. Denver Fm zone 2 correlates

to sandstone units NBW#lA, NBW#l, and NBE#l shown in Figure 3.1-13. Denver

Fm zone 3 correiates to sandstone units NBW#2 and NBE#2, and zone 4

correlates to sandstone unit NBW#3 shown in Figure 3.1-13.

The following paragraphs provide brief descriptions of sandstone units

NBW#lA, NBW#l, and NBW#2 that have been identified at the NBCS. The

discussion has been limited to these sandstone units because the geologic

subcrops of these units can be identified north of the NBCS in the Offpost

Operable Unit. The geologic subcrops of additional sandstone units

3-25



Nil

WEST 6 7
SECTION 23 :1 SECTION 24 16 0 0

z z 0w

z

K

S200- at.0 I. SISTI.
tcftoss stcvvoN Dots Nor DEND,

NORTH illoymDARY CONTAINMENT 3YATEM
5160- PILOT SYSTEM

$ISO-

$146 - F_A 1.011-T"Ot "t Of softý
.. 4.se :ItHlOWt SARMCR

5100- ..;No IT '::j
11111)(Ek FOPAAT*" X.

mwicyto all To I"I "CC-94c1no 'N'.f.q Ot.vtA DWIrATEN" C- A
X A

3 Sw- F-o"cles oll" To 1.11 w>-7- at ......
UVORAW41"? Is COO"-UCTIO"NO DATA 

rpoitcric I00 n. TC T"t $FORT" FoýY"t eqiv"A VýATX- CF4ý84C'10.5040-

NO DATA
S020- ct govt. "low

No DOW"RAWW &A "OýUCTOO"

sooo- NO DATA
4111go-

49"

4940-

0 100 me Fl.
1111110W

Horizontal Scale

14 13'

7

EXPLANATION
A00ro-Depth F

'E 961h Avenue OIS011-
Norin og Contact Belýean Alluvium BerilonlIe BerrivýOý And Denver Formation0 saw a"

Bentonile Contact B*tw"n Sandy Zone
Barrie, And Shale In Denver FormationJ or.

Norin BoundaryV CRI Dashed Where interred
E

Containment System "I z
SEýTION Creek Fine Alluvium ML,CL.MH,CH. SC.SM.

03 F] Per USCS Classillcation
7 EollanlAndLOCATION Alluvial DeDosits Co.,. Alluvium SP.SW.GC.GM.GP,GW. Ix

Per USCS Classification 2 Loc Ion Of
Cro:.1 Section C11771 Sandstone Units Includes: Sandslons,Slfty Sandstone, Motch-Lins

!n Tkd Shilly Sandatone.Sandy SlIliflone,sIllstone z 10
C C

91 h Avenue Denver Fm. A _*Shale Includes: Shals,Claysions.Silly ShaleQ E<

CROSS SECTION LOCATION INDEX MAP NpW# I North Boundary West # I Sandstone Unit

Figure 3.1-13 
Prepared for:
U.S. Army Program Mi

EAST-WEST GEOLOGIC CROSS-SECTION 14B SLURRY WALL For Rocky Mountain A

Aberdeen Proving Ground, Mai
SOURCE: ESE, 1988

3-26



1, 0.0
(PEORIA/ D STREET)

'4 'W
> >
q -C v

W uj W Lu W XSOUTH 0 a W0 > cc 0
K docc W cc fic cc cc Irca: x Ca > wi:'

CL >:7 so
0- _j WM t ztu) cc

to W z
z z 10z z zc!; z

de 2.
01 f Z' 1 z'4

X V 7
6200

51160-

q

51140- 6.
f.c

X

-7 'a-

7

.7_5100 - .x NX
X.: .........

.......................
......................................

X:SM- N O D A T A ...........................

1 WOO -2
5040 - NO DATA

. .. .......

5020-

sm-

N 0 DATA4NO -

4W-

4940-

Horizontal ScAle4920-

4900-

EXPLANATIO
A, 1 Loc lion Of Soil-

Contact 
Between 

Alluvium 

Boring

*f Cfeek 0. And Denver Formation senatonite BarrierE. 961h Avenue

23 .. ý'Norfhtlot; Contact Between Sandy Zone r-2 2

And Shale In Denver Formation"j.nll.Bon E
Barrier 

To Socife "1 1. z 4
North Boundary I Fine Alluvium ML.CL.MH,CH.SC,SM, W +-Im Fr,
Containment Sysfqrn 

011 Per LISCS Classification a
tollan And .4'Croak Alitivial D*PCs., SP.SW GC.GM.GP.GW. cc

I Coarse Alluvium
Per US6S ClassificationCROSS :, Location Of

st, Cross Section C
Sandstone Units Incl des: Ssridslone,5111y Sandslon z Malch-Une I -SECTION 

TI(d Shauly Sandstone,Sandy Sill slons,Sloll'stono o r

4) NJ V) c CLOCATION Denver Fm. "o
Shale Includes: Shols,Claysions,SIlly Shale io-

E* <

Now#l North Boundary West 0 1 Sandstone Unit U.

ý'O
CROSS SECTION LOCATION INDEX MAP

Figure 3.1-14 Prepared for:

NORTH-SOUTH GEOLOGIC CROSS-SECTION N13 0.0 U.S. Army Program Mai
For Rocky Mountain Ar

SOURCE: ESE: 1988 Aberdeen Proving Ground, Maryl

3-27



An Ad I A - ýV_L - ý U

12/28/88

identified at the NBCS were not determined in the field offpost but, because

the updip direction of the Denver Fm is to the northwest, these sandstone

units are projected to subcrop within the Offpost Operable Unit.

SandsIDnP._J1nII_HB_WAIA--Due to the sheet-like morphology and lateral

continuity, sandstone unit NBW#lA appears to be crevasse-splay and/or

overbank flood deposits. The sandstone unit is generally fine- to medium-

grained, occasionally silty and shaley, poorly sorted, and uncemented to

partially cemented. Sandstone unit NBW#lA grades laterally and vertically

into siltstones and shales.

Sands.tonp.-Uni.I-NBWtl--Sandstone unit NBW#l also has a sheet-like morphology

and lateral continuity and therefore, appears to be crevasse-splay and/or

overbank flood deposits. The sandstone unit is generally fine- to coarse-

grained, silty, poorly sorted, and partially cemented. Sandstone unit NBW#2

grades laterally and vertically into siltstones and shales.

Sands-tQn.e-.Uni.t-NBkt#Z--Based on its sheet-like morphology and lateral

continuity, sandstone unit NBW*2 appears to be crevasse-splay and/or

overbank flood deposits. The sandstone unit is generally fine- to coarse-

grained, silty, poorly sorted, and partially cemented. Sandstone unit NBW#l

grades laterally and vertically into siltstones and shales.

Sands.tQnp--.Uni.I-NBWt!,3--Sandstone unit NBW#3 appears to be a fluvial channel

deposit. This interpretation is based on the shape and thickness of the

deposits, the documentation of gravelly lag deposits in boring logs, and the

appearance of interbedded claystone, siltstone, and sandstone proximal to

the deposit margins.

IsQpa.ah_MaIas--Isopach maps showing the thickness, lateral extent, and trend

of sandstone units NBW#lA, NBW#l, NBW#2, and NBW#3 are located in

Appendix E.

The trend of sandstone units NBW#lA is to the north. NBW#lA shows a

relatively constant thickness, which is consistent with the crevasse-splay

interpretation of its origin. NBW#lA is thickest, up to 17 ft beneath the
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pilot barrier portion of the NBCS where units have been stacked upon one

another.

Sandstone unit NBW#l trends to the north-northeast and has an average

thickness of 7 ft. This relatively uniform thickness is typical of a

crevasse-splay deposit. The NBW#l sandstone unit is separated into two

isopached units, one that pinches out to the west beneath the pilot barrier

and is continuous to the east, and one that pinches out to the east in the

area of the western extension barrier and is continuous to the west. These

two units were similarly named because both are within the same time-

stratigraphic interval of the Denver Fm-

Sandstone unit NBW#2 trends to the north and shows some thinning to the west

in the area beneath the pilot barrier. This unit has an average thickness

of 7 ft and shows a fairly uniform thickness consistent with a crevasse-

splay deposit. Sandstone unit NBW#2 pinches out approximately 900 ft west

of D Street and to the east approximately 2,200 ft east of D Street beneath

the soil-bentonite barrier.

Sandstone unit NBW#3 is the thickest sandstone unit described near the NBCS.

Based upon limited borehole information, it appears that the axial trend of

this channel is to the northeast and that the unit is thickest,

approximately 30 ft, in the area beneath the pilot barrier. Overbank

deposits of this channel have been correlated to Boreholes E-39 and E-40,

which are located approximately 1,000 ft north of 96th Avenue and to the

west of Peoria Street. The isopach map for sandstone unit NBW#3 is

presented in Appendix E.

Subar-up-Map--The locations of Denver Fm sandstone unit subcrops in the

offpost area downgradient of the NBCS are shown in Figure 3.1-15. This

Denver Fm subcrop map was generated by plotting the bedrock surface, as

taken from the bedrock contour map, on the north-south cross sections and

projecting the sandstone units to the north at an angle consistent with the

regional dip of approximately one degree, to the southeast.
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In some areas the subcrops have been verified with geologic borings. The

location of the alluvial and Denver Fm sites that were used to help verify

the subcrop areas are shown in Figures 2.1-1, 2.1-2, 2.1-4, and 2.1-5. In

areas where there was limited borehole data, the limit to the extent of the

subcrop was inferred based on knowledge of the depositional environment,

geologic boring control in three dimensions, and experience in the onpost

area where there is more geologic data. The location of the inferred

subcrops is subject to interpretation, and therefore, uncertainty, due to

the projection of the sandstones for distances up to 2,000 ft.

Sandstone units NBW#lA, NBW#l, and NBW#2 subcrop in the First Creek

paleochannel to the north of the NBCS. Based upon the limited geologic

information available to the north of RMA, projections of sandstone units

NBW#3, NBE#2, and NBE#3 indicate that they would subcrop inside the northern

limits of the Offpost Operable Unit.

3.1.4 CHARACTERIZATION OF THE ARAPAHOE FM

The Arapahoe Fm conformably underlies the Denver Fm in the Offpost Operable

Unit and the top of the formation is estimated to be approximately 250 ft to

300 ft below ground surface at RMA north boundary. This estimate was based

upon sample analysis by John Romero of the Colorado Division of Water

Resources. Romero picked the top of the Arapahoe at a depth of 239 ft and

295 ft in two different geologic borings at the north boundary (May, 1980).

These picks were based primarily on color differences and subtle weathering

characteristics and are, therefore, subject to interpretation. The Arapahoe

Fm is a 350- to 650-ft thick sequence of interbedded conglomerate,

sandstone, siltstone, and shale. The Arapahoe Fm can be divided into two

parts. Sandstone and conglomerate with thin beds of shale characterize the

lower portion, while a predominantly blue to gray shale with minor lenses of

sandstone and ironstone concretions marks the upper portion. The

conglomerates, sandstones, and siltstones range from white to medium gray

with some local yellow-green beds. Shales are commonly silty. The larger

proportion of conglomerate and sandstone with respect to shale, the absence

of significant carbonaceous materials, and an overall lighter color

distinguish the Arapahoe Fm from the overlying Denver Fm.
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The base of the Denver Fm is taken as the top of a "buffer zone" that

consists of 50 to 100 ft of clayshale at the top of the Arapahoe Fm. This

clayshale buffer zone provides hydraulic separation between the Arapahoe and

Denver Fm aquifer systems (Romero, 1976, RIC#81266R69).

Individual conglomerate and sandstone beds in the Arapahoe Fm are commonly

lens shaped and range in thickness from a few inches to about 35 ft. The

beds may be so closely spaced that they form a single hydrostratigraphic

unit that is 180 to 270 ft thick in some areas. Generally, the

conglomerates and sandstones are only moderately consolidated. This allows

ground water to flow through the void spaces between grains of gravel and

sand in the conglomerate and sandstone, while little or no water is able to

flow through the siltstone and shale (Robson at al., RIC#82293MO2).

3.2 HYDRQQEQLQGY

A hydrogeologic evaluation was conducted as a part of this study to aid in

assessing primary ground water contaminant migration pathways in the Offpost

Operable Unit. A general discussion of the onpost hydrogeology in the

vicinity of the NWBCS and the NBCS is presented along with a regional

description of the hydrogeologic conditions present in the Offpost Operable

Unit. A more detailed discussion of the hydrogeologic conditions at the

NWBCS and NBCS is presented in the Task 25 and Task 36 reports,

respectively. This study also includes an evaluation of the interactions

between aquifers in the offpost area and an assessment of the impact of

surface water on ground-water flow patterns.

The character and spatial distribution of the aquifers within the Denver

Basin have been previously investigated and reviewed by several different

authors. The hydrogeologic background information utilized in this study is

largely based upon previous investigations performed by Robson and Romero

(1981, RIC#8235OM02), Konikow (1975, RICr,8432MOl), D'Appolonia (1979,

RIC#81266R45), May (1982, RIC#82295ROl), and Vispi (1978, RIC#81266R70).

Additional hydrogeologic information was obtained during the study by

installing piezometers and wells, measuring water level elevations,

preparing detailed geologic cross-sections, and conducting aquifer tests.
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The resulting data were used to estimate ground-water flow directions and

quantities and to help evaluate the influence of the containment systems

with respect to the movement of contaminants in the offpost area.

RMA lies in the northwest portion of the Denver Cround-Water Basin. The two

primary water-bearing units of interest in the Offpost Operable Unit are the

unconsolidated Quaternary alluvium and the underlying Late Cretaceous-

Tertiary Denver Fm- Although these two units are in physical contact, their

hydrologic properties are distinctly different and they generally behave as

Independent aquifers. As a result, they are discussed separately in this

section. Although field investigations during this study have not collected

additional hydrogeologic data on the Araphaoe Fm, a brief discussion of the

hydrogeologic relationship between the Arapahoe Fm and the overlying Denver

Fm has been provided.

For the alluvial and Denver Fm aquifers, a discussion of the potentiometric

surfaces is provided. This evaluation includes a characterization of

potentiometric surface gradients and a general overview of the

potentiometric surface patterns throughout the Offpost Operable Unit. The

hydrogeology discussion is supplemented by a description of the vertical and

lateral extent of the alluvial aquifer, and of the water-bearing units

within the Denver Fm- For the alluvial aquifer, this consists primarily of

defining saturated and unsaturated areas. For the Denver Fm, the discussion

involves the identification of units that are readily differentiated from

the alluvial aquifer and one another. The different aquifer properties are

also presented so that estimates of ground-water flow rates and travel times

can be evaluated. Finally, a discussion of aquifer interactions is

presented to preface assessment of contaminant migration between aquifers.

3.2.1 ALLUVIAL AQUIFER

The alluviai aquifer is composed predominantly of clay and silt deposits

containing fine sands near ground surface and grading with depth to coarser

sands and sandy gravels. The alluvial aquifer in the Offpost Operable Unit

is generally classified as unconfined, heterogeneous and transversely

isotropic (i.e., Kx = Ky /6 Kz). In some areas, the water level extends
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above the upper fine-grained clay and silty sand layers of the aquifer. The

low permeability of the upper fine-grained deposits can locally create

artesian conditions. In this type of aquifer, the hydraulic conductivity of

the upper fine-grained deposits is notably lower than the hydraulic

conductivity of the lower sands and gravel. However, the hydraulic

conductivity of the upper deposits is not so low that the horizontal flow

component can be ignored. An aquifer under these conditions can be

described as a combination of the traditional semi-confined and unconfined

aquifers or semi-unconfined (Kruseman and DeRidder, 1983).

Locally, the bedrock composition directly underlying the alluvium may

consist of poorly cemented subcropping sandstone and siltstone lenses (May

1982, RIC#82295ROl). In these areas the alluvium and the upper Denver Fm

are sometimes considered hydraulically connected and can act as one

hydrogeologic unit. This behavior is primarily due to the relatively high

hydraulic conductivity of the Denver Fm sandstones and minimal contrast in

hydraulic conductivity values between the Denver Fm and alluvium in these

areas. Local hydrologic conditions just upgradient of these areas typically

show an upward vertical flow potential from the Denver Fm to the alluvium.

3.2 - 1. 1

The regional unconfined water table configuration in the alluvial aquifer

across RMA has remained relatively unchanged since 1956. This is probably

due in part to the influence of hydraulic pressures from the underlying

Denver Fm (May 1982, RIC#82295ROl). Locally, the hydrologic characteristics

of the alluvial aquifer and stresses to the aquifer system influence the

direction of the primary ground water flow routes. External stresses to the

alluvial aquifer have caused significant localized water table gradient

fluctuations over time. To facilitate a better understanding of the water

table configuration in the Offpost Operable Unit, water elevation maps were

constructed for the spring and summer quarters of 1987. These maps include

the most recent data collected for this project in the Offpost Operable

Unit. The spring 1987 and summer 1987 maps are provided in Appendix E. The

spring 1987 water table map for the Offpost areas just downgradient of the

RMA north and northwest boundaries is shown in Figure 3.2-1.
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The potentiometric surface maps indicate the primary lateral flow direction

in the Offpost Operable Unit is to the north and northwest toward the South

Platte River. The hydraulic gradients vary significantly across the Offpost

Operable Unit. Low gradients are commonly present along the central axes of

deeply buried alluvial paleochannels containing coarse sediments with high

hydraulic conductivities. The lowest alluvial aquifer gradients in the

Offpost Operable Unit occur along the First Creek paleochannel in Sections

10 and 14, along the northern paleochannel in the western portion of-Section

13, and in Section 21 between the NWBCS and the O'Brian Canal. The average

gradient in these areas of the Offpost Operable Unit is 0.004 ft/ft.

Onpost, in the vicinity of the NBCS, the lowest gradients occur west of

D Street and between Basin F and the NBCS in the middle portion of

Section 23. Cradients as low as 0.0007 ft/ft, are present in this area.

Onpost near the NWBCS, the lowest gradients occur in the western portion of

Section 22 where gr_adients as low as 0.002 ft/ft are noted.

The steepest gradients in the alluvial aquifer near RMA are present where

ground water is moving through less permeable alluvial material. Also,

steep gradients can occur in the uppermost Denver Fm in areas underlying

unsaturated alluvium. In the Offpost Operable Unit, the steepest hydraulic

gradients, approximately 0.022 ft/ft, are present in the unsaturated

alluvial area located in the northeast portion of Section 22. Onpost, near

the west side of the NBCS barrier, these conditions are prevalent and the

hydraulic gradient is approximately 0.024 ft/ft. Cradients are also steep

along the edges of paleochannels where water table contours reflect the

bedrock-slope configuration.

The slope of the bedrock surface steepens near the RMA north boundary as

shown in Figure 3.1-7. This slope change results in relatively high water

table gradients in the area immediately north of the NBCS. Offpost

gradients along First Creek, and just downgradient of the NBCS, slope to the

northwest, again reflecting the bedrock configuration in this area. These

gradients may also reflect seasonal recharge from First Creek and, to a

lesser extent, inflow from subcropping Denver sandstone units.
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Average hydraulic gradients in the Offpost Operable Unit generally coincide

with gradients observed by Konikow (1975, RIC#84324MOl). Average hydraulic

gradients during 1977 in the vicinity of the NBCS were estimated to be 0.006

ft/ft near the pilot portion of the NBCS and 0.0076 ft/ft near the eastern

extension of the system. Average hydraulic gradients during 1981 in the

vicinity of the NWBCS were estimated to be 0.0015 ft/ft (Anderson and

Bergeron, 1981, RIC#85154R18).

Currently, observed gradients beyond about 1,000 ft upgradient and

downgradient of the NBCS and the NWBCS generally coincide with gradients

observed under pre-system conditions even though the average water table

elevations have declined. Within the NBCS area, water table gradients

across the soil-bentonite barrier have been relatively steep. These

hydraulic gradients are due primarily to dewatering and recharge operations

and the relatively low hydraulic conductivity of the soil-bentonite barrier.

Gradients close to the NBCS and the NWBCS vary from pre-system naturai

conditions because of the influence of individual dewatering and recharge

wells. These local deviations can be observed in Figure 3.2-1.

Offpost near the RMA north and northwest boundaries, the water table

elevations have declined an average of about 1 to 2 ft since the late 1970's

and early 1980's. This evaluation is based upon hydrographs for Wells

37308, and 37309 located downgradient of the NBCS, and hydrographs for Wells

37334 and 37335 located downgradient of the NWBCS- The hydrographs for

Wells 37309 and 37335 are shown in Figures 3.2-2 and 3.2-3, respectively.

Hydrographs for Wells 37308 and 37334 are shown in Appendix E. A comparison

of spring and summer 1987 water elevation maps with water elevation maps

prepared by Konikow (1975, RIC#84324MOl) and Robson and Romero (1981,

RIC#8235OM02) also shows an average decline of about 1 to 2 ft. These

downgradient water level declines are thought to be primarily attributable

to decreased infiltration from upgradient onpost recharge sources since the

1960s and 1970's (e.g., storage of irrigation water in Basin C from 1965 to

the early 1970s).
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Onpost, the water table elevations near the RMA north boundary have declined

during the same time period. Decline in water levels from spring 1977 to

spring 1987 averaged 5 to 6 ft in the central portions of Section 23, and 3

to 4 ft in Section 24. Water levels immediately upgradient of the NBCS have

also declined an average of 3 to 4 ft in Sections 23 and 24 but vary

considerably because of differing pumping rates associated with the

operation of the NBCS. These declines are also thought to be attributable

to decreased infiltration from upgradient recharge sources.

In the onpost area, downgradient of the NBCS, water level fluctuation trends

are complicated by the uneven distribution of NBCS recharge operations

relative to natural pre-system flow rates in the area. This general trend

shows an overall decline, however, there are areas near the North Bog

(Figure 3.2-1) where substantial amounts of NBCS effluent water are

presently being discharged and these areas actually exhibit a higher water

table t1lan in 1977. The elevation of the water table west of D Street,

however, has exhibited declines as much as 9 ft. These areas correspond to

the location of NBCS recharge wells that historically have been unable to

return natural flow rates to the aquifer.

Seasonal water table trends are reflective of differing amounts of recharge

to the alluvial aquifer during different times of the year. Generally, the

water table elevations vary seasonally from 1 to 2 ft with more extreme

fluctuations observed close to First Creek, and offpost irrigation ditches.

The highest water levels are generally noted in the late winter and spring

of each year and reach a low during late summer or fall. This is shown in

the seasonal hydrographs of Figures 3.2-4 and 3.2-5 for Wells 37308 and

37309, and 37335, respectively. Near First Creek, the water table

elevations in the winter months may exceed that of the spring months.

Higher water table conditions in the winter and spring months are indicative

of increased snowmelt and rainfall. Although the trends may differ somewhat

from year to year, varying recharge from indirect infiltration of

precipitation and other surface water bodies during different times of the

year are primarily responsible for the seasonal water table fluctuations.
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3.2-1.2 Saturated-Allumial-1hicknass

The saturated thickness of the alluvial aquifer varies from 0 to 60 ft over

the Offpost Operable Unit. The summer 1988 saturated thickness map for the

offpost areas just downgradient of the RMA north and northwest boundaries

has been provided in Figure 3.2-6 for discussion. The summer 1987 saturated

thickness map for the entire Offpost Operable Unit is provided in

Appendix E. These maps were constructed using water level data obtained in

the summer of 1987 and the bedrock surface map presented in Section 3.1-2.

Saturated alluvium is thin or absent near high bedrock areas and where

bedrock outcrops. Thick sequences of saturated alluvium occur within

paleochannels scoured into the bedrock surface. The saturated horizon

generally includes basal sands and sandy gravels as well as overlying clays

and silty clays. About 55 to 60 percent of the saturated, unconsolidated

sediments are sand and gravel, and 40 to 45 percent are silt and clay. The

coarser alluvial sediments are more significant because of their hydraulic

conductivity compared to finer-grained sediments.

The greatest amount of saturated thickness, approximately 60 ft, occurs

about 5,000 ft northwest of the NWBCS as shown in Figure 3.2-6. At the RMA

northwest boundary the saturated thickness varies from 10 to 30 ft. North

of the RMA north boundary, the saturated thickness varies from 0 to 30 ft-

Directly adjacent to the NBCS soil-bentonite barrier, the saturated

thickness varies from an average of 2 ft downgradient of the pilot portion

of the system to 20 ft upgradient of the eastern extension barrier and near

First Creek. The alluvial aquifer becomes unsaturated toward the eastern

and western ends of the system near bedrock highs.

In the vicinity of the RMA north and northwest boundaries, the saturated

region is bounded by three distinct unsaturated alluvial areas as shown in

Figure 3.2-6. The unsaturated areas located to the east and west of the

NBCS and the unsaturated area to the northeast of the NWBCS were considered

in the design of the containment systems. The ends of the NBCS soil-

bentonite barrier were designed to key into bedrock highs corresponding to

these unsaturated alluvial aquifer areas. Likewise, the northeast end of
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the soil-bentonite barrier at the NWBCS was designed to key into an area of

bedrock high. Another area of unsaturated alluvium, very influential in

controlling ground-water flow directions, is present downgradient of the

NBCS in the northeast quadrant of Section 14 and the northwest quadrant of

Section 13. This area of unsaturated alluvium separates two distinct

alluvial flow pathways along First Creek and to the north through Section

13. These two pathways will be referred to in this report as the First

Creek pathway and the Northern pathway, respectively. Also, downgradient of

the NBCS in Section 14, two smaller isolated areas of unsaturated alluvium

are present as shown in Figure 3.2-6.

The saturated thickness in the Offpost Operable Unit is dependent upon

seasonal water level fluctuations that average approximately 2.5 ft, as

described in Section 3.2.1.1. The saturated thickness is greatest in the

winter and spring, and lowest during summer and fall. Close to the NBCS and

the NWBCS, the saturated thickness is influenced by the operation of

dewatering and recharge wells and by the presence of the soil-bentonite

barrier. A detailed assessment of stresses imposed by the NBCS and the

NWBCS on the alluvial aquifer and their effects on the saturated thicknesses

are described in the forthcoming Boundary Control Systems Assessment

Remedial Investigation Report, Task 25, and the North Boundary System

Component Response Action Assessment, Task 36 Draft Final Report (ESE,

1988b, RIC#88063RO8).

3.2 .1.3 Aquifer--Raramalars

In previous studies, the hydrogeologic properties of hydraulic conductivity

and apparent specific yield of.the alluvial aquifer near the NBCS were

determined by slug and pumping tests (Zebell, 1979, RIC#81266R19; Mitchell,

1976, RIC#81281RO4% Vispi, 1978, RIC#81266R70; Black and Veatch, 1980,

RIC#81266R25; May, 1982, RIC#82295R01% COE, 1983a, RIC#84066R01; COE, 
1986).

The location of these aquifer tests are shown in Figure 3.2-7. A

determination of hydraulic conductivities and transmissivities for 
the

alluvial aquifer is essential for determining ground-water flow rates. An

understanding of the apparent specific yield of the aquifer is necessary for

predicting water table fluctuations due to stresses on the aquifer.
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One alluvial aquifer test was performed under this study at Well 37367 shown

in Figure 3.2-7. The aquifer test was performed at this location to obtain

representative alluvial aquifer parameters along the Northern pathway.

Aquifer test results from other studies have been extrapolated to the

Offpost Operable Unit to provide a general range of aquifer parameters for

other contaminant migration pathways such as the First Creek paleochannel

and the paleochannel emanating from the NWBCS-

Reanalysis and evaluation of onpost aquifer test data near the NBCS was

performed to confirm previously calculated values (ESE, 1988). Previously

reported aquifer hydraulic conductivities and the apparent specific yields

varied significantly. ESE performed reanalysis of data for seven onpost

pumping tests, five performed by WES (Vispi, 1978, RIC#81266R70) and two

additional tests conducted by Black and Veatch (1980, RIC#81266R25).

Interpretation of these data indicate that the alluvial aquifer responds as

an unconfined aquifer in most cases but in some areas acts as an unconfined

aquifer with a delayed yield phenomena. This phenomena may occur in

stratified unconfined aquifers where a homogeneous coarse-grained unit is

bounded below by a relatively impervious layer and above by a fine-grained

layer. When an unconfined aquifer shows the characteristics mentioned

above, it is classified as semi-unconfined (Kruseman and DeRidder, 1983).

Analysis of aquifer test data under the geologic conditions described can be

misleading if the use of conventional methods for confined and/or semi-

confined aquifers are used. Although such methods can be applied, certain

conditions and assumptions are required. Reanalysis of onpost pumping test

data was conducted by ESE using the Neuman method, which accounts for

anisotropic, unconfined aquifers that undergo delayed gravity response

during pumping tests (Neuman, 1975).

The results of alluvial aquifer tests conducted in the vicinity of the NBCS

are given in Table 3.2-1. Also listed in this table are the results of a

pumping test performed by WES (May, 1982, RIC#82295R01) and two pumping

tests performed by the COE (1983b, RIC#85176R01 and 1986) in the vicinity of

the NWBCS. In the north and northwest boundary area, the transmissivity (T)

values are generally higher in buried and incised paleochannels. These
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Table 3.2-1. Transmissivity (T), Hydraulic Conductivity (K), and Apparent

Specific Yield (SYA) from Pumping Tests

-------------------------------------------------
K***

Site Aquifer Test T gpdLft2

Well No. (Bore No.) By gpd/ft KH Kv SYA

------------------------------------------------------------------

24029 (345) WES (Vispi 1978)* 30,000 3,000 2.0-100 0.18

24043 (549) WES (Vispi 1978)* 15,500 1,550 0.01

23049 (368) WES (Vispi 1978)* 45,000 7,250 0.25

23096 (529) WES (Vispi 1978)* 79,000 7,500 0.21

23067 (548) WES (Vispi 1978)* 20,000 2,000 0.03

24153 (1036) Black & Veatch (1980)* 18,500 1,760 0.80 0.02

24150 (1032) Black & Veatch (1980)* 19,400 1,760 12-84 0.01

24025 (221) WES (Mitchell 1976)** 8,020 1,670 0.048

23024 (2,03) WES (Mitchell 1976)** 6,210 887 0.050

24013 (209) WES (Mitchell 1976)** 19,100 1,270 0.054

22020 (1104) WES (May 1982) 405,000 17,690 0.0005

22050 (DH19) USACE (1986) 33,000 4,390 0.085

27066 (DH13B) USACE (1986) 210,000 8,560 0.25

--- - ------- - -- - - --- - -------

Transmissivity (T) and apparent specific yield (SYA) from ESE reanalysis.

Transmissivity and apparent specific yield from reanalysis by Battelle-Moody

Thomas P-1 al., 1977).

KH and Kv denote horizontal and vertical hydraulic conductivity, respectively.

Source: ESE, 1988.
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relatively high T values are primarily associated with a thickening of

coarse-grained basal sands and gravels within the erosional bedrock

channels.

North of the NBCS the T and K values for the Northern pathway have been

estimated from the results of the test performed on Well 37367. 
The average

T obtained from this pumping test was 49,000 gpd/ft and the 
average K was

2,500 gpd/ft2. The apparent specific yield value of 1.7 x 10-3 indicates

that the aquifer responded as a semi-unconfined aquifer at this 
location.

Two pumping tests have been performed along First Creek onpost, 
in the

vicinity of the NBCS. These tests were performed at Wells 24029 and 24150

as shown in Figure 3.2-7. The results of these pumping tests have been used

to provide a range of T and K values that may be observed in the First Creek

paleochannel offpost. The T values for Wells 24150 and 24029 were 19,000

and 30,000 gpd/ft, respectively. The K values for Wells 24150 and 24029

were 1,760 and 3,000 gpd/ft2, respectively. The apparent specific yield

values of 0.01 and 0.18 obtained from pumping tests at Wells 24150 and

24029, respectively, indicate that the aquifer responds as 
an unconfined

aquifer at each of these locations.

Aquifer parameters for alluvial materials in the vicinity 
of the NWBCS are

based on previous pumping tests conducted by May (1982, 
RIC#82295ROl) and

COE (1983b, RIC#85176ROl and 1986). The T values for the three tests range

from 33,000 to 405,000 gpd/ft and the K values range from 
4,390 to 17,690

gpd/ft2. The higher T and K values were obtained from Well 22020 that 
is

completed in the paleochannel where the NWBCS intercepts 
alluvial ground

water. These T and K values are considered representative of the aquifer

parameters that may be observed in this same paleochannel offpost, northwest

of the NWBCS. The storativity value of 0.0005 calculated for the test at

Well 22020 indicates that the alluvial aquifer responded 
as a confined

aquifer at this location. This is probably due to 30 ft of fine-grained

clay that overlies the coarse-grained aquifer material 
in this area. The

apparent specific yield values of 0.25 and 0.085 obtained 
from pumping tests
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at Wells 27066 and 22050, respectively, indicates that the aquifer responds

as unconfined at the location of Well 27066 and as semi-unconfined at each

of these locations.

The reanalysis of aquifer tests conducted in Sections 23 and 24 on RMA have

been used to provide estimates of hydraulic conductivity for different

combinations of different USCS soil groups comprising the alluvial aquifer

in the study area. These average values are shown in Table 3.2-2. These

values were obtained by correlating the hydraulic conductivity determined

from aquifer tests to the lithologies observed in pumping and observation

wells.

The Neuman analysis method also allows for a determination of vertical

hydraulic conductivities. The values computed during aquifer test analysis

were on average at least two orders of magnitude lower than horizontal

hydraulic conductivities. Several of these values are shown in Table 3.2-1-

3.2 .1.4

Flow through the alluvial aquifer is strongly influenced by the

paleodrainage patterns and associated stream channel deposits as described

in Section 3.1-2. Ground-water flow is enhanced along paleochannels because

of higher transmissivities associated with a relative thickening of coarse

basal sands and gravels along the axes of the paleochannels. As ground

water flows from the NBCS area, into the Offpost Operable Unit, it follows

two distinct alluvial pathways. These two flow pathways are separated by a

ground-water divide present near the surface water impoundment located along

First Creek and approximately one third of a mile north of the RMA north

boundary. The bifurcation of flow paths is caused in part by a Denver Fm

high located just north of this impoundment. Ground water traveling to the

east of this impoundment flows north through the central and western

portions of Section 13. Near the northern portion of Section 13, the

ground-water flow direction changes to the northwest toward O'Brian Canal.

Ground water traveling to the west of the First Creek impoundment flows

northwest along the First Creek paleochannel. Both flow paths are bounded

by large unsaturated alluvial areas in Sections 13 and 14, as shown in

Figure 3.2-6.

3-50



i W - J44 . ý

12/27/88

Table 3.2-2. Hydraulic Conductivity of Combined Soil Groups in the

Alluvial Aquifer.

-------------------- -------------------------------------------------

Hydraulic Conductivity

Classification Description ------- LgpdLL121 ------

(SP_GW) Well-graded gravels or gravel- 7,000 - 7,500

sand mixtures with little (928 to 1008 ft/day)

or no-fines combined

with poorly graded sands.

(SP_GP) Poorly graded gravels, 3,000

or gravel sand mixtures with (389 ft/day)

little or no fines combined

with poorly graded sands.

(SP-SW) Poorly to well-graded sands or 1,850

gravelly sands with little (245 ft/day)

or no fines

(SP) Poorly graded sands or 1,700

gravelly sands, little or (230 ft/day)

no fines

(SM-SP) Silty sands, sand-silt 1,500

mixtures combined with poorly (202 ft/day)

graded sands or gravelly sands

- -------------------------------------------------------------------------

Source: ESE, 1988.
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Onpost, as ground water approaches the NBCS area, it flows along two

distinct pathways. These pathways are separated by a bedrock high

associated with the ridge near North Plants located in the southeast and

southwest quadrants of Sections 23 and 24, respectively. This bedrock high

is shown in Figure 3.1-6. In Section 24, the larger flow component follows

the First Creek paleochannel in a north-northwest 
direction.

The second major flow pathway enters the NBCS 
study area from the vicinity

of Basin F through the south-central portion of 
Section 23. This flow

pathway has an important influence on contaminant 
migration in the area and

follows a northeast trending paleochannel which 
intersects the First Creek

near the east end of the NBCS. However, midway between Basin F and the

north boundary, the primary flow direction turns abruptly away 
from the

paleochannel and toward the pilot barrier area. 
Large ground water influx

in Section 24 from the alluvial aquifer and/or the Denver Fm, 
in combination

with high driving heads and gradients in the northwest direction, are the

main cause for this change in ground water flow direction (Thompson et al.,

1985, RIC#86078ROl).

According to Thompson at al. (1985, RIC#86078ROl), the total ground-water

flow approaching the NBCS area ranges between 
250 to 325 gpm. This estimate

was based upon NBCS flow measurements and hydrologic 
data in the vicinity of

the NBCS. Due to seasonal fluctuations, the flow approaching 
the NBCS is

expected to be higher during winter and spring, 
and lower during summer and

fall. Total seasonal flow variations are expected to 
be no more than about

20 percent of the total flow based upon observed water table 
fluctuations.

As water flows from the NWBCS area, into the Offpost Operable Unit, it

follows the direction of the paleochannel that originates from the NWBCS

area. The general direction of flow in this area 
is to the northwest.

Ground-water flow approaching the NWBCS follows 
paleodrainages that are

isolated by unsaturated alluvial areas as 
shown in Figure 3.2-6. The

predominant direction of ground-water flow 
is to the northwest. The total

ground-water flow being intercepted by the NWBCS 
is estimated to be about

185 gpm. This estimate was based upon a two-dimensional 
ground-water flow

model performed by Warner et al. (1986, RIC#87085ROl). Due to seasonal
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fluctuations, the flow approaching the NBCS is expected to be higher during

winter and spring, and lower during summer and fall. Total seasonal flow

variations are expected to be no more than 20 percent of the total flow

based upon observed water table fluctuations.

Cround-water velocities in the Offpost Operable Unit vary with local changes

in hydraulic conductivity, hydraulic gradient, and porosity. 
In the Offpost

Operable Unit near the NBCS, estimates of average linear 
velocities of

ground water range from 1.5 ft/day to 10.0 ft/day. In the Offpost Operable

Unit near the NWBCS, ground-water average linear velocities 
range from 5.5

ft/day to 22.5 ft/day. These estimates are based upon the previously

discussed hydraulic conductivity values and water table 
gradients observed

during this study and an average porosity of 30 percent.

3-2-1.5

Stresses to the alluvial aquifer system have influenced the overall

hydrology to the Offpost Operable Unit. Natural and man-made stresses to

the alluvial aquifer include various recharge and discharge events. Onpost

man-made stresses were mainly derived from RMA operations 
or actions which

were carried out in the late 1960's and 1970's (Thompson at al., 1985,

RIC#86078ROl). These actions included the use of Basins C, D, E, and F to

dispose of wastewater, the operation of the Sewage Treatment 
Facility in

Section 24, numerous pumping tests, irrigation pumping and 
spraying in

Sections 23 and 24, and operation and testing of the North Boundary Pilot

Containment System. These actions resulted in a higher ground-water table

in Sections 22, 23, and 24 during the 1970's than at present.

Currently, stresses to the alluvial aquifer are caused 
by the operation of

the NBCS and the NWBCS. The physical presence of the soil-bentonite

barriers and the operation of the dewatering and recharge wells have

significantly altered the potentiometric surface and 
hydraulic gradients

within 5,000 ft of the containment systems.

In the Offpost Operable Unit, pumping for irrigation 
and domestic uses

during the summer months can cause deviations in the natural ground-water
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flow directions. The majority of the pumping occurs in the offpost area

between Burlington Ditch and the South Platte River. However, the majority

of irrigation water in this area comes directly from the irrigation canals-

Areas between O'Brian Canal and the RMA north and northwest boundaries are

primarily used for dry-land farming and the demands on the alluvial aquifer

for irrigation are virtually nonexistent (Konikow, 1975, RIC#84324MOl).

Natural stresses to the alluvial aquifer are primarily attributable to

interactions with streams, canals, surface water impoundments, and the

discharge/recharge relationship with the underlying Denver Fm- First Creek

is an intermittent stream that transects the NBCS area and is thought to

have a significant influence on the alluvial aquifer. Stream gaging has

been conducted since July, 1986 at the north boundary where First Creek

exits RMA and since October, 1985 at the confluence with O'Brian Canal near

Highway 2. Evaluation of these data delineates some definitive trends for

the offpost reach of First Creek. First, during high flow periods, the

upstream gage station recorded significantly higher flows than at the

Highway 2 station. The majority of this water appears to be lost to the

alluvial aquifer via infiltration from First Creek and the surface

impoundment located in the eastern portion of Section 14.

From July 1986 to June 1987, losses between these two points exceeded 100

gpm. Much of the noted losses were observed during storm events during

which the Highway 2 gage was inundated. During these storms, the Highway 2

gage probably underestimated flows and, thus, First Creek losses could be

overstated. However, considering that evaporation would only represent a

small fraction of flow during base flow periods, it is evident that First

Creek is overall losing water to the alluvial aquifer along this reach. The

relative contribution, specifically from the surface impoundment, as opposed

to First Creek itself, is thought to be significant because the impoundment

can retain water during storm events and act as a "spreading basin" during

no flow periods in First Creek. Since the impoundment covers approximately

eight acres, substantial recharge to the alluvial aquifer could be occurring

throughout the year. This is substantiated by observed water level declines

in the impoundment of about 1.5 ft/month during periods when no flow was

entering or exiting in First Creek.
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During no flow periods at the north boundary gage, small flows have been

measured at the Highway 2 station. These data indicate that during low flow

periods First Creek may gain water from the alluvial aquifer. 
Surface

runoff during these low flow periods, primarily during the 
summer and fall,

is generally nonexistent and is not believed to be responsible for the

downstream flows. This assessment is substantiated by the presence of

ground water contaminants at the offpost Highway 2 surface 
water sampling

station that have not been detected in First Creek onpost. A more detailed

assessment of alluvial aquifer/First Creek interactions 
is provided in

Section 4.0 of this report.

Infiltration of surface water from Burlington Ditch and 
O'Brian Canal also

contributes significant recharge to the alluvial aquifer 
in the Offpost

Operable Unit. Based upon a study conducted by Konikow (1977, RIC#84192RO2)

the amount of recharge to the alluvial aquifer from these two canals 
in the

Offpost Operable Unit is estimated at 180 gpm/mile.

As reported by Konikow (1977, RIC#84192RO2) the average rate of application

of irrigation water in the South Platte River valley is about 4.2 ft/yr and

about 45 to 50 percent of the applied water recharges the aquifer. 
Based

upon Konikow's data, about 18 percent of irrigation water is from the

alluvial aquifer and the remainder is from irrigation canals. Thus,

estimates of recharge to the alluvial aquifer are about 
23 to 25 inches per

year. These values seem reasonable, but may be decreasing with time as

pumping costs increase. Currently, much of the irrigation water is diverted

from canals and does not require pumping (MKE, 1987). 
The alluvial aquifer

discharges to the South Platte River to the northwest 
of the Offpost

Operable Unit. The amount of discharge has been estimated at 1,300 
gpm/mile

(MKE, 1987).

Recharge to the aquifer also results from the 
operation of the recharge

system at the NBCS. The North Bog currently receives treated water from 
the

NBCS and recharges water to the alluvial aquifers. 
Leakage from the

alluvium to the Denver Fm is occurring near the NBCS as evidenced by the

downward vertical gradients observed at several 
cluster well sites in the

area. Locally, recharge to the alluvial aquifer from 
the underlying Denver
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Fm is occurring in areas where sandstone units subcrop beneath the 
alluvium

(May, 1982, RIC#82295ROl). (A discussion of alluvial/Denver aquifer

interactions will be given in Section 3.2-3-5).

3.2.2 DENVER FM

Regionally, the Denver Fm consists of a system 
of interconnected beds of

permeable and relatively impermeable sediments 
with a high degree of

variability in hydraulic conductivity and 
storativity values both la.terally

and vertically. Ground water primarily flows laterally and 
updip through

sandstone lenses under confined conditions 
and primarily discharges locally

to the alluvial aquifer. The driving head for this updip flow results 
from

recharge into outcropping and subcropping 
Denver Fm sandstones to the south

of RMA. Structural mapping by Robson and Romero (1981, 
RIC#8235OM02)

indicates that the altitudes of the base of 
the Denver Fm range from more

than 6,400 ft above mean sea level (msl) 
in the southern part of the Basin

to less than 4,600 ft above msl in the lowest part of the structure. The

base of the Denver Fm is at about 5,000 ft above msl in the vicinity of RMA.

The Denver Fm consists of approximately 250- 
to 300-ft-thick series of

carbonaceous clay-shales, claystones, and 
siltstones, near the boundaries of

RMA and thins to the northwest toward the South 
Platte River (May P_t al.,

1980, RIC#81266R48). In areas near the South Platte River, the Denver Fm

subcrops and is completely absent due to erosion, in areas 
to the northwest

of the subcrop zones (Robson, 1984). These fine-grained sediments are

interbedded with weakly lithified, more permeable, 
lenticular sandstone

units. The sandstone units may be locally unconsolidated, 
but cementing

with calcium carbonate, silica, or other 
minerals can decrease the hydraulic

conductivity of these sandstone units by two orders of magnitude or more

(Ertec, 1981, RIC#81352R35). Where sandstone units are uncemented 
or

partially cemented, these bodies act as the dominant pathway for

transmitting ground-water flow laterally 
through the Denver Fm-

In the Offpost Operable Unit, the water-bearing sandstone units'are confined

and heterogeneous, and the upper units 
generally have a potentiometric

surface a foot or two below the alluvial 
water table surface. In areas
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where Denver Fm sandstones subcrop into the alluvium, the water levels of

the subcropping units are simi lar to that of the alluvial water table which

may indicate an area of potential discharge or an area where a flow in the

Denver Fm is controlled by water table conditions.

The dominant ground-water flow direction within the Denver Fm is to the

north-northwest. Potentiometric surface maps prepared for Denver Fm units

characterized in the Offpost Operable Unit, show this flow direction-

Potentiometric differences between sandstone units in the study area

generally indicate downward ground-water movement. Vertical hydraulic

gradients observed between distinct units range from 0.002 to 0.4 ft/ft.

Generally, sandstone units that are geologically connected by coarse,

permeable materials exhibit coincident water levels and can be considered as

one unit.

In the Offpost Operable Unit, the water-bearing sandstone units generally

represent fluvial channel and crevasse-splay type deposits that grade

laterally and vertically into finer materials. Due to the nature of

deposition of these sediments, the sandstone units differ in their capacity

to store, transmit, and yield water. In general, the Denver Fm sandstones

near the RMA boundaries and in the Offpost Operable Unit have a hydraulic

conductivity three orders of magnitude less than the coarsest alluvial

sediments. Slug tests and laboratory hydraulic conductivity tests show that

the hydraulic conductivity of fractured and weathered clay shale of the

upper Denver Fm can be of similar magnitude to that of the Denver Fm

sandstones (May et al., 1980, RIC#81266R48). However, with depth the

hydraulic conductivity of the clayshale is generally two orders of magnitude

less than that of the Denver Fm sandstones. A more thorough discussion of

the hydraulic conductivities for the Denver Fm units is given in Section

3.2-2-3.

The following discussion of the Denver Fm hydrogeology in the Offpost

Operable Unit focuses on aquifer recharge, ground-water movement, and

aquifer discharge. The emphasis has been placed on describing the

potentiometric surfaces and aquifer properties of zones within the Denver
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Fm- Several zones, separated by less permeable lignitic shale intervals,

have been identified at RMA. Of these zones, 2, 3, and 4 subcrop in the

Offpost Operable Unit, i.e., are uppermost units and are therefore, of the

most interest to the offpost RI.

3.2-2.1 Aquifaz_Reaharge

Regional recharge to the Denver Fm occurs to the south of RMA where the

Denver Fm outcrops and is subject to direct infiltration of precipitation.

The elevation of these recharge areas is sufficiently high topographically

and causes updip ground-water flow at RMA. Other recharge to the Denver Fm

occurs as a result of the overlying saturated unconsolidated materials

having a higher water level elevation than the Denver Fm- This mode of

recharge is a key factor in the interpretation of contaminant movement

beneath RMA. Recharge to the Denver Fm can also occur directly from surface

water sources in areas where the alluvial aquifer is unsaturated.

Recharge that results indirectly from the activities of man, is less

significant than natural recharge, but is important in terms of contaminant

migration. At RMA, these activities include well construction, and any

excavation work that intercepts Denver Fm units, such as utility trenches.

In the areas adjacent to the NBCS, recharge to the Denver has resulted from

the pumping of dewatering wells completed in the formation. These wells, in

operation only during 1984, induced flow downward from the overlying

saturated unconsolidated materials having a higher water level elevation

than the Denver Fm-

3.2-2.2 DenYP_r__Em_ZQiaes

In the Offpost Operable Unit, three Denver Fm zones which correlate to

onpost zones have been described. The subdivision of the upper Denver Fm is

based primarily on the geologic interpretation presented in Section 3.3-1,

but also on an assessment of water levels and contaminant distribution

including inorganic chemistry data. An attempt was made to use inorganic

chemistry data to differentiate between Denver Fm zones. However, no

verifiable correlation was observed between concentrations and Denver Fm
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zones. Due to the regional description of these zones, they include varying

amounts of permeable sands and less permeable siltstones and shales. The

more permeable sandstone units vary in thickness and lateral extent within a

particular regional zone.

In the vicinity of the NBCS, geologic, water level, and water chemistry data

have made it possible to subdivide regional zones 2, 3, and 4 into more

localized units. A detailed description of the local units identified at

the NBCS is presented in the Task 36 report. A brief description of these

more localized units has been provided in this report to describe how the

localized units relate to the regional zones. The four primary Denver Fm

units identified in the vicinity of the NBCS are NBW#lA, NBW#l, NBW#2, and

NBW#3. These units at the NBCS are similar to the sandstone units described

in Section 3.1-3. Denver Fm zone 2 includes units NBW#lA and NBW#l, and

zones 3 and 4 include units NBW#2 and NBW#3, respectively.

The following discussion of hydrologic characteristics of the Denver Fm has

concentrated on the aforementioned regional zones and localized units

identified near the NBCS. These regional and localized units are the

uppermost zones in the Offpost Operable Unit in the area north and northwest

of the RMA boundary. The discussion of potentiometric surface, hydraulic

conductivity and transmissivity will focus on the regional Denver Fm zones

and will incorporate a discussion of the local units at the NBCS where

appropriate.

3.2-2.3 P-Qtp- n -t i.Qwetr-ir--S u ria a e

Potentiometric surface maps for Denver Fm zones 2, 3, and 4 were constructed

under Task 25 using water level measurements taken during the spring of

1987. Potentiometric surface maps for the Denver Fm units identified at the

NBCS, NBW#lA, NBW#l, and NBW#2 were constructed using water level

measurements taken during February 1988. The February 1988 sampling period

was chosen for the NBCS units because it was the most complete water level

data set available.
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The potentiometric surface maps were evaluated to assess flow directions and

hydraulic gradients within each regional zone and localized units within

these zones. Figure 3.2-8 illustrates the generalized flow directions in

regional zone 2. The flow direction in zone 2 is to the north in the

offpost area just north of the NBCS in Sections 13 and 14. The average

hydraulic gradient in this offpost area is approximately 0.005 ft/ft. Near

the NWBCS, in Section 26 and Section 27, flow directions are to the west and

the gradient is slightly greater at about 0.01 ft/ft.

In the vicinity of the north boundary of RMA, Denver Fm units NBW#lA and

NBW#l have been identified within zone 2. More detailed potentiometric

surface maps for these units are presented in Figure E-15 and E-16,

respectively. The dominant flow direction within these units is to the

north and the hydraulic gradients average about 0.005 ft/ft.

In Denver Fm zone 3, flow is nearly due west along the northwest portion of

RMA in Sections 22 and 27, as shown in Figure 3.2-9. Gradients range from

about 0.013 to 0.02 ft/ft in these sections. Approaching the north boundary

of RMA in Sections 23 and 24, flow is to the northwest and gradients range

from about 0.003 to 0.008 ft/ft. In the Offpost Operable Unit, downgradient

of the north boundary of RMA, flow is also to the northwest and the average

gradient is about 0.01 ft/ft. Near the NBCS, Denver Fm unit NBW#2 is within

zone 3 and the dominant flow direction within this unit is to the northwest

and the average gradient is also 0.01 ft/ft. The potentiometric surface map

for this unit is shown in Figure E-17.

The potentiometric surface map of Denver Fm zone 4 indicates flow toward the

north in Section 24 and toward the northwest in Sections 22, 23, 26, and 27

as shown in Figure 3.2-10. Hydraulic gradients in this zone range from 0.01

ft/ft in the northern area of Sections 22, 23, and 24, and the northeast

portion of Section 27, to 0.002 ft/ft in the Southern portion of Section 2.3

and 24 -

in Sections 13 and 14 of the Offpost Operable Unit, the direction of flow in

zone 4 is to the north and the average gradient is 0.010 ft/ft. Local

Denver Fm unit NBW#3 is within zone 4. A more detailed potentiometric
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surface map for unit NBW#3 is shown in Figure E-18. The flow direction in

this unit is to the north and northwest and the average gradient is about

0.01 ft/ft.

3-2-2.4

Hydraulic conductivity (K) and transmissivity (T) were estimated for Denver

Fm zones from two pumping tests performed by Black and Veatch (1980,

RIC#81266R25) and from 35 slug tests performed by May et al. (1980,

RIC#81266R48) and by ESE in 1988. ESE performed slug tests on six Denver Fm

monitoring wells installed in the Offpost Operable Unit and six Denver Fm

monitoring wells onpost installed near the NBCS. The location of Denver Fm

aquifer tests are shown in Figure 3.2-11. Although the estimation of K and

T from a slug test is representative only the water-bearing material close

to the well (Cooper ej al., 1967), slug tests were used for this study to

provide order of magnitude estimates for K at a large number of sites.

The values of K and T obtained from the slug test analyses of May el al.

(1980, RIC#81266R48) and ESE, are presented in Table 3.2-3. The May et al-

(1980, RIC#81266R48) slug test data were reanalyzed and correlated to ESE

results for comparative purposes. Close agreement exists between the

results of the two studies.

A wide distribution of K and T values resulted from the different Denver Fm

wells tested. The heterogeneous and anisotropic nature of the Denver Fm

sandstone units near the NBCS is believed to be partially responsible for

varying K and T values. With slug tests, the portion of the aquifer tested

for hydraulic conductivity is smaller than for a pumping test. Most of the

head loss occurs within a relatively small distance of the well and the

resultant transmissivity primarily reflects the aquifer conditions near the

well. This fact may partially be responsible for the large range of K

values noted.

The values for K and T are reported for zones 2, 3, and 4. There are no

data available offpost for the hydraulic properties of Denver Fm zone 2,

therefore, values reported are for onpost wells near the NBCS. Values of T
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Table 3.2-3. Slug Test Results for Denver F% Hydrostratigraphic Units near the North Boundary Of M% R"-D. I/Rl 06/01/88

Hydratilic CAxductivity Tmnqminsivi v
Site Wei I Screen (gd/W) (an/sec 10ý6) Aqui fer gpd/ftNuTher Mmtýr Interval (ft) Shig In Shtg Out* Slup In SluR Thickness (ft) -S].Nz In Sl,,e Oit Reference

Zone Unit
2 NiW-#I A EP-27 23227 33.25-39.00 0.(y4l 0. (V4 5 1 .9 2.10 4.0 0.163 0.179 ESE, lq88EP-20 23226 24.98-36.67 4.9 4.5 229.0 214.0 13.67 66.47 61.89 ESE, 1989

- - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -ME#I 979 24135 31.0-35.0 - 255.7 - 12100 4.0 - 1022.25 may, 1980983 24140 25.0-30.0 - 2.8 - 131.0 5.0 - 13.84 may, 19so- - -- - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -NBWI E- 32 23218 47.3-58.00 0.051 0.050 2.4 2.4 8.0 0.41 0.40 ESE, 1988E-33 24191 33.1-44.00 1.9 1.0 91.6 48.0 11.0 21.35 11.21 ESE, 1988979 24136 51.0-M.0 - 0.038 - 14.5 13.0 - 4.10 MAY, 1980981 24138 41.0-45.0 - 0.60 - 28.5 4.0 - 2.41 Kay, 1980977 24133 46.0-50.0 - 0. M - 16.2 4.0 - 1.18 may, 1980885 23163 42.0-54.0 - 1.7 - 80.7 10.0 - 17.1 May, 1980"1 23167 47.D-52.0 - 0.56 - 26.2 3.0 - 1.67 may, 1980LJ 3 NBVM2 E- 32 23219 63-26-74.00 0.59 U.42 27.7 19.7 10.74 6. 3D 4.49 - ESE, 1988
1 (Upper) E-63 37390 40.12-46.00 4.9 4.5 231.0 210.0 7.0 34.18 21.21 ESE, 1988

ON
E- 38 37379 39.26-55.50 4.6 4.8 218.0 227.0 16.24 74.78 77.89 ESE, 1988978 23161 64.0-74.0 - 0.37 - 17.3 7.0 - 2. A) Kly, 1980976 24131 48.0-53.0 - 1.67 - 78.8 3.0 - 5.01 M-Y' 1980
976 24132 61.0-66.5 0.52 24.3 5.5 2.84 may, 198r)(1^ýer) 983 24141 60.0-65.0 - 0.16 - 7.61 5.0 - 0.81 Kay, 19R)979 24137 81.0-100.0 - . M - 4.76 19.0 - 0.835 May, 1980981 24139 70.0-77.0 - 1.3 - 62.5 7.0 - 1.45 Kiy, 1980977 24134 70.0-88.0 - 0.21 - 9.9 18.0 - 21.9 may, I 9R)991 23168 68.G-75.0 - 3.5 - 166.0 7.0 - 24.62 may, 198oE-3q" 37387 36.7-42.66 4.2 4.5 199.0 212.0 5.88 Y4.75 76.39 M-, 1988- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -NBE#2 E-34 37376 40AD-51.00 2.9 2.3 138 109 12.0 35.19 27.61 ESE, 1988986 24146 52.0-62.0 - 0. 30 - 14.2 10.0 - 1.01 may, 1 g8r)987 24147 75.0-90.0 - 4.3 - 202 14.0 - 59.8 Kay, 19M984 24142 45.0-53.0 - 1.2 - 58.6 8.0 - 9.94 may, 10an985 24144 40.0-58.0 - 8.9 - 419.0 18.0 - 159.94 Kiv, 198n

4 NBW3 E-38 37380 64.29-75.00 0.51 0.13 24.2 61.7 14.0 7 11 ý1-83 ESE, 1988E- 39 373M 69.78-86.00 O.QO 0.69 42.7 32.6 16.22 14.65 11.2 ME, 1988E--40 37372 61.50-88.50 2.7 2.3 126.0 108.0 28.0 74.78 64-09 ESE, 1988978 23162 105.0-110.0 - 0.19 - 9.19 5.0 - 0.97 may, 198n991 23169 E5.0-103.0 0.6ý 30.1 18.0 11.47 May, 19W885 23164 80.&-90.0 - 0.014 - 0.66 10.0 0.14 may, 19PI)- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -NBE#3 984 24143 70.0-80.0 - 0.58 - 27.2 6.5 37.41 May, 198n
Hydratilir ronýlljcrivitv values for Kay, 19FV) restilts estimated by dividing sc-ened aquifPr thickness into transmissivity.D-' not """.1at" ith samWon, -it,.
No slsig in test was rvrformýd for these wells.

Sotirce: ESE, 1988.
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for zone 2 range from 0.160 to 1,022 gpd/ft and K values range from 0.041 to

260 gpd/ft2. The minimum K value was determined from a slug test

corresponding to Well 23227 which is located upgradient of NBCS and is

screened in silty sandstone. The maximum K value corresponds to a slug test

performed on Well 24135 which is screened in NBE#l. This relatively high

value of K is likely to be the result of direct physical connection of unit

NBE#1 with the alluvial aquifer at this location. In other instances,

relatively high K values are indicative of flood basin crevasse-splay

deposits. These deposits are typically coarser-grained at the base of the

deposits and fine upward.

The results of the slug tests conducted at Well 23226 are of the same order

of magnitude as the nearby pumping test conducted in zone 2 at Well 23176 by

Black and Veatch (1980, RIC#81266R25). The average K value determined by

Black and Veatch was 12 gpd/ft2 and the average T value was 200 gpd/ft.

Reanalysis of the pumping test data using the Jacob method for late drawdown

data yielded similar results. However, Black and Veatch stated that the

test was conducted in a very complex geologic area that could create

boundary effects obscuring the test results. Thus, test results should be

considered approximate because of these boundary conditions.

In the Offpost Operable Unit, T values in Denver Fm zone 3 range from 21.2

to 77.9 gpd/ft. K values range from 2.3 to 4.9 gpd/ft2. The lowest K

values were obtained from tests performed on Well 37376. This well is

screened in silty sandstones on the margins of a main channel for zone 3.

The highest value was obtained from a test performed on Well 37390. This

well is screened over the entire aquifer in medium grained sandstone that is

conglomeritic at the base of the deposit. The K values for offpost wells

are of the same order of magnitude as the K value obtained by Black and

Veatch (1980, RIC#81266R25) from a pumping test on Well 24154. The average

K value obtained by Black and Veatch was 8.3 gpd/ft2. K and T values

obtained from slug tests conducted in units NBW#2 and NBE#2, that are within

zone 3, are presented in Table 3.2-3.
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In the Offpost operable Unit, the T values obtained from slug tests for zone

4 range from 1.8 to 74.8 gpd/ft. K values range from 0.13 to 2.7 gpd/ft2.

The lowest K value in zone 4 corresponds to a slug test performed in Well

37380. This well is located about 800 ft downgradient of the RMA north

boundary and about 2,500 ft west of D Street. The low K value is

attributable to the fact that the well is screened in sandstone and clayey

sandstone overbank deposits distal to a main fluvial channel of zone 4. The

highest K value for zone 4 was determined from a slug test from Well.37372,

which is screened in overbank deposits of hydrostratigraphic unit NBW#3.

This relatively high K value of 2.7 gpd/ft2 may be attributable to permeable

sandstone lenses within the interbedded sequence, as identified in the bore

log for this well (see Appendix C).

Vertical ground-water flow through confining layers between Denver Fm

sandstones may also occur at RMA. As previously discussed, the Denver Fm

consists of a complex system of interbedded sandstones and claystones.

Ground-water flow within sandstones is predominantly in the lateral

direction, although vertical migration of ground water through confining

layers may also occur. Vertical ground-water flow rates associated with

aquitard leakage depend upon the effective vertical hydraulic conductivity

W) of the aquitard materials as well as the vertical hydraulic gradient.

Limited in=situ tests to measure vertical K' have been conducted in the

Denver Fm because aquifer tests have focused on more permeable intervals of

the Denver Fm that are considered the predominant media through which

ground-water contamination will migrate. However, based on generic values

and a pumping test performed near the NBCS, a probable range of values has

been estimated. Each method used to estimate vertical hydraulic

conductivity is subject to uncertainty and no single method can be

considered diagnostic.

A pumping test performed near the NBCS at Denver Well 24154 (Black and

Veatch, 1980, RIC#81266R25) was used to estimate vertical hydraulic

conductivity for clayshale using the type-curve graphical method devised by

Walton (1960) for a leaky artesian aquifer. The equation and method used to
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estimate vertical hydraulic conductivity is presented in the Task 36 RI

Report. A value of 4.1 x 10-5 ft/day was obtained using this approach. The

confining layer between the alluvium and the sandstone unit that was tested

was 20-ft thick.

Aquitards in the Denver Fm are composed of semiconsolidated clayshales and

claystones. Typical horizontal hydraulic conductivities for these materials

range from 3 x 10-2 to 3 x 10-4 ft/day (10-5 to 10-7 cm/sec) and the-

vertical hydraulic conductivities may be two orders of magnitude less than

the horizontal hydraulic conductivity (Freeze and Cherry, 1979). Therefore,

typical vertical hydraulic conductivities for these materials range from 3 x

10-4 to 3 x 10-6 ft/d (10-7 to 10-9 cm/s). The value obtained from the

aquifer test falls within this range. If secondary permeability exists, the

effective hydraulic conductivities may be significantly higher. However,

there is no site hydraulic data upon which the effect of secondary

permeability on in-situ hydraulic conductivity can be quantified.

3.2-2.5 Discharge

In the Offpost Operable Unit, water moving through the Denver Fm is

discharged from the aquifer in two primary ways. First, discharge from the

Denver Fm occurs through dewatering wells which pump water from the

formation for domestic use in offpost areas, and locally as recharge to the

alluvial aquifer. There are indications that recharge to the alluvium is

occurring in the offpost area north and northwest of the RMA boundaries, and

in localized subcrops upgradient of the boundaries. Based upon the regional

dip of the Denver Fm, and geologic mapping done by Robson (1984), a

significant portion of the Denver Fm is projected to subcrop in the Offpost

Operable Unit and, thus, discharges to the alluvial aquifer in this area.

3.2-2.6 Aquifer-IntaractiQns

Local interactions between the alluvial aquifer and the Denver Fm are means

by which the Denver Fm can potentially become contaminated. Understanding

the potential for intraformational, vertical ground-water movement between

Denver Fm sandstone units is important for assessing the potential for

vertical contaminant migration within the Denver Fm- Water level data
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obtained during the study, and presented in Table 3.2-4, have been used to

assess the potential for flow between aquifers and are discussed in the

following sections.

Allumial-Aquif.er--and-Denyer--Em-Sands.tone--Uni.t-ln.ter-ar..tiQua

The potential for vertical ground-water movement between the alluvial

aquifer and the Denver Fm was assessed by evaluating the differences in

water elevations and water chemistry between wells at cluster sites., Lower

water level elevations in wells screened within Denver Fm units as compared

to elevations in the alluvial aquifer indicate a potential for the

downwardmovement of water. Higher potentiometric levels in the Denver Fm

units as compared to elevations in the alluvial aquifer indicate a potential

for upward movement.

Downward gradients between the alluvial aquifer and the upper Denver Fm

units were observed in the Offpost Operable Unit at clustered Wells 37374,

37379, and clustered Wells 37389, and 37390. Downward gradients averaging

0.14 and 0.06, respectively have been noted. Both of these cluster sites

are located about 1,000 ft north of 96th Avenue in Sections 14 and 13,

respectively. Downward gradients betweenýthe alluvial aquifer and the upper

Denver Fm units were also observed at cluster site 37320 and 37321. This

cluster site is located along 104th Avenue in Section 12. A slight upward

vertical gradient exists between offpost alluvial Well 37370 and Denver Fm

Well 37371. Well 37371 is screened in subcropping Denver Fm sandstone.

In the Offpost Operable Unit and near the RMA boundaries, vertical gradients

were generally downward between adjacent Denver Fm units. This implies that

ground water within the upper Denver Fm sandstones in this area has the

tendency to flow to lower units before ultimately discharging to the

alluvium near subcrop areas. This potential for vertical ground-water

movement between Denver Fm sandstone units was assessed by evaluating

differences in water elevations between clustered wells constructed in

adjacent sandstone units.
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Table 3.2-4. Water Elevations For Well Cluster Sites in the Offpost Operable Unit.

----------
Equivalent
Task 36

Well Denver Fm Denver
Number Zone Fm Unit 3rd Qtr 4th Qtr Feb 1988

FY87 FY87

---------- ---------- ---------- ------------------------

37313 All All 5106.2 5102.7 5105.1

37317 4 5106.3 5104.7 5105.2

37316 5 5102.7 5102.4 5102.8

37320 All All 5101.5 5101.5

37321 4 5100.3 5099.6

37322 5 5100.1 5099.6

37338 All All 5129.7 5126.7 5130.3

37376 3 NBE#2 5129.8 5128.6 5128.8

37343 All All 5106.4 5102.4 5105.4

37365 4 5105.6 5100.9 5104.4

37370 All All 5110.4 5108.5 5109.6

37371 3 NBW#2 5110 5108.2 5109.6

37372 4 NBW#3 5109.1 5108.3 5109.3

37374 All All 5108.9 5108.6 5108.8

37379 3 NBW#2 5107.3 5106.7 5107.3

37380 4 NBW#3 5106.8 5106.5 5106.8

37389 All All 5123 5123.8

37390 3 NBW#2 5122.4 5123.3

----------

All - Alluvial well.
Water level not measured during this sampling period.

Well not installed at the time of this sampling period.

Unable to correlate to Denver Fm unit.

Source: ESE, 1988.
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Downward gradients between Denver Fm units are observed at clustered Wells

37371 and 37372 and clustered Wells 37379 and 37380. These sites are

located approximately 1,000 ft north of 96th Avenue in Section 13 and 14,

respectively. Downward gradients averaging 0.05 ft/ft have been noted at

wells that are screened in units NBW#2 and NBW#3, respectively.

3.2.3 ARAPAHOE FM

The Arapahoe Fm underlies the Denver Fm in the Offpost Operable Unit. The

top of the Arapahoe Fm is approximately 250 to 300 ft below ground surface

at the RMA north and northwest boundaries and subcrops about 3 miles

downgradient of the boundary in the Offpost Operable Unit near the South

Platte River. The base of the Denver Fm is taken as the top of a "buffer

zone" that consists of 50 to 100 ft of clayshale at the top of the Arapahoe

Fm. This clayshale provides hydraulic separation between the Arapahoe and

Denver Fm aquifer systems (Romero, 1976, RIC#81266R69).

Water bearing zones in the formation are restricted to sandstone lithologies

that are lenticular in nature. These lenses are irregularly distributed

within thick clayshale sequences. They are discontinuous and therefore,

difficult to trace, and are poorly defined where sandstones grade into

encompassing clay and shale. Sandstone lenses range in thickness from a few

centimeters to as much as 20 m. Ground-water flow occurs within void spaces

between coarser sand grains in sandstones, while little water is able to

flow through finer silt and mud components of clay and shale.

Water from the Arapahoe Fm has proven to be a reliable source of good to

excellent quality water and is tapped by about 6,000 wells in the Denver

basin. Well yields range from 100 to 500 gpm. Of these wells, 90 percent

are used for stock and domestic use. The aquifer is used by some 130

municipal wells, including those of the Cities of Westminster and Arvada. A

structure contour map of the top of the Arapahoe Fm in the Denver area was

presented by Stollar and Van Der Leeden (1981, RIC#81293RO5). At RMA, depth

to the Arapahoe decreases from about 700 ft below land surface along the

southern boundary of RMA to about 300 ft along the northwest boundary.
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Pumping test data indicate that the transmissivity of Arapahoe Fm aquifers

range from 80 to 3,600 gpd/ft. High values occur where the wells penetrate

thick sections of sandstone. A tentative estimate of natural recharge

(including vertical leakage) to the Arapahoe-Denver sequence in the entire

Denver Basin is about 100 mgd. As estimated pumpage from these aquifers is

close to 150 mgd, it is clear that an imbalance exists. Cround water has

been taken from storage within the aquifers resulting in a water-level

decline of 100 to 200 ft in the Denver metropolitan area (Stollar and Van

Der Leeden, 1981, RIC#81293RO5).

Recharge to the water-bearing formations to the Arapahoe Fm is from both

natural and artificial sources. Natural recharge is from precipitation (11

to 17 inches per year) on the outcrop area, infiltration of surface water in

fault zones and stream valleys, and vertical leakage from confining beds.

Artificial recharge is from leaking water-storage reservoirs and

infiltration of sewage effluent, irrigation, and industrial water.

Studies carried out by the Colorado Division of Water Resources and the USCS

show that aquifers in the Arapahoe Fm are artesian; that is, in all wells,

the water level rises above the bottom of the upper confining bed. Regional

ground-water flow in the Arapahoe Fm is generally from south to north. The

natural ground-water flow pattern in the formation has been modified as a

result of artificial discharge from numerous wells. Pumping of large

quantities of water has led to considerable potentiometric decline in the

major aquifers. In the metropolitan area, both the Laramie-Fox Hills and

the Dawson Croup (Arapahoe and Denver Fm) have experienced declines in head

ranging from 100 to 600 ft. However, according to Romero (1976,

RIC#81266R69), the aquifers have not lost their capacity to deliver large

quantities of water to wells, and some additional water-level decline can be

tolerated.

The basin-wide ground-water flow in the Arapahoe Fm is north/northwest, but

there are several cones of depression south of RMA which affect the flow

system (Robson, 1984). Below RMA, the potentionietric surface of the
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Arapahoe Fm in 1978 appeared to be at an elevation of 5,000 to 5,100 ft, but

heads were 100 ft lower in the Aurora-Denver area, reflecting local pumpage

(Stollar and Van Der Leeden, 1981, RIC#81293RO5). It should be noted that

no Arapahoe observation wells exist at RMA and potentiometric maps were

prepared from a limited number of control wells. However, it seems likely

that water in the Arapahoe moves west below the RMA and then north or south

in response to hydraulic gradients.

3.3 GROUND-WATER CONTAMINATION

As part of the RI, a program for ground-water quality monitoring of the

alluvial and,Denver Fm aquifers has been conducted for the Offpost Operable

Unit. In addition, water quality in the alluvial aquifer, Denver Fm, and

Arapahoe Fm has been historically monitored with private domestic wells.

The monitoring networks for the alluvium and Denver Fm were described in

Section 2.1.1 of this report, and methods used for analyses of ground-water

samples were presented in S,ýction 2.1-3. Water chemistry data for this task

were obtained for the spring and summer sampling quarters of 1987. The

results of these chemical analyses are provided in Appendix F.

This section of the report has been organized to present a summary of the

distribution and concentrations of target analytes detected in the Offpost

Operable Unit. Discussion of contaminant distribution will generally be

limited to the spring and summer 1987 quarters. A separate discussion has

been provided for the alluvial and Denver Fm aquifers. An evaluation of the

relationship between chemical distributions in the alluvium and observed

chemical distributions in the Denver Fm is presented at the end of this

section.

During the Consumptive Use-Phase I investigation, there were 19 Arapahoe

wells sampled (ESE, 1987, Offpost CAR, RIC#87202R01). Analytical results

from Consumptive Use-Phase I were presented in the RMA Offpost Assessment

Cround-Water Quality Report for Sampling Period December 1984 through

January 1985 (ESE, 1985). Only two of these samples, collected from Wells

2-67-10-03 and 2-67-11-20, exhibited detectable levels of organic compounds.

In both samples, the only organic compound detected was DIMP at

concentrations of 5.2 and 11.9 ug/l, respectively. An evaluation.of the
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specific conductivity of the two samples suggested a mixing of alluvial and

bedrock water. The field sampling team also recorded that the well casings

were in poor condition which may have led to a mixing of water before

sampling.

3.3.1 NATURE AND EXTENT OF ALLUVIAL AQUIFER CONTAMINATION

Over the last several years, significant efforts have been undertaken to

describe the nature and the extent of offpost alluvial aquifer contamination

north and northwest of RMA. Several monitoring wells north of RMA have been

monitored routinely since 1978. Monitoring has also been performed as part

of Operational Assessment Reports to evaluate the concentrations and

distribution of specific contaminants downgradient of the NBCS and NWBCS

(Thompson et ai., 1985, RIC#86078ROl). The contaminants evaluated in these

studies were generally confined to DIMP, DBCP, DCPD, combined organosulfur

compounds, endrin, aldrin, dieldrin, chloride, and fluoride. The Offpost

CAR (ESE, 1985, RIC#87202R01) incorporated an offpost monitoring network of

more than 40 monitoring wells and examined an expanded analyte list. This

study provided the most comprehensive assessment of contamination in the

offpost area to date. This study also incorporated data from the

Consumptive Use Phase I and II programs (ESE, 1985 and ESE, 1986b) which

identified private wells and their use. This data has been used in the EA

to evaluate potential exposure pathways.

An evaluation of alluvial contamination described in the Offpost CAR (ESE,

1985, RIC#87202ROI) delineates some overall patterns in the Offpost Operable

Unit. The inferred offpost alluvial aquifer flow paths can be seen by

examining the distribution of DIMP as presented in Figure 3.3-1. This

figure was presented in the Offpost CAR and represents data from the

Consumptive Use--Phase I and II and Revision 111-3600 programs. DIMP was

chosen as a good delineator of the extent of contamination and contaminant

flow paths because it is the most widespread and one of the most mobile

organic contaminants detected in the Offpost Operable Unit.

Results of this study indicated a zone of DIMP contamination northwest from

the RMA north boundary toward Henderson. A comparison with the bedrock

surface map indicated an excellent correlation between contaminant
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concentrations exceeding CRLs and a paleochannel which is clearly traced

from the RMA north boundary along First Creek (First Creek pathway). A

second alluvial migration pathway was implied north from the RMA north

boundary through Section 13 toward the "Boller" well (Northern pathway).

The "Boller" well was documented as contaminated with several RMA

contaminants, including DIMP, DBCP, and organosulfur compounds, as part of

the Offpost CAR. However, the number of wells monitored in Section 13 prior

to this study was not sufficient to determine the specific migration pathway

to the "Boller" well. The Offpost CAR documented some movement of DiMP from

RMA along the northwest boundary, but the highest onpost concentrations in

the area upgradient of the NWBCS were generally just in excess of CRLs-

Offpost detections of volatile organohalogens, organochlorine pesticides,

organosulfur compounds, DBCP, and DCPD were also documented in the Offpost

CAR. An indication of the distribution of these contaminants can be

obtained by examining the figures contained in Appendix I. These figures

represent the first and second quarters of sampling from the Revision III -

3600 Monitoring Program (ESE, 1986c, RIC#87016RO5) conducted during

December 1985 and January 1986, and March 1986 and April 1986, respectively.

Review of contaminant distributions indicated that the most significant

contamination offpost of RMA was found within 0.5 mi of the RMA north

boundary. Other contamination was detected near the RMA northwest boundary.

Detections of volatile organohalogens, organochlorine pesticides,

organosulfur compounds, and DBCP were also noted as much as 1.5 mi beyond

the RMA north boundary. However, it was not clear if all detections of

volatile organohalogens and organochlorine pesticides were attributable to

RMA.

Several volatile organohalogen plumes were identified by the EPA in the area

south of 80th Avenue (EPA, 1987). The contaminants noted in the area

included dichloroethane, trans-1,2-dichloroethylene, trichloroethane,

trichloroethylene, and tetrachloroethylene. A distinctive higher

concentration plume of trichloroethylene and other volatiles is present in

the vicinity of the main north-south trending bedrock paleochannel that
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extends from the South Adams county well field at 77th Street to south of

48th Avenue. Several of these plumes appear to extend north of 80th Avenue

and into the Offpost Operable Unit.

Currently, several investigations are underway to evaluate potential sources

south of the Offpost Operable Unit. These investigations include the Sand

Creek Industrial site RI/FS Phase II activities, the EPA-FIT source

identification studies (at E. 48th Avenue and Leyden, E. 50th Avenue and

Ivy, 1-270 and Quebec, and 56th and Magnolia) and Chem Sales, Inc.

investigations (EPA, 1987). Work is also still in progress on the Western

Study Area Report which is addressing potential trichlorethylene sources at

RMA. A draft final version of the Western Study Area Report will be

available early in 1989.

The Irondale Boundary Control System (ICS) was constructed in 1981 to

mitigate the migration of a DBCP plume that historically extended through

Section 33 and into the Offpost Operable Unit. The most recent monitoring

downgradient of the ICS, conducted during the Consumptive Use Phase III

program (ESE, 1987f), did not detect the presence DBCP. Because there are

several other potential sources for the volatile organic compounds detected

in this area, the study of this contamination falls under the jurisdiction

of the EPA per an Executive Order signed in 1982.

The monitoring program for the Offpost Operable Unit RI has been developed

to evaluate the extent and nature of contamination to the north and

northwest of RMA (Figure 2.1-1). Most of the emphasis of this program has

been placed on delineating the contaminant distributions along the known or

suspected alluvial pathways downgradient of the RMA north boundary. This is

primarily because of offpost contaminants which migrated from the RMA north

boundary prior to the implementation of the NBCS. Wells have also been

installed downgradient of the NWBCS to monitor the potential for migration

of contaminants in this area. Specifically, the following objectives have

been established for the RI ground-water monitoring in the Offpost Operable

Unit:

0 To further delineate the concentrations and distribution of

contamination along the First Creek pathway offpost;
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" To determine the concentrations and extent of target analytes

along the inferred Northern pathway toward the "Boller" well;

" To monitor the water chemistry downgradient of the NWBCS to

delineate the potential for contaminant migration in this area;

and

" To evaluate whether nontarget compounds are present in the Offpost

Operable Unit.

3.3-1.1 Data-FmasentaliQn

A discussion of the chemical distribution of observed target analytes or

groups of organic compounds in the alluvial aquifer of the Offpost Operable

Unit is presented in this section. A listing of the frequency of detection

and range of concentrations for target analytes during the spring and summer

1987 sampling quarters is provided in Tables 3.3-1 and 3.3-2, respectively.

All data presented in Tables 3.3-1 and 3.3-2 are for alluvial wells in the

Offpost Operable Unit.

Quality Assurance (QA) and Quality Control (QC) data obtained during this

task are presented and discussed in Section 5.3. Generally, duplicate data

yielded results within the precision QC acceptance criteria for the

Applicable EPA methods (EPA, 1985).

For ease of interpretation and summarization of ground-water chemistry,

chemical distribution maps have been prepared for the spring and summer 1987

quarters. These maps represent the distribution of target analytes and were

prepared by plotting the concentration of analytes exceeding laboratory

CRI.s. Isoconcentration lines were used to illustrate areas of elevated

concentrations of target analytes observed in the ground water in the

Offpost Operable Unit. The CRL contour on these maps represents the highest

CRL for a given quarter. Maps were extended approximately one mile onpost

to provide a means of assessing the effects of the NBCS and NWBCS on offpost

contaminant migration.

Individual chemical distribution maps were prepared for the following target

analytes, which were frequently observed in samples from the alluvial

aquifer in the Offpost Operable Unit:
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Table 3.3-1. Frequency of Detection and Range of Concentrations for Target
Analytes--Spring 1987 (Page 1 of 2)

Number of Sample Range of
Concentrations Concentrations

Analyte Exceeding CRLs (ug/l)**

DIMP 28 10.1 - 2170

DMMP 0 <16.3

DBCP 7 0.130 - 10.6

DCPD 5 9.31 -- 475

MIBK 0 <12.9

CPMS02 8 2.24 - 32.6

CPMSO 11 1.98 - 148

CPMS 4 1.08 - 4.16

1,4-Dithiane 5 1.10 - 19.3

1,4-Oxathiane 1 1.36 - 5.1

DMDS 0 <1.80

Benzothiazole 0 <2.00

Qr-ganochicrine-F-es.tir-id.es-!
Dieldrin 14 0.0540 - 1.62

Endrin 3 0.0520 - 1.51
Aldrin 0 <0.0700

Isodrin 0 <0.0560

p,p'-DDE 1 0.046 - 0.113

p,p'-DDT 1 0.059 - 0.110
Hexachlorocyclopentadiene 0 <0.083

Chlordane 0 <0-152

Yo.Ia.UI.e-Qr.ganQhaIagena-*
Chloroform 17 1.40 - 1370

Tetrachloroethylene 15 1.30 - 115

Trichloroethylene 11 1.20 - 7.06

1,2-Dichloroethane 8 0.610 - 18.2

Chlorobenzene 30 0.580 - 27.3

Carbon tetrachloride 1 1.70 - 9.88

Trans-1,2-Dichloroethylene 1 1.20 - 1.26

1,1-Dichloroethylene 0 <1.85

1,1-Dichloroethane 1 1.20 - 2.31

1,1,1-Trichloroethane 2 1.10 - 9.59

1,1,2-Trichloroethane 0 d-63

Methylene chloride 1 2.50 - 9.97

Yolatilp.-Armatias!
Benzene 14 1.34 - 15-i'

Toluene 0 <2.10

Ethylbenzene 1 0.620 - 1.42

m-Xylene 1 1.04 - 1.14

o,p-Xylene 1 1.34 - 1.94
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Table 3.3-1. Frequency of Detection and Range of Concentrations for Target

Analytes--Spring 1987 (Page 2 of 2)

Number of Sample Range of

Concentrations Concentrations

Analyte Exceeding CRLs (ug/l)**

Inarganir.s*
Chloride 57 31,800 - 2,020,000

Fluoride 39 1,000 - 4,230

Arsenic 9 2.50 -- 6.20

Sulfate 56 54,400 - 2,180,000

Additional-Inarganir-s***
Calcium 46 36,200 - 600,000

Potassium 36 1,260 - 16,000

Sodium 46 57,400 - 1,060,000

Magnesium 46 7,410 - 400,000

Nitrate 45 59.6 - 10,300

Zinc 28 20.1 - 161

Cadmium 1 5.16 - 8.58

Lead 2 18.5 - 24.5

Chromium 1 5.96 - 52.4

Copper 5 7.90 - 26.7

Mercury 0 <0.48

A total of 57 alluvial wells were sampled and 56 samples were analyzed.

Lowest concentration of listed range corresponds to lower of two certified

reporting limits if values less than the CRI. were observed. When all values

less than CRL the higher CRL is listed

A total of 47 alluvial wells were sampled and analyzed.

Source: ESE, 1988
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Table 3.3-2. Frequency of Detection and Range of Concentrations for Target

Analytes--Summer 1987 (Page 1 of 2)

------ - -- -- ------- - ----------

Number of Sample Range of

Concentrations Concentrations

Analyte Exceeding CRLs (ug/l)**

DIMP 29 10.1 - 3850

DMMP 0 <16.3

DBCP 7 0.130 -- 13.3

DCPD 6 9.31 - 529

MIBK 0 <12.9

CPMS02 7 2.24 - 39.3

CPMSO 12 1.98 - 135

CPMS 2 1.08 - 3.28

1,4-Dithiane 5 1.10 - 11.0

1,4-Oxathiane 3 1.35 - 4.40

DMDS 0 <1.80

Benzothiazole 0 <2.00

Dieidrin 16 0.0540 - 1.02

Endrin 4 0.0520 - 0.411

Aldrin 0 <0.0700

Isodrin 0 <0.0560

p,p'-DDE 0 <0.0700

p,p'-DDT 2 0.059

Hexachlorocyclopentadiene 0 <0.0700

Chlordane 0 <0-152

Yalati-le-Qr-&anchalogans!
Chloroform 20 1.40 - 1180

Tetrachloroethylene 16 1.30 - 112

Trichloroethylene 8 1.10 - 7.71

1,2-Dichloroethane 8 0.610 - 5.28

Chlorobenzene 30 0.580 - 21.9

Carbon tetrachloride 0 <2.40

Trans-1,2-Dichloroethylene 0 <1.80

1,1-Dichloroethylene 1 1.10 - 2.67

1,1-Dichloroethane 1 1.20 - 1.95

1,1,1-Trichloroethane 2 1.10 - 29.4

1,1,2-Trichloroethane 0 <1.63

Methylene chloride 0 <5.00

Benzene 2 1.34 - 3.98

Toluene 0 <2.10

Ethyl benzene 0 <1.28

m-Xylene 0 <1.35

o,p-Xylene 0 <2.47
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Table 3.3-2. Frequency of Detection and Range of Concentrations for Target
Analytes--Summer 1987 (Page 2 of 2)

Number of Sample Range of
Concentrations Concentrations

Analyte Exceeding CRLs (ug/l)**

lnorganiaa*
Chloride 60 37,300 - 1,990,000
Fluoride 41 1,000 -- 4,650
Arsenic 10 2.50 - 5.80
Sulfate 60 51,000 - 2,020,000

Addi.UonaI-,InQr&anias***
Calcium 50 32,000 - 668,000

Potassium 47 1,110 - 9,430
Sodium 50 49,100 - 1,220,000
Magnesium 50 6,800 - 174,000
Nitrate 47 57.1 - 10,700
Zinc 29 20.1 - 152
Cadmium 12 5.16 - 9.50
Leaa 15 18.6 - 44.2
Chromium 34 5.96 - 45.7

Copper 5 7.94 - 44.7
Mercury 1 0.24 - 0.36

A total of 60 alluvial wells were sampled and 60 samples were analyzed.
Lowest concentration of listed range corresponds to lower certified
reporting limit if values less than the CRL were observed.
A total of 50 wells were sampled and analyzed.

Source: ESE, 1988
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" DIMP;

" DBCP;

0 DCPD -.

" CPMSO;

" CPMS02;

" 1,4-Dithiane;

" 1,4-Oxathiane;

" Dieldrin;

" Endrin;

0 Chloroform;

" Trichloroethylene:

" Tetrachloroethylene:

" 1,2-Dichloroethane;

" Chloride;

" Fluoride;

0 Sulfate%

0 Calcium;

0 Potassium;

0 Sodium;

0 Magnesium;

0 Nitrate; and

0 Zinc.

The spring and summer 1987 chemical distribution maps for these target

analytes are provided in Appendix F. For compounds or groups of compounds

that exhibit limited numbers of detections or widely dispersed detections

and for which contouring is not appropriate, concentration point plots are

provided. The following compounds are presented on point plots in

Appendix F with concentrations posted for detections exceeding the CRL:

0 CPMS;

0 Organochlorine pesticides (p,p'-DDE, p,p'-DDT, aldrin, isodrin);

0 Chlorobenzene;

0 Volatile organohalogens (Carbon tetrachloride, trans-1,2-

dichloroethylene, 1,1-dichloroethylene, 1,1-dichloroethane, 1,1,1-

trichloroethane, 1,1,2-trichloroethane, methylene chloride%

0 Benzene;
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0 Volatile aromatics (ethylbenzene, m-xylene, sum of o-xylene and p-

xylene);

0 Arsenic and mercury;

0 Cadmium;

0 Lead;

0 Chromium; and

0 Copper.

The chemical distribution maps for calcium, cadmium, potassium, sodium,

magnesium, nitrate, lead, chromium, copper, zinc, and mercury are shown only

for the Offpost Operable Unit because these analytes were not incorporated

into the analyte schedule for onpost boundary monitoring programs. Full

size contaminant distribution maps, that incorporate the entire Offpost

Operable Unit, are available upon request. These maps were not included in

the report because they are bulky and contaminant concentrations were

generally below CRLs outside the area shown in the smaller maps provided in

this report. Several target organic analytes were not observed at

concentrations exceeding CRLs in samples from wells in the Offpost Operable

Unit. These organic compounds are:

0 DMMP-.

0 MIBK;

0 DMDS;

0 Benzothiazole;

0 Aldrin;

0 Isodrin;

0 Hexachlorocyclopentadiene;

0 Chlordane;

0 1,1,2-Trichloroethane; and

0 Toluene.

Aldrin was observed at concentrations exceeding CRLs in analyses from a

previous sampling episode conducted during 1985, 1986, and the Winter 1987

Quarter (March, April 1987). Offpost data from the Winter Quarter and

previous sampling quarters will be provided in the forthcoming Water

Remedial Investigation Report (WRIR). Although aldrin will not be discussed

further here, it will be addressed in the EA. A preliminary review of CC/MS

3-85



7M I Zý,.LAWtZr I - JV4 - 00

12/31/88

screening data collected during the summer of 1986 is presented in the Final

Screening Program (ESE, 1988a, RIC#88034RO3) for several monitoring wells in

the Offpost Operable Unit. The results of CC/MS analyses conducted on

offpost samples collected during the summer of 1987 will be presented in the

forthcoming WRIR. An evaluation of offpost CC/MS data from these two

programs has been provided in Section 3.3-4.

A review of the contaminant distribution maps depicts some general

contaminant trends in the Offpost Operable Unit and onpost near the RMA

boundaries. Onpost, a pattern of contaminant distribution extends from the

vicinity of Sections 26 and 36 to the north and northeast across 9th Avenue

and then north to the NBCS. The distribution of the different contaminants

vary with their particular sources and migration characteristics.

Cenerally, contaminants appear to have followed the alluvial flow paths

depicted in the February and March 1978 water table map presented in Figure

3.3-2. It is also evident that the paleochannel feature, inferred from

bedrock surface maps, which trends northeast from the area of Section 26 to

the NBCS exercises a significant influence on the overall migration patterns

(see Figure 3.1-6). The contaminants observed along this onpost pathway

include, but are not limited to: DIMP; DCPD; DBCP; organosulfur compounds;

1,4-oxathiane; 1,4-dithiane; 1,2-dichloroethane; chloroform; dieldrin% and

endrin.

In the offpost area downgradient of the NBCS, contaminants have been

observed along the two distinct alluvial pathways described in the Offpost

CAR (ESE, 1987a, RIC#87202ROl). The first of these pathways corresponds to

the inferred paleochannel feature in the bedrock surface, which is located

along First Creek and the flow along this pathway is to the northwest from

the RMA north boundary towards O'Brian Canal, as shown in Figure 3.3-1.

Contaminants observed along this pathway are DIMP; DCPD; 1,4-oxathiane; 1,4-

dithiane; organosulfur compounds; 1,2-Dichloroethane; and dieldrin.

Along the second pathway, ground-water flow is directed from the RMA north

boundary to the north through the central portion of Section 13. This

pathway is referred to as the Northern pathway, as shown in Figure 3.3-1.
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Organic contaminants observed along this pathway include: DIMP; DBCP;

chloroform; tetrachloroethylene-, organosulfur compounds; and dieldrin.

These two alluvial flow paths are separated offpost by an area of

unsaturated alluvium which is present in the northeast quadrant of

Section 14 and northwest quadrant of Section 13. Contaminants that were

observed at the "Boller" well are believed to have migrated along this

alluvial pathway.

Onpost, organic contaminant migration toward the NWBCS has generally-been

limited to DIMP, chloroform, DBCP, endrin, chlorobenzene, and dieldrin. In

general, the,concentrations of these compounds are orders of magnitude less

than concentrations observed upgradient of the NBCS. In the offpost area

downgradient of the NWBCS, well samples exhibiting relatively low

concentrations of chloroform and dieldrin were noted. These were the

primary organic contaminants noted in this offpost area to the northwest.

Contaminant concentrations in samples collected downgradient of O'Brian

Canal and Burlington Ditch in the Offpost Operable Unit are generally an

order of magnitude less than contaminant concentrations just upgradient of

O'Brian Canal and closer to the RMA boundaries. Contaminant concentration

declines are most likely attributable to the diluting effects of

infiltration from the canals and irrigation activities northwest of

Burlington Ditch and downgradient from the NBCS. A brief discussion of the

concentrations and distributions of each analyte or group of analytes

detected in the Offpost Operable Unit area is provided below.

3.3-1.2 12IMP-

In the offpost area, downgradient of the NBCS, DIMP follows the two distinct

alluvial pathways described previously. Concentrations observed from well

samples collected along the Northern pathway were generally higher in

samples from wells located over one-half mile north of the NBCS than in

samples from wells located along 96th Avenue. The highest concentrations

observed in samples from wells along this pathway were noted at wells 37344

and 37391 at concentrations exceeding 1,000 ug/l. Concentrations from well

samples collected along the First Creek pathway ranged from less than
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100 ug/l to 3,850 ug/l at well 37313. Downgradient of Burlington Ditch the

highest DIMP concentration was observed at Well 37349 during the spring 1987

sampling quarter at a concentration of 456 ug/l. This well is downgradient

of the highest DIMP concentrations noted offpost and was inferred to be

along an extension of the First Creek paleochannel feature in the Offpost

CAR (ESE, 1987a, RIC#87202ROl). An evaluation of historical DIMP data for

offpost wells will be addressed in Section 3.3.3.

DIMP concentrations observed in well samples collected immediately

downgradient of the NBCS were generally less than those observed in

upgradient samples. The highest levels of DIMP detected in samples from

downgradient wells along 96th Avenue were found west of D Street, with

concentrations exceeding 500 ug/l. East of D Street, DIMP was observed at a

concentration exceeding CRLs in only one well sampled along 96th Avenue.

This sample was collected form Well 24161, which is approximately 500 ft

east of D Street. Lower DIMP concentrations immediately downgradient of the

NBCS relative to upgradient concentrations and concentrations further

offpost, indicate that the NBCS has begun to reduce offpost DIMP

concentrations.

DIMP was generally not observed at concentrations exceeding CRLs in the

offpost area downgradient of the NWBCS. However, a concentration of 12.0

ug/l was observed in a sample from Well 37386 which is located along the RMA

northwest boundary.

3.3-1.3 12KE

In the offpost area, downgradient of the NBCS, concentrations of DBCP

exceeding CRLs appear to be primarily confined to sampled wells located east

of D Street along the Northern pathway. Concentrations were higher in

downgradient samples collected over one-half mile north of the NBCS than in

those collected near 96th Avenue. Samples collected from wells located in

the middle and eastern portion of Section 13 exhibited concentrations

exceeding 4.00 ug/l compared to concentrations less than 1.00 ug/l in

samples collected near 96th Avenue. The highest concentration of DBCP was

observed in a sample from Well 37344 at 13.3 ug/l. DBCP was generally not

observed at concentrations exceeding CRLs in samples collected along the
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First Creek pathway. DBCP was also not observed at concentrations exceeding

CRLs in samples from wells downgradient of the NWBCS or in the area

downgradient of O'Brian Canal.

Historically, a DBCP plume extended through Section 33 and offpost into

Sections 28 and 29. The ICS was installed in 1981 to prevent the migration

of DBCP across the RMA boundary. Extensive monitoring conducted

downgradient of the ICS in 1986 and 1987 during the Consumptive Use Phase

III Program (ESE, 1987f) did not indicate the presence of detectable'levels

of DBCP in this area. Also, monitoring of wells downgradient of the ICS

during the RI do not indicate that DBCP persists in this area. As discussed

previously, full size chemical distribution maps which include the area

downgradient of the ICS are available upon request.

3.3-1.4 DCP-D

In the offpost area, downgradient of the NBCS, DCPD concentrations in

samples from wells located along 96th Avenue were generally less than CRI.s.

Samples from only one well along 96th Avenue, Well 24161, exhibited a

concentration of DCPD exceeding CRLs. Further downgradient, concentrations

exceeding 500 ug/l were observed in samples from wells located along the

First Creek pathway, but no DCPD was observed at concentrations exceeding

CRLs in samples collected from wells along the Northern pathway. The

highest concentration of 529 ug/l was observed in a sample from Well 37309

which is about one-quarter mile north of the RMA north boundary along Peoria

Street. DCPD was not observed at concentrations exceeding CRLs in samples

collected from wells in the area downgradient of O'Brian Canal. DCPD was

also not observed at concentrations exceeding CRLs in the offpost area

downgradient of the NWBCS.

3.3-1.5

CI!MSQ

CPMSO was the most frequently observed organosulfur compound in the Offpost

Operable Unit. In the offpost area downgradient of the NBCS, CPMSO

concentrations were highest in well samples collected along the Northern
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pathway and more than one-half mile downgradient of the 96th Avenue. The

highest concentration was observed in samples from Well 37391 at 148 ug/l.

Concentrations just exceeding 100 ug/l were observed in samples from Well

37344 located more than a mile downgradient of 96th Avenue along the

Northern pathway.

Concentrations of CPMSO in samples from wells located along 
the First Creek

pathway were generally less than 10.0 ug/l. Also, concentrations observed

in samples from wells along 96th Avenue were generally less 
than CRLs-

CPMSO was not observed at concentrations exceeding CRLs 
wells sampled

downgradient.of the NWBCS or in the area downgradient of O'Brian Canal.

CUMSQ21

CPMS02 was observed at concentrations exceeding CRLs in samples collected

from wells along both the First Creek and Northern pathways. 
The highest

concentrations of CPMS02 was observed in a sample from Well 37309 at 39.3

ug/l. Concentrations in samples from other wells long both pathways

generally ranged from less than CRLs to 15 ug/l.

The highest offpost concentrations of CPMS02 were noted in 
samples collected

about one-quarter mile downgradient of the RMA north boundary. 
Samples

collected closer to the RMA north boundary or further downgradient 
generally

exhibited lower CPMS02 concentrations. CPMS02 was not observed at

concentrations exceeding CRLS in wells samples collected in 
wells along the

NWBCS or in the area downgradient of O'Brian Canal.

CEMS

CPMS was the least frequently detected organosulfur compound 
in the Offpost

Operable Unit. The highest offpost concentration of CPMS was observed 
in a

sample from Well 37367 at 4.16 ug/l. This well is located along the

Northern pathway and about one mile north of the RMA 
north boundary. CPMS

was not observed at concentrations exceeding CRLs in samples from wells .

along the First Creek pathway. CPMS was also not observed at concentrations

exceeding CRLs in samples collected downgradient of 
the NWBCS or in the area

downgradient of O'Brian Canal.
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3.3-1.6 I-LA=Dithiane-and-l-ý.A=Qxathiane

In the offpost area, downgradient of the NBCS, 1,4-dithiane concentrations

exceeding 10.0 ug/l were observed in well samples collected about a half-

mile downgradient of the NBCS along the First Creek pathway. 1,4-Dithiane

was generally not observed at concentrations exceeding CRLs in samples

collected from wells along the Northern pathway. Only one concentration of

1,4-dithiane was noted greater than CRLs in samples from wells along 96th

Avenue. This detection was from a sample collected from Well 24161 at a

concentration just exceeding 2.00 ug/l. 1,4-Dithiane was not observed at

concentrations exceeding CRLs in samples collected from wells downgradient

of the NWBCS,or in the area downgradient of O'Brian Canal.

1,4-Oxathiane was only observed sporadically in offpost samples collected

donwgradient of the RMA north boundary. Concentrations exceeding CRLs were

not observed in samples from wells along the Northern pathway. Samples from

these wells along the First Creek pathway exhibited 1,4-oxathiane

concentrations exceeding CRLs- The highest concentration of 5.10 ug/l

observed in a sample from Well 37373. 1,4-Oxathiane was not observed at

concentrations exceeding CRLs in samples collected downgradient of the NWBCS

or in the area downgradient of O'Brian Canal.

3.3-1.7 Qr_ganQr_h1QrinP__F_P_a1iaidP_s

Dieldrin and endrin were the most frequently detected organochlorine

pesticides in the Offpost Operable Unit. A summary of the concentrations

and distribution of these two analytes and the other organochlorine

pesticides is discussed below.

Dieldrin

Detections of dieldrin in samples collected offpost and downgradient of the

NBCS were generally confined to the area immediately downgradient of the

system. Dieldrin was noted in samples collected from wells along the

Northern pathway and over one-half mile downgradient of the NBCS. The

highest concentration along this pathway was observed in a sample from Well

37320 at 0.14 ug/l. Concentrations of dieldrin exceeding CRLs noted in

samples from wells along the First Creek pathway were generally observed

within one-half mile downgradient of the RMA north boundary. However, a
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detection of dieldrin, at a concentration of 0.0861 ug/l, was noted in a

sample from offpost Well 37313 which is approximately one mile downgradient

of the NBCS.

Dieldrin was also noted in samples collected downgradient of the NWBCS at

concentrations exceeding CRLs. Concentrations in samples collected along

the RMA northwest boundary generally ranged from less than CRLs to values

exceeding 1.00 ug/l. Concentrations of dieldrin exceeding CRLs were-also

noted downgradient of O'Brian Canal. There appears to be a correlation

between dieldrin concentrations immediately downgradient of the NWBCS and

concentrations observed downgradient of O'Brian Canal at Wells 37336 and

37337. However, concentrations observed in samples from Wells 37336 and

37337 were less than 0.10 ug/l.

Dieldrin was also observed at concentrations exceeding CRLs at Wells 37355

and 37353 which are more than a mile and a half downgradient of RMA.

Dieldrin contamination at these wells does not correlate well with

upgradient concentrations that are attributable to RMA.

Endr-in

In the offpost area downgradient of the NBCS, endrin was observed at

concentrations exceeding CRLs within one-half mile of the RMA boundary.

Endrin was generally observed in samples collected from wells along the

First Creek pathway. The highest offpost concentration of 1.51 ug/l was

observed in a sample from Well 37312 which is located along the RMA north

boundary.

Endrin was observed in one sample collected from Well 37392 which is located

along the Northern pathway. The concentration in this sample was 0.234

ug/l. Endrin was not observed at concentrations exceeding CRLs in samples

collected downgradient of the NWBCS or in the offpost area downgradient of

O'Brian Canal.
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p,p'-DDE was observed at a concentration exceeding CRLs in only one sample

collected from the offpost monitoring network. This concentration of

0.113 ug/l was observed in a sample from Well 37373 which is about one-half

mile downgradient of the RMA north boundary along the First Creek pathway.

p,p'-DDT was observed at concentrations exceeding CRLs in three samples from

the offpost network. Two of these detections were observed in samples from

Wells 37373 and 37369 which are along the First Creek pathway and within

one-half mile of the RMA north boundary. The concentrations of p,p'-DDT in

these samples were 0.110 ug/l and 0.081 ug/l, respectively, The other

observed concentrations of p,p'-DDT was noted in a sample from well 37391 at

0.148 ug/l. Well 37391 is about one-half mile downgradient of the RMA north

boundary along the Northern pathway.

3.3-1.8 YQ1a1i1e_QrganQha1Qgens

In the Offpost Operable Unit, chloroform, tetrachloroethylene,

trichloroethylene, 1,2-Dichloroethane, and chlorobenzene were the most

frequently observed volatile organohalogens in alluvial ground-water

samples. The concentrations and distribution of the analytes and the other

volatile organohalogens observed are summarized below.

Chlorofozm

In the offpost area, downgradient of the NBCS, chloroform concentrations

exceeding 100 ug/1 were detected in samples from wells located over a half-

mile downgradient of the NBCS along the Northern pathway. Detections of

chloroform from samples collected offpost along the First Creek pathway were

generally less than 10.0 ug/l. Concentrations of chloroform in samples from

wells along 96th Avenue were generally less than concentrations further

downgradient, with the highest concentrations of over 10.0 ug/l occurring in

samples from wells just east of D Street.

Chloroform was observed at concentrations exceeding CRLs downgradient of

O'Brian Canal. The highest concentration of 24.3 ug/l was observed in a

sample from Well 37357 which is more than 3 miles downgradient of the RMA

north boundary. Chloroform concentrations in this area are downgradient of
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chloroform noted in samples from the "Boller" well and Well 37344 which are

located along the Northern pathway. Thus, these chloroform detections may

be the result of migration along the Northern pathway.

Chloroform was also observed in offpost samples collected downgradient of

the NWBCS. The highest concentrations were observed in samples collected

from wells along the RMA northwest boundary and generally ranged from about

10.0 ug/l to 20.0 ug/l. Further to the northwest, in the area downgradient

of O'Brian Canal, chloroform was observed at concentrations ranging from

5.0 ug/l to 10.0 ug/l in samples from Well 37336. This well is about one

mile downgradient of the NWBCS.

Le-trachlQrzoe.1hylene

In the offpost area, downgradient of the NBCS, tetrachloroethylene

concentrations ranged from less than 10.0 ug/l from well samples collected

along 96th Avenue to over 50.0 ug/l from wells sampled along the Northern

pathway over one-half mile north of the NBCS. The highest offpost

concentration of tetrachloroethylene was observed in a sample from Well

37344 at 115 ug/l. Concentrations of tetrachloroethylene in samples

collected from wells along the First Creek pathway were generally less than

10.0 ug/l.

Tetrachloroethylene was not observed at concentrations exceeding CRLs in

samples collected downgradient of the NWBCS. Isolated concentrations of

tetrachloroethylene less than 4.0 ug/l were observed in samples collected in

the offpost area downgradient of O'Brian Canal, but these observed

concentrations did not exhibit an apparent spatial correlation with

tetrachloroethylene contamination noted closer to the RMA north boundary.

IF-ichlorme-thylane

In the offpost area downgradient of the NBCS, trichloroethylene was not

observed at concentrations exceeding CRLs in samples collected from wells

along 96th Avenue. Isolated concentrations of trichloroethylene exceeding

CRLs were noted in samples from wells located beyond 1,000 ft downgradient

of the NBCS along the Northern pathway. The highest concentrations of

7.71 ug/l was observed in Well 37344 which is over a mile downgradient of
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the RMA north boundary. Trichloroethylene was generally not noted at

concentrations exceeding CRLs in samples from wells along the First Creek

pathway or downgradient of the NWBCS-

Isolated concentrations of trichloroethylene ranging from 5.13 ug/l to 6.56

ug/l were noted in samples from Well 37359 which is just north of 80th

Avenue in the offpost area. Ground-water flow directions in this area

suggest that this contamination could be attributable to the northward

migration of contaminants through Commerce City. Also, an isolated -

concentration of 2.12 ug/l was noted in the summer 1987 sample from Well

37355. This,well is located north of 104th Avenue near Hazeltine Heights.

1-,2.=D ir_h.1QrQP..thane

In the offpost area, downgradient of the NBCS, concentration from wells

sampled along 96th Avenue were generally less than CRLs- Concentrations of

1,2-Dichloroethane exceeding CRLs were noted in offpost samples from wells

located along the First Creek pathway and wells along the Northern pathway.

The highest offpost concentration of 18.2 ug/l, was observed in a sample

from Well 37373, located along the First Creek pathway.

The only concentrations exceeding CRLs observed in samples collected along

the Northern pathway were from Well 37391 at concentrations less than

3.0 ug/l. 1,2-Dichloroethane was not observed at concentrations exceeding

CRLs in samples collected downgradient of the NWBCS or in the area

downgradient of O'Brian Canal.

Chlar-ohenzane

In the offpost area downgradient of the NBCS, chlorobenzene was consistently

observed in samples collected from wells along the First Creek pathway and

the Northern pathway. The highest chlorobenzene concentration was 27.3 ug/l,

in a sample from Well 37370. Concentrations of chlorobenzene exceeding CRLs

offpost, however, did not exhibit an apparent spatial correlation 
with

onpost concentrations near the NBCS.

Chlorobenzene was consistently observed at samples collected offpost 
and

downgradient of the NWBCS at concentrations ranging from 1.0 to 7.0 ug/l.
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Chlorobenzene was also observed sporadically in samples collected in the

area downgradient of O'Brian Canal at concentrations generally less than

3.0 ug/l.

Carbon-letrachloride

Carbon tetrachloride was observed in only one offpost sample at a

concentration exceeding CRLs. This concentration of 9.88 ug/l was observed

in the spring 1987 sample from Well 37344, which is over 1 mile downgradient

of the RMA north boundary along the Northern pathway.

Irzan.%=1_,2=dIr_hIar_aethyIene

Trans-1,2-dichloroethylene was observed in only one offpost sample in a

concentration exceeding CRLs. This concentration of 1.26 ug/l was observed

in the spring 1987 sample from Well 37359 which is located about one-half

mile north of 80th Avenue in the offpost area.

1_ý.1=32iahl=Qathana

1,1-Dichloroethane was observed in only one sample from the offpost network

at a concentration exceeding CRLs. This concentration of 2.67 ug/l was

observed in a sample from Well 37355 which is located in the southeast

quadrant of Section 9, about 2 miles downgradient of the RMA north boundary.

1,1,1-Trichloroethane was observed in samples from two offpost wells at

concentrations exceeding CRLs. These observed concentrations were from

samples collected from Wells 37355 and 37359 which are located about 2 miles

downgradient of RMA in Section 9 and 29, respectively. Concentrations in

samples from Well 37355 ranged from 9.59 ug/l to 29.4 ug/l. Concentrations

in samples from Well 37359 ranged from 3.70 to 4.54 ug/l.

Methylene-ChIQrzide

Methylene chloride was observed at concentrations exceeding CRLs in only one

sample collected from the offpost monitoring network. This concentration of

9.96 ug/l was observed in a sample from Well 37352 which is located about 2 mi

downgradient of the RMA north boundary in Section 10.
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3.3-1.9 Yalatile-Aromalias

Benzene

Benzene was the most frequently observed volatile aromatic in samples

obtained from the Offpost Operable Unit. Concentrations of benzene were

noted in samples collected along both the Northern pathway and the First

Creek pathway. Concentrations of benzene observed in offpost samples were

generally less than 10.0 ug/1 but a concentration of 15.1 ug/1 was noted in

a sample from Well 37392. Concentrations of benzene exceeding CRLs in

Denver Fm samples were more consistently observed and will be discussed in

Section 3.3-2. Benzene was only sporadically observed at concentrations

exceeding CRLs in the offpost area downgradient of the NWBCS. Generally,

these concentrations were less than 5.0 ug/l.

Ethyl benzene, m-xylene, and o,p-xylene (sum of o-xylene and p-xylene) were

each observed in one offpost sample at concentrations exceeding CRLs- Each

of these contaminants was observed in the spring 1987 sample from Well

37392. The ethyl benzene, m-xylene, and o,p-xylene concentrations in this

sample were 1.42, 1.14, and 1.94 ug/l, respectively.

3.3-1-10 Inarganir-a

Several inorganic analytes have been observed in ground water samples from

the Offpost Operable Unit. Many of these analytes are naturally occurring

ground water constituents in the area of RMA. The background concentrations

for each constituent in uncontaminated wells are dependant upon the aquifer

sampled. Some indication of background concentrations of ground water

constituents can be obtained by examining the water chemistry from wells

located upgradient of RMA.

For this study, inorganic chemistry data were evaluated in samples from five

upgradient alluvial wells to provide an indication of background inorganic

concentrations. The results of these analyses are summarized in Table 3.3-3. It

is apparent by comparing concentrations of inorganic analytes in the Offpost

Operable Unit with those concentrations in upgradient wells that the

concentrations of certain analytes are elevated above upgradient levels. On

the other hand, the concentrations of many of the inorganic constituents are
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Table 3.3-3. Flepresentative Cmicentraticnis For Naturally Occurring Constituents in Upgradient Alluvial Wells

(Vabies are in pp/O.

Well Rffd,-r 37366 Alluvial Well We I I *r*k* Well "W-r4 RAve Fnim

Analyte (Approximtelv 0.5 miles 12001 (HK)2 01021 02011 03W2 (YM 3 12002 11plZradient Well@

Spring 1986 Spring Iqa7 Swrý-r 1987 Routh east of ")**

Chloride 46,7ffl 45,200 46.9ffl 34,000 52^0 60,(M 58,70n 79, 30D 34,700 73, IM 102.OOD 14,000 - 102,ono

Fluoride 0,200 <1,2rx) <1,220 1.000 690 570 960 1,220 <1,27n < 1. 2on <1,220 <1,220 57n - <1,220

Sulfate 138,000 106,OW 98,700 48,000 63,000 132,OM 4VW 83,100 187,000 49,OM 220,000 149,000 43,000 - 220,00n

Calcium 139,000 137,00n J21,ODO 51,ODO 67,000 139,m) 112,(M 85,(M 1201(w 67,1(K) 77,600 95,CM 51 JW - 139,ono

Potaqsi,m; 5,560 3,850 4,680 2,850 4,110 3,740 4,010 4, -AO 3,740 5, W

Smium 108,(M 127,000 131,000 36,000 44 OW 68,000 60,(W 65,5M 86,700 38,(M 106,ODO 82,900 36,ODO 131,000

K,ignesi,n 23,200 25,600 23,300 9,200 17.100 24 , 600 8,450 27,200 19,300 8,450 27,200

Nitrogen 6,670 7,Y40 8,()80 8,300 3,500 700 22,900 1,600 7,370 6,970 2,500 3,810 AX) - 22,900

Zinc 112 72.0 <20.1 <20.1 <20.1 <40.2 111 29.5 <20.1 - 112

CaKinitn <5.20 <5.16 <5.16 (5.16 <5.16 <5.16 <5.16 <5.16 (5.20

Lead <18.5 <18.6 <18.6 <18.6 <18.6 <37.2 <18.6 <18.6 <18.6 - <37.2

Chromium <6.00 18.2 10.8 11.1 <5.96 17.3 17.1 <5.96 18.2

Copper <7.% 0. % 0. % <7.% 0. % <7.% 0.94 0.94 0.

Arrenic Q.9 0.9 A, <2.50 <2.50 <2.50 <2.50 <2.50 <2.50

Mercury <0-240 <0.240 <0.240 A, <0.359 <0.359 <0.359 <0.359 <0.159 <0.359

Not analyzed.
IrTigation well, 70 ft deep, in T35 R66W, Section 17 (McCtna0hy et al., 1964).

Alluvial wIls near southern boundary of IM, samples collected T9i5--ad 1976 (Ary, RIC#8216OR12).

+ Alluvial uetts near southern boundary of RIA, samples collected spring 1987 (ESE)

03 Source: ESE, 1988.
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within the range of concentrations observed in upgradient wells. A brief

discussion of the concentrations and distribution of each inorganic

constituent and a comparison to upgradient concentrations is provided below.

chlQride

Alluvial aquifer chloride concentrations in samples collected from wells in

the Offpost Operable Unit generally exceeded background concentrations. An

approximate background concentration can be estimated in samples from

upgradient wells as listed in Table 3.3-3. These samples generally

exhibited chloride concentrations of 40,000 to 50,000 ug/l. In the offpost

area downgradient of the NBCS, concentrations of chloride were of similar

magnitude to those observed in samples collected immediately upgradient of

the system. The highest offpost concentrations of chloride were noted in

samples downgradient of the western end of the NBCS and along the First

Creek pathway. The highest offpost concentrations, at levels exceeding

1,000,000 ug/l, were observed in samples from Well 37313.

Chloride concentrations in samples collected along the Northern pathway also

appeared to be elevated above upgradient levels with concentrations

generally ranging from 100,000 ug/l to 500,000 ug/l. The highest

concentrations along this pathway were present in well samples collected in

the western portion of Section 13.

Chloride concentrations in the offpost area downgradient of the NWBCS were

also generally greater than upgradient levels. In samples collected from

wells directly downgradient of the NWBCS, concentrations generally ranged

from 200,000 ug/l to 700,000 ug/l. The highest concentration of chloride in

this area was observed in a sample from Well 37332 at 714,000 ug/l.

In samples collected from the offpost area downgradient of O'Brian Canal,

chloride concentrations generally ranged from 30,000 ug/l to 250,000 ug/l.

The highest concentrations downgradient of O'Brian Canal were observed in

samples collected from wells downgradient of the highest concentrations near

the RMA boundaries.
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Fluoride

Background concentrations of fluoride can be approximated from water quality

data obtained from samples collected from upgradient wells as listed in

Table 3.3-3. The range of fluoride concentrations observed in these samples

was 570 ug/l to 1,000 ug/l.

Downgradient of the NBCS, the highest concentrations of fluoride exceeded

4,000 ug/l. These concentrations were noted in samples collected

downgradient of the extreme western end of the NBCS and offpost, in the

western portion of Section 14. Concentrations from well samples collected

along the First Creek pathway generally ranged from 2,000 to 4,000 ug/l.

Concentrations of fluoride along the Northern pathway generally ranged from

1,200 ug/l to 3,000 ug/l with the highest concentrations observed in samples

collected form the western portion of Section 13 and Section 12.

In samples collected in the offpost area downgradient of the NWBCS,

concentrations generally ranged from less than 1,200 ug/l to values

exceeding 3,500 ug/l. Fluoride concentrations in samples collected in the

area downgradient of O'Brian Canal ranged from less than 1,200 ug/l to

2,000 ug/l.

Sulf ate

Concentrations of sulfate in wells upgradient of RMA ranged from 43,000 ug/l

to 138,000 ug/l. Sulfate concentrations in samples collected downgradient

of the NBCS were greater than upgradient concentrations. Concentrations in

samples along the First Creek pathway generally ranged from 500,000 ug/l to

values exceeding 2,000,000 ug/l. The highest concentration observed in a

sample from the Offpost Operable Unit was 2,180,00 ug/l from Well 37339,

which is just downgradient of the RMA north boundary in Section 14.

Sulfate concentrations in samples from the offpost area downgradient of the

NWBCS were generally just above upgradient concentrations with values

ranging from about 50,000 ug/l to 300,000 ug/l. Sulfate concentrations

observed in samples collected downgradient of O'Brian Canal were generally

within the range of concentrations observed in samples collected upgradient

of RMA.
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Calcium

Calcium concentrations observed in samples collected upgradient of RMA

ranged from 51,000 ug/1 to 139,000 ug/l. In the offpost area downgradient

of the NBCS, samples generally exhibited calcium concentrations ranging from

100,000 ug/1 to 350,000 ug/l. Higher concentrations were generally observed

in samples collected along the First Creek pathway when compared to samples

collected along the Northern pathway. The highest calcium concentration in

a sample collected in the Offpost Operable Unit was 668,000 ug/l from Well

37339 which is just downgradient of the NBCS in Section 14.

Calcium concentrations in samples collected directly downgradient of the

NWBCS were generally less than 100,000 ug/l. Calcium concentrations in

samples from the offpost area downgradient of the O'Brian Canal were

generally within the range of concentrations observed in samples collected

upgradient of RMA.

P-Q.LasaiLum

Potassium concentrations in samples from wells in the Offpost Operable Unit

were generally within the range of concentrations (3,850 to 5,560 ug/1)

observed in well samples collected upgradient of RMA. Concentrations

exceeding the range of background concentrations were generally observed in

samples from only two offpost wells. Samples from these wells, Wells 37313

and 37338, exhibited potassium concentrations of 12,300 ug/l and 16,000

ug/l, respectively during the spring 1987 sampling period.

Sodium

Sodium concentrations in well samples collected upgradient of RMA ranged

from 36,000 ug/l to 131,000 ug/l. Concentrations in samples from the

offpost area downgradient of the NBCS were generally greater than the

highest upgradient concentrations. Concentrations in samples collected

along the First Creek pathway generally ranged from 250,000 ug/l to

1,000,000 ug/l. The highest sodium concentration observed in an offpost

sample was noted from Well 37339 at 1,20,000 ug/l. Concentrations in

samples collected from wells along the Northern pathway were generally less

than those along the First Creek pathway with concentrations generally

ranging from about 150,000 ug/l to 3,150,000 ug/l.
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Sodium concentrations in samples form the offpost area downgradient of the

NWBCS were generally greater than the highest concentrations observed in

samples collected upgradient of RMA. Concentrations in samples from this

area generally ranged from about 75,000 ug/l to 500,000 ug/l. Sodium

concentrations in samples collected in the area downgradient of O'Brian

Canal were generally within the range of concentrations observed in

upgradient well samples.

Magnaaium

Magnesium concentrations in samples from wells upgradient of RMA ranged from

9,200 ug/l to 25,600 ug/l. In offpost samples collected in areas

downgradient of the NBCS, magnesium concentrations generally exceeded this

range of upgradient levels. The highest concentrations, generally ranging

from 50,000 ug/l to 175,000 ug/l, were observed in samples collected along

the First Creek pathway. Concentrations observed in samples collected along

the Northern pathway were only slightly greater than the range of upgradient

levels and generally averaged about 50,000 ug/l. Magnesium concentrations

in samples collected in the areas downgradient of the NWBCS and O'Brian

Canal were generally within the range of upgradient sample concentrations.

Hilrate

Nitrate concentrations in samples from wells within the Offpost Operable

Unit were within the range of concentrations (700 ug/1 to 22,900 ug/1)

observed in upgradient well samples. The highest nitrate concentration was

observed in the summer 1987 sample from well 37357 at 10,700 ug/l. Samples

form this well exhibited the only nitrate concentrations exceeding 10,000 ug/l.

Zinc

Zinc concentrations in samples from upgradient wells ranged from less than

20.1 ug/l to 112 ug/l. Zinc concentrations in samples from wells in the

Offpost Operable Unit were generally within this range, with most sample

concentrations less than 100 ug/l. The highest concentration of zinc was

observed in a sample from Well 37339 at 152 ug/l.
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Cadmium

Cadmium was not observed at concentrations exceeding 5.20 ug/l in well

samples collected upgradient of RMA. Cadmium was observed only sporadically

in samples from the Offpost Operable Unit at concentrations exceeding the

CRL of 5.16 ug/l. The highest cadmium concentration of 9.50 ug/l was

observed in a sample from well 37339 during the summer 1987 sampling. With

the exception of samples from Well 37339, all observed cadmium

concentrations were less than 6.0 ug/l.

Lead

Lead concentrations in samples from wells upgradient of RMA were less than

the CRL of 18.6 ug/l. In samples from the Offpost Operable Unit during the

spring 1987 sampling quarter, only two samples exhibited concentrations

exceeding the CRL. These concentrations were observed in samples from Wells

37314 and 37355 at 23.3 ug/l and 24.5 ug/l, respectively. During the summer

1987 sampling quarter, 15 samples exhibited lead concentrations exceeding

the CRL. The majority of concentrations exceeding the CRL were noted in

samples collected along the First Creek pathway and in samples from areas

downgradient of O'Brian Canal. The majority of the observed concentrations

were less than 40.0 ug/l, but the highest concentration of 44.2 ug/l was

observed in a sample from Well 37313.

Chromium

Chromium concentrations in samples from wells upgradient of RMA ranged from

less than 6.00 ug/1 to 18.2 ug/l. Although only two concentrations

exceeding the CRL of 5.16 ug/1 were noted in spring 1987 samples, 34 samples

from the summer 1987 sampling quarter exhibited chromium concentrations

exceeding the CRL. The majority of chromium concentrations were less than

20.0 ug/l, but a high concentration of 45.7 ug/l was observed in the sample

from Well 37374.

Copper concentrations observed in upgradient wells were less than the CRL of

7.94 ug/l. In samples from the Offpost Operable Unit, copper was observed

at concentrations exceeding the CRL in five samples from both the spring
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1987 and summer 1987 sampling quarters. The concentrations of copper were

sporadically observed with no apparent spatial distribution pattern noted.

In fact, the observed concentrations during the spring 1987 quarter were

from different wells than the observed concentrations during the summer 1987

quarter. The highest concentration of 41.3 ug/l was observed in the summer

1987 sample from Well 37332.

Arsenic

Arsenic was not observed at concentrations exceeding CRLs in samples'from

wells upgradient of RMA. Concentrations of arsenic exceeding CRLs were

sporadically-observed in well samples collected from the Offpost Operable

Unit. Downgradient of the NBCS, collected samples exhibited concentrations

of arsenic from less than CRLs to a concentration 3.65 ug/l observed from

Well 37373.

Cenerally, higher arsenic concentrations were noted in samples collected

downgradient of the NWBCS. The highest concentration observed in this area

was 5.80 ug/l in a sample from Well 37332. Average concentrations of

arsenic in samples collected downgradient of O'Brian Canal were generally

less than CRLs- However, the highest arsenic concentration observed in

samples collected in the Offpost Operable Unit was noted in Well 37364 at

6.2 ug/l. This well is over 3 miles downgradient of RMA along the South

Platte River.

Ueraury-

Mercury was not observed at concentrations exceeding 0.24 ug/l in well

samples collected upgradient of RMA. In the Offpost Operable Unit, the only

observed concentration of mercury exceeding the CRL was a concentration of

0.36 ug/l in the summer 1987 sample from Well 37342.

3.3.2 NATURE AND EXTENT OF DENVER AQUIFER CONTAMINATION

The evaluation of Denver Fm contamination in this report was conducted by

examining water chemistry data from an offpost monitoring network that

incorporates 16 wells, as shown in Figure 2.1-4. The objectives of this

assessment was formulated primarily to address issues not evaluated by

previous studies. Some of the major objectives were:
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0 To characterize Denver Fm ground-water quality in contaminated

areas near the RMA north boundary;

0 To assess whether Denver Fm sandstone units are acting as

contaminant migration pathways which bypass the NBCS; and

0 To characterize the nature and extent of aquifer contamination in

Denver Fm aquifers which may potentially discharge to the alluvial

aquifer in areas downgradient of the RMA north boundary.

3.3-2.1 D_a_tELEresRnta_tipja,

Contaminant point plots were constructed for Denver Fm hydrostratigraphic

units and sandstone units near the NBCS to illustrate the types and

concentrations of contaminants detected during the study. The following

analytes will be presented on a point plot map for each Denver Fm unit with

concentrations posted for values exceeding CRLs:

0 DIMP;

0 DBCP-.

0 DCPD-,

0 CPMS-.

0 CPMSO;

0 1,4-Dithiane;

0 1,4-Oxathiane-.

0 Dieldrin;

0 Endrin;

0 Aldrin;

0 Chlorobenzene;

0 Chloroform;

0 Trichloroethylene;

0 Tetrachloroethylene:

0 1,2-Dichloroethane;

0 Methylene chloride:

0 Benzenet

0 Ethylbenzene;

0 m-Xylene-.

0 o,p-Xylene (sum of o-xylene and p-xylene),

0 Fluoride;
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0 Chloride;

0 Sulfate; and

0 Arsenic.

These analytes were the only contaminants detected at concentrations

exceeding CRLs in samples obtained from the Denver Fm in the Offpost

Operable Unit during the spring and summer 1987 sampling quarters.

Because of the availability of data, the discussion of the nature and extent

of Denver Fm contamination focuses on the offpost area north of RMA. Denver

Fm monitoring wells north of RMA have generally been completed in the

uppermost sandstone units at each site. These sandstone units have been

correlated to units NBW#2 and NBW#3 At the NBCS. A summary of the

concentrations and distribution of the primary contaminants in units NBW#2

and NBW#3 is provided in this section - No wells have been completed in

units NBW#lA and NBW#1 in the Offpost Operable Unit north of RMA. However,

since these units are projected to subcrop in the Offpost Operable Unit, the

onpost contaminant concentrations within these units will also be discussed

in this section.

The summer 1987 contaminant point plots for units NBW#lA and NBW#2, which

correlate to Denver Fm zones 2 and 3, respectively, have been included in

this section and are shown in Figures 3.3-3 and 3.3-5, respectively. The

spring 1987 contaminant point plots for units NBW#lA and NBW#2 are provided

in Appendix F. The spring and summer 1987 contaminant point plots for unit

NBW#l, which correlates to Denver Fm zone 2, is shown in Figure 3.3-4. The

spring and summer 1987 contaminant point plots for unit NBW#3 and sandstone

units NBE#2, NBE#3, and NBE#4 are provided in Appendix F.

Shown in Figure 3.3-6 are the spring and summer 1987 contaminant point plots

for Denver Fm wells located in the Offpost Operable Unit that were not

correlated to the sandstone units identified at the NBCS. A discussion of

the nature of contaminants detected in samples from these wells will be

discussed separately at the end of this section. A summary of the

concentrations and distribution of the primary contaminants observed in

Denver Fm units correlated to units at the NBCS is provided below.
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3.3-2.2

DIME

Offpost DIMP concentrations in samples from unit NBW#2 range from

approximately 45.0 ug/l to 1,000 ug/l. The highest concentration was

observed in a sample from Well 37371, located near the inferred geologic

subcrop of unit NBW#2, and may be partially representative of alluvial water

chemistry. There were no DIMP concentrations exceeding CRLs in samples from

onpost wells completed within unit NBW#2. There were also no DIMP

concentrations exceeding CRLs in samples from wells completed within unit

NBW#3.

Concentrations of DIMP in samples from onpost wells completed in unit NBW#lA

range from less than CRLs to 405 ug/l, as shown in Figure 3.3-2.

Concentrations of DIMP have been detected at levels exceeding CRLs in only

one sample from a well screened in unit NBW#l, as shown in Figure 3.3-4.

This detection was observed in a sample from a well immediately upgradient

of the soil-bentonite barrier at a concentration of 27.0 ug/l. At this well

location, boring logs indicate that units NBW#lA and NBW#l are in hydrologic

communication.

There were no DBCP concentrations exceeding CRLs in samples from wells

completed within unit NBW#2. In samples collected from offpost wells

completed within unit NBW#2, there were two detections of DBCP at

concentrations exceeding CRLs noted during the spring 1987 sampling quarter.

These detections were noted in samples from Wells 37372 and 37380 at

concentrations of 0.207 ug/1 and 0.192 ug/l, respectively. During the

summer of 1987 quarter, DBCP levels were less than CRLs in samples from both

wells. There were no DBCP concentrations exceeding CRLs in samples from

onpost wells completed within unit NBW#3.

Concentrations of DBCP in samples from onpost wells completed in unit NBW#la

range from less then CRLs to values exceeding 1.00 ug/l. In samples from

onpost wells completed in unit NBW#l, concentrations of DBCP range from less

than CRLs to more than 0.300 ug/l.

3-111



C-RMA-39D/RIAP,ARPT-302-112

12/28/88

DCF-D

In samples from offpost Well 37371, which is located approximately 3,500 ft

downgradient of the soil-bentonite barrier and screened within unit NBW#2, a

concentration of DCPD of 16.6 ug/l was observed during the summer 1987

quarter. DCPD concentrations were less than CRLs in all other samples

collected from offpost wells screened within unit NBW#2. In samples from

onpost wells screened within unit NBW#2, there were no observed

concentrations of DCPD at concentrations exceeding CRLs in unit NBW#2. In

samples from wells screened within unit NBW#3, there were no DCPD

concentrations noted at levels exceeding CRLs-

Concentrations of DCPD in samples from onpost wells completed in unit NBW#la

range from less than CRLs to above 49 ug/l. In samples from wells screened

within unit NBW#l, there were no detections of DCPD at concentrations

exceeding CRLs-

QzgaI1QaU1.fUr--CQMPQUndS

In samples from wells screened within units NBW#l, NBW#2, and NBW#3,

organosulfur compounds were not detected at concentrations exceeding CRLs-

Concentrations of organosulfurs were detected exceeding CRLs in samples from

onpost wells screened within unit NBW#lA, which is projected to subcrop in

the Offpost Operable Unit. Concentrations of CPMS in samples from onpost

wells completed in unit NBW#lA ranged from less than CRLs to 7.23 ug/l.

CPMSO was detected in two onpost wells completed in unit NBW#lA. The

concentrations of CPMSO were 12.9 ug/l and 47-32 ug/l in Wells 23203 and

23204, respectively, during the spring 1987 sampling quarter. CPMS02 was

detected in one onpost well completed in NBW#lA. The concentration of

CPMS02 was 18.6 ug/l in Well 23176 during the Initial Screening Program.

1,ýL=Di.thian.e-and-l-ý.A=Qxa.thiane

In samples from wells screened within units NBW#l, NBW#2, and NBW#3, there

were no observed concentrations of 1,4-dithiane and 1,4-oxathiane exceeding

CRLs- Concentrations of 1,4-dithiane and 1,4-oxathiane were observed to

exceed CRLs in samples obtained from onpost wells screened within unit

NBW#lA that is projected to subcrop in the Offpost Operable Unit.
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1,4-Dithiane concentrations averaging 3.4 ug/l were detected in samples from

wells downgradient of the NBCS and screened within unit NBW#lA.

Concentrations of 1,4-oxathiane in samples from wells screened within unit

NBW#lA ranged from less than CRLs to a concentration of 2.40 ug/1 in the

spring 1987 sample from Well 23203.

Dieldrin and endrin were the only organochlorine pesticides observed-at

concentrations exceeding CRLs in samples from the Denver Fm within the

Offpost Operable Unit. The concentrations and distribution of the analytes

are described briefly below. In samples from wells screened within units

NBW#l, NBW#2, and NBW#3, there were no detections of organochlorine

pesticides noted at concentrations exceeding CRLs.

Concentrations of dieldrin and endrin were detected above CRLs in samples

obtained from onpost wells screened within unit NBW#lA. Dieldrin

concentrations in this unit ranged from less than CRLs to 0.89 ug/l. Endrin

concentrations ranged from less than CRLs to 0.122 ug/l.

Chloroform, trichloroethylene, tetrachloroethylene, 1,2-dichloroethane, and

chlorobenzene were the only volatile organohalogens detected at

concentrations exceeding CRLs in samples from the Denver Fm within the

Offpost Operable Unit. The concentrations and distribution of these

contaminants are discussed in the following paragraphs. The remaining

volatile organohalogens were not observed at concentrations exceeding CRLs

in well samples obtained from the Denver Fm in the Offpost Operable Unit.

Ch.1QrQfQrM

There have not been any chloroform concentrations exceeding CRLs in samples

from offpost wells completed within units NBW#2 and NBW#3. Concentrations

of chloroform in samples from onpost wells completed in unit NBW#2 ranged

from less than CRLs to 137 ug/l. Concentrations of chloroform in samples

from onpost wells completed in unit NBW#3 ranged from less than CRLs to

12.4 ug/l.
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Concentrations of chloroform in samples from onpost wells completed in unit

NBW#lA range from less than CRLs to 24.5 ug/l. Chloroform was detected at

concentrations exceeding CRLs in samples from two onpost wells completed in

unit NBW#l during the spring 1987 sampling quarter. The concentrations of

chloroform in these samples were 2.0 ug/l and 4.5 ug/l in Wells 23177 and

23218, respectively.

1r-ir-h1Qr-Qe1h.Y1P.ne

In samples collected from offpost wells completed within unit NBW#2,-there

was one observed concentration of trichloroethylene exceeding CRI.s. This

concentration of 1.38 ug/l was noted in a sample from Well 37379. In

samples collected from onpost wells completed within unit NBW#2,

concentrations of trichloroethylene ranged from less than CRLs to 1.30 ug/l.

Samples from two offpost wells completed in unit NBW#3 exhibited

trichloroethylene concentrations exceeding CRLs- The trichloroethylene

concentrations observed in samples from Wells 37372 and 37388 were 2.8 ug/l

and 1.8 ug/l, respectively, during the Spring 1987 sampling quarter. In

both instances, trichloroethylene concentrations exceeding CRLs were not

observed in a second sanipiing from the wells. Trichloroethylene was not

detected at concentrations exceeding CRLs in samples from onpost wells

screened within unit NBW#3.

Concentrations of trichloroethylene in samples from onpost wells screened

within unit NBW#lA ranged from less than CRLs to 8.00 ug/l. One sample from

a well completed in unit NBW#l exhibited a trichloroethylene concentration

exceeding CRLs- This concentration of 4.40 ug/l was noted in a sample from

Well 23218, which is located 400 ft downgradient of the pilot barrier and

adjacent to D Street.

le.1rachlQr-oathylene

Tetrachloroethylene concentrations exceeding CRLs have not been reported in

samples from wells completed within units NBW#I, NBW#2, and NBW#3.

Concentrations of tetrachloroethylene were observed exceeding CRLs in
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samples obtained from onpost wells screened within unit NBW#lA.

Concentrations of tetrachloroethylene in samples from this unit ranged from

less than CRLs to 22.1 ug/l.

There were no 1,2-dichloroethane concentrations exceeding CRLs in samples

from wells completed within units NBW#l, NBW#2, and NBW#3. Concentrations

of tetrachloroethylene were observed exceeding CRLs in samples obtained from

onpost wells screened within unit NBW#lA. Concentrations of 1,2-

dichloroethane in samples from this unit ranged from less than CRLs to 2.7

ug/l.

ChlQr-ohenze-ne

Concentrations of chlorobenzene exceeding CRLs were observed in several well

samples collected from unit NBW#2. The highest chlorobenzene concentration

was observed in the spring 1987 sample from monitoring Well 37390 at

23-70 ug/l. Concentrations of chlorobenzene in samples from onpost wells

screened in unit NBW#2 ranged from less than CRLs to 23.70 ug/l.

Chlorobenzene was consistently observed at concentrations exceeding CRLs in

samples from offpost wells screened within unit NBW#3. The highest

concentration of chlorobenzene was observed at 42.4 ug/l in the spring 1987

sample from Well 37342. Concentrations of chlorobenzene in samples from

onpost Well 23201, which is also screened within unit NBW#3, averaged 8.32

ug/l during spring and summer 1987 sampling quarters.

Concentrations of chlorobenzene in samples from onpost wells completed in

unit NBW#lA ranged from less than CRLs to 97.7 ug/l. In samples from onpost

wells completed in unit NBW#l, concentrations of chlorobenzene ranged from

less than CRLs to 48.9 ug/l.

Benzene and ethylbenzene were the only volatile aromatics observed at

concentrations exceeding CRLs in samples collected from Denver Fm wells in

the Offpost Operable Unit. Benzene was more frequently observed than
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ethylbenzene and was generally noted in samples from wells completed in the

lowest Denver Fm units defined in the Offpost Operable Unit. The

concentrations and distribution of benzene and ethylbenzene within the

Denver Fm will be discussed in the following paragraphs.

Benzene

Benzene was detected at a concentration exceeding CRLs in only one sample

collected from offpost wells completed within unit NBW#2. This

concentration of 8.50 ug/l was noted in a sample from Well 37390. Benzene

concentrations ranged from less than CRLs to 2.3 ug/l in samples collected

from onpost wells completed within unit NBW#2.

All three offpost monitoring wells completed in unit NBW#3 yielded samples

with concentrations of benzene exceeding CRLs- Benzene concentrations in

samples from these wells ranged from 3.78 ug/l to 10.3 ug/l during the

spring 1987 sampling quarter. Benzene concentrations were less than CRLs in

samples from all three wells during the summer 1987 sampling quarter.

Concentrations of benzene in samples from Well 23201, which is screened

within unit NBW#3 onpost, did not exceed CRLs during spring and summer 1987

sampling quarters.

Concentrations of benzene in samples from onpost wells competed in unit

NBW#lA ranged from less than CRLs to 7.45 ug/l. In samples from onpost

wells completed in unit NBW#l, concentrations of benzene ranged from less

than CRLs to 12.2 ug/l.

fthyl.benzene

Ethylbenzene concentrations have not exceeded CRLs in samples from wells

completed within units NBW#I, NBW#2, and NBW#3. Concentrations of

ethylbenzene were observed exceeding CRLs in only one sample from Well 23226

completed in unit NBW#lA at a level of 0.690 ug/l.

The concentrations and distribution of the inorganic parameters fluoride,

chloride, sulfate, and arsenic have been assessed for units identified at

the NBCS because they were included in the analyte schedule of the boundary
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monitoring tasks (Task 25 and 36). In addition to these analytes, other

organic parameters were analyzed in samples from offpost Denver Fm Wells

37379 and 37380. These additional analytes are: calcium, potassium,

magnesium, sodium, chromium, cadmium, copper, nitrate, lead, zinc, and

mercury. To provide a basis for comparison, typical concentrations of these

inorganic parameters for the Denver Fm, as presented by Robson (1984), Van

der Leeden, al al. (1975), and McConaghy, et al. (1964), are presented in

Table 3.3-4. These typical concentrations provide a range of concentrations

for these naturally occurring analytes that can be considered background

levels. In the vicinity of the NBCS, fluoride concentrations in the Denver

Fm were generally of similar magnitude or slightly greater than the typical

concentrations presented in Table 3.3-4. Chloride and sulfate

concentrations observed in the NBCS area are generally much higher than

typical concentrations presented in Table 3.3-4. There were no arsenic

concentrations exceeding CRLs in samples from Denver Fm wells in the Offpost

Operable Unit. A summary of the concentrations and distribution of

fluoride, chloride, and sulfate in Denver Fm units identified at the NBCS is

presented in the following paragraphs.

EIUQri.dp-

Offpost monitoring wells completed within unit NBW#2 yielded samples with

fluoride concentrations ranging from less than CRLs to 3,000 ug/l.

Concentrations of fluoride in samples from onpost wells completed in unit

NBW#2 ranged from less than CRLs to 4,330 ug/l.

All three offpost monitoring wells completed in unit NBW#3 yielded samples

with concentrations of fluoride exceeding CRLs- Fluoride concentrations in

samples from these wells ranged from 2,100 Ug/l to 3.700 ug/l.

Concentrations of fluoride in samples from Well 23201, which is screened

within unit NBW#3 onpost, ranged from less than CRLs to 1,300 ug/l.

Concentrations of fluoride in samples from onpost wells completed in unit

NBW#lA ranged from less than CRLs to 3,480 ug/l. In samples from onpost

wells completed in unit NBW#l, concentrations of fluoride ranged from less

than CRLs to 1,920 ug/l.
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Table 3.3-4. Typical Background Water Chemistry From the Denver Fm

---------- ----------

Denver Aquifer Denver Aquifer Denver Aquifer Well

Near Denver* Denver Basin" Located Upgradient/RMA***

(Robson, 1984) (Van der Leeden, 1975) (McConaghy, 1964)

Fluoride 1,600 1,200 1,400

Chloride 3,800 6,000 14,000

Sulfate 13,000 20,000 2,300

Arsenic NA NA NA

Calcium 11,000 NA 51,000

Cadmium NA NA NA

Chromium NA NA NA

Copper NA NA NA

Potassium 11000 NA 3,000

Magnesium 400 NA 9,200

Sodium 57,000 82,000 36,000

Nitrate 50 30 8,300

Lead NA NA NA

Zinc NA NA NA

--------- --

From selected chemical analysis of ground water from the Denver Aquifer near the

city of Denver.
From selected chemical anlayses of ground water in the Denver Basin, Colorado.

Single Denver FM well located approximately 0.5 mile southeast of RMA, T35 R66W,

Section 17.

NA Not analyzed.

Source: ESE, 1988.
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Wells completed within unit NBW#2 offpost yielded samples with chloride

concentrations ranging from 55,700 ug/l to 467,000 ug/l. The highest

concentrations were detected in Wells 37371 and 37379 located to the east of

Peoria Street. Concentrations of chloride in samples from onpost wells

completed in unit NBW#2 ranged from 34,500 ug/l to 101,000 ug/l.

Concentrations of chloride in samples from offpost wells screened within

unit NBW#3 ranged from 57,800 ug/l to 412,000 
ug/l. The highest -

concentrations were observed in samples from Well 37380. Concentrations of

chloride in samples from onpost Well 23201 screened within unit NBW*3

averaged 96,500 ug/l.

In samples from wells completed within unit NBW#lA, chloride concentrations

ranged from 72,163 ug/l to 530,908 ug/l. Concentrations of chloride in

samples from wells completed within unit NBW#l ranged from 31,700 ug/l to

496,000 ug/l.

Sulfate

In samples from offpost wells completed within unit NBW#2, sulfate

concentrations ranged from 242,000 ug/l to 1,600,000 ug/l. The highest

concentrations were observed in samples from offpost Well 37379.

Concentrations of sulfate in onpost wells screened within unit NBW#2 ranged

from 290,000 ug/1 to 1,044,000 ug/l.

Sulfate concentrations in offpost wells screened within unit NBW#3 ranged

from 345,000 ug/l in Well 37372 to 1,580,000 in Well 37388. In samples from

onpost Well 23201 completed in unit NBW#2, concentrations of sulfate ranged

from 105,000 ug/l to 344,000 ug/l.

Concentrations of sulfate in samples from onpost wells screened in unit

NBW#lA ranged from 190,000 ug/l to 2,060,000 ug/l. In samples from onpost

wells screened in unit NBW#l concentrations of sulfate ranged from 525,000 ug/l

to 1,610,000 ug/l.
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Additional-Inargania-Baramelera

Wells 37379 and 37380 were also analyzed for calcium, cadmium, chromium,

copper, potassium, magnesium, sodium, nitrate, lead, zinc, and mercury. The

results of these analyses for spring and summer 1987 are presented in

Table 3.3-5. A comparison of these results to the background water quality

data shown in Table 3.3-4 depicts the following general relationships.

Calcium and sodium concentrations were typically much higher than the

concentrations listed in Table 3.3-4. Potassium and magnesium concentration

were within the range of typical values that were presented in Table'3.3-4.

Nitrate concentrations for Wells 37379 and 37380 were less than the value

reported by McConaghy, at al. (1964) but greater than the values reported by

Robson (1984) and Van der Leeden, at al. (1975).

Cadmium, copper, lead, and mercury concentrations were all less than the

respective CRLs- Chromium was observed at concentrations of 12.0 ug/l and

25.4 ug/1 for Wells 37380 and 37379, respectively. Zinc concentrations were

less than CRLs in the samples from Well 37380 but was noted at a

concentration of 210 ug/1 in Well 37379.

3.3-2.3 CQntaminaliQn-in-Ilnila-UQI-CQrrelated-IQ-NBCa

There are nine offpost Denver Fm monitoring wells that were not correlated

to the sandstone units identified at the NBCS. These are Wells 37316,

37317, 37318, 37319, 37321, 37322, 32723, 37365, and 37387. These wells

were, however, correlated to the Denver Fm zones identified in Section 3.1.

Of these nine wells, Wells 37316, 37317, 37321, 37322, and 37365, were too

far north of existing geologic data and the degree of uncertainity of

correlating them to NBCS units was high. Wells 37323 and 37387 are located

on bedrock highs and the sandstones that these wells are screened in are

above the NBCS units. Well 37318 is screened in a sandstone that is between

NBCS units NBW#2 and NBW#3. Well 37319 is screened in a sandstone that is

below the units that could be identified at the NBCS with the current

geologic data.

The spring and summer 1987 contaminant point plots for these wells are shown

in Figure 3.3-5 along with the sand zone designation and the screen interval

for each well. The analytes exceeding CRLs in samples obtained from these
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Table 3.3-5. Additional Inorganic Parameters for Wells 37379 and 37380--Spring and
Summer 1987 (ug/1)

Well #37379 Well #37380
Spring 1987 Summer 1987 Spring 1987 Summer 1987

Calcium 272,000.0 251,000.0 NA 133,000

Cadmium <5-16 <5-16 NA <5-16

Chromium <5.96 25.4' NA -12.0

Copper <7.94 <7.94 NA <7.94

Potassium NA 2,330.0 5,580.0 3,210.0

Magnesium 41,900.0 45,100.0 NA 6,580.0

Sodium 729,000.0 577,000.0 NA 589,000.0

Nitrate 2,070.0 1,940.0 NA 147.0

Lead <18.6 <18.6 NA <18.6

Zinc 210.0 37.9 NA <20.1

Mercury NA <0.5 <0.359 <0.5

NA . Not Analyzed.

Source: ESE, 1988.
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wells are discussed in the following paragraphs. The remaining target

analytes will not be addressed further in this section.

DIME

DIMP was detected in levels exceeding CRLs in Wells 37316, 37323, and

37365. In Well 37316, DIMP concentrations were 27.0 ug/l during the spring

1987 sampling quarter. During the summer 1987 quarter, DIMP levels were

less than the CRL. In Well 37323, concentrations of DIMP exceeded CRLs in

both the spring and summer 1987 sampling quarters. The concentrations were

15.7 ug/l and 75.8 ug/l, respectively. The concentration of DIMP in

Well 37365 exceeded CRLs only in the samples from the summer 1987 sampling

quarter. The DIMP concentration was 11.5 ug/l.

DBCP-

DBCP was detected exceeding CRLs in samples obtained from Wells 37323 and

37387. The concentrations of DBCP were 0.165 ug/l in the summer 1987 sample

from Well 37323 and 0.779 ug/l in the spring 1987 sample from Well 37387.

Chlar-abenzene

Chlorobenzene concentrations exceeding CRLs were observed in samples from

Wells 37318, 37321, 37322, 37323, and 37387. In samples from Well 37318,

chlorobenzene was detected at 12.0 ug/l during the summer 1987 sampling

quarter. In Well 37321, the concentration of chlorobenzene ranged from

3.60 ug/l to 2.98 ug/1 during the summer and spring 1987 sampling quarters,

respectively.

The concentration of chlorobenzene in samples from Well 37322 exceeded CRLs

only in the sample from the spring 1987 sampling quarter. The concentration

of chlorobenzene was 7.74 ug/l. Concentrations of chorobenzene exceeded

CRLs in samples obtained from Wells 37323 and 37387 during the summer and

spring 1987 sampling quarters, respectively. The concentrations of

chlorobenzene were 17.6 ug/l and 74.7 ug/l, for wells 37323 and 37387,

respectively.
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Chlar-Qlarm

The concentration of chloroform exceeded CRLs in samples obtained from Wells

37318, 37319, 37323, and 37387. Chloroform was observed exceeding CRLs in

samples obtained from Well 37318 during the summer 1987 sampling quarter

(5-51 ug/1) and 37319 during the summer and spring 1987 sampling quarter

(3-10 ug/1).

In Well 37323, the concentration of chloroform ranged from 37.7 ug/l to 41.3

ug/l during the spring and summer sampling quarters, respectively. A

concentration of chloroform exceeding CRLs was observed in a sample obtained

from Well 37387 during the spring 1987 sampling quarter. The concentration

of chloroform was 8.62 ug/l.

letrachlarap.1hylene

The only concentrations of tetrachloroethylene exceeding CRLs was noted in

the spring 1987 sample from Well 37387. The concentration of

tetrachloroethylene in this sample was 8.7 ug/l.

Methylene-ahlQrzida

Methylene chloride was observed exceeding CRLs only in samples from

Well 37319. The concentration of methylene chloride ranged from 6.76 ug/1

to 9.04 ug/l during the spring and summer sampling quarters, respectively.

Concentrations of benzene exceeding CRLs were observed in samples obtained

from Wells 37316, 37318, 37323, and 37387. Benzene was noted exceeding CRLs

in samples obtained from Wells 37316 and 37318 during the summer 1987

sampling quarter. The concentrations of benzene were 2.78 ug/l and 2.47 ug/l for

Wells 37316 and 37318, respectively.

The concentrations of benzene exceeded CRLs in samples from Wells 37323 and 37387

during the summer and spring 1987 sampling quarters, 
respectively. The .

concentrations of benzene were 2.94 ug/l and 73.8 ug/l for Wells 37323 and 37387,

respectively.
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Ethylbenzene

A concentration of ethylbenzene exceeding the CRLS was detected only in Well

37387 during the spring 1987 sampling quarter. The concentration of

ethylbenzene was 1.32 ug/l.

m=Xylane

The compound m-xylene was detected exceeding CRLs in samples obtained 
from

Well 37387. The concentration of m-xylene was 1.37 ug/l during the spring

1987 sampling quarter.

O,p-xylene was detected exceeding CRLs in samples obtained from Well 37387

only during the spring 1987 sampling quarter. The concentration of

o,p-xylene was 3.60 ug/l.

UuQride

Fluoride concentrations exceeding CRLs were detected in samples 
from Wells

37316, 37317, 37319, and 37387. The maximum concentration was 4,820 ug/l in

Well 37387, and the minimum fluoride concentration was 1,290 ug/1 
in Well

37317.

r-hl.Qridp-

Concentrations of chloride exceeding CRLs were detected in all of the wells

that were not correlated to Denver Fm sandstone units identified 
at the

NBCS. The concentrations of chloride ranged from 5,290 ug/1 in Well 37319

to 303,000 ug/1 in Well 37387.

S U.1 I at P.

Sulfate concentrations exceeding CRLs were detected in all of the wells that

were not correlated to Denver Fm sandstone units identified at the NBCS.

The concentration of sulfate ranged from 2,350,000 ug/1 in Well 37387 to

18,600 ug/l in Well 37319.

3.3.3 QALQC-Data

Field Quality Assurance/Quality Control (QA/QC) procedures were 
conducted to

provide documentation of the limits of precision and accuracy of 
all

3-124



JUJ. I ZLý

12/28/88

analytical systems generating data and to provide mechanisms for

documentation of the validity of all reported data. Field QC procedures

were consistent with EPA and USATHAMA approved methodologies. A summary of

these procedures for all trip blanks, rinseate blanks, field blanks, and

duplicate samples are summarized in Table 3.3-6.

Trip blanks, rinseate blanks, and field blanks were analyzed for all target

analytes. The concentrations of organic compounds were below the certified

reporting limits in all cases. However, there were two rinseate blinks that

had measurable detections of chloride and sulfate. The concentration of

chloride ranged from 12,000 to 13,100 ug/l for the rinseate blank samples,

and the concentration of sulfate waas 17,000 ug/l for both samples.

The duplicate data that were obtained during this study is presented in

Tables 3.3-7 through 3.3-13. The compounds have been separated into groups

according to the analytical techniques used. A brief discussion on each of

these groups is provided for documentation of the validity of the data

presented in the preceding paragraphs.

In general, the duplicate samples fell within the EPA QC acceptance criteria

for precision. This is based on the Code of Federal Regulations (40 CFR)

part 136, Appendix A, Method 601, 602 and 608 (EPA, 1985). The volatile

aromatics and volatile organohalogens had the greatest variance. This was

expected due to their high volatility.

3.3-3.1 DIMP, DBCP, DCPD

The duplicate data for DIMP, DBCP, and DCPD are shown in Table 3.3-7. The

ranges of DIMP, DBCP, and DCPD values for duplicate samples were within plus

or minus (±) 10 percent with the exception of samples from Well 37367 and

Well 37350. Duplicate samples from these two sites had different DBCP and

DIMP concentrations of negative 13 percent and negative 11 percent,

respectively. At this time, no EPA precision criteria exist for these

compounds. However, the duplicate data listed in Table 3.3-7 show that the

sampling procedures and analytical methodology generated analytical results

that have adequate precision for the interpretations presented in this

report.

3-125



A" - ý.J-JV - ý

12/27/88

Table 3.3-6. Field QA/QC Procedures

--------- --

Analytical Required
QA Sample Type Method* Frequency Preparation

Volatile Trip Blank W8, Y8, TT8, 1 paint can with 3 Transport filled blank
SS8 volatile septum vials volatile septum vials

each week, each week to field, open paint

samples for CC can and return to
analysis are laboratory with

collected. samples. -

Rinseate Blank s8, u8, T8, 1 suite per week, Decontaminate bailer

W8, Y8, X8, each week samples are used to collect

K8, R8, Q8 submitted samples. Pour
deionized water into

cleaned bailer, then
transfer to sample

bottles. Perform while

onsite. Not applicable

if dedicated bailer is

used.

Field Blank s8, u8, T8, 1 suite per week, Pour organic free
w8, Y8, x8, each week samples are deionized water

K8, Q8, R8 submitted directly into sample
bottles. Perform while

onsite.

Duplicates S8, U8, T8, 1 suite per week, Collect 2 suites of

w8, Y8, x8, each week samples are sample bottles while

K8, R8, Q8 submitted onsite.

See Table 2.1-4.

Source: ESE, 1988.
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Table 3.3-7. Duplicate Data: DIMP, DBCP, DCPD (ug/1)

Collection

Well Number Date DIMP DBCP DCPD

--------- ----------

37338 06/17/87 < < <

DUP 06/17/87 < < <

37350 06/19/87 16.6 < <

DUP 06/19/87 14.7 < <

37367 06/15/87 397 2.57 <

DUP 06/15/87 417 2.24 <

37369 06/24/87 251 < 59.4

DUP 06/24/87 244 < 65.8

37370 09/29/87 1130 < <

DUP 09/29/87 1200 < <

37372 10/02/87 < < <

DUP 10/02/87 < < <

Note: < Denotes values less than CRLs as specified in Table 2.1-4.

Source: ESE, 1988-
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Table 3.3-8. Duplicate Data: 1,4-Oxathiane, 1,4-Dithiane, CPMS, CPMSO,
CPMS02 (ug/1).

Collection

Well Number Date 1,4-Oxathiane 1,4-Dithiane CPMS CPMSO CPMS02

37367 06/15/87 < < 4.16 113 4.31

DUP 06/15/87 < < 4.31 124 4.38

37369 06/24/87 < < < 8.59 4.11

DUP 06/24/87 < < < 8.74 4.20

37370 09/29/87 < < < < <

DUP 09/29/87 < < < < <

37372 10/02/87 < < < < <
DUP 10/02/87 < < < < <

Note: < Denotes values less than CRLs as specified in Table 2.1-4.

Source: ESE, 1988.
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Table 3.3-9. Duplicate Data: Organochlorine Pesticides (ug/1)

Well Collection
Number Date HCCPD Aldrin Isodrin p,p'-DDE Dieldrin Endrin p,p'-DDT Chlordane

37367 06/15/87 < < < < < < < <

DUP 06/15/87 < < < < < < < <

37369 06/24/87 < < < < 0.333 0.429 < <

DUP 06/24/87 < < < < 0.277 0.109 < <

37370 09/29/87 < < < < < < < <

DUP 09/29/87 < < < < < < < <

37372 10/02/87 < < < < < < < <

DUP 10/02/87 < < < < < < < <

--------------------- ---------- - --- - -------------

Note: < Denotes values less than CRLs as specified in Table 2.1-4.

Source: ESE, 1988.
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Table 3.3-10. Duplicate Data: Volatile Organohalogens (ug/1)

-------------------- ---------------------------------------------------------------------
-------------------- ---------- Analyte ----------------------------------------------------

Well Collection Methylene Carbon

Number Date Chloride llDCE 11DCLE 12DCE Chloroform 12DCLE 111TCE Tetrachloride TRCLE 112TCE TCLEE Chlorobenzene

--------- - -------------------------------------------------------------- - ------- - ------------------------------------

37338 06/17/87 < < < < 2.12 < < < < < < 8.37

DUP 06/17/87 < < < < < < < < < < < 12.4

37339 06/19/87 < < < < < < < < < < < <
DUP 06/19/87 < < < < < < < < < < < <
37367 06/15/87 < < < < 127 < < < 4.1 < 36 9.23

DUP 06/15/87 < < < < 146 < < < 4.4 < 36 12.4

37369 06/24/87 < < < < < < < < < < 9.0 8.88

DUP 06/24/87 < < < < < 3.00 < < < < 9.4 8.13

37370 09/29/87 < < < < < 3.04 < < < < < <
W

DUP 09/29/87 < < < < < < < < < < < <
37372 10/02/87 < < < < < < < < < < < 5.43

0 DUP 10/02/87 < < < < < < < < < < < 4.98

-----------------------------------------------------------------------------------------------------------------------

Note: < Denotes values less than CRLs as specified in Table 2.1-4.

Source: ESE, 1988.
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Table 3.3-11. Duplicate Data: Volatile Aromatics (ug/1).

Well Collection
Number Date Benzene Toluene Ethylbenzene m-Xylene o,p-Xylene

37338 06/17/87 1.49 < < < <
DUP 06/17/87 2.08 < < < <
37339 06/19/87 < < < < <
DUP 06/19/87 < < < < <
37367 06/15/87 2.92 < < < <
DUP 06/15/87 3.80 < < < <
37369 06/24/87 < < < < <
DUP 06/24/87 < < < < <
37370 09/29/87 < < < < <
DUP 09/29/87 < < < < <
37372 10/02/87 < < < < <
DUP 10/02/87 < < < < <

Note: < Denotes values less than CRLs as specified in Table 2.1-4.

Source: ESE, 1988.
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Table 3.3-12. Duplicate Data: Inorganics (ug/1).
----------------

Well Collection

Number Date Fluoride Chloride Sulfate Arsenic Potassium Mercury

37338 06/17/87 1,400 148,000 392,000 < 16,000 <

DUP 06/17/87 1,460 132,000 389,000 < 18,800 <

37339 06/19/87 < 86,100 218,000 < 3,660 <

DUP 06/19/87 < 83,800 214,000 < < <

37367 06/15/87 2,050 201,000 578,000 < 4,170 <

DUP 06/15/87 2,030 199,000 580,000 < 4,170 NRQ

37369 06/24/87 2,690 210,000 391,000 < < NRQ

DUP 06/24/87 2,720 215,000 401,000 < < NRQ

37370 09/29/87 2,810 518,000 932,000 3.39 NRQ NRQ

DUP 09/29/87 2,770 525,000 908,000 3.61 < NRQ

37372 10/02/87 2,540 59,800 345,000 < < NRQ

DUP 10/02/87 2,530 59,600 345,000 < < NRQ

-------- --

NRQ - Not Requested.

Note: < Denotes values less than CRLs as specified in Table 2.1-4.

Source: ESE, 1988.
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Table 3.3-13. Duplicate Data: Additional Inorganics (ug/1)

-- --------- ------------------------- - -- - --------- ------- - ------------------- - --- - --------------------

Collection -------------- - ------ - -- - -- ----------------------- - ----

Well Number Date Calcium Sodium Magnesium Nitrate Zinc Cadmium Lead Chromium Copper

-------------------- -------------------------------------------------------------------------------------------------

37338 06/17/87 162,000 213,000 49,400 1,040 25.6 < < < <

DUP 06/17/87 123,000 177,000 40,700 961 36.5 < < 12.2 <

37350 06/19/87 148,000 109,000 37,900 7,010 <20.1 < < <

DUP 06/19/87 138,000 112,000 38,100 6,930 <20.1 < < < <

-- --- - - --------- ------ ------- - - ---- - ------------------------------------------ - -------------------------- -

Note: < Denotes values less than CRLs specified in Table 2.1-4.

Source: ESE, 1988.
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3.3-3.2

The duplicate data for 1,4-oxathiane, 1,4-dithiane, CPMS, CPMSO, and CPMS02

are presented in Table 3.3-8. The range between values for these compounds

for the duplicate samples were within :t 10%. At this time, no EPA precision

criteria exist for these compounds. However, the duplicate data listed in

Table 3.3-8 show that the sampling procedures and analytical methodology

generated adequate results for the interpretations presented in this report.

3.3-3.3 Organachlor-ine-Besticides.

The duplicate data for the organochlorine pesticides are shown in Table

3.3-9. Only one duplicate sampling from Well 37369, exhibited detectable

levels of organochlorine pesticides. The duplicate sample from Well 37369

exhibited an endrin concentration that was -75 percent of the original

sample. The desireable range of precision for endrin using Method 608 is

-70 percent to +47 percent (EPA, 1985). Thus, the concentration of endrin

in the duplicate sample was slightly outside the EPA specified range.

Although substantive conclusions cannot be drawn from one duplicate sample,

this data may indicate that other measured endrin detections could be

expected to vary outside the specified EPA range. Thus, the magnitude of

some endrin concentrations may be questionable. However, at all other

wells, duplicate samples consistently reproduced concentrations less than

CRI.s.

Dieldrin was also detected in the duplicate sample from Well 37369. The

measured concentration in the duplicate sample was well within the EPA 608

range of precision of -64 percent of 46 percent. Also, the remaining

duplicate samples consistently reproduced concentrations that were less than

CRLs- Thus, based upon the data available, the accuracy of measured

dieldrin data is considered adequate to describe the offpost levels and

extent of this contaminant.

3.3-3.4 Yc2latile-Qrganohalagens.

The duplicate data for the volatile organohalogens are presented in Table

3.3-10. The range of values for these compounds for duplicate samples were

within EPA acceptance criteria (EPA, 1985).
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3.3-3.5 YQlallla-Aromalias

The duplicate data for the volatile aromatics are presented in Table 3.3-11.

Benzene was the only volatile aromatic compound that was detected above

CRLs. The range of values for benzene duplicate samples were within EPA

acceptance criteria. The precision criteria for benzene using the EPA

Method 602 is -61% to +50% (EPA, 1985).

3-3-3.6 lmrganirm

The duplicate data for fluoride, chloride, sulfate, arsenic, potassium, and

mercury are presented in Table 3.3-12. The range of values for fluoride,

chloride and sulfate for duplicate samples were within about :t 10%. The

detection of arsenic for duplicate samples were within ±ý 20%. The potassium

concentration for the duplicate sample from Well 37367 was within -64%. At

this time, no EPA precision criteria exists for these analytes. However,

the duplicate data listed in Table 5.3-7 show that the sampling procedures

and analytical methodology generated analytical results that have adequate

precision for the interpretations presented in this report.

3.3-3.7 Addi..IiQnaI_InQrganirs

The duplicate data for calcium, sodium, magnesium, nitrate, zinc, cadmium,

lead, chromium, and copper are presented in Table 3.3-13. The range of

values for nitrate, cadmium, lead, and copper for duplicate samples were

within :tlO%. The detections of sodium and magnesium were within + 20%, and

the detections of calcium and zinc for duplicate samples were within ýt 30%.

The chromium concentration for the duplicate sample from Well 37338 was

within -50%. At this time, no EPA precision criteria exists for these

analytes. However, the duplicate data listed in Table 3.3-13 show that the

sampling procedures and analytical methodology generated analytical results

with adequate precision for this project.

3.3.4 CAS CHROMATOCRAPHY/MASS SPECTROMETRY RESULTS

CC/MS analyses were performed on ground-water samples collected from

selected onpost and offpost wells. The primary objectives of these GC/MS

analyses were to:

0 Confirm the occurrence of target analytes previously and

concurrently identified by CC analytical methods; and
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0 Tentatively identify nontarget analytes to assess possible

modifications to the target analyte list which may require

eventual remediation.

Additionally, the chemical concentrations reported for the CC/MS analyses

were compared to the CC results to assess any systematic differences in the

data from the two methods.

The remaining portions of this discussion have been divided into several

sections. Well selection procedures are described in section 3.3.4.1.

Section 3.3-3.2 describes the CC/MS analytical procedures used and discusses

the method detection limits. Section 3.3-4.3 briefly describes Quality

Assurance/Quality Control (QA/QC) procedures and discusses the analytical

results for external QA/QC samples. The confirmation of target analytes and

their concentrations are described in Section 3.3.4.4. The identification

of nontarget analytes is presented in Section 3.3.4.5. Sections 3.3-4.7 and

3.3-4.8 present the conclusions and recommendations, respectively.

3.3-4.1 HP-11-Iieleation

Wells were selected for CC/MS analyses based on the well's historical

chemical data and location. Initially, wells with historically high

concentrations of multiple target analytes were chosen because they provided

perhaps the greatest opportunity for CC/MS confirmation of target analyte

results and the tentative identification of nontarget analytes. In the

subsequent sampling rounds, the well's location was also considered an

effort to cover a wide geographic area.

The CC/MS analyses were performed on ground-water samples collected from 20

offpost wells, during the spring and summer of 1986 and the summer of 1987.

The locations of all offpost wells from which samples were collected for

CC/MS analyses are shown in Figure 3.3-7. All offpost wells are completed

in the alluvial aquifer. Table 3.3-14 lists the wells sampled, and the

quarterly round in which samples were collected.
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Table 3.3-14. Offpost Wells from which Water Samples Were Collected and
Submitted for CC/MS Analysis

Well Spring Summer Summer

1986 1986 1987

37305 x

37307 x

37308 x

37309 x

37312 x

37313 x

37320 x

37332 x x

37333 x

37343 x

37344 x

37347 x

37349 x

37353 x x

37354 x

37356 x

37357 x

37359 x

BOLLER x

CIII x

Source: ESE, 1988.
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3-3-4.2 CCLMS-Analytical-Mathods

The CC/MS analytical methods used included EPA Method 624 (USATHAMA Method

M-8) and EPA Method 625 (USATHAMA Method BB-8). Target analytes determined

by these analytical methods are presented in Table 3.3-15. Extraction

procedures used were those specified in the respective analytical method.

For EPA method 624, the extraction procedure was EPA Method 5030; however,

for EPA Method 624, only the base neutral fraction was extracted. An acid

extraction step was not performed.

Appendix F contains all analytical results for ground-water analyses

performed by GUMS. The CC/MS data from the third and fourth quarter 1987

sampling rounds were previously presented in the Task 4 Draft Final Report

(ESE, 1988, RIC#88034RO3). The CC/MS data from the Task 44 sampling round

have not been previously reported.

Table 3.3-16 lists certified reporting limits (CRLs) for the target

analytes. As the table shows, different CRLs exist for each analyte,

although a few compounds have identical CC and GUMS CRI.s. Approximately 17

compounds have lower CC CRI.s. For the remaining analytes, the CC/MS CRLs

are higher than the respective CC CRI.s. CC CRI.s for each of the volatile

organohalogens and aromatics are similar or equal to the respective GUMS

CRL. The greatest deviation for this group of compounds is for

chlorobenzene, which has a CC CRL of 0.58 ug/l and a GUMS CRL of 2.0 ug/l.

The CRLs for the organochlorine pesticides show the greatest differences

between the CC and GUMS methods. The CC CRLs for these compounds range

from 0.05 to 0.07 ug/l, whereas the GUMS CRLs range from 4.7 to 10 ug/l.

Thus, the CC CRLs are approximately 100 times lower than the GC/MS CRLs.

These wide differences can have an impact on compound quantification, as

described in Sections 3.3-4.3 and 3.3.4.4.

3.3-4.3

Quality Assurance/Quality Control (QA/QC) procedures for ground-water

sampling and GUMS analyses are described in the RMA Water Quantity/Quality

Survey, Task 4 Final Draft Report (ESE, 19871 RIC#87253ROl), and Task 44

Final Technical Plan (ESE, 1988, RIC#88063R11). External QC samples,
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Table 3.3-15. GUMS Target Analytes

Analylea-hy-EBA-Melhad-fiZýL (USAIHAMA-Melhad-11--al

Ethylbenzene (ETHYLBENZ)*
Benzene (BENZENE)
Methylisobutyl Ketone (MIBK)
Dimethyldisulfide (DMDS)

1,1-Dichloroethane (11DCLE)
1,2-Dichloroethane (12DCLE)
1,1,1-Trichloroethane (111TCE)

1,1,2-Trichloroethane (112TCE)
Methylene chloride (METHYLCL)
Chloroform (,CHCL3)
Carbon tetrachloride (CCL4)

trans-1,2-Dichloroethylene (Tl2DCE)

Chlorobenzene (CLC6H5)
Tetrachloroethylene (TCLEE)
Trichloroethylene (TRCLE)

m-Xylene (m-XYL)

o- and/or p-Xylene (o&p-XYL)
DBCP (DBCP)

Dichloropentadiene (DCPD)
Toluene (TOLUEN)

Analy-tp-a-hy-F.P-A-Met.hQd-fi2d*-*-LUaAlHAMA-Me.thQd-Bh=aI

Aldrin (ALDRIN)

Chlorophenylmethyl sulfide (CPMS)
Chlorophenylmethyl sulfoxide (CPMSO)
Chlorophenylmethyl sulfone (CPMS02)
DBCP (DBCP)

Dichloropentadiene (DCPD)
p,p*-DDE (p,p'.DDE)
p,p*-DDT (p,p'=DDT)
Dieldrin (DIELDRIN)
DIMP (DIMP)

1,4-Dithiane (1,4-DITE)

Endrin (ENDRIN)

HCCPD (HCCPD)

Isodrin (ISODRIN)

1,4-Oxathiane (1,4-OXAT)

--------------------- -----------------------------------------------------

Compound name abbreviation used in data tables.

Neutral extraction fraction.

Source: ESE, 1988.
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Table 3.3-16. Certified Reporting Limits for CC Analyses and Apparent Method Detection
Limits for CC/MS Analyses (Page 1 of 2)

CC CC/MS*
Certified Reporting Certified Reporting Limit

Limit (ug/1) Limit (ug/1)
Analysis/Analytes Task 4 Task 44 Task 4 and Task 44

Aldrin 0.07 0.07 4-.7
Endrin 0.05 0.05 7.6
Dieldrin 0.06 0.06 4.7
lsodrin 0.06 0.06 5.9
Hexachlorocyclopentadiene 0.07 0.07 11.0
p,p*-DDE 0.05 0.05 4.7
p,p*-DDT 0.07 0.07 10.0

Chlorobenzene 0.58 0.58 2.0
Chloroform 1.4 1.40 1-0
Carbon Tetrachloride 2.4 1.4 2.0
trans-1,2-Dichloroethylene 1.2 1.20 2.0
Trichloroethylene 1.2 1.20 1.0
Tetrachloroethylene 1.1 1.10 1-0
1,1-Dichloroethylene 1.1 1.10 --

1,1-Dichloroethane 1.2 1.20 2.0
1,2-Dichloroethane 0.61 0.61 1.0
1,1,1-Trichloroethane 1.7 1.70 1-0
1,1,2-Trichloroethane 1.0 1.0 1.0
Methylene Chloride 5.0 5.0 5.0

QZ9anI2SUIIUrZ-CQMP92UndS
Chlorophenylmethyl sulfone

(CPMS02) 4.7 4.7 8.0
Chlorophenylmethyl sulfoxide

(CPMSO) 1.3 1.3 17.0
Chlorophenylmethyl sulfide 4.2 4.2

(CPMS) 14.0

1,4-Dithiane 1.1 1.1 11.0
1,4-Oxathiane 2.0 2.0 6.1
Dimethyldisulfide (DMDS) 1.8 1.80 3.0

Yalatile-Aromatias
Toluene 1.21 1.21 1.0

Benzene 1.34 1.34 1.0

Xylene (m-) 1.35 1.35 1.0

xylene (o,p) 2.47 2.147 2.0

Ethylbenzene 1.00 1.00 1.0
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Table 3.3-16. Certified Reporting Limits for CC Analyses and Apparent Method Detection

Limits for CC/MS Analyses (Page 2 of 2)

CC CC/MS*

Certified Reporting Certified Reporting Limit

Limit (ug/1) Limit (ug/1)

Analysis/Analytes Task 4 Task 44 Task 4 and Task 44

---------- - ------- - ----------

DCP-DLIIIBK
Dicyclopentadiene 9.31 5.12 2--0; 4.7*

Methylisobutyl ketone 13.0 5.24 2.0

DIMELOMF
Diisopropylmethyl phosphonate 10.0 10.0 5.7

Dimethylmethyl phosphonate 15.2 15.2

DECE
Dibromochloropropane 0.13 .112 4.0; 15.0*

--------- -------- -------------------------

CC/MS detection limits for EPA Methods 624; 625, respectively.

No CC/MS analytical method exists.

Source: ESE, 1988.
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consisting of trip blanks, were submitted to the laboratories for CC/MS

analysis of selected volatiles, aromatics, and pesticides by EPA Method 624.

The blanks were generally submitted to the laboratories at a frequency of

one per day; however, they were not submitted for six of the 48 sampling

dates. Additionally, duplicate trip blanks were submitted on three sampling

dates.

A total of 45 trip blanks were submitted to the laboratories for chemical

analysis. The analytical results for the trip blanks are provided in-

Appendix F. Onpost trip blank data has also been included to provide a

larger database from which to evaluate the validity of results.

As can be seen, target analytes were generally not found in the trip blanks,

although, a few target compounds, including 1,1,1-trichloroethane, methylene

chloride, chloroform, toluene, and m-xylene, were inconsistently detected.

Detectable levels of 1,1,1-trichloroethane, chloroform, and m-xylene were

individually found in three different blank samples. Methylene chloride and

toluene were found more frequently. Nine blanks contained methylene

chloride ranging from 4.72 to 15.9 ug/l. Toluene was found in four blanks

at concentrations of from 1.1 to 1.7 ug/l. In general, the concentrations

of all compounds detected in the blanks were less than twice the compound's

respective detection limits. Most of the blanks found to contain low levels

of the target analytes were from the summer 1986 sampling round.

The trip blank data indicate low level contamination by a few compounds, but

do not appear to indicate a serious contamination problem exists that would

warrant corrective actions. The source of contamination is not specifically

known; however, the low levels of methylene chloride and toluene may be

related to laboratory extraction and cleanup procedures.

3.3.4 .4

CC/MS methods were used to confirm the occurrence of target analytes

identified by CC methods. The concentration of the target analytes reported

by CC methods were also verified by semi-quantitative CC/MS methods.

Concentrations were considered confirmed if the CC and CC/MS values were

within an order of magnitude. In general, the CC/MS results confirm target
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analyte identification and concentration reported by CC methods. In some

cases confirmation of analyte identification was not possible because the

GC/MS detection limits were higher than the concentration reported by the CC

method. This situation was most frequently seen for the semivolatile

fraction, particularly the organochlorine pesticides, which had CC/MS

detection limits that were up to 100 times higher than the CC detection

limits.

The analytical results were fairly consistent between the CC and GC/MS

methods, although systematic deviations were noted for some compounds,

including chloroform, DIMP, CPMSO, and CPMS02- Chloroform showed

concentrations of 20 to 40 percent higher for the GC/MS method. The results

for DIMP, CPMSO, and CPMS02 showed CC results typically 20 to 50 percent

higher than the reported GC/MS value. These systematic relationships were

not evaluated statistically because the number of samples in which these

compounds were detected were relatively small and the analytical results

were sometimes low in concentration (in the range of 10 to 20 ug/1). The

data for other target analytes were also reviewed and possible trends

evaluated. Systematic deviations in the concentrations of other target

analytes were not noted for the CC and GC/MS methods.

3.3-4.5 tiQntarge.I-CQmpound-Analytical-Results

U n a P. rt a in it i P. s-i n -H c2 = a r. get- I dantif-I r. a.UQ n

Identification of target analytes can be performed by several different

analytical procedures, which contain specific protocols for target compound

identification and quantification. For each analytical method, there is a

different degree of certainty associated with the identification process.

Although the term "identification" is sometimes used without qualifications,

a more accurate description of a method's results should involve qualifiers.

The term "tentatively identified" is the most common terminology for

indicating lower degree of certainty associated with the identification of

an organic compound.

According to standard analytical chemistry practice, compound identification

requires several different types of confirming analytical evidence. In

GC/MS, an unknown is said to be "identified" if its mass spectrum matches
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the mass spectrum in a library database, and/or its mass spectrum and

retention time matches those of an authentic standard. Tentative

identification usually means that a compound was identified based on a

comparison between its mass spectrum and the mass spectrum of a library

compound. This library matching process is conducted by a computer program

that automatically assigns a compound identification based on a probability

factor. In this procedure, authentic standards are not analyzed so it is

not possible to compare retention times and mass spectra, therefore, there

exists a much higher degree of uncertainty in the tentatively identified

compound (TIC) information. It is inappropriate to draw conclusions based

on a "single" TIC result or set of TIC results without the support of

confirmed compound identification information.

The TIC information can be useful in a general sense but it can also be

unreliable and misleading if the data is without regard for the associated

uncertainties. TICs are most useful for determining the course of future

sampling/analytical activities and as supportive information in ideas that

have been previously demonstrated using confirmed identified compound

results.

HQn.targ.e.t-r-QmpQund-ldenti.fica.tiQn

Appendix F presents the analytical results for nontarget compounds

identified by CC/MS analysis. The identification and quantification of

these nontarget analytes were performed by ESE personnel. Nontarget

compounds in each CC/MS analysis were reported if they met or exceeded a

certain criteria based on the abundance of the most intense ion in the

internal standard. The approach that has been used to report these unknowns

consists of keying them to their relative retention times.

The following two exampies demonstrate the method of reporting unknowns.

For the first example, assume two unknowns are present in sufficient

quantities in a volatiles analysis to satisfy criteria such that they must

be reported and that they elute with relative retention times of 0.85 and

2.13 compared to the internal standard 1,2-dibromethane-D4. These two

unknowns will be identified as UNK085 and UNK213- Because relative

retention times for the volatiles are unable to exceed 5.0, no values above
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UNK500 will be encountered. UNK501 through UNK999 are reserved for

semivolatiles analysis.

A second example for semivolatiles will demonstrate how they are reported.

For this example, assume that three unknowns which elute at relative

retention times of 0.51, 1.22, and 3.54 compared to the internal standard

phenanthrene D-10, exceed criteria and must be reported. Because values

between UNK001 and UNK500 are reserved for unknowns from volatiles analysis,

500 is added to the relative retention time. Thus, these three unknowns

would be reported as UNK551, UNK622, and UNK854.

Qualitative concentrations are calculated for the unknowns based on assuming

a 1:1 response factor relationship between the abundance of the NTC and the

internal standard. This assumption introduces a large degree of uncertainty

in the reported concentration.

3. 3.4 .6

Numerous nontarget compounds were tentatively identified and semiquantified

by GC/MS analysis. The TICs were identified using the analytical procedures

briefly described in Section 3.3.4.2. Table 3.3-17 lists the TICs,

concentration ranges, and their frequency of detection in offpost ground

water samples. All TIC data are contained in Appendix F.

About 25 TICs were identified in offpost ground-water samples, although only

2 of the TICs were identified in 3 or more samples. The TICs most commonly

found include halogenated and nonhalogenated hydrocarbons, and fuel-related

compounds. However, because TICs are identified for only the ten or twenty

next highest nontarget peaks (depending on the analytical method), a number

of other compounds may have been present in the samples, but were not

identified as TICs.

Approximately 2 of the TICs are target analytes. Because of the

semiquantitative methods used to quantify TIC concentrations, as previously

described, the concentration of these target analytes are considered only

approximate and were not evaluated further. Excluding those target

analytes, at least 2 of the remaining TICs reported are on the Hazardous
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Table 3.3-17. Frequency of Detection for Tentatively Mentified Compounds

------------------- --- -------------------------------------------------------------------------------------------

Frequency 
Range of

of 
Concentration Well

Time Detection* Tentative Identification** (g/1) Number

----------------------- --------- -------------------------------------------------------------------------------

UNK519 3 Tetrachloroethylene 
20-9ý-39-5 308,309,344

UNK523 4 A Nonane/chlorobenzene 
2.9-10.8 353,332,344,359

UNK524 I 4-hydroxyl-4-methyl-2-pentanone 
13.0 353

UNK526 1 A Nonane 
20.9 353

UNK527 1 Methyloctane 
32.3 353

UNK529 1 2-methylcyclopentanone 
14.1 320

UNK543 2 Dichlorobenzene/DCPD Isomer 
2.48-11.2 309,359

UNK563 2 Cyclopentadiene derivative/Alicyclic compound 
7.43-21.9 308,309

UNK565 2 Caprolactam 
154-339 305,313

UNK566 2 Cyclopentadiene/Alicyclic compound 
18.9-72.7 308,309

UNK573 1 Alicyclic compound 
9.11 309

UNK579 I 2-(4-methyl-2-furyl)-2-cyclopenten-l-one 
14.4 313

IINK585 1 Alicyclic compound 
80.0 309

UNK588 1 Propanoic acid/2-Methyl-l-(1,1-dimethyl 
38.7 313

ethyl)-2-methyl-1,3-propanediel ester

UNK594 2 2,6,10,14-Tetramethylpentadecane/N-Heptadecane 
14.3-26.4 307,343

UNK600 2 2,6,10,14-Tetramethylpentadecane/N-Octadecane 
5.51-7-48 343,307

UNK605 2 N-Nonadecane 
7.49-13.0 307,343

UNK610 1 N-Eicosane 
7.4 307

UNK623 1 2,5,7-metheno-3H-cyclopenta-[Al pentalen-3-one 
7.90 309

UNK633 2 Tetrachlorinated compound/Pentachloro compound 
8.52-40.4 308,309

UNK635 2 Bis(2-ethylhexyl) phthalate 
2.83-18.4 354,Boller

UNK640 I Phthalate 
5.79 Boller

UNK649 1 Phthalate 
7.08 Boller

UNK654 1 Phthalate 
6.42 Boller

UNK669 1 Phthalate 
5.87 Boller

--------------------------------- ------- -- ----------------------------------------------------------------------------

Number of detections in 23 samples analyzed.

Additional reteiition times for unidentified compounds 
are documented in Appendix F.
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Substance List (HLS), including:

" bis(2-ethylhexyl)phthalate; and

" dichlorobenzene.

Bis(2-ethylhexyl)phthalate appears as if it may be a laboratory artifact.

This analyte appeared in 2 samples.

The concentrations of the TICs reported span a wide range. The highest

reported TIC concentration was for caprolactam at 339 ug/l. A total-of

6 samples had concentrations of at least one analyte above 100 ug/l. The

remaining samples had reported maximum analyte concentrations less than

100 ug/l. These concentrations are considered approximate because of the

method of quantification.

The distribution of the most commonly occurring nontarget analytes were

evaiuated in the forthcoming onpost Water Remedial Investigation Report

(WRIR). The nontarget analyte data is presented in Appendix F. The

objectives of this evaluation were to assess:

0 The distribution of each compound relative to known suspected

source areas;

0 The distribution of each compound relative to other nontarget

compounds; and

0 The apparent relationships between the distributions of these

commonly occurring nontarget compounds and suspected migration

pathways/mechanisms between the alluvial and the Denver Fm aquifer

systems.

The forthcoming WRIR concluded that the distributions are similar for the

nontarget analytes and appear to coincide with target analyte plumes which

are migrating from known or suspected source areas. In general, the

occurrence of the nontarget analytes appears to be associated with chemical

sources at South Plants, Basins A and F, and to a lesser extent Basins C, D,

and E, and the railroad yard located in the southwest corner of Section 3.

Although the distribution of the wells analyzed by CC/MS cover a wide

geographic area, both in the vicinity of and remote from source areas, the
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wells with a commonly-occurring nontarget analytes do not appear to be

randomly located. These data suggest that the nontarget analytes are

probably not laboratory artifacts, but are representative of actual chemical

distributions. In addition to their distribution relative to source areas,

these compounds are generally associated with the other nontarget analytes.

That is, wells with nontarget analytes commonly contain detectable levels of

several analytes. This is particularly important for wells completed in the

Denver Fm because it suggests areas of interconnection between the alluvial

and the Denver Fm aquifers. Thus, it appears that nontarget analytes are

migrating away from major source areas along the same migration routes as

are the target analytes.

The number of nontarget analytes detected offpost was generally greater for

samples from wells along the primary offpost plumes. For example, Wells

37308, 37309, 37313, and 37344 exhibited the greatest number of TICs. These

data would substantiate onpost assessments which concluded that nontarget

analytes have migrated along the same migration routes as target analytes.

3. 3.4 .7 Conalusi.Qns

The results of the GC/MS analyses indicate the following:

" CC results for target analytes, including compound identification

and quantification, were generally confirmed by CC/MS analyses.

" Numerous nontarget analytes are present in ground-water samples

collected from offpost wells.

" The distribution of the most commonly occurring nontarget analytes

appears to be similar to the distribution of the target analytes,

suggesting similar source areas and migration pathways.

The target compounds historically identified by CC analyses were sometimes

not confirmed in samples analyzed by CC/MS analytical methods. However,

these situations were commonly the result of differences in method detection

limits, or sometimes as a function of high dilution factors.

The concentrations reported by CC methods also were generally consistent

with concentrations attained by the CC/MS methods. Concentrations were

considered confirmed if CC and CC/MS results were within an order of
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magnitude. However, for a few compounds, including chloroform, DIMP, CPMSO,

and CPMS02, systematic deviations were noted. These deviations could result

in unforeseen problems associated with remedial actions if erroneous

concentrations were reported, and later found to be significantly in error.

The results of the nontarget assessment showed that numerous nontarget

analytes exist in the ground-water samples from many areas of RMA. These

nontarget analytes commonly consist of halogenated and nonhalogenated

hydrocarbons, and fuel-related compounds. The distribution of these"

compounds is generally within the major plumes of the target analytes.

Although many nontarget compounds were reported, only about 9 TICs were

found in 2 or more of the ground-water samples. The nontarget compound

detected in the highest concentration was caprolactam at 339 ug/l in Well

37313 located along the First Creek pathway.

3.3-4.8 gap-mmandatimna

Based on the CC/MS results, the following modifications to the ground-water

sampling program are recommended:

" Additional analyses should be performed to evaluate the systematic

deviations in chemical concentrations reported for chloroform,

DIMP, CPMSO, CPSM02- The purpose of this evaluation will be to

determine, to the extent possible, the adequacy of the CC analyses

for these target compounds.

" Additional GC/MS analyses should be performed to include the acid

fraction of the semivolatile organics. The results of these

analyses should be evaluated to determine if additional analytes

need to be added to the target analyte list. Approximately 10

percent of the wells routinely sampled should be chosen for these

analyses. Wells selected should cover a wide geographic area and

include source area wells and those wells remote from source

areas.

" Additional compounds should be considered for addition to the

offpost target analyte list, including:

Bis(2-ethylhexyl)phthalate
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Caprolactam

Dichlorobenzene

Because of the uncertainties associated with the present level of

identification and quantification of these three nontarget analytes, it is

recommended that approximately 10 percent of the wells routinely sampled be

analyzed for these compounds using specific analytical methods appropriate

for their identification and quantification. These data should then be

evaluated to determine if these compounds were correctly identified And

quantified. Based on the result of these analyses, recommendations should

be developed,for additional, final modifications to the target analyte list.

3.4 EYALUATIQN-QE-CRQUHD=WAIER.-DAT.A

Contaminant distributions in the alluvial aquifer near the RMA boundaries

and in the Offpost Operable Unit to a large degree reflected historical

ground-water flow patterns in the area. As discussed in Section 3.3-1,

contaminants north of the NBCS appeared to have followed the two distinct

alluvial pathways referred to as the First Creek and Northern pathways, as

shown in Figure 3.3-1. These two pathways were further characterized

chemically by organic compounds that were present in samples from wells

along one pathway, but not the other. For example, zones of DBCP and

chloroform contamination were evident along the Northern pathway but were

generally not present along the First Creek pathway. On the other hand,

DCPD, 1,4-dithiane and 1,4-oxathiane were present in samples collected along

the First Creek pathway but generally not along the Northern pathway.

In general, the organic contaminants observed migrating toward the NWBCS

were present in significantly lower concentrations than those observed

upgradient of the NBCS. For example, the highest DIMP concentrations noted

upgradient of the NWBCS were less than 100 ug/l as compared to

concentrations exceeding 1,000 ug/l upgradient of the NBCS. Also, the

organic contaminants observed near the NWBCS were a subset of compounds

noted near the NBCS. For example, only chloroform, DBCP, DIMP, dieldrin,

endrin, and chlorobenzene were observed migrating toward the NWBCS, all of

which were also observed near the NBCS. In the offpost area downgradient of
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the NWBCS, dieldrin, chloroform, and chlorobenzene were the most frequently

observed organic contaminants.

There were several factors that affected the distribution of contaminants

currently observed in the Offpost Operable Unit. The primary factors that

affected the distributions of contaminants were:

" Source locations and terms;

" Historical and present ground-water flow patterns;

" Where contaminants intersect the NBCS:

" The effects of the NBCS;

" The different transport and fate characteristics of individual

contaminants; and

" Surface water interactions.

These factors will be discussed in the following sections in terms of how

they affect the contaminant distribution patterns in different areas of the

Offpost Operable Unit.

3.4.1 ALLUYIAL-r-QUIAMINAI.IQN-HQRIH-QE-RMA-NQFIH-BQIINDARY

Several transport hypotheses can be formulated to address alluvial

contamination present in the Offpost Operable Unit. Although a range of

specific contaminant migration pathways are theoretically possible, the

relative likelihood of various hypotheses can be examined by evaluating two

extreme mechanisms. The first mechanism would initially involve mostly

vertical movement from source areas through the alluvium to relatively

permeable zones of the Denver Fm- Contaminants would then migrate primarily

updip through relatively permeable zones of the Denver Fm to the alluvial

aquifer via subcrop areas in the Offpost Operable Unit. The second

mechanism would involve contaminant migration predominantly in the lateral

direction through the alluvial aquifer from source areas to the Offpost

Operable Unit where alluvial contamination is currently observed.

In reality, ground-water movement at RMA can be considered a combination of

these two extreme cases. Although alluvial water will flow primarily in the

lateral direction, the potential for a component of vertical movement exists

throughout much of RMA. The majority of cluster wells at RMA indicate that
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the direction of this potential for vertical ground-water movement is mostly

downward.

Contaminants that migrate according to the first mechanism would have to

travel substantial vertical distances onpost to reach Denver Fin units, or

their stratigraphic equivalent, which subcrop offpost. Because of the

relatively low vertical hydraulic conductivity values of the confining

layers of the Denver Fin, travel times via natural vertical migration would

be extensive. However, travel times could be dramatically less if -

contaminants migrated down poorly constructed Denver Fin wells. Lateral

migration of,contaminants would then occur through relatively permeable

zones of the Denver Fin.

Based upon aquifer tests performed in the Denver Fin onpost, average

hydraulic conductivity (K) values of 1 x 10-4 cm/sec were deemed

representative of K values for onpost units (WRIR, forthcoming, ESE, 1988).

Using an average gradient of 0.01 ft/ft and a porosity of 33 percent, an

average linear velocity of ground water of 3.0 ft/yr would result. By

comparison, the highest K values noted for Denver Fin units offpost and near

the NBCS were from pumping tests. The highest K value obtained from a

pumping test was 5.6 x 10-4 cm/sec which results in an average linear

velocity of ground water of about 17.7 ft/yr. At 17.7 ft/yr, contaminants

moving at the rate of ground water would require nearly 300 years to travel

one mile laterally within the Denver Fm- Even if K values were an order of

magnitude greater than the K value used in the above calculation, 30 years

would be required for ground water to travel one mile. This is less than

the time since disposal activities began at RMA. It would appear that

average linear velocities are not high enough for contaminants to migrate

laterally through the Denver Fin from source areas on RMA to subcrop areas in

the Offpost Operable Unit.

There are several other factors to consider when evaluating lateral

contaminant migration through the Denver Fin. First, the most permeable sand

zones of the Denver Fin do not comprise a continuous or homogeneous flow

system. Flow through Denver Fin zones will be strongly influenced by the

configuration and permeability of individual sandstone units. Thus, the
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resultant component of lateral flow is not necessarily in the direction of

hydraulic gradients. Assuming that contaminants flow in a straight line

through the Denver Fm is therefore considered conservative when determining

if travel times from source areas to the Offpost Operable Unit are

sufficient to explain offpost contamination. Also, in reality, contaminants

will not move at the same velocity as ground water. Migration of chemical

compounds in soil-water systems is governed by convection-dispersion

processes and the geochemical characteristics of the medium. One of the

most important geochemical parameters affecting the rate of migration of

chemical compounds is the distribution coefficient dictating the

partitioning of the chemicals between the liquid phase and the solid phase.

The most significant reactions contributing to the partitioning of organic

compounds is the sorption to and desorption from the solid matrix. Under

appropriate conditions and assumptionsg the distribution coefficient, Kd,

can be used to approximate the retardation factor that expresses the

velocity of migration of a specific chemical relative to the advancing water

front. For contaminants that have a retardation factor less than 1.0, the

solute will move at a velocity less than that of ground water. Therefore,

assuming that the contaminants at RMA, with retardation factors less than

1.0, will migrate at the rate of ground water is a conservative estimate.

Considering the hydrogeologic and geochemical factors presented above, it

does not appear that lateral contaminant transport over large distances

through the Denver Fm is responsible for the high concentrations of organic

compounds observed in the alluvial aquifer downgradient of the RMA north

boundary. However, this hypothesis can be further investigated by

evaluating the onpost water chemistry of Denver Fm units that subcrop near

the highest observed contaminant concentrations in the alluvial aquifer

offpost.

Along the Northern pathway, DBCP, chloroformi DIMP, tetrachloroethylene, and

CMPSO are the most prevalent organic contaminants noted. The highest

offpost concentrations of these contaminants are generally found more than

one half mile north of the RMA boundary. Several Denver Fm units that were

identified near the NBCS are projected to subcrop along the Northern

pathway. In particular, Denver Fm units NBW#I, NBW#2, and NBE#3 are
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projected to subcrop along the Northern pathway near the highest contaminant

concentrations in the alluvial aquifer. Evaluation of water chemistry data

for these units presented in Figures 3.3-3, 3.3-4, F-66, and F-70 indicates

that DIMP, DBCP, tetrachloroethylene, and CPMSO are generally not present in

these Denver Fm units upgradient near the NBCS. Although chloroform is

present in these units, the concentrations are generally an order of

magnitude less than the highest levels observed in the alluvial aquifer

offpost. Thus, the available water chemistry data suggests that the most

prevalent organic contaminants noted in the alluvial aquifer along the

Northern pathway are not the result of significant lateral migration within

the Denver Fm-

Along the First Creek pathway, DIMP, DCPD, CPMS02, 1,4-dithiane and

1,2-dichloroethane are the most prevalent organic contaminants noted. The

highest offpost concentrations of these contaminants are generally observed

more than one quarter mile downgradient of the RMA boundary. Several Denver

Fm units were identified near the NBCS which are projected to subcrop along

the First Creek pathway. In particular, Denver Fm units NBW#lA, NBW#l, and

NBW#2 are projected to subcrop along the First Creek pathway. Several

organic contaminants, most notably DIMP, DCPD, and CPMS02 were detected in

samples from wells completed within unit NBW#lA, as shown in Figure 3.3-2.

Because unit NBWi-4:lA is projected to subcrop just beyond the RMA north

boundary, it appears that this unit could be presently acting as a

contaminant pathway to the Offpost Operable Unit. However, the highest

organic concentrations in unit NBW#lA are generally an order of magnitude

less than the highest offpost alluvial concentrations. Also, Denver Fm

units NBW#l and NBW#2 generally did not exhibit detections of these organic

alluvial contaminants upgradient near the NBCS. Because units NBW#l and

NBW#2 are projected to subcrop further downgradient than unit NBW#lA and

closer to the highest alluvial contaminant concentrations, it would appear

that these units are not the pathway for the majority of alluvial

contamination presently observed along the First Creek pathway. Although

measurable contaminant transport is believed to be occurring through unit

NBW#lA, it does not appear to be responsible for the majority of alluvial

contamination observed offpost-
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A second hypothesis to explain offpost alluvial contamination is lateral

contaminant transport through the alluvial aquifer as the primary mechanism.

An evaluation of presystem alluvial flow paths as shown in Figure 3.3-1

indicates that contaminants migrating toward the RMA north boundary would be

expected to follow the two distinct offpost paleochannel features, the

Northern pathway and First Creek pathways, along which contaminants are

presently observed. An evaluation of hydrogeologic data and existing

contaminant distributions in the alluvial aquifer north of RMA indicate that

the much of the organic contamination observed offpost may have migrbLted to

the offpost area before the installation of the NBCS.

An evaluation of travel times in the alluvial aquifer from the nearest

source area at RMA to the Offpost Operable Unit helps substantiate the above

conclusion. Travel times in the alluvial aquifer were discussed in Section

3.2. Generally, the average linear velocity of ground water in the alluvium

varied considerably because of the heterogeneity of the aquifer. The most

rapid velocities generally occurred through the thick sequences of coarse-

grained sediments that fill bedrock channels. From pumping tests performed

along paleochannels onpost near the NBCS and in the offpost area, the

average linear velocities through sediments filling paleochannel features

were estimated at about 4 to 7 ft/day. Thus, ground water would be expected

to require approximately 2.1 to 3.6 years to travel 1 mile along

paleochannels near the NBCS and in the offpost area. For mobile

constituents that move at a rate similar to that of ground water, 5 to 8

years would be necessary for transport from the source areas closest to the

RMA North Boundary to locations about 1 mile downgradient of the RMA

boundary where contaminants have been observed. As mentioned previously, a

common method used to evaluate sorption (theoretical) calculates the

distribution coefficient based upon the quantity of total organic carbon in

the soil. Some typical Kd values estimated by Ebasco are presented in Table

3.4-1 for several organic contaminants observed offpost. Along with the Kd

values are estimates of the retardation factors, R, or the ratio of the

average linear velocity of ground water to the average velocity of the

retarded constituent. These values are considered approximate but do

provide some indication of the relative velocity of these contaminants with

respect to water. Given the retardation factors in Table 3.4-1 and the
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Table 3.4-1. Estimated Range of Kd and R Values for the Offpost Operable Unit

--------- -
R Values

Highly Moderately Low Koc Foc = 0.0038 Foc-0-00001 (Dimensionless)

Mobile Mobile Mobility (high Kd*) (low Kd*) (high) (Low)

DIMP 14 0.051 0.00014 1.25 1.000

Chloroform 76 0.29 0.00076 2.43 1.003

DCPD 11100 4.3 0.011 22-131 1.054

DBCP 130 0.49 0.0013 3.408 1.006

Dieldrin 24,000 93 0.24 45-8-03 2.179

Estimated Kd (ml/9) equals Koc x foc (Values for Koc and foc from EBASCO, 1987).

Retardation factor (R) estiamted from bulk density of 1.72 gm/cm3 and a porosity of 35%.

Source; ESE, 1988.
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travel times for ground water, presented in the previous paragraph, it

appears that the highly and moderately mobile compounds were traveling

rapidly enough along the paleochannels to have migrated to the offpost area

before the installation of the NBCS.

Travel times and the rate of contaminant transport are affected by the

hydraulic conductivity and sorptive properties in the aquifer. Therefore,

the rate of migration of contaminants in the alluvial aquifer away from

paleochannel features would be expected to be slower than the rates ihrough

paleochannel sediments. This is primarily because of lower overall

hydraulic conductivity and greater sorptive proprties in the aquifer on the

periphery of the paleochannels. Decreased hydraulic conductivity is

primarily attributed to a relative thinning of coarse basal sands and

gravels away from the axes of bedrock channels. Increased sorption through

sediments can generally be associated with the quantity of carbonaceous

aquifer materials. In naturally occurring sediments, organic carbon is

generally associated with the fine sand and silt size fractions. The coarse

nature of bedrock valley fill sediments also leads to decreased organic

carbon content and a concurrent decrease in sediment sorptive capacity for

organic contaminants as shown in Figure 3.4-1. As a result, contaminant

flux is enhanced through both increased transmissivity and decreased

sorptive capacity in the coarse alluvial sediments filling erosional

paleochannels in the bedrock surface. Zones of elevated contaminant

concentrations offpost corresponded well with the locations of erosional

paleochannel features.

A second factor that substantiated that the majority of offpost

contamination was primarily a result of historical migration was observed

from a comparison of contaminant distribution maps prepared for DIMP and

DCPD for September 1977 (presystem conditions) (Thompson P..1 al., 1985,

RIC#86078ROl) and for the spring and summer 1987 as shown in Appendix F.

This comparison indicated that distribution patterns for these compounds

upgradient of the NBCS have not been significantly altered by the presence

and operation of the NBCS. For DBCP, the pattern of distribution appeared

relatively unaffected as seen by a comparison of 1979 data and the

distributions observed in 1987 as shown in Appendix F (Thompson e.1 al.,
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1985, RIC#86078ROl). Although upgradient concentrations of DBCP and DCPD

have declined over the last decade, DIMP concentrations appear to have

remained relatively unchanged.

Using DIMP, DBCP, and DCPD as indicators, it appeared that the upgradient

pattern of distribution of contaminants was not dramatically altered by the

presence of the NBCS. Thus, the present onpost patterns of distribution

provide an indicator of onpost contaminant patterns that existed before the

installation of the NBCS. Therefore, contaminants presently observed

upgradient of the NBCS and east of D Street were generally expected to have

followed historical flow directions and migrated historically along the

Northern pathway. Contaminants observed upgradient of the NBCS and west of

D Street would generally have migrated historically along the First Creek

pathway. Where the distribution of a contaminant upgradient of the NBCS

extended to the east and west of D Street, contaminants would have migrated

historically along both offpost alluvial pathways. The latter situation is

well illustrated by the offpost distribution of DIMP. An evaluation of

onpost and offpost contaminant distributions provided in Appendix F

suggested that the organic contaminants near the NBCS generally migrated in

this manner.

3.4-1.1 Elf

Offpost alluvial contamination can also be evaluated by examining the

spatial distribution of relatively mobile contaminants near the RMA north

boundary. An examination of contaminant distribution onpost near the NBCS

and in the offpost area indicated that the plumes of relatively mobile

compounds are discontinuous in the north-south direction across the area of

the NBCS. For example, DIMP concentrations exceeding 1,000 ug/l were

observed immediately upgradient of soil-bentonite barrier of the NBCS.

However, concentrations exceeding 1,000 ug/l were generally not observed

within a half-mile downgradient of the system. Instead, DIMP concentrations

exceeding 1,000 ug/l were observed more than a half mile downgradient of the

NBCS. A similar distribution pattern was observed for DBCP. DBCP

concentrations exceeding 5.0 ug/l were noted just upgradient of the soil-
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bentonite barrier, but downgradient DBCP concentrations exceeding 5.0 ug/l

were noted only in samples collected more than one mile downgradient of the

NBCS.

It is expected that the effects of the NBCS in reducing offpost

concentrations of individual contaminants will differ depending upon the

transport characteristics of different compounds. To evaluate the relative

effects of the NBCS on contaminants of varying mobility in ground water,

several contaminants of different transport characteristics were examined.

DIMP and chloroform were chosen as "highly" mobile contaminants because they

migrate at rates similar to that of ground water. DBCP and DCPD were chosen

as being representative of "moderately" mobile constituents, and dieldrin

was chosen as a "low" mobility compound. ESE has performed field

investigations to verify the reported chemicall characteristics of these

contaminants in soil/water systems. The approximate range of the

distribution coefficient (Kd) for each of these compounds is listed in Table

3.4-1. The values of Kd were determined using measured organic carbon

contents and literature derived organic carbon partition coefficients

provided by the Task 35 Toxicity Assessment (EBASCO, 1987). The rationale

for examining these contaminants with a range of mobilities was to

qualitatively assess the relative effects of the NBCS on reducing

downgradient concentrations of contaminants with varying transport

characteristics.

The chemical distribution of DIMP, DBCP, and DCPD identified from samples

collected in the study area during the spring and summer of 1987 is shown in

Figures F-1 through F-6 in Appendix F. The distributions of dieldrin are

shown in Figures F-17 and F-18. The distributions of chloroform are

presented in Figures F-23 and F-24. A summary of the concentrations and

distribution of these contaminants is discussed in Section 3.3-1.

DIMP concentrations observed from wells sampled directly upgradient of the

system were generally an order of magnitude higher than those obtained from

wells sampled along 96th Avenue. Samples obtained from wells within

1,000 ft downgradient of 96th Avenue generally showed concentrations less

than upgradient well samples but greater than from samples obtained along
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96th Avenue. The declines in concentrations noted in well samples collected

along 96th Avenue were generally greater east of D Street. DIMP

concentrations observed from samples collected from wells over a half-mile

from the RMA north boundary were generally similar in magnitude to

upgradient concentrations. These higher offpost concentrations were

observed in samples from Wells 37373 and 37391, which are located along the

First Creek paleochannel and the Northern pathway, respectively.

The highest chloroform concentrations observed in samples from upgradient

wells were generally two orders of magnitude higher than concentrations

observed from well samples collected downgradient, along 96th Avenue.

Chloroform was not detected at concentrations exceeding CRLs in well samples

collected along the First Creek pathway. Samples from offpost well 37389,

which is located approximately 600 ft downgradient of 96th Avenue and

approximately 800 ft east of Peoria Street, exhibited higher chloroform

concentrations than those observed from wells sampled along 96th Avenue.

However, these concentrations were less than concentrations observed in

upgradient well samples. Samples from offpost Wells 37391 and 37392, which

are located more than a half-mile downgradient of the NBCS and along the

Northern pathway, exhibited chloroform concentrations near 100 ug/l. These

concentrations were less than the highest concentrations observed from

upgradient well samples but higher than downgradient concentrations observed

in samples from wells closer to the NBCS.

DCPD concentrations in wells sampled directly upgradient of the NBCS were

generally an order of magnitude higher than concentrations from wells

sampled downgradient and along 96th Avenue. In fact, only one concentration

of DCPD exceeding CRLs was observed in samples collected from wells along

96th Avenue. It was noted, howeverý that the areal well coverage directly

downgradient of the highest upgradient DCPD concentrations was not

considered adequate to fully assess DCPD concentrations in the downgradient

area along 96th Avenue.

DCPD concentrations exceeding CRLs were observed in samples from offpost

wells along the First Creek pathway but not along the Northern pathway.

Concentrations of DCPD in samples from wells within 1,000 ft of the NBCS
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were generally lower than those beyond 1,000 ft from the NBCS. DCPD

concentrations observed in samples from offpost Wells 37381, 37309, and

37373 were of similar magnitude as the highest concentrations observed in

upgradient wells. These three offpost wells are located more than 1,000 ft

downgradient of the NBCS.

The distribution of DBCP in the study area is shown in Figures F-3 and F-4.

The highest DBCP concentrations observed in samples from wells upgradient of

the NBCS were generally an order of magnitude greater than the highest

concentrations observed in downgradient samples from wells along 96th

Avenue. Only two wells sampled along 96th Avenue during the summer of 1987

exhibited concentrations of DBCP exceeding CRLs- These downgradient

detections corresponded to samples from Wells 24161 and 23043, and the

concentrations observed were less than 1.00 ug/l.

DBCP was generally not observed at concentrations exceeding CRLs in offpost

well samples collected along the First Creek pathway. Concentrations of

DBCP were observed in samples from wells along the Northern pathway-

Samples from offpost Wells 37309 and 37389, which are within 1,500 ft of the

NBCS, exhibited concentrations of DBCP below 1.00 ug/l. The highest offpost

concentration of DBCP was detected in a sample from Well 37391 which is

located beyond a half-mile from the NBCS along the Northern pathway. The

concentration observed in samples from this well were greater than

4.00 ug/l, which is similar in magnitude to the highest concentrations

observed in samples from wells upgradient of the NBCS.

Dieldrin concentrations observed from well samples collected upgradient of

the NBCS were generally of similar magnitude to those observed in well

samples collected downgradient and along 96th Avenue. Dieldrin was detected

in offpost Wells 37369, 37391, 37377, and 37313 above CRLs- Wells 37313,

37377, and 37391 are located approximately a half-mile downgradient of the

NBCS. Data from these wells indicate that dieldrin has migrated along both

primary offpost alluvial pathways. Downgradient dieldrin concentrations

tended to decrease with increasing distance from the NBCS. This trend

differed from the downgradient trends observed for the other four more

mobile contaminants considered.
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The patterns of contamination distribution downgradient of the NBCS were

similar for compounds with similar mobility in ground water. Downgradient

DIMP and chloroform concentrations, the most mobile contaminants of the five

analytes examined, exhibited a pattern of increasing concentrations with

increasing distance from the RMA north boundary. Concentrations of

chloroform and DIMP observed in samples collected over a half-mile

downgradient from the NBCS were of similar magnitude to the highest

concentrations observed in samples obtained upgradient of the system.

Offpost concentrations of DIMP and chloroform in samples collected

immediately downgradient of the NBCS were generally an order of magnitude

less than upgradient concentrations. This indicated that the NBCS has had a

significant impact on reducing offpost concentrations of DIMP and

chloroform.

Downgradient DBCP concentrations also exhibited a pattern of increasing

concentrations with increasing distance from the NBCS. The concentration of

DBCP observed in a sample collected over a half-mile downgradient of the

NBCS along the Northern pathway was of similar magnitude to the highest

concentrations observed in well samples collected upgradient of the system.

Offpost DBCP concentrations observed in well samples obtained close to the

RMA north boundary were generally an order of magnitude lower than

upgradient concentrations. Downgradient DBCP concentrations tended to

exhibit a pattern of increasing levels with increasing distance from the

NBCS. DIMP and chloroform, which are considered only slightly more mobile

than DBCP in ground water, exhibited a similar pattern offpost.

Downgradient DCPD concentrations also exhibited a pattern of increasing

concentrations with increasing distance from the NBCS. However, the highest

downgradient concentrations were observed closer to the NBCS than those for

chloroform, DIMP, and DBCP- This is probably due to higher sorptive

properties as indicated by higher estimated Kd values for DCPD as compared

to DBCP, chloroform, and DIMP.

Dieldrin concentrations exhibited a completely different distribution

pattern than the other four analytes examined. Concentrations immediately

upgradient and downgradient of the NBCS generally did not differ greatly
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from one another, although concentrations exceeding CRLs were not noted

downgradient near the North Bog. Downgradient dieldrin concentrations

generally decreased with increasing distances from the RMA boundary. This

was an indication that, historically, dieldrin has migrated more slowly in

the downgradient area than the other analytes examined. The dieldrin

distribution patterns also suggested that the NBCS has not had as pronounced

an effect on reducing downgradient dieldrin concentrations as for the other

more mobile constituents.

An examination of contaminant distribution patterns in the Offpost Operable

Unit indicated that the NBCS has had a noticeable effect on the distribution

patterns of organic compounds in the Offpost Operable Unit. The effects of

the NBCS in reducing offpost contaminant levels was also assessed by

evaluating temporal trends in contaminant concentrations in samples from

historically monitored offpost wells.

The evaluation of contaminant concentrations in offpost alluvial aquifer

wells focused on five offpost wells that have been monitored by the Army

since 1978. These are Wells 37307, 37308, 37309, 37312, and 37313. The

contaminants evaluated for each well depended upon the location of the well

with respect to offpost contaminant distributions and the availability of

historical data. Cenerally, DIMP, DCPD, DBCP, and dieldrin were monitored

historically and will be discussed for wells that exhibited detections of

these compounds.

Well 37307 is located just north of 96th Avenue and about 500 ft west of D

Street. Because of the limited historical data on other compoundsý

discussion of temporal trends for 37307 will be confined to DIMP and DCPD as

illustrated in the plots of Figures 3.4-2 and 3.4-3. DIMP levels in samples

from Well 37307 have declined significantly since 1978. The highest

concentration of 1,450 ug/l was observed in a sample collected in July 1978.

Since that time, DIMP concentrations have declined and a concentration of

40.5 ug/l was noted in the last sample collected in June 1986.

3-164



1500-

1400-

1300-

1200-

1100

1000-

z A
0 900-

800-
z 700-
z
0 600-

a_ 500-
A400- A\

300-
A 

A200- A

100-
- A AA A AL A AA

0
77 78 79 80 81 82 83 84 85 86 87

YEAR

Figure 3.4-2 
Prepared for.

HISTORICAL DIMP CONCENTRATIONS U.S. Army Program Manager's Office

FOR WELL# 37307 For Rocky Mountain Arsenal

SOURCF-- M 1985 Aberdeen Proving Ground. Maryland



2800-

A2400-

2000 -

z
0

1600-

z
Ld
z 1200-
0
U

CY,
(L 800-

A

400-

A A A-AA T17tM 111t1[-rTVP11 I I I
0 1 1 1111-TTTTrrM I I I I I FR I I I I I I "IF" ml I I I

77 78 79 80 81 82 83 84 85 86 87

YEAR

Prepared for:
Figure 3.4-3 U.S. Army Program Managers Office
HISTORICAL DCPD CONCENTRATIONS For Rocky Mountain Arsenal
FOR WELL# 37307
SOURCE: M 1988 Aberdeen ProvIng Ground. Maryland



12/28/88

DCPD concentrations appear to have declined in samples collected from Well

37307. The highest concentration, 2,400 ug/l, was observed in an April 1979

sample. DCPD levels declined to less than the CRL of 30 ug/l in samples

collected during 1980 and 1.981, and less than the CRL of 9.31 ug/1 in the

most recent sample collected during June 1986. Despite an apparent downward

trend in DCPD concentrations in samples from this well, an evaluation of the

data is limited because only two samples exhibited significant detections.

However, Well 37307 is downgradient of the DCPD plume observed upgradient of

the NBCS and it therefore seems likely that concentrations have declined at

this location.

Well 37308 is located offpost and approximately 500 ft north of the RMA

north boundary along Peoria Street. Concentrations of DIMP observed in

samples obtained since July 1978 have shown a consistent decline, as shown

in Figure 3.4-4. The highest levels of DIMP were noted in a sample obtained

during August 1978, which exhibited a concentration of 1,190 ug/l. The

lowest DIMP concentration of 43.7 ug/l was observed in the last sample

obtained during the summer of 1987.

DCPD levels also declined consistently in samples from Well 37308 as shown

in Figure 3.4-5. The highest concentration from Well 37308 was from a

December 1978 sample at a concentration of 2,250 ug/l. Since that time,

DCPD levels have declined and the lowest historically observed concentration

of 30.5 ug/1 was noted in the most recent samples collected during September

1987.

Dieldrin concentrations appear to have declined slightly in samples from

Well 37308 as shown in Figure 3.4-6. However, considerable scatter in the

data plotted in Figure 3.4-6 limit the conclusions that can be drawn from

this plot. The highest dieldrin concentration of 2.30 ug/l was noted in a

sample obtained during March 1979. Two samples, collected during March and

September 1987, exhibited dieldrin concentrations less than the CRL of 0.06

ug/l. However, a concentration of 0.291 ug/l was noted in the June 1987

sample. Despite these significant fluctuations in the data, the overall

trend in dieldrin concentrations appears to be downward over the last
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decade. Data on DBCP were not sufficient to evaluate the temporal trend for

this compound.

Well 37309 is located offpost and approximately 1,300 ft north of the RMA

north boundary and along Peoria Street. DIMP concentrations generally

declined consistently in this well since a concentration of 3,990 ug/l was

observed from a sample collected during August 1978, as shown in Figure

3.4-7. Concentrations in samples taken since January 1985 have consistently

been less than 1,000 ug/l. -

DCPD concentrations also declined in samples collected from Well 37309 since

1978 as shown in Figure 3.4-8. The highest concentration in a sample from

Well 37309 was 2,930 ug/l which corresponds to a sample collected in January

1981. Since 1981, DCPD concentrations have declined and the lowest

concentration of 475 ug/l was observed in a June 1987 sample. Although the

decline in DCPD concentrations was generally consistent since 1981, the

percent decline in concentrations was not nearly as great as for Wells 37307

and 37308. This may be due to the fact that Well 37309 is further

downgradient of the NBCS than Wells 37307 and 37308, and the effects of the

NBCS have not been realized as quickly. It is not apparent why DCPD levels

increased in 1981 relative to concentrations observed in 1978 through 1980.

It would appear, however, that the presence and operation of the pilot

system may have affected the spatial distribution of DCPD offpost and caused

a short-term increase in observed concentrations.

DBCP concentrations in samples from well 37309 generally declined

consistently since 1978 as shown in Figure 3.4-9. The highest concentration

of 2.08 ug/l was observed in a July 1978 sample. Since then, DBCP

concentrations declined steadily and were consistently less than 0.200 ug/l

in samples collected during 1986 and 1987. Data on dieldrin were not

sufficient to evaluate the temporal trends for this compound.

Well 37312 is located along 96th Avenue and about 700 ft east of Peoria

Street. DIMP concentrations consistently declined in samples from this well

since 1978 as shown in Figure 3.4-10. The highest concentration of 610 ug/l

was observed in a July 1978 sample. The latest samples collected from this
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well, during June and September 1987, exhibited DIMP concentrations less

than the CRL of 10.5 ug/l.

DCPD concentrations also declined consistently in samples collected from

Well 37312 since 1978 as shown in Figures 3.4-11. The highest concentration

of 447 ug/l was observed in an August 1978 sample. Since then, DCPD

concentrations have declined, although no data is available from 1982

through 1984. DCPD concentrations in samples collected during 1985 through

1987 were consistently less than the CRL of 9.31 ug/l.

Dieldrin concentrations in samples from Well 37312 have not changed

significantly since 1979 as shown in Figure 3.4-12. The highest

concentration of 2.15 ug/l was observed in a sample collected during

September 1979. The lowest concentration of 0.135 ug/1 was observed in a

September 1987 sample, but dieldrin concentrations exceeding 1.0 ug/l were

consistently observed in other samples collected during 1986 and 1987.

Thus, although a slight downward trend in dieldrin concentrations in

indicated based upon the available data, the percentage decrease appeared to

be relatively low compared to other more mobile compounds.

Well 37313 is located offpost and approximately 400 ft southwest of First

Creek along Highway 2. Samples from this well have historically shown

concentrations of DIMP in excess of 10,000 ug/l, as shown in Figure 3.4-13.

The highest concentration of DIMP was observed in a sample obtained during

January 1979 at 11,900 ug/l. DIMP concentrations averaged about 4,000 ug/l

in samples collected during 1986 and 1987, which reflects an overall

downward trend in this well despite significant variations in concentrations

from one sampling period to the next. Data on DCPD, DBCP, and dieldrin were

not sufficient to evaluate temporal trends.

Chemical analyses of samples taken from all five of these offpost wells

showed a declining trend in the concentrations of DIMP, DBCP, and DCPD- Over

the last decade, the DIMP, DBCP, and DCPD concentrations observed in samples

from these wells generally exhibited an exponential decline with time. The

decline in DIMP and DCPD levels were most pronounced in samples from Wells

37307 and 37312 which are located immediately downgradient of the NBCS along
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96th Avenue. Downward trends were also evident for DIMP, DCPD, and DBCP in

Wells 37308 and 37309 which are located 500 ft north and 1,300 ft north 96th

Avenue, respectively. DIMP and DCPD concentrations declined by more than an

order of magnitude in samples from Well 37308 over the last decade. Order

of magnitude declines were also observed for DIMP and DBCP in samples from

Well 37309. Although DCPD concentrations declined in samples from Well

373091 the percentage reduction in DCPD concentrations was not as great as

for DIMP and DBCP. Slower reduction rates might be attributed to estimated

lower mobilities of DCPD in ground water relative to DIMP and DBCP. -DIMP

concentrations in samples from Well 37313 also declined over the last

decade. However, the percent reduction was not as great as with wells

closer to the RMA north boundary.

Dieldrin concentrations in Wells 37308 and 37312 exhibited only a slight

decrease over the last decade. This smaller percentage reduction is

primarily attributed to lower mobility of dieldrin in ground water as

compared to DIMP, DBCP, and DCPD.

Fate processes would also be expected to influence the concentrations of

contaminants observed offpost. In particular, volatization could influence

the concentrations of volatile compounds such as chloroform where shallow

water table conditions exist north of the NBCS. A discussion of the

significance of fate processes will be discussed in the EA report.

3.4 .1.2 -Surf

Recharge from First Creek is also expected to influence contaminant

distribution patterns north of RMA. Gaging data, presented in Section 4.0

of this report, indicates that, overall, the offpost reach of First Creek

loses water to the alluvial aquifer during periods of base flow. The

majority of flow in First Creek occurs during the spring and summer months.

As infiltration from First Creek reached the aquifer, assuming surface water

contaminant concentrations are less than ground water concentrations,

contaminant concentrations would be expected to decline as ground-water

contaminant concentrations are diluted. The effect on contaminant

concentrations in samples from a particular well is dependent upon the

location of the well with respect to the recharge source. The most likely
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effects of recharge from First Creek are expected to be seasonal

fluctuations in contaminant concentrations downgradient of the recharge

areas.

Recharge from O'Brian Canal and Burlington Ditch appear to have a

considerable effect upon contaminant concentrations in the alluvial aquifer.

Recharge from the canals occurred in the form of both seepage directly from

the bottom of canals and irrigation in areas northwest of the canals.

Konikow (1977, RIC#84192RO2) estimated that the average leakage directly

from both canals was about 180 gpm per mile of canal. This was subsequently

substantiated by an independent study performed by Morrison Knudsen

Engineers, Inc. (MKE, 1987). Considering that approximately 3 miles of the

canals lie downgradient of the two primary alluvial flow paths emanating

from the RMA north boundary, about 540 gpm could be recharged to the aquifer

based on Konikow's estimate. This is more than twice the average flow of

220 gpm that has been recharged to the aquifer from the NBCS over the last

couple of years.

The North Bog is another surface water feature that influences contaminant

distribution patterns north of RMA. Large quantities of treated effluent

from the NBCS, approximately 100 gpm on average, are continuously discharged

to the North Bog. Organic contaminant levels in samples from wells located

downgradient of the North Bog have generally been below CRLs- Because

several organic contaminant plumes, such as chloroform and CPMSO, appear to

have migrated through the North Bog area, it would appear that the North Bog

in conjunction with the operation of the NBCS has had an influence in

reducing downgradient organic contaminant levels in this area.

Recharge from irrigation northwest of the canals is also significant.

Konikow estimated that irrigation rates averaged 4.2 ft/year in the area

downgradient of the RMA north boundary between Lhe canals and the South

Platte River. Recharge from irrigation between the RMA north boundary and

the canals was considered negligible because dry land wheat is the primary

crop in this area. Konikow also estimated that 40 to 45 percent of
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irrigation water recharged the alluvial aquifer. This resulted in an order

of magnitude increase flow in the area downgradient of the canals and was

reflected in significantly reduced contaminant concentrations in this area.

The effects of recharge from the irrigation canals can be assessed by

comparing chloride concentrations upgradient and downgradient of the canals.

A comparison of upgradient and downgradient chloride concentrations along

both the First Creek and Northern pathways is shown in Table 3.4-2.

Chloride concentrations generally varied from a factor of three to over an

order of magnitude between upgradient and downgradient wells along the First

Creek pathway. The highest upgradient chloride concentrations along First

Creek were more than three times greater than the highest chloride

concentrations downgradient of the canals.

Significant declines in chloride concentrations were also noted in

downgradient weils aiong the Northern pathway. The highest chloride

concentrations upgradient of the canals were about five times greater than

the downgradient chloride concentrations. The results of numerical modeling

presented in Section 3.5 discuss these phenomena in more detail.

3.4.2 DENVER CONTAMINATION NORTH OF RMA NORTH BOUNDARY

Contamination in the Denver Fm north of the RMA north boundary was assessed

by examining water quality data from 13 offpost monitoring wells in Sections

13 and 14 and a number of onpost wells near the RNA north boundary.

The vertical distribution of contaminants in the Offpost Operable Unit can

be evaluated by examining water chemistry data from cluster well sites.

Concentrations of some of the most prevalent organic and inorganic

contaminants in the Offpost Operable Unit are shown in Tables 3.4-3, 3.4-4,

and 3.4-5. A separate table, Table 3.4-4, has been prepared for benzene and

chlorobenzene because these two organic compounds generally exhibited a .

different vertical distribution pattern than the other organic contaminants.
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Table 3.4-2. Comparison of Chloride Concentrations Upgradient and
Downgradient of Irrigation Canals (mg/1)

-- Fi.rzs.t-CrP.P-k-Ra1hwaX----- -- - Northern-Eathway- - -
Up- Down- Up- Down-

Gradient Gradient Gradient Gradient
Well No. Conc. Well No. Conc. Well No. Conc. Well No. Conc.

37313 730- 37346 40.9- 37344 402- 37350 85.0-

1130 73.9 427 86.1

37343 223- 37347 54.9- 37367 175- 37353 103-

ý33 55.5 201 119

37373 271- 37348 189- 37368 564- 37354 65.7-

744 325 690 87.3

37381 283- 37351 123- 37383 112- 37356 95-
1060 128 131 105

37370 518- 37352 78.4-

568 82.2

Note: Concentration ranges for spring and summer 1987 samplings.

< Denotes values less than CRLs specified in Table 2.1-4.

Source: ESE, 1988.
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Table 3.4-3. Selected Organic Contaminant Concentrations in Task 39 Cluster Wells
(ug/1)

Equivalent
Screen Task 36

Well Interval Denver Fm Denver Fm
Number (ft) Zone Unit DIMP DBCP DCPD Chloroform

37313 All All 2170-3850 < < <
37317 51.0 - 60.5 4 < < < <
37316 88.0 - 96.0 5 <10.5-27.0 < < <

-----------
37318 42.0 - 50.5 3 NBY#2 < < < <1.88-5-51
37319 145.5 - 154.5 6 < < < <1.88-3-10

---------- ------------------------------
37320 22.5 - 32.5 All All 18.9-21.5 < < <
37321 64.0 - 74.0 4 < < < <
37322 88.0 - 87.0 5 < < < <

37338 22.5 - 29.0 All All < < < <1.88-2-03
37376 40.5 - 51.0 3 NBE#2 < < < <

----------
37343 3.5 - 35.0 All All < < < <
37365 49.0 - 59.5 4 <10.5-11.5 < < <

---- -------
37370 4.5 - 26.0 All All 278-1130 < < <
37371 28.5 - 39.0 3 NBW#2 1,100-1,480 < <9.71-16.6
37372 61.5 - 88.5 4 NBW#3 < <.13-.207 < <

37374 8.5 - 25.0 All All 445-472 < < 2.93-3-02
37379 39.5 - 55.5 3 NBW#2 47.1-53.7 < < <
37380 64.5 - 75.0 4 NBW#3 < < < <

-----------
37387 37.0 - 42.5 2 < <.13-0-779 < <1.88-8-62
37388 70.0 - 86.0 4 NBW#3 < < <

37389 8.5 - 35.0 All All 343-912 .400-0-560 < 23-7-56-5
37390 40.0 - 46.0 3 NBW#2 < < <
----------- -------------------

< Denotes values less than CRLs specified in Table 2.1-4.
All - Alluvial Well

Unable to correlate to Task 36 Denver Fm unit.

Source: ESE, 1988.
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Table 3.4-4. Benzene and Chlorobenzene Concentrations in Task 39 Cluster Wells
(ug/1)

Equivalent
Screen Task 36

Well Interval Denver Fm Denver Fm
Number (ft) Zone Unit Benzene Chlorobenzene

37313 All All < <
37317 51.0 - 60.5 4 < <
37316 88.0 - 96.0 5 < <1.92-2-78 <

37318 42.0 - 50.5 3 NBW#2 <1.92-2-47 <1.36-12.0
37319 145.5 - 154.5 6 < <

37320 22.5 - 32.5 All All <1.36-1-75 <.58-10.0
37321 64.0 - 74.0 4 < <
37322 88.0 - 97.0 5 < <1.36-7-74

37338 22.5 - 29.0 All All <1.34-1-49 2.64-8-37
37376 40.5 - 51.0 3 NBE#2 <1.92-3-64 <1.36-33.0
- - --- - ------------- ----------
37343 3.5 - 35.0 All All < <
37365 49.0 - 59.5 4 < <

37370 4.5 - 26.0 All All <1.92-8-43 <1.36-27.3
37371 28.5 - 39.0 3 NBW#2 < <
37372 61.5 - 88.5 4 NBW#3 <1.92-10.3 5.43-42.4

37374 8.5 - 25.0 All All 2.68-3-32 13.3-21.9
37379 39.5 - 55.5 3 NBW-#2 < <1.36-17.8
37380 64.5 - 75.0 4 NBW#3 <1.92-3-65 <1.36-15.4

37387 37.0 - 42.5 <1.92-73.8 <1.36-74.7
37388 70.0 - 86.0 4 NBW#3 <1.92-10.1 2.07-32.8

37389 8.5 - 35.0 All All < 1.72-2-74
37390 40.0 - 46.0 3 NBW#2 <1.92-8-50 3.50-23.7

< Denotes values less than CRLs specified in Table 2.1-4.
All - Alluvial Well

Unable to correlate to Task 36 Denver Fm unit.

Source: ESE, 1988.

3-185



12/28/88

Table 3.4-5. Fluoride, Chloride, and Sulfate Concentrations in Task 39 Cluster Wells
(Concentration ug/1).

---------- -----------------------------------------------------------

Equivalent
Screen Task 36

Well Interval Denver Fm Denver Fm
Number (ft) Zone Unit Fluoride Chloride Sulfate

-------------------------- ----------------------------- -------------------------------

,7313 All All 2030-2780 730,000-1,130,000 1,03MOO-1,170,000

37317 51.0 - 60.5 4 1170-1290 56,000-61,800 627,000-659,000
'.7316 88.0 - 96.0 5 2060-2090 74,500-85,500 505,000-508,000

------ ---------- ---------- --------------------
37318 42.0 - 50.5 3 NBW#2 < 39,000-44,300 313,000-314,000
37319 145.5 - 154.5 6 1600-1670 5,290-6,100 18,600-20,200

------------------------------------ ---------------------------------------------------------
j7320 22.5 - 2.5 All All < 150,000-155,000 375,000-413,000
37321 64.0 - 74.0 4 < 16,700-16,800 216,000-219,000
)7322 88.0 - 97.0 5 < 16,600-17,100 207,000-209,000

-- - ------ ---------- -- - -------------- - --
37338 22.5 - 32.5 All All 1,400-1,880 148,000-260,000 449,000-392,000

37376 40.5 - 51.0 3 NBE=2 < 14,800-15,200 192,000-210,000

--------- --------- -----------------------------------------------------
-i7343 3.5 - 35.0 All All 1600-1750 223,000-333,000 428ý000

37365 49.0 - 59.5 4 < 45,100 256,000-355,000

------------------------------------------------------------------------------------------------
.7370 4.5 - 26.0 All All 2550-2810 518,000-568,000 899,000-932,000

37371 28.5 - 39.0 3 NBW=2 2590-2740 429,000-467,000 678,000-700,000

61.5 - 88.5 4 NBW;--3 2350-2540 57,800-59,800 345,000-370,000

---------------- ----------------------------
37374 8.5 - 25.0 All All <10,000-4170 386,000-716,000 202,000-214ý000

17379 39.5 - 55.5 3 NBW-2 2760-3000 418,000-427,000 1,450,000-1,600,000

.'7380 64.5 - 75.0 4 NBW#3 2100-2680 384,000-412,000 1,100,000-1,120,000

------ - --------------
37387 37.0 - 42.5 3220-4820 287,000-303,000 2,260,000-2,350,000

',7388 70.0 - 86.0 4 NBW#3 2650-3700 383,000-403,000 1,480,000-1,580,000

---------- --------------- ---------- ---------- ------------------------------
37389 8.5 - 35.0 All All 2190-2810 204,000-217,000 405,000-412,000

17390 40.0 - 46.0 3 NBW#2 < 55,700-72,500 242,000-251,000

---------------------------------------------------------------------- ----------------------

All - Alluvial Well

Unable to correlate to Task 36 Denver Fm unit.

Source: ESE, 1988.
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Concentrations of the organic contaminants DIMP, DBCP, DCPD and chloroform

in offpost cluster wells are provided in Table 3.4-3. DCPD was detected in

subcropping sandstone with the top of the sandpack just 1.5 ft below the top

of bedrock. DBCP was observed in two offpost Denver Fm wells. One

detection was in a sample from Well 37387 which is completed in an upper

sandstone unit that lies about 9 ft below the bedrock surface. The other

well, well 37323, is completed in a subcropping sandstone and is located

along the primary alluvial DBCP plume.

DIMP was sporadically detected in offpost Denver Fm samples. The highest

DIMP concentrations were noted in samples from Well 37371 which is completed

in a subcropping sandstone. The DIMP concentrations in this well were

comparable to those observed in the alluvial well at the site, Well 37370.

DIMP was also detected in samples from Well 37379 which is completed in an

upper sandstone unit. Samples from Well 37380, which is completed in the

sandstone unit below 37379 did not exhibit DIMP detections. The DIMP

concentrations detected in samples from Well 37379 were approximately an

order of magnitude less than those observed in the overlying alluvium.

DIMP was also observed in two deeper Denver Fm wells at concentrations near

the CRL. The deepest well, 37316, exhibited a DIMP concentration of 27.0

ug/1 in the Spring 1987 sample. Although significant DIMP concentrations

were detected in the overlying alluvial well at the site, DIMP was not

detected in an intermediate Denver Fm well, Well 37317. DIMP was also

detected in a sample from Well 37365 at a concentration of 11.5 ug/l which

is just above the CRL of 10.5 ug/l.

Chloroform was also sporadically detected in Denver Fm wells in the Offpost

Operable Unit. The highest chloroform concentrations were noted in samples

from Well 37323 which is completed in a subcropping sandstone. Chloroform

was also detected at relatively low concentrations, less than 9.00 ug/l in

deeper Denver Fm wells. The presence of of chloroform in the deeper wells

was generally noted in older wells for which construction details are not

well documented.
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Evaluation of Table 3.4-3 indicates that detections of DIMP, DBCP, and DCPD

in the Denver Fm were most prevalent in upper sand units at the cluster

sites. In deeper Denver units, chloroform and DIMP were observed in samples

from older wells for which limited documentation on well construction

exists. Because DIMP was not detected in stratigraphically equivalent units

near the NBCS as shown in Figures 3.3-4 and Figures F-67 through F-70, it

would appear that DIMP is not migrating laterally large distances through

the Denver Fm. This was also substantiated by previous discussions which

demonstrated relatively low average linear velocities of ground water

through the Denver Fm- Hence, it is likely that vertical migration in the

immediate vicinity of the Denver Fm wells may be responsible for the

presence of DIMP at depth.

Although chloroform detections in deeper Denver Fm units were also noted in

older Denver Fm wells, lateral migration through the Denver Fm can not be

ruled out in the case of this contaminant. Chloroform was routinely

detected in stratigraphically equivalent units near the NBCS at relatively

low concentrations. Thus, even though the highest levels of chloroform in

the Denver Fm are observed where shallow units are likely to be in hydraulic

contact with the alluvial aquifer, the pathway for deeper detections of

chloroform is uncertain.

Benzene and chlorobenzene generally exhibited a different vertical

distribution pattern in the Denver Fm than other organic contaminants such

as DIMP and DBCP. The concentrations of benzene and chlorobenzene in

cluster wells in the Offpost Operable Unit are shown in Table 3.4-4. At two

Denver Fm wells, 37316 and 37390, benzene was detected but was not observed

in the alluvial well at the cluster site. However, at several cluster

sites, benzene was observed in the alluvial aquifer and not observed in the

Denver Fm. The majority of benzene detections were noted at concentrations

less than 5.00 ug/l.

Chlorobenzene was observed routinely in the Denver Fm in the Offpost

Operable Unit. Generally, detections of chlorobenzene in the Denver Fm

corresponded to detections in the overlying alluvial aquifer. However,
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higher chlorobenzene concentrations were noted in some Denver Fm wells when

compared to alluvial concentrations at cluster sites. In most instances,

chlorobenzene detections in the deeper Denver Fm wells also corresponded to

detections in overlying Depver Fm units.

Chemistry data from Denver units upgradient near the NBCS, as shown in

Figures F-67 through F-70 (i.e., NBW#2, NBW#3, NBE#2, NBE#3, and NBE#4)

exhibit routine presence of benzene and chlorobenzene. Thus, it is possible

that offpost detections of these two compounds is the result of lateral

migration. Although average linear velocities of ground water in the Denver

Fm do not support this hypothesis, chemistry data does not allow it to be

ruled out.

Chemical data for benzene and chlorobenzene do not demonstrate clear-cut

spatial relationships vertically or laterally. It is likely that vertical

migration in the immediate vicinity of a Denver Fm well is sometimes

responsible for observed detections of benzene or chlorobenzene. In other

instances, it is possible that benzene or chlorobenzene migrated vertically

to the Denver Fm slightly upgradient and then migrated laterally within the

Denver Fm.

The vertical distribution of the inorganic constituents chloride, fluoride,

and sulfate are shown in Table 3.4-5. Generally, concentrations of these

analytes decreased significantly with depth into the Denver Fm- A notable

exception to this observation was at the cluster site comprised of Wells

37374, 37379, and 37380. The sulfate concentrations in the Denver Fm wells

at this site were more than five times that noted in the alluvial well.

Also, chloride concentrations at this cluster site were fairly uniform with

depth.

Inorganic concentrations in stratigraphically equivalent units near the NBCS

were generally lower (Figures F-67, F-68, F-69, and F-70) than offpost where

the units are shallower and closer to the alluvial aquifer. These data

indicate that elevated levels of these inorganic constitutents offpost is

the result of localized downward movement from the alluvial aquifer offpost

and not the result of considerable lateral migration through the Denver Fm-
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The depth of contamination in the Offpost Operable Unit is dependent upon

the analyte being considered. Detections of the majority of organic

constituents such as DIMP, DBCP, DCPD, and trichloroethylene were generally

confined to the upper units of the Denver Fm where they were detected in the

overlying alluvial aquifer. The absence of the contaminants in upgradient

Denver Fm units suggests that these detections are the result of mostly

vertical migration with only limited lateral movement through the Denver Fm-

This transport hypothesis is also supported by lateral and vertical

distributions of inorganic constituents.

Although significant concentrations of chloroform, greater than 5 ug/l, were

also restricted to the uppermost units of the Denver Fm, relatively low

concentrations, generally less than 5 ug/l, were noted sporadically in deep

Denver Fm wells. The transport pathways for these detections of chloroform

are not clear based upon the data available.

Benzene and chlorobenzene were also noted at depth within the Denver Fm at

fairly low concentrations (benzene generally less than 10.0 ug/l and

chlorobenzene generally less than 35.0 ug/1). The transport pathways for

these contaminants is not evident. Because benzene and chlorobenzene were

frequently detected in upgradient units, lateral migration of the

contaminants through the Denver Fm can not be ruled out as a transport

mechanism.

It is ESE's judgement that the depth of contamination can be reasonably

assessed for some organic constituents but not for others (i.e., chloroform,

benzene, and chlorobenzene). Whether or not further investigation is

warranted to determine the vertical extent of these contaminants is

dependent upon remedial action objectives set for these contaminants.

3.4.3 ALLUVIAL CONTAMINATION DOWNGRADIENT OF RMA NORTHWEST BOUNDARY

Dieldrin and chloroform were the primary organic contaminants observed in

the offpost areas downgradient of the NWBCS- Dieldrin concentrations were

highest immediately downgradient of the NWBCS and decreased further

downgradient of the system. The distribution pattern of dieldrin in this
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area resembled the distribution pattern downgradient of the NBCS. Because

of dieldrin's relatively low mobility in ground water, it is likely that the

NWBCS has not been in operation long enough to significantly reduce

downgradient concentrations.

The distribution pattern of chloroform downgradient of the NWBCS was similar

to that of dieldrin. The highest concentrations, generally 10 to 20 ug/l,

were observed immediately downgradient of this system. However, chloroform

is considerably more mobile in ground water than dieldrin. As shown-near

the NBCS, compounds with similar mobility would be expected to exhibit

comparable distribution patterns downgradient of the system. For example,

operation of the NWBCS appeared to decrease downgradient concentrations of

DIMP and DBCP which were not detected in offpost samples collected

downgradient of the RMA northwest boundary.

Chemistry data obtained by ESE during 1987 from effluent samples of the

NWBCS indicated that chloroform was not being effectively removed from the

influent stream. In fact, effluent concentrations were generally observed

in the 10 to 20 ug/1 range. This range of concentrations was similar to

those observed in downgradient monitoring well samples. If chloroform has

been consistently breaking through the carbon system, this may explain

downgradient chloroform concentrations while other more mobile constituents

such as DIMP and DBCP are generally not observed in this area. Efforts are

currently underway to modify the operational procedures at the NWBCS to

alleviate chloroform break-through.

Contaminant distributions downgradient of the NWBCS could be altered by the

addition of a proposed SACWD alluvial extraction well field in the southwest

quadrant of Section 21. The effects of the proposed pumping will be

addressed in Section 3.5 of this report.

3.5 r_QNTAM1NAU1_1RANSFQR1_MQDEL1UQ

Based on current conditions, contaminant transport modeling was performed to

simulate future contaminant concentrations in the alluvial aquifer in the

Offpost Operable Unit if no remedial actions were implemented. Four

scenarios were performed using DIMP, dieldrin, chloroform, and DBCP in the
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model simulations. The following sections of the report describe the

computer program used, the model input data, model calibration, and

simulations.

3.5.1 COMPUTER PROGRAM

The computer program CSU/GWTRAN, a Galerkin finite element contaminant

transport model written and developed by Dr. James Warner at Colorado State

University was used in the model simulations. The mathematical development

and verification of the model is given in Warner (1981) and Warner, !-.1 al.

(1987). The area of the model is shown in Appendix G, Figure G-1. The

model area extends from the NBCS and NWBCS to the South Platte River. The

finite element mesh is shown in Figure G-2. A nonuniform element mesh was

used so that the irregular geology and model boundaries could be accurately

represented and so as to permit a more detailed definition of hydrogeologic

conditions in the vicinity of the NBCS. The mesh consists of 2138 nodes and

4014 elements. The model was used to calculate the water table elevation

and contaminant concentration at each of these nodes.

3.5.2 MODEL INPUT DATA

The sources of input data to the model included the following:

" Data collected by ESE personnel;

" Northwest Boundary Barrier Operation Model Study (Warner et al.,

1986, RIC#87085ROl):

" The CSU North Boundary Barrier Operation Model Study (Warner ej

al., 1988, RIC#84324MOl),

" Konikow's (1975) Regional Hydrogeologic Study; and

" Written communication with Morrison and Knudsen Engineers (1988).

The input data sets are similar to but predate those presented in the Water

Remedial Investigation Report. The data from all of the above mentioned

sources for aquifer thickness, transmissivity and water table elevation were

combined into a single data base. Kriging was then used to make a first

estimate of aquifer properties and water table elevation at each of the

nodes in the finite element mesh. Model calibration involved adjusing

aquifer properties to achieve a best fit between the model calculated water

3-192



12/28/88

table elevation and the observed water table elevation. This kriging

procedure aided in the calibration of the current model since fewer

calibration simulations were needed than would have otherwise been required.

The extensive calibration efforts in previous models (Warner P-1 al., 1986,

RIC#87085ROl and 1988) were thus utilized in the current model calibration.

3.5-2.1 Boundary-CandiliQns

In the model, a no-flow boundary was used for the contact with the alluvial

aquifer and the Denver Fm- A specified flux boundary condition was used for

the North and Northwest barrier systems. Flux rates for the barrier systems

were obtained from Warner et al., (1986, RIC#87085ROl and 1988). A constant

head boundary was used in the model for the contact of the alluvial aquifer

and the South Platte River.

3-5-2.2 irriga-tian-Rp-.chargeý-Canal-Leakage-and-Qther-Eechargp.LDiar-harge

Data for irrigation recharge and canal leakage was obtained from recent

recharge studies conducted by Morrison Knudsen Engineers (1987). Canal

leakage from Burlington and O'Brian Canals was specified as 2,400 gallons

per minute (gpm) and recharge from irrigation was specified as 2,335 gpm. A

water balance for the model area is shown on Figure G-3. Canal leakage and

recharge from irrigation were the two largest recharge sources in the model.

These two sources accounted for approximately two-thirds of the recharge to

the ground water in the model area. Other recharge sources were the

Northwest boundary barrier system (183 gpm), North Boundary Barrier System

(221 gpm), First Creek Impoundment (114 gpm)i and underflow from adjacent

alluvial aquifer (1,775 gpm). The average annual leakage from First Creek

was determined from flow data obtained at the gages at the North Boundary of

RMA and at Highway 2. This recharge to the aquifer was assumed to be

constant. Because the bottom of the impoundment along First Creek is always

above the water table, while other reaches of First Creek may gain or lose

water, the total recharge was assumed to be from the impoundment. The NWBCS

and NBCS accounted for only about 6 percent of the recharge in the model.

The major discharge was ground-water discharge to the South Platte River

(6,868 gpm). Some discharge occurs as underflow to the adjacent aquifer

(160 gpm).
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3.5-2.3 Aquilar-1hiak sa

Saturated thickness of the alluvial aquifer varied from 60 ft near the South

Platte River to zero where outcrops of the Denver Fm interrupt the alluvial

aquifer (Figure G-4). Abandoned stream channels, terraces and meander scars

caused considerable variations in the thickness and composition of the

alluvium.

3.5-2.4

The storage coefficient used in the model varied from 0.05 to 0.25.

Previous model studies performed by the U.S. Geological Survey (Robson, 1976

and 1977; Warner 1979) used specific yield values of 0.25 which would be

representative of water yield due to gravity drainage for the course grained

alluvial aquifer material present in the vicinity of RMA. This value was

originally obtained from a regional water resource investigation along the

South Platte River (Smith et al., 1964). Where this value may be more

representative of the alluvial aquifer regionally, more recent aquifer tests

and geologic mapping indicate that the alluvium in the vicinity of the NBCS

is confined, or partially confined by overlying aeolian deposits.

The apparent specific yield for all pumping tests that are in the nearby

vicinity of the model area are shown in Table 3.2-1. From these pumping

tests, the specific yield of the alluvium where confined by overlying

aeolian deposits are less than 0.05 (based on 10 aquifer tests). VEry few

of these aquifer tests are in the Offpost Operable Unit between the North

Boundary Barrier System and the O'Brian and Burlington canals. However, HLA

(1988) did perform a recent test in this area and obtained an apparent

specific yield of .0019. This storage coefficient of 0.05 was used in the

RI model in the area between the NBCS and the O'Brian and Burlington Canals.

The specific yield of 0.25 used in earlier model studies is more appropriate

for the terrace gravels and course sands comprising the terraces of the

South Platte River. In the Water Remedial Investigation Report, these

terrace deposits are mapped and occur in the model area to the northwest of

the O'Brian and Burlington Canals. In the RI model a specific yield of 0.25

was used in the model area between the canals and the South Platte River.
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A porosity value of 0.35 was used in the model. This agreed with previous

model studies by Warner al al., (1986, RIC#87085RO1 and 1988).

3.5-2.5 Ir-anamisaimity-

During model calibration, the transmissivity of the aquifer was adjusted so

that the model calculated water table would better match the measured water

table. The resulting transmissivity ranged from about 750 to 225,000 gpd/ft

(Figures C-5a,b).

3.5-2.6 Disper-sivily-

For the transport model, dispersivity of the aquifer was needed.

Dispersivity controls the longitudinal and transverse spreading of the

contaminant plumes during migration. Dispersivity has been shown to be a

scale dependent process. In the model a variable dispersivity was used

depending on the distance from the contaminant plumes. The longitudinal

dispersivity in the model varied from 190 ft to 1,100 ft. The smallest

values of dispersivity were used in the region of the model adjacent to the

NBCS. The largest value of longitudinal dispersivity was used near the

South Platte River. A ratio of transverse to longitudinal dispersivity of

.3 was used in the model.

3.5 .2 .7

Four chemical contaminants were modeled. These were: DIMP, dieldrin,

chloroform, and DCPD- ESE performed field investigations to verify the

reported sorption characteristics of these contaminants in soil/water

systems. All of the contaminants are considered somewhat reactive with the

solid aquifer material. This is expressed by the distribution coefficient

Kd- The values of Kd were determined using measured organic carbon contents

and literature derived organic carbon partition coefficients provided by the

Task 35 Toxicity Assessment (EBASCO, 1987). The resulting values of Kd for

DIMP ranged from 0.00014 to 0.051 with mean value of 0.0042. The value of

Kd for dieldrin ranged from 0.24 to 93 with a mean of 7.2, the Kd value for

chloroform ranged from 0.00076 to 0.29 with a mean of 0.0228 and for DCPD,

Kd ranged from 0.011 to 4.3 with a mean of 0.33. The mean value of Kd for

each contaminant was used in all of the model simulations. It is realized
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that the Kd values used for the no action simulations are very approximate

and the actual Kd values in the ground water environment at RMA could vary

from these values appreciably. Because of the lack of historical

contaminant distribution data offpost however, even a rudimentary

calibration of solute transport parameters was not considered helpful.

Thus, the no action simulations presented should only be considered a rough

indicator of how these contaminants will migrate in the future. Sensitivity

analyses, for critical contaminants of concern, will be performed in the FS

to evaluate the effects of differing Kd values on the no action simulation

results.

3-5-2.8 Masa-Balance

Mass balance errors for flow and contaminant mass were calculated by the

model. This is an internal check in the model. Mass balance errors were

less than one percent for flow and less than 2.5 percent for contaminant

mass in the model simulations.

3.5.3 MODEL CALIBRATION

Model calibration involved adjusting aquifer properties to achieve the best

fit between model calculated water table elevation and the observed water

table elevation. The aquifer properties were initially estimated by kriging

from field data and other model studies and then adjusted during the

calibration process to increase or decrease heads where necessary.

Transmissivity was mainly adjusted in the model calibration process. The

calibration process was an iterative process and was repeated until a

satisfactory fit was achieved. Shown on Figure G-6 is the measured spring

1987 water table map. The assumption was made that the ground-water in the

model area was in a state of dynamic equilibrium. Shown on Figure G-7 is

the model calculated water table ma.p. Comparison of Figures G-6 and G-7

indicate very good agreement. No calibration check was performed on

contaminant concentrations since very little data was available for past

years of off-arsenal contaminant concentrations. This was not considered a

significant problem and the over-all model calibration was considered to be

excellent.
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3.5.4 MODEL SIMULATIONS

The purpose of the model was to determine the future contaminant

concentrations in the aquifer if no changes to the current ground-water

system (e.g., remedial actions) were implemented. Four basic scenarios were

simulated for each chemical contaminant. These four scenarios were:

Scenario 1: NBCS operated with current recharge rates and distribution

extended into the future.

Scenario 2: NBCS operated with recharge rates and distribution for-natural

flow conditions.

Scenario 3: New South Adams County Well field is operated at approved

conditions as described below.

Scenario 4: New South Adams County Well field is expanded (as proposed).

The SACWSD has approval to operate two alluvial wells within the model area

by May 1989 (Ford, 1988). These wells are located offpost in the southwest

quarter of Section 21, and the southeast quarter of Section 20, T25, R67W.

Each of these wells will pump about 400 ac-ft per year. So far in 1988

South Adams county has recharged about 800 ac-ft in the alluvial recharge

facility No. 2 located just north of the two alluvial wells and between

O'Brian Canal and Little Burlington Ditch. The current recharge rate will

be increased to 1,000 ac-ft per year at the times the alluvial wells will be

in operation. In Scenario 3, this condition was extended indefinitely into

the future. Under Scenario 4, South Adams County proposes to increase the

number of wells in the model area from 2 wells to 11 wells although the

addition of only 2 new production wells is scheduled for the near future.

Most of these proposed wells will be located downgradient of Burlington

Ditch (Section 16 and 21, T25, R67W) and west of the NWBCS- Each well will

pump about 400 ac-ft per year. They additionally plan to increase recharge

to about 4,000 ac-ft per year.

Following is a brief description of the model simulations for these four

scenarios. The total distribution and concentrations for a contaminant is

composed by the different figures (i.e., a, b, etc.) shown in Appendix G.

The results are presented in concentration interval figures to best

represent the contamination distribution.
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3.5-4.1 UME

The 1987 DIMP concentrations are shown on Figure C-8- DIMP concentrations

for the next 5, 10, 20, and 30 years for Scenario 1 (NBCS operated at

existing conditions) are shown on Figures C-9 to C-12. DIMP is very mobile

in ground water relative to the other chemical contaminants that were

modeled. Several important observations should be noted. The plume of high

concentration of DIMP located approximately 2,500 ft downgradient of the

NBCS is diluted by canal leakage and by recharge from irrigation as the

plume moves northwest across the O'Brian and Burlington canals. As a

result, the high concentrations of DIMP observed downgradient of the NBCS

were never observed in the area between these canals and the South Platte

River. In 1987, the DIMP concentration in this area was about 200 ug/l.

The model predicted that this will decline to about 100 ug/l within about 5

years due to continued dilution by irrigation recharge and natural

dispersion within the aquifer. In about 10 years, the maximum concentration

of DIMP in the area between the canals and the South Platte River will be

about 50 ug/1 and in about 20 years the maximum concentration in this area

will be less than 20 ug/l.

The second observation was that DIMP concentrations on the order of 20-180

ug/1 remained in the aquifer downgradient of the west side of the NBCS over

the next 20- to 30-year time period. The highest concentrations of DIMP

gradually moved away from the barrier (evidenced by the decreasing DIMP

concentrations in this region of the model) but the flushing of the aquifer

by clean recharge water from the NBCS did not displace all of the DIMP

contamination.

DIMP concentrations at 5, 10, 20, and 30 years for operation of the NBCS for

natural flow conditions (Scenario 2) are shown on Figures C-13 to G-16.

Currently, most of the recharge water is being recharged through the north

bog and the recharge wells located in the vicinity of First Creek.- With

this simulation, it is assumed that recharge trenches are constructed so

that more of the water is recharged towards the west end of the barrier.

Comparison of Scenario 1 with Scenario 2 indicated very little change in

offpost DIMP concentrations between the two scenarios. The amount of water
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flowing in the aquifer toward the west end of the barrier was small, even

for natural flow conditions. Thus, flushing of the aquifer of DIMP in this

region will be slow. Additionally, a small paleochannel in this region

funnels much of the recharge water away and the flushing of contaminants in

this region of very low permeability will be very difficult.

DIMP concentrations for Scenario 3 (approved and existing new South Adams

County well field operation) are shown on Figures G-17 to G-20. DIMP

concentrations for Scenario 4 (proposed South Adams County well fiela) are

shown on Figures G-21 to C-24. Comparison of these results for Scenario 3

and 4 with Scenarios 1 and 2 indicated that there was little effect of

approved and existing or the proposed new South Adams County well field

operations on contaminant concentrations in the vicinity of NBCS. It should

be noted that, in both Scenarios 3 and 4, South Adams County is recharging

about the same amount of water as they are pumping. Under these conditions,

where recharge operations approximately balance the amount of water pumped,

their operations should have minimal impact on contaminant concentration in

the vicinity of the NBCS.

3.5-4.2 121ELD&LU

The 1987 dieldrin concentrations are shown in Figure G-25. The dieldrin

simulations are shown on Figures C-26 to C-41. Dieldrin is the only one of

the four mode

3.5-4.3 CHLUMM-AND-DUD

The 1987 chloroform concentrations are shown on Figure C-42. Chloroform was

found as an isolated plume north of the NBCS system. The results for

Scenario 3 (approved and existing South Adams County well field operation)

are shown in Figures C-43 to G-46. The other scenarios gave results very

similar to Scenario 3 and thus are not shown. Chloroform is fairly mobile

in ground water and will migrate towards the South Platte River. Leakage

from O'Brian and Burlington canals rapidly diluted the chloroform plume and

resulted in significantly decreasing chloroform concentrations with time.

Within 10 years, the chloroform plume was shown to have a maximum

concentration of about 20 ug/l and in about 30 years chloroform

concentrations were everywhere less than 20 ug/l.
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The 1987 DCPD concentrations are shown on C-47. DCPD was found only in the

immediate vicinity of the NBCS. The results of simulations for Scenario

3 (approved and existing new South Adams County well field operation) are

C-48 to C-51. The other scenarios gave very similar results to Scenario 3

and are thus not shown. DCPD is somewhat mobile in ground water and the

current plume is located in a fairly high permeability zone near the NBCS.

The DCPD plume did migrate to the northwest due to flushing of the aquifer

from recharge water from North Boundary barrier operations. Within

10 years, DCPD concentrations in the plume declined to a maximum of about

50 ug/l, and within 20 years to maximum of about 10 ug/l. Within 30 years,

concentrations declined everywhere to less than 10 ug/l.

3.5.5 ONCLUSIMS

The model simulations indicated the following:

0 Canal leakage and recharge from irrigation significantly diluted

any contaminants that migrated to the northwest of the O'Brian and

Burlington canals:

0 Recharging more water to the west end of the NBCS did not have a

significant impact on the high concentration of DIMP in this

region. Transmissivities are very low in this area and flushing

of the aquifer will be slow;

0 The impact on contaminant plumes of the approved and proposed new

South Adams County well field operations were minimal, because net

pumpage in that area was insufficient to cause reversal of

hydraulic gradients:

0 Effects of pumpage from the proposed well field areas north of the

area where recharge is being performed is also minimal due to high

hydraulic conductivities, large saturated thicknesses, and

continued leakage from the canals; and

0 Contaminant concentrations still exist in the Offpost Operable

Unit at levels above CRLs even after 20 years.
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4.0 SURFACE WATER CONDITIONS

The purpose of this section is to describe the surface water chemistry of

the Offpost Operable Unit and to identify the potential pathways of

contaminants associated with RMA to offpost surface water. Since ground

water is the primary pathway by which contamination has migrated from source

areas on RMA, emphasis in this report has been placed on depicting the

interactions between ground water and surface water.

4.1 DESCRIP-IIQH-QE-SUREACE-12SAINAGES

The principal drainage in the Offpost Operable Unit is the South Platte

River. At one time, First and Second Creeks were tributaries to the South

Platte, but irrigation canals were subsequently constructed and presently

intercept these channels. The average monthly flows for the South Platte

River recorded at the gage just downstream of the Burlington Ditch Headgate

are listed in Table 4.1-1 for the period of October 1985 through

October 1987.

Figure 4.1-1 illustrates that First Creek flows to the north and northwest

through the eastern portion of RMA and is the only defined channel which

crosses RMA. The locations of offpost surface water sampling stations are

also shown in Figure 4.1-1. Second Creek runs roughly parallel to First

Creek and through the northeast corner of RMA. Both First Creek and Second

Creek are tributaries to O'Brian Canal and flow intermittently during the

year. First Creek generally flows from early winter through early summer,

but flow periods may vary from year to year as shown in the average monthly

flows listed in Table 4.1-1.

The irrigation canals between RMA and the South Platte River are O'Brian

Canal, Burlington Ditch, Fulton Ditch, and Bull Ditch. The headgate for

Burlington Ditch is located on the South Platte River just downstream of the

Sand Creek confluence. From the headgate, Burlington Ditch flows northeast.

Just upstream of 88th Avenue a diversion structure directs a majority of

this flow to O'Brian Canal. O'Brian Canal and Burlington Ditch flow
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Table 4.1-1. Comparison of Average Monthly Flows for South Platte River,
Burlington Ditch, O'Brian Canal, and First Creek in the RMA
Offpost Operable Unit (All Values in Acre-Feet)

First
South Burlington Creek O'Brian
Platte Ditch RMA North Canal

Month River* Headgate** Boundary*** Downstream**

---------- ---------

Nov. 85 1,394 2,713 193 2,992
Dec. 85 12,210 0 128 0
Jan. 86 10,810 0 195 0
Feb. 86 2,320 9,652 87 8,149
Mar. 86 906 11,780 62 12,872

Apr. 86 25,020 9,797 263 7,339
May 86 4,620 19,589 70 13,265

Jun. 86 12,040 23,286 5 16,203

Jul. 86 20,690 18,207 0 10,258
Aug. 86 19,590 2,519 0 0
Sep. 86 5,900 10,064 0 5,185
Oct. 86 2,550 10,382 0 6,733
Nov. 86 1,280 16,312 0 14,098
Dec. 86 11190 8,793 0 7,843
Jan. 87 1,250 8,309 20 8,834

Feb. 87 3,820 6,871 56 5,866
Mar. 87 12,770 6,335 99 5,268
Apr. 87 26,920 15,850 64 12,535
May 87 164,500 18,300 236 12,612
Jun. 87 63,350 33,803 258 23,955
Jul. 87 19,050 9,380 0 7,087
Aug. 87 18,520 5,861 0 3,629
Sep. 87 1,350 11,794 0 13,565
Oct. 87 2,520 14,228 0 11,382

Annual
Average 216,865 136,912 900 104,834

------- - --------

Sources: CSU - Division of Water Resources.
Burlington Ditch Reservoir and Land Co., 1988.

ESE, 1988.
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side-by-side to the northeast to irrigate areas to the north of RMA. Water

from the O'Brian Canal may also be diverted to Barr Lake for storage. The

average monthly flows for Burlington Ditch just downgradient of the headgate

and O'Brian Canal just upgradient of Barr Lake are listed in Table 4.1-1.

Fulton Ditch originates as a separate drainage within the South Platte River

floodplain. Farther downstream, water is diverted from the South Platte

River into Fulton Ditch for irrigation of land between Burlington Ditch and

the South Platte River. Bull Ditch is a small drainage channel in the South

Platte floodplain between Fulton Ditch and the South Platte River.

4.2 NATURE-AND-EXT.EUT.-QF--CQUIAMIUAIIQN

ESE water-quality sampling began on a quarterly basis during the winter of

1985. The frequency of detection and range of organic and inorganic

contaminant concentrations observed in samples collected from First Creek,

O'Brian Canal, Burlington Ditch, South Platte River, and Barr Lake offpost

surface water sampling stations during ESE sampling are presented in Tables

4.2-1 and 4.2-2. All surface water chemistry data is provided in Appendix

F, and a summary of these data is provided below.

4.2.1 ORGANICS

The organic contaminants observed at concentrations exceeding CRLs in

multiple samples at each offpost sampling station are illustrated in Figure

4.2-1. Generally, concentrations of organic contaminants exceeding CRLs

were only sporadically observed in offpost surface water samples. Out of

the eleven offpost sites sampled, nine had organic contaminant

concentrations exceeding CRLs. Of these nine sites, only two had multiple

detections out of an average of seven samples for each site.

Several RMA organic compounds were observed in samples from the First Creek

Highway 2 station. DIMP and aldrin were the only organic contaminant

observed in First Creek samples obtained upstream of RMA (08ADD). The DIMP

concentration in this sample was 11.0 ug/l, and the result was not

reproduced in any other sample analyses. DIMP, dieldrin, and aldrin were
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Table 4.2-1. Summary of Organic Contaminant Concentrations in Offpost Surface Water

(Page 1 of 2)

Station and Contaminant Total Number of

Organic Analytes Concentration Number Concentrations

Observed (ug/1) of Samples* Exceeding CRL

Firat-Creek

OBADD-Eirat-Creek 9

Upslream-of-RdA 
-

Aldrin 0.20 1

DIMP 11 1

12DCC-Eiral-creek 6

at-hiorth-Bc2undary
Aldrin 0.20 1

Dieldrin 0.080 1

DIMP 17 1

LMD-First-Creek 7

at-Q-'Rriaa-Canal
CPMS02 5.20 1

Dieldrin 0.062 1

DIMP 69.8-550 7

1,4-Dithiane 2.21-2-76 2

12DCLE 0.754 1

DCPD 24.2-31.5 2

Q -'Rriaia-Canal
8

Chloroform 7.96 1

DIMP 22 1

12 DCLE 1.17 1

Bur-linglQU-Di1r.h
.01.Dr-r-upstream 7

befor-e-headgate
No Detections 0

OfiCHAQwastream 3

frQm-RMA
DIMP 16.9 1

seaQnd-creak

.Q7-ABB-JusI-AhQYe 7

Q-'BLian-CQnfluence
No Detections 0
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Table 4.2-1. Summary of Organic Contaminant Concentrations in Offpost Surface Water

(Page 2 of 2)
--------- --

Station and Contaminant Total Number of

Organic Analytes Concentration Number Concentrations

Observed (ug/1) of Samples* Exceeding CRL

8

Benzene 14.6

Chloroform 1.20

DIMP 13

TCLEE 2.77-7-34 3

12DCE 1.82 1

12.AAB-DQwnaIream 8

Qf-RMA
Aldrin 0.10 1

Barr-Lake
22CAA-MiddIP--P-QQI 6

DIMP 11.7 1

13ABB-Upstream
Endrin 0.4 8 1

Aldrin 0.1 1

- ----- - ---- - -----

Samples collected from December 1985 through November 1988.

Source: ESE, 1988.
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Table 4.2-2. Inorganic Concentration Ranges at Offpost Surface Water Sampling Stations (urjl)

Nuaber of Chloride Fluoride Sul fate Calcim Magnesium Potassiun Arsenic Zinc Soditm Cadiniun Chromium Copper Lead Mercury

Station Samples (Cl) (F) (SO4) (Ca) (Mg) (K) (As) Qn) (Na) (Cd) (Cr) (Cu) (Ph) (Hg)

O&NDD First Creek Entering RM 8 44,80G- <1,2(X) 11,800- 24,400 18,500- 2,460- <3.07 <20.1 59,800-- <5.16- <6.0- 0.9- <18.5- <. 24

63,330 141,000 117,000 26,900 5,(>',O 6.55 25.2 92,600 13.7 12.5 21.1 21.9

13DCC First Creek Exiting RMA 4 78,100- 1,200 254,(X)O- 10,300- 3,300- 4,530- 3.5 <20.1 12,200 <5.16 <5. % 0.94 <18.6 <.24

111,000 281,000 113,000 44,600 6,670 41.4 174,000

14BDO First Creek at Highway 2 7 131,000- 1,280- 288,000 85,300 38,400 2,610- <3.90- <20.1- 157,ODD- <5.15 <5. %- 0.94 <18.6 <.24

295,000 1,9100 410,000 135,000 55,600 7,070 9.04 29.5 302,000 11.5

07ABB Second Creek at the O'Brian Canal 6 24,900- <1,200- 129,000- 51,000- 14,400- 2,550- <3.9- <20.1- 47,900- <5.16- <5. %- Q.94- <18.5 <.24-

336,000 1,590 2,080,000 347,000 118,000 5,080 14.4 173 813,000 18.5 16.2 22.0 1.17

OIDOC Burlington Ditch at fleadgate 8 22,600-- 0,200 39,300- 27,300- 7,220 1,870- <3.07- 23.0- 20,900- <5.16- <5. %- 0.94 <18.6 <.24

93,300 181,000 82,700 16,600 12,500 2.98 68.3 94,700 16.3

06CBB Burlington Ditch at Second Creek 5 26,300- <1,200 43,700- 32,300- 7,850- 2,160- <3.07- <20.1- 889- <5.16 <6. 0-- 0.90 <18.5 <. 24

83,500 191,000 95,500 21,200 7,750 9.04 114 112,000 11.5

07BAA O'Brian Canal at Second Creek 8 23,900- Q,200- 43,000- 27,400- 7,190- 1,770- <3.07- <20.1- 22,600-- (5.16 <6.0- 0.94 <18.6 <. 24

250,000 1,730 1,730,000 306,000 92,900 5,080 6.26 67.2 615,000 16.3

41

33ABB O'Brian Canal at Barr Lake 8 24,200- 0,200 41,800- 31,300- 7,290- 2,160- 0.90 <20.1- 25,000- <5.16 <6.0- Q.90 <18.6 <. 24

97,000 176,M0 131,000 16,100 4,430 39.8 123,000 7.68

22CAA Barr Lake 6 51,400-- <1,200 98,600-- 57,10D- 11,800- 4,410- <3.90- <20.1- 58,800- <5.20 <6.0 Q.94- <18.5- <. 24

61,100 136,000 87,400 15,000 5,710 2. % 23.2 89,000 12.1 31.2

01CDD South Platte River at Sand Creek 6 53,000- <1,200-- 136,000- 55,300- 12,000- 2,89G- <2.5- <20.1- 67,100- <5.16 <5. %- Q.9- <18.6 <.24

109,000 1, 3M 316,000 139,000 22,300 13,000 33.4 65.2 159,000 16.3 10.2

12AAB South Platte River at Brighton 7 31,300- <1,200 84,700- 40,200- 8,160- 3,930- <3.90- <20.1- 40,900- 25.16- <5.96- Q.94- <18.6- <. 24

112,000 199,0M 101,000 17,400 11,300 4.72 81.1 134,000 28.6 31.3 32.1 28.6

Source: ESE, 1988.
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observed once in samples from First Creek where it exits RMA at 96th Avenue

(13DCC). The concentrations of all these contaminants were just above their

respective CRI.s. DCPD, DIMP, 1,4-dithiane, CPMS02, 1,2-dichloroethane, and

dieldrin were observed at concentrations exceeding CRLs in samples from

First Creek at Highway 2 (14BDD).

The highest organic contaminant concentrations were observed in First Creek

at the Highway 2 station during low-flow periods. This is illustrated in

Figure 4.2-2 which shows DIMP concentrations versus First Creek discharge at

the Highway 2 station. The highest DIMP concentrations (values exceeding

500 ug/1) were noted during flows of about 0.1 cfs and during periods when

no flow was noted at the upstream North Boundary gage. These data suggests

that the observed organic contaminants at Highway 2 are attributable to

ground water discharges to First Creek offpost. No organic contaminants

were observed in samples from Second Creek (07ABB).

Organic contaminants did not exceed CRLs in samples collected from the

Burlington Ditch station upstream of RMA and the O'Brian Canal and

Burlington Ditch diversion structure (01DCC). DIMP was observed in one

sample collected in Burlington Ditch downstream of RMA (06CBB). The

concentration of DIMP in this sample was 16.9 ug/l, and was the only organic

contaminant observed in samples from Burlington Ditch. Chloroform was the

only organic contaminant not observed in First Creek samples that was

observed in samples from O'Brian Canal downgradient of RMA. DIMP and 1,2-

dichloroethane were also observed once in a sample from O'Brian Canal at

this station. Aldrin and endrin were observed in samples from O'Brian Canal

as it enters Barr Lake (33ABB). DIMP was observed in samples from Barr Lake

(22CAA).

Chloroform, DIMP, benzene, trans-1,2-dichloroethylene, and

tetrachloroethylene were observed upstream of RMA in the South Platte River

(01CDD). The DIMP concentration observed in this sample was 13.0 ug/l,

which just exceeds the CRL. This station is directly downstream of the Sand

Creek confluence and some observed contamination may be attributable to
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other sources along Sand Creek. Aldrin was the only organic contaminant

observed at concentrations exceeding CRLs in samples collected from the

South Platte River downstream of RMA near Brighton (12ABB).

4.2.2 INCIRGANICS

The inorganic chemistry of samples collected at each of the offpost surface

water stations is summarized in Table 4.2-2. Chloride concentrations

generally ranged from about 20,000 ug/l to 100,000 ug/l for offpost -surface

water samples. However, higher than average chloride concentrations were

observed in samples from the First Creek Highway 2 station and ranged from

131,000 ug/l to 295,000 ug/l. The lowest chloride concentrations were

generally observed in samples from the stations upstream of RMA on First

Creek (08ADD) and Burlington Ditch (OlDCC) and samples from the station on

Second Creek (07ABB). Chloride concentrations from these stations were

generally less than 50,000 ug/l.

Fluoride concentrations in samples from the offpost surface water stations

were generally less than the CRL of 1,200 ug/l. However, higher

concentrations were observed in samples collected from First Creek at the

Highway 2 station. All seven samples from this station exhibited fluoride

concentrations exceeding the CRL. The highest concentration in a sample

from this station was 1,910 ug/l. Concentrations of fluoride in samples

collected at the First Creek station upstream at 96th Avenue were all less

than the CRL-

Sulfate concentrations in samples from the offpost surface water network

generally ranged from about 50,000 ug/l to 200,000 ug/l. The highest

concentrations were observed in samples from the South Platte River at the

station upstream of KMA (01CDD) and the First Creek station at Highway 2

(14BDD). The sulfate concentrations in samples from stations 01CDD and

14BDD ranged from 136,000 to 316,000 ug/l and 288,000 to 410,000 ug/l,

respectively.
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Calcium concentrations in offpost surface water samples generally ranged

from about 25,000 ug/l to 150,000 ug/l. The highest concentrations of

306,000 ug/l and 347,000 ug/l were observed in samples from O'Brian Canal

(07BAA) and Second Creek (07ABB), respectively. Magnesium concentrations in

offpost surface water samples generally ranged from about 5,000 
ug/l to

25,000 ug/l. The highest concentrations, 92,900 ug/l and 118,000 ug/l, were

observed in samples from Second Creek (07ABB) and O'Brian 
Canal (07BAA),

respectively. Magnesium concentrations in samples from First Creek at

Highway 2 were generally higher than in upstream samples 
from First creek

and ranged from 38,400 ug/l to 55,600 ug/l. Potassium concentrations in

offpost surface water samples generally ranged from about 2,000 ug/l to

12,000 ug/l. The highest observed concentration of 13,000 ug/l was observed

in a sample from the South Platte River at the station upstream of RMA

(01CDD). Potassium concentrations in samples from First Creek were

generally within the ranges observed at other offpost stations.

Arsenic was observed at concentrations exceeding CRLs sporadically 
in

offpost surface water samples. The highest concentration, 33.4 ug/l, was

observed in a South Platte River sample collected just 
downstream of the

Sand Creek confluence (01CDD). Zinc concentrations in offpost surface water

samples ranged from less than the CRL of 20.1 ug/l to 173 ug/l. The highest

concentration, 173 ug/l, was observed in a sample from Second Creek.

Sodium concentrations varied greatly in surface water samples 
collected in

the Offpost Operable Unit. The concentrations generally ranged from about

10,000 ug/l to 150,000 ug/l. The highest concentration, 813,000 ug/l, was

observed in a sample from Second Creek (07ABB). On the average, sodium

concentrations were highest in samples from First Creek at the Highway 2

Station (14BDD). The lowest sodium concentration in a sample from the

Highway 2 station was 157,000 ug/l.

cadmium, chromium, copper, lead, and mercury were only 
observed sporadically

at concentrations exceeding their respective CRLs- The highest cadmium,

chromium, and copper concentrations were observed in 
samples from the
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downstream South Platte River station (12AAB) at 28.6 ug/l, 31.3 ug/l, and

32.1 ug/l, respectively. The highest lead concentration, 31.2 ug/l, was

noted in a sample from Barr Lake (22CAA). Mercury was observed in only one

offpost sample at a concentration exceeding CRLs. This sample was collected

from Second Creek, and the mercury concentration was 1.17 ug/l.

Generally, chloride, fluoride, and sulfate concentrations were elevated in

samples from the First Creek Highway 2 station relative to upstream -sample

concentrations. These higher concentrations may be a result of ground water

discharges to First Creek along the offpost reach. Concentrations of

metals, such as arsenic, cadmium, chromium, copper, and lead did not exhibit

a pattern of increased levels downstream of RMA. Instead, concentrations of

these metals were infrequently observed at levels exceeding CRLs and no

pattern of elevated concentrations was evident.

4.3 CQUIAMIUANI-P-AIHWAYS-IQ-QEERQSI-SUREACE-WAIEI&

This section evaluates the potential pathways of contaminants to surface

water in the Offpost Operable Unit. The two most probable pathways are

direct surface water runoff and erosion from source areas onpost and

contaminated ground water discharges to surface channels. These two

pathways will be examined in the following discussion.

4.3.1 FIRST CREEK

Since First Creek essentially provides the sole conduit for surface water

exiting RMA, it was a primary target for surface quality monitoring efforts.

Upon detection of RMA contaminants in First Creek offpost, attempts were

made to determine the pathway of these contaminants from onpost source

areas. Two primary contaminant pathways to First Creek offpost were

considered. The first is contaminated surface water flows from First Creek

onpost. The second is contaminated ground water discharging to First Creek

offpost.
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4.3-1.1

Onpost surface water stations along First Creek from where samples have been

collected for chemical analysis are shown in Figure 4.3-1. The frequency of

detection and ranges of organic contaminants observed in samples taken from

December 1985 through June 1987 are summarized in Table 4.3-1.

Table 4.3-1 shows that organic contaminants have only been observed in three

of the five onpost stations. Of these three stations, only Station .24-001

has had repeated hits. Aldrin and chlorobenzene were observed at

concentrations exceeding CRLs in samples from Station 31-001. Samples from

Station 31-002 exhibited concentrations of chloroform exceeding CRLs in one

out of five samples. Contaminants observed at this latter station may be

attributable to the Toxic Gas Yard in Section 6.

Station 24-001 exhibited concentrations of aldrin, dieldrin, DBCP, and

chloroform exceeding CRLs. This station samples Sewage Treatment Plant

effluent as it enters a ditch which is tributary to First Creek. Stream

flows in this ditch average about 50 gpm and generally do not reach First

Creek. However, during storm events, flows from this ditch were considered

the most probable source of contaminants detected at the north boundary site

(08ADD) since aldrin and DIMP were the only organic contaminants detected at

that site.

As First Creek traverses RMA, it can gain water from and lose water to the

alluvial aquifer. Whether this exchange is positive or negative varies as a

function of the reach location as well as the time of year. In order to

determine if ground water was contributing to the surface water flows

onpost, the First Creek stream bed elevations were surveyed at road

crossings. These elevations were compared with ground-water elevations

taken from a summer 1986 water table map to determine areas where ground

water discharge may be occurring. The resulting elevation comparisons are

shown in Figure 4.3-2. In this figure, the cross-hatched areas indicate

that the interpolated ground-water elevation exceeded the stream bottom

elevation. The ground water was contributing to the stream flow.
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Table 4.3-1. Summary of Organic Contaminant Concentrations Onpost in First
Creek and its Potential Tributariaries

------------ ----------------------------------------------------------
Station and Range of Observed Number Number

Organic Contaminants Concentrations of Samples of Detections
Observed (ug/1)

---------- ------

4
At-Oh-Amenue

No Detections Above CRLs 0-

5

Downstream-of-Gas
Storage-lwd

Chloroform 3.54 1

Storage-Yard 5

No Detections Above CRLs 0

31=001-Mxia-alorage

Yard-Drainage-Ditch 4
Chlorobenzene 1.75 1

Aldrin 0.08 1

24ADI-Sawage-Irealmen 5

Elant-Effluent
Aldrin 0.080-2-98 5

DBCP 0.15 1

Dieldrin 0.009-0-936 4

Chloroform 4.85-11.4 2

Source: ESE, 1988.
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The comparison of stream bottom elevations and ground water elevations

illustrate the potential for ground-water discharge to First Creek onpost.

However, the ground water along the onpost reach of First Creek is generally

not downgradient of the primary source areas at RMA, and thus, contaminant

concentrations in the ground water were generally not as high as levels

observed along the offpost reach of First Creek. Therefore, the potential

for contamination of First Creek due to ground water discharge was

considered more likely offpost than onpost. The infrequent detection and

relatively low concentrations of organic contaminants in samples from First

Creek at the North Boundary station (13DCC) also suggested limited potential

for contaminants migrating from First Creek onpost.

4 .3-1.2

All available data indicate that contaminated ground-water discharge offpost

was the primary avenue for offpost First Creek contamination. This scenario

may also delineate the primary mechanism by which RMA contaminants have

migrated to O'Brian Canal and Barr Lake (i.e., contaminated flows from First

Creek).

As stated previously, contaminants historically observed in samples from

First Creek onpost may be the result of surface runoff from onpost source

areas or ground water infiltration. However, organic contaminants were not

frequently observed in the surface water exiting RMA. Also, the inorganic

constituents chloride and fluoride were not observed at significantly higher

concentrations at the north boundary gage when compared to the upstream gage

on First Creek. However, in samples from First Creek at its confluence with

the O'Brian Canal (14BDD), organic contaminants were routinely observed.

Since there are no direct surface pathways from onpost surface sources to

this offpost reach of First Creek, ground-water contamination was suspected

as the source of contaminants. DIMP concentrations in the alluvial aquifer

near the RMA north boundary are depicted in Figure 4.3-3. This figure

illustrates how DIMP and other contaminants exhibiting a similar spatial

distribution were present in ground water along the offpost reach but not

onpost reaches near the north boundary.
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All of the contaminants found in samples from First Creek at the Highway 2

station were observed in samples of the ground water collected from wells

just north of the RMA north boundary. This is illustrated in the chemical

distribution maps shown in Appendix F. Furthermore, the concentrations of

organic (DIMP, 1,2-dichloroethane, DCPD, CPMS02, and 1,4-dithiane) and

inorganic parameters (chloride, fluoride, and sulfate) were higher in

samples collected at the Highway 2 station than at the north boundary

station. These parameters were all present in the ground water along the

offpost reach of First Creek at higher average concentrations than in the

offpost surface water samples collected along First Creek. Thus, higher

concentrations in samples from the Highway 2 station help substantiate that

ground water is infiltrating to First Creek offpost.

Having determined the presence of contaminated ground water in the vicinity

of the offpost First Creek reach, it was necessary to examine the potential

for ground water discharges to the surface water. One accepted method of

determining if a channel reach is gaining or losing water is the mass

balance approach. This type of analysis utilizes the following

relationship:

SO = SI + GW - L - S - E

where: SO = Surface water outflows at the end of the reach;

SI = Surface water inflows at the beginning of the reach;

GW - Ground water discharges to the surface water channel

along the reach:

L = Losses along the channel from surface water to

ground water;

E = Losses from evaporation; and

S = Change in channel storage.

Solving for ground-water contributions to the surface water and assuming

storage to remain constant, the equation becomes:

GW = SO - SI + L + E
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The change in storage of the impoundment along First Creek was estimated to

be at a maximum 10 ac-ft and would not alter the conclusions of the

analysis.

Evaporation losses were estimated by assuming an average loss over the

gaging period and multiplying by the approximate surface area of First Creek

and the impoundment along the creek in Section 14. The resulting

evaporation rates for First Creek offpost and the impoundment were estimated

at about 20 ac-ft/year. The surface water inflows (SI) were determined by

flow measurements collected at the North Boundary gage. This site is

located just inside the RMA north boundary on First Creek. Data for this

site date back to April 29, 1982, but the most recent continuous record

begins on October 1, 1985.

The surface water outflows (SO) were determined by flow measurements

collected just before the First Creek confluence with the O'Brian Canal.

This gage was installed at the end of June, 1986. First Creek flows at the

North Boundary gage, the Highway 2 gageý and the gage at the southeast

corner of RMA are shown in Figure 4.3-4.

For the mass balance equation, three of the five terms have been determined.

Unfortunately, the amount of water entering the system and lost before

exiting is unknown, so a determination of GW can not be made. However, upon

close inspection of Figure 4.3-4, it is observed that before and after the

primary flow season, the downstream gage recorded flows while the upstream

gage remained dry. Since there are no surface water tributaries between the

two gages, ground water appears to be entering First Creek between the two

gages. Furthermore, from the mass balance equation, it is evident that

ground water inflows exceeded channel losses or flow would not be observed

at the Highway 2. During low flow periods, the impoundment along First

Creek generally did not contribute to First Creek flows, therefore, its

presence has no effect on this conclusion.

When comparing the total flow volumes for the fourteen months of common data

for the North Boundary and Highway 2 gages, the onpost gage recorded larger
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flow volumes. Even though the upstream gage started flowing later and

stopped flowing sooner, it still recorded a larger total discharge. This

indicates that for larger flows, channel losses exceeded ground-water

inflows. The capacity of the impoundment only account for approximately

10 acre-ft of storage and therefore did not alter the conclusions of this

analysis.

The periods of gaining and losing flow are illustrated for First Cre.ek in

Figure 4.3-5. This figure shows flows recorded at the Highway 2 gage along

the X-axis and the net gain or loss along the Y-axis. For a particular flow

at the Highway 2 gage, if there was a net gain in the flow from the upstream

to the downstream gage, the observation is plotted above the zero line. If

water was lost from First Creek, a negative value is plotted. For lower

stream flows, ground-water inflows exceeded stream losses. For higher

flows, stream losses exceeded ground-water inflows resulting in a net loss

for the reach. It is not known if an increase in head during higher flows

prevented ground-water inflow. Alternatively, ground-water inflows could

occur in some reaches and stream losses occur in others. Losses would

increase with higher flows to the extent of overcoming ground-water inflows.

This scenario allows for both inflows and outflows to occur simultaneously.

Both cases may occur to some extent.

As shown in Figure 4.3-5, it appears net losses equal net inflows

corresponding to a discharge of 3 acre-ft/day or less at the Highway 2 gage.

Analysis of Figure 4.3-4 indicates that during periods of low First Creek

flows, ground-water discharges into First Creek were approximately 0.06 cfs.

If large flows in First Creek can inhibit the inflow of contaminated ground

water into the channel, it is important to note how often flows are great

enough for this to occur. The number of days flows of different magnitudes

occurred from July 1986 to August 1987 are shown in Figure 4.3-6. If it is

assumed a flow of 3 acre-ft/day is the flow at which ground-water inflows

equal stream losses, based on Figure 4.2-3, ground-water inflows exceeded

channel losses 346 days out of 427 days. Even though the total flow volume
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at the North Boundary gage exceeded that at the downstream gage, large flows

did not occur frequently enough nor were they long enough in duration to

provide an effective means of inhibiting ground-water inflow to First Creek.

The occurrence of ground water discharging into First Creek was also

documented by comparing stream bed elevations to water levels from wells

located near First Creek. Although the number of wells was limited, these

data indicate that ground water levels exceeded stream bed elevation's by

several feet in some areas. These data also show that areas of potential

ground water discharge were present in both Sections 13 and 14 north of RMA.

Elevations of the First Creek stream bottom and ground water along First

Creek from the RMA north boundary to Highway 2 are shown in Figure 4.3-7.

The First Creek stream bottom and water surface elevations were measured in

a survey of the First Creek channel conducted August 10 through 14, 1987.

During the time of the survey, no flow was observed at the North Boundary

gage, in the overflow pipe leading from the impoundment in Section 14 or at

the Highway 2 gage. Since flow was not detected at the Highway 2 gage for a

week prior to the survey and for over a month prior to the survey at the

North Boundary gage, it was assumed that standing water levels in First

Creek represented ground-water levels. Ground-water elevations below the

surface were interpolated from the summer 1987 ground-water elevation map.

Although Figure 4.3-7 may not provide the most accurate representation of

ground-water gradients, it does provide a good illustration of the relative

position of the ground water in relation to the streambed elevation.

Examination of Figure 4.3-7 suggests that ground-water elevations exceeded

the First Creek Channel bottom elevation from downgradient of the RMA north

boundary to Peoria Street, and again from just downstream of the impoundment

to Highway 2. Since there were no base flows during this period, this

substantiated that ground water was discharging into First Creek along this

reach. The bottom of First Creek was above the ground-water table as it

exited RMA to the offpost area near the North Bog and again from Peoria

Street to just downstream of the impoundment.
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The bottom of the offpost impoundment appears to be about 4 ft above the

water table, and it was, therefore, a potential source of ground-water

recharge. From observed water level declines in the impoundment during July

and August 1987 and gaging data, the approximate losses from the impoundment

to the alluvial aquifer was estimated to be over 100 gpm.

4.3.2 O'BRIAN CANAL AND BURLINGTON DITCH

Samples from Burlington Ditch upstream of RMA did not exhibit organi.c

contamination. Downstream of the O'Brian Canal diversion and RMA, samples

from Burlington Ditch exhibited only concentrations of DIMP. However, the

water diverted into the O'Brian Canal, sampled at a site the First Creek

confluence, exhibited concentrations of organic constituents 1,2-

dichloroethane, chloroform, and DIMP. Of these contaminants, all but

chloroform were observed in samples from the First Creek Highway 2 station.

This suggests that contaminants observed in First Creek discharges may be

migrating several miles downstream into O'Brian Canal.

DIMP was the only organic contaminant observed at a concentration exceeding

CRLs in a sample from Burlington Ditch, which is not connected to First

Creek by surface drainages. However, it is in the vicinity of ground-water

contaminants that might act as a source of contamination for both the

O'Brian and Burlington canals. This information raises the question of

whether ground water ever discharges into these canals. If it does,

ground-water contaminants would probably be observed in downstream samples

from Burlington Ditch. A previous ground-water modeling study conducted in

the area estimated that substantial leakage (0-4 cfs/mi) was occurring from

these unlined canals (Konikow, 1977, RIC#84192RO2; and Warner, 1986,

RIC#87085ROl). This suggested that the water levels in these canals were

generally above the water table.

To determine whether ground water might be contributing to O'Brian Canal and

Burlington Ditch flows, the bottom of the canals were surveyed. The

stream-bottom elevations were then compared with the spring 1987

ground-water elevation map. Spring water levels were used for comparison

because they generally represent the highest water levels during the year.
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For O'Brian Canal, the ground-water table was from 15 to 23 ft below the

canal bottom. For Burlington Ditch, the water table was from 12 to 23 ft

lower than the stream bottom. This comparison suggests that ground water is

not discharging to the canals. Figure 4.3-8 shows the stream-bottom and

ground-water elevations used for comparison.

Chloroform concentrations observed in samples from O'Brian Canal, but not

First Creek, may be attributable to chloroform concentrations in First Creek

not observed at the Highway 2 station. This is certainly possible with a

quarterly sampling program which can provide only an indication of the

nature of surface water contaminants. The DIMP concentration observed in a

sample from Burlington Ditch did not appear to be attributable to surface

water runoff or ground water discharges. Since the concentration observed

was quite low, the detection may have been due to irrigation activities and

subsequent runoff into the ditch.

Having determined that ground water was not likely to discharge to the

irrigation canals, the importance of the irrigation canals in transport of

contaminated flows from First Creek was evaluated. Monthly flow volumes for

Burlington Ditch at the upstream headgate and for the O'Brian Canal just

upstream of Barr Lake are presented in Table 4.1-1. The location of the

gages did not allow the determination of the flow diverted from Burlington

Ditch to O'Brian Canal, but the values in Table 4.1-1 for the downstream

gage for O'Brian Canal indicate that a majority of the flows were diverted

into O'Brian Canal. Flows at the two stations peaked in June and were

lowest or nonexistent in the fall and winter months. This was primarily

because irrigation demands for crops are greatest in the summer. First

Creek discharges into the O'Brian Canal were also included in Table 4.1-1

for comparison. From this table, it is evident that O'Brian Canal

discharges greatly exceeded those of First Creek for most months. These

data indicate that during most of the year, the flows from O'Brian Canal

would have a significant diluting effect on contaminant concentrations

entering from First Creek.
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4.3.3 OVERLAND FLOODINC

Previous studies conducted by Resource Consultants, Inc. (RCI, 1982,

RIC#84234ROl) and the COE (1983a, RIC#84066ROl) concluded that there were

significant limitations to overland water flow at the RMA north and

northwest boundaries. Highway 2 and the Burlington Northern Railroad tracks

restricted overland flow at the northwest boundary. Also, the absence of

well-defined channels crossing the northwest boundary indicated a lack of

historic runoff. However, the COE study (1983a, RIC#84066R01) concl-uded

that during a 100-year storm event, water would flow beyond the northwest

boundary. Any flow from RMA that would pass beyond the boundary would

ultimately be intercepted by O'Brian Canal and potentially Burlington Ditch.

The COE report (1983, RIC#84066ROl) concluded that there was adequate

storage capacity in the Basin F and Basin A drainage basins to prevent

discharges during a 100-year storm. Thus, even if overland flow did pass

the northwest boundary during a severe storm event, it is not likely that

runoff from the contaminated basins in Section 26 would contribute to this

flow.

During most storm events, the majority of water approaching the north

boundary would flow to First Creek and exit through culverts which pass

beneath 96th Avenue. In the event this culvert would be unable to handle

these flows, backwater would accumulate until it overtops 96th Avenue.

Contaminated areas along First Creek, such as the Toxic Storage Yard, or

flows from ditches leading from the North Plants or the Sewage Treatment

Plant could contribute contaminants to First Creek during storm events- As

stated previously, surface runoff flows from Basin A and drainage Basin F

would not occur even during a 100-year storm. Thus, even though the

potential for overland flow contributing to offpost surface water

contamination exists, it would only occur during storm events that are

sufficient to cause significant overland flow near First Creek.
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4.4 CQUCLUSIQU

Analysis of surface water contamination using quarterly analytical data

provided an indication of problem areas and potential pathways. However,

contaminants may have passed surface water stations unobserved due to the

infrequency of monitoring. Despite this, the data presented in this report

clearly indicate that ground-water discharge to First Creek after it exits

RMA was a primary source of offpost surface water contamination. This was

substantiated by First Creek gaging, a comparison of ground-water and

stream-bed elevations, field surveys, and water chemistry data.

The majority of contamination observed in samples from O'Brian Canal

downstream of RMA can be explained by the First Creek pathway since the

contaminants observed in O'Brian Canal were also present in First Creek or

the ground water discharging to First Creek. It is expected that

contaminants from RMA would have the highest probability of being observed

in O'Brian Canal samples during low flow periods. Isolated concentrations

of organic contaminants, not specific to RMA, in the canals farther

downstream and in Barr Lake could be attributable to ground-water discharges

into First Creek, but more intensive investigation would be required to

verify this.

Contaminated flows from First Creek onpost is another potential pathway for

offpost surface water contamination. Although surface water monitoring

onpost detected organic contaminants in First Creek, some of these organic

constituents were not observed in samples from First Creek at the RMA north

boundary and others (aldrin, dieldrin, and DIMP) were only observed once at

concentrations just exceeding CRLs. These data indicate that this pathway

was not as significant as offpost ground-water discharges.

Finally, contaminant transport resulting from overland flow appears to be a

concern only during major storms. This is because the pervious surface

soils at RMA do not produce a great deal of runoff except during major

floods. Overland flow from source areas in drainage Basins A and F would

not occur even during a 100-year storm. Thus, overland flow from potential

sources along First Creek would be the primary concern when considering this

pathway.

4-32



Brighton

EXPLANATION

M Offpost Operable Unit

0
No Local Drains 01N, C)

Storm Sewered 
N

Barr
Approximate Drainage Basin Boundary L , Ske

Probable Drainage Boundary L

Handers n : ý,,ý\j 
Ina#

36131

1 16

10

Hazeltine

He drits

ýgn d ask

a. wnCr

SCALE IN MILES

E 
Northwe)

Basin F

CIO r

Basin F

Dupont First Crook Basin

and Crea
36 31 Lateral _nBasin A ý36 1 31 1
1 6 Bas ii-Eir-rit-J-7-6

Agents City U00or
0 'by L KID

Sana Crook Basin .ry
Lalle

L:.G orb

commerce City L dot$ ake

Irondals Gulch Basin a

L

Manthello

Figure 4.3-9 Prepared for.
SURFACE WATER DRAINAGE BASINS AT THE U.S. Army Program Manager's Office
ROCKY MOUNTAIN ARSENAL AND IN THE For Rocky Mountain Arsenal
OFFPOST OPERABLE UNIT

ESE. 1988 Aberdeen Proving Ground, Maryland

4-33



12/28/88

5.0 OFFPOST SEDIMENT CONDITIONS

The previous section provided an evaluation of the quality of surface water

in the Offpost Operable Unit and the potential pathways for RMA

contamination sources to offpost surface water. It was concluded that

offpost discharge of contaminated ground water to First Creek was the

primary pathway for contamination to offpost surface water. Organic target

contaminants were also observed sporadically in samples collected onpost

from First Creek at the North Boundary station, and, thus, the poterftial for

contaminated First Creek water flowing offpost exists. Heavy metals such as

arsenic, cadmium, chromium, copper, and lead were also observed in samples

from First Creek.

Sorption of contaminants by sediments and subsequent desorption are

particularly important processes in surface water systems such as those

found at RMA. Organic matter associated with lake or stream sediment

strongly sorbs organic solutes such as dieldrin, while clay and fine-

grained silt particles tend to sorb trace metals such as lead. As a result,

contaminants are often found in sediments when concentrations of the same

contaminant can not be detected in the overlying water column. Sorption is

ordinarily a reversible process, however, and can represent a continuous and

persistent source of contaminants to the overlying water.

Once sorbed onto sediments, contaminants can move downstream in one of two

ways. The first mechanism is a consequence of the reversible nature of the

sorption-desorption process. Contaminants are removed from the water column

by sorption, later desorbed back into the water, and moved some distance

downstream by the flow of the stream. The contaminant is then sorbed again,

and the process is continued downstream. The amount of time required to

move a contaminant downstream is a function of the strength of sorption,

hydraulic characteristics of the stream, and the chemical characteristic of

the stream bed.

The second mechanism for movement of sorbed contaminants downstream is

through mass movement of the sediment particles themselves, a function in
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part, of the size of the particles and the velocity of the stream.

Dissolved constituents with either high volatility or high solubility tend

not to be sorbed onto sediments. Volatile contaminants tend to be lost

rapidly from warm, well-aerated surface waters unless they are strongly

sorbed to colloidal or particulate matter in the water. Chemicals with low

volatilities and high water solubilities, such as chloride, are easily

transported downstream with minimal sorption.

The physical environment also influences the occurrence of contaminants in

sediments. Turbulence in streams generally keeps the finest, most

contaminated.particles in suspension, allowing transport. When stream

waters enter the relatively quiescent environment of a lake, these particles

can settle to the bottom and create an area of high contaminant

concentration relative to those found upstream in the main stream channel or

in the coarser deltaic deposits of the lake.

For many contaminants in a surface water environment, sediment burial is

their ultimate fate. Environmentally, this is significant because benthic

dwelling organisms may mobilize these contaminants into the food chain.

Several of the contaminants identified in samples from First Creek and other

offpost surface waters can be expected to be sorbed by organic and

particulate matter in the underlying sediments.

5 -1

5.1.1 ANALYTICAL SCHEDULE

Realizing that some RMA contaminants were not readily sorbed onto surface

water sediments, the list of analytes evaluated in this study did not

include all RMA target analytes. To aid in selecting an appropriate

analytical suite, a plot of the logarithm of Henry's Law Constant versus the

logarithm of the partition coefficient (Kd) for RMA target analytes. as

shown in Figure 5.1-1, was used. The vertical axis of the plot represents

the chemicals' volatility and the horizontal axis indicates how strongly the

contaminants sorb to soils and sediments. By examining the plot, different

behavioral groups were distinguished. Chemicals such as trichloroethylene
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and benzene, which plot toward the top of the chart, are the most volatile

and will not be strongly sorbed onto sediments. Those to the left of the

chart are more soluble, poorly sorbed, and are easily transported by water.

The chemicals to the lower right of the chart, such as dieldrin and heavy

metals, are strongly sorbed to sediments and exhibit negligible volatility.

The analytes selected for study in the Offpost Operable Unit were those that

are non-volatile and strongly sorbed or are attributable to RMA and were

noted in ground water and/or surface water offpost. The analytical suite

chosen included: organochlorine pesticides, DBCP, DIMP, organosulfur

compounds, ICAP metals, arsenic, and mercury. ICAP metals, mercury,

arsenic, and organochlorine pesticides are strongly sorbed. The

organosulfur compounds (oxathiane, dithiane, CPMS, CPMSO, CPMS02), DIMP, and

DBCP are attributable to RMA and were noted in offpost ground water and/or

surface water. In addition to the above parameterst organic carbon content

was included because it is the major accumulative phase for organic

chemicals.

5.1.2 RESULTS OF PREVIOUS SEDIMENT STUDY

Offpost sediment sampling was performed at the sites shown in Figure 5.1-2

during April 1986. Analyses were performed for a suite of target organic

and inorganic analytes. The constituents analyzed and their corresponding

CRLs are listed in Table 5.1-1. Results of the analytical program were

reported in the Offpost CAR (ESE, 1987a, RIC#87202ROl).

None of the samples collected exhibited organic contaminant concentrations

exceeding the CRLs. However, several of the samples exhibited metal

concentrations exceeding CRLs. The metals concentrations observed at the

different sampling locations are summarized in Table 5.1-2. The highest

metal concentrations were generally observed in the sediment samples from

Barr Lake. The results of the analysis of metals in offpost sediment

samples are presented briefly below.

The highest cadmium concentration, 6.47 ug/g, was observed in the sample

from Barr Lake (22CAA). Cadmium was also observed at a concentration of
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Table 5.1-1. Analyte Schedule and Certified Reporting Limits for Sediment

Analyses Performed For Offpost Contamination Assessment

Report. (Page 1 of 2)

----------

Certified

Analytes/Methods Reporting Limit (ug/g)

1,1-Dichloroethane (11DCLE) 0.300

1,2-Dichloroethane (12DCLE) 0.300

1,1ý1-Trichloroethane (111TCE) 0.300

1,1,2-Trichloroethane (112TCE) 0.300

Benzene 0.300

Bicycloheptadiene 0.300

Carbon tetrachloride 0.300

Chlorobenzene 0.300

Chloroform 0.300

Dibromochloropropane (DBCP) 0.300

Dicyclopentadiene (DCPD) 0.300

Dimethyldisulfide 0.300

Ethylbenzene 0.300

m-Xylene 0.300

Methylene chloride 0.300

Methylisobutyl ketone (MIBK) 0.300

o,p-Xylene 0.500

Tetrachloroethylene (TCLEE) 0.300

Toluene 0.300

Trans 1,2-dichloroethene (12DCE) 0.300

Trichloroethylene (TRCLE) 0.300

Semiyola.tile-Drganir.-ComRQundaLGCMS
1,4-Oxathiane 0.300

2,2-Bis (para-chlorophenyl)-1,1-dichloroethane 0.400

2,2-Bis (para-chlorophenyl)-1,1,1-trichloroethane 0.300

Aldrin 0.900

Atrazine 0.700

Chlordane 1.00

Chlorophenylmethyl sulfide (CPMS) 0.300

Chlorophenylmethyl sulfoxide (CPMSO) 0.400

Chlorophenylmethyl sulfone (CPM502) 0.300

Dibromochloropropane (DBCP) 0.300

Dicyclopentadiene (DCPD) 0.300

Dieldrin 0.300

Diisopropylmethyl phosphonate (DIMP) 0.500

Dimethylmethyl phosphonate (DMMP) 2.00

1,4-Dithiane 0.300

Endrin 0.700
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Table 5.1-1. Analyte Schedule and Certified Reporting Limits for Sediment
Analyses Performed For Offpost Contamination Assessment
Report. (Page 2 of 2)

Certified

Analytes/Methods Reporting Limit (ug/g)

Hexachlorocyclopentadiene 1.00

Isodrin 0.300

Malathion 0.600

Parathion 0.700

Supona 0.500

Vapona, 0.300

matalaLICAE
Cadmium 0.900

Chromium 7.20

Copper 4.80

Lead 17.0

Zinc 16.0

MelalsLAA
Arsenic 4.70

Mercury 0.05

Source: ESE, 1988.
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Table 5.1-2. Metal Concentrations in Offpost Sediment Samples From Offpost Contamination 
Assessment Report

SAMPLING LOCATIONS

OICDD IDCC 12AAB 07BAA 07ABB 06CBB 22CAA 33ABB 14BDD 13DCC 08ADD

Analyte

Cadmium <0.900 <0.900 1.42 2.15 <0.900 <0.900 <6.42 <0.900 <0.900 <0.900 <0.900

Chromium 0.20 7.20 20.3 23.9 27.1 24.5 106 20.5 10.2 11.2 9.7

Copper <4.80 <4.80 50.9 23.5 24.2 6.27 75.8 14.4 6.48 9.65 <4.80

Lead 28.9 <17.0 84.1 54.4 60.9 23.3 146 <17.0 25.1 24.0 <17.0

Zinc 29.6 32.6 206 166 98.7 71.7 492 77.2 39.6 43.1 43.9

Arsenic <4.70 <4.70 <4.70 <4.70 8.92 <4.70 <4.70 <4.70 <4.70 <4.70 <4.70

I n Mercury <0.05 <0.05 0.123 0.116 <0.05 0.05 <0.386 <0.05 <0.05 <0.05 <0.05

Source: ESE, 1987.
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2.15 ug/g in the sample from O'Brian Canal about 0.3 mile downstream of the

First Creek confluence (07BAA). Concentrations of cadmium in samples

collected upstream of RMA and from First Creek were less than the CRL of

0.900 ug/g.

The highest chromium concentration, 106 ug/g, was also observed in the

sample from Barr Lake (22CAA). Concentrations exceeding 20 ug/g were noted

in the samples from Second Creek (07ABB), Burlington Ditch (06CBB), O'Brian

Canal (07BAA), and the South Platte River (12AAB) downstream of RMA.-

Chromium concentrations in sediment samples collected upstream of RMA were

less than 10.0 ug/g. The highest chromium concentration in sediment samples

from First Creek was 11.2 ug/g.

The highest copper concentration, 75.8 ug/g, was observed in a sample from

Barr Lake (22CAA). A relatively high concentration of 50.9 ug/g was

observed in the downstream sample from the South Platte River (12AAB).

Sediment samples collected upstream of RMA exhibited copper concentrations

less than the CRL of 4.80 ug/g. Copper concentrations in samples from First

Creek were less than 10.0 ug/g.

The highest lead concentration, 146 ug/g, was observed in the sample from

Barr Lake (22CAA). Lead concentrations in sediments from Second Creek

(07ABB), Burlington Ditch (06CBB), and the South Platte River (12ABB)

downstream of RMA exceeded 50 ug/g. Lead concentrations in sediment samples

from First Creek were generally about 25 ug/g or less.

The highest zinc concentrations were observed in samples from Barr Lake

(22CAA) and downstream in the South Platte River (12ABB) at 492 ug/g and 206

ug/g, respectively. Zinc concentrations in samples collected upstream of

RMA were less than 50 ug/g. Concentrations in sediment samples from First

Creek were generally about 40 ug/g.

Arsenic was observed at a concentration exceeding the CRL only in the

offpost sediment sample from Second Creek (07ABB), where the concentration

was 8.92 ug/g.
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The highest mercury concentration, 0.386 ug/g, was observed in the sample

from Barr Lake (22CAA). Mercury was found in the downstream samples from

the South Platte River (12ABB) and O'Brian Canal (07BAA) at concentrations

of 0.123 ug/g and 0.116 ug/g, respectively. Mercury concentrations in all

the offpost sediment samples were less than 0.05 ug/g.

5.1.3 RESULTS OF PRESENT SEDIMENT STUDY

Results of the offpost sediment contamination study are tabulated in

Table 5.1-3. All concentrations are given in terms of weight of dry-

sediment. Five detectable concentrations of organic contaminants and 40

detectable concentrations of metals were observed in samples from nine

sites. The only organic analytes detected were the strongly sorbed

pesticides p,p'-DDT, p,p*-DDE, and dieldrin. Of the five detectable

concentrations, four were in O'Brian Canal and one was in First Creek. The

concentrations of p.p'-DDT, p,p'-DDE, and dieldrin upstream of the First

Creek confluence (OBClS), were all less than 0.010 ug/l. The concentration

of dieldrin in the sample from OBC3S was 0.003 ug/g. The detection of

dieldrin in sediments from First Creek immediately north of 96th Avenue was

0.006 ug/g (FCIS). No detections of organic contaminants specific only to

RMA in the Offpost Operable Unit were observed in any offpost sediment

sites.

Unlike organics, the detection of metals in sediments does not necessarily

signify contamination because metals are naturally occurring in the

environment. To attribute significance to metal concentrations requires

establishing natural or background values. A comparison of stream sediments

showed that in all cases, metal concentrations in First Creek sediments were

lower than concentrations in O'Brian Canal sediments by an average factor of

about three. Arsenic was not detected in sediments from any site.

A deep stratum (20-24 inches) of Barr Lake sediment collected at BLSC was

also analyzed for metals to determine if there were significant vertical

differences in metal content. This sample had the highest metal

concentrations for five of the six metals analyzed. Sediment accumulation

rates in Barr Lake are unknown, and a precise age can not be assigned to

this deeper stratum.
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Table 5.1-3. Sediment Analyses (April 14, 1988 Sampling) (up/g)

Site
Number HCPD Aldrin Isodrin P)PIDDE Dieldrin p,p'DDT CLDANE DMDS OXATH DITH CPMS

OBCIS <.003 <.018 <.001 .004 .003 .008 <.III <.692 <.856 <.571 <1.08HIS <.003 <.002 <.001 <.001 .006 <.002 <.III <.692 <.856 <.571 <1.08FC2S <.003 <.002 <.001 <.001 <.012 <.002 <.III <.692 <.856 <.571 <1.08OBC2S <.003 <.002 <.001 <.001 <.001 <.002 <.III <.692 <.856 <.571 <1.08OBC3S <.003 <.002 <.001 <.001 .003 <.002 <.III <.692 <.856 <.571 <1.08BLSE <.003 <.002 <.001 <.001 <.001 <.002 <.III <.692 <.856 <.571 <1.08BLSCl <.003 <.002 <.001 <.001 <.001 <.002 <.Ill <.692 <.856 <.571 <1.08BLSC2 NRQ NRQ NRQ NRQ NRQ NRQ NRQ NRQ NRQ NRQ NRQBLSW <.003 <.002 <.001 <.001 <.001 <.002 <.Ill <.692 <.856 <.571 <1.08FCL <.003 <.002 <.001 <.001 <.001 <.002 <.Ill <.692 <.856 <.571 <1.08FCL <.003 <.002 <.001 <.001 <.001 <.002 <.Ill <.692 <.856 <.571 <1.08
site

Ln
Number BTZ CPMSO CPMS02 Cd Cr Cu Pb Zn As Hg DBCP DIMP DMMP

OBCIS <1.08 <2-25 <2.87 1.91 43.2 34.3 131 200 <4.7 .564 <.005 <.114 <.133
FCIS <1.08 <2.25 <2.87 <.921 15.4 17.3 <16.8 66.1 <4.7 <.05 <.005 <.114 <.133FC2S <1.08 <2.25 <2.87 <.921 0.16 8.86 <16.8 43.1 <4-7 <.05 <.005 <.114 <.133OBC2S <1.08 <2.25 <2.87 <.921 26.5 22.9 40.8 144 <4.7 <.05 <.005 <.114 <.133OBC3S <1.08 <2.25 <2.87 1.27 28.1 21.7 46.1 162 <4.7 <.05 <.005 <.114 <.131BLSE <1.08 <2.25 <2.87 5.41 96.8 84.3 161 509 <4.7 <.05 <.005 <.114 <.133BLSCl <1.08 Q-25 <2.87 2.85 51.2 44.5 87.4 258 <4.7 .136 <.005 <.114 <.133BLSC2 NRQ NRQ NRQ 9.24 202 125 158 704 <4.7 1.84 NRQ NRQ NRQBLSW <1.08 Q-25 <2.87 5.64 114 89.6 169 490 <4.7 .252 <.005 <.571 <.108FCL <1.08 <2.25 <2.87 <.921 40.6 35 <16.8 145 <4.7 <.05 <.005 <.571 <.108FCL* <1.08 <2.25 <2.87 <.921 25 26.3 <16.8 101 <4.7 <-05 <.005 <.571 <.108

NRQ - Not Requested.
Duplicate sample.

Source: ESE, 1988.
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5.2 SEDIMEHI-CMAMIUAlIM-EAMAYS

There are several potential sources and pathways for sediment contamination

in the Offpost Operable Unit. Surface waters can introduce contaminants to

sediments either by transport of contaminated particles or by transport of

dissolved contaminants that may sorb to a stronger sorbent than exists

upstream. Contaminated particles may be introduced to stream water during

storms that erode contaminated soil particles or resuspend already

contaminated sediments, which may then be deposited in stream channels or

lake bottoms. An evaluation of source areas within the onpost portion of

the First Creek drainage indicated that potential for erosion of

contaminated soil particles exists with subsequent movement directly to

First Creek. Contaminants may enter First Creek by this mechanism primarily

from three potential source areas. These are:

" the Toxic Storage Yard%

" the Sewage Treatment Plant; and

" the North Plants.

Contaminated soils from the Toxic Storage Yard may enter First Creek by

overland erosion. Potential contamination from North Plants and the Sewage

Treatment Plant may enter First Creek subsequent to storm events which

resuspend contaminated sediments in drainage ditches leading to First Creek.

However, it is not known if any of these possibilities has contributed to

sediment contamination along First Creek onpost.

Dissolved contaminants can enter the surface water environment by

essentially two mechanisms. First, contaminants can be leached from

contaminated soils during storm events. Secondly, contaminants can be

discharged to surface water from ground water. In the latter case,

contaminant transport primarily involves dissolved chemicals that are weakly

sorbed. However, because stream sediments usually have higher organic

carbon contents than aquifers, the sediments may retain some of the

contaminants. For this to be a significant mechanism, the ground-water

surface elevation must be higher than the water level in the stream. This

condition exists along the reach of First Creek in the offpost area north of

the RMA north boundary as discussed in Section 4.0. The potential for

contaminated ground water discharging to First Creek onpost is not well
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documented, but is a potential pathway as discussed in Section 4.0. Because

there are no surface water flow paths leading directly to the northwest from

RMA, and the bottom of O'Brian Canal and Burlington Ditch are above ground

water elevations in this area, no sample sites were included along either

canal in this area.

The high metal concentrations encountered in the deeper Barr Lake stratum

may be due to the past disposal of Denver wastewater sludge in the lake,

rather than by the mechanisms discussed above. Wastewater sludge is-known

to contain high concentrations of metals. Representative average and range

of metal concentrations in sludge is provided in Table 5.2-1. No values

were available for arsenic or mercury.

5.3 CQNr-LUSIQNS

Natural concentrations of metals in fresh water sediments varied with

sediment characteristics as well as watershed geology. The average and

range of values for metals concentrations in uncontaminated fresh water

sediments is provided in Table 5.3-1. The detection limit for cadmium (0-92

mg/kg) is above the natural concentration range, so little can be said about

those samples with values below the CRL.

With the exception of arsenic, the metals concentration in Barr Lake

sediments exceeded the average and upper range of values found in typical

uncontaminated sediments as characterized by Table 5.3-1. Concentrations in

First Creek sediments were below the average of naturally occurring metals

except for zinc. Zinc concentrations were slightly above average but within

the range of natural concentrations. O'Brian Canal sediments exceeded

average natural values for cadmium, lead, zinc, and, for one sample,

mercury. The O'Brian Canal site with the highest metal concentrations was

upstream of the First Creek confluence.

Although sediment samples were collected and analyzed from offpost sites in

the Offpost CAR and no target organic analytes were detected at any of the
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Table 5.2-1. Representative Metals Concentrations in wastewater Sludge

(ug/g).

------------------ ---------------------------

Metal Average Range

Cadmium NA <1,500

Chromium 250 40 - 8,800

Copper 800 200 - 8,000

Lead 700 120 - 3,"000

Zinc 3,000 700 - 49,000

-- ------- - ---- - - -- - ---------------- --

N/A - Not Applicable.

Source: Leeper, 1978
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Table 5.3-1. Metal Concentrations Commonly Found in Uncontaminated Fresh

Water Sediments (ug metal/gm dry sediment).

---- - ---- -- - ------

Metal Average Range

------ - ---- - ---

Cadmium 0.17 0.1-0.3

Chromium 72 10-90

Copper 33 5-40

Lead 19 2-50'

Zinc 95 20-165

Arsenic 7.7 1-15

Mercury 0.19 0.1-0.5

Sources: Bowen (1979), Kabata-Pendias and Pendias (1984), and Moore (1984).
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sites, improved analytical methods have lowered the CRLs, resulting in the

detection of previously undetectable organic contaminants.

With respect to the metals, however, the results of the current study and

those of the previous study were very similar for the sites that were common

to both studies. The average metal concentrations at the three Barr Lake

sites in the current study are lower by an average of 20 percent. This does

not include the data for the deep stratum and may be due, in part, to

difference in sampling technique (i.e., corer versus dredge). Metal-

concentrations in First Creek were generally slightly higher than in the

previous study except for lead, where lower concentrations were observed.

The higher values are due in part to the collection of smaller particle

sizes, and the decrease in lead may be due to reduced leaded gasoline use.

The site on O'Brian Canal that remained the same was 07BAA (OBC2S). Except

for cadmium and mercury, which were not detected in the current study, the

other metal concentrations were very similar, differing by a maximum of 24

percent.

For organic contaminants, the results are much the same for both studies

except for the five detections of p,p'-DDT, p,p'-DDE, and dieldrin in

O'Brian Canal and First Creek. The detection of dieldrin in First Creek at

0.006 ug/g suggests that First Creek may be a source of contamination to

O'Brian Canal. However, the lack of detectable concentrations in First

Creek downstream of this site suggests that First Creek is not a significant

source. Three of the four pesticides detected in O'Brian Canal were present

upstream of its confluence with First Creek. This suggests there is another

source contributing contaminants from upstream. Because there are no known

flow paths from RMA to O'Brian Canal upstream of OBC1S except during extreme

storm events, it is likely that some other source exists.
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6.0 AIR QUALITY CONDITIONS

Characterization of air quality in the area north of RMA was based upon an

evaluation of data collected on or near the Offpost Operable Unit, and by

simulation of contaminant migration from potential sources on RMA. Offpost

air quality has been monitored by EPA and CDH, and onpost air quality has

been monitored by the Army. This section presents air quality data and

discusses conditions in the Offpost Operable Unit, as well as evaluates the

significance of airborne contaminants relative to Federal and State

standards and guidelines.

6-1 r-RIIER.IA-AlEBQRUE-P-QLLUIANIS

Criteria airborne pollutants include particulates (TSP and PM-10), CO, NOX,

SOx, 03, and Pb- All of these contaminants have either been monitored

onpost and/or offpost of RMA. In general, the urban environmental setting

in the Denver metropolitan area has experienced deterioration of air quality

over recent years. Regional air quality in the vicinity of RMA is

summarized in Table 6.1-1. This table shows that the region is not in

compliance with EPA NAAQS for three of the six criteria pollutants: TSP;

CO; and 03-

Onsite sampling for TSP and PM-10 during 1986 and 1987 indicated that air

quality for these contaminants was well within Federal guidelines. For TSP,

the average annual concentration at the north and northwest boundary was

approximately 40 micrograms per cubic meter (ug/m3) as compared to the

secondary TSP standard of 60 ug/m3. For PM-10, the average annual

concentration northwest of RMA was a-pproximately 30 ug/m3 compared to an

annual secondary standard of 50 ug/d'*;ý There was no site-specific TSP or

PM-10 data in the Offpost Operable Unit.ý. However, based upon the low onpost

concentrations, RMA does not appear to be a source of particulates in the

Offpost Operabie Unit.

Recent data indicate that CO and 03 may exceed the NAAQS in the Offpost

Operable Unit. Although there is no RMA site specific data, RMA is not

suspected of being a source of CO and 03 in the Offpost Operable Unit.
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TaSle 6.1-1. Sumviry of Air qaalit7y Pjjr.mters in the vicinity of the Rocky Mountain Arsenal.

Critýria Pollutant

Particulate as

Total ýuqperJM GITI)m Nitr(v,,,n S..l fur

Part icilate Kýimidp Ovme Ni,l"q Dinxide 1P.1d

Site (prm) (pr.) (pr.) (prin) (lip /.l)

Natimil AH,i,,vat Air (Annual Genaýtric Mean) (8-Hc-ir) (Ann.ml Arithw.tic Wmn) (Amami AT-itlvwtic Menn) (Calerb4ar Oýirter)

Qnlitv Stmalards

(prima-0 75 9 0.12 0.051 O.n3 1.5

60 N/A N/A N/A 0.5 N/A

(34",r)

Northýiýt D,ýer* 83 12.8 0.162 0.027 0.006 0.2

(M, xi ý P)

Urban Denvýr* 89 21.6 0.132 0.047 0. FM n.175
(m xi . .)

HiFtnriwl Data Near kNA" 24-72 >9 N/A 0.075 0.10 0.11-0.26
(mxi.n)

N/A - Urit Aalvz,-I.
(141, i9kri.
Miýcpllaf-is air nxiitorinp. inwstigationit at RiA.
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6.2 MKIC-AIRBORNE-MLLUIAHIS,

Toxic airborne contaminants have been monitored at RMA since the 1960's,

with special interest in the Basin F area for volatile and semi-volatile

organic compounds (VOCs and SVOCs) and the Basin A area for metals.

Historical data at RMA have identified the organics and metals listed in

Tabled 6.2-1 and 6.2-2, respectively.

Recently, Task 18 at RMA sampled for organic contaminants at RMA near Basins

A and F. The Final Air Remedial Investigation Report (ESE, 1988) contains a

detailed discussion of the results of the monitoring program. In general,

very little airborne organic contamination was noted near Basin A. SVOCs

were identified at low concentrations near the boundary of Basin F at the

following levels:

0 Aldrin - 0.064 - 0.20 ug/m3l.

0 Dieldrin - 0.041 - 1.6 ug/m3Z

0 Endrin - 0.031 - 0.13 ug/m3*.

0 Isodrin - 0.038 ug/m3*

0 CPMSO - 0.026 - 0.065 ug/m3-, and

0 CPMS02 - 0.34 - 1.7 ug/m3.

Airborne contaminant levels are estimated at the north and northwest RMA

boundaries using Caussian Plume diffusion formulas (U.S. Atomic Energy

Commission, 1968). The formulas consider the source strength, source

height, and distance to receptors, as well as atmospheric conditions such as

vertical, horizontal, and lateral diffusion, atmospheric stability and wind

speed according to the following relationship:

where: X = the time weiihted concentrations at the boundary
(grams/meter )

Q' = source strength (grams/second)

y = horizontal dispersion coefficient, meters W

z = vertical dispersion coefficient W
U = mean wind speed

y = the distance from the center of the plume at the

boundary
h = the height of the source

6-3



j _U . L i Utim v 10 -) . - - ý . I

05/17/88

Table 6.2-1. Airborne Organic Compounds at Rocky Mountain Arsenal (Page I of 5)

Amount Dates

Contaminant or Range Sampled References

Acetaldehyde 0.08-0.66 ljg/m3 10/78-11/78 RMA 094 0605-0610

Acetone Detected 12/76 RMA 120 2864 FL

0.16-3.51 pa/m3 10/78-11/78 RMA 094 0605-0610

Aldrin 17.2 pg/g 9/77 RMA 019 1760F

6.7xlo-6-0.021 pg/m3 9/80-12/80 RIC#81293RO4

ND-1.03 pg/m3 6/82-8/82 RIC#83192RO2

Azomethane 0.09 pg/m3 11/78 RMA 094 0605-0610

Benzaldehyde 1.31-3.58 Ug/m3 10/78-11/78 RMA 094 0605-0610

Detected 11/80 RIC#85213RO3

Benzene 0.55-2.52 pg/m3 10/78-11/78 RMA 094 0605-0610

Detected 1/81 RAA 012 0055-0057

Benzonitrile 0.02-0.10 pg/m3 6/82-8/82 RIC#83192RO2

n-Butane 0.17-0.95 pg/m3 10/78-11/78 RMA 094 0605-0610

Chloroform 8.07 pg/m3 10/78 RMA 094 0605-0610

Detected 1/81 RAA 012 0055-0057

Chloromethyl sulfonyl 0.003-27 pg/m3 6/82-8/82 RIC#83192RO2

benzene

Chlorophenyl methyl 0.9-29 Pg/g 9/77 RMA 019 1760F

sulfate

Dichlorobenzonitrile ND-0.2 pg/m3 6/82-8/82 RIC#83192RO2

Dichlorodiphenyldichloro- <0.002 pg/g .9/77 RMA 019 1760F

ethylene (DDE)

Dichlorodiphenytrichloro- <0.002 pg/g 9/77 RMA 019 1760F

ethane (DDT)

1,1-Dichloroethane 3.45 pg/m3 10/78 RMA 094 0605-0610

1,2-Dichloroethane 0.49-3.03 pg/m3 10/78 RMA 094 0605-0610

Dichloromethane 5.18 pg/m3 10/78 RMA 094 0605-0610

Dicyclopentadiene (DCPD) Identified 12/76 RMA 120 2864FL

Detected 1/81 RAA 012 0055-0057

6-4



iuýlA-)9-0.1/DAK VEB

05/17/88

Table 6.2-1. Airborne Oraanic Compounds at Rocky Mountain Arsenal
(Continued, Page 2 of 5)

Amount Dates
Contaminant or Range* Sampled References

Dieldrin 88.4 PR/g 9/77 RMA 019 1760F
lxlo-5-0.1023 pg/m3 9/80-12/80 RIC# 81293RO4
ND-0.82 pg/m3 6/82-8/82 RIC#83192RO2

Diethyl ether Detected 1/81 RAA 012 0055-0057

Diisopropylmethyl phosphonate <0.1 pg/g 9/77 RMA 019 1760F
(DIMP)

N,N-Dimethyl acetamide Detected 11/80 RIC#85213RO3
(NNDMA) Detected 1/81 RAA 012 0055-0057

0.002-27 pg/m3 6/82-8/82 RIC#83192RO2

2,3-Dimethyloctane 0.03 11/78 RMA 094 0605-0610

Dimethyl disulfide (DMDS) ND-0.1 pg/m3 6/82-8/82 RIC#83192RO2

2,2-Dimethyl-3-ethylhexane 1.06 pg/m3 10/78 RMA 094 0605-0610

2,2-Dimethyl-4-ethylhexane 0.65 pg/m3 11/78 RMA 094 0605-0610

N,N-Dimethyl formamide 2.90 pg/m3 10/78 RMA 094 0605-0610

2,4-Dimethyl heptane 2.85 pg/m3 11/78 RMA 094 0605-0610

3,4-Dimethyl heptane 1.85 pg/m3 11/78 RMA 094 0605-0610

3,4-Dimethyl hexane 2.39-4.04 pg/m3 11/78 RMA 094 0605-0610

3,3-Dimethyl hexane 1.11 pg/m3 11/78 RMA 094 0605-0610

1 , 1 -D ime thy I hydrazine ND-92 ppm 6/80 RIC#85247RO7

Dimethylmethyl phosphonate Detected 11/80 RIC#85213RO3
(DMMP) Detected 1/81 RAA 012 0055-0057

ND-260 pg/m3 6/82-8/82 RIC#83192RO2

Dimethyl pentane 3.75 pg/m3 11/78 RMA 094 0605-0610

Dipropyl amine ND 6/82-8/82 RIC#83192RO2

Dithiane 0.09 Pg/g 9/77 RMA 019 1760F
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Table 6.2-1. Airborne Organic Compounds at Rocky Mountain Arsenal
(Continued, Page 3 of 5)

Amount Dates
Contaminant or Range* Sampled References

Endrin 2.3 jig/ 9/77 RMA 019 1760F

1.7X10-9-0.0286 pg/m3 9/80-12/80 RIC#81293RO4

ND-0.39 pg/m3 6/82-8/82 RIC#83192RO2

2,3-Epoxybutane 0.27-0.36 pg/m3 11/78 RMA 094 0605-0610

Ethanol 0.01-0.09 pg/m3 10/78 RMA"094 0605-0610

Ethylbenzene 1.83 pg/m3 10/78 RMA 094 0605-0610

Detected 1/81 RAA 012 0055-0057

1-Fluoroheptane 3.90 pg/m3 11/78 RMA 094 0605-0610

Formaldehyde dimethyl 41.48 pg/m3 10/78 RMA 094 0605-0610

hydrazone

n-Heptane 1.36-2.73 pg/m3 10/78-11/78 RMA 094 0605-0610

Hexachlorobicyclohepta- ND-2 pg/m3 6/82-8/82 RIC#83192RO2
diene (HCBCH)

Hexachlorobutadiene (HCB) ND-0.3 pg/m3 6/82-8/82 RIC#83192RO2

Hexane 0.57-4.85 jjg/m3 10/78-11/78 RMA 094 0605-0610

Detected 1/81 RAA 012 0055-0057

Hexanol Detected 1/81 RAA 012 0055-0057

3-Hexanone 2.06 pg/m3 10/78 RMA 094 0605-0610

Hydrazine ND-0-92 ppm. 6/80 RIC#83192RO2

Isocyanomethane (ICM) ND-2 pg/m3 6/82-8/82 RIC#83192RO2

Isodrin 5.9 pg/g 9/77 RMA 019 1760F

Isopropyl benzene 3.47 pg/m3 11/78 RMA 094 0605-0610

Methanol 0.34 pg/m3 10/78 RMA 094 0605-0610

2-Methylbutane 0.28-0.47 pg/m3 10/78-11/78 RMA 094 0605-0610

Methyl cyanide 0.09 pg/m3 10/78 RMA 094 0605-0610

Methylene chloride Detected 12/76 RMA 120 2864FL
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Table 6.2-1. Airborne Organic Compounds at Rocky Mountain Arsenal

(Continued, Page 4 of 5)

Amount Dates

Contaminant or Range Sampled References

2-Methyl-4-ethyl 1.56 jjg/m3 10/78 RMA 094 0605-0610

benzene

1-Methyl-4-ethyl 0.71 pg/m3 11/78 RMA 094 0605-0610

benzene

2-Methylheptane 2.94 pg/m3 10/78 RMA 094 0605-0610

3-Methylhexane 1.31-4.22 pg/m3 10/78-11/78 RMA 094 0605-0610

2-Methylpentane 0.26-1.75 pg/m3 10/78-11/78 RMA 094 0605-0610

3-Methylpentane 1.11 pg/m3 10/78 RMA 094 0605-0610

2-Methyl-l-pentanol 0.29 pg/m3 11/78 RMA 094 0605-0610

2-Methyl-l-pentene 0.20 pg/m3 11/78 RMA 094 0605-0610

2-Methylpropane 0.08-0.17 pg/m3 10/78-11/78 RMA 094 0605-0610

2-Methylpropene No Data Available 10/78-11/78 RMA 094 0605-0610

N-Nitrosodimethylamine 0.87-34.71 pg/m3 10/78-11/78 RMA 094 0605-0610

(NDMA) <0.17-24.2 pg/m3 6/80 RIC#85247RO7

n-Nonane 0.65 pg/m3 11/78 RMA 094 0605-0610

n-Octane 1.49-4.11 pg/m3 10/78-11/78 RMA 094 0605-0610

Oxathiane <0.05 Vg/g 9/77 RMA 091 1760F

n-Pentane 0.12-3.95 pg/m3 10/78-11/78 RMA 094 0605-0610

2-Pentanone 0.41 pg/m3 11/78 RMA 094 0605-0610

2-Propylheptanol 2.15 pg/m3 11/78 RMA 094 0605-0610

Toluene 1.73-14.64 pg/m3 10/78-11/78 RMA 094 0605-0610

Detected 11/80 RIC#85213RO3

Detected 1/81 RAA 012 0055-0057

Trichlorobenzene 0.82-1.19 jjg/m3 10/78-11/78 RMA 094 0605-0610

Trichloroethylene (TRCLE) 0.64-1.75 pg/m3 10/78-11/78 RMA 094 0605-0610
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Table 6.2-1. Airborne Organic Compounds at Rocky Mountain Arsenal

(Continued, Page 5 of 5)

Amount Dates

Contaminant or Range Sampled References

Trimethylbenzene Detected 1/81 RAA 012 0055-0057

Xylene 1.64-9.08 jjg/m3 10/78-11/78 RM A094 0605-0610

m-Xylene Detected 1/81 RAA 012 0055-0057

o-Xylene Detected 1/81 RAA 012 0055-0057

p-Xvlene Detected 1/81 RAA 012 0055-0057

pg/m3= micrograms per cubic meter

jjg/g = microgram per gram

ND Non-Detectable

ppm = parts per million

Source: ESE, 1988.

1-:27
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Table 6.2-2. Airborne Metals at the Rocky Mountain Arsenal

Arithmetic Amount Dates
Contaminant Mean * or Range Sampled References

Arsenic 0.004-0.005 pg/m3 0.004-0.018 pg/m3 4/80-9/80 RIC#81293RO4

Cadmium 0.005-0.007 pg/m3 0.004-0.036 pg/m3 4/80-9/80 RIC#81293RO4

Copper 0.030-0.16 pg/m3 0.01-1.241 pR/m3 4/80-9/80 RIC#81293RO4

Lead 0.131-0.260 11g/m3 0.080-0.624 pg/m3 4/80-9/80 RIC#81293RO4

Mercury 0.0002-0.0008 pg/m3 0.00007-0.0425 pg/m3 4/80-9/80 RIC#81293RO4

* pg/m3 = micrograms per cubic meter.

Source: ESE, 1988.
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The shortest distance to the RMA boundary from Basin F is approximately 1

mile or 1,600 m. Slightly stable conditions were assumed, which correspond

to a wind speed (U) of about 3 meters/second (m/s). For this condition, the

value of y and z from pages 102 and 103 of the U.S. Atomic Energy

Commission (1968) are approximately 90 and 20, respectively. The height of

the source was assumed to be 2 m and the distance from the center of the

plume assumed to be zero. This provides the most conservative estimate of

downwind concentrations.

The source strength was determined by taking a cross-section 2 m high and

250 m long above Basin F (corresponding to the portion of Basin F filled

with liquid during monitoring), multiplying by the wind speed U (3 m/s) and

the maximum dieldrin concentration (1-6 x 10-6 g/m3). The resulting source

strength is 2.4 x 10-3 gm/sec. The concentration X at the boundary was then

determined by substituting into equation 6-1. The resultant concentration

was estimated to be 1.4 x 10-7 or about 11.5 times less than the maximum

concentration at the Basin F boundary.

Also during Task 18, metals were sampled near Basin A as well as at the

perimeter of the RMA. Of special concern were metals results at the north

and northwest boundaries. The ranges of concentrations in individual

samples collected at the boundary were as follows:

" As - No detections;

" Cd - 0.003 0.017 ug/m3;

" Cr - 0.004 0.006 ug/m3;

" Cu - 0.064 0.204 ug/m3;

" Hg - No detections;

" Pb - 0.009-0-056 ug/m3; and

" Zn - 1.99 - 4.11 ug/m3.

6.3 CQUCLUSIQUS

Criteria pollutants in the Offpost Operable Unit exceed Federal and State

guidelines for TSP, CO, and 03- However, RMA does not appear to be a source

of these airborne contaminants. While there are not specific Federal and

State toxic air quality guidelines, onpost toxic air contaminants were found
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at very low concentrations and, therefore, offpost levels of these RMA

contaminants would have to be as low or lower than the onpost

concentrations. Even at these very low concentrations, odors may be noticed

in the Offpost Operable Unit should emissions increase onpost.
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7.0 BIOTA CONDITIONS

This section discusses the results of field studies conducted to determine

the home range of species identified at RMA that may be migrating to the

Offpost Operable Unit and that represent potential pathways for offpost

contaminant migration. Rationale for species selection are discussed in

Section 7.3. An evaluation of tissue sampling and analyses conducted onpost

over the past 2 years has also been conducted under the RMA Biota RI task to

allow for an assessment of the potential for contamination in onpost-biota

that might move to the Offpost Operable Unit. Definition of the nature and

extent of contamination for biota will come from application of criteria

developed in the draft Biota RI, and is addressed in the Offpost

Endangerment Assessment.

7. 1

7.1.1 RING-NECKED PHEASANTS

Fourteen ring-necked pheasants were equipped with transmitters, and home

range areas were determined for 11 of the birds (10 male, 1 female) during

the study (Table 7.1-1). Ten of the 11 transmitters utilized in home range

determinations were found located on the ground surface without any pheasant

parts. In some instances it was determined that the animals had lost the

transmitters, but in other cases the animals may have been killed and the

transmitters subsequently detached. Three transmitters were found in

association with pheasant remains, indicating probable death from natural

causes. No signal was detected from the remaining transmitter, suggesting

that either the transmitter failed to function or the pheasant had flown

beyond the one mile detection radius of the transmitter. The return of a

reward band from a pheasant shot several miles north of RMA supports the

latter possibility.

The three captured pheasants not utilized for home range determinations were

radio-collared, but the transmitters immediately came off of two birds and

radio contact was never established with the third. The number of locations

per bird appeared to influence home range estimates. Four pheasants with
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Table 7.1-1. Pheasant Home Range Estimates

Maximum

Animal Dates No. of Home Range Distance

Number Sex Monitored Locations Area(acres) Covered (mi) Comments

1 Male May 23, 1985- 12 11 0.29

June 6, 1985

2 Male May 30, 1985- 24 125 0.75 Transmitter foun(

Oct. 18, 1985 Oct. 18, 1985.

3 Male Aug. 7, 1985- 25 81 0.54 'Transmitter foun(

Nov. 1, 1985 Nov. 1, 1985.

4 Male Aug. 7, 1985- 29 242 1.00 Transmitter founc

Nov. 13, 1985 Nov. 13, 1985.

5 Male Aug. 10, 1985- 31 150 0.75

Nov. 20, 1985

6 Male Aue. 14, 1985- 34 275 1.37

Nov. 20, 1985

7 Male Aug. 10, 1985- 19 41 0.40 Transmitter found

Oct. 16, 1985 Oct. 16, 1985.

8 Male Aug. 12, 1985- 31 278 0.95 Transmitter found

Nov. 13, 1985 Nov. 13, 1985.

9 Female Aug. 7, 1985- 18 84 0.56 Transmitter founc

Oct. 18, 1985 Oct. 18, 1985.

10 Male Aug. 10, 1985- 15 45 0.44 Transmitter foun(

Oct. 18, 1985 Oct. 19, 1985.

17 Male Aug. 15, 1985- 56 101 0.63 Transmitter foun(

Jan. 13, 1986 Jan. 13, 1986.

Source: ESE, 1988.
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less than 20 locations each had an average home range of 45.3 ac (range

11-84 ac), whereas seven birds with a minimum of 20 locations each had an

average home range of 179 ac (Range 81-278 ac) (Figure 7.1-1).

One pheasant had over 50 percent of its locations on private land north of

RMA. Its transmitter was subsequently found in a wheat stubble field about

0.5 mi north of RMA. Several times in the fall consecutive locations for

this pheasant were on either side of the RMA boundary. A local hunter who

returned a leg band claimed he had killed a pheasant in an agricultural area

east of Brighton, Colorado (Section 13, T66W, RlS), about 7.5 mi northeast

of the RMA boundary. In addition, four undamaged collars were found on the

ground at RMA, suggesting that some birds could have flown offpost and not

been detected.

Pheasants were occasionally observed flying to and from RMA along the

northern perimeter, and hunters were observed near the northern boundary in

November. These sightings were reported by drillers and technicians working

in the Offpost Operable Unit, but were not documeted in field logs.

Pheasant monitoring ceased when the last functional transmitter and pheasant

remains were located approximately 0.5 mi northeast of the bird*s home

range. Although the number of pheasants equipped with transmitters

decreased from fall to winter, the data obtained provided relevant

information on their seasonal movements consistent with published

information and casual observations.

No seasonal movement pattern was apparent upon examination of fall and

winter areas of use for the one pheasant for which data were available. The

greatest distance traversed for all pheasants monitored averaged 0.70 mi

(range 0.29-1.4 mi). For pheasants with greater than 20 observations, the

average was 0.86 mi (range 0.54-1.4 mi). Maximum distance traversed could

not be compared between seasons because only one pheasant was monitored in

winter.
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7.1.2 DESERT COTTONTAIL RABBITS

Twenty-six desert cottontail rabbits were captured during all seasons and

marked with ear tags. Sixteen of them received collar-mounted transmitters.

During the course of field monitoring, contact was completely lost with four

transmitters. Three transmitters were traced to below-ground locations

where the collars had either been lost or the animals had died. Four

functioning collars were found associated with rabbit remains, indicating

that the animals had died with the collars on. Two transmitters were near

the pistol range in Section 19, and two were in recently plowed areas of

Section 23, suggesting death due to human causes. Three additional

transmitters, were found in grassy areas, one in association with a rabbit

carcass. The two remaining transmitters were functioning on live rabbits at

the termination of field studies in January 1986. Of the 16 rabbits fitted

with transmitters, seven were monitored for home range determination.

Transmitters and animals were lost throughout the investigation. Some

transmitters lost early in the study were re-located and placed on new

animals in an attempt to maintain a sample size of ten or more. This was

not possible in all cases because of lost signals and buried transmitters.

The fate of all animals equipped with transmitters throughout the study is

presented in Table 7.1-2.

Home range size averaged 6.5 ac (range 2.3-12.6 ac). Night activity

patterns accounted for much of the area used. Although all rabbits

monitored were located onpost within 0.75 mi of the northern boundary, none

were detected offpost (Figure 7.1-2). However, other rabbits were observed

along the boundary fenceline and in the roadside ditch just outside RMA.

Potential home range estimates are presented in Table 7.1-3.

7.2

Results of this study indicated that some resident wildlife, ring-necked

pheasants, from RMA moved offpost into adjacent areas where they could be

hunted and subsequently consumed by humans. Although portions of the study

area were disturbed during this investigation and several study animals were

lost, the data obtained provide an objective and quantitative basis for

evaluating potential pathways of offpost contaminant movement.
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Table 7.1-2. Final Status of Animal and Transmitter (Page 1 of 3)

Location

Animal Date Time T R Sec Comments

Pheasant 1 67W 2S 22 Transmitter found in plowed

area, antenna bent.

Pheasant 2 Oct. 18, 1985 1205 67W 2S 23 Transmitter found on ground.

Pheasant 3 Nov. 1, 1985 0933 67W 2S 23 Transmitter found on ground

amid feathers, bones. Teeth

marks present on harness and

antenna.

Pheasant 4 Nov. 13, 1985 1430 67W 2S 23 Bird and collar found

beneath snow. Carcass not

chewed upon or decomposed.

Pheasant 5 Dec. 17, 1985 0952 67W 2S 23 Transmitter found beneath

snow. Acrylic cracked;

small teeth marks present on

harness, antenna.

Pheasant 6 Dec. 27, 1985 1320 67W 2S 13 Transmitter found in wheat

stubble field on private

land north of RMA.

Pheasant 7 Oct. 16, 1985 1430 66W 2S 30 Transmitter found in plowed

field.

Pheasant 8 Nov. 13, 1985 1025 67W 2S 23 Transmitter found on ground.

Jan. 22, 1986 1205 Leg band obtained from
hunter in Brighton,

Colorado.

Jan. 22, 1986 66W 1S 13 Location where bird was

reportedly shot.

Pheasant 9 Oct. 18, 1985 1230 67W 2S 23 Transmitter found on ground.

Pheasant 10 Oct. 18, 1985 1245 67W 2S 23 Transmitter found on ground.

Pheasant 11 Oct. 25, 1985 Status unknown, no signal

detected.

Pheasant 17 Jan. 131 1986 1617 66W 2S 19 Transmitter found on ground

amid feathers, bones.
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Table 7.1-2. Final Status of Animal and Transmitter (Continued, Page 2 of 3)

Location

Animal Date Time T R Sec Comments

Pheasant 18 Nov. 13, 1985 1420 67W 2S 23 Transmitter immediately came
off, found on ground.

Collar torn and enlarged.

Pheasant 19 Nov. 20, 1985 1731 67W 2S 23 Transmitter immediately came

off, found on ground.

Rabbit 2 Aug. 8, 1985 66W 2S 20 No signal heard after this

date, animal status unknown.

Rabbit 6 Aug. 22, 1985 Transmitter recovered.

Rabbit 7 Aug. 30, 1985 67W 2S 23 Transmitter found in plowed

field.

Rabbit 8 Oct. 7. 1985 67W 2S 23 Transmitter not recovered,

known home range plowed in

September.

Rabbit 9 Oct. 24, 1985 1435 67W 2S 23 Transmitter, partial carcass

found in plowed field.

11abbit 10 Jan. 17, 1986 1250 66W 2S 20 Animal alive, transmitter

functional.

Rabbit 11 Jan. 17, 1986 1310 66W 2S 20 Animal alive, transmitter

functional.

Rabbit 12 Jan. 8, 1986 1113 67W 2S 23 Transmitter located

underground, animal status

unknown.

Rabbit 14 Oct. 15, 1985 1750 66W 2S 19 Transmitter, partial carcass

found on shooting ranee.

Rabbit 15 Dec. 17, 1985 1245 66W 2S 20 No signal heard after this

date, animal status unknown.

Rabbit 16 Oct. 7, 1985 0820 66W 2S 20 No signal heard after this

date, animal status unknown.

Rabbit 23 Oct. 16, 1985 0630 66W 2S 19 Transmitter, partial carcass

found on shooting range.
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Table 7.1-2. Final Status of Animal and Transmitter (Continued. Page 3 of 3)

Location

Animal Date Time T R Sec Comments

Rabbit 25 Dec. 17, 1985 1049 66W 2S 19 Transmitter located

underground, animal status

unknown.

Rabbit 26 Nov. 20, 1985 1839 66W 2S 19 Transmitter, var ' tial carcass

found beneath snow. Collar

partially removed, I part

wedged in mouth behind

incisors.

Rabbit 27 Dec. 27ý 1985 1117 66W 2S 19 Transmitter found beneath

snow, antenna partially

stripped.

Rabbit 28 Nov. 11 , 1985 1157 66W 2S 19 Transmitter located

underground, animal stattis

unknown.

Source: ESE, 1988.
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Table 7.1-3. Cottontail Home Range Estimates

Maximum

Animal Dates No. of Home Range Distance

Number Monitored Locations Area(acres) Covered (mi) Comments

10 Aug. 9, 1985- 57 7.0 0.16

Jan. 17, 1986

11 Aug. 20, 1985- 62 12.6 0.24

Jan. 17, 1986

12 Aug. 26, 1985- 22 9.9 0.26

Nov. 20, 1985
15 Oct. 7, 1985- 23 2.8 0.13

Nov. 13, 1985

25 Oct. 31, 1985- 11 4.8 0.12

Nov. 20, 1985

26 Nov. 1, 1985- 11 6.0 0.17 Transmitter found

Nov. 20, 1985 Nov. 20, 1985

27 Nov. 4, 1985- 9 2.3 0.10

Nov. 20, 1985

Source: ESE, 1988.
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While only minimum home range and greatest distance moved estimates were

obtained, radiotelemetry data indicated that ring-necked pheasants moved up

to 1.4 mi and at least two of the 14 total individuals equipped with

radiotransmitters left RMA during the course of this study. The reward band

from one pheasant tagged on RMA during the summer was returned after the

pheasant was shot in an agricultural area 7.5 mi northeast of RMA. This

distance is within the range reported from locations in the Midwest

(MacMullan, 1954) and is probably valid. The loss of contact with some

pheasants may have been because they moved beyond the 1 to 2 mi range of the

transmitters used.

Both home range size and greatest distance traversed estimates continued to

increase with the number of observations (Table 7.1-1). This indicated that

either the number of observations was insufficient to provide an adequate

estimate of home range or, more likely, some seasonal shifts in home range

occurred, resulting in an expanded total home range for individual

pheasants. Shifts in seasonal home range could not be determined in a

short-term study such as this, particularly since there was a substantial

loss of monitored individuals. Habitat disturbance, loss of

radiotransmitters from some pheasants, predation, and hunting all

contributed to a reduction of pheasant numbers to levels that did not permit

an evaluation of seasonal home range movement. Only one pheasant retained a

radiotransmitter by the time of the winter survey, and this pheasant

succumbed by the end of the study in late January, 1986. Actual home

ranges/distance traversed was probably higher than the estimates obtained in

this study because pheasants were not monitored throughout their life (or

even a full year) and continuous readings on their movements were not taken.

Loss of some monitored individuals and transmitters early in the study

probably resulted in low estimates of the number of individuals that moved

offpost from RMA. In spite of such losses, these results remained within

the range of pheasant movements reported from other studies. Hanson and

Progulske (1973) obtained home range estimates of 89 ac for ring-necked

pheasants in South Dakota. This study, however, was conducted in an

agricultural area without the large unhunted and ungrazed habitats that

characterize the northern portion of RMA. Home range data indicate that
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ranges of these individuals could encompass offpost areas. During the fall,

many pheasants were observed flying from RMA during the morning.and

returning to RMA at night.

Home ranges and distances traversed data were determined to be large enough

to permit individuals exposed to onpost sites of known contamination to move

into offpost areas where they could be hunted. Several hunters were

observed in the offpost study area adjacent to RMA during fall surveys. The

home range size and movement of pheasants can be influenced by factors such

as habitat type (Figure 7.2-1), cover, food availability, weather, and

population density. The extent to which these factors affected pheasant

movements during the course of this investigation was not determined.

None of the 16 cottontails that were equipped with radiotransmitters during

this study were observed in the offpost areas. The small home range size

(mean 6.5 ac, range 2.3-12.6 ac) and short distance traversed (mean 0.17 mi,

range 0.10-0.26 mi) suggest that only individuals inhabiting the border of

RMA might move into the offpost environment. Although the sample size was

small, there was no evidence of seasonal movement from this study. Although

no comparable data exist for the desert cottontail in this region, the home

range size is within the range found for cottontails throughout the United

States (1.2-22.5 ac; Schwartz, 1941; Haugen, 1942). Results therefore

indicate that cottontails found adjacent to RMA in the offpost areas were

not likely to be exposed to sites of contamination that would make them a

threat to human hunters in the vicinity offpost of RMA.

7.3 EYALUAIIQU-QF-BIQIA-CQUIAtlINANI-EAIHWAYS

Ring-necked pheasant carcasses were obtained for analyses onpost and offpost

for control. Detectable levels of mercury, aldrin, endrin, and p,p'-DDE

were not observed in pheasant carcasses onpost, however, arsenic and

dieldrin were observed in onpost specimens. Dieldrin was less frequently

detected in offpost carcasses but the highest concentration of dieldrin at

18.6 was observed in an offpost control sample. This sample was apparently
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not associated with RMA as it was collected in Weld County. Arsenic

concentrations were similar in onpost and offpost samples. P,p'-DDE was

detected in one offpost sample at a concentration of 1.34 ug/g.

In addition to ring-necked pheasants and cottontail rabbits, several other

resident species were identified which could become contaminated at RMA and

migrate to the Offpost Operable Unit. Waterfowl such as mallards and red-

headed ducks may stay at RMA year-round or migrate short distances to the

South Platte River or Barr Lake during the year. Although these waterfowl

represent a potential for contaminant transport to offpost areas, the

populations Pf these species at RMA are relatively small compared to the

total population in the area. Because potentially contaminated individuals

would become interspersed with animals from uncontaminated offpost

locations, the potential for multiple exposures to ducks contaminated at RMA

and hunted in the area is small.

Mallard duck carcasses were obtained for analyses onpost and offpost for

control. Offpost and onpost samples exhibited detectable levels of mercury

and p,p'-DDE. Muscle and liver tissues were sampled because of the

potential for these tissues to be consumed by humans and because these

tissue levels could be related to adverse biological effects. Mercury

levels were similar for onpost and offpost samples and generally close to

the detection limit of 0.05 ug/g. The highest concentration of p,p'-DDE was

noted in an offpost sample at 1.02 ug/g. Dieldrin was below detectable

levels in offpost control samples but was observed in onpost specimens.

Samples of muscle and liver were collected from red-headed ducks onpost.

Contaminants were generally detected more frequently and at higher levels in

liver samples. Mercury, aldrin, dieldrin, endrin, and p,p'-DDE were

detected in liver samples. Dieldrin was the most frequently detected

organochlorine pesticide and the highest concentration was 0.747 ug/g.

Muscle samples exhibited detectable levels of mercury and dieldrin. The

highest dieldrin concentration in a muscle sample was 0.203 ug/g.
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Although a detailed study has not been performed to determine the home range

of mule deer at RMA, mule deer have been observed by ESE personnel crossing

the RMA boundaries. Thus, deer that are contaminated on RMA and hunted in

the offpost area represent a potential pathway for contamination to the

offpost area. Only 1 of the 14 deer sampled on RMA showed detectable levels

of dieldrin (0-281 ug/g in liver). This individual was collected between

Basin A and the South Plants near the center of RMA.

Contaminant levels were found in resident mobile species (e.g., phea-sant,

ducks, and deer). The ring-necked pheasant is the only species of concern

in this regard, because some individuals collected from areas of

contamination contain substantial levels of organochlorine pesticides and

this species has home range sizes in the region that permit them to move

offpost. However, data on seasonal movements and contaminant distribution

in RMA pheasants indicate only limited potential for offpost movement of

contaminated individuals. Although cottontails near sites of contamination

onpost were found to contain some RMA contaminants, home range data

collected as part of the Offpost Operable Unit RI indicate that cottontail

home ranges are too small to permit offpost movement of contaminated

individuals.

The potential hazards are discussed and quantified in the Offpost

Endangerment Assessment currently being prepared. Additional information on

tissue levels of RMA contaminants in onpost biota are presented in the Draft

Final Biota RI which will be available in early 1989.
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8.0 POTENTIAL CHEMICAL SPECIFIC ARARs

To support the EA and FS, potential chemical specific ARARs have been

identified for the Offpost Operable Unit and are listed in Appendix H.

Potential ARARs were identified for all target analytes that were detected

offpost in the most recent sampling events or were detected historically in

the Offpost Operable Unit. Also, in media for which onpost contamination

data are relevant to the offpost area (i.e., air and biota), chemical

specific ARARs have been identified for analytes that were detected -in these

media onpost. For each analyte, the media in which the contaminant was

'detected in is listed, and for each media of concern, all potential ARARs

are listed.
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9.0 CONCLUSIONS

Field investigations conducted over the last several years in the Offpost

Operable Unit have examined various media to evaluate the nature and extent

of contamination that has resulted from contaminant migration from RMA.

Consumptive Use Assessments (ESE, 1985; RIC#87016RO2, ESE, 1986b;

RIC#87016RO3, ESE, 1987f) and Contamination Assessments conducted since 1984

have indicated that ground water was the primary pathway for contaminant

migration to the offpost area. Thus, much of the most recent investigative

efforts focused on evaluating ground-water pathways and the nature and

extent of ground-water contamination. However, surface water, sedimentsi

air, and biota were assessed in this report to evaluate potential

contamination in these media and the extent to which these media may be

contaminant pathways from RMA to the Offpost Operable Unit. The ground

water and surface water data are considered sufficient to conduct an EA/FS

on these media. Additonal data collection for these mediaý particularly for

ground water downgradient of the NWBCS, will be outlined in a plan for a STI

and presented in preliminary design documents. However, additional

information regarding the evaluation of biota, sediments, soils, and

windblown dust will be provided in addenda to the RI report.

9.1 GROUND WATER

The ground-water investigations performed as part of the RI concentrated on the

area north of the RMA north boundary but did include the area northwest of RMA.

This was done because the area north of the RMA north boundary is downgradient of

the primary ground-water contaminant plumes onpost. Data collected under the RI

identified two general zones of alluvial contamination in this offpost area-

These zones generally correspond to two paleochannel features in the bedrock

surface. These two paleochannel features in the bedrock surface are referred to

as the First Creek and Northern pathways. Enhanced migration of contaminants

along the paleochannel features was attributed to the high hydraulic conductivity

and low sorptive capacity'..of relatively thick coarse basal saiids and grav els

within these features.

The available data indicate that much of the observed contamination north of RMA

migrated to the offpost area prior to installation of the NBCS. These data also
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indicate the NBCS has had a noticeable effect in lowering downgradient organic

contaminant concentrations. This was evidenced not only by lower contaminant

concentrations downgradient of the NBCS relative to upgradient contaminant

concentrations but also by general order of magnitude declines in contaminant

concentrations in historically monitored wells near the RMA North Boundary.

Recharge to the alluvial aquifer from irrigation canals both directly from

seepage and indirectly from irrigation appears to have had a marked

influence on ground-water contaminant concentrations in the area

downgradient of O'Brian Canal. Approximate estimates of recharge indicated

that an order of magnitude more flow is present in the alluvial aquifer near

O'Brian Canal than in areas upgradient of the canals and just north of the

RMA north boundary. This recharge is thought to be responsible for reduced

contaminant concentrations downgradient of the canals as compared to

concentrations observed upgradient of the canals and just north of the RMA

north boundary.

Contaminant migration off the northwest boundary has been restricted

primarily to dieldrin and chloroform. Currently, steps are being taken to

improve the operations of the NWBCS to provide for more efficient treatment

of chloroform. Additional data collection to support remedial design

downgradient of the northwest boundary will be outlined in a plan for a STI

and the results provided in preliminary design documents.

Because of the relatively slow average linear velocities in Denver Fm

sandstone units and the potential for downward vertical migration from the

alluvial aquifer, Denver Fm wells in the Offpost Operable Unit were located

in the area of known or suspected alluvial contamination. Contamination in

the Denver Fm generally exhibited a trend of decreasing contaminant

concentrations with depth. The highest contaminant concentrations in the

Denver Fm were generally observed in samples from wells completed within

sandy zones of the upper Denver Fm. These zones are in direct contact with

the base of the alluvium. Most of the organic contaminants observed in the

Denver Fm were generally present in the overlying alluvium nearby. Downward

gradients from the alluvium to the Denver Fm and relatively low lateral

velocities in the Denver Fm suggested that a component of vertical migration
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in the offpost area was present. Lateral migration of mobile contaminants

within the Denver Fm that move at a rate similar to that of ground water is

expected to be relatively slow as compared to the alluvial aquifer.

Benzene, chlorobenzene, and chloroform were detected routinely in samples

from Denver Fm wells offpost. Because these contaminants were also

frequently observed in upgradient Denver Fm wells, lateral migration of

these contaminants through the Denver Fm cannot be ruled out as a transport

mechanism.

Consumptive use studies performed by ESE during 1984 and 1985 (ESE, 1985,

RIC#87016RO2: ESE, 1986b, RIC#87016RO3) located only three Denver Fm

domestic use wells in the area north of the RMA boundary and upgradient of

O'Brian Canal. None of these wells exhibited organic contamination at

concentrations exceeding CRLs-

Organic contamination in the alluvial aquifer downgradient of the NWBCS was

generally characterized primarily by dieldrin and chloroform. Dieldrin

contamination appeared relatively unaffected by the presence and operation

of the NWBCS- This was attributed to dieldrin's low mobility in ground

water and the fact that the NWBCS has been in operation for only about 5

years. More mobile contaminants such as DBCP and DIMP, which have also

migrated toward the NWBCS, were generally not observed in offpost samples

collected downgradient of the NWBCS.

Chloroform contamination in the alluvial aquifer downgradient of the NWBCS

appeared to be due, at least in part, to chloroform breaking through the

carbon adsorption system at the NWBCS due to the present operation practices

being used. Samples collected from the influent and effluent of the NWBCS

during the fall of 1987 by ESE suggested that influent chloroforni

concentrations were passing through the system relatively unchanged.

Efforts are currently underway to modify the operatioiial procedures of the

NWBCS to alleviate chloroform break-through through the carboti system.

Contamination in the offpost area north of 80th Avenue was generally

restricted to sporadic detections of volatile organohalogens such as
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trichloroethylene. Several studies are currently underway to identify the

sources of these compounds to the south of the Offpost Operable Unit and to

evaluate trichloroethylene sources on the Western Tier of RMA. The presence

of DBCP, which historically extended into the offpost area north of 80th

Avenue, was not observed in the most recent sampling efforts indicating the

effectiveness of the ICS in preventing the offpost migration of this

contaminant.

9.2 SUREACE-WAIER-AUD-11EDIMEMIS

Surface water was examined in the Offpost Operable Unit by evaluating the

chemistry of quarterly samples collected from a network of sampling

locations upgradient of and in the Offpost Operable Unit. An evaluation of

surface runoff patterns and chemistry data collected since 1985 indicated

that First Creek was the primary pathway for surface water contaminant

migration to the Offpost Operable Unit. Further evaluation of chemistry and

ground-water level data along First Creek indicated that contamination was

primarily entering First Creek via infiltration of contaminated ground water

offpost. This was evidenced by zones along the offpost reach of First Creek

where the ground-water elevation was near or exceeded the base elevation of

the stream bottom. In addition, organic contamination was observed at the

sampling station at the confluence of First Creek and O'Brian Canal but not

at the upstream station at the RMA north boundary. Increased inorganic

contaminant concentrations were observed in First Creek samples collected

from to the O'Brian Canal Station versus the North Boundary Station. Also,

all of the contaminants observed in samples from First Creek offpost were

present in the ground water offpost in areas where infiltration to First

Creek was suspected.

Organic contaminants were only observed sporadically in samples collected

downstream of First Creek and at levels near the CRLs. However, no organic

contaminants were observed in more than one sample from Burlington Ditch,

O'Brian Canal, and Barr Lake. Lower and more sporadic detections of organic

contaminants downgradient of First Creek were primarily attributed to fate

processes, such as volatilization, and dilution from larger upstream flows

from O'Brian Canal. Observed organic contamination in samples from the
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upstream station on the South Platte River may be attributed to contaminated

flow from Sand Creek, which enters the South Platte River upstream.

Evaluation of surface water sediments contamination was conducted by

assessing analytical data from two sampling events. The first sampling and

analysis effort was conducted during April 1986. No organic compounds were

detected exceeding certified limits, although significantly lower CRLs were

used in the second sampling and analyses event. The highest levels of

metals were noted in samples from Barr Lake and with the exception of

arsenic, were considered to be above the levels typically found in fresh

water sediments. These relatively high metals concentrations may be

attributable to the past disposal of wastewater sludge in the lake.

The second round of sampling and analysis performed during April 1988 used

significantly lower CRLs in the chemical analyses. The results from nine

sampling locations showed five detections of organic contaminants. The only

organic analytes detected were the strongly sorbed pesticides p,p'-DDT,

p,p'-DDE, and dieldrin. Of the five detections, four were in O'Brian Canal

sediments and one in First Creek sediments. The only organic analyte

detected in First Creek sediments was dieldrin at a concentration of 0.006

ug/g from Site FClS, immediately north of 96th Avenue.

Metal concentrations in the second round of samples were comparable to the

levels observed in the April 1986 sampling. The highest levels of metals

were noted in Barr Lake from deep stratum sample (20 to 24 inches). Higher

levels in the deeper stratum sample may be attributable to past wastewater

sludge disposal in the lake.

Metal concentrations In First Creek sediment samples were considered to be

within the range of metals concentrations for fresh water sediments. The

single detection of dieldrin in First Creek sediments may be the result of

RMA contaminant migration, or may have originated from some other offpost

source. However, the samples from the impoundment along First Creek offpost

did not exhibit organic contamination. Because of the fine-grained

sediments in the offpost impoundment, it was initially surmised that
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contaminants from First Creek accumulated there. The fact that organic

contaminants were not observed in the impoundment suggested that the extent

of organically contaminated sediments along First Creek was not great.

9.3 AIR

The evaluation of air conditions in the Offpost Operable Unit were evaluated

by assessing onpost data for criteria pollutants and toxic airborne

contaminants. Because the criteria pollutants measured onpost were well

within Federal and State standards and guidelines for ambient air quality,

the offpost air quality does not appear to have been significantly affected

by RMA originating airborne contaminants. The onpost toxic air contaminants

were found to be at very low concentrations and, therefore, offpost levels

would be as low or lower than onpost concentrations.

9.4 BIQIA

Biota was examined as a potential pathway from RMA to the Offpost Operable

Unit by identifying species that could transport onpost contaminants by

migrating offpost. Several resident species, such as mallards and red-

headed ducks, have the potential for migrating offpost. However, because of

their relatively small populations at RMA, the chances for multiple exposure

to individuals hunted offpost were considered quite small. Although a

detailed study of the home range size for mule deer was not performed for

this study, mule deer have been observed crossing the RMA boundaries.

However, of fourteen deer collected for analysis onpost, only one of these

individuals showed contamination. This detection was of dieldrin (0-281

ug/g in liver). This individual was collected between Basin A and the South

Plants near the center of RMA.

Studies were performed during the RI to determine the home range size of

desert cottontail rabbits and ring-necked pheasants. These species were

chosen for investigation because their home range sizes aiid populations were

thought to be such that they could present the potential for multiple

exposures from individuals hunted in the Offpost Operable Unit. Although

cottontails near sites of onpost contamination were found to contain some
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RMA contaminants, home range data collected as part of the RI indicated that

cottontail home ranges were too small to permit offpost movement of

contaminated individuals. The species of greatest concern was the ring-

necked pheasant. This species was of concern because some individuals

collected from areas of onpost contamination contained substantial levels of

organochlorine pesticides. In addition, this species has home range sizes

in the region that permitted them to move offpost. However, data on

seasonal movements and contaminant distribution in RMA pheasants indicate

only limited potential for offpost movement of contaminated individuals.
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11.0 ACRONYMS AND ABBREVIATIONS

Army Department of the Army

As A sand zone - channel

Au A sand zone - upper

Am A sand zone - middle

Al A sand zone - lower

ac-ft acre-feet

ac-ft/mo acre-feet per month

ac-ft/yr acre-feet per year

ASTM American Society for Testing and Materials

CDH Colorado Department of Health

CF&I Colorado Fuel and Iron

cfs cubic feet per second

cm/sec centimeters per second

CO carbon monoxide

COE U.S. Army Corps of Engineers

COR Contracting Officer's Representative

Cos combined organosulfur compounds

CPMS chlorophenylmethyl sulfide

CPMSO chlorophenylmethyl sulfoxide

CPMS02 chlorophenylmethyl sulfone

CRL certified reporting limits

CSU Colorado State University

CSU-GWFlow Colorado State University Ground-Water Flow Model

CWP Composite Well Program

DATS Denver Air Toxics Study

DBCP Dibromochloropropane

11DCE 1,1-dichloroethylene

11DCLE 1,1-dichloroethane

12DCE trans-1,2-dichloroethylene

DCPD Dicyclopentadiene

DDT Dichlorodiphenyltrichloroethane

DIMP Diisopropylmethyl pho,§phonate

DMDS dimethyldisulfide

DMMP dimethylmethyl phosphonate
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EA Endangerment Assessment

EA Environmental Assessment

EPA U.S. Environmental Protection Agency

ESE Environmental Science and Engineering, Inc.

OF degrees Farenheit

FCP First Creek Paleochannel

Fm Formation

FRICO Farmer's Reservoir and Irrigation Company

FS Feasibility Study

ft feet

ft/day feet per day

ft/yr feet per year

ft3 cubic feet

FY87 Fiscal Year 1987

gal/ft2 gallons per square foot

GB Sarin (nerve agent)

GCIMS gas chromatography/mass spectrometry

gpd/ft gallons per day per foot

gpd/ft2 gallons per day per square foot

gpm gallons per minute

H Levinstein mustard

HCCPD hexachlorocyclopentadiene

HGU Hydrogeologic unit

ICAP inductively-coupled argon plasma

ICS Irondale Containment System

ID inside diameter

in/mo inches per month

iph inches per hour

K hydraulic conductivity

Kd partition coefficient

LA Lignite A

LB Lignite B

LC Lignite C

LD Lignite D

lbs/ft3 pounds per cubic foot

MCL maximum contaminant level
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mg/l milligrams per liter

mi miles

MIBK methylisobutyl ketone

MKE Morrison-Knudsen Engineers, Inc.

mm millimeter

mph miles per hour

msl mean sea level

NAAQS National Ambient Air Quality Standards

NBCS North Boundary Containment System

NBE north boundary east

NBTP North Boundary Treatment Plant

NBW north boundary west

NOX Nitrogen Oxides

NWBCS Northwest Boundary Containment System

NWBP Northwest Boundary Paleochannel

03 ozone

OAS Organizations and the State

OD outside diameter

PCE tetrachloroethene

PI plasticity index

PID photoionization detector

PM-10 particulate matter less than 10 microns in diameter

PMO-RMA U.S. Army Program Manager's Office-Rocky Mountain Arsenal

Contamination Cleanup

PMSO Program Manager Staff Office

p,p'-DDE p,p'-1,1-dichloro-2,2-bis(4-chlorophenyl)-ethylene

p,p*-DDT p,p'-dichlorodiphenyltrichloroethane

ppm parts per million

psi pounds per square inch

PVC polyvinyl chloride

RCI Resource Consultants, Inc.

RCRA Resource Conservation and Recovery Act

RI Remedial Investigation

RI/FS Remedial Investigation/Feasibility Study

RIC RMA Information Center

RMA Rocky Mountain Arsenal
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RMA-ED Rocky Mountain Arsenal Environmental Division

SACWSD South Adams County Water and Sanitation District

SCC Shell Chemical Company

SCS Soil Conservation Service

Shell Shell Chemical Company

SIA Stapleton International Airport

sox sulfur oxides

sq mi square mile(s)

SW/GW Surface Water/Cround Water

STP Sewage Treatment Plant

SVOC semivolatile organic compounds

SYA apparent specific yield

T transmissivity

TCE trichloroethlene

111TCE 1,1,1-trichloroethane

112TCE 1,1,2-trichloroethane

TCLEE tetrachloroethane

TRCLE trichloroethene

TSP total suspended particulates

lu number 1 upper sand

ug/g micrograms per gram

ug/l micrograms per liter

ug/m3 micrograms per cubic meter

USAEHA U.S. Environmental Hygiene Agency

USATHAMA U.S. Army Toxic and Hazardous Materials Agency

USCS Unified Soil Classification System

UTM Universal Transverse Mercator

VC volcaniclastic interval

VCE clay-rich stratigraphically equivalent zone to VC

VOC volatile organic compounds

WES U.S. Army Corps of Engineers Waterways Experiment Station

WRI Water Remedial Investigation

WWII World War Two
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ENVIRONMENTAL SCIENCE AND ENGINEERING, INC. PACE f OF
7 3 32 SOUTH ALTON WAY -SUITE H-I

ES E ENOLEWOOD . COLORAOO 00 1 1 2 -303/741-0639

WELL CONSTRUCTION SUMMARY

Borehole E34D Well 3-,f-3737&
Project Name and Location 3(r, 1-ji-i i k nsfn_&Aýý LAA -AX-Project Number C_ai I c)

Drilling Company 4ýuc/(2-A -Driller -- Rig Number

Drilling Method(s) n"o =I-?-

60
Borehole Diameter in. -cm. 3 3 ft. _ c m. to .55 ft. -C m.

7- in. - cm. ft. - cm. to '3 :3 -cm.

/S7Size(s) and types of Bit(s) -1 ed-e- b, f Sampling Method(s)

T /0 Date/Time Start Drilling cq-jfý

Size and Type PVC _,chkctv_(e_ LýO Date/Time Finish Drilling e:2 //C2(,e

Total Borehole Depth - 1ýa_ft. - cm. Date/Time Start Completion 2-

Depth to Bedrock "31 ftt - cm. Date/Time Cement Protective Casing &7./ý.'q jy,

Depth to Water &A ft. - cm. Materials Used

Water Level Determined By '1VX Plain PVC q;, L Yc' 6&f iýqx /Q x

ength Plain PVC (total) ft. - cm. Slotted PVC ZC2, 2ý2 &I C I x 10

-ength of Screen ft. _ cm. Bentonite Pellets

Total Length of Well Casing ft. - cm. Bentonite Granular

PVC Stick Up 7 ft. - cm. Cement

Depth to Bottom of Screen -5 ft. - cm. Sand

Depth to Top of Screen ý-103 ft. _ cm. Water added during completion

Depth to Top of Sand -3ý ft. - cm. water added during drilling

Depth to Top of Bentonite 7 'y:5__ ft. - cm. Total Gallons of water added

Drill Site Geologist J70aW A_ Date '2 2 Q

'M;V41'
Date/Time/Personnel Internal Mortar, Cement Pad, and Weep Hole Insta4' L,

Date/Time/Personnel Casing Painted ?"Lezec" (n,

Date/Time/Personnel Numbers Painted ýLsAfz dAb 4qq7__

Materials Used beqs 5,; c L -e le PL'y 1. f Y7
0 V If I

Top of Protective Casing to Top of PVC -- ft. - cm. COMNIENTINOTES

Top of Protective Casing to Weep Hole Zo #22- ft. - cm.

Top of Protective Casing to Internal Mortar ý2 ft. _ cm.

1'op of Protective Casing to Top ofComent Pad cm.

Tcp of Protective Casing to Ground Level c in

Reviewed Bv Aýý
ý/' - 61

Drill Site Geologist Date



Vý ftftV.ML)NMkN I AL A14LJ INC.
7 332 SOUTH ^LT ON W^-bUITE "-4 PAGE. OF
ENGLXWQOD. COLORADO 60 1 12 - 3031741-0639

Borehole: -c-, 5L4 Tý> Well: 1737(e
Z

u1 0-c Well Completion Descriotion

In

COA

T
1.70

IGourid Lpvel

/0

30-
TO() ýf to,4

19 TCP cF SA-40 R-AL<
LJO - wr oc- scFGz:tv

Drill Site Geologist Da e: 7 -- Z
Revie%%cd By LU&ý Da: c; C /10 JP -7



A00%, q1=W ENVIRONMENTAL SCIENCE AND rmNGINEERING. INC.
E ;= a 7332 SOUTH ALTON WAY -SUITE H-I PAGE OF

ENGLEWOOD, COLORADO 80 1 12 * 303/741-0639

COREHOLE SUMMARY LOG

Borehole well 3737ý,_
Project Name and Location _A1 641 Zn !ýImjl mb'ýa - ProiectNumber

DrillingCompany 60104--, -Driller 00'ek Rig Number

Drilling Method(s) !&'&W

Size(s) and type(s) of bit(s) I Ce SA

Borehole Diameter JZ;kf -in. -cm, - cm.to -ft. -cm.

'? 7/1-in. - cm. --- !! -Z-ft. - cm. to ft. -cm.

SamplingMethods C&3d+ý_dn6d cv-r!ý4

Total Number Soil Sampling Tubes 6:ý!e -

Total Number Core Boxes ae

Number of Gallons Lost Drilling Fluid 10

Date/Time Started Drilling

Date/Time Completed Drilling 'Z It 7_ 30

Total Borehold Depth ft. cm.

Depth to Bedrock ft, cm.

Depth to Water ft. cm.

Water Level Determined By? A 2k&t56a2;U4 -

Borehole Completed as Monitoring Well? ZVý

Date/Time Grouting Completed - _Z V9 .9

Depth of Tremmie Pipe

Gallons of Grout _3 0
Materials Used AoL:2S g!!ý _/ cgt4e,, C-Ml

Comments hO 4-0-

--- A=Z&"

Wellsite Geologist Date

Checked for Grout Settlement on ý/,Q VP 7
Amount of Grout Added

All Measurements from Ground Level

Reviewed by PIJ

Drill Site Geolo9stv__ Date
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f"WhOMPAtNTAL 6MENCE AND ENCINVERING. INC.
7332 SOUTt4 ALTON W^Y-sunf m-s PACE. 3 OF

"'-SEENGLEW10100. CMDRA00 80 112 - 303f741-0639Borehole- Well: -4:aEý 173'71
r# 0

i Well Completion DescriDtion

C,

Z.7

Mound Level

--YiT 7-op or-

-TA

A.7 7-,,* op SCfKCAJ

/0' L*IA TK r /c v 46

Co*K A-0

Drill Site Geologist: Date: Y z 7

Reviewed By: Date:



VIROMMIENT'AL 6406"CE ^940 ENGINCERS"O. INC- PAGE OF
32 SOUTH ALTON WAY -SUITIE H-6E !'"NELEWOOD. COLORADO 60 112 - 30W741-0630

WELL CONSTRUCTION SUMMARY

Borehole -Well x- - _K8*4

Project Name and Location ao-,en- V'1'r-4/-!;,_,r-ProiectNumbe
e.%_ --- Driller -- Rig Number

DrillingCompany 41/1, /S 7,-.7, -v.- r -

Driliing Method(s)

Borehole Diameter in. M. D ft. - cm. to -cm.
n. M. _ ft. _cm. to - cm.

Size(s) and types of Sit(s) Sampling Method(s) rZ111 I -el .1

Date/Time Start Drilling 1101109's-

Size and Type PVC Date/Time Finish Drilling /,rzo

Total Borehole Depth ZC. S, -ft. - cm. DatelTime Start Completion

Depth to Bedrock - cm. Date/Time Cement Protective Casing _IKK 0

Depth to Water /0 -fL Materials Used I

Water Level Deterrnined By Plain PVC 7

Length Plain PVC (total) t - cm. Slotted PVC

Length of Screen ZL. _Z_y _f t - cm. Bentonite Pellets r

Total Length of Well Casing 2 ý4 t. - cm. Bentonite Granular

PVC Stick Up -L-7---ft. - cm. Cement

Depth to Bottom of Screen Z Y. 49 t. - cm. Sand

Depth to Top of Screen __2- 7 _ft. _ cm. Water added during completion-10"(5 g_"-lo

Depth to Top of Sand -L-91--ft. - cm. Water added during drilling 1Z K

Depth to Top of Bentonite _Y_. Lit. - cm. Total Gallons of water added

Drill Site Geologist Alis -(17qp* l4eA Date 3 A//,: P

Date/Time/Personnel Internal Morta I r. Cement Pad, and Weep _ ole nstalled 0 1//0 FA 1) J 3 J3

-11,
Daterrime/Personnel Casing Painted 'dif 1,
Date/Time/Personnel Numbers Painted q )16')g2 07/s,

A . . 1 1 x

Materials Used c 4,,1-

Top of Protective Casing to Top of PVC A-3--ft. - cm. COMMENT/NOTES

Top of Protective Casing to Weep Hole 2, ft. - cm.
Top of Protective Casing to Internal Mortar' .3 -ft. - cm.

rop of Protective Casing to Top ofCement Pad 2 - f t - - -cm.

Top of Protective Casing to Ground Level 300 ft. _ Cm.

Reviewed By R1113114 Date

Drill Site Geologist Dateý



=L= = I t. 00-4 'n, n C. r. i ___L_U t %_.)

Borehole'- Well Number: '37371
_C
.2

E
E SOILS LOG

I z E .2 Description
CL

CL

C;

at, VAEJ

0.0
)YZ A A, 31Z -3IZý jA.

/0 '514

Z.0
/a

.41

Y-0

4

L /10 Yt_j ~t.-ý-IA-

:0

AAJI, zs 7.

C

J7 ICA

40
Drill Site Geologist Da te".3 /,7

/ - I

Reviewed By: Date-



"222 MOUTH ALTON WAV-SUFTC M-1
-0SEffJ"QLKW000.C0L0m^00 Sol 120"W701-"99

Bar ehole! Well Numbe 37371

SOILS LOG
z -5

Z- Description-f f
0 a, CL

126 4n 4n :;P an (7

P-

N,
C

40
/1D -1:57,;

.0

0

o Y,P771.75 Wýý 11,7

A

.0

Drill Site Geologi-d- "df Date: jlf
Reviewed By: QCQý Date:

.,7 u
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7S EER 332 $0LrTH ALT, &"Y' 'a 1 -06"

37:171NaLzr:73 Well Number:-
i3oreholeL- 3 A

SOILS LOG

C- Z z Description
z
0 CL 0.

CL .- : E E

0 A'A

/7?

4.3. a

/.6 lo Yx, 60 -i IJA., V

Drill Site Ceologist: Date* It
Date:

Reviewed BY:



614VIRONMENTAL SCIENCE AND ENGINEERING. INC. PAGE OF7332 SOUTH A0 ON WAY -SUITE 04-1
ESEENGLIEWOOD. COLORADO 60112-303$741-0639

t

WELL CONSTRUCTION SUMMARY

Borehole IF-SIV 0J_ -well :37-377

Project Name and Location mu) rorlect Number LILM3 23ýL_1_0
Drilling Company- Driller- E4 Rig Number

Drilling Method(s) j4 A im

Borehole Diameter n. -cm. 7f6--ft. - cm-to' _-ýo ft. cm.

2:r__4%in. _ Cm. M ft. - cm. to nip&1ý ft. -cm.

Size(s) and types of Bit(s) Sampling Method(s) YQ

Date/Time Start Drilling _ý11-; -3
Size and Type PVC Date/Time Finish Drilling io5co

Total Borehole Depth ft. - cm. Date/Time Start Completion _9*131ý7 f /60

Depth to Bedrock _&ý t. - cm. Date/Time Cement Protective Casing 0 1

Depth to Water iwuualo t. - cm. Materials Used

Water Level Determined By Of% - Plain PVC 1< a y- ".0
Length Plain PVC (total) ft. -*I&

.ý'ý cm. Slotted PVC x(ne
Length of Screen I t. _ cm. Bentonite Pellets ýAt

Total Length of Well Casing I. - cm. Bentonite Granular

PVC Stick Up Cm. Cement _ - -7

Depth to Bottom of Screen ft. - cm. Sand ýi 0,

Depth to Top of Screen 7-(f ft. - cm. Water added during completion `mlK C':L J2ý as

Depth to Top of Sand 3_11ýLjt. - cm. Water added during drilling 'ICIA

Depth to Top of Bentonite ft. - cm. Total Gallons of water added slet- K.
,,,ALv L-" 04 le L

Drill Site Geologist Date

Date/Time/Personnel internal Mortar. Cement PaýýInd Weep Ho e
,,V)l7nrII d T5 //:00 PDF_ý

Date/Time/Personnel Casing Painted F ie 2ýLb 7 C207-
Date/Ti me/ Personnel Numbers Painted ý/Js'/V Lmoý
Materials Used f /3 ý5 !2 ".P

Top of Protective Casing to Top of PVC ft. - cm. COMMENT/NOTES

Top of Protective Casing to Weep Hole -ft. - cm.
Top of Protective Casing to Internal Mortar ft. - cm.
l'op of Protective Casing to Top ofCement Pad It. - cm.
Tup of Protective Casing to Gruund Level ft - cm.

Roviowed By
Drill Site Geologist Date



Pftk 11ý ENVISMINIMENTAL SCIENCE ANO ENOINOMPRING. INC.
V332 SOUTM ALTO" WAV -SUITE P4-4 PAGE__1_01F
ENGLEWOOD. COLORADO 80 112 - 3031741-0430

Borchoic: 0-34 DI welr.. E 9ý1 t:j -17371

01 Well Completion Descriotion

T04

T

5

10
15 G RO LkT

30- tat. I,% ro? or- DEi3ToA)iTF_ '5CAL

a(- SCREEN
(40

U0

Drill Site Geologist Oatc:
Reviewed By QM;;0L U Date:

v 0



41,I V100""IEWAL 80104CE A%D ENCHIVER"MG. 040. PACE 01P
112 SOUTM ALTON WAV -SUITE H-6S E Z!'NOMWOOD. COLORADO 001 1203OW141-0930

WELL CONSTRUCTION SUMMARY

Borehole -Well 37-3490
Project No me and Location - HW u -2 LQ L) / nc, to-J& ktýL, Project Number 1 h

DrillingCompanF nriller tem a:-,- -Rig Number.

Drilling Method(s) L2Xb2 64 M±2K:

Borehole Diameter J -4 1/ -L n. -cm. 0 ft. m. to ft. -Cm.

in. - cm. ft. - cm. to It. -cm.
5ff ft - -1W

Size(s)andtype.sofBit(s)__J:2112," Sampling Mothod(s) /V
'SLI - ccx_

1, 4 11 b talk 61 L.9 LL Date/Time Start Drilling

Size and Type PVC Ll C40 Date/Time Finish Drilling

Total Borehole Depth ft. - cm. Date/Time Start Completion !'U'2ý2 -- 1130
Depth to Bedrock t. - cm. DatelTime Cement Protective Casing -.5'7.311: 1540
Depth to Water ft. - cm. Materials Used

Water Level Determined By Plain PVC

Length Plain PVC (total) -1 M. Slotted PVC

Length of Screen -!!2 t. - cm. Bentonite Pellets

Total Length of Well Casing 7 A, ft. - cm. Bentonite Granular

PVC Stick Up ft. - cm. Cemont V)ft ct:,

Depth to Bottom of Screen - cm. Sand
co

Depth to Top of Screen t. - cm. Water added during completion

Depth to Top of Sand ft. - Cm. Water added during drilling I 74D

Depth to Top of Bentonite ft. - cm. Total Gallons or water added I lmo (0 -
L,.ý%Aer po,-#4 b34.k, cwt -Z L3 txLrrt4.a

Drill Site Geologist Date

iJ

Date/Tim6/Personnel Internal Mortar. Cement Pad. and weep Hole Installed 47/8 Z &PrIL AeLq

Date/Time/Personnel Casing Painted 0 -4,4"6,

Date/Time/Personnel Numbers Pointed I L: L-7 ?Zf%, =&--fý

Materials Used

Top of Protective Casing to Top of PVC it. - cm. COMMENTINOTES

Top of Protective Casing to Weep Hole it. - cm.

Top of Protective Casing to Internal Mortar ft. - cm.

'rop of Protective Casing to Top ofCement Pad ft. - Cm.

Top of Protective Casing to Ground Level -/ ft. - Cm.

Reviewed By Date-

Drill Site Geolo;-st Date



O!"VIN094MENTAIL SWINCt AND ONOM22MOOO. 140.
7332 SOUTH ^LTOV4 WAV-SUITC M-4 PACE-2-.- OF-L;OP"'OE' S EENGLAWOOO.COLOIRADO 80212*3031741-062*

13orehoier E5elb?- Well: 373 ?L*'

Well Completion Descriotion

Gomd Lev*l

5

jaw
VS

A- 30

&rf,),-or4irF- -,ýF-AL 54

IZ

ofTOP

lop c>r

Drill Site Geologist ý2)

Reviewed By: Dnte-. 41-;zQ1WIV



E ENVIRONMENTAL 
SCIENCE ANO ENGINEERING. 

INC.

332 SOUTH ALTON WAY 0 SUI.-E H-I PAGE Z _01F_,ý_
ENGLEWOOD, COLORADO 80 1 12 o 3031741-0639

SOREHOLE SUMMARY LOG

Borehole - Well - )A,

Project Name and Location zL1W ProjectNumber 1:2057-3 016ýf 4C

Drilling Company S234 tt.6 -Driller ,Yawrlhl_ýt Rig Numýier Zq-

Drilling Method(s) Qý" -ez :6 'ID

Size(s) and type(s)of bit(s)

Borehole Diameter I ?, ZVin. -cm. ft. - cm. to ft. -cm.

2119 in. _ Cm. -3o ft. _ cm. to ft. _c m.

Sampling Methods L2&"6 C= e

Total Number Soil Sampling Tubes

To*al Number Core Boxes /A/

Number of Gallons Lost Drilling Fluid

Date/Time Started Drilling _7_(

Date/Time Completed Drilling 3 -to 32 /ý&R

Total Borehold Depth Z:SQ -_ It. cm.

Depth to Bedrock zs"s ft. Cm.

Depth to Water A- IQ ft. cm.

Water Level Determined By?. L* 3Y204 WMJýý - I-ii-d!

Borehole Completed as Monitoring Well? ZJ2
Date/Time Grouting Completed - -L/0'e ý /

Depth of Tremmie Pipe

Gallons of Grout L*7

Materials Used 60,fq, ca"'C"t Luag".a. ow fdat.

Comments 40 SaA2sy=-ý

Wellsite Geologist C Ar=r6ý ý Date I ý6 2
Checked for Grout Settlement on by

Amount of Grout Added -

All Measurements from Ground Level

Review ed by Date 64Z

Drill Site Geologist Date
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ENVIRONmENf-A-L SCIENCE AND ENGINEERING. INC.
7332 SOUTH ALTON WAY - SUITE H-1

E S E ENGLEW000. COLORAOO 130 1 12 * 3031741-0639 PAGE- OF

OOREHOLE SUMMARY LOG

Borehole E Well

Project Name and Location ZN.) Iris Project Number J ?QSZ Q3 4/10
Drilling Compan Art J (I A Driller e0a C-4- Rig Number Zý e-ý,e '25-
Drilling Method(s) Pz6ky - d&W

Size(s) and type(s) of bit[s)

Borehole Diameter 12/6 in. -cm. ft. - cm. to - J-70 -ft. -cm.

- in. - cm. _ ft. _ cm. to ft. Cm.

Sampling Methods Ictrrce

Total Number Soil Sampling Tubes

Total Number Core Boxes

Number of Gallons Lost Drilling Fluid LWO QA.40 -1-JoAr LQ,ýt 50

Date/Time Started Drilling 71 .5
Date/Time Completed Drilling

Total Borehold Depth 13U ft. Cm.
Depth to Bedrock -ft. CM.

Depth to Water -ft. - CM.

Water Level Determined By? 4 -,w -
Borehole Completed as Monitoring Well? /9/0

DatefTime Grouting Completed - -- :Z. 6 :6 ? J330

Depth of Tremmie Pipe

Gallons of Grout -7-6ý

MaterialsUsed- 2ZZ t-091 12t-ý LýK 7Q'Lj
Comments ff dr , , =4, --&-- -- :ý ý" 6;1.

Wellsite Geologist-0-zzeA64:nt== Date 6ý- (4 -19 7

Checked for Grout Settlement on 6, A,4 / P -7 by

Amount of Grout Added -C2
All Measurements from Ground Level

70.: Reviewed by Date ý.Allpl>
Drill Site Geologist Date
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ENVIRONMENTAL SCIENCE AND ENGINEERING. INC.
7332 SOUTH ALTON WAY SUITS H-4

E S E ENGLEWOOD. COLORADO 80112*3031741-0639 PAGE_____J_0F_ -t

13OREHOLE SUMMARY LOG

Borehole E 324 - Well
F"CA

Project Name and Location - &0*#4,V_ a,, 4 rRM!--- Project Number

Drilling Company &VIAFf ArAl Driller &W -Rig Number $7-YS-1f
Drilling Method(s)

Size(s) and type(s) of bit(s)

Borehole Diameter in. -cm. ft. - cm. to ft. -cm.

in. - cm. ft. - cm.to -ft. cm.

Sampling Methods VIP __ / MusaW
Total Number Soil Sampling Tubes Aý7-_

Total Number Core Boxes

Number of Gallons Lost Drilling Plu

Date/Time Started Drill. 71 -C,--

Date/Time Completed Drilling -3/t over

Total Borehold Depth 7-0 rm.

Depth to Bedrock /7 Cm.

Depth to Water /-2 CM.

Water Level Determined By? -_ - /xr

Borehole Completed as Monitoring Well? &9

DatefTime Grouting Completed I X Ir/or

Depth of Tremmie Pipe =_&Q_0VJ!!t

Gallons of Grout T*d

MaterialsUsed 3 Ail*c cpi-- &1;io""r' /Alr /Ic 4&#Wr&~k

Commen s 940a E" 4& 2= I

Wellsite Geologist Dal
1.d /A

Checked for Grout Settlement on by- DIP.
Amount of Grout Added

All Measurements fro round L I
=1 : ý77

Reviewed by - Date

Drill Site Geolegist Date



tWV"M"M9"TAL 6CMW-9 ^"0 emod"""W$0. W-.

sou'r"Augo" W^,W -suffe "I
COW"" 90*

Borehole: well Number:jaý ý

SOILS LOG
E:0 i DesCription

E z -s

z - iý

aL E E

J WIt vs WV IMP-

c Af jL 44. IL

2-
C. 13

.Wt

9-d

Y4
IN Jc 'c 7;

uý

7-

Date: _4/2z_ 77'

flDrill==6114, Geologi3t* DatrDate,
Reviewed By:



mmq'!ý'g 
A"D

T441* @LOUT" A%.TC ou've "-aE a"OLIEVV000. COLCHWM*n*l 12926arr4o 
Well Numbe'.

Borehole: -4

SOILS LOG
Description

f r;

AA 0(c C 44

AfL- bjL 'C'7ýF 0 Y

Ig V YR- S 13

/C

Ux

/C

CL 
/C /1z'

ýAo
'rdk'

I ITAE--)

Mill Site GeoloRist. Date:

Reviewed By* n/-. Pt, 711 4jr-



ENVIMO%&A9NTAL SCIENCE AND ENGINVERING. INC.
7 :,13 SOUT04 ALTON W^V -SUITE "-I PACE OF-

ES E E.NOLKWOOD. COLORADO 60 11 a 1 -0112*

Borehole: Well:

0 0 Well Completion Descriolion

!>CAL
30- rs Z..4 Q e^L. K

LiS,

Drill Site ccologist: Lq .9

Reviewed By". Date:



1rNVV"0"&AVNTAL d%CW"Cl! AND 9"01"EMPM0. WC. PACE ?-'- OF. 2=
7332 SOUTM ALT04d WAV-SUIT11 64-0

ESEFN0LEW000.C0L0"^D0 80112-3031744-0039

WELL CONSTRUCTION SUMMARY

Borehole -,,29 C> I Well 37n 7
Project Name and Location Project Number 12ý3 n ý)Y

DrillinR Company P_tx, u A -Driller Rig Number

Drill i nR Method(s) _F_0_ýO_f4 W H:!k Vý rt (,)C-4,1 iM,:;1e_ iza"nXI t_kja-ýCk::ý
I --- If

Borehole Diameter -U%Jq In. -cm. ft. - cm. to ft. -cm.

3 in. -cm. ft. - cm. to Z--toy-ft. cm.

Size(s) and types of Bit(s)-A _Z'1Q bto-C& Sampling Method(s) rkA 'Sa

__Vpi:tl altq-- btadk_ --- DatetTime Start Drilling _ýý - ' gtýk

Size and Type PVC SC1NX&,kJL go L448 Dnte/TimeFinish Drilling qf'82 6223'

Total Borehole Depth 9=_7_,L_6 ft. r_ M. Date/Time Start Completion -4)1?3(0

Depth to Bedrock --- 1_1 - t. - cm, Date/Time Cement Protective Casing 'Y'S-61 zt-i/

Depth to Water -_ 1\).A- t. - cm. Materials Used

Water Level Determined By jNdtdký" Eý:L&- Plain PVC L4 k6 03ýZ,04 C-00 3VA 7
Length Plain PVC (total) ft. - cm. Slotted PVC 3e _5

Length of Screen :5 95b ft. - cm. Bentonite Pellets

Total Length of Well Casing _a ý ý.(Q t - M. Bentonite Cranular

PVC Stick Up ft. - cm. Cem'e* nt .62 4Z S

Depth to Bottom of Screen ft. - cm. Sand

Depth to Top of Screen 3(o-iz,, ft. - ctn. Water added during completion

Depth to Top of Sand -3 Z, LA ft. - cm. Water added during drilling

Depth to Top of Bentonite -2-b f t. - cm. Total Gallons of water added

Drill Site Geologist Date

Da te[Ti me/ Personnel Internal Mortar. Cement Pad. and Weep Hole InstalledOO&V ? Z2 S'0

Date[Ti me/ Personnel Casing Painted Zý - Ir 57',
Datc[Ti me/ Personnel Numbers Painted tZ: - 27 ;Z -TT :5 Af W
Material.qUsedJo -)3,0 -S IA%11,gý54)Af g:W2,-,,J2
Top of Protective Casing to Top of PVC f t'. _ cm, COMMENT/NOTESTop of Protective Casing to Woep Hole 4e?"I ft. - cm.
Top of Protective Casing to Internal Mortar iq<ýýft. _ cm.
Top of Protective Casing to Top ofCcmcnt Pad /*yT ft. - c M.
Top of Protective Casing to Ground Level ft. cm.

Reviewed By Date-

Drill Site Geologis Date



SCIENCE ANO ff"01"fe"Ma. POO-1. PAGE-----L-O332 SOUT64 AfA.TC*d WAT-61,11TE M-I

Borehoic: Well: 3730 a-

Well Completion Descrioilon

&26T

Ommd Level-

zi.151

-Y -t Toe riv- S;eAk- -SM At

70 
-fop 5c.(zccr,) (Del,

Drill Site Geologist: Date: U,
Reviewed BY: Date:



Puma IN PAGE -Z' OF L21
94-4

ESEe,13.*3v.oap.=W,u&AT.cm,"A..L...G S0112-30W741-"39TA4- "rarie"a'"em - r-,LT`::ýw- -r-A

WELL CONSTRUCTION SUMMARY

Borehole - Well 3-7-3Fc?
Project Name and Location knrA 46--Lu-" Project Number-

Drilling Company OV14 Ua Driller 10C&L' Ri5 Number

Drilling Method(sl

Borehole Diameter n. -cm. ft. - cm. to ft. M.
n. -cm. 40 ft. - m. to ft. cm.

'7/6 Lis

Size(s) and types of Bit(s) I N't V4 UOAL - I I Ih", Sampling Method(s)
Date/Time Start Drilling Lt- 10

Size and Type PVC -t Lt fz-cl'-'L&Jý %-W Date/Time Finish Drilling U

Total Borehole Depth 'q(0 ft. - cm. DatelTime Start Completion oct

Depth to Bedrock t. - c m. Date/Time Cement Protective Casing

Depth to Water - cm. Materials Used

Water Level Determined By Plain PVC

Length Plain PVC (total) t. - cm. Slotted PVC

Length of Screen i (.P, t. _ c m. Bentonite Pellets 7

Total Length of Well Casing t. - cm. Bentanite

PVC Stick Up 7-ft. - cm. Cement --r. ba

Depth to Bottom of Screen -it. - cm. Sand

Depth to Top of Screen - cm. Water added during completion

Depth to Top of Sand - cm. Water added during drilling

Depth to Top of Bentonite t. - cm. Total Gallons of water added

Drill Site Geologist Date .1 ý1-

Date/Ti me/ Personnel Internal Mortar. Cement Pad, and Weep Hole installed
0ý;-- 0-^

Date/Time/Personnel Casing Painted a 0 0
2-L - 9112 1 ý1-ob pip 1;"'s A 111/Date/Ti me/ Personnel Numbers Painted

Materials Used
Top of Protective Casing to Top of PVC "2. Z. (0 ft. - c m. CONIMENT/NOTES

Top of Protecti-ýe Casing to Weep Hole ft. - cm.

Top of Protective Casing to Internal Mortar ft. - c M.

I."I'op of Protective Casing to Top ofCement Pad ft. - Cm.

Top of Protective Casing to Ground Level -f -CM.
Reviewed By Date

Drill Site Geologist Dite
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ENVIRONMENTAL SCIENCE ^NO ENGINEERING. INC. PACE OF
7332 SOUTH ALTON WAY -SUITE H-I
ENGLEWOOO. COLORADO 80 1 12 - 3OW741-0630

WELL CONSTRUCTION SUMMARY

Borehole A, -Well 37370
Project Name and Location r,,ý7;5jk Project Number

Drilling Company Q4115 ayAS- Driller _1&fvýt Rig Number

Drilling Methad(s) C m4b" ,&5 CRY ýL-

MIN 0 P
Borehole Diameter in. -cm. ft. - cm. tGý,_Zt- L-ft. M.

in cm. - ft. - cm, to ft.' -cm.

Size(s) and types of Bit(s) ý_QL6W 5jtAý6. Sampling Method(s) CO& Mws C-Wyt-

Date/Time Start Drilling LILI'hl 9915

Size and Type PVC 44 80 Date/Time Finish Drilling 1.1Z1,82 1101

Total Borehole Depth :Z_3 ft, - cm. Date/Time Start Completion P?J12 I 1i I-
Depth to Bedrock Z5.B_!kttZPi. - cm. Date/Time Cement Protqctive Casing 1035'

7-dV' 4#4 S
Depth to Water ft. - cm. Materials Used C40

C
Water Level Determined By raamotikn Plain PVC /0 -

Length Plain PVC (total) ft. - cm. Slotted PVC /0'

Length of Screen 7,1.qf ft. - cm. Bentonite Pellets 50 eg

Total Length of Well Casing C-1 ft. - cm. Bentonite Granular 10 lb

PVC Stick Up Z ft. cm. Cement

Depth to Bottom of Screen Z-5- ft. - cm. Sand /.V/ 7- 64e5

Depth to Top of Screen M. Water added during completion .330 !I'L
Depth to Top of Sand 3 ft: _ cm. Water added during drilling 0

Depth to Top of Bentonite ft. - cm. Total Gallons of water added 9a

Drill Site Geologist'--L Date

Date/Time/Personnel Internal Mortar, C ent Pad. and Weep Hole Installed Z, 40ý57 1c1z,4 7::-7s ff-.ý P

Date/Ti meJ Personnel Casing Painted 'ý70U-7 13)r P -

Date/Time/Personnel Numbers Painted j;ý F gff Z,

MaterialsUsed, io

Top of Protective Cýsing to Top-of PVC -ft. - cm. COMNIENTiNOTES
Top of Protective Casing to Weep Hole 416 Sir ' ft. - cm.
Top of Protective Casing to Internal Mortar 4r -ft. - CM.
-Top of Protective Casing to Top ofCement Pad .0 1h ft cm.
Top of Protective Casing to Ground Level ft. - cm.

Reviewed By amý 7:?ý Date BE?
Drill Site Geologist Date



f?"'M ENVIRONMENTAL SCA&NCE ANO ENGINEERING, INC.
7332 SOUTH ALTON WAY -SUITE "-I PAGE 0 F
FNGLEWOOD. COLORADO 410112 - 3031741-0630

Borehole: gýq()A Well: :37.1-70

u1 0
Well Completion Descriotion

CL
0

Gound Level

2. 
Of SEATOA

TOP ot SAAWNP 3
L4

TOP OF sCKECfj 4.4'

WdLttr uLv tl

Iq

VA

Drill Site Geologist: Date:

Reviewed By: Qý=ý ZfZtý Date: 7



ENVIRONMENTAL SCM.NCE AND ENGINEERING. INC.
7 :,32 SOUTH ALTON WAV -SUITE 14-1 PAGE. 0 F _31ýES EENCLEWOOD. COLORADO 40 1 12 - 3031741-0639

Borehole:_= Q #02 Well:

0 Well Completion Descriotion

Gound Lewel 11-I"P

15

I T-C JCAL

Vs OF de; Sa,-Jo C&S

.3c) -

35' 
-3 1'

Drill Site Geologist: C D
Revie%xcd By: Date:



ENVIRONMENTAL SCIENCE ANO ENGINEERING. INC- PACE OF
7332 SOUTH ALTON WAY-SUITE 64-1

ESEENCLEWCOD.COLOAACO 80112-3031741-0639

WELL CONSTRUCTION SUMMARY

C-!!

Borehole 
-Well -7

Project Name and Location 6-Lr2olt VbgtVy_e k"Cý Project Numbe

Drilling Company-142OV(24 Driller _ff, Rig Number 7_4 _ 0

Drilling Method(s) C' lLtý -- r V-,, e

Borehole Diameter :2-?f!3 in. m. Q) ft. - cm. to 3, -ft. -cm.

-in. -cm. - ft. _cm.t0 - ft. - cm.

Size(s) and types of Bit(s) Sampling Method(s) AZ4__

Date/Time Start Drilling /Q 7,

Size and Type PV Date/Time Finish Drilling

Total Borehole Depth ft. - cm. DateiTime Start Completion 82

Depth to Bedrock ft. - cm. Date/Time Cement Protective Casing

Depth to Water f t. - cm. Materials Used

Water Level Determined By vlýual, Plain PVC -Z *..,in

Length Plain PVC (total) 3Y, 3(, ft. _ cm. Slotted PVC k-/Q

.7 Length of Screen la, U-3 ft. - cm. Bentonite Pelletscol ý fVt 17
Total Length of Well Casing t. ý_ cm. Bentonite Granular

PVC Stick Up ft. - cm. Cement ':r4 ýqf

Depth to Bottom of Screen ft. - cm. Sand :ý b CL q's

Depth to Top of Screen t. - cm. Water added during completion _Mq"k

Depth to Top of Sand ft; - cm. Water added during drilling

Depth to Top of Bentonite ft. - cm. Total Gallons of water added

Drill Site Geologist ffý -A Date

DateiTime/Personnel Internal Mortar. Cement Pad. and W H le Installed 4a//OL?7--I -- u,

Date/Time/Personnel Casing Painted J-- rl 6% 0,ý2

Date/Time/Personnel , Numbers Paint d

Materials Used. UP- A up J A .4
Top of Protective Casing to Top of PVC ft. _ c m. COMMENT/NOTES

Top of Protective Casing to Weep Hole ft. - cm.

Top of Protective Casing to Internal Mortar ft. - cm.

Top of Protective Casing to Top'ofCement Pad ft. cm.

Top of Protective Casing to Ground Lcvel 3 ft. cm.

Reviewed By Date

Drill Site Geologisp- Date



SHEET--L-w-i

F

Borehole:- C qC)A Well Number:

.2
E GO SOILS LOG

J. z T Description
Z.E

0%b 1E E
0

5M -,,If(( ,I. C to, I C- r -5/3. 41C J)
'VA

7. 7- L cta"
0

-Z .0
c.

I-.,a d C, 'A,

>

0 iý'l L

7-5 -7(l
ic). L%

Z, 4-

Drill Site Ceologist: 
Date- 41 /1/ /D-7



memo. Me SHEET-L--OF-3ý

ESE
Borehole:- C-ýq Well Number: 37,3770

SOILS LOG
F z Description

06

06 -0 c- E
we wwo U's

I L) 14"W5 qfc;,ýt(4 54u^'(5

10T -1/3
lfcvi/

jLj.C

G

L

C1

3c,

t

Drill Site Geologist: 
Date: T

47ý



I"No. INC SHEET-ýL-OF

F. S E
Borehole: Well Nurnber:--

E SOILS LOG
E21 - ;.. z DescriptionZ.E

0. E

-40'L7,j Cj C;.A,"f-

d. P. Lf f GAT 1 1;1 tN
It or qP

It's I kf C L e-,C

;EL) C K -i-e-Ck c t Cý,, v-,-,
toLtr Jk--bnrw.%

Z,:7

b.
Drill Site Geologist: Date: - -7T- 7 17 711 5
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'fo r-> ell(s) - Poqe,_a0F -41
ESE, Inc. CORE LOG Date BORE -!E-

st ruclure Per Toutwe / ilk Lith. Descr;ption/Com-on;l
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M;novology 
coior 
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NVIRONMeNTAL SCIENCE ^NO ENGINEZIMINO. INC- PAGE OF
332 SOUT94 ALTON WAY -SUITE H-I

ESEINCKEW000. COLOAAOO 80 1 12 - 3031741-0639

WELL CONSTRUCTION SUMMARY

Well

Borehole -9 37 2,
Project Name and Location 111211kkn -(Jýf I-bst- - Project Number

Drilling Company - Dri ter RigNumber

Drilling Method(s) -,A%a ý%.n 1 7__,Lgý

Borehole Diameter 73/6 in. M. 0 ft. - cm. to ft. -cm.

in. - cm. - ft. -cm. to - ft. cm.

Size(s) and types of Bit(s) /6 OD SamplingMethod(s)

Date/Time Start Drilling

Size and Type I'VC 5rA t 4u;.4- tý 0 Date/Time Finish Drilling IqO L/

Total Borehole Depth clýý c M. Date/Time Start Completion

Depth to Bedrock -L -ft. _ cm. Date/Time Cement Protective Casing Z I JZ2

Depth',o Water C4 ft. - cm. MaterialsUsed ZV eAeAl 110KE9

Ws ter Level Determined By Plain PVC I-
-ength Plain PVC (total) t. _71:9!Lcm. Slotted PVC c, cf C2 /o

Length of Screen Zý .7 ft. - cm. Bentonite Pellets eA'J'n

Total Length of Well Casing :ýaý f Bentonite Granular Lrý--Lýecd_r
r7y-,Rtýýc - Z to.

PVC Stick Up 7, --ýl ft. - cm. CemenVV_L;q2ný S

Depth to Bottom of Screen '9 ft. _ c m. Sand

Depth to Top of Screen (0 ft. - cm. Water added during completion

Depth to Top of Sand &0--% -ft-. - cm. Water added during drilling

Depth to Top of Bentonite At ft. - cm. Total Gallons of water added

Drill Site Geologist Date

Date/Time/Personnel Internal Mortar. Cement Pad, and Weep Hole Installed :h0157 61_ýo
Date/Time/Persoriiiel Casing Painted I qC'D &'Z

Di te/Time/ Personnel Numbers Painted it r

Materials Used--/ 0

Top of Protective Casing to Top of PVC .(":3 ft. CONI M ENT/NOTES

Top of ProtectNe Casing to Weep Hole Al ft. -cm.
Top of Protective Casing to Internal Mortar _5'L5_ f t. - cm.

op of Protective Casing to Top ofCcnient Pad ft. - cm.

Top of Protective Casing to Ground Level 2551 t. - cm.

Reviewed By Date_* _,4A7 -
Drill Site Geologist Date



'E A"'% MWE fMVIRONMENTAL SC!LNCE AND ENGINEERING. INC.
1332 SOUTH ALTON WAY - SUITIE N-I PA (; E -?- 0 F
ENGLEWOOD. COLORADO 00 1 02- 30W741-0030

Borehole: Well:

1 0W. Well Completion Descriotion

Gound Level

/0

/5
20

30

q0

50-

55" - 56' or- 6" A) i 7Z

(00 %fe-S, ror OA c4A/C>
c, I-S" or- -rcceC'V

ILI

cis

Drill Site GCO10-1st: Date:
Rcviv%%(!d By:qva4d DItc: '7212



. 9 1 OF

E 
PAGE

16,Nl 1E 44`10 lode.
= ý.SU,16 "-I

A3 6"CUAW000.420160ft^00 Goilk-303f741-0630

WELL CONSTRUCTION SUMMARY'

Borehole f,-4;24ý 
well _Y1 3 (Ock

Project Name and Location AA QKrn ý4_L_
Drilling Company 'tý%4 (Vb R V&5 Driller Rig Number B57

Drilling Method(s)

-ft. M.
Borehole Diameter 1^ in. -cm. - crn. 10

in. - cm. - cm. to M.

Size(s) and types of Biqs)A '#,W ým") li4 5;Zýrl_&s_ ^-16mpling Method(s) ///5'
Daterrime Start Drilling

-1:3Q11 4ý -t_ 4-0 y Vilig igs
Size and Type PVC Date/Time Finish Drillin.

Total Borehole Depth -_24 ft. - cm. Daterrime Start Comipletio d7

Depth to Bedrock C> it. - cm. Date/Time CementProtective Casing416-7

Depth to Water AL-6-ft. - cm. Materials Used

Water Level Determined By TZ&LL Okjanmro Plain PVC j,

Length Plain PVC (total) te t. - cm. Slotted PVC A -

Length of Screen 'A (.2. ft. - cm. Bentonite Pellets

Total Length of Well Casing ýý ý_f t. _ cm. Bentonite Granular

PVC Stick Up 1.7 t. - cm. Cement 616L41

Depth to Bottom of Screen 4i - cm. Sand 72 64ap-
Depth t3 Top of Screen ft. - cm. Water added during completion

Depth to Top of Sand ft. _ cm. Water added during drilling

Depth to Top of Bentonite ft. - cm. Total Gallons of water added

D 
Date

rill Site Geologist 
I /I I & Z

Daterri me/ Person net Internal Mortar. Cement Pad, and Weep Hole Installed

DatefTime/Personnel Casing Painted

Date/Time/Personnel Numbers Painted

Materials Used

Top of Protective Casing to Top of PVC - ft. - cm. COMMENTNOTES

Top of Protective Casing to Weep Hole - ft. - cm.

Top of Protective Casing to Internal Mortar - ft. - cm.

:'op of Protective Casing to Top ofCement Pad - ft. - cm.

rop of Protective Casing to Ground Level - ft. - cm.

Reviewed By Date

Drill Site Geologist Date



INCERING. INC. zz
4!j a w-r4*-":aq PAGE--Sý O

Borehole: Well:

CL Well Completion Descriotion

A

Gaund Level

-lot
L-113"LQ (5-0)

10

10-10-

Drill Site Geologist. Date:-

Reviewed By: Date:



v AL INEIERING , NC* 
SHEET- OF---ý-ESE! o

Borehole: Well Number:-F-- 4 37-36L-

0
E SOILS LOGA!

E Descriptionz

z -a-2

0 E Eu

ý4 y --70,Ve,-A4q,

61, go X.;51 C7,L L -4 b,
bf-,Cp- lot 0,

W

+k OZ 8

Jzý

i- 
1-Y

7-

c7 I

127
Mill Site Geologist: I Date:

Reviewed BY: Date:



NVIFKMMI!NT^L SICJENCý AND I a INC, SHEET-
332 SOUTN ALTON WAY J;UITIEE S E affHOLF-WOOD. COLOAADO 80 1 1 2'303f?4 1 -*63% S7341

Horehole:- well Number:---4-jý

C
.2

-0 0 SOILS LOG
z Description

z -0.2
, a P CL 06

-0-0 E E
3

cc

J-/O 11/0 i -6AI,6vf Itoaij,
bp-^

A flu 0 11,4 uA,

-<r

-7

-- 7-7e- C-- - ///,ý /,7 7
D, III Site Geologist'. ý- ý/ " I ý -I-- I Date:

T),1 t r-7-



NVIROMMENTAL SCIENCE AND ENOINSERING. INC.
332 SOUTH ALTON WAY-SUITE H-I SHEET OF

ESEE67NGLEWOOD. COLORADO 00112-3031741-0629

Borehole.- Well Number:- q 37-v,?

C
F:1 SOILS LOG

z
I ZZ Description
CL -0 03

z

_m4mil nr ie

Vk
V\

/< 0 ei I-

rC,-T7

7q,,_
ly

Soo r Q-4 R

Drill Site Geologist: Date:

RpVil-wPd



FIONIVIENTAL. SCIENCE AND ENGINEERING. INC. PAGE OF
SOUTH ALTON W^V-SUITE H-I

COLORADO 80112-3031741-0639

WELL CONSTRUCTION SUMMARY

Borehole Well :1737S
Project Name and Location '92 Project Number 1706.5646(b

Drilling Companv ý51D!J , ttS Rros -Driller' I). OAC'Jý:L Rig Number3.15ýz

Drilling Method(s) "L' L-ý'Lpe5c*' I /'Og

Borehole Diameter in. -cm. ft. - cm. to j2d- ft. -cm.

in. -cm. -ft. -cm-to -ft. -cm.

Uk'

Size(s) and types of Bit(s) 0 29k Sampling Method(s) A.& &Afz:- -CAýt CM-

Date/Time Start Drilling 7 16 !2T

Size and Type PVC C Date/Time Finish Drilling th,ýITI ig.&,t -I , ýZ Ig
Total Borehole Depth 25r 7 ft. - cm. Date/Time Start Completion-11ý20 47
Depth to Bedrock -ft. - cm. Date/Time Cement Protective Cas;ing

Depth to Water ft. - c M. Materials Used 7-Y 7*CmW-F J noicifr

Water Level Determined By Plain PVC 12 F

"ength Plain PVC (total) ft. - cm. Slotted PVC r?
T

Length of Screen ,ý1-4Dft. - cm. Bentonite Pellets --Z; KD

Total Length of Well Casing I,.*1 ft. - cm. Bentonite Granular /ot

PVC Stick Up c 'Z ft. - cm. Cement
Cop

Depth to Bottom of Screen ft. - cm. Sand YA

Depth to Top of Screen f t. - cm. Water added during completion

Depth to Top of Sand ft. - cm. Water added during drilling

Depth to Top of Bentonite ft. - cm. Total Gallons of water added

Drill Site Geologist A&.,m Date

Date/Ti mel Personnel Internal Mortar, Cement Pad. and Weep H le Installed 7 Lv

Date/Time/ Personnel Casing Painted '7- er2 Im?
Date/Ti me/ Personnel Numbers Painted 44ý 7 )CO

Materials Used

Top of Protective Casing to Top of PVC f t. - CM, CO%I%IENTINOTES

Top of Protective Casing to Weep Hole _ft. - C M.

Top of Protective Casing to Internal Mortar ft. - cm.

op of Protective Casing to Top ofCernent Pad ft. - L:zn.

Top (if Protective Casing to Ground Level ft. - crn.

Reviewed By Date-

Drill Site Geulo,-,ist Date



AMMI116 VMM FINVIRONMENTAL SCIENCE ANO ENGINEERING. INC. -;?
7 332 SOUTH ALTON WAY-SQ17E "-I PAL; E. 0 FE ENGLEWOOD. COLORAOO 00 1 12 - 303/141-0639

Borehole: well: 3M73

0
0: Well Completion Descriation

3-15 T
GOund Level

% Lunt ýLs-Sý

.2-Z

Drill Site Gcolog st c: av
Dalte:



SHEET-,I-OF
UPOO&Kwavo. c*rESE==mTmmA dc

Well Number:- --4ý 4_Z373-
Borehole:--

SOILS LOG
zZi Descripflon

Z.E .2 -0.9
OL E E

0

cvx,

"JA

L,- VA 7:1J-1

4ý - ------

45
IA k mn.

06-

Vj \-5

6ýp p

N

:5c- /a C- va lc-iiý
I ý 

fuvJ'4 v

1r, 114 - ("IIJ A Liw

r Y- IA.:) -1 V, ý1ý o--

. 1 1 1 1111 1 ..........Z\1T 5
Cq

D
Drill site Geol 90 npte- Y,7ýýmO Mite-ýIvz-- -?4
Va,,;aýaf; 'Pit'



9 - :11.

aftn"M MMKIMM0. Me. SHEETO'
ALTONWAY91=4ESE9"QLffVVoCM6

Borshole-7 Well Number

c
Z .9

SOILS LOG
E z -s:1 z 2% De5Cription

Z.E Z; i -2
00 %. CL CL

E 1E

9L cl.

--c

i5 C)

'S 7at
Drill Site

IL" Date. Z2
Reviewed



guaw"Mmma. pw-. SHZET__ýLOF
.41LKn W741-4620-ESE C"V 1120*0

t 373731ý , 444A
Boreholr- Well Number,.-

-0 SOILS LOG
-0 !!

311. Description
Z.S _t -0.2
10 1. CL CL
.0.0 0 E T

a-4> c4-

P,

ýZ NA _:A-.2ý- E5 ... .......

........... .

11 1 _A

4,f.Lýao, Dater:
DAU Site 

"ýP
Reviewed ýný -SJ77_'W-__N --- ýft __ Date:_1



NVIPONMENTAL SCIENCE AND ENGINEERING. INC. AGE
332 SOUTH ALTON WAY-SUITE 14-1 P OF

ESE!'NGLIWOOD, COLORADO 80 1 12 - 3031741-0639

WELL CONSTRUCTION SUMMARY

Borehole F - 4 L4 - oRl - well __3 "7
Project Name and Location RW)A "-'du -Project Number 7-3 5
Drilling Company A2, L Pn_ý Driller Rig Number Molp, 1?- 4. 1

Drilling Method(s) 'o S! 1 ).4 %A_% i7L

Borehole Diameter in. m. - 0 ft. - cm. to J LI, 0 ft. cm.

yq an. M. -0 ft. - cm. to -cm.

Size(s) and types of Bit(s) C2 1ý + -.CLD Sampling Method(s)

A, V ý 4.Z Date/Time Start Drilling _1)VdFf Joq 2.

Size and Type PVC Z 'A o 'DL0S\.i7 Date/Time Finish Drilling _31Z.-'ýJvv

Total Borehole Depth - cm. Date/Time Start Completion _?)z3) ?T h43
"?, 

as _ _?)7-3)J? /qq

Depth to Bedrock 2-3, ft. - cm. Date/Time Cement Protective C ine

Depth to Water Z. Z ft. _ Cm. Materials Used

Water Level Determined By ý;, Plain PVC - I - ltý rA-L-

Length Plain PVC (total) L-1k ft. - cm. Slotted PVC 7 - "*Oý (a

Length of Screen ýZ 0 2'ý ft. - cm. Bentonite Pellets

Total Length of Well Casing 2-L,14 ft. - cm. Bentonite Granular

PVC Stick Up _7.1,-O ft. _ cm. Cement -_ ?- 6 0ý-

Depth to Bottom of Screen Z3-:ýo t. - cm. Sand CA (ýQ

Depth to Top of Screen 3.41 ft. - cm. Water added during completion _49-

Depth to Top of Sand _-L. LOD t - - cm. Water added during drilling -50 ý -Q

Depth to Top of Bentonite ft. - cm. Total Gallons of water added .50 !ýJ 'ý-R
U

Drill Site Geologist Date yd",

Date/Time/Personnet Internal Mortar, Cement Pad, and Weep Hole Installed zS:ýý -(-;-3o ow I k1Z

DatelTime/Personnel CasingPainted

Date/Time/ Personnel Numbers Painted .31 LSd f T jýý3q. vuj $2Z

Materials Used 2- & 6 44 41 -

Top of Protective Casing to Top ot PVC 0 - ELft. - cm. COMMENT/NOTES

Top of Protective Casing to Weep Hole 2, 31 ft. - cm.

Top of Protective Casing to internal Mortar 2ý4() ft. - cm,

Top of Protective Casing to Top ofCement Pad ft. - cm,

Top of Protective Casing to Ground Level ft. - cm.

Reviewed By Date

Drill Site Geologisl Date



ENVIRONMENTAL SCIENCE AND ENGINEERING. INC.
7332 SOUTH ^LTON WAY-SUITE H-1 PAGE OF

ESEENGLEWOOD. COLORAOO 60112-3031741-0039

9

Borehole: Ete E-44-0m well: IT(

0 Well Completion Descriotion
Q.

I'_

T
Iq

T,
IGound Level

C,
75 0-.A"

7.. L

3 .41 70 1ý 5. Q_

I D

17

Drill Site Geolo,,ist - Date:
Revie%%cd By: Date:



tPAROMMONTAL GC18NCE AND ENGINEERING. INC. SHEET--L-OP
332 SOUTH ALTON WAY -SUITE H-I

ES E 07ENCLEWOOD, COLORADO 00 112 2OW74 1 -0030

I

Borehole: L.- Well Number: 3 7 32,f

SOILS LOG
J. E z

z Description
CL 0.
E E

0 /0 /xe

C 4 7
6,61

ý2_ )rsf 5,q tf e-ý

-313 4 Z

/7,

S; 71e

5ý,. ed

a 11451,-q

Drill Site Geolo-ist* Date:

Reviewed By: Date



ENVMOmmuNTAL GCMNCE AND 11MOINE"ING. INC.
7322 SOUTH ALTON WAY-GUITR M-I SHEET__ý._OF

ESEENOLKWOOO.CouNtAm &01i2-2CW74i--*6**

Borehole: Well Number-

C
-0 .2

z SOILS LOG
Z

z Description
3

E E
0 0

A,
a e7e

/tic, e r-o" cz, /6 Fc c F
Z,

:510

Drill Site Geologist: Date:

Reviewed By% Date:
77



gW4IpKMg,AMNTAL SCIENCE AND ENGIN62MING. INC. SHEELý OF
733* SOUTH ALTON WAY -SUIT "-I

ESEIINGLaWOOD.COLOPMOD 801JE0302"41-06"

Borehole: 1F,- Well Number:

C
.2

E W SOILS LOG
rI a 3% z

I Z_ 
Description

J
E E

%
CK tn v) M %n

-2.5-,V 6:1C T

Date:
Drill Site Geolo,,'----

Reviewed By.-. 
Date,



AL 15CIIINýI[ ANII 11"01NERAING. INC. PACE OF

ESE!
WELL CONSTRUCTION SUMMARY

Borehole 1-4 tj 0 5 -well 37 35 1

Project Name and Location lz"Ok 0Fr-P'-".7- roject Number MA-Sk-- 5

DrillingCompany riller -TasA ýhca-rt ---- RlgNumber 6-&(
*to-, 5 &W ý (a A-a

Drilling Method(s) ý44 -51.; -
C"2--

Borehole Diameter n. m! ft. _ cm. to 2- ft.

In. - cm. ft. - cm. to M.

Size(s) and types of Bit(s) !2;2' (--I> krA&--> 24" Sampling Method(s) OuSS 944- Y->j h,04"J -54- A4
4'2-V C,% ev-.

t-Y'- .) D. 2= DatelTime Start Drilling

Size ) and Type PVC 2cl, 4c> Daterrime Finish Drilling 1 -,2&4 --ý& fZ 1-3 -Zt

Total Borehole Depth - cm. Daterrime Start Completion 7-f - Z I -t4ol

Depth to Bedrock V ft. _ cm. Date/Time Cement Protective Casing Iq -

Depth to Water - cm. Materials Used

Water Level Determined By S'.J%0t';J- wzty- Plain PVC

Length Plain PVC (total) t. - cm. Slotted PVC

Length of Screen t. - cm. Bentonite Pellets

Total Length of Well Casing 2&70-ft. - cm. Bentonite Granular fJ 1A

PVC Stick Up - cm. Cement -2-

Depth to Bottom of Screen - cm. Sand 16e

Depth to Top of Screen t. _ cm. Water added during completion 4 .

Depth to Top of Sand -2 -( -ft. - Cm. Water added during drilling

Depth to Top of Bentonite - cm. Total Gallons of water added

Drill Site Geologist I Data 3/2-1/11

Daterrime/Personnel Internal Mortar. Cement Pad, and Weep Hole Installed tl13a

Date/Time/Personnet Casing Painted

DatelTime/ Personnel Numbers Painted 3 / .c 2Y t5lo

Materials Used 17- 6ýýi

Top of Protective Casing to Top of PVC !23-f t. - cm. COMMENTINOTES

Top of Protective Casing to Weep Hole ft, - cm..

Top of Protective Casing to Internal Mortar ft. Cm.

Top of Protective Casing to Top ofCement Pad _ CM.

Top of Protective Casing to Ground L a ft. - Cm.

Reviewed By Date-

Drill Site Geologist Date 2 S-I.P 4>



MVIAOMPAENTAL SCIENCE AND ENGINEERING. INC.
232 SOUTH ALTON WAY-SUITE H-1 PAGE__2:.__0F

ESEINGLEWOOD. COLORADO 60112-3031741-0620

Borehole: O'f>- _Z- Well:

J.f 0 Well Completion Descriotion

Goundlevel

Pvc, S" W COLC4e. &4 It 4v

6 ce
Z,

7 -
?.TT

ID
4.40 PJC-

-7=

16 -

....................................... -2, 2 P

-71- ZLI."S* 0,( 26"
ýý -- k &,,p4ý =

tj 
C.r

Drill Site Geologist JIF4 Date: 3A rhe
Reviewed V D a t C:.-z A ýt



%"Ory !**uN, T 11 "-1 INC. 
SHEET- L-OF-!ý-

Borehole: C 01 Well Number, 3el I

m 2 Y SOILS LOG
E z -S3 Description
Z -

.C CL
Q6 E

-3) 3

C-

2.

/IDYR jzý' 0A-'j<' V,'ý VN S-Vý C-

ýX'
I.- %I

0 CýA C-ý. C-

10

b

00 L QANyt 54-ri 3 S*r;/',, A., cýk

o P, 413

10-

Drill Site Geologist: Date:
V

Reviewed By% 
Date:



INGE"I"a. INC. S H E E T -2a-,`0 F

ES E 27,',3',3v,M mr'm'F W74 1 -Cm SO -3-73ci I
Borehole:---f-4 Well Nurnber:ý

04
0 0 Y SOILS LOG

x E 2 Ift, Description
I Z - 0

QL E E M
0

ao -tb

Iq

7- C>-

3A C/Pr
Drill Site Geologist*:- Date*.,V V Ike
Reviewed By". d Date: 9L

C" "J 7e-7



VIROMMIINTAL SCIENCE AND KNOINKERI"O. INC. SHEET --- ý_O F2 SOUTH ALTON WAY -SUITE H-I
ESE897,"N,GLEWOOD, COLORADO 00112-30W-41-0000

Borehole: qj f) f4j, Well Number:

C
.0

E SOILS LOG
z

I z t 
Description

0 Ck
U

.0 Ln wwo 4A

2-0 S I? 5,j, tj 1, 2> */0 )r .1 AJL

1 10 110 IL 614

LT

-j-z V

Z" CL

7D r-4 L DEM

Drill Site Ceologist-_ /,/2p/ Date:

Reviewed By:- n FI._- A



OMPON&ACUTAL SCICHCC AND ZHOWIMM"46 WW-
332 SOUTH "TON WAV*SUITI H-4 PAGr,,----L-oFANNE S E',KE"QLaWO0O. COLOM^00 "I 12660s"41-08"

Borehole: Well:' 37377

Well* Completion Descriotion

Gaund LS%ral

/Y

/7-9 -r,-,4 0A d"rV-j#rc

20-

.. 7-z.( .4f 7--y 00ý IQ:,-i;r

74f

or oor1.40
jr Drill Site, Geologist: Date- -7 19le7

Reviewed By: D a t c:



"v"*0"%ftWr#L scm"C11 AND K"aswaffood. OWL PACE 01,
2:4V G= L= 'tESE",

WELL CONSTRUCTION SUMMARY
0

Borehole -A _ Well 37,37Z

Project Name and Location-7271.rg - 10--pr6fect Numbe /705-9.07 X /0

Drilling Compa...V riller 114Va ig Numbe

Drilling Method(s) Aolra--

Borehole Diameter n. it. - cm.to in.

n. - cm. --- ft. - Cm.to ft. -Cm.

Size(si and types of Bit(s) Sampling Method( A-)0

Date/Tlme Start Drilling

Size and Type PVC 5eroll .0rO Date/Time Finish Drilling V0 0

Total Borehole Depth -Jef, ir ft. - cm. Date/Time Start Com pletionf/idnY00

Depth to Bedrock- AL.-!r-ft. - cm. Date/Time Cement Protective rasing 3ý

Depth to Water -!r-ft. - cm. Materials Used --

Water Level Determined By pr9yows 9400:V2 Plain PVC .3 10' 5XC70-1

Length Plain PVC (total) Z C.41 ft. - cm. Slotted PVC 1-10,f

Length of Screen /-4--Z3 t. - cm. Bantonite Pellets

Total Length of Well Casing -MLIUS-ft- - cm. Bentonite Granular .0-

Z_ft. 
_ 

Cm.

PVC Stick Up Cem' nt e-"O- A d

Depth to Bottom of Screen 30. 10 ft. - cm. Sand -- 8

Depth to Top or Screen ft. - cm. Water added during completion

Depth to Top of Sand 7-/.'7 - cm. Water added during drilling ge=

Depth to Top of Bentonite /7- 9 - cm. Total Gallons of water added

Drill Site Geologist Date

Daterrime/Personnel Internal Mortar. Ceutent.Pad, and Weep Hole lnstalýdYAk4ý

DatetTime/Personnel CasingPainted -- -f1,51j?-J1hpbo e.

Date/TimeiPersonnel Numbers Painted q1xk

Materials Used 17- 1," & biq
V U

Top of Protective Casing to Top of PVC a2m it. - cm. COMMENTINOTES

Top of Protective Casing to Weep Hole -LL!5---Jt. ---- ý-cm.

Top of Protective Casing to Internal Mortar ft. - cm.

Top of Protective Casing to Top ofCement Pad - cm.

Top of Protective Casing to Ground Level t. - cm.
Date

Reviewed By ONEW PZ

Drill Site Geologist Date



NVjpO"MrVdTAL SCISNCIE ^NO 9"O1NF-KM"Q- INC- SHEET___jL0F
ar 

WAY-SUST614-1ESE' LTC"

Boreholb- 
Well Nurnber__.ý7-37

SOILS LOG
E z Description

t a
0 a CL

fix F 0

0.0 h(L- OV _Adel 30-3s' /0 YZ '-el; L -3
AIA AfL X ý- j 't..

A0

YP' 513 4

3,0

4.0

/0

6.0
.45 J 157,

7 9N e14
2-

I I I J I

Date:_3 A z. A2__
Dcill Site Geolo ist. 

IF ' F

Reviewed By: 
Date:



WoARNTAL &r_jKt4C1E AND CH(MIMF41"0- 1"0- SHEET- IF
UT14 ^LTCM -^V *SU"f

ff,,0LKW0o0.CckQJ%^M *oiiz9*oanp4s-4w".0 -37-377
Borehole 

Well Number-

c
.2

SOILS LOG
Descripfionz

z .2

0. F E

ot-j

44LIVA

AU
1ý4 -Vt

CA

3o /0
cze

Ll 1- 15- 7,0 -7, /0
P- 2-Z

11?ý -/a4l zmý I

Date:
Drill Site C o o

ool- 4 - Date:
Reviewed By:

V



104C SHEET__L_OF_(ý_
= T" ut !;.!332 WC,00.CCL,0q%^00 *0jjx.3Q2f741-4M9*-E-SEa"QLK - ýP-7377

Well, Number'--
Borehole

C

E SOILS LOG
E z -5 a Description

z
V.-
0 E ECL -0-0 V a a %n L .......

/N/A 17,-, 4-

IZI/I

V\

,47.o

ZT3. -j /-f'-40 7-1 .4 Y,4.1 YX, &/I

27r SAJ 4 7.-

f

17.
zft a /1.

,ogist.
Date: 3 Iz-

D,,jjj Site Geologist: 
Date:

Reviewed By:



AMD-a"05"IMPING- INC- S HE

7 32 2 GOU T I JILT ON W 0.43-00 aff 4 1 29ESE UMLALWOOD. CCMOP."O

I Borehole Well Number:

0
0 SOILS LOG

rz U
E Description
z - ý6 .2.C CL

D 4 d

33.0 11A

e14

01

37-a

-ýD

Lsj

LIZ

0-f
,CAI e30t1'VC--- 40(ý'--

Date:
Mill Site Geologist: Date:

Reviewed By:



LOG B ZD&- ate BOR Wel I s I . Paw J-of
SE- Inc. CORE 

/D

Tom a/
St iumme soo. tith. Lith. Desctiption/Com"Isms

huod- Color
Rec, neis to$, 04 of Chor. Clooss

10 2`
uj cc) '00 Ft CM (Scole

An-gle Desc. HL H .01 to 100 -
u I " 5 5 ; HL $A-wicet. AT

C - 9" oil (0, tolof
w,

C L L

I+
4Z-7

u,
Li -t-

two-
44

4,5' Ar P-

,j&

d
5C

o (I

LU

(,6-

U-i

0

-7

-^Y5x efiE
1Z

uj



S'E. C 11.6 Dote BOW;: Well(s Nge -!-of --V-
lost,&* I'th. Lilh Description /Comments

V) clal CIMI CIO%$

a MGM ft C Iscole I"-
,,, '?I Ht.x it)

C4-ATSJCIJC
4

4

4

(f, Z,

c
+

LP 'I
CIO, it 0.

'it CU

TT it it 4 f

T.)

c

C- LZ

44,-

lit

LLJ

I b 4 t

U-) 
Ll Nq-,%A-

0

ILTSTA rJE

+



Inc. C(_')ý.( C96 Doie J_ BORE__LLYk,__ ell(s) _ _ _- Pue -.1-of

Cie; O's of 609
uj

JU G I . m I ;,, icm (Scole 1'*ý It)

gle i
-4 Aý

Mc
ý11-71` ýA- 7-VAICL (.,A

-T

41

544
A LA' 16

t-t- 41A r
zo

ton"

VV"4
4-

Ti-
W,

;113 dL

er

rf"*

L

....... 5T-

cial

LLJ

T4-

U-jCY- 7

CIO

LU



4 ,6 -Lee.. L.W,
aA**ood, Colorado Dale A pRtL-

()Filler 00" 10101
IF S EF Deplh or -

&toE- 4G 3 Tw*

Ff 
IllRMA 41

a.* AbAms Couwry s- C OL Op"tw

U"Mosol Ffws

L CAr
NU UJIFN JANALM)

pad to a U*1

T.D. Logged scob scale UPON

r-T CPSh CPSM MAP%
Natural Garnma I Lowq Speed T t Lee T.C. spow

S. I tow" Speed FWWM 17
P. Ic 7-0 1110 IV" 1K IV" FWD To

T" CPSOM Lq" Issedl Foe* to Focts

OZ 1.1 16 PvUw P't H

CK* T" 10tar

c"

Gamma jAnalog) D"ty Source No

3/4.
a POW Old ran Gamma (Oi2ilal)

Caliper

C" lww Temperature

Far so Go 

.4T F1 Newo Swcs NoPOW 
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16
Azimulh

True verdcal DOPM
U7
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Tf ical y Oept IN
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^s- scle"Ce ^No WHOO"Card"G. am. PAGE___L/ 7--
32 %OVIN ALTON WAV,SUiTE 64-4

ZNQLjgWOCO.CQLOPkAOO 00112-3031141-IDS"ESEffP3d%'mO`!"r
r-47A

Borehole: E -Well:

1 0 Descriotion
C a, Well completion
CL

.01 1.-

T

T
7,7

Gound Level

At

A.

7-:;P 00

7-OP

Z4

Z3_ 0

jx-

3417 'Ser'r

6*rrwv V.-

7Date*Drill Site Ccologist, -
ý4Reviewed By * _OL4j&,FPa Date



"IVIR11MMENTAL SCIENCE AP40 RNOINERRING. WC. PACE 2- OF
7332 SOUTH ALTON W^V SUITE "-I

.. ,ES E ftNGL2%VOOO, COLORADO 80 1 12 393M41-0630

WELL CONSTRUCTION SUMMARY

Borehole Well 4 4ýý 3737?
Project Name and Location /I /,C Project Number Izerion,-e-0-
Drilling Company- &"Ir. 0,4,0

-Driller - Rig Numbe

Drilling Method(s) - Aopg-

Borehole Diameter -ILXY in. -cm. ft. - cm. to Z ft. cm.

in. - cm. -ft. - cm. to M.

Size(s) and types of Bit(s) Sampling Method(s) (C2',v77*WV# V It 5*0 /..r-

DatelTime Start Drilling JIrl'p, 0 01-T 0

Size and Type PVC y Al 5x_exx'U Date/Tirag. Finish Drilling ZI-LI-If? "-f'00

Total Borehole Depth 3!rX ft. - cm. Date/Time Start Completion 31rlol /ýFeo*

Depth to Bedrock 3r". 0 f cm. Date/Time Cement Protective Casing 1111-177

Depth to Water ft. - cm. Materials Used 40 .9 e!*X65,

Water Level Determined By 5_'Inz ý'C'r Plain PVC 7

Length Plain PVC (total) ze'ý' ft. M. Slotted PVC /-/,0,

Length of Screen /0-? ft. - cm. Bentonite Pellets Y Tuewirf

Total Length of Well Casing -3 7. ly ft. _ CM. Bentonite Granular

PVC Stick Up 'Z_ 7 ft. _ cm. Cem'ent z-;? /_r/7';2S

Depth to Bottom of Screen _3%7 ft. _ cm. Sand S. f 6A.;! S

Depth to Top of Screen zj-6 ft. M. Water added during completion 7-6

Depth to Top of Sand V I J ft. - cm. Water added during drilling

Depth to Top of Bentonite /(9.13 ft. - cm. Total Callons of water added

Drill Site Geologist Date Ifl_,97

DatefTimelPersonnel Internal Mortar, Cement Pad, and Weep Hole

Date/Time/Personnel Casing Painted 41/97 1,tiDe lie. AeZ.,A

Date/Time/Personnel Numbers Painted Z

Materials Used-

Top of Protective Casing to Top of PVC ft. - cm. COMMENTINOTES

Top of Protective Casing to Weep Hole - cm.

Top of Protective Casing to Internal Mortar2/5 CM.

Top of Protective Casing to Top ofCement Pad ft. - cm.

Top of Protective Casing to Ground Level Et. cm.

Reviewed By n Iel% a ? -( FJ1AJ Date

Drill Site Geologist Date.



-or

ESEI
Boreho I le:-z-- 

Well Number .37379

c
SOILS LOG

z
3N Description

E E

0.0 A14_ /0
04.

<b lo yx, A-3, ?--k

7

0

ýh Z,

0 V\

I t I Lý

.4 /.1 1

70

3

L)

7

Ma 
ON

Date:
Drill Site Geologist: 

P
Reviewc(i Bv: _ OnX 

n 77



owbo"Me"TAL. science ^NO 11900ifteenoda. @W- SHEET--ýý OF
* SOUTH ALTO" WAV -*Una H-4

E s E e-a"a"2101LEW000. COLORADO 00 11 z 303"41-0020

V
Borehole:-t Well Number:

C
.2

-0 SOILS LOG

E DescriptionZ- M 01
0 CL

CL a -a E E .3a a
Olt, kn %n kn

Alhu evxjAj-

0 A IVA A(L

A T
JA( 3 o X ae /0 yt 5164

/.Z. a
/ I N.

4 %Aa

0

15-

N.
>k %)\V\

17f
N,

do 'J%

I-D

J-P
Z" /0 Ye, f

/0

Drill Site Geologist: Date,

Reviewed Rv-



wools. "W--' SHEET

-E S E .'*0LCVV'CMM. COLONA00 so I I a "2",*

:373 7k
Boroixote: 

Well Number*

C

SOILS LOGF.
z Description

ZZ -0.2
* 0 06 Ck 1 .1, V -

E E

AfA .b

YN-4

Y*

2P 
2 3.< /0 Yet, 6 -

ey

2-1 A- o 714 3,

2-7.o y"t

2 7. 65'
r

Ox A

A

3C.0

%J*

3i-C

01 Wll'rzzý

V
Drill Site Ge-a-10"St' 

Date:- 4 '
Reviewed By: 10 st. 

_ Date:



It"V100"MeWAL IMM"ClE ^No "04"agrovam WOC6
7332 SOUT94 ALTO" WAVOMMT9 04-4 SHZE

Borehoie:. 117.4 Well Number.--.!7

IL
SOILS LOG

EV- .22 ).. z Description
CL

T

C-ft

35. ek 6- ý7 3vl-

50ý 5 6

OF
57.0 1 - ---

DA-M Site

Reviewed Date:



NVWOWAVOTAL b4:14LNC9 ANO 1KP0W809Mft6- U40- PAU.-
23* bouvo% ALTOft WAV.bufflk 04-1rr; S E

WELL CONSTRUCTION SUMMARY

.4 104

4 _Well -37116.
Location roject Number 70 S:S

ti'P"t Name and 9z=4L---

DjJ11LU, Company LTZX1e1!&- rillar ser- Ja Big Number 4ýZý15

3,!It f 4,9 e,- 16 Sa=.,gle

ft. -- cm. to ft. cm,

S441(8) and types of Bit(s) Sampling Method(s) 27, 1) A'S. awep

Date/Time Start Drilling Z Z,-Ie 7 0 -9 ý;--Z

I.Sin and Type PVC ::go Date/Time Finish Drilling z/ 7-2 1,97 0-932

TOW 110rahold Depth t. 'Date/Time Start Completion lzlzzlff7

PswA w bodrock 2-9 -50 f t. In. Date/Time Cement Protective Casino 4-'-17-z,2Z 1140

albulonm IQ Water ft. Materials U sod

EL&W Level Determined By M AR'Sil -e,001 e --I L..kl-ee PlainPVC

th Plain PVC 40411) 13ý 0-9 ft. 10;vRe. edpVC 21-11 ý _20 _/,0-41750,17

Lmoth of Screen ft. ------- CM. Bentonite Pellets ZAek,,oýS

-Bentonite Granular..-."Tqw Length of Well Casing A70 ft - em. 
Z-A-02up it. - cm. Cement

PdA W Bottom of Screen t. -ý- cm. Sand A;ýL

4--4Wp4b to Top of Screen t. - cm. Water added during completion Zgeli

i dý to Top of Saud 
------ cm. Water added during drilling ý2

1-;9Pd& to Top of Bentonite /*,So t. - cm. Total Gallons of water added

Date ZA! ý 2

-:; LW 'k 0,J

."bijbj"porsonnal internal Mortar. Cement Pad. and Weep Hole Installed .21joJ71 114 -2,0

CaiiinsPaintod --- 1-10-45 w? Z -ff-&

WTUnalPorsoarwl Numberis Painted -3 - 1,,4 -&8 / I j >;rz -t>,ý,

b4wwo Used-
ý17*0 Protective Casing to Tup of PVC j2-3-0 -ft. - Cm. COMMENT/NOTES

1.4

"*Tapat Protective C40ing to Woup Hole -ft. - cm.

ZTQjjQf Frowc;ive Casing to laturndl Mortar 0, -7 0 _ft, _ cm.

4)TQP of Protective Casing to Top u[Coment Pdd ft. - cm.

lop of Protective Ca-%ing to cruutld ley'll -ft. - Cm.

Reviewed by

Drill Site Coulogist Date



§MV0*0%MNWTAL OCIENC6 AND NNOINSM"NO. #000.
73312 SOUT64 ALTON WAV-SUITe "-I PACE-Z.-Op.

ES E aMQLa%VO0C . COLORADO 00 1 12 - S031141-041*0

Borehole: Well -

&C Well complellon Descriotion

F0
live <

:!;c eV,- 40 Af,:ft -pv4r, AWAP7
7' OZo C /0

10 T
7.

IGound Level 411ý
1;5PL-

7-3-9 7,p p 7- ýt9
4-A!

/0

y

4;"/Oy
c /4L

' -ýIXY

Z40

2S-.

ITI ClAx 7 AO-
*7%ý' : 11 0ý4

46- AS, le- ze.

7"ý7 9 0

ze _/,IA-7s

0 se /7

Drill Site Geologist - Date:
Reviewed ffy: Datc- L I



NVIROMUNWAL OCIENCE ANO ENGINEERING. INC. SHEET OF
332 SOUTH ALYON WAY-SUITE H-IESE',CNOLEWOOD.COLORADC 00112-3GW741-0636

Borehole:- Well Number: ýq CIL

A
E 0 SOILS LOG2 12 -

2 z - DescriptionZ.S
*U

02- 12 .0 &A %n uft 
16's.

_5AJ

g,,*,-1tecY sr,.xe, I.,-Aee e141v 1,o re 3

y,*f A

Ar

de 4 z- ,'S ^0/1 A' A4.$, I.;

Z

dt

Z' 'noo 7e-'-rý7_5

C-4
A)'

ze, yýe -4 7,4 9,,., Y, _T1 Ir,4 'V APS

Al

IV

Drill Site Cenlogist Date.'- -/ Z8 S

Reviewed BY: 11 ate .....



NVINONMENTAL SC42NO6 AND ENGIN6201ING. VNC.
332 SOUTH ALTON WAV-OUSTE N-1 S H 1Z E -r

E S E 875NOLAWOOD. COLORADO 90 1 12 3031?41-0830

Borehole: Well Number: -3 1 -55 6

.2
3. E SOILS LOG

EM, i t z DescriptionZ-
1 0 E

V E

IV,,

-C&&z.Q lea"

'7

'Pec lxe&,:e /,0,r,0C -V/z e;Alc

Y. S1. 1,e W IP w A'

V

C 4 -9. S-

4Y 4 -5

N.

N

Drill Site Geologist:- Date.--

Reviewed By: )s UF



ENVIRONMENTAL SCIENCE ^NO ENGINEERING, INC.
7332 SOUTH ALTON WAY -GUITIE M-1 SHEET__i__0F

ES E NNOLIEWOOD. COLORADO 60 1 12 3031741-0630

Borehole: Well Number:

.2

Y i'SOILS LOG
z

I Z.S ? Description
CL

Z -a 0. E

/Z

A /17,7

YV KAC 4r

, /

Yell.

7-

Ze ;ýg

&V .101711e,-1 Vrar &eC Aye-"eW /-e _S74/,ý?

liq,0< yell 6,-,,7,, pmd f/el S,",e lerraýA"4,0a,
IV

If r e1V Co
1A_ 1 25'- 30 ý6 C MStA,,e,

Aew, el ,0,-

/7-
17. z .j i //r 5.ý11, s,,,-e r7-77

ll _. Z,:I..v_,

U,

Drill Site C-enlogist Date:

Reviewed By- -=ALL a Date: Lrz



NVIMONPAWNTAL SCIENCE AND F"GINIIER-40. 41C. SHEET
332 SOUTM ALTON WAY -SUITE M-I

ESELOINOLFW0,00. COLORADO 80112-3031741-0630

e, Well Number: 3 `13CU0Borehole:

C

SOILS LOGE

F z DescriptionI z S
111 0 IT

CL a -0 a E E
a 0

Ix In %A tn

/Ve RA, CO Ve 0- V

fj %
so - 4 ji '00'ea,

M A/ /,,9. 0 jM Z& St-ý

,a f,,C J,/ýt yell Z.'A, la'a'.5e "70'" -,V &-f,

re

/-9. -9 60 M

y/ '401

Vell 41-17. 0,,eW fl,- 401

145

/C 17ý

2-1

tj r4 
C>ý-46 ýýV,ýA

e6ZA 7.ý e4S4?11.f4 'i4edeed*fe5 AI,

,z 2-

A16

N

Z3ý-
2-T. z7; p re'd ýZ' yw, ýo, -elf to/ ;Z 10 ý,'j

D1, I ill Site Geologist, DO;-

Reviewed By--



VIRONDAW"TAL SCIENCE AND f"GINffil"ING. INC, SHEET OF__ý=ýM ALTON WAY -SUITE N-I
ES E L,'E"WOOD. COLORAOO 60 1 12 303114 1 -0439

Borehole:- I!f-- Wall Number- 323q
aN3* "OuT

C

E r3u )SOILS LOGzz Descriptionz.S -01
E
'n %n wo" 7 f, 4,--4 /d

tv
M

N

N

270
J

z8_

14,e ZO. _r 9-w -e

4,ý

Ira

Z5 kv
-9. 0

Drill Site Geologist. V..ý Date: zfj:l

Reviewed note:



NVW%0%PA&ftTAL SCI&MCd AND IIftQ4ft*V%NQ- ING- PAGF. Of
320 bou? M 4%LTON WAV-1bViTS 04-1S E WOOD -Q,QftAAbo

WE" CONSTRUCT16N SUMMARY

3'7,1-.l

I. OU
," I Nam avA Location eý'l roject Number

"IngCoMp&ny
Driller -z7, Rig Number

Z-,O- Als

1417--f W 1411411Sý g_,jge,- Vz

Diameter -ay.-.ia. to ft. ---- cm. to 3 ft.

4., ft. cm. to ft.

and types of Bit(s) &-6 - awgez- Sampling Method(s)-IY4ýjr-'>- AIS- as

4ý65! Daterritne Start Drilling //-ý-AeB

5in and Type PVC A0 Daterrime Finish Drilling 4& Z'60 /Z 3 r->

To* Borehole Depth ---- cm. 'Date/Time Start Completion

to Bedrock Date/Time Cement Protective Casing 2,ýz 'Lee 1410

to Water it. ----- cm. Materials wLelo_ek,ý7:2 owo-

r Level Determined By C4 -1' :ýýZ -s ke *A7e- Plain PVC _zlv_-

P" PVC (total) t. In. SlottedPVC
z,

Hentonite Pellets 8

Length of Wall Casiu '-Bentonite Granular

-J= Uck up 1-70 ft. - cm. cement

*4 to Bottom of Screen -ýT*-Foft- - cm. Sand -- Z zýn-ao

IL"'. Deptb to TOP Of Screen t. - cm. Water added during completion

L DeptJ1 to Top of Sand ft. ----- cm. Water added during drilling

papth Ld TOP Of BuntoniLe 60 L - cm- Total Gallons of water added----

Date

W"r 6to- 349/ 4 o-/ b -w

arsonrial Internal Mortar. Cement Pad. and Weep Hole Installed .3 0 - 29 1) 00

0Pk*/TImWPur&oanuI Caiiias Painted 3.

PoWrLms/Pervannal Numbaro Painted 1.4 - %"04 Z LZ

WWr44 Used 1 0.23 t. _ cm. COMMENTINOTESIf9p 9f Protective Casing toTup of PVC

of Protuctive Ca.%ing to WevP hold 7 ft. - cm.

of Protective Ciwing to Internal Mortar ft. - Cm.

.0apal Protective CLbing to Tup ofConient Pad - cm.

Top-of Protective Ca4ilig to cruund I Y-7 ft. - Cm.
ft Date-

Reviawbd by

DrillSitaCtio amist Date



aftv"110"W"TAL SO1QNC§ AND ONOINGGFANO. "00.
7323 SOUTH ALTON WAY.MIUMI M-1 

'07
ESERNIQLAWOOD.COLOMA00 80112-2031741-0624t

Borehole:. Well: 3 *7 IC?7

Well Completion Detcriotion

.J

g"j-,b- /-Q 3'04V'ý'

f A 7
la,63 AAw

10- -63 r4ct ;QPI,,
3

Ile-

Of

A

0 4W

'Jog- Aenle-,4- -9,0

N.

rco "'e

7

7

I , to.

so

eA

,d. A
ON

Pý-c.Aecl-

Drill Site Coologist: Date- Zeuý[
Reviewed Date:

W:"'



WIfRONMENTAL SCIENCE AND KNOIN111111"I"O. INC, SHEET 0 F
32 SOUTH ALTON WAY ORUITE M-1

UNCLEWOOD. COLORADO 100 1 12 303114 1 -0630ESE',',N3

Borehole: 7 Well Number: S73q7

0
E U SOILS LOG-E a

5 - z Descriptionz E
6 Go

QL 0 EV 0
tA

am e7le /0 YR -31Z

Io.-- c A e .5 lo /19 jFýZ yell

A,ý Z' r,-e4.f e-s 16 Z SC

Si e A a," "W C /-0

z;'e-e e e-1 - W)

4L 74 z 'ýK

Ny

P60'.- A/ CY0 S47-" 67" z 4 fxo' 0,%0 '-e a4

Date: 16
D,-111 Site Ceolo"Ist, --------- r-

Date: 7/f
Reviewed By:



ENVIRONMENTAL SCIENCE AND ENGINEERING. INC.
7332 SOUTH ALTON WAY -SUITE H-1 S H E E T F

ESEENGLEWOOD. COLORADO 80112-303/741-0639

Borehole: Well Number: 3739?

C.0z -0 16-0 F SOILS LOG
E
:) 2 z

I z E 2 Description
w 4P CL _Q, a,

-0 _a E E

Cx tn

re'd OVr"Al erl S4 A 0/ -

7.
e 1, 7- 0

e7%

o,41,e W Ca e-3 ,o le ý-e '61,5 le /j /-,-I

41 -9. Zý, k A-, v -e 17"_

let/.

/0-

AAL

v I'-
5

loeje

rv

114 10

DLill Site Geologist. Date:

Reviewed Bv::?K:Lýý)



NVIRONMENTAL SCIENCE AND ENGINEERING. INC.
332 UTH ALTON WAY -SUITE H-I SHEET OFE S E 'E,NOLEWOOD. COLORADO 80 1 12 303/741-0630

Borehole: Well Number: 373U

.2
E SOILS LOG
z

z - 40 0 Description
cx

CL -0-0 0 E E ZZ -
Ln Cn D Ln

12 C e? ý-ec,

N A 41 -e 6 11;r e

z

H- 7/z

IV
5A4 14

7-C)

146

7ý
7 0

7 Xe

e e c

Drill Site Geologist: -x/ X -e-zzC G:ý Date:

Reviewed By: 4)" -- f __ - . W yr



NVIMONMENTAL SCIENCE AND ENGINEERING, INC.
332 SOUTH ALTON WAY -SUITE H-I Sf4EET__±_0F J6

ESEINGLEW000. COLORADO 60*12-303/741-0929

Borehole: e:.- lzýz Well Number: a? lcf 2

E SOILS LOG
.2 z I

I z - a Description

E E

5P /f/4 ASIS; 200.,/v e-We-lerl

so
'/'q y e 6,-,1 , sý c,/ - el,

jo 7J

0

IV

zo_

ooa,' -ooee4'

J 
9P.

eýal 'e.-v As e z o - 3 c eal, 7&1-4-

10Y,e 6/ý-' // lell .,-Aenlel. f /?'
'XI 14S. "*7

z

"J14-5 47

A/C) ee rp v

tj
Z3-

N

Iq y -5-4 05"" C AA

n,6,r,IA ao',i 4 /-,;z

MAI Site GeOlnuicf- Date-_

Reviewed By: DateL_/1z4W_



NVIROMMENVAL SCIENCE AND KNOINEEMING. INC.
332 SOUTH ALTON WAY -SUITE H-1 SHEET OF

ESE'a,'NOLIEWOOD.COLORA00 80112-3021741-0620

Borehole- Well Number: :3 7 Z 9 ý7

C
.2

E SOILS LOG3
z Descriptionz
E

ýWtj 4 ý,e Z_1 Cg2 /y
%.A

C4e'05 ,,a re 71z

N
75*

N

,4 7 0-/,f ZAIck 4: A-y lelf1s.

Y /q Z6- 4 Ae-, zee, e, es

-5w-V IW4

tj
Z 7- /*

6"

Alo e-9 CIA

1.10

D611 Site Ceologist, Date:

Reviewed By:!Z



NVIRONIkAffNVAL SCIUM011 AND 1ENCIONEEPIONG. INC.
332 GOUTM ^LYON WAY GUITE M-1 S 1i E E T F

E S E 62,N0L&WOO0. COLOORADO, So 1 12 303174 0 -00:00

Borehole- Well Number: .3 2 3-9 47

.2

E 3. S-0 2 t A! SOILS LOG
W. !tz I DescriptionZ.E ý2.C

70'

ZFeeP ve-

1-4
L4

x %
V4 -1,4-If 4ý5 el,,e4o A' e

ý-5,p -9

,70-,5--6 e e

/Z,) rx f 14,

/4 rle 6 e
4AIA" Wydz4
)A ew r

24 -

Drill Site Geologist: Date:

Reviewed By: Date:



SCIENCE ANO INC- PACE OF 2-
7232 SOUTH ALTON WAY -SUSTE 04-1

ESEGNQLaWQOO.COL0VtAO0 *0t12-3031741-0030

WELL CONSTRUCTION SUMMARY

Borehole Well 3,730
Project Name and Location izmA Qq &ýF:ý,rk .11- Project Number

Drilling Company W04, -Driller CtPV14L Rig Number

Drilling ethod A QA4nqA%Q 4dnpl,!5ý
I al^ 0!4ý8-no aaL QD Hollow S4r,^- AYQ&t

Bo6ehole Diameter in. a---- ft. - cm.to M.

-in. cm. _ fL -cm. to - ft. M.

Sizý(s) and types of Bit(s)Xlsto 9&,,- ALset 144- SamplingMethod(s) CAfthAA641A A61160 r

- DatelTime Start Drilling /100lij /ot
SizeandTypePVC f sr -tj DatelTime Finish Drilling

Total Borehole Depth A%ýLjt. cm. Daterrime Start Completion Lph ik -pno
Depth to Bedrock -ft. - cm. DateMme Cement Protective Casing 1000

Depth to Water A7 ft. - cm. Materials Used

Water Level Determined By Aachamai_ J+'1,1rJ _A124 Lr4 PlainPVC 2-10

Length Plain PVC (total) J 3J ý 4; SlottedPVC ol-le J-T

"ength of Screen AL911-ft. _ cm. -Bentonite Pellets A. I IWr ('s-0 ay

Total Length of Well Casing 40-07 it. - cm. Bentonite Granular IDA

PVC Stick Up 1,7 0 -ft. - cm. Cement

Depth to Bottom of Screen A ft. - cm. Sand ____./7
Depth to Top of Screen - cm. Water added during completion

Depth to Top of Sand -7.7 0__jt. _ cm. Water added during drilling

Depth to Top of Bentonite _-3.'70_jt. - cm. Total Gallons of water added

Drill Site Geologist '-J.Qle Date

DatefTime/Personnel Internal Mortar. Cement Pad. and Weep Hole installed

Date/Time/Personnel Casing Painted

DatefTime/Personnel Numbers Painted

Materials Used

Top of Protective Casing to Top of PVC JA3,§--ft. - cm. COMMENTINOTES

Top of Protective Casing to Weep Hole ). t? -ft. - cm.

Top of Protective Casing to Internal Mortar ft. - cm.

Top of Protective Casing to Top ofCement Pad ft. - cm.

Top of Protective Casing to Ground Level 2. t. - cm.

Reviewed By Date

Drill Site Geologist /7 nitp



NVIRONNIENTAL SCIIENCIE ^NO ENOINEIMING- 'NC- 0 F
332 SOUTH ALTON WAY-SVIVE M-1 PACEE S E'dFMQL9WO00. COLORADO 1101 12-3031741-0039

Borehole: IE-si A

0
Well Completion DescriDtion

GOund Level

r &A4'7 't
d7.7 0

12.77 Lj,) (x7e f 1-t V C,

U0 I *i,

10

3q.

io 
.Is* 310 M k 10 T 1) - Se fool,

Drill Site Geologist: f -ý121, Ditc: 12hllpr,,

Reviewed By: a Date:



NVIRONMENTAL SCIENCE A140 ENGINIREFIING- 'NC- S H E E T
332 64OUTH ALTIOýN WAY -SUITIR H-I

1ES E INGLEwOOD, COLOAA00 So 1 12 3030"741-0639

Borehole: L Well Number:

C
.2.0 S SOILS LOG

E U

E a zý z 3.. Description
Z- -2

0 CL

U E

15- ,P D

... 
... 

..
....

i4l% af-p(,Oý,fl ,i::
M-A 

k/, o).1, IJA?-t

W 1114 Oa-%

2V,

Drill Site Geologist*_ AL 
Date:

RpViewf-d Rv. 
Date:



INEaRING. INC. SHEET-

E S E ! 31741-0620

Borehole:- Well Number:

.2

-S a 
SOILS LOG

E t z Description

a CL

CL E
n

jig ;ýiuy 777 7,P.T. 54-7.
Alhe,, Pon-

15;2Le

3t-f

------------

Mill Site Geologist: 
Date:

Date:



ENVIRONMENTAL SCIENCE AND ENGINEERING. INIC.
7332 SOUTH ALTON WAY-SUITE H-1 SHEET___3_ 0F

ES E ENGLEWOOD, . COLORADO 00112-3031141-0639

Borehole: E_- 3, A Well Number:-

C
2

-0 SOILS LOG
zI Z.E 6 Description

_f ICx .41 ou E E
8

+0 C-

),Pflý C iz if J1 ff e-.zAi14

3?

3ý,

R.4 wv/

;?z tj S P P I Pý(.

zz

D, ill Site Geologist:_ý) Date: A?



L go "mE 0 ""INEIE ON42. ONC. 
SHEET_ý--07E S E ',:a3v,2',*xoýwo",umTo-,4"-Tc-AT W74"1-10630

Botehole:- --E,534 - Well Number*--31ý-A&i

C
.2

E SOILS LOG
E5z z Description
Z.ýs !! -2

-f 0 a CL 0ý
CL -0-0 0u c- E

-------------

Drill Site Geologist:--d Date:

Reviewed Bv:



ENVIRONMENTAL SCIENCE AND INGINEEIRINO. INC. PACE OF

7332 SOUTH ALTON WAY-SUITS 64-1
ESEENQLFWO,00,COLORAD* 1110112*3031741-0630

WELL CONSTRUCTION SUMMARY

Borehole - Well 37L4ao

Project Name and Location RIM A r-A I ftA"'V - L' +- % -)- - roject Number- - T 3 5ý

Drilling Compan &.- 21 intiller-:17m= 0 -- RigNumber

Drilling Method(s) ?91-1 N",ý4

ADA-,") nnli

Borehole Diameter n. _cM. 6 - cm. to -cm.

In, cm. Jt. ___:_Cm.to ft. -CM.

Size(s) and types of Sampling Method(s)

Date/Time Start Drilling 3),3 ol q 0 qD.3

SizeandTypePVC OQS,.ý 4r) .02-0 A, DatelTime Finish Drilling tý L r>9

Total Borehole Depth 42.0 - M. Date/Time Start Completion Hký I I 0),W

Depth to Bedrock _ Cm. Date/Time Cement Protective Casing qbIly 1240
_ __c ' ý11k"' -1

Depth to Water M. Materials Used - 9:t2

Water Level Determined By 0aZ.- PlainPVC 1-10 1 -

Length Plain PVC (total) 12,9,9 ft. - cm. SlottedPVC

Length of Screen -IL-41it. M. Bentonite Pellets q

Total Length of Well Casing 41.-4- ft, _ cm. Bentonite Granular 31 6

PVC Stick Up - cm. Cement C' ýa4

Depth to Bottom of Screen _6111it. - cm. Sand -Z

Depth to Top of Screen -1a9it. - cm. Water added during completion

Depth to Top of Sand _LL"12-ft. - cm. Water added during drilling

Depth to Top of Bentonite _2120it. - cm. Total Gallons of water added-

Drill Site Geologist Date .I.,. i

DatelTime/Personnel Internal Mortar, Cement Pad, and Weep Hole Installed

DatelTime/Personnel Casing Painted q-7)y y -5 K1 P I ký / Z&O

Daterri me/ Personnel Numbers Painted

Materials Used

Top of Protective Casing to Top of PVC r).2q ft. - cm. COMMENTINOTES

Top of Protective Casing to Weep Hole /I qq ft, _ cm..
Top of Protective Casing to Internal Mortar /.' q q ft. - crn.

Top of Protective Casing to Top ofCement Pad 13. ft. - cm.

Top of Protective Casing to Ground Level aq-ft. - cm.

Reviewed By Date Z?1' 24

Drill Site Geologist Zfýt L Date-
A 7 - I /



NVIRONMENTAL SCIENCE AND ENGINEERING. INC.
332 5OUTH ALTON WAY -SUITE "-I PAGE__2ý-_OF

ESE'E,'NQLEWOOD. COLOMADO 40 112 - 3031141-0039

Borehole: Well: -3240-0

u1 0
Well Completion Descriotion

CL

A

T

T
77

lGound Level

K",

16.2ok -rc0? c vt-,z

Zo

30

Drill Site Geologist: Date:

Reviewed By: Date: 'y -Zd 9:



W41PICNMWWAL 00MINICE AND ENOINIHIP"NO. INC. SHE'ET --- ý-OF
232 SOUTH ALTON WAY* SUITE H-i

ES E 879MOLKWOOD. COLORADO 00 1 12 2OW74 1 -0030

Borehole: well Number:

SOILS LOG
z

z -E 0 Description
CL a-

QL V E E T

Y)z CrAoMi ZfWC4 
5:

0

2-

5&? ý'Ile 'M

41

S;A,
Ir

6 Y/ Sl-3 /L A"s W"L -,74r.17 <=7ý '7L

( ef- 
r4

7( 1 C,(-

eo,z

16

Drill Site Geologist a t e: IL

Reviewed Rv-



KVIMOMMMMTAL GCONCS AND 2"GINMERING. INC-
332 SOUTH ALTON WAY SUITS M-1 SHEET-2h.- O P

ESEINCILEWOOD. COLORADO 80112-3021741-OOSO

Borehole: Well Number:

C
E Y SOILS LOG
, j z
Z.S t Description
0 0 06

U E

./17 "0

5A

/11 12-
2) -3

1/7 ýz c/.

,0,7,
e"o

m

e >4

ý Z.F Fý
71 14

Drill Site Geologist: Date.

Reviewed By: Z//-il



PMMMMOWAL =E!NCE AND NNOINEE"'"o- '"C- SHEET_2_ 0V__L_
332 SOUTH AM AT -SUITE 64-8

E !B E 07zmOLKWQ0D, COLORADO 20 1" 2. 3OW741-4M3*

Borehole: 
Well Number-.-/-,) 7

C
0 .2
I SOILS LOG

j E z -S Description-0-2
3. -a -

00 E

1ý0 
2.0 1 

5,C 1

AL

2:z _ýS

ON

o or -V<_
7

z

;z

Drill Site Geologist: 
Date:'/,/

Reviewed By% 
natp.



INIIIININ0. INC. SHEET --- ýý FE S E
Borehole: Well Number. D :z '371/06

E SOILS LOG
E z

z tt
Z Description

.C CL
-01 0u E
2 z

Q fp- 92 WI) M

'30
ý3e

2-

32-

Z-

-3 
/7

L

dr

3
/:z

4F

1127,-o 71 //,c e

64
49 A It,

Drill Site Geoloigiat-Ail, Date:-'-Y -:Z e-

Reviewed By: zý no#..



ENVIRONMENTAL SCICHCE ANO ENGINEERING. INC- PAGE OF
7 3 32 SOUTM ALTON WAY -SUITE H-I

ESEENGLAW000,COLORADO 60112030W741-0039

WELL CONSTRUCTION SUMMARY

Borehole Well C) I

Project Name and Location. ra.- Project Number--TO% V-s :sq
DrillingCompany lux-. T>-(ý.( Ai:!ýý _?_Zý.__ riller. Number

Drilling Method(s) ALk6JF-4Z- wl M-4 -V-S 94-1,s-rr-%4

Borehole Diameter 12- in. - cm. - cm. to ft. -cm.

in. _ cm. - cm. to ft. cm.

Size(s) and types of Bit(g) 54&--, Sampling Method(s Au,&E,

- - -_ 1-2ý"6zi6 J Date/Time Start Drilling 43 7 §/ r? 0 -Z (_ -

Size and Type PVC - :J0 Date/Time Finish Drilling 2) -'z-r 0-11-5

Total Borehole Depth 47- ft. I I ." I_ cm. Daterrime Start Completion I t
Depth to Bedrock ft. - cm. Date/Time Cement Protective Ca;ing _3hýIRV

. - J1. _1 _5' ft.
Depth to Water _ cm. Materials Used Lut se-41 S-I'"

Water Level Determined By Sýi Ile _ý_ Plain PVC 10 -- A2-4o-:, S

Length Plain PVC (total) )?'41.1 ft. _ Cm. SlottedPVC (?=ý ->-"

Length of Screen + ;ý-A""T ft. - cm. Bentonite Pellets

Total Length of Well Casing ft. - cm. Bentonite Granular

PVC Stick Up h ('3 ft. - cm. Cement -- -_ - .1

Depth to Bottom of Screen f t - - cm. Sand _Z I

Depth to Top of Screen ft. - cm. Water added during completion

Depth to Top of Sand ft. - cm. Water added during drilling

Depth to Top of Bentonite cm. Total Gallons of water added

Drill Site Geologist 3ý Do

2 gWe, f
Date[Time/Personnel Internal Mortar, Cement Pad, and Weep Hole Installed ea-k- e--X 1%'ISFV SOAP S' r-T -4-

DatefTime/Personnel Casing Painted '4 e

DatefTime/Personnel Numbers Painted 414. Ire S,-, P

Materials Used 4ý r? TAýe_ ýý

Top of Protective Casing to Top of PVC 0.3j-ft. - cm. COMMENT/NOTES

Top of Protective Casing to Weep Hole ft. - cm.

Top of Protective Casing to Internal Mortar ft. - cm.
Top of Protective Casing to Top ofCement a -79

d _L: __171 ft. - cm.

Top of Protective Casing to Ground 4Le -7 ft. _ cm.

Reviewed By _ ., I Date-

Drill Site Geologist lid JW-1-- Date- 4,



NVinONMENTAL SCIENCE AND ENGINEERING. INC.
332 SOUTH ALTON WAY -SUITE 14-1 PACE OFE S E ENGLEWOOD. COLORADO 60112 - 303174 1-0639

Borehole: Well:

-OU
cc Well Completion DesCriDtion
-z-
Ln

Gound Level

3.03

1c)
-15,) C t,. 4 o

CIO - 2.0

LA fvý%

zi -t 3T

34:7? -7r-41.

7<-

ict -0

Drill Site Geologist Date:.

Reviewed Date:



04VIVIONINAIIAITAL SCIE"Cr "o ffmolmumma. me.
11*2 SOUTH ALTO% WAY# SUITE N-1 SHEET-L-OF

ESEONINOMWOOD.COWMADO 90112030W1441-(MM9

je 
-7410(Borehole: ýy Z.,E -4 Well Number.-- 3

C
.2

re a SOILS LOG
J.41 z

z Description

alo alo u E E
Joe V1j to D &n

0 1/0 CA ̂ ,k3

/0 YP- y/q rvý I

yvý b ý2 9 % 0

L4 I\"
L.0 

qýksý', C-

r-4

7

r

0/c,

!51 Ll

C-

Drill Site Geologist:,?r j L 98:-t`e,:- Yf ý)S)w

/* TReviewed By% Date:



"" m"0114EE"Ima. 114C. 
SHEET--L-0F-A--

u,Tr 
M-0MNCILEWOOD. COL044ADO 60112 30W741-0629E S E 27 "2s"=41 m*T=EAy v,A

Borehole: -S,3 0 Z- Well Numbe.. S7q0

.0
T, E u SOILS LOG

E z
, ; 3. z Description
Z-

F- E
0 0

:D %A

C. 0

13-

0/6

i6

R

17 1

S\ czac-

'4ý
N,

Z 0 1

4
Drill Site Geologist: 

sate:
- - .4 ý -ý7

Reviewed Rv-



NVINONMENTAL SCIENCE AND K-01"Eff"ING. INC. SHEET--!--OF
332 SOUTH ALTON WAY -SUITE "-I

ESEINGLEWCOO.COLO111^00 00112-3*W741-CM"

Borehole- F S3 - oR-?, Well Number:

C
.2

-0 ýP E SOILS LOG
3 6 U

E0 z'ZI P.. .7, Descriptionzt a -0.9

90

tz C

C_

0 Y
0-

V" t-',
0 YY%W ýk aNa r) R 61 q K

0.ý V, 6)
ýYX

go

tj

Di-ill Site Geologist: Lts Date:

Date:Reviewed By*



WFIONMENTAL SCIENCE AND ENCUNISPION10- I"C- SHZET__ý!_OF L4
332 SOUTH ALTON WAY -SUITE H-I

ESE61TENQUI[WOOD.COLOPIADO 60112-30*1741-M39

Borehole: -!r 3-og Well Number:

-0 E SOILS LOG
J* E z DescriptionI Z.E.C

Q6 CL
06 E

0 0

30 ';ýA

o

P

C)

_Zz

N 1- 6/- C' \At 0-YI J_ý 4 Y-le Z5, Q -A Q) OAMI I Xýý -3 10 "r,

1z, Ilk 5114D 5 % '0;
V

-av, au Aaýý T"A .(I VJý b row A

37-

V1
N

`2

\%

L

L

Drill Site Geologist: -ýjj

Reviewed By:- Date:'e/* 2ý),52'f



NVIROMMIENTAL 601ENCE AND RNOINME"I"O. INC- PAGE. / OF
322 SOUTH ^LYON WAY -SUITE 04-1

ESE'l"ENGLAWOOD. COLORADO 60,13-2031741-0636

WELL CONSTRUCTION SUMMARY

Borehole A Well

Project Name and Location 7--IC "ow Aroo-Ywavpw &.w rg^* -Project Number

Drilling Company-Ab, Z'cr / riller POV4 J5rV,'V' Rig Nuqiber VVE02" I'VM

Drilling Method(s) Orff

Borehole Diameter ZZA in. -cm. ft. - cm. to ft. M.

-in. cm. ft. - cm. to In.

Size(s) and types of Bit(s) Sampling Method(s) CAPM000011

DatelTime Start Drilling

Size and Type PVC Date/Time Finish Drilling. V 2,0 ZOOO as"wo)

Total Borehole Depth 1910-L-01-h-14ft. - cm. Date/Time Start Co

Depth to Bedrock V10 t. - cm. Date/Time Cement Protective Casing .0

Depth to Water 37 t. - cm. Materials Used A' V 7V4KJr 4*Xtf

Water Level Determined By Plain PVC v - eo , P'"aff

Length Plain PVC (total) -3 Ir. I Ir ft. _ cm. Slotted PVC 1-110`0 t- or #4

Length of Screen a _*tr ft. - cm. -Bentonite Pellets _Ir J6.1altry

Total Length of Well Casing SrL7 - t. - cm. Bentonite Granular V. Z16-

PVC Stick Up /* 7 ft. _ Cm. Cemdnt 4421

Depth to Bottom of Screen S'o t. _ Cm. Sand /Y AA%[ -Depth to Top of Screen 3L or ft. - cm. Water added during completion

Depth t6 Top of Sand t. - cm. Water added during drilling

Depth to Top of Bentonite __ZJR__ft. - cm. Total Gallons of water added "-tow

Drill Site Geologist Date- 3 X0

Daterrime/Personnel Internal Mortar. Cement Pad, and Weep Hole Installed f !2

Daterrime/Personnel Casing Painted

DatefTime/Personnel Numbers Painted -7 V> _0950

Materials Used ýE I CR e2ýe V7, 'of

Top of Protective Casing to Top of PVC (2. Yd_6. - cm. COMMENT/NOTES

Top of Protective Casing to Weep Hole ft. - cm.

Top of Protective Casing to Internal Mortar ft. _ Cm.

of Protective Casing to Top ofCement Pad -ft. - cm.

Top of Protective Casing to Ground Level t. cm.

Reviewed By X., lei P 7112, Date-

Drill Site Geologii/ Date



ENVIINIONMENTAL SCIENCE AND ENGINEERING. INC. 2- OF
7332 SOUTH ALTON WAY -SUITE H-4 PAGF

ESEENGLFWOOD. COLORADO 60 1 12 - 30W74 1 -04316

Borehole: well: Mof 37-32Nk

J! _51 0 Well Completion Descriotion

GOund L.,A

C,

A COIA4

.33-irc role OF- swailrou

29.01

AbirreAk 00W *.jot//

Drill Site Geolngist: r Date-

Reviewed By: ja&lyl E&gw Date:,-v



I
Ann% gxý *ý= 01006TAL WMW ANO a SHEZT --- J- 0 IFALT C;:ýw IMMT ff."GLaW000. COLCM^00 so I I a 202PTO 1 -00"

ý7-ý,4ý 173ýý,Borehole:- L Well Number.

IC -6 C2

E SOILS LOG
z DescriptionZ.E .2
06

-.0 o,

C. L T-ý f0
,U-34. 1 :;/7-

z

L%

Cr
5ý Lý, 100 A 't -ý-)rux- n, (0 0's< -t!7

CJ.

I f1i A,U C SM V/" C I,. 7-ýL

Lk

-LC pL

71-0
7C-

7-

Drill Site Geologist- 0 Date dl



SCM0406 ANO f"GONORM"G. 001:6 3
^L10" WAY-GUITf "-IE S E 0"WOOO.COLCMA00 00012-200SM41-"ý

Borehole:-. -SS A- Well Number:-

C
r; SOILS LOG

3-
z Description!ick CL T

ow

VA 
14 

j"gLU qj tk%,,L k tA; cL,,,' &

JAC n tec -vL Aý- NA-f k-ý%tl"

's

Tj iVI L_ "") I L T' Y, ý'-a C (.x 1/4 011-tAC
V, -

1 030-C

Z-- 3,'Z-- LID

"'C
q,c-g-%kLj 1 -200/1 "A. k:

Ok (-Ok la Sri,

'Zi - A14-

;u
'ýP to ucst ým--a "Zak

Ike

ZC' 2C Li(ý
L

Tt - 4

171ý 
001.

Lit)
ON -

f'A I t C)

Ll IL= - I Y.Iýjllu(g C

Drill Site Geologist:- Date:-
n



wo""Me"O%w"TAL som"Ce ANO SHEET-ý- OF- 3- -
71%,32SCUT14ALTO"WAY sknve"-s

ESE1LftQL&w000.CCKAM&.*0 0011316"217,41-""

Borehole- 
Well Number. 37.3

C
.2

V SOILS LOG

1E, 0 2. z Description
z _V3
.;I tA V

SC 

C(CLiL

1061
Lai"; 4,4f,j

VC -ArL

-,CL

,,.M -v-- 
Cuoý!

4

CLA6T-014E

C";

2- AT

Date-
Drill Site Ceologist,

Rmviowed 11v-



NVIRONMENTAL SCIFNCF AND ENGINEERING. INC. PACE or
332 SOUT" ^LTOPd V%OAY- SUITE 14-1E S E ',EENOLEW0400. COLORADO so 1 12 - 3031741-0630

WELL CONSTRUCTION SUMMARY

Borehole - Well (w
Project Name and Location M&M 921 -,17RW_CT_ IVMIJA #Ajv%l. V. OF roject Number !I-q-6- 67A 10

J
DrillingCompany j3fttý&'5 I.W -5 -Driller b^#a T-hM-13 RigNumber sMT1

Drilling Method(s) _Adu0_,&1 XV6"

Borehole Diameter 1A in. -cm. 0*0 -ft. - cm-to -331 -7 ft. M.

in. - cm. ft. -cm. to - ft. - cm.

Size(s) and types of Bit(s) d'14_T,%b Sampling Method(s) &VM%0840ý11

Date/Time Start Drilling JA- 1194 ISOO

Size and Type PVC AP, 4r_e=ffrML1T 140 Date/Time Finish Drilling 4 f I a tv 0

Total Borehole Depth - cm. Date/Time Start Completion t wo 0

Depth to Bedrock !!Ffff 0 ft. _ cm. Date/Time Cement Protective Casing 12-'ýX_84

Depth to Water AS. 0 -ft. - cm. Materials Used

Water Level Determined By _,5A,^7PL1; I &&S M1104 Plain PVC 10'.:9adM* I%J-f

Length Plain PVC (total) 1 q17' ft. - cm. Slotted PVC

iength of Screen Ile-11 ft. - cm. Bentonite Pellets q.

Total Length of Well Casing -31r-'17 ft. - cm. Bentonite Granular QC

PVC Stick Up - cm. Cement

Depth to Bottom of Screen ýLýft. - cm. Sand /-a.

Depth to Top of Screen P6. 015 -ft. - cm. Water added during completion is* e..4 I-,

Depth io Top of Sand /a. ft. - cm. Water added during drilling

Depth to Top of Bentonite '7. ft. _ cm. Total Gallons of water added

Drill Site Geologist Date !k

Date/Time/Personnel Internal Mortar. Cement Pad. and Weep Hole installed

Date/Time/Personnel Casing Painted

Date/Time/Personnel Numbers Painted

Materials Used

Top of Protective Casing to Top of PVC azo- ft. - cm. CONINIEN'rINOTES

Top of Protective Casing to Weep Hole 1. al ft. - cm.

Top of Protective Casing to Internal Mortar ft. - CM.

Top of Protective Casing toTop ofCernent Pad ft. - cm.

Top of Protective Casing toGroýund yvel A.00 ft- I cm.

Reviewed B Date

Drill Site Geologist Date



VIROMMENTAL SCIENCE ^NO ONG
? 32 SOUTH ALTON w^v -SUITE 04-1 ANCERING. INC. PACE OF-S2

ESAMO SE IIN30ILKWOOD. COLORADO Sol 12 - 203174 1-0430

Borehole: dE Well:

_c .0 Well Completion Descriotion
CL

0- Gound Level
7. IK

11 40 G SOW." ej %V4 '7

to -
-K-IDV .0 c z

0 V

A0 -

.30-

LA.8c

S4. =c?

zfo -

Drill Site Geolo-ist: Date:C,
Revic%% ed By; Date;



ENGLEWOOD. CQLOA^OO 80 1 12 303174 1 -CM39

Borehole: F j5,F Well Number:

-0
Z SOILS LOG

E 0 a
, - z

z E Description

E E

V$ Ln

F

ellAY)

,q It TVj?t

"ILimk6

. ............... .. ....... A
o y4 -3/9( e&_ wiA b4,1 4 407 Ak7&.- _-q, /-,10

V1 U,

Lo;r 4 he 't

Mill Site Geologist:- Date:- .

Reviewed Bv- Date:



It E L) F7332 SOUTH ALTON WAY-SUITE M-0 LTIE5 1= ENGLEWOOD. COLORADO 80 1 12 3031741-0639

Borehole: F_ Well Number: _Yl-UeS

E Q, U SOILS LOG
z DescriptionZ.5 0 V -m ý2

0 CL _QL
CL _. _: E E

ts -D U0 0 0cc 4f) 0 in

.0 C4- 167Y4 dZ.,i,6,4trA Aeklof

C_ a /AA

Vi
7-f A he

Jr

5i4 L 1,

C A a 
C 1AA1

t2

Drill Site Geologist: Date: Z2__ Ll_ýh

Reviewed Bv:--



1332 SOUTH ALTON WAY -SUITE H-1
ES E ENGLEWOOD . COLORADO 80 1 12 3031741-0636

Borehole:- Well Number:

-0 E SOILS LOG
riM - z -E Descriptionz z 1.2 .2

0 OL Q
e E

G a14ý'ey ;W11400, lexpel"

4

A Aeq

A.)d

171

D-111 Site Geologist:- Date:

Reviewed Bv- Date:



Wý ENVIRONMENTAL SCIENCE AND LNG$NFERING. INC.
7332 SOUTH ALTON WAY -SUITE H-I SHEET -OFE S r. ... L.W..., COLOAADO 801 12 3031741-0839

I 3orehole:___ Well Number: _-'_1 8

Z; _0
.0 SOILS LOGE
g z

Z_ Description
CL

C

7ro- Pcer geAwal r'-iu 57.4" /0 q,9 1-TIV W-.1, Avak

f101VJq:;711 4evo,& i1v,1-,,,1

Y tie
2Z

40 tl-7C.;ý7'_

5 L4 oe

2i0l-

LL I- J

Mill Site Geologist:- L'ga-'a-ZI D a t e: Z

Reviewed Bv:



7 2 SOUTM ALTON WAY -SUITE 04-1
FNQLEWOOO. COLORADO 80112-3O-V741-0639

Borehole: Well Number: No P

C
.0 E SOILS LOG

41 E zi
z

I Z.E a M a Description
-5 M
OL E E

a a.0 tA 4A M Ln

X0 Pics -49 4,wi-eW Y.

,,7

VA9
C, e

COO

31.5

0-0 31.5

BB

DIM Site Geologist: Date:

Reviewed By: Date-



1NV16%0NPAffNT^L SCIENC9 ANO CH01049909ING. Jf4C. PACE OF
7332 fbOUT04 ALTON WAV 64jiTit 04-1

;ESEKftQL1rLW0QQ.C0L0FkAM 9011203OW741-0439

WELL CONSTRUCTiON SU MMARY
f

Borehole - well 7
Project Name and Location S-1 o c7 //y y io Project Number /72yl- e7,75' /0

Prillins Company do,lZe!& 5ro Merl; --- Driller RigNumberJ--R- 71-1-60

Aa,'1A2x 2-

1174

" holeDiameter 0 ft. 44-96' ft. ---- cm.

in. - cm. - cm. to - - ft. -cm.

." a) and types of Biqu) 0-,Dý <-e,,, 4-, Sampling Method(s) a 1,6 --za,gg Ic W IL4.*-C

Daterrime Start Drilling jz-Z44z'd7

ELzmand Type PvC '. C-A. Date/Time Finish Drilling ZZ/aua

PýTOW borehole Depth 114-26 t. - cm. DateiTime Start Completion -I&LI-62,27 oýqc2-

Depth to Bedrock :64- -'0 - - cm. DatelTime Cement Protective Casing /z//Za7
r., ,

Depth to Water .26' Soft. - Cm. Materials Used

kAWater Laval Determined By Plain PVC /-9- 9-9

a4,';Aw&th Plain PVC (total) Zý- X 26- 6 7
I., 

Slotted PVC

4#asth of Screen 7 t. _ cm. Bentonite Pellets 30 aal .24bpe

.'TOW Length of Well Casing t. - Cm. "Bentonite Granular Y-3 6,7-1

fVC$Aick Up ft. - Cm. Cement pe -27Zg

Poth W Bottom of Screen - Cm. Sand 2 0 Yf bo*-s 1,vo. ýle -26 e

Depth to Top of Screen '/S' Z-9 It. - Cm. Water added during completion 7-5 :20,/

Depth to Top of Sand /Z. R-5'- ft. - Cm. Water added during drilling 2,5'

Depth to Top of Bentonite 6. 00 t. - cm. Total Gallons of water added

-tww site cuoiagist L'=ý "M C-0 Date 12-17-27

VJ >

Datos7imelPersonnol Internal Mortar, Cement Pad. and Weep Hole Insta ed . 2,1 '(21 P 3 R ý7ý1

P&LwTime/Personnel Casing Painted /10-

A POW/Time/Personnal Numbers Painted 4 -f,56 2,'ý

h4&wrials Used --

Top of Protective Casing to Tup of PVC '2-eft. - cm. COMMENTINOTES

TOP of Protective Casing to Weep Hole AqA ft. - Cm.

JrjTOp of Protective Casing to Intdrna'l Mortar ft. - Cm.

*')Top of Protective Cdsing to Top ofCunient Pad ft. - cin.

of Protective Casing to Ground Lqvqi t. _ cm.

Reviewed By Date ý16

Drill Site Geologist Date



NVIOR0146AWNTAL GCOENCS ^kO RNOINNUPIONG- $NO- PACE--?=ý OF
232 SOUT64 ALTON WAV - GUITt -'$-I

ESE0avNQL9W0OO.COLORAbG 60112-3031741-0030

Borehole:

41

Well Completion Descriotion

3
T 0 'ov C- AV, A 6

9"'O'C.Oofel A6 le-Z.9, .4'wlaw

-D IT /vo Scre4r^,PMýim

Q2Und Level "I
-Y

e ve e -41

Irolp a/ Ajow Ae"j,

/0 

z 7

Z.9

/'V; J./.
'c I

30

jt. ;.f .2-5,

/10

4. 96

z.

Drill Site Geologist: a,7 Date; I-Z-17-97

Reviewed By: Date.



NVIAOMMIENTAL SCIENCE AND ENGINEERING. INC.
332 SOUTH ALTON WAY SUITE H-I S H EET oF

ES E ENOLSWOOD, COLORADO 60 1 12 3031741-0630

Borehole: i5ý well Number: -225039S

.2

SOILS LOG
z Descriptionz -E i -2 -2 -0 0
CL W

OU E
V1

1A,
ly-4

AC e e

AS 
3

N

1-7

A

Mill Site Geologist: Date: 12 -/Z-

Reviewed Bv: ýýe Date:



ENVIRONMENTAL SCIENCE AND ENGINEERING, INC.
7332 SOUTH ALTON WAY -SUITE H-I S H E E T ___,Z=_0 F

ES E ENGLEWOOD. COLORADO 60 1 12 3031741-0639

Borehole: 6C - 5_5 0 iýý Well Number: -33 19-S

C;

rE SOILS LOG
0 -0 ! 3FE e Z'M - z
I z E Description

_r. .2 W
0 4P CL _CL

Q, I-0 U EW
Cx Ln

AM

eaý
SO

"XI Z,-4 /
/4 S,

-9

zo Yýe

41

I N/ J

e7
D, ill Site Geologist, Date: 7-

Reviewed BV: Date:



NVIRONMENTAL SCIENCE AND ENGINEERINO. INC.
332 SOUTN ALTON WAY-SUITE H-I SHEET c) r

ES E LEEGLEWOOD. COLORADO 80 1 12 3031741-0639

Borehole: _0 P/,-/ A4 Kýr 9 Well Number: Sý

E 0U SOILS LOG
z E !! 0ý -,C.2 Description

> CL -560 E r=
Cx Ln

NA A 7" 1Z C let V e C'14 ,7 e j, elo e-f

2-0-
N,

j4 -

Z-0,

4. 14 z4o - 0

;ýýO -4a ee , Yle __157'/ 11

/5 C7 5

R7 eeý eCý, c,ý
6-1

q

,Xý

V

D,ill Site Geolnoict. Date: 7

Reviewed Bv: -zzýý- 4- Date:



ENVIAONMfNTAL SCIENCE AND ENGINEERING. INC.
?332 SOUTH ALTON WAY-SUITE -I SHEET Al- 0 F (2

ESEENGLEWOOD. COLORADO 00112-303/741-0039

Borehole: ,c- ýS-, -9 '/'1 7-J7 -9 Well Number: 3"139 S

.2

-0 SOILS LOGg -0 z
z -0-2 Description

0 E E
Z.) L,)

IV14

,A/e

1-9-

/9 SAI-17ZTe, zo - 36ý16 coorsc

e

a 1-39, /A yell. /j/-,,>
-P A 5,

Al z/. Z- (:414 #15 If e dl

ý,j
:zz- z e- A C A

N

A4 A e 4-4, 1/ 5

le'll.

2114 41

Mill Site Geologis- Date: /Z -17-

Reviewed By: Date:- /AAP?



r;NVIRONmENTAL SCIENCE AND 1INGIMIRIERING- INC- S K E F T OF - b
7332 SOUTM ^LTON WAY-SUITIE H-1

ESEENGLIEWOOD. COLOR^00 80112-303/741-0639

Borehole:---,ýý-ý-) Well Number:

.2

E C) SOILS LOG
E 's:3 1z z Description
z -

0. -5. -1, U
OU E E

V 5 W 0 0
Cx Ln 61) Ln

7771

e 5,e ZO - Z 0

U. - 0 tj C C) at, f I re V ell.

(A )v e,,4

LA

4 
Z 0

27-

Alo Aeo-ee V e r

C An >/ Z 0 f a, C V

/,q )1ýý _S7/

\0
Ie

'A 
0 d5l- 1117 V

le

5P .2 ý2. 7-

dQ - z e ell,

\0 

A S

:a; 10 -17 4 (/j

.9

1-7 7-
D,111 Site Geologist' 

Date:

Reviewed Bv: 
Date:



NVIRONKAENTAL. SCIENCE AND 11NOINEERING. INC.E S E ',' 332 SOUTH ALTON W^V- SUITE 0-4-1 SHEET. OF
FNGL.KWO0V,COLOA^DO 80112-3031741-0630

Borehole: S- -9 Well Number:

C

E
E a -t . SOILS LOG

z z
Z.E .2 Description#0 -V -2

CL 0, LU Q
E E

A/A f

cy- Ili JO. Z .04 Y /40 Yle 457/1
A-W

31

Xry -f 0'ýý si /r, A'00 /y

1,00J9! Ao.-i P1975

N

Avo X'e4-0)' e,-;l 3 z 0

Or e

44-

C-4. ql

A cy-k 6

A0 
IqA16 1-'7 C7'

leý14 I<e-5

ýA

DIM Site Geologist:-, Date: IZ- 7-

Reviewed Bv: Date:



ItNVtftONMI1FNTAL OCIENCK AND ENOINKERINO, INC- PAGE- or
raxx SOUTH ALTO" WAY -SUITE H-I

ESEIENOLFWOOD. COLORADO 80 1 12 - 303174 1 -0030

WELL CONSTRUCTION SUMMARY

Borehole 3 73'32
Project Name and Location ýýtjE43q Project Number

DrillingCompany h&%A)eA BIVA riller 05%v--Zýy9le Rig Number S ZýLZ
'i

Drilling Method(s) t C-U_

1/1 a D 
ft.Borehole Diameter 7 q -in. -cm. 0 ft. - cm. to M.

AeAtwd t IS in. - cm. ft. _ Cm. to M.

Size(s) and types of Bit(s) Sampling Method(s)

Daterrime Start Drilling C//ZL- I Z

Size and Type PVC 'Vo Date/Time Finish Drilling Z.

Total Borehole Depth 3 0 ft. - cm. Date/Time Start Completion 7-3 )11-/o

Depth to Bedrock 33 _ 'Cm. DatelTime Cement Protective Casing 43 1

Depth to Water ft. - cm. Materials Used

Water Level Determined By -cc%'mole- PlainPVC / X10

Length Plain PVC (total) 10.1 ft. - cm. Slotted PVC >(/C7

Length of Screen ;U0 - 8 ft. - cm. Bentonite Pellets / !';s

Total Length of Well Casing R ft. _ cm. Bentonite Granular ;2-

PVC Stick Up 7 -ft. - cm. Cement

Depth to Bottom of Screen _3S ft. - cm. Sand Is/' x
<7

Depth to Top of Screen 1) ft. - cm. Water added during completion

Depth to Top of Sand 7.1 ft. - cm. Water added during drilling 9Qqo//0"S _#Oý'

Depth to Top of Bentonite -3.0 ft. - cm. Total Gallons of water added

Drill Site Geologist ekols Date- V17,

Date/Time/Personnel internal Mortar. Cement Pad, and Weep Hole installed PAC, C11-71P7
Date/Time/Personnel Casing Painted Z

Date/Tlme/Personnel Numbers Painted

Materiais Used. A2 A--, 6-40 A-Ek
If - -1 - -

Top of Protective Casing to Top pf PVC - cin. COMMENTiNCTES

Top of Protective Casing to Weep Hole 4 17* ft. _ cm.
Top of Protective Casing to Internal Mortar t. - cm.

Top of Protective Casing to Top ofCement Pad i__ftit. _ cm.-

Top of Protective Casing to Ground Level t cm.

Reviewed By Date- '7/a0/J7
Drill Site Geologist Date Zý=



"ViptoNkieNTAL SCIENCE AND MHOINERP"NO- INC-
w^Y -SUITE H-1 PACE

332 SOUTH ALTON 
_L__0

ENGLEWOOD. COLORADO 60 112 9 30NTESE07 4*-"39

Borehole: Well:

1 0 Well Completion Descriotion

1-7

Gound Level 11L

z -

adtflor% 4114 Ive-A 0701

Tor of
S CV CAL&%

Iq -

Z4 -

3Z-

.7y

Drill Site Geologist: Date': 7/5 Of L

Reviewcd By:.- n=W42U10t"d Date:



IRONPAENT^L. SCIENCE AND VN ?I INFERING. INC- SHEET__ý_ OF_ý__
ALTON 'NAY -SUITE H- Z -3. S"

7332 SOUTH RAW 80112-303174*-OG39
ENGLEWOOD. COLDESE`

Well Number:
Borehole:

A 0 SOILS LOG
E z criptionDes

1 z -0.2

-f- . CL CL

CL a -0 r:
5 LALn

alk brown.
V4/A fn L L cAA, 41/uw 441.

tolly P/Q 5Qý "C

3 - rA - t -C4 ViA 0

10Melly A

Z) 4.3ML_ 
W,

a4

V yx

I-dose, A/dm-lp

/0

I- Date: 92-
4h4i-.9ke Geologist: Date:

Reviewed 13y:



ENVIRONMENTAL 
SCIENCE AND IENGINEEAINQ. 

INC.
332 SOUTH ALTON WAY SUITE H-1 SHEET-26-OF

ESE17ENOLEWOOD. COLOFIA00 Doi 1293OW741-"39

Borehole- Well Number: .3

SOILS LOGE
I c z

z 0 Description
Mou E E

a a
D

N/A

JI-rox, IZ-4v-.

JAI

ell,

17 -

rV

L 4.B
.9 4H-9ile Geologist: Date:

Reviewed By: POO Date: -7Zq-



NVIRONMENTAL SCIENCE ANO KNOIN11EM11,40. INC.
332 SOUTH ALTON WAY- SUITE H-1 SHEET-,3-OF

ESEINULKWOOD,COLORADO 80112*3031761-ADS39

Borehole* Well Number- 3:Z.38i

C0
Z

u- Z SOILS LOG
I z C Description

0V 6 E

ca a a
%n %n

HIA
4

4

I N

'j4

13-

cka e

/0 YtQ 91ý-- 5/,ý

4- j1j

;1-7

A4 2 S
FA'P? e ý)`14)n9V154hW ttj1j,,eQTeý Zn &1-4,j e4z" M,# C
cohý- 114-5 71'&4 hl-Ick dellrýfj(J /Va m -P )-i I

Q01

-33

-Brik-S4te Geologist: k"T I;h 9L

Reviewed By: Date:--4'9/-X7



ENVIRONMENTAL SCIENCE ANO ENGINEERING, INC.
7 332 SOUTH ALTON WAY-SUITE N-I SHEET OF.,ESEN-IEWOCO COLOAADO 80112-30WI41-0639

I

I Borehole: Well Number: 4_3

SOILS LOG
J. E z _E

z Description

E E

4n 4n Z) Ln

33 
si /7L 4NIA ML_ N lo% ýP,7r. soid. Teoce

LOOSOL. NOV-

3Y -

3.5^ - rAx/c R .37, wed ý-e,;.-et-- C4- -5ill < le, 7j
r-;4

D, ill Site Geologist: Date:

Reviewed l3y-_LqtQ1ý , -7/



6WWWONMONTAL SCIENCE AND VIONORRING. *40. PACE or
T222 SOuT94 ^LTOr* %WAV -SUITE 04-4

ESEgNOLAWOOD. COLORADO 00112-30W?41-"30

ý,J WELL CONSTRUCTION SUMMARY

Borehole well
Project Name and Location 1!214) 63 'r_AYVAITIý -Project Numbe /WSJ 0

DrillingCompany & .b, - Driller RiSNumberar;Z-104 24Z

Drilling Method(s) n

Borehole Diameter _-4-3ZIL-in. m. :3Q ft. to Z 6 ft.

n. - cm. -2-!4! _--cm. to yre fL _c M.

Size(s) and types of Bit(3) Sampling Method(s) Xg 49aff

Date/Time Start Drilling
Date/Time Finish Drilling

Size and Type PVC qw, 5&A, yo ý1 421

Total Borehole Depth - cm. Date/Time Start Completion

Depth to Bedrock -457 ft. - cm. Date/Time Cement Protective Casing

Depth to Water t. - cm. Materials Used

Water Level Determinad By ±Apc Plain PVC 470 Je_ /0

Length Plain PVC (total) yzlý_Lft. - cm. Slotted PVC / )e S-' ,

Length of Screen 5 -. 9-1 9-it. - cm. Bentonite Pellets / 12, _,64toke-7t

Total Length of Well Casing 44 t. _ cm. Bentonite4.40ýr.- =LA, 4,,tvs
PVC Stick Up - cm. Cemdnt ?'ZF J25[f I

Depth to Bottom of Screen f t. - cm. Sand / I /,,-- &AQ

Depth to Top of Screen !40,C'Lft. - cm. Water added during complat'i'on 167L-

Depth to Top of Sand .301 -im- cm. Water added during drilling 3!ý____

Depth to Top of Bentonite ft. - cm. Total Gallons of water added

Drill Site Geologist Date !!ý . Z -?.,a ; - . . . .

XW-O( POA& VAk% , dAM%4. $,b C.0; &ýJ 4.,

ef
Date1T1m_'e/Per30n=' #InXtl=liýo#r'ýtar.rCe'm$en"t"Pka*d.fa'nd Weep Hole Installed

DaterrimelPersonnel CasingPainted

Daterrime/Personnel Numbers Pointed 496 -- 22

Materials Used

Top of Protective Casing to Top of PVC 47' S f'-fL - cm. COMMENT/NdTES

Top of Protective Casing to Weep Hole -ft. - cm.

Top of Protective Casing to Internal Mortar /,Z7 jt. _ cm.
__,,rop of Protective Casing to Top ofComent Pad /. 5 6 fL - cm.

Top of Protective Casing to Ground Level ;L OL-ft -cm.

Reviewed By -Q4Me4,Z_ -Dat

Drill Site Geologist Date- --



,22=VO 
ALI&#

1!,M MUMN-rAL 6MRSANOO PAC;E--Z-.- OF'
N U a 04-0E S E aNCLEWOOD. CQIM-00 go, 1280OWT41.0029

Borehole: F-- 4P2 jý Well- IM p

.C ac Well CompletionDescriotion

Zoo T

-10

30 30.0 , I
Ica F

35' --,o -f OV, 0
0 cqý

r
LP

-TotkL -bcp*tA- Lt(o

Drill Site Geologist: Date:

Reviewed By Date:



ENVIFtONMENTAL SCIENCE AN-6 ENGINEERING. INC.

7332 SOUTH ALTON WAY SUITE H-I PAC.Z___J_ OFE S. E ENGLEWOOD, COLORADO 80 112 * 3031741-06311

BOREHOLE SUMMARY LOG

Borehole 
Well

Project Name and Location M L -Project Number-4321.9-0---_ýCY0

r
Drilling Compan (2-0 nriller Rig Number

Drilling Method(s)

Size(s) and type(s) of bit(s)

Borehole Diameter 77 n. -CM. - Cm- to ft-

*5 in. - cm. _ cm-t0 ft- -- cn.

Sampling Methods

Total Number Soil Sampling Tubes

Total Number Core Boxes _Zy

Number of Gallons Lost Drilling Fluirl

Date[Time Started Drilling

Datei'TimeCompleted Drilling /Wo

Total Borehold Depth (0 :r- ft. cm.

Depth to Bedrock ___ZLýft. cm.

Depth to Water ft. Cm.

Water Level Determined By?

Borehole Completed as Monitoring Well?

DatefTime C routing Completed

Depth of Tremmie Pipe 0

Gallons of Grout

Materials.Usei_

Comments

Wellsite Geologist 
Daw_

Checked for Grout Settlement on by. idý ý-ý;:

Amount of Grout Added

All Measurements from GrouEo Level

Reviewed by

Drill Site Geol st 
Date



A4 weii(s) - Pocie-L-of
B ote jq-_ZLýv -9- BORE

ESt, Inc. CORE LOG r_
To Owe

Perm. ckop Sao Lith, Descripti- Co-ments

so ructure Hofd- Min"rology Color Clel od of 0,or closs
tM t.F Be ding Mess 10 2-

CL. M4n Hol,,, M F, CM (scole
LU _Z91. Desc L G .01710 100

u S_ s L H

2 lej

TE I L -ro Zý&,
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1 1 1 L

0
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L
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55
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7,U
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LU
cx

0
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-Lý.4 -1 BORE p" ), e-ESE5,'Inc. CORE LOG B Date
Teat 414H.,d. Per IM-nerost tuc lure logy C010F

poc B.ddir% nell 0of 6d 91

LW lot Angie Desc S H L H H Min Hobil
U s

4 (-,.%,IL

t

,A C7

4L

lei, 
4 to L wA-1,

4f

W5

I A

44 
1 1 t - 4ý ',-, UL A4 ýTo rJ 6 ^T '45"

-44

C.L

5

-7

T

zel.+ 7-1-

L T(,,rm E:'5

LU
Z'

55

(-L'k">TVF-'C
5(A G L

0

co



7.
ESE, Inc. CORE LOG co 5 Dote -j-U-0 _ BORE __LL'k-3A- Well(s) Page -3-of -:L

Hord- Mineralogy Graim Sms Lith. Lith. Description /Comments

structure/ Perm.
Color loss

b- Beddin ness Cie? ad ot Chat. C
am. 19 7o inwk Ft CM (Scale it)
lot. Angle Desc. Mm Hob- Color C:M

_U S S HIL H L H M G .01 LO 100

4

ITI I L

T-i I 4r3 -rd W_ Per 4,(,ý

FTI-L-L
F_T=Fý
F=LL

I L I I

7

t

+ , -0_ý'4 ý__"

7 7

FT-1 I L
FT7=
M=

LLJ FE=

LLJ
Cd _T
0
co

t
4-

U



Frontier Logging
rr L nail

L Uk@wood, Colorado 0 Filler W" Tee
D eepth

C" to I Es E-
a" It3b TWA

Ot IN
P1

K A unit
a Koo

ID Mo. Ito
C OL 00 - OperatorA vAm Pk%
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ENVIRONMENTAL SCIENCE AND ENGINEERING. INC.E S E 7332 SOUTH ALTON WAY* SUITE H-I PAGE---/--OF
ENGLEWOOD, COLORADO IB01120303/741-0639

BOREHOLE SUMMARY LOG

Borehole Well --nwý4

Project Name and Location 004 ty 00- " IeA evu 0401 1
-Project Number C v/0

Drilling CompanyAer /Jft &o$ -Driller 464YO Ird-"10
f, Rig Number

Drilling Method(s)

Size(s) and type(s) of bit(s)

Borehole Diameter __e__in. - cm. - cm. to Z 0- 'r ft. -cm.

in. _ cm. ft. - cm. to -ft. M.

Sampling Methods Ira Afr"# As tj & & J 5ý0 A^,)

Total Number Soil Sampling Tubes -y-
Total Number Care Boxes

Number of Gallons Lost Drilling Fluid

DatetTime Started Drilling

DatelTime Completed Drilling 2zýv

Total Borehold Depth cm.

Depth to Bedrock CM.

Depth to Water ft. CM.

Water Level Determined By?

Borehole Completed as Monitoring Well? Wo

Date[Time Grouting Completed 3 -Y-4p-p

Depth of Tremmie Pipe

Gallons of Grout 0

Materials Used -It AVIS oo- Clrwaar ?_0 A-4

Comments -_ _-4f%t PLAD&ANa &-.04C 01WONE 00AVIE cfrýp- &a4g-46AýC Z!D S!A7--

Wellsite Geologist Z 4. - z;ZM Date-

Checked for Grout Settlement on Zy t U-7 by

Amount of Grout Added

All Measurements from Ground Leve

Reviewed by Date /// P 7-
Drill Site Geologist U Dat



FMVU,DftMVMTAL SCHt"Ca AND &#4OW44Lap'&"D- *4C' S H E F-1r ----- Z-O F
3*z eowTM ALTO" WAV SLIfTE PG-0

E'4,L#*QLaWOO0.CCMjX%AO0

Borehole: Well Numbs (-t",

c
-0
C 0. SOILS LOG

0 E M Description
4 z -

0 a

3 Etc akJA4

fA( .,4a ,# Y4

of 
A/C 

1i

A Z 0

L

70 jt 70' wzv_ /0 YA-

ML

Dcill Site Ceologist: 
Date:

Reviewed By: 
nale,

ogisý,(



Lkolkgaoufta. mr.. 
SHEET---.i&-0F

312$0,y" #,LT(M WAV 64-1
CA"pk^po 00 1

f well Number:
jorehole

c
.2 SOILS LOGS

E Lj D scriptionJS e
z -

WA 30 - Vo Yx, 713
#*, Lýi

?91

J.'s" N.

Iwo jLA c Z
A Yk

14.0

17, /V0 c) Ak y

N%
0jr

TZ 173
4- Z 1;7,

of e-

Date:
Drill site Geologist: Dole:

Reviewed By:



ENVIPONMPNTAL SCItNCIE AND ENGINEERING. INC.
7332 SOUTH ALTON VVAV- SUITE "-I PAGE---L--OF

ESEaNGLKWOOV. COL.OR^00 80 1 12 - 303174 1 -06310

Borehole:. 
;ýe a73r/

Well:

u- .3
Well Completion DeSCHDtiOn

%n 0.-

tAT
1.7

GOund Lavol

cl 7'*fD WL SAAMO
S'

Pf T-6P

tat

A -

A

ty

L? 5 2ý 4 J. f V's Isary;v

10

Drill Site Geologist: (,?,,R4L L/Iru 5 Oat 1 /2-4 /LP 7'
/.7j, cl:j

Reviewed Bv Qag, (a Z /I Zz zJf



NVIRONMENTAL SCIENCE AND ENGINEERING. INC. OF332 SOUTH ALTON WAY OSUITE N-0 PACE
ES E INGLEWOOD, COL014ADO 90 1 12 3OW741-0639

WELL CONSTRUCTION SUMMARY

Borehole - Well 37 Is?
Project Name and Location Z-:1C &-e 11C tV- 00 V9 $-'A* IA W pal- &,Pr o e c t N u m b e r 0

DrillingCompany Am'Irts Driller 44virI DR -Ris Number

Drilling Method(s) - AZ Ee:

Borehole Diameter -/7Z- in. -cm. ft. - cm. to ft. -cm.

in. - cm. ft, - cm. to It. -cm.

ize(s) and types of Bil(s) Sampling Method(s) &IM7701004MYS .511 dooo'ft

DatelTime Start Drilling

Size and Type PVC DatelTime Finish Drilling 3

Total Borehole Depth tr ft. - cm. DatelTime Start Completion I e. P.?

Depth to Bedrock R. - cm. Date/Time Cement Protective Casing -1467
Depth to Water ft. - cm. Materials Used

Water Level Determined By Sj#&-4 116-1 Plain PVC

Length Plain PVC (total) a-P. ft. - cm. Slotted PVC e- d&!t

Length of Screen 2. ft. - cm. Bentonite Pellets vex ff,,r

Total Length of Well Casing A0-1 t. - cm. Bentonite GranýuLar /P ZKf

PVC Stick Up /-7 ft. _ cm. Cement dA:f

Depth to Bottom of Screen ft. - Cm. Sand - ZR 6AZI

Depth to Top of Screen 7. 1 f' t. - cm. Water added during completion ft?

Depth to Top of Sand 'Y ft. - cm. Water added during drilling 0

Depth to Top of Bentonite 3 ft. - cm. Total Gallons of water added 0

Drill Site Geologist CeX12 (ý"7-vf Date

Date/Time/Personnel Internal Mortar, Cement Pad, and Weep Hole Installed RAG 3-/) 9 /4 -

Date/Time/ Personnel CasingPainted 0wo /-a)

Date/TinielPersonnel Numbers Paintedb(ý-01-77 /d-20 PTIS 2 4ý
Materials Used ýQ.C= QA4'd&10!1i CA'Jý

0 L

f op of Protective Casing to Top of PVC ft. - cm. COMMEN'rINOTES

Top of Protective Casing to Weep Hole " 2-1t. - CM.

Top of Protective Casing to Internal Mortar f t. - c m.

l'up of Protective Casing to Top ofCcinent Pad z0f.t. - CM.

Top of Protective Casing to Ground Level t. - C:M.

Reviewed By Date 4///
U 'V

Drill Situ Geologist Date



V1k1vwM,0"1,AV1*VAL SC11MCM AND OW-- 71-

7412 "OUT M ALTO" WAY SUkT t 64-6

1ýSE4t*QLEWOOO.COLOV1A0O 00112-3011741-002*

Borehole: jE Well Number:

C

E y SOILS LOG

0 a to Description
3- 0. Cx .,2

C.A 2, F F:

+0
ML -iýtJ c L-Is, -rw-t5 cu'cý, log/" c -LioLl

5 Ll -3 7
2_

-7
L.ett, 2.0"/o c LLýj', rtoL,-, ý10 'lo 5cL-L&S (111"k - f-. CaCtAir-

NL
1007c, z- vai Jai L ý,a"j I (Mrw-, f\--n,P1,5N'C

(067, 4- 't CA-
cc '4-5 Li '3/Li

5ýdurxic,( x S'D 'L

C

LIXCLý /S&1ý1-pCA - --------------

'ýA4 7, *1o 25 Cqw AL-C-ý

L4
OF 

L

(4-
LO

I CP 1C, SM r

C:
ý5k'JD5 15 '/'0 -b

C- (kojl t C

I LGel e

Drill Site Ceologist: Data: 3



2"VjVM0ft*AgHTAL SCIR"C6 AND

71,7 I%OUT" ^L10" WAY -f%U It 14-0

ESEILMOLIEW000-COLOP1^00 so,, 'a-30W'41-0620

Borehole: E- (c'ýA Well Number:

C
.2

SOILS LOG
z A .3

z Description

Do r:

'Ke V%

u-A- k'%k

tGo
100/2,5 1

t-kcruo-ýs cxwkfýr-"l 2-" aný
1 Cel. ZA0

at-it r3

Iza C k- L

2114 locrx' 'bc.ý-r

CAp

.50

Drill Sit, ge n Date-



VIRONMtNTAL SCIENCE AND IINGINK901040. INC. PACE or_
32 SOUIN ALTON W^V-SVITE 64-1

ESE!"NELEWOOD. COLORADO 40 1 12 - 30.W?,* 1 -0630

WELL CONSTRUCTION SUMMARY

TE

Borehole Well CIZ± 27 1%

Project Name and Location Project Number- 7-- *2 5-

Drilling Company va -T -Driller laue ýJcrj leý- Rig Number, q.ý
Drilling Method(s) _9"rty-

J
Borehole Diameter /4. -in. cm. n ft. - cm. to &D, t7_ ft. -cm.

in. - cm. _cm. to - ft. - cm.

Size(s) and types of Bit(s) Sampling Method(s)

Date/Time Start Drilling

Size and Type PVC Date/Time Finish Drilling 41/16A7 g2 $0 7-

Total Borehole Depth V-.k-ft. - cm. DatetTime Start Completion /6/67 0 49 LI
I ý

Depth to Bedrock ft. - cm. DatetTime Cement Protective Casing

Depth to Water 4L.9 ft. - cm. MaterialsUsed

Water Level Determined By 2=- Plain PVC

Length Plain PVC (total) 73 ft. - cm. Slotted PVC

Length of Screen ft. - cm. '.Benton ite Pellets

Total Length of Well Casing :5-L4-1 Lt. - cm. Bentonit4 Granular

PVC Stick Up 1.7 t. - cm. Cemdnt

Depth.to Bottom of Screen %go -ey ft. - cm. Sand 3 1ý!qa

S 
J

Depth to Top of Screen 151 ft. _- c M. Water added during completion -6-plIvail
Depth to Top of Sand 2 ft. - cm. Water added during drilling 42_0_0ý 'y -1-5,02a = /L19 44"- 701

Depth to Top of Bentonite ft. - cm. Total Gallons of water added

Drill Site Ceologist Date

Date[Time/Personnel Internal Mortar. Cement Pad. and Weep Hole Installed

Date/T i me/ Person net Casing Painted 0)

Date[Time/Personnel Numbers Painted 06, -14- 8:2 Q3__10C)_ 011'

Materials Used ]Sdraqw- uck I g-J.. k.ý I O.J.ce.Al't
Top of Protective Casing to Top of PVC Zý ft. - cm. COMMENTINOTES

Top of Protective Casing to Weep Hole ft. - cm.

Top of Protective Casing to Internal Mortar ft. - cm.

Vop of Protective Casing to Top ofCcment Pad ze 7Zý It. - cm.
Top of Protective Casing to Ground Level 1.0 ft. - cm.

Reviewed B Date-
y OAS W.

Drill Site Geologist 0 Date



ENVIRONMENTAL SCIENCE AND ENGINEERING' 'NC' P A G E ___L__0 F
Y332 SOUTH ALTO" WAY -SUITE H-'

ESEENGLEWOOO.COLORADO 130112-3031741-0639

Borehole: G

Descriotion0 Well Completion

Gound Level

wK c V% 7- 9. 7

-tar

'T, 114.1

'fo

,yr -

1) ate:
Drill Site Gcolognst

Reviv%%cd B4 4 __ Date:



HVIROMAENTAL SCIENCE AND ENOINEEPING. INC.
332 SOUTH ALTON WAY -SUITIE H-1 SHEET OF

.ES E 'ff7'M*Lr;WOOO.COLOF9AD0 00112-3OW741-0630 I ft r P.

Borehole: Well Number: A?S-V 3-73%

E SOILS LOG
E 4 z T

Z- Description
CL a
E E

ýn 4,n kn

tpf. /0

k /0'Ac;r, 7/;L

Y4

Al

SN f

Cý

A6. 0 /0
f

zllý

V

V4 :5

D4ýýýite Geologist:- 4 Date: 7

Reviewed Bv: Date:



F '11ENCEANDIE 
S H E E T -- L-O F

_ NVIRONMENTAL SC
7 332 SOUTH ALTON WAY SUITES E 000.COLOPADO 80112.303iT41-0639 

0-0-

Fm*tEw 1-17-31-plý -173NO
r t Well Number:

Borehole:--A,ý 111,11t

SOILS LOG
z Description

z - t .23P CL Q
0 E Ev
a &n

M4-
fsNA Af4-
fs

17

10,
/0 X, Sj

/0 yx" f/"

17v;

0

Us, 2.'

1A 17 Date%
p.ýiý e Geologist: Date:
qPvjf-wPd IB3v, _



NVIROMPAENTAL SCIENCE AND ENGINEERING. INC.
337 SOUTH ALTON W^Y- SUITE H-I SHEET-1-OFE E 'E,'NGLEWOOD. COLORADO 801 1 2-3031741-0639 zirle

Borehole: - Well Number-

-0 SOILS LOG
E 0
:, '2 D.

Z- Description-!ý .2Q CL
E E

Ln V)

10 Al --,/0 -z*7. /0
A L 4

U
r fQ t 4

Z:

zVo - J

/V(7

of
tj

7.
w7ýfW

4ý

4 5-107., /1. YA-

-4741-7
IV

4AP
D.,iý ýGeologist:- Date: 0

Reviewed Bv.*- 11ýý11!10ý! LULL



S 1i E E T -ý-O F

ENOLEWOOD. COLORADO 80,112-3031`741-0639E, 
3AL

jjpý, 3731'dr 37:57ý
Well Number:

C

-0 SOILS LOG

E z Description
7

a JIM -0 0 E

V-- 1- .10 Ln

%P.O

3-ek., /0 Yk--

2-'

%A5

2- "In

~3o 7, -4ý /0 Y(-

3ý
/a yd" Y//3 -

/-0

..........

Date:
L6AJ--ýe Geologist:

Iogist4 - Date: 4
F,eviewed By:i



E ENVIFIONMENTAI. 
SCIENCE AND ENOINFERIM0. INC.

7332 SOUT04 ALTON W^V SUITE M-I 
SHEET '5

'ENGLAWOOD-COLOA4kOD 601-12-30W7,11--W130 
OF

Borehole:- Well Number, 37 3SY,-

E 0a U SOILS LOG
U. z

Z- ii - Description
CL

0
%n

W7 /91 Yk 3-11W.

IJ

0:.51

0(
A/0 7kcpeft"t'y

Ali

10A

CAN Z,

fh %ft

0 /4/0
O'V. V

(J1% V%
0 Wa 0. VACY

t, IVY

'Uý ýIte Geologist: Q*;ýkn Date:- _qzý/,_)

Reviewed By: PILJ



ONMENTAI. %CIfNCX AND VENGINEIE RIND. INC.
7132 5OUT" ALTON WAY -SUITE M-I PACE OF
*."(.ý%.FWOOD. COLORADO 801 13-30317-11-063*

Borehole: Well:

z0 -Z u
Wail Completion Descriotion

Gound Lepl

-_15

/SID-

np

7-ve or-

30- -- Top
A12. 0

C31

571, 3 1 &rropt *or "Ac
Drill Site Geologist Date:

Reviewed By Da t c:



a V11NOMM '$dTAL SCIT94Ct ^060 IE"GINIK"Wo- '"C' PAGE 7- OF
7337 SOUT94 ^LTON W^V-SUIVE M-1

ESEK..,4W000.C0L0V1^G0 60412-3031141-0630

WELL CONSTRUCTION SUMMARY

E- 6.7 A 73 81f

Borehole ==3E* -Well ;z-&

Project Name and Location 11ý d I T --- ProjectNumbe -

Drilling Compan 4c &c - Driller- C igýrs - - RIO Number- EYE/

Drilling Method(s] ýý -,Cec

Borehole Diameter -In. -Cm. ft. - cm. to ft. M.

_ Cm. ft. -cm. to -- ft. - cm.

Size(s) and types of Bit(s) Sampling Method(s) 00FAJ

-121-0-44 ý'Vr 0DatefTime Start Drilling L/.'Fll
Size and Type PVC 07.0 DaialTime Finish Drilling LWOW

Total Borehole Depth V-39-ft. - cm. DateMme Start Completion 0 Jr-T 0

Depth to Bedrock 91 ft. - cm, DateMme Cement Protective Casing V/7/&-F-

Depth to Water -51. ft. - cm. Materials Used Z? 7 f 7VAEA fy Icep-3

Plain PVC --? SEM .5 2: - P

Water Level Determined By A F's -10 J# MA2 IA(!E

Length Plain PVC (total) ft. - cm. Slotted PVC 4-10 1 5 f- C770 A&I

Length of Screen Z/. M ft. - Cm. Bentonite Pellets d%f &eAt#[,r-f

Total Length of Well Casing -53-101 ft. _ cm. Bentonite Granular

PVC Stick Up A I ft. - cm. Cemdnt 'y 9.*q -2

Depth to Bottom of Screen S-1,31 rt. _ cm. Sand -- /Z 4421 -

Depth to Top of Screen 7--t. ft. - cm. Water added during completion

Depth to' Top of Sand Z%0 ft. - cm. Water added during drilling /S--,V//ýPV7'Arr 0,4*S
Isr,040vor W.4 &.&NrO

Depth to Top of Bentonite /7--o ft. - cm. Total Callons of water itdded-5-4?

Drill Site Geologist 6ý Date 7

DatelTimelPersonnel Internal Mortnr. Cement Pad, and Weep Hole Installed -,'-11)91F7 AAG
Date/Time/Personnel CasingPainted 061--o

DatefTi me/ Personnel Numbers Pointed

Materials Used-a ý244AZ& 22L

Top of Protective Casing to Top of PVC - cm. COMMENTINOTES

Top of Protective Casing to Weep Hole 3- ft, ý cm-

Top of Protective Casing to Internal Mortar ft. - cm.

Vop of Protective Casing to Top ofCcinent Pad ft. - cm.

Top of Protective Casing to Ground Leve ft. - cm.

Reviewed Ely -1 '.-9=- -&I
Drill Site Geologist 

Date



SHEETý

W741-0639

Borehole---L-:-ýa ;111-'::11 Well Number*ý

SOILS LOG
2 Description

Z.E -2

0- F E

M ....... ... ------

/0
4.0f, I

441.

A A 7 yz-,
A144

2-

ýCý Z' C j S. -r /0 yop-, 4.14 - ti, Aý&ý J4

IPIA

h(L ýA_
1144, W7- I -Zý -

h(L

u

IV -----------

n,; Geologist' --------- .

n n, 
Date:



9MVIROMMENTAL SCIENCLE AND 1ENGINEERl"O, we.-ES E 7332 SOUTH ALTON W^Y - OU172 04-1 SHEET--!-OF S'
ENGLEWOCM.COLORAVO 80112-3031741-0630

Boreho)SL Well Number: .373 PQS*ý

SOILS LOG
41

z Description
C6 06 CL

.0-0

64#&f

/(7 yf,,

TA 4,0

64 3, V.I.
"Iz, /v V,(-

/77.

JAI 4 yk',

ML
-V- O&UT -A4!746 v zle.

10A" tea. xý

v 34

t

2.-

.40
&6iH-'ST1e- Ceologist: J11 Date: '119 1f7

Date:



SHEET-L-01"--L-

7 VVS,"
Borehole Well Number*--i

-2
S SOILS LOG

E z Description
Z- .2
00 a

0, F r;

)Nb

IrZ.
Eta- 4t-,

Z7.&-

0

0 /C yt 51,41

115,La J

Date
eologist: 

Date-
Reviewed Bv* -- _Cwe ---



W741-4M29- Ir4c. 

SHEET___!ý--OF

.3 *73 YC
Borehole:-ý 

Well Number:-

SOILS LOG
1E

zý -Z z S 
Description

0,u E E

P- 0.- 110C set

.0 jP 0 ý7. 0; JAýý

Z

4-4

L1\

A/0 VAIL
CP4

ex- Zosi

C
SA( /0-A, 10 P't 5

0.21

0,
-10

0,
4

9-4 
It 40 tl"t_ ZCrj

I of 
fe

75i

Date.
Geologist: 

D aa tt ee:
Reviewed Bv: _



,jpONM1H1rAL SCIENCIE "40 'E"01"Cepumc. INC. SHEET
^LTON W^Y.Ourrz "-I

7332 SOUTH -3031741-0020
C,,0trW,XM.CC".oM^00 

00,112ESE aw 373
well Number.ý

Borehole-

-0 -0 SOILS LOG

SOILS 
LOG

rc a Descripfion
z

Ck .0-0 u0 r
3 'd'A 11 n

0

Yx

30 Y,

q->kINa- OC--

:51,T

4a Geologist: 
Date:- 'ý Date:

Reviewed By,



ENVIRONMENTAL SCIENCE AND ENGINEERING. INC.
7332 SOUTH ALTON WAY -SUITE H-I

E S E ENGLEWOOD. COLORADO 80 1 12 a 303/741-0632 PAGE OF

BOREHOLE SUMMARY LOG

Borehole cp 01 - Well

Project Name and Location Zil -Project Number 0_,'%!Y10

Drilling Company Zev'o Driller /?ual_ Rig Numbe

Drilling Method(s) R_fin6fte4. - jesýý --&a ̂ +P-r
I

Size(s) and type(s) of bit(s) 47,Zw,_A.

Borehole Diameter I Z-'/14 n. -cm. ft. - cm. to ft. -cm.
PS ft. - cm. to ft, -cm.

/ in. - cm. 30 -_

Sampling Methods r_ a1&ha:Atm!!Q C.&Jr!C

Total Number Soil Sampling Tubes

Total Number Core Boxes /15

Number of Gallons Lost Drilling Fluid

Date/Time Started Drilling z -((_8 07 2

Date/Time Completed Drilling LZ .59

Total Borehold Depth cm.

Depth to Bedrock ft. cm.

Depth to Water ft. cm.

Water Level Determined By? NOZ: ZvA co-40040'_

Borehole Completed as Monitoring Well? zi/a

Date/Time Grouting Completed

Depth of Tremmie Pipe

Gallons of Grout !00

Materials Used bOL&S
Comments APU 40 /0"

CA Am -. &4

Wellsite Geologist Date

Checked for Grout Settlement on by C-

Amount ol Grout Added

All Measurements from Ground Level

Reviewed by Date A/P

Drill Site Ceol4s/t Da



tsý,Ir;c. CORE LOG B y F-AW5ý211- DoteZJ3-9-7- BORE4:0- ell(s) Poge Loi -5
P T2tý./Struct%we/ Lith. Description/ Comments

Be rfin 20?Ir'd ýL2 H MM,, bil Color Gr ;ad Lith.
in 4jr, I of *4 of hor Closs

Angle De%c. m -z_Ft Cm Iscole Vt-f
Is HIL Ii L H G 7 11

4
I

A16 Am&64Q-
T, -ý 1 4 CaXa X

AT

1 4- A 4 Ajo coc

t
:S;7

to

L2-

QUIA

36--

7

U.J
cz
0
a)

LL; 
WaJ(-1-tn fid



ESE, Im. CORE LOG y jýw5v!N- Date Z-13'07 pýORE__6:ýLL ell(s) Page -4:-of 5

x Structure/ Hor4- P0.1 in 01091' colm 'Tvffiqýe Usk Lith. Description Cornments
0. Be ding
I'- iZý ness N. C bar, Class

L 14
uj Anole Desc. -M (Scale

'2 
in"o"

0 u S S H G .01 so too Ff ff)

4710

5/0
t-dq6 41m, 

LI:14-4-
1 TJ

-4,

mm

rFH t I
J] 

3

z .51

__j LfLLJ

LUOf
co

4 7

LL;



a C, BORE-6-14- Well(s - - Pa e 3-of -)L
.ESE, l.nc. CORE LOG -Pmlo Dote -1-3 17911we Descripticn/CO-moor`fsPam. Grain See Loth. Lith.tructure/ Hard. Mineralogy Color ClassBoddi ne%% Char4j- Scale If)

M" Hobo F1 CMku Angle esc. 5 H,L H L H m G, .0i tro IM

fS

LA09
1 -4

L9

-4-
310,3X

N Vo -1-1
4-
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Cý.

L
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->ý - - I I L)

f7--,t Th
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q&jC)

Lt-7,
Tel.

'4 W(A
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BORE-LI(P-7- Well(s ý Page
ESE, P.m. CORE LOG cn,%Tý_ Date

St ructure Orel ppfm- T*mt% 9 Lith- Lith. Description Cot"Inonts
Beddino Knevology Color Gvý 5 o C loss

neis "I od r Chat
it)c"

A Ft CM (Scale I0 u S 0190T "c S H 1. 4 A G '01 10 IM

Ad- - : -1 1- -1 -1 11"'Itl
> 0,*(. ]p /4 5/e S7.

6 - IA

L

A q .ýt-c

-,I L

q0 
U-

Vft. L
It

Ald

*V

cis

4

ftAA to

V, ut CAWO-

cis

AL

_j cis

LL-1

IrID 1,)'J'

LI/2.
ujCY-
0

10 Lj

7t 
J

U;



Plage 57
XA5ov-- Date BORE-E-0-t- Well(s

Eý-CE,' Inc. CORE LOG P,
To a9wre / Descripli-/CO-100"Iz

illerology CJ, Sao Lith. I.A.
rL-. I rings

Bedcl;o 02 V 7,
uj Apgl.! Desc w

u S S H L H I.

its 
.

.3/0

dA
14

7-57 Vj

5/0

;W- c4K

OAQ -Z

/10

4

Lon

LIJ
7

7,

U.3 EAD Or-
cy-
0



Ft

wt

In Ow 03
unit

Filed No. kkoýj Ra %qw-A hic-A-w operator
RM 

.It

vwwty
Location

M,Wed Flom

tog i,4.asWd F(CM qL%j qt VIC

RA TuRAL gA1111 I RE RIM j kX&LOSI SCA

jKw-wvT CAVA Scale 11411101 Scale scald I c LOW4 SPW cpsft

C;Psfl. togVq Speed LOWN Speed SK

LDWq Speed Ic sac Fvu-

haj,r6. Gamma CPS Ps SK Fl
Flom Fl

tojpq Spew f6ký. To it ToW F1 F1 F1 F1 ToW F,

Tatill FT

Ft

CPS

Dý- 
DenS,ty Souice No

Gamma (Analog) fl

C.. 10. $1. 3/4- x ma (Dighlall

Caliper 
F,

*3w FKW 

Temperature 
Ft Neutron Source NO

DIRECTI)NAL DATA

TV"

Res-StAllce or" Pw Closuf a f I

S P liv ps. Azimuth
Mv

True Vertical urvey Ft
F1

RESISTANCE

ORMS1 5 InchiS

NATURAL GAMMA
10 W4CPS

ImUall LOO

A 'T -I

1La F,, ý ýTi r.l. 1 1- jI f, 1 -1, -H ý01TC w I ------



NATURAL GAMFAA FIESISTAKE OHMS/ 5 whot

ao CPS 10
iftllW tD9

z
0

7
I.T S.

0
7,

cr
0
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7-7 .......

z ------- T
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r

-T 
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N
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sw- "Q=,M TAL SCIENCE ^No ENCHNEEMma. INC- PAGE____L_0
7222 $0UT -4

89112,203fT41-44*00ý 'sufyff
AO&

Well:orehole; i__VAý

well completion Descriotion

EEýl 

.ý.r

7.
cun Lev*1

7

I* Telt ov-
.0, its

c&AA4C-

.P.09.&Ae

N Ole. j3"j,%4L.

Fib

So

Drill Site Geologist: Date:

Reviewed By* Date:



PACE OF
231 SOUT04 ALTON W^V 0 OtMff 14-1COLORADO Sol 126292174""30ESEeIrINGLAWO"OREAL "I'd ^N* K""Aww" wo'

WELL CONSTRUCTION SUMMARY

Borehole E-7q1A -Well
Project NumberProject Name and Location As rl xi IR

Drilling Compan Driller lb" 2:t3ýjwg -.Rio Number-

Drilling Method(s) A u!ýj s-

Borehole Diameter in. m. 000 -JL - cm. to 41.0, ft. cm.

in. - cm. _____cm. to L cm.

Size(s), and types of Bit(s) Sampling Method(s) C

Date/Time Start Drilling

Size and Type PVC .4520 -SI64: Date/Time Finish Drilling

Total Borehole Depth -Jý,bvft. - cm. DatefTime Start Completion

Depth to Bedrock -ARLO-Dit. - cm. Date/Time Cement Protective Casing

Depth to Water - cm. Materials Used % S -;Z' -rd&.3 3 0 s2as

Water Level Determined By boy',41w, Plain PVC d 4- e t1t" jývf-"_

Length Plain PVC (total) -21LI-I lit. - cm. Slotted PVC 02.

Length of Screen _Z2,14-1-ft. - cm. Bentonite Pellets 135 .6

Total Length of Well Casing IL-0-2it. - cm. Bentonite Granular , I ý , ft

PVC Stick Up -1--Icut- - cm. Cemdnt R&A t,ý

Depth to Bottom of Screen it. - cm. Sand 6 *.ap
Depth to Top of Screen f t. - cm. Water added during completion 20 QA

Depth to Top of Sand IS-n , - cm. Water added during drilling IV

Depth to Top of Bentonite I L - cm. Total Gallons of water added

Drill Site Geologist SZ:V-E PANLI- S Date- 212J9 7

Date/Time/Personnel Internal Mortar.Cement Pa and Weep Hole Installed 01113/51

Daterrime/Personnel Casing Painted (w)"',ir,

DatelTime/Personnel Numbers Painted ::2:ZZ

Materials Used 0 6niali-

Top of Protective Casing to Top of PVC - cm. COMMENTINOTES

Top of Protective Casing to Weep Hole -AUT15-it. - cm.
Top of Protective Casing to Internal Mortar -- LaLt. - cm.

*rop of Protective Casing to Top ofCement Pad ft. - cm.

Top of Protective Casing to Ground Level t. - cm.

Reviewed By Date

Drill Site Geologist Date



0,,,ASNT,,L Golf -NOINF-Mma. INC. 
,tjEET-L-oF

.mer. AND IE
HVIR ,,4WAY*6urrKl4-4
232 SCUT14 ALTO -4M"

0C,O. CoLop
ENGLEW 

AW 60112,20VIA1ESEET 
Well Number-

Borehole'

0 .2 SOILS LOG
E

E z 
Description

Z.E
0 E ttE C

'n

selo :s", Vt ;Z .5 'jt Q2,., C.,

-0

IJ
NQ

z

CL- Lhl,
r-W-SLzz s.

4 Ua_ UM S&A-111)

2.

C, L C-lN .30%)

ý,A cc%\-
C

(C>

Date:

Dril.I.Site Geologist: Date:

Reviewed By:



ENVIRONMENTAL SCIENCE AND ENGINEERING. INC.
7332 SOUTH ALTON WAY &GUITE H-1 SHEET__ALý F

ESERNGLEWOOD.CIXAMADO

Borehole- _ WeU Number. 3 731

-2

SOILS LOC
z

Z.E a -0 Q Description
-a .!? U
E E
0 a C 0

Coll wl

CL CtA-nj 414

O\Z *4-

it

ML
.2-Sy 'qlA 6,cowv%

VVN C. sk-
-13

U,
wa., luln, Xvsyc. 'S" HC

1 qu 4AA 0

Q

.3 27,
;z"O

1:7

Drill Site Geologist- Date:_

Reýviý,ýd BT. 43ýz- oltZ4 - -- - -- -Date-



FINIMMINIG. INC SHEET-

ESE' "33

Borehole- 17.3 A Well Numbe

C
.2

E SOILS LOG
Descriptionz S

Z.E
CL CL

CL -0-0 u E

SAVO,?

?."I Is
% 

IQFT

Z3 - 11 jh\IgL- A.0

Z16 V 7 C, ýA

C "'n L AI- lcý Cý--ý,\, -tV,16

Z?-14 EN CY\ 0,W b014.0 0 C/o

6)L\ >ý, 10 VC11A3 'A,

4L

tt

Drill Site Geologist:

Reviewed By: 
Date:



F""Q. INC. SHEET-+ F

V.'S E
'313')

Borehole- Well Number.____m_;_ý

16 SOILS LOGE3 t Y

E 0 .2 z E Description
Z_ -2 -2

CL m0 EtA
M %n

17A

/b

vl*ýY-b awe&

010-IL&

Date:
D,ill Site Geologist:

Dat
'Re'viewed By: 

Date;



NVIRONIVIENTAL SCIENCE AND ENGINEERING, INC.
7332 SOUTH ALTON WAY*SUITE H-I

ESEEENGLEWOOD. COLORADO 80 112 * 303174 1 -0629

BOREHOLE SUMMARY LOG

Borehole - well

Project Name and Location Project Number.TaAk

Drilling Company FL42k&4 Rig Number;5Et'ýt;t /:in

Drilling Metho*d(s)

Size(s) and type(s) of bit(s) A "Aw

Borehole Diameter 11417"in. In. - cm. to ft, M.

2/6 -in. -cm. -ft. m. to M.

Sampling Methods C M6ebh4 8W41 try C-

Total Number Soil Sampling Tubes

Total Number Care Boxes .- . a

Number of Gallons Lost Drilling Fluid

Date/Time Started Drilling 42 V

Date/Time Completed Drilling 0,6 Y

Total Borehold Depth ft. cm.

Depth to Bedrock M.

Depth to Water cm.

Water Level Determined By?

Borehole Completed as Monitoring Well? AAV

Date/Time Grouting Completed "00 LO 3(2
Depth of Tremmie Pipe - - -_ wh

Gallons of Grout

Materials Used V
Comments- Add .ie 60 X_t_w-'KCA,_

Wellsite Geologist _4 Date-.a _-

Checked for Grout Settlement on Jya-Z

Amount of Grout Added

All Measurements from Gr nd Level

Reviewed by -- I- I ýý .e Date-

Drill Site Geologia'c6u Date _Z_



ESE, Inc. CORE .LOG y Q 6_ Dote rf-5-5ýa BOOE F, Well(s) of
St ructwe I Perm Ith, Description /Co-nitnts

"'J Aminerology 'Color Lan Sao Lith, L
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ESE', Inc. CORE LOG y C Tsfý Dote al--ej '? BORE F,=:23 We Is) . Po2e'-e-of
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f y C-T:) -4 eII(s ý Pooel-of
ESEjnc. CORE LOG Dote -!ff BOR
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NVIVIO"MIENTAL SCIENCIE AND IFENGINCERIN4. PIC. PAGE OF
332 SOUTM ALTON W^V - SUITS 14-1ESEEROLAWOOD. COLORADO 80 1 12 - 303fT41-0639

WELL CONSTRUCTION SUMMARY

Borehole E --2 YA - Well .3 -,-Q
Project Name and Location Project Num r

Drilling Company Rm C, Driller D6d C!J igNumber

Drilling Method(s) #_ +Ie,11696 *.- ^.%Ip Is n

e_ý
4 Ik

Borehole Diameter - 1 in. cm. ft. - cm.to 36A -it. -cm.
in. cm. ft. - cm. to ft. M.

Size(s) and types of Bit(s) UPI W Abe W.- - 40 Sampling Method(s) SAh-L1k6,, sqý& 4ags.

Size and Type PVC scý,, 4 0 0. 2,0, 51 a t Date/Time Start Drilling _:Z 11) F7 -) 1b4V

Date/Time Finish Drilling I I L 19 7 15,24

Total Borehole Depth 30.7., ft. - cm. Date/Time Start Completion' 7hIT-2 QY10
Depth to Bedrock - c.. Date/Time Cement Protective Casing

Depth to Water ft. m. Materials Used a-

Water Level Determined By ?Av,,fk - Plain PVC 0, AAZ +,,Pw, AX44; r,.
Length Plain PVC (total) 19 0' A-c-d ýu% 5,4.L ri ev.

JV 3 -ft. M. Slotted PVC -A

Length of Screen 1,42u ft. - cm. Bentonite Pellets I.- It t;zý

Total Length of Well Casing ft. - r-m. Bentonite Granular LAS-

PVC Stick Up ft. - cm. Cement J%

Depth to Bottom of Screen j*d Alft. - cm. Sand

Depth to Top of Screen ;3 ft y - cm. Water added during cdr'ýpletion r% one_

Depth to Top of Sand - cm. Water added during drilling

Depth to Top of Bentonite -3-15-0-ft. _ Cm. Total Gallons of water added

Drill Site Geologist Date

Date/Time/Personnel Internal Mortar4ý. and Weep Hole Installed O-Y/13/17 19200 Z

Date/Time/Personnel Casing Painted (W 6VJ'A.497- A03b / J0,,

Date/Time/Personnel Numbers Painted

Materials Used q bm.4

Top of Protective Casing to Top-of PVC -Ak-it. - cm. COMMENTINOTES

Top of Protective Casing to Weep Hole t. - cm.

Top of Protective Casing to Internal Mortar - cm.

Top of Protective Casing to Top ofCement Pad - cm.

Top of Protective Casing to Ground Level t. - cm.

Reviewed By Date

Drill Site Geologist Date



FANG

Pw 10's - '"c' PAGE---ýý6F 0'ES ERS' Ezca -ro LT V741-"39

Borehole:. A Well: 273ý9,

0 0Cc Well Completion Descriction

5A

lGound Level

NN 16? a O"Ov"JuL 
- 5"AM, us, -6,g. -

-- &.S Top B#,(Asu
to- SAMb T&&!%L- 1; -S'- 30

11W

t 
Act S'

20-

ik

%4 To? b*-6ftcýe.
-LO T-21,43 MrcV6%

%, 1. &; ý4

Drill Site Geologist: Date:

Review'cd By Date:v



NVIROMMENTAL SCIENCE ANO ENGINEERING. INC.
332 SOUTH ALTON WAY -SUITE H-1 SHEET- L-OF

ESE'75'NQLFW0O0.COLOftA0O 60112-30W?41-0630

Borehole:- E - 74A Well Number- 73'73'12-

0 63 6 y SOILS LOG
J. e zI Z_ Description

CL
U E E:5 n a a

C2 Ln V) tn

"OAAA-

O%A3

C k
A

Ila

C

IN
-Z 

4N

% 1 10 -46 Ttýkwl'a\oi bmw%,,
ALý c_

to -

MAI Site Geologist: Date:

Date:Reviewed Bv:
/I W



ENVIRONMENTAL SCIENCE AND ENGINVIEPUNG, INC. SHEET--11--OF332 SOUTH ALTON WAY* SUITE "-I
ESEINGLEWOOD. COLORADO 801120SOW741-4639

Borehole:- E- 74 A Well Number: a-119L

.2

r= U SOILS LOG
z

Z- Description

2
ell, V1 Ln

C^ 64 OV% ttxN\ lbw VKL641'JW, &kftAý

1 PZ U CLIA 3 6 Yco Uwu ý t\*A- '\.a tb*A&4 Y4LUA C

CAý-P(, 6MUM. %,kcý .4

&C41AAA- VmIlt 10 1-b %..I V, A kss

ce,&
0 Av^4 8ýý .2 70 , ý,,

"0

IL Gf 
6/4

I IQC*Uj M,

VV%-0,z SA- IýN

20 -

Mill Site Geologist: Date:

Reviewed By: Date:--7A 2-- e- 1#



14VIRONMENTAL SCIENCE AND ENGINEERING. INC.
331 SOUTH ALTON WAY* SUITE M-1 SHEET-,ý-OF

ESE'l-NOM-WOOD.COLOFMOO 60112-302/741-0630

Borehole- E-71-IA Well Number:

.2

SOILS LOG
z DescriptionZS .2 V
CL

U E

7ft, ?\#4m C

10 (o)

N

a -70

%

21P -

77--
SP Paefkh CAALAAý C 6ft."

. Ig
041 -%

-rI 
A0 N. QAYSTWE" 1?6M 4Mý>-

7-.D 4ý7

D611 Site Geologist: Date: 7113JY7.0e V 07
Reviewed By: # Q TAR 91V. -(7- Date:



ENVIRONMENTAL SCIENCE AND ENGINEERING. INC.
7332 SOUTH ALTON WAY& SUITE H-I

S E ENOLKWOOD, COLORADO 80 112 303174 1 -0639 PAGE r

BOREHOLE SUMMARY LOG

-Well -37,ft
Z&q_&gd3jjzýý_ ýu ze*4 ed Number

WA I-Prol

0-A JUS Numbe
Company-- Driller-&

-,j*(s) and type(3) of bit(s) 2 j
in. _m.

Diameter ft. rm. to In.

ft. - cm. to t ft. In.

.Impling Methods &1,az4 OZa,
Total Number Soil Sampling Tubes

k4al Number Core Boxes

1-Number of Gallons Lost Drilling Fluid

Date/Time Started Drilling z
sto/Time Completed Drilling Q!0 50

,,Tptal Borehold Depth ft. In.
Depth to Bedrock In.
Depth to Water t. Cm.
Water Level Determined By?

Borehole Completed as Monitoring Well?

Date/Time Grouting Completed

pth of Trommie Pipe

of Grout

U

t

woute Geologist n.t.

19=kod for Grout Settlement on b

gunt of Grout Added

.Measurements from Ground Level

Reviewedby

r -""'Driu site C

-2



ESE, Inc. COPE LOG BX Date :ý-L_bOBOREAýý Well(s) Page
To xture

Structure Hard- P*'rn- Mineralogy Color Grein SE2 Lith. Lith. DescriPtion/Cof-ents
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nos% *I I sd 91
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S __ Date BORE Well(s __ PaqeýýOf
ESE,Inc. CORE LOG 3Y (D. L 2ý

Peern. TaiLturs Lith. Description /Comments
St rocture Hard- Mineralogy Color Grain see

oft lei at ad or Char. Class "T 9.1ld' ness 10 20 Man
a- min. Habit G '01 1.0 100Lu Angle Desc. S H L HL H
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0 1ýWel 1(s) ý P ge -!of -
ESE, Inc. CORE LOG 3, C_0_&_ Date BCRELLL_t_'1
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bE, Inc. CORE LOG By CZ132 - Date -1-1:ý21 BC)RE.C--- Well(s) - - PoqeL
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111W
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Qm orilimi; measwed Flom Locallo

aycum-k 1--cycl 0; &%-. "Llkwood
NATURAL SAWA 1411.11113 JANALK)

10UPWIn DATA jhwsw bo MR saki

Scale Scale Scale Scak

D Logged F- LOWN Cpsom cPSrlA I c LoWrkq Speed 1 C j LOWW4 Speed asm

latural G CPS pe I OVA.

Zoo Sc4e 20 From

hom 
ro. 
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ENVIRONMENTAL SdIENCE AND ENGINEIRRIN0. INC.
7332 SOUTH ALTON WAY* SUITS H-I

E S E ENGLEWOOO, COLORADO 80 112 & 303/741-0639 PAGE 3

BOREHOLE SUMMARY LOG

Bomhole IEIWA - w-
Project Name and Location r:gc g4w A,4#062 oject NI

Drilling Company X.- /,c

r , ace, nrillar "Grz 3,-trvPA RigNumber

Drilling Method(s) 2-:40're

Size(s) and type(s) of bit(s)

Borehole Diameter in. -cm. ft. ---- ;-cm.to cm.

in. cm. ft. - cm. to rin.

Sampling Methods - rýmAW7ýaf 00.0 /J= SWOON

Total Number Soil Sampling Tubes -

Total Number Core Boxes 5-ý

Number of Gallons Lost Drilling lui

Date/Time Started Drilling- dejo

Date/Time Completed Drilling -Vf-lif 7 1--eiflZ

Total Borehold Depth LIE ft. - CM.

Depth to Bedrock t9 ft. Cm.

Depth to Water dfx ft. --- - cm.

Water Level Determined By? ýý>wlvlls S

Borehole Completed as Monitoring Well? .00 4V

Date/Time Grouting Completed

Depth of Tremmie Pipe -2ý- /eZymiff,

Gallons of Grout Arr

Materials Used AýJFJE

Comments -n-ecze!x--- ;4gtrc "Plaer AC1911;o4c "Maks9 -". S wxx;
Z26, Adt^O /C MA -9 mama Af 7Jr &WAIPIC

Inky"zMa"A a EP Al- -Orll AA =ft ~11IRK adgg r

Wellsite Geologist 4?4,. Date-

Checked for Grout Settlement on 7,/E:z by -sUL

Amount of Grout Added 0-(2

All Measurements from Ground Level

Reviewed by Date /2/F7
Drill Site Geologist



AND IMCUM""040. pec. SHZET
ESE'.

Well Nu
Borehol": 

Imber. 7

-B.-7Z -
Y SOILS LOG

z 
Descriplion

E
vo

AL /* /0 YX 2ý,5

4/4 lot

[ Af. A /0 YA- 7/9

2- k,

2-!

A 
/0 Ple-(.

%N,
7o 2-

2p v/. c-4

B. M 5its Ceologist: Date* z 7

Reviewod By: Det--



COLON"m so I I z ý00sffs I -M"ES.'Em7=r==:==r,

Borehole: 4 - al Well Numbe

c

z E SOILS LOG
z 3 Desaiption

z % a 1 0 1 1%
-06 -CL t

CL F T

LIAR&?

AIL

tA

tk /0 -- tp;r. Y.

lrlz,ý

A 41-A7 .4L40w, 1-/., 7, 0,

A.. -9 ,4

13

A(4- 
v

zr

L46 Date* 1/8
rý 0010gist. C-4 I

DI-A t" 
*

Reviewed 13Y*



jr4ffeftmc. fmc. SHEET--ý-OF

EýBEK W741-4M3O

Borehole.--ZL 7 Well Number:

C
.2

SOILS LOGE

z Description
Z.5

CL fi

`rz

66

IM

Y,

A,

L43 Date:
-DCAýe ýologist-

Reviewed BY: 
Date:



ENVIRONMENTAL OCIE"CIE AND ENGINEERING. INC.
7332 SOUTH ALTON WAY-SUITZ H.4 SHEET P

E-SE9"QLXWQOD. COLOR1^00 001 112-20317411-(MMO

Borehole: Ar Well Number: ArruL&-

Y SOILS LOG
z

Z.E Description
*a CL

E E
COX

tj%

dL 5-/x

LAG

WC; -U,- C

y W.:F/j,

73

4)riH--Site Cenlogist: Date: I I
Reviewed By:- C, Date: 4114



AL SCIENC9 AND F"GONEaRING- 'Me' SHEET--'05ý 01F
,LrW00C.ENV,=,14,M^TLT0M WAY SUITIE H-i
.1 -0639EM 0% SO, ý E !H, CoWft#Mo gal 12.202"41

Borehole:- ýýý Well Number:

C
-0 .2

Ea SOILS LOC
-0 3 .2

z Z Description
Z.E -a-2

-CL -CL t U
r; r=
'A 4 /,0w,(Ca0C

A1,4
41

OL- - CL s--1071 "jýj 111f

zlvý

B,,Jj--ýe Geologist: -Jr-

Reviewed BY*L-e;; 
Date:

r



VMVIPONMENTAL SCIENCW AND F"Of"Et"INO. INC.
77932 SOUTM ^LTOM WAV-SUITE 04-4 PAGEE E 3". EENOLEWOOO.COLORADO 60,12-3031741-0620

Borehole: -5-74A .37-373

Well Completion Descriotion

Gound Levol 1--." '1

/Z-

let

/7-0 7-1,0 OF

-//z 0

A

-2 jp

30-

s"

:14

A*, Poo% wo-M"lf

Drill Site Ceologist: t/ tý, Date: ,e7

Reviewed By ý'0421:f&zagl Date: 4Z264PZ-



eP4VIR0Vd&A1#dTAL sclemcc ^No mc.
7332 50UTN ALLTON WAY -SUITE H-4 PACE I OF T"

ESEaNQ4.&W0QQ,G0,0#,A4Q 00112-303IY41-0439

WELL CONSTRUCTION SUMMARY

F- 7ý 7A
Borehole Well _92jiq 373 X3
Project Name and Location - Project Number__Z76 1rV6 74P./V
Drilling Company X_ - /1. ge"Jy Driller D"ary,"t Rio Number SW7--
Drilling Method(s)

Borehole Diameter in. _cm. ft. - cm. to .101 ft. -cm.

in. - cm. ft. - cm. to

Size(s) and types of Bit(s) Sampling Method(s) _(ýIu awsto a -a S_P/tr

Date/Time Start Drillin Y/t/M 7 '10/ra

Size and Type PVC Date/Time Finish Drilling

Total Borehole Depth 22 ft. - cm. Date/Time Start Completion .0040id

Depth to Bedrock M. DatelTime Cement Protective Casing Z Z 0
Depth to Water t. cm. Materials Used 2 1 -t I ZEUS
Water Level Determined By _5;e.,4.r Plain PVC _Z - Ze f Sffc r-4,4 40 r

Length Plain PVC (total) /I, V? St. - cm. SlottedPVC --g-10f JEA-cr-06omf

Length of Screen YJ t. - cm. Bentonite Pellets

Total Length of Well Casing 8_% 2 t. - cm. Bentonite Granular

PVC Stick Up 7 t. - cm. Cement

Depth to Bottom of Screen t. - cm. Sand

Depth to Top of Screen T 7 t. - cm. Water added during completion

Depth toTop of Sand ft. - cm. Water added during drilling

Depth to Top of Bentonite ft. - cm. Total Gallons of water added

Drill Site Geologist Z:E: Date e 1-3v Jr I?

1004W r,
Date/Time/Personnel Internal Mortar, Cement Pad, and Weep Hole installed -Y- - 7/

Date/TimelPersonnel Casing Painted YA 000Z pgo MA

Odte/Tiffie/Personnel Numbers Painted ATS
Materials Used I I be-i 5 12ýkcl bs,ýJJ U J J
Top of Protective Casing to Top of PVC 0-:1 ft. - cm. COMMENTINOTES

Top of Protective Casing to Weep Hole _01 - -ft. - cm.

Top of Protective Ca!.ing to Internal Mortar 0_ SS ft. - cm.

Yup of Protective Casing to Top ofCement Pad 013 ft. - cm.

Top of Protective Casing to Ground Level 2.0 st. - cm.

Reviewed By Date

Drill Site Geologist Date



gMV"%~WMT^L SCJRVMU AND CP"NWVJ""Q. INC- SHEET----ALO
7332 oWT14 ALTON WAY-OAXTE M IES E KNOLXVWOM COLORADO 901*2-3020741-"30

Well Number: 
6

Borehole-

C

z 1 E 
SOILS LOG

z -S
I 

Description

31 CL 0. LDti .2 't -0-9
CL E 1E

"o

V13 -Y,.00Aft- A-A/A ==L

F

14
Yt,

2-

12.

42

ir

7o
ý. r /a YX'-, :514- 9-, OAIý.

------------

A, 51

KA-9

49 Date,
DrRF-m Geologist-

Reviewed By: 1_ýý 0 - Date.



ofts"49. "a-, SHERT-2--OF

Borehole r Well Numbe

C0
SOILS LOG

E

z Description

JA

r

VN

CIS,
1

2-' N%

jjý , '' 'Jj .11 1ý

ý7-,4

2J.0

/-4,r Date:
Geologist-

Reviewed BY: 1: 
Date:



6"'"MENTA1. e0iff"Off ANO IWG'NFFPWM- *C' 
SHEZT---

q4 W^V.nUrrg 14-1
80112-203"41-"30ESE 7

Well Number*
Borehole!

C

z -0 SOILS LOGA!
E Description
Z-
00.0-0 C- rE

'2 a -a "a

4-11

C41%

C,

/10

Date,
za- ý' ýeojogist' 

Date:
Reviewed I



SHEET--)ý-Or

E-SEffaig rloýý 001'12*20WT41-06"

Borehole- 74.4 Well Numbe

C
.2S SOILS L.7OGýY

z -S a Description
z t; 0. m

F E

VAf- y

3" of

%AA

-------------
/0

;ý* t-,r- ýA 1 1/1

0.0--

L
/0

Drill Site Geologist' Date. Date:
Reviewed By:



APPENDIX A
WELL DESIGNATION CRITERIA



C-F,MA-36D/SUMRPT.APA-1

6/9/88

APPENDIX A

WELL DESIGNATION CRITERIA

CUIERIA

Wells with screen bottom less than

3.0 ft below bedrock where bedrock

Is siltstone or shale.

2 wells with screen bottom less than

3.0 ft below bedrock where bedrock

is sandstone and less than 20

percent of screen length is below

bedrock contact.

or

Well with screen bottom between 3.1

ft and 6.0 ft below bedrock contact

where bedrock is sandstone and

between 50 percent screened in

bedrock.

3 Wells with screen bottom less than

3.0 ft below bedrock contact where

bedrock is sandstone and between 20

and 50 percent of screen length is

below bedrock contact.

or

Wells with screen bottom between

3.1 ft and 6.0 ft below bedrock

contact where bedrock is siltstone

or shale and more than 50 percent of

the screen is below bedrock.

or

Wells with the screened more than

6.0 ft below the bedrock contact

where bedrock is siltstone or shale.
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WELL-DESICUNA11ON-CAIEGM CUIERIA

4 Wells with screen bottom less than

3.0 ft below bedrock contact where

bedrock is sandstone and more than

50 percent of screen length Is below

bedrock contact.

or

Wells with screens more than 3.0 ft

below the bedrock contact where

bedrock is sandstone

5 Well is screened entirely within

Denver Fm.

NOTE: If alluvium was consistently unsaturated at well site and well was

screened within Denver Fm, well was considered as a Denver Fm well and data

evaluated for inclusion into Denver Fm potentiometric maps and water

chemistry maps.
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Alluvial Wells

=a-E-38, Well 37374

LQcaliQn: Site E-38 is located approximately 800 ft north of the south

section line and 900 ft east of the west section line of Section 14

(T2s, R67W).

Compl.etion-Da.ta-and-.qi-tp--Canditj,ons: A borehole was drilled to a total

depth of 26.5 ft where silty claystone bedrock was encountered at 26.0

ft. During drilling, the water table was estimated to be at 10 ft

below ground surface. Well 37374 was screened across the entire

saturated thickness in predominantly silty sand material.

E.L.Ung-Eationale: This installation is a cluster site which is being

utilized to examine the potential for flow between the alluvium and

Denver Fm aquifers and water chemistry within both aquifers. The

alluvial well was installed to assess water quality and water levels in

the southwest corner of Section 14. In this area, the alluvial aquifer

appears to be separated from the main alluvial pathway along First

Creek by a zone of unsaturated alluvium. This well Is downgradient of

the western portion of the NBCS and is being used to depict the water

chemistry and hydrogeology along this flow pathway.

a.tP.-L--19

LQca:tAxaLL Site E-39 is located approximately 880 ft north of the south

section line and 2630 ft east of the west section line of Section 14

(T2S, R67W).

The borehole at this site was

drilled to 20.0 ft and the bedrock contact was called at 18 ft. The

alluvium, which consists mostly of silty sands and clayey sands was

unsaturated at this site and therefore no alluvial well was completed.

The water table was encountered in the sandy claystone bedrock and was

estimated to be at 19 ft below ground surface.

Silinz-Rationalp.: This alluvial well was to be part of a cluster site.

However, unsaturated alluvium was encountered. Therefore, geologic

data was obtained from continuous logging and the hole was abandoned in

accordance with Section 3.4 of the Task 36 Technical Plan. Data

obtained from this site helps to delineate the bedrock surface and a

zone of unsaturated alluvium in the southern portion of Section 14.

Lar.ation: Site E-40 is located approximately 1280 ft north of the

south section line and 1875 ft west of the east section line of Section

14 (T2S, R67W).
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Compip-tiian-Data-and-Si.te-Canditions: The borehole at this site
encountered water at 9 ft and the bedrock contact was estimated at 26
ft. Well 37370 was screened across the water table to the bedrock
contact. The bedrock encountered at the bottom of the boring is a dark
brown weathered claystone.

Siting-RatiQnala: The alluvial well at this site is part of a cluster
installation being used to assess water chemistry and the potential for
vertical flow between the alluvium and Denver Fm aquifers. The
alluvial well at this site was installed to further define the
hydrogeology and water chemistry along the First Creek paleochannel
which has historically shown significant contaminant concentrations.

Loza.tian: Site E-42 is located approximately 750 ft north of the south
section line and 440 ft west of the east section line of Section 14
(T2S, R67W).

A borehole was drilled to an
approximate depth of 26 ft where claystone bedrock was encountered.
During drilling the water table was estimated to be 5 ft below ground
surface. Well 37369 is screened across the water table to the bedrock
contact in well graded gravelly sands.

Siting-Ra.tionale: This alluvial well was installed to fill a data gap
in the monitoring network just downgradient of the NBCS. This site is
fundamental to the monitoring program because it depicts the
hydrogeology and water chemistry along the First Creek paleochannel
just west of Peoria Street where there are currently no alluvial
monitoring sites. This area is suspected of significant alluvial
ground water contamination because of high concentrations upgradient
along the paleochannel,

LQr-ation: Site E-44 is located approximately 1950 ft north of the
south section line and 1780 ft west of the east section line of Section
14 (T2S, R67W).

The borehole at the site of Well
37373 was drilled to a total depth of 26 ft. Weathered claystone
bedrock was encountered at 25.0 ft. Depth to water was estimated to be
at 3.5 ft below ground surface during drilling. Alluvial borings were
also drilled for Wells 37398 and 37399. At Well 37398, the boring was
drilled to a total depth of 25.0 ft and weathered claystone bedrock was
encountered at 23.7 ft, Depth to water was estimated at 2.2 ft below
grounds surface during drilling. At Well 37399, the boring was drilled
to a total depth of 24.0 ft and silty sandstone bedrock was encountered
at 22.8 ft. Depth to water was estimated to be at 2.4 ft below ground
surface during drilling. All three wells are screened across the
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Denver Wells

Lcma.tion: Site E-34 is located approximately 50 ft north of the south
section line and 2575 ft east of the west section line of Section 13
(T2s R67W).

Compleli=-Data and Rite Conditions: Two Denver Fm sandstone units
were encountered during drilling of the 55 ft pilot corehole. A 10 ft
claystone aquitard separates the alluvium from the first sandstone
unit. The two saturated sandstones are separated by only a 2-ft
fractured lignitic claystone, therefore they are assumed to be
hydrologically connected and Well 37376 is completed in both
sandstones.

lii.Ii.ng-RaIianala: The pilot corehole at this site was drilled to
provide geologic data for cross sections and a well completion. Well
37376 was installed to obtain hydrologic and water quality data in the
first and second Denver Fm sandstone units downgradient of the NBCS.
There are currently no first or second Denver sandstone water quality
wells in service in this area. Water quality data is needed here to
assess if these Denver Fm units are acting as contamination pathways
beneath the NBCS.

LQ,caliQn: Site E-38 is located approximately 850 ft north of the south
section line and 900 ft east of the west section line of Section 14
(T3S, R67W).

The 130 f t pilot corehole was
drilled and four Denver Fm sandstone units were encountered. The
alluvium is separated form the first sandstone by a 13-5-ft claystone
aquitard and a 7-ft silty claystone interval. Upon review of the
corehole data Well 37379 was completed in the first saturated sandstone
and Well 37380 was completed in the second saturated sandstone. Wells
may need to be completed in the deeper sandstones if the chemical
analyses on well 37380 show it to be contaminated.

Sil.ing-Ra.tianalpa: The pilot corehole at this site was drilled to
provide geologic data for cross sections and well completions. This
corehole will also provide geologic data for any future interpretive
work in the Denver Fm and/or any future well installations at this
site. Wells 37379 and 37380 were installed to provide hydrologic and
water quality data for the first and second Denver Fm sandstone units
northwest of the NBCS. This well cluster will fill a large data gap
that exists in the southwest corner of Section 14.
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Site F-39, Pilot_CnrPholja,_Jjp_,j1 37387 DI.- P11 373RR n9

I,Qaatinn: Site E-39 is located approximately 900 ft north of the south

section line and 2620 ft west of the east section line of Section 14
(T2S R67W).

Com;z.letion-Data-and-=P--CQnditions: The pilot corehole was drilled to

a total depth of 130 ft and six Denver Fm sandstone units were

encountered. The bedrock lithology is a claystone and this creates the

9-ft thick aquitard between the alluvium and the first Denver sandstone

unit. Review of the pilot corehole data showed that this site is

located on a bedrock high and the first sandstone unit is not

correlated to sandstones in surrounding wells. Therefore, it is not

likely that this hydrologic-unit is contaminated and a well was not

completed in this interval. Well 37387 was completed in the second

saturated sandstone and Well 37388 was completed in the fourth

saturated sandstone which correlated with the previously installed

Denver wells.

Silia"alionale: The pilot corehole at this site was drilled to

provide important geologic data for cross sections that will aid in the

assessment of the lateral and northerly extent of the Denver Fm

sandstone units and for the completion of Wells 37387 and 37388. This

corehole will also provide geologic data for any future interpretive

work in the Denver Fm and/or any future well installations at this

site. There are presently no first or second Denver Fm sandstone wells

in this area and monitoring wells in these sandstone units are required

to assess the water quality of the Denver Fm sandstones downgradient of

the barrier at this location.

Well-32321-D2

Loca.Uan: Site E-40 is located approximately 1300 ft north of the

south section line and 1880 ft west of the east section line of Section
14 (T2S R67W).

Com.plation-Ilata-and SUe_CQndILians: The pilot corehole was drilled to
an approximate total depth of 96.5 ft and three sandstones were
encountered. A 4-ft clayey siltstone separates the alluvium from the
first Denver sandstone and therefore it appears that this first-

sandstone is 2-ft hydrologically connected with the alluvium. Well

37371 is screened entirely within the first saturated sandstone. The

lower sandstones are interbedded with siltstone and claystone and the

pilot corehole log showed no substantial confining claystone layer
between the sandstones. Therefore, the sandstones were assumed to be

hydrologically connected and Well 37372 screens them as one unit.

S.t.Ljn&_Ra.Ljc2naje: The pilot corehole at this site was drilled to

provide geologic data downgradient of the NBCS for cross sections and
well completions. This corehole will also provide geologic data for

any future interpretive work in the Denver Fm and/or any future well

installations at this site. The Denver Fm wells are a part of a

cluster site being used to assess the potential for vertical flow
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SLUG TEST: WELL #37376 (E-34)
Slug In
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SLUG TEST: WELL #37376 (E-34)
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SLUG TEST: WELL #37579 (E-38)
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SLUG TEST: WELL #37387 (E-39)
Slug In
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SLUG TEST: WELL #37387 (E-39)
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SLUG TEST: WELL #37388 (E-39)
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SLUG TEST: WELL #37388 (E-39)
Slug Out
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SLUG TEST: WELL #.37372 (E-40)
Slug In
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SLUG TEST: WELL #37372 (E-40)
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SLUG TEST: WELL #37.390 (E-63)
Slug In
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I. INTRODUCTION

Harding Lawson Associates (HLA) performed a series of aquifer tests for Environmental

Science and Engineering, Inc. (ESE) as part of the Rocky Mountain Arsenal Task 39 Offpost

RI/FS program. Step-drawdown, constant-rate discharge, and recovery tests were performed

in Well 37367 (Boring E-53), located approximately I mile north of the Rocky Mountain

Arsenal boundary in Adams County, Colorado (Plate 1). The tests were conducted from

April I I to 14, 1988, to estimate aquifer parameters including transmissivity, hydraulic

conductivity, and storativity in the offpost operable unit.



II. AQUIFER TEST METHODOLOGY

Prior to the start of the aquifer tests, water levels were monitored in Well 37367 for

42.5 hours to measure any periodic or unusual water level fluctuations. Any water level

trends should be identified before aquifer testing to avoid introducing error into aquifer

parameter calculation by including water-level responses not attributable to pumping during

the aquifer test.

The Well 37367 step-drawdown test was performed for a total of 4.2 hours on April 12,

1988. Water level changes were measured in Well 37367 using an In Situ SE100013 Hermit

datalogger and pressure transducer.

The constant-Tate discharge test in Well 37367 was performed April 13 through 14,

1988. Water-level changes were monitored in Wells 37367, 37400, and 37401 (Plate 1) with

pressure transducers and the data stored on In Situ SE1000B Hermit dataloggers while

Well 37367 was pumped for 24.0 hours. Water-level recovery was measured for 4.0 hours in

all wells after the pump was shut off.

Discharge water from both the step-drawdown and constant-rate tests was pumped into

three 20,000 gallon storage tankers. Disposal of this water was handled by ESE.

Well 37367 was selected as the pumping well by ESE because it is considered

representative of the aquifer materials observed in the Northern Contaminant Pathway in the

Offpost Operable Unit. Wells 37400 and 37401 were installed by ESE to be used as

observation wells for the aquifer test. Well 37400 is 39.36 feet north of Well 37367, and

Well 37401 is 81.33 feet north of Well 37367. Geologic boring logs for Wells 37367,

37400 and 3740 are in Appendix A. The geologic logs show the aquifer zone to be

comprised primarily of silty and clayey fine- to coarse-grained sand, with some sandy silt.

Discharge Rate and Measuremen

A totalizing Rockwell International flowmeter was to have been used to monitor flow

during the aquifer tests. However, on-site calibration of the flowmeter indicated that it



was inaccurate at the low pumping rates to be used during the aquifer tests. Because no

other flowmeters were available for use during the tests, a calibrated 55-gallon drum

(5-gallon bucket for low flow rates) was used to measure the pumping now rate. Flow

measurements were made by timing the filling of the calibrated drum (or bucket). Flow was

measured at the end of the 100-foot discharge line, located approximately 13 feet above

ground level at the top of the storage tank.

During the step-drawdown test, the discharge rate of the pump in Well 37367 was

increased in four increments from an initial rate of 8.1 gallons per minute (gpm) to a final

rate of 36.7 gpm. Discharge rate measurements taken during each step are given in Table 1.

During the constant-rate discharge test, the discharge rate of the submersible pump in

Well 37367 was held reasonably constant at an average rate of 32.3 gpm. The pumping rate

varied less than 3 percent from the average throughout the test. Flow measurements were

taken frequently throughout the test to verify the constancy of the discharge rate. Table 2

presents the discharge Tate data for the constant-rate discharge test.



111. AQUIFER TEST RESULTS

Based upon the geologic boring log of Boring E53A (Well 37367) and water-level data,

the aquifer zone tested was interpreted to be an unconfined aquifer, and appropriate

analysis methods were chosen. The hydraulic properties of the aquifer were evaluated from

the constant-rate and recovery test data using type curve and straight-line graphical

methods (Theis, 1935; Jacob, 1950; and Prickett, 1965). Graphs of drawdown versus log time,

log drawdown versus log time, and residual drawdown versus log dimensionless time were

constructed for each well monitored (Plates 4 through 11). On all graphs, drawdown was

corrected to account for changes in saturated thickness (Jacob, 1950). The graphs are used

for solving equations which express the relationship between the hydraulic properties of an

aquifer and hydraulic response of an aquifer to pumping.

Aquifer parameters calculated (Calculation Sheets I through 8) using waier-level

response data from the constant-rate discharge test are presented on Table 3. The

arithmetic mean of values calculated from different analytical methods for each observation

well describes the average value of transmissivity and hydraulic conductivity. Where

transmissivity and hydraulic conductivity were determined at more than one observation well,

the geometric mean of these values describes the average value of the parameter for the

aquifer test. The arithmetic mean of all methods for all observation wells describes the

average value of storativity. These methods were used to calculate mean values because

transmissivity has been shown to be log normally distributed in space, and storativity to be

normally distributed in space (Freeze, 1975).

A. Stec)-DraWgown Test

The step-drawdown test was performed in Well 37367 on April 12, 1988. A plot of

water-level drawdown versus time for Well 37367 is shown on Plate 3. Drawdown data

collected during the step-drawdown test are tabulated in Table 4. Flow rate measurements

for each step are summarized in Table 1. The drawdown versus time plot shows a short



transitional period between changing discharge rates. Fluctuations observed in the

drawdown data during later steps were caused by unstable flow rates due to a generator

malfunction.

The main purpose of the step-drawdown test was to determine an optimal flow rate for

the constant-rate discharge test. The optimal flow rate for the test is one that can be

sustained for at least 24 hours without dewatefing the well. From the step-drawdown test

data, it was estimated that a flow rate of 30-35 gpm would be appropriate for the

constant-rate discharge test. Under ideal circumstances, data from a step-drawdown test

can be used to calculate well efficiency. However, this well parameter could not be

estimated because of fluctuations in drawdown caused by the generator malfunction.

B. Cqnstant-Rate DjNhar&2 Tesj

Prior to the aquifer testing, water levels were monitored in Well 37367 to assess the

potential for outside influences on water levels. The results of this monitoring are shown

on Plate 2. During the 42.5-hour period in which Well 37367 was-monitored, water levels

decreased approximately 0.2 feet. The decrease was fairly constant throughout the period,

indicating that the source of the decrease was not a diurnal fluctuation. The fluctuations

may possibly be attributed to seasonal variations or an unidentified pumping well.

The constant-rate discharge test was performed in Well 37367 on April 13-14, 1988.

Table 3 summarizes the aquifer test results. Drawdown and recovery data collected during

the constant-rate discharge test are tabulated on Tables 5 through 10. Calculations made in

estimating the aquifer parameters shown in Table 3 are presented on Sheets 1-8. Graphs of

the data are shown on Plates 4 through 11. Drawdown values have been corrected to

account for decreasing saturated thicknesses.

Calculated transmissivity values ranged from 4,000 ft2 /day to 8,800 ft2/day, with a

geometric mean of 6,600 ft2 /day. These values are typical for the well-graded sand and

gravels comprising the aquifer zone. A value of 360 ft/day was estimated for hydraulic

conductivity, using Ehe screened intervals of the observation wells as the aquifer thickness.



Three segments are observed in the drawdown data from the observation wells,

representing different aquifer response conditions. For the first segment, a value of 1.9 x

10-3 was estimated for aquifer storativity. This value is lower than the typical value range

expected for an unconfined alluvial aquifer and is indicative of the early-time or artesian

response of the aquifer (Neuman, 1972). The second segment of the drawdown curve is

nearly flat and indicates delayed ground-water yield following dewatering of saturated

material. During this time, vertical recharge to the saturated zone by delayed yield

partially compensates for drawdown from pumping. An accurate estimate of transmissivity

and storativity cannot be made during this period. The late-time (third segment) response is

representative of the unconfined response of the aquifer and is controlled by the specific

yield of materials at the water table. Delayed yield effects were observed in the 24-hour

constant-rate discharge test, and the late-time or unconfined response was not fully

developed before the test was terminated. To fully develop the late-time curNie, the test

would have had to run for several days; it is doubtful that the additional data so gained

would have added significantly to the refinement of aquifer parameter estimates. Therefore,

the storativity value of 1.9 x 10-3representative of the early-time artesian is the only such

value which is estimated from the aquifer test, and is not representative of the late-time

specific yield of the aquifer.



Table I

Step-Drawdown Test Discharge Rate Measurements

Step 0 Step I

Flow Rate Flow Rate
Time (gpm) Time (gpm)

--------------- --------------- ------------------------------------

9:11 Start of Test 10:17 Start of Test
9:18 7.4 10:18 18.7
9:20 8.5 10:19 14.3
9:30 8.7 10:20 13.6

10:00 5.5 10:21 13.0
10:05 5.5 10:22 14.3
10.10 8.6 10:33 15.0
10:13 8.5 10:39 13.6

10:45 15.0
Time-weighted average flow rate 8.1 gpm 10:55 15.0
Length of step: 66 min 11:15 14.3

Time-weighted average flow rate 14.9 gpm
Length of step: 62 min

Step 2 Sten 3

Flow Rate Flow Rate
Time (gpm) Time (gpm)

------------------------------ ------------------------------------
11:21 Start of Test 12:24 Start of Test
11:21 25.0 12:25 42ý 8
11*22 25.6 12:26 40.0
11:23 26.7 12:27 39.1
11:24 .18.1 12:28 39.3
11:25 30.0 12:35 36.0
11:26 30.0 12:38 36.4
11:27 28.6 121:41 36.1
11: 28 28.6 13:14 35.8
11:29 28.6 1 IZ 3 35.6
J 1:50 28.6
12.22 28.6 Time-weighted average flow rate 36.7 gpm

Length of step: 60 min
Time-weighted average flow rate 28.5 gpm
Length of step: 6*1Z min



Table 2

Constant-Rate Test Discharge Rate Measurements

Date Time Flow Rate (gpm)

4/13/88 15:43 Start of Test
15:47 32.6
15:53 32.4
15:56 32.6
16.25 32.8
16:44 32.3
17:58 32.1
19:00 31.9
20:00 32.8
21:00 32.2
22:00 32.5
23:00 32.7
23:58 3 3. 1

4/14/88 01:04 32.6
01:59 32.1
03:00 32.0
04:04 32.6
05:02 32.2
06:04 32.4
07:05 32.5
09:02 31.9
11:05 321.3
13:05 32.3
15:30 31.9

Time-weighted average flow rate 32.3 gpm

G4355-R



TabIe 3. qmnary of Well 37367 Aquifer Test

Dates Tested: April 13-14, 1988 Rmping Duration: 24. 0 hours

Pmped Well: 37367 Recovery Diration: 4.0 haxrs

Discharge Rate: 32.3 gpft

Magnitude
Distance to Water Level Method

observation Paqped Well Response of Trarismissivity Concbýctivity Storativity

Well (ft) (ft) Analysis (ft2 /day) (ft/day) (dimensionless)

37367 0 12.14 SL 4,000 210

RD 7,600 400

37400 39.36 0.58 I.L 7,200 380 1.9 X 10-3

SL 6,000 320 2.1 X 10-3

RD 7,100 370

37401 81.33 0.33 LL 6,300 350 j..9 X 10-3

SL 8,800 490 1.7 X 10-3

RD 7,100 390

T geometric: = 6,600 ft2/daY
K geometric = 3.60 ft/day

S arithmetic = 1.9 X 10-3 (diVeMionleSS)

LL Urconfined Aquifer Type Curve Method (Prickett, 1-965)

SL Mc)dified Non-Equilibrim Method (Jacob, 1950)

RD Residual Drawdown Method (Theis, 1935)



Table 4.
Drawdown Data for Step Drawdown Test

Well 37363

Pumping Well: 37367

Observation Well: 37367

Step - Drawdown Test

04/12/98

step# 0 04/12 09:11

Drawdown

Elapsed Time Value

(min) (ft)
............. ---------

0.0000 0.01

0.0033 0.07
0.0066 1.12

0.0099 -0.35

0.0133 -0.34

0.0166 0.13

0.0200 0.18

0.0233 0.15

0.0266 0.12

0.0300 0.11
0.0333 0.12

0.0500 0.11

0.0666 0.11

0.0833 0.10

0.1000 0.13

0.1166 0.12

0.1333 0.11
0.1500 0.11
0.1666 0.11

0.1833 0.12

0.2000 0.12
0.2166 0.12

0.2333 0.13

0.2500 0.30
0.2666 0.48

0.2833 0.60

0.3000 0.89

0.3166 1.12

0.3333 1.37

0.4167 1.86

0.50DO 1.12

0.5833 0.99

0.6667 0.97

0.7500 0.95

0.8333 0.93

0.9167 0.92

1.0000 0.91

1.0833 0.93

1.1667 0.96

1.2500 0.98

1.3333 1.01
1.4166 1.03

1.5000 1.04

1.5833 1.04

1.6667 1.05



Table 4. (continued)

1.7500 1.05
1.8333 1.04

1.9167 1 ý06
2.0000 1.06
2.5000 1.07

3.0000 1.08

3.5000 1.06
4.0000 1.08

4.5000 1.09
5.0000 1.08

5.5000 1.06
6.0000 1.07
6.5000 1.09
7.0000 1.18
7.5000 1.21

8.0000 1.22
8.5000 1.24

9.0000 1.26
9.5000 1.25

10.0000 1.27
12.0000 1.26
14.0000 1.28

16-0000 1.29
18.0000 1.25
20.0000 1.26

22.0000 1.29

24.0000 1.27

26.0000 1.24

28.0000 1.30

30.0000 1.27

32-0000 1.27

34.0000 1.29

36.0000 1.27

38.0000 1.26

40.0000 1.26

42.0000 1.28
44.0000 1.29

46-0000 1.29

48.0000 1.26

50.0000 1.27

52.0000 0.89

54.0000 0.87

56.0000 0.86

58.0000 0.15
60.0000 1.07

62-0000 1.15
64.0000 1.17
66.0000 1.14

Step# 1 04/12 10:17

Drawdown

61apsed Time Value

(min) (ft)
............. .........

0.0000 1.17



Table 4. (continued)

0.0033 1.53
0.0066 1.34

0.00" 1.21

0.0133 1.47

0.0166 1.35

0.0200 1.27
0.0233 1.32

0.0266 1.35

0.0300 1.36

0.0333 1.39

0.0500 1.49

0.0666 1.56

0.0833 1.60

0.1000 1.62

0.1166 1.66

0.1333 1.68

0.1500 1.70

0.1666 1 .72
0.1833 1.72

0.2000 1.75
0.2166 1.76

0.2333 1.77

0.2500 1.78

0.2666 1.81

0.2833 1.82

0.3000 1.85
0.3166 1.83

0.3333 1.86
0.4167 1.96

0.5000 2.06
0.5833 2.11

0.6667 2.15

0.7500 2.18

0.8333 2.21
0.9167 2.25

1.0000 2.23
1 . Oa33 2.15
1.1667 2.17

1.2500 2.14

1.3333 2.16
1.4166 2.14

1.5000 2.15
1.5833 2.15
1.6667 2.15
1.7500 2.15
1.8333 2.14

1.9167 2.14

2.0000 2.15

2.5000 2.15

3.0000 2.15

3.5000 2.17

4.0000 2.19

4.5000 2.18

5.0000 2.23

5.5000 2.22

6.0000 2.20



Table 4. (continued)

6.5000 2.21

7.0000 2.22

7.5000 2.22

8.0000 2.23
8.5000 2.24

9.0000 2.26
9.5000 2.26

10.0000 2.22

12.0000 2.23

14.0000 2.25

16.0000 2.25

18.0000 2.22

20.0000 2.23

22.0000 2.26

24.0000 2.22

26.0000 2.29

28.0000 2.27

30-0000 2.29

32.0000 2.29

34.0000 2.29

36.0000 2.29

38.0000 2.30

40.0000 2.31

42.0000 2.29

44.0000 2.31
46.0000 2.31
48.0000 2.31
50.0000 2.31
52.0000 2.30

54.0000 2.33

56.0000 2.31

58.0000 2.32

60.0000 2.31
62-0000 2.31

Step# 2 04/12 11:20

Drawdown

Elapsed Time Value

(min) (ft)
------------- ---------

0.0000 2.32

0.0033 2.33

0.0066 2.46

0.0099 2.82

0.0133 2.53

0.0166 2.53

0.0200 2.65

0.0233 2.56

0.0266 2.67

0.0300 2.62

0.0333 2.72

0.0500 2.96

0.0666 3.13

0.0833 3.30

0.1000 3.47



Table 4. (continued)

0.1166 3.58
0.1333 3.66
0.1500 3.76
0.1666 3.85
0.1833 3.89
0.2000 3.98
0.2166 3.95
0.2333 4.05

0.2500 4.05
0.2666 4.15
0.2833 4.14
0.3000 4.18

0.3166 4.23
0.3333 4.27
0.4167 4.43
0.5000 4.56
0.5833 4.61
0.6667 4.71
0.7500 4.77
0.8333 4.83
0.9167 4.88

1.0000 4.95
1.0833 5.00
1.1667 5.02
1.2500 5.07

1.3333 5.07
1.4166 5.25
1.5000 5.28
1.5833 5.32
1.6667 5.38
1.7500 5.39
1.8333 5.43
1.9167 5.51
2.0000 5.48
2.5000 5.55
3.0000 6.14
3.5000 6-40
4.0000 6.45
4.5000 6.56
5.0000 6.53
5.5000 6.41
6.0000 6.34

6.5000 6.35
7.0000 6.36
7.5000 6.42
8.0000 6.44
8.5000 6.45
9.0000 6,46
9.5000 6.49

10.0000 6.48
12,0000 6.51
14.0000 6.58
16.0000 6.60
18.0000 6.62
20.0000 6.60

22.0000 6.62



Table 4. (continued)

24.0000 6.64

26.0000 6.04

28.0000 6.73

30.0000 6.74

32.0000 6.73

34.0000 6.T7

36.0000 6.79

38.0000 6.75

40.0000 6.79

42.0000 6.77

44.0000 6.T7

46.0000 6.82

48.0000 6.80

50.0000 6.83

52.0000 6.81

54.0000 6.84

56.0000 6.91
58.0000 6.86

60.0000 6.87

62.0000 6.85

Step# 3 04112 12:24

Drawdown

Etapsed Time VaLue

(min) (ft)
............. ---------

0.0000 6.80

0.0033 6.88

0.0066 6.88

0.0099 6.91

0.0133 6.89

0.0166 6.90

0.0200 6.98

0.0233 7.12

0.0266 7.04

0.0300 4.07

0.0333 7.14

0.0500 7.49

0.0666 7.78

0.0833 8.07

0.1000 8.38

0.1166 8.62

0.1333 8.91

0.1500 9.09

0.1666 9.29

0.1833 9.42

0.2000 9.58

0.2166 9.78

0.2333 9.88

M500 9.98

0.2666 10.11

0.2833 10.19

0.3000 10.22

0.3166 10.30

0.3333 10.34



Table 4. (continued)

0.4167 10.63
0.5000 10.83
0.5833 10.94
0.6667 11.18
0.7500 11.44

0.8333 11.59
0.9167 11.75
1.0000 11.48

1.0833 11.18
1.1667 10.%
1.2500 10.87

1.3333 10.82

1.4166 10.78
1.5000 10.75
1.5833 10.80
1.6667 10.77
1.7500 10.71
1.8333 10.75
1.9167 10.76
2.0000 10.73
2.5000 10.85
3.0000 10.89
3.5000 10.33
4.0000 10.39
4.5000 10.37
5.0000 10.15
5.5000 10.36
6.0000 10.58
6.5000 10.63
7.0000 10.65
7.5000 10.64
8.0000 10.85
8.5000 10.76
9.0000 10.84
9.5000 10.81
10.0000 11.03

12.0000 10.96

14.0000 11.20
16.0000 10.81

18.0000 11.34

20.0000 11.42

22.DOOO 11.53

24.0000 11.52

26.0000 11.56

28.0000 11.55

30.0000 11.68

32.0000 11.66

34.0000 11.67

36.0000 11.72

38.0000 11.76

40.0000 11.78

42.0000 11.77

44.0000 11.81

46.0000 11.84

48.0000 11.40

50.0000 11.86



Table 4. (continued)

52.0000 11.69

54.0000 11.87

56.0000 11.46
58.0000 11.97

60.0000 11.94



Table 5.
Drawdown Data for Constant-Rate Test

Well 37367

Pumping Welt: 37367

Observation Welt: 37367

Constant - Rate Discharge Test

04/13/88 15:43

Drawdown

Elapsed Time Value

(min) 00
------------- ..........

0.0000 0.01

0.0033 0.01

0.0066 1.49

0.0099 1.59

0.0133 0.55

0.0166 0.00

0.0200 0.64

0.0233 0.96

0.0266 0.96

0.0300 1.04

0.0333 1.16

0.0500 1.79

0.0666 2.28

0.0833 2.71

0.1000 3.12

0.1166 3.47

0.1333 3.85

0.1500 4.21

0.1666 4.44

0.1833 4.66

0.2000 4.88

0.2166 5.09

0.2333 5.30

0.2500 5.48

0.2666 5.57

0.2833 5.69

0.3000 5.85

0.3166 6.01

0.3333 6.14

0.4167 6.71

0.5000 7ý12

0.5833 7.47

0.6667 7-70

0.7500 7.97

0.8333 8.16

0.9167 8.23

1.0000 8.38

1.0833 B.51

1.1667 8.60

1.2500 8.76

1.3333 8.91

1.4166 9.00

1.5000 9.11

1.5833 9.25

1.6667 9.35

1.7500 9.44

1.8333 9.50



Table 5. (continued)

1.9167 9.59

2.0000 9.65

2.5000 9.92

3.0000 10.07

3.5000 10.10

4.0000 IOJ7

4.5000 10.19

5.0000 10.22

5.5000 10.22

6.0000 10.25

6.5000 10.32

7.0000 10.32

7.5000 10.27

8.0000 10.35

8.5000 10.38

9.0000 10.41

9.5000 10.40

10.0000 10.43

12.0000 10.47

14.0000 10.54

16.0000 10.53

18.0000 10.54

20.0000 10.60

22.0000 10.71

24.0000 10.74

26.0000 10.77

28.0000 10.78

30.0000 10.83

32-0000 10.79

34.0000 10.90

36.0000 1D.a8

38.0000 10.93

40.0000 10.92

42.0000 10.96

44.0000 10.94

46.0000 10.98

48.0000 11.02

50.0000 10.97

52.0000 11.04

54-0000 11.07

56-0000 11.05

58.0000 11.12

60.0000 11.10

62.0000 11.11

64.0000 11.18

66-0000 11.10

68.0000 11.11

70.0000 11.11

72.0000 11.15

74.0000 11.13

76.0000 11.18

78.0000 11.04

80.0000 11.02

82.0000 11.02

U. 0000 11.00

86.0000 11.07



Table 5. (continued)

88.0000 11.06

90.0000 11ý08

92.0000 11.06

94.0000 11.08

96.0000 11.07

98.0000 11.13

100.0000 11.11

110.0000 11.14

120.0000 11.18
130.0000 11.19

140.0000 11.25

150-0000 11.31

160.0000 11.33

170.0000 11.32

180.0000 11.41

190.0000 11.42

200.0000 11.39

210-0000 11.44

220.0000 11.47

230.0000 11.49

240.0000 11.50

250-0000 11.49

260.0000 11.50

270.0000 11.51

280.0000 11.52

290.0000 11.53

300.0000 11.54

310.0000 11.56

320.0000 11.60

330.0000 11.60

340.0000 11.58

350.0000 11.60

360.0000 11.58

370.0000 11.60

380.0000 11.67

390.0000 11.6.4

400.0000 11.68

410.0000 11.71

420-0000 11.70

430-0000 11.70

440.0000 11.70

450.0000 11.69

460.0000 11.72

470.0000 11.77

480.0000 11.80

490.0000 11.81

500.0000 11.74

510.0000 11.80

520.0000 11.78

530.0000 11.82

540.0000 11.83

550.0000 11.83

560-0000 11.83

570.0000 11.81

580.0000 11.78

590-0000 11.90



Table 5. (coritinued)

600.0000 11.89

610.0000 Ii.aa

620.0000 11.a6

630-0000 11.87

640.0000 11.87

650.0000 1I.a8

660.0000 11.89

670.0000 11.91

680.0000 11.as

690-0000 11.87

700.0000 ii.aB

710.0000 11.94

720.0000 11.93

730.0000 11.91

740.0000 11.90

750.0000 11.85

760.0000 11.92

770.0000 11.95

780.0000 11.91

790,0000 11.97

$00.0000 11.91

810.0000 11.94

820-0000 11.99

830.0000 11.94

$40.0000 12.02

850.0000 12.00
860.0000 11.97

$70.0000 11.92

880A000 11.95

890.0000 11.96

900.0000 11.97

910.0000 11.99

920.0000 12.05

930.0000 12.05

940.0000 12.05

950.0000 12.00

960.0000 12.05

970.0000 12.07

980.0000 12.07

990.0000 12.14

1000.0000 12.12

1030.0000 12.13

1060.0000 12.06

1090.0000 12.01

1120-0000 12.04

1150.0000 12.05
1180.0000 12.11

1210.0000 12.05

1240.0000 12.14

1270.0000 12.04

1300-0000 12.07

1330.0000 12.08

1360-0000 12.12

1390.0000 12.06

1420.0000 12.08



Table 6.
Drawdown Data for Constant-Rate Test
well 37400

Pumping WeU: 37367

Observation WeIL: 37400

Constant Rate Discharge Test

04/13/88 15:43

Etapsed Time Vatue

(min) (ft)
............. .........

0.0000 0.02

0.0033 0.02

0.0066 0.02

0.0099 0.02

0.0133 0.03

0.0166 0.03

0.0200 0.02

0.0233 0.02

0.0266 0.02

0.0300 0.03

0.0333 0.03

0.0500 0.03

0.0666 0.03

0.0833 0.03

0.1000 0.03

0.1166 0.03

0.1333 0.04

0.1500 0.04

0.1666 0.05

0.1833 0.05

0.2000 0.05

0.2166 0.05

0.2333 0.05

0.2500 0.06

0.2666 0.06

0.2833 0.06

0.3000 0.06

0.3166 0.06

0.3333 0.06

0.4167 0.08

0.5000 0.09

0.5833 0.10

0.6667 0.11

0.7500 0.11

0.8333 0.11

0.9167 0.12

1.0000 0.12

1.0833 m3

1.1667 0.13

1.2500 0.13

1.3333 0.13

1,4166 0.14

1.5000 0.15

1.5833 0.15

1.6667 0.15

1.7500 0.15

1.8333 0.16

1.9167 0.16



Table 6. (continued)

2.0000 0.16
2.5000 0.18
3.0000 0.19
3.5000 0.20
4.0000 0.21
4.5000 0.22

5.0000 0.22

5.5000 0.23
6.0000 0.24

6.5000 0.25
7.0000 0.25

7.5000 0.25
8.0000 0.26

8.5000 0.26
9.0000 0.26
9.5000 0.27

10.0000 0.27

12.0000 0.29
14.0000 0.30

16.0000 0.31
18.0000 0.33
20.0000 0.33

Z2. 0000 0.34

24.0000 0.35

26.0000 0.36

28.0000 0.37

30.0000 0.38

32.0000 0.39

34.0000 0.39

36.0000 0.40

38.0000 0.40

40.0000 0.41

42.0000 0.42

44.0000 0.43
46.0000 0.42

48.0000 0.43

50.0000 0.43

52.0000 0.44

54.0000 0.44

56.0000 0.45

58.0000 0.46

60.0000 0.46

62.0000 0.46

64.0000 0.47

66.0000 0.47

68.0000 0.47

70.0000 0.47

72.0000 0.48

74.0000 0.48

76.0000 0.49

78.0000 0.49

60.0000 0.49

82.0000 0.49

84.0000 0.50

86.0000 0.50

88.0000 0.51



Table 6. (continued)

90.0000 0.51
92.0000 0.51
94.0000 0.51
96.0000 0.51
98.0000 0.52
100.0000 0.52,
110.0000 0.53

120.0000 0.54

130.0000 0.54

140.0000 0.54

150.0000 0.55

160.0000 0.56

170.0000 0.56

180.0000 0.56

190.0000 0.56

200.0000 0.56

210.0000 0.56

220.0000 0.56

230.0000 0.56

240.0000 0.56

250.0000 0.56
260.0000 0.56

270.0000 0.56

280.0000 0.56

290.0000 0.56

300.0000 0.56

310.0000 0.56

320.0000 0.56
330.0000 0.56

340.0000 0.56

350.0000 0.56

360.0000 0.56

370.0000 c.56

380.0000 0.56

390,0000 0.56

400.0000 o.56

410.0000 0.56

420.0000 0.56

430.0000 0.56

440.0000 0.56

450.0000 0.56

460.0000 0.56

470.0000 0.56

480.0000 0.56

490-0000 0.56

500.0000 0.56

510.0000 0.56

520.0000 0.56

530.0000 0.56

540.0000 0.56

550-0000 0.56

560.0000 0.56

570.0000 0.56

580.0000 0.56

590.0000 0.56

600.0000 0.56



Table 6. (continued)

610.0000 0.56

620.0000 0.56

630.0000 0.56

640.0000 0.56

650.0000 0.56

660.0000 0.56

670.0000 0.56

680.0000 0.56

690.0000 0.56

700.0000 0.56

710.0000 0.56

720.0000 0.56

730.0000 0.56

740.0000 0.56

750.0000 0.56

760.0000 0.56

770.0000 0.56

780.0000 0.56

790.0000 0.56

800.0000 0.56

810.0000 0.57

820.0000 0.56

830.0000 0.57

W.0000 0.57

850-0000 0.57

960.0000 0.57

870.0000 0.57

380.0000 0.57
890.0000 0.57

900.0000 0.57

910.0000 0.57

920.0000 0.57

930-0000 0.57
940.0000 0.57

950.0000 0.57

960.0000 0.58

970.0000 0.58

980.0000 0.58

990.0000 0.58

1000.0000 0.58

1030.0000 0.58

1060ý0000 0.58

1090.0000 0.57

1120.0000 0.57

1150-0000 0.57

1180.0000 0.57

1210.0000 0.57

1240.0000 c.56

1270.0000 0.56

1300-0000 0.57

1330.0000 0.56

1360.0000 0.57

1390.0000 0.57

1420,0000 0.57



Table 7.
DrawdownData for Constant-Rate Test
Well 37401

Pumping Well: 37367

observation Well: 37401

Constant Rate Discharge Test

04/13/88 15:43

Drawdown

Elapsed Time Value

(min) (ft)
............. .......

0.0000 0.00

o.0033 0.00

0.0066 0.00

0.0099 0.00

0.0133 0.00

0.0166 0.01

0.0200 0.01

0.0233 0.01

0.0266 0.01

0.0300 0.01

0.0333 0.01

0.0500 0.01

0.0666 0.01

0.0833 0.01

0.1000 0.01

0.1166 0.01

0.1333 0.00

0.1500 0.01

0.1666 0.01

c-1833 0.01

0.2000 0.01

0.2166 0.01

0.2333 0.01

0.2500 0.01

o.2666 0.01

0.2833 0.01

0.3000 0.01

0.3166 0.01

0.3333 0.01

0.4167 0.01

0.5000 0.02

0.5833 0.02

0.6667 0.02

0.7500 0.02

0.8333 0.02

0.9167 0.03

1.0000 0.03

1.0833 0.03

1.1667 0.04

1.2500 0.04

1.3333 0.04

1.4167 0.04

1.5000 0.04

1.5833 0.05

1.6667 0.05

1.7500 0.05

1,8333 0.05



Table 7. (continued)

1.9167 0.05
2.0000 O.D6
2.5000 0.07
3.0000 0.07
3.5000 0.08
4.0000 0.09
4.5000 0.09
5.0000 0.10
5.5000 0.10
6.0000 0.11
6.5000 0.12
7.0000 0.12
7ý5000 0.13
8.0000 0.13
8.5000 0.13
9.0000 0.14
9.5000 0.14

10,0000 0.15
12.0000 0.16
14.0000 0.17
16.0000 0.18
18.0000 0.18
20.0000 0.18
22.0000 0.19
24.0000 0.21
26.0000 0.19
28.0000 0.20

30.0000 0.21
32.0000 0.21
34.0000 0.21
36.0000 0.22

38.0000 0.22

40.0000 0.23

42.0000 0.24

44.0000 0.24

46.0000 0.24

48.0000 0.24

50.0000 0.23

52.0000 0.24

54.0000 0.23
56.0000 0.24

58.0000 0.24

60.0000 0.24

62.0000 0.25

64.0000 0.25

66.0000 0.24

68.0000 0.24
70.0000 0.24

72.0000 0.25
74.0000 0.26

76.0000 0.25

75.0000 0.25

80.0000 0.25

82.0000 0.25

84.0000 0.25
86.0000 0.26



Table 7. (continued)

88.0000 0.26

90.0000 0.26

92.0000 0.26

94.0000 0.26

96.0000 0.26

98.0000 0.27

100.0000 0.27

110.0000 0.26

120.0000 0.26

130.0000 0.27

140.0000 0.28

150.0000 0.27

160.0000 0.27

170.0000 0.27

180.0000 0.27

190.0000 0.27

200.0000 0.26

210.0000 0.26

220-0000 0.26

230.0000 0.26

240.0000 0.26

250.0000 0.26

260.0000 0.26

270.0000 0.27

2M0000 0.26

290-0000 0.26

300.0000 0.26

310.0000 0.26

320.0000 0.27

330-0000 0.26

340.0000 0.26

350.0000 0.26

360.0000 0.26

370.0000 0.26

380.0000 0.27

390.0000 0.27

400.0000 0.26

410.0000 0.26

420.0000 0.26

430.0000 0.26

440.0000 0.27

450.0000 0-27

460.0000 0.26

470.0000 0.26

480.0000 0.26

490.0000 0.26

500-0000 0.27

510.0000 0.27

520.0000 0.27

530.0000 0.26

540.0000 0.27

550-0000 0.26

560.0000 0.27

570.0000 0.27

580-0000 0.27

590.0000 0.27



Table 7. (coritinued)

600.0000 c.27

610.0000 0.27

620.0000 0.28

630.0000 0.28

640.0000 0.27

650.0000 0.27

660.0000 0.27

670.0000 0.27

680.0000 0.28

690.0000 0.28

700.0000 0.28

710.0000 0.28

720-0000 0.27

730.0000 0.27

740.0000 0.28

750.0000 0.28

760.0000 0.28

770.0000 0.27

780.0000 0.27

790.0000 0.28

800.0000 0.29

8io.0000 0.29

820.0000 0.28

830.0000 0.28

840.0000 0.29

850.0000 0.28

860.0000 0.29

870.0000 0.29

880.0000 0.29

$90.0000 0.29

900.0000 0.28

910.0000 0.29

920.0000 0.30

930.0000 0.30

940.0000 0.30

950.0000 0.30

960.0000 0.30

970.0000 0.29

980.0000 0.30

990.0000 0.30

1000.0000 0.30

1030.0000 0.29

1060.0000 0.31

1090.0000 0.30
1120.0000 0.30

1150.0000 0.29
1180.0000 0.32

1210.0000 0.31

1240.0000 0.29

1270.0000 0.31

1300.0000 0.33

1330.0000 0.30

1360.0000 0.31

1390.0000 0.33

1420.0000 0.32



Table 8.

Residual Drawdown Data for Recovery Test
Well 37367

Pwmpinq Welt: 37367
Observation Well: 37367

Recovery Test

04/14/88 15:43

Drawdown

Elapsed Time Value

(min) (ft)
............ .........

0.0000 12.10

0.0033 12.12

0.0066 11.68

0.0099 11.66

0.0133 11.45

0.0166 11.21

0.0200 10.97

0.0233 10.76

0.0266 10.55

0.0300 10.35

0.0333 10.13

0.0500 9.12

0.0666 8.26

0.0833 7.58

0.1000 7.00

0.1166 6.45

0.1333 6.03

0.1500 5.63

0.1666 5.29

0.1833 5,00

0.2000 4.75

0.2166 4.51

0.2333 4.27

0.2500 4.05

0.2666 3.83

0.2833 3.60

0.3000 3.39

0.3166 3.20

0.3333 3.05

0.4167 2.47

0.5000 2.01

0.5533 1.70

0.6667 1.47

0.7500 1.31

0.8333 1.18

0.9167 1.08

1.0000 0.99

1.0833 0.92

1.1667 0.86

1.2500 0.80

1.3333 o.75

1.4166 0.72

1.5000 0.69

1.5833 0.66

1.6667 0.64

1.7500 0,62

1.8333 0.61



Table 8. (coritinued)

1.9167 0.59

2.0000 0.58

2.5000 0.54

3.0000 0.50

3.5000 0.48

4.0000 0.47

4.5000 0.45

5.0000 0.45

5.5000 0.43

6.0000 0.43

6.5000 0.42

7.0000 0.42

7.5000 0.41

8.0000 0.40

8.5000 0.39

9.0000 0.38

9.5000 0.38

10.0000 0.37

12.0000 0.35

14.0000 0.33

16.0000 0.32

18.0000 0.31

20.0000 0.30

ZZ.0000 0.29

24.0000 0.28

26.0000 0.27

28-0000 0.27

30.0000 0.26

32.0000 0.25

34.0000 0.25

36.0000 0.24

38-0000 0.24

40.0000 0.23

42.0000 0.23

44.0000 0.23

46.0000 0.22

48.0000 0.22

50.0000 0.21

52-0000 0.21

54-0000 0.21

56.0000 0.20

58.0000 0.20

60.0000 0.20

62.0000 0.20

64.0000 0.20

66.0000 0.19

68.0000 0.19

70.0000 0.09

72.0000 0.18

74.0000 0.18

76.0000 0.18

78.0000 0.18

80.0000 0.18

82.0000 0.18

84.0000 0.17

96.0000 0.17



Table 8. (continued)

88.0000 0.17
90.0000 0.17
92.0000 0.16
94.0000 0.16

96.0000 0.16
98.0000 0.16
100.0000 0.16

110.0000 0.15

120.0000 0.14

130.0000 0.13

140.0000 0.13

150.0000 0.12

160.0000 0.12

170.0000 0.11
180.0000 0.10

190.0000 0.10

200.0000 0.09

210.0000 0.09

220.0000 0.09

230.0000 0.08



Table 9.
Residual Drawdown Data for Recovery Test
Well 37400

Pumping Well: 37367

Observation well: 37400

Recovery Test

04/14 15:36

Drawdown

Elapsed Time Value

(min) (ft)
............ .........

0.0000 0.58

0.0033 0.58

0,0066 0.58

0.00" 0.58

0.0133 0.58

0.0166 0.58

0.0200 0.58

0.0233 0.58

0.0266 0.58

0.0300 0.58

0.0333 0.58

0.0500 0.58

0.0666 0.58

0.0833 0.58

0.1000 0.57

0.1166 0.57

0.1333 0.57

0.1500 0.57

0.1666 0.56

0.1833 0.56

0.2000 0.56

0.2166 0.55

0.2333 0.55

0.2500 0.55

0.2666 0.55

0.2833 0.54

0.3000 0.54

0.3166 0.54

0.3333 0.54

0.4167 0.53

0.5000 0.52

0.5833 0.51

0.6667 0.50

0.7500 0.50

0.8333 0.49

0.9167 0.49

1.0000 0.49

1.0833 0.48

1.1667 0.47

1.2500 0.47

1.3333 0.47

1.4166 0.47

1.5000 0.46

1.5833 0.46

1.6667 0.46

1.7500 0,46

1.8333 0.45



Table 9. (continued)

1.9167 0.45
2.0000 0.45
2.5000 0.44
3.0000 0.42
3.5000 0.42
4.0000 0.41
4.5000 0.40
5.0000 0.40
5.5000 0.39
6.0000 0.39
6.5000 0.39
7.0000 0.38
7.5000 0.38
8.0000 0.37
8.5000 0.36
9.0000 0.36
9.5000 0.36

10.0000 0.35
12.0000 0.34
14 ý 0000 0.32
16.0000 0.32
18.0000 0.31
20.0000 0.30
22.0000 0.30

24.0000 0.29

26.0000 0.28

28.0000 0.28

30.0000 0.28
32.0000 0.27

34.0000 0.27

36.0000 0.27

38.0000 0.27

40.0000 0.26

42.0000 0.26

44.0000 0.26

46.0000 0.26
48.0000 0.26

50.0000 0.26

52.0000 0.26

54.0000 0.25

56.0000 0.25

58.0000 0.25

60.0000 0.25

62.0000 0.25

64,0000 0.25

6,6.0000 0.24

68.0000 0.24

70.0000 0.24

72.0000 0.24

74.0000 0.24

76.0000 0.24

78.0000 0.24

80.0000 0.24

82.0000 0.23

94.0000 0.23

86.0000 0.23



Uble 9. (continued)

88.0000 0.23

90.0000 0.23
92.0000 0.23

94.0000 0.23

96.0000 0.23

98.0000 0.22

100.0000 0.23

110.0000 0.22

120.0000 0.21

130-0000 0.20

140.0000 0.19

150.0000 0.19

160.0000 0.18

170.0000 0.17

180.0000 0.17

190.0000 0.16

200-0000 0.16

210.0000 0.15

220.0000 0.15

230.0000 0.14



Table 10.
Residual Drawdown Data for Recovery Test

Well 37401

Pumping WeLL: 37367

observation WeLL: 37401

Recovery Test

04/14/88 15:43

Drawdown

ELapsed Time VaLue

(min) (ft)
............ .........

0.0000 0.36

0.0033 0.36

0.0066 0.36

0.0099 0.36

0.0133 0.36

0.0166 0.36

0.0200 0.36

0.0233 0.36

0.0266 0.36

0.0300 0.36

0.0333 0.36

0.0500 0.36

0.0666 0.36

0.0833 0.36

0.1000 0.36

0.1166 0.36

0.1333 0.36

0.1500 0.36

0.1666 0.36

0.1833 0.36

0.2000 0.36

0.2166 0.36

0.2333 0.36

0.2500 0.36

0.2666 0.36

0.2833 0.36

0.3000 0.36

0.3166 0.36

0.3333 0.36

0.4167 0.36

0.5000 0.36

0.5833 0.36

0.6667 0.36

0.7500 0.36

0.8333 0.36

0.9167 0.36

1.0000 0.35

1,0833 0.35

1.1667 0.35

1.2500 0.35

1.3333 0.34

1.4166 0.34

1.5000 0.34

1.5833 o.33

1.6667 0.33

1.7500 0.33

1.8333 0.32



Table 10. (continued)

1.9167 0.32
2.0000 0.32
2.5000 0.32
3.0000 0.31
3.5000 0.30
4.0000 0.30
4.5000 0.30
5.0000 0.30
5.5000 0.30
6.0000 0.30
6.5000 0.30
7.0000 0.30
7.5000 0.30
8.0000 0.30
8.5000 0.29
9.0000 0.28
9.5000 0.28

10,0000 0.28
12.0000 0.26
14.0000 0.23
16.0000 0.22
18.0000 0.22
20.0000 0.22
22.0000 0.21
24.0000 0.21
26.0000 0.19
28.0000 0.19
30.0000 0.19
32.0000 0.19
34.0000 0.20
36.0000 0.19
38.0000 0.19
40.0000 0.19
42.0000 0.18
44.0000 0.18
46.0000 0.18
48.0000 0.18
50.0000 0.18
52.0000 0.18
54.0000 0.17
56.0000 0.17
58-0000 0.17
60.0000 0.17
62.0000 0.16
64.0000 0.16
66.0000 0.16
68-0000 0.15
70.0000 0.15
72-0000 0.15
74.0000 0.14
76.0000 0.14
78.0000 0.14
80.0000 0.14
82.0000 0.14
84.0000 0-13
66.0000 0.13



Table 10. (continued)

88.0000 m3
90.0000 0.13

92.0000 0.13

94.0000 0.12
96.0000 0.12
98.0000 0.12
100.0000 0.12
110.0000 0.10
120.0000 0.09

130.0000 0.08

140.0000 0.07

150.0000 0.06

160.0000 0.06

170.0000 0.04

180.0000 0.03

190.0000 0.02

200.0000 0.02

210.0000 0.01

220.0000 0.02

230.0000 0.01
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Sheet 1. Modified Non-Equilibrium Method for "'ell 37367

Modified Non-Equilibrium Method (Jacob, 1950)

Pumping Well 37367
Observation Well 37367
Reference Plate 4

Q Constant Pumping Rate 32.3 gpm

As Change in Drawdown per One Log Cycle 0.28 feet

b Saturated Aquifer Thickness 19 feet

TRANSMISSIVITY (T)

T = (264 Q)/ As

T = 30,000 gpd/ft

T = 4,000 f t 2 / day

T = 370 m 2 /day

HYDRAULIC CONDUCTIVITY (K)

K = T/b

K = 210 ft/day

K = 0.074 cm/sec

G4355-R



Sheet 2. Residual Drawdown Method for Well 37367

Residual Drawdown Method (Theis, 1935)

Pumping Well 37367
Observation Well 37367
Reference Plate 5

Q Constant Pumping Rate 32.3 gpm

As Change in Drawdown per One Log Cycle 0.15 feet

b Saturated Aquifer Thickness 19 f eet

TRANSMISSIVITY (T)

T = (264 Q)/ As

T = 57,000 gpd/ft

T = 7,600 ft2/day

T = 710 M2 /day

HYDRAULIC CONDUCTIVITY (K)

K = T/b

K = 400 f t/day

K = 0. 14 cm/sec

G4355-R



Sheet 3. Unconfmed Aquifer Type Curve Method for Well 37400

Unconfined Aquifer Type Curve Method (Prickett, 1965)

Pumping Well 37367
Observation Well 37400
Reference Plate 6

Q Constant Pumping Rate 32.3 gpm

b Saturated Aquifer Thickness 19 feet

r Distance to Pumping Well 39.36 feet

Early-time type curve match point:

1 /UA ` 1 -0 UA = 1-0 W(UA,r/D) = 1.0 r/D = 0.0

s (drawdown) = 0.068 ft t (time) 0.14 min. - 1.0 x 10-4 days

TRANSMISSIVITY (T)

T = 114.6 Q W(UA,r/D) / s

T = 54,000 gpd/ft

T - 7,200 ft2/day

T = 670 m2/day

HYDRAULIC CONDUCTIVITY (K)

K = T/b

K = 380 ft/day

K = 0. 13 cm/sec

STORATIVITY (S)

S = UA Tt/1.87r2

= 1.9 x 10-3 dimensionless



Sheet 4. Modified Non-Equilibrium Method for Well 37400

Modified Non-Equilibrium Method (Jacob, 1950)

Pumping Well 37367
Observation Well 37400
Reference Plate 7

Q Constant Pumping Rate 32.3 gpm

As Change in Drawdown per One Log Cycle 0. 19 feet

b Saturated Aquifer Thickness 19 feet

to Time to Zero Drawdown Intercept 0.34 min.

1.2 x 10-4 days

r Distance to Pumping Well 39.36 feet

TRANSMISSIVITY (T)

T - (264 Q)/ As

T - 45,000 gpd/ft

T - 6,000 ft2/ day

T = 560 m2/day

HYDRAULIC CONDUCTIVITY (K)

K = T/b

K = 320 ft/day

K = 0.11 cm/sec

STORATIVITY (S)

S = 0.3 Tt./r2

S = 2.1 x 10-3 dimensionless

Time (t) after which u<0.01

t = 1.87 r2 s/uT

t = 0.007 days

t = 10 min



Sheet 5. Residual Drawdown Method for Well 37400

Residual Drawdown Method (Theis, 1935)

Pumping Well 37367
Observation Well 37400
Reference Plate 8

Q Constant Pumping Rate 32.3 gpm

As Change in Drawdown per One Log Cycle 0.16 feet

b Saturated Aquifer Thickness 19 feet

TRANSMISSIVITY (T)

T = (264 Q)/ As

T = 53,000 gpd/ft

T - 7,100 ft2/day

T = 660 m2/day

HYDRAULIC CONDUCTIVITY (K)

K = T/b

K = 370 ft/day

K = 0.13 cm/sec

G4355-R



Sheet 6. Unconfined Aquifer Type Curve Method for Well 37401

Unconfined Aquifer Type Curve Method (Prickett, 1965)

Pumping Well 37367
Observation Well 37401
Reference Plate 9

Q Constant Pumping Rate 32.3 gpm

b Saturated Aquifer Thickness 18 feet

r Distance to Pumping Well 81.33 feet

Early-time type curve match point:

1 /UA - 1 -0 UA = 1 .0 W(UA,r/D) 1.0 r/D - 2.0

s (drawdown) = 0.078 ft t (time) 0.7 min. 4.9 x 10-4 days

r/D = 0.2

TRANSMISSIVITY (T)

T = 114.6 Q W(uk,r/D) / s

T = 47,000 gpd/ft

T = 6,300 ft2/day

T = 590 m2 /day

HYDRAULIC CONDUCTIVITY (K)

K = T/b

K = 350 ft/day

K = 0.12 cm/sec

STORATIVITY (S)

S = UA Tt/1.87r2

= 1.9 X 10-3 dimensionless



Sheet 7. Modified Non-Equilibrium Method for Well 37401

Modified Non-Equilibrium Method (Jacob, 1950)

Pumping Well 37367
Observation Well 37401
Reference Plate 10

Q Constant Pumping Rate 32.3 gpm

As Change in Drawdown per One Log Cycle 0.13 feet

b Saturated Aquifer Thickness 18 feet

to Time to Zero Drawdown Intercept 0.8 min.
5.6 x 10-4 days

r Distance to Pumping Well 81.33 feet

TRANSMISSIVITY (T)

T = (264 Q)/ As

T = 66,000 gpd/ft

T - 8,800 ft2/ day

T - 820 m2/day

HYDRAULIC CONDUCTIVITY (K)

K - T/b

K = 490 ft/day

K = 0. 17 cm/sec

STORATI"V'ITY (S)

S = 0.3 Tto/r2

S = 1.7 x 10-3 dimensionless

Time (t) after which u<0.01

t = 1.87 r2 s/uT

t = 0.032 day

t = 46.0 min



Sheet 8. Residual Drawdown Method for Well 37401

Residual Drawdown Method (Theis, 1935)

Pumping Well 37367
Observation Well 37401
Reference Plate I I

Q Constant Pumping Rate 32.3 gpm

As Change in Drawdown per One Log Cycle 0. 16 feet

b Saturated Aquifer Thickness 18 feet

TRANSMISSIVITY (T)

T = (264 Q)/ As

T = 53,000 gpd/ft

T - 7,100 ft 2 /day

T = 660 m2/day

HYDRAULIC CONDUCTIVITY (K)

K = T/b

K = 390 ft/day

K = 0. 14 cm/sec

G4355-R
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Benzene 5.71 Fluoride 2140
Fluoride 2190 Chloride 28.100
Chloride 27.800 Sultate 137.000 Areal extent of NZ3E:2*
Sulfate 141,000 Sandstone UnitArsenic 3.42

SP' '87 SU '87'p
Chloride 43.000 Not Sampled 24159
Sullate 320.000 110

0 Scale in Feet

NOTE: Cnemnical concentrations presented are above certified reporting limits.

Figure F-69 Prepared for:
WATER CHEMISTRY DATA FOR DENVER FM UNIT NBE#2 U.S. Army Program Manage' Ofc
SPRING AND SUMMER QUARTERS, 1987 For Rocky Mountain Arsena

SOURCE: ESE. 1988 Aberdeen Proving Ground, Maryland
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SO 6 SU '87
Chforoben one 16.7 Chlorobenzene 4.77
Benzene 3.98 Chloride 14.200
Chloride 15.100 Sulfate 267.000
Sulfate 293.000
Arsenic 4.08

E. 961h Avenue 
'-23 NrhBg94EXPLANATION

All concentrations in mirorm

S o l- en o n te B a ri r2 4 1 7 2 (N B E II4 ) 2 4 1 7 5 (N B E #I3 ) p e r lite r (u g /1).

SP '87 SU '87

\K

Chlorobenzene 17.4 Chlorobanzene 12.3Chloroform 6.87 Chloroform 2.57
Benzene 4.68 Benzene .4.84
Chloride 343.000 Chloride 340,000
suflele 891.000 Sulfate 854,000

0 w

Scjte In Fw

NOTE: Chemical concentrations presented are above Certified reporting limits.

Figure F-70Prp 
edf :WATER CHEMISTRY DATA FOR DENVER FM UNITS NBEPI3 AND NBEII4, U.S.parmy ProgramMngrsOfcSPRING AND SUMMER QUARTERS, 1987 For. Arocy Mrountain Arsnal

SOURE: SE. 988Aberdeen Proving Ground-, Maryland



EXPLANATO
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Figur F-71Prepared for:
NONTARGET COMPOUNDS (B IS(2- ETHYLH EXYL) PHTHA LATE, U.S. Army Program MangrsOfcGAPROLACTUM) IDENTIFIED BY GCIMS ANALYSIS, ug/h, For Rocky Mountain ArsnaTASKS 4 AND 44, ALLUVIAL AQUIFER
SOURCE: Hunter/ESE, 1988 Aberdeen Proving Ground, Mar-yln



00A 104th Ave.

U) Ul)
>1 17 0 16 15 14 2

0
> 0~

CrekEXPLANATO

SOIL-B EN TON ITE

Burlington G BARRIER

Plan

0

Basin F*

ODlchlorotbenzene 2.48A

0

80th Ave. 0_______

50J000sdoo 504000 510000 5I11600 51OQ 000 !510 5 Scale In Fee

Figure F-72 Prepared for:
NONTARGET COMPOUND (DICHLOROBENZENE) IDENTIFIED BY GC/MS U.S. Army Program MangrsOfc
ANALYSIS, ug/1, TASK 4 AND 44, ALLUVIAL AQUIFER For Rocky Mountain Arsna

Lso RC: Hnte/ES, 188Aberdeen Provlitj Ground, Maryln



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37308 ALL 0.0- 0.0 2.0 20.5 SH1

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE 01.700 01.700
112TCE <1.000 <1.000
11DCE <1.100 <1.100
11DCLE 01.200 <1.200
12DCLE 1.690 0.604
ALDRN (0.070 <0.070
AS < 3. 0 70 <3.070i
BTZ <2.000 <2.000
C6H6 <1.340 <0.340
CA 120000.000 111000.000
CCL4 <2.400 <2.400
CD <5.160 5.470'
CH2CL2 <5.000 <5.000
CHCL3 01.400 01.400
CL 275000.000 267000.000
CL6CP <0.070 <0.070
CLC6H5 <0.580 <0.580
CLDAN
CPMS 01.300 <1.300
CPMSO 59.100 63.800
CPMS02 <4.700 <4.700
CR <5.960
CU <7.940 8.390
DBCP < 0.130 <0.130
DCPD 54.100 30.500
DIMP 78.400 43.700
DITH <1.100 (1.100
DLDRN 0.291 <0.060
DMDS <1.800 <1.800
DMMP <15.200 <15.200
ENDRN <0.052 (0.052
ETC6H5 <1.280 <1.280
FL 2090.000 2190.000
HG <0.240 <0.480
ISODR <0.060 <0.060
K 4130.000 4640.000
MEC6H5 01.210 (1.210
MG 68100.000 64400.000
MIBK <12.900 <12.900
MXYLEN <1.350 <1.350
NA 272000.000 276000.000
NIT 667.000 924.000
OXAT <2.000 <2.000
PB <18.600 <18.600
PPDDE <0.053 <0.053
PPDDT <0.070 <0.070
S04 430000.000 409000.000
T12DCE <-1.200 <1.200
TCLEE 14.400 9.360
TRCLE 'zl.100 (1.100
XYLEN <2.470 <2.4710
ZN 21.600 23.400



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASTNG BEDROCK BEDROCK DENVER
WELL #AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37309 ALL 0.0- 0.0 2.0 23.0 SH

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.700 (1.700
112TCE <1.000 <0.000
11DCE (1.100 <1.100
11DCLE <1.200 <1.200
12DCLE 6.270 4.150
ALDRN <0.700 (0.070
AS (3.070 <3.070
BTZ <2.000 <2.000
C6H6 <1.340 <1.340
CA 144000.000 117,000.000
CCL4 <2.400 <2.400
CD <5.160 5.470
CH2CL2 <5.000 <5.000
CHCL3 (1.400 <1.400
CL 624000.000 444000.000
CL6CP <0.700 <0.070
CLC6H5 (0.580 <0.580
CLDAN
CPMS <1.300 (1.300
CPMSO 27.100 55.500
CPMS02 32.600 39.300
CR <5.960
CU <7.940 26.000
DBCP 0.176 0.229
DCPD 475.000 529.000
DIMP 829.000 765.000
DITH 6.480 5.930
DLDRN <0.600 <0.060
DMDS <1.800 <1.800
DMMP <15.200 <76.000
ENDRN <0.520 <0.052
ETC6H5 <1.280 <1.280
FL 2790.000 3060.000
HG < 0.-24 0 <0.480
ISODR <0.600 (0.060
K 2580.000 2580.000
MEC6H5 <1.210 <1.210
MG 71400.000 56100.000
MIBK <12.900 <12.900
MXYLEN (1.350 <1.350
NA 539000.000 432000.000
NIT 2180.000 1750.000
OXAT <2.000 '2.900
PB <18.600 1.0
PPDDE <0.530 fl<
PPDDT <0.700 *.7
S04 591000.000 5850e00-lU0
T12DCE <1.2100 .. 0
TCLEE 45.400 46.500
TRCLE 3.160 2.300
XYLEN <2.470 .12.470
ZN <20.100 56.000



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL 41 AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37312 ALL 0.0- 0.0 2.0 13.5 SH

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.700 <1.700
112TCE (1.000 <1.000
11DCE (1.100 01.100
11DCLE <1.200 <1.200
12DCLE (0.610 <0.610
ALDRN (0.070 <0.070
AS (3.070 <3.070
BTZ <2.000 <2.000
C6H6 <1.340 <1.340
CA 135000.000 116000.000
CCL4 <2.400 <2.400
CD <5.160 5.470
CH2CL2 (5.000 <5.000
CHCL3 <1.400 <1.400
CL 258000.000 228000.000
CL6CP <0.070 <0.070
CLC6H5 (0.580 (0.580
CLDAN
CPMS <1.300 <1.300
CPMSO <4.200 <4.200
CPMS02 <4.700 <4.700
CR <5.960
CU <7.940 <7.940
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIMP <10.500 <10.500
DITH <1.100 <1.100
DLDRN 1.620 0.135
DMDS <1.800 <1.'800
DMMP <15.200 <15.200
ENDRN 1.510 <0.052
ETC6HS <1.280 <1.280
FL 2090.000 2310.000
HG (0.240 <0.480
ISODR <0.060 (0.060
K 24-30.000 4040.000
MEC6H5 <1.210 <1.210
MG 72500.000 61700.000
MIBK <12.900 <12.900
MXYLEN <1.350 <1.350
NA 250000.000 228000.000
NIT 1020.000 1050.000
OXAT <2.000 <2.000
PB <18.600 .18.600
PPDDE <0.053 <'0.053
PPDDT <0.070 '0.070
S04 481000.000 415000.000
T12DCE <1.200 ý1.200
TCLEE <1.300 <1.300
TRCLE <1.100 <1.100
XYLEN <2.470 <2.470
ZN <20.100 149.000



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37313 ALL 0.0- 0.0 2.0 28.8 SS 3

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.700 <1.700
112TCE 01.000 (1.000
11DCE <1.100 <1.100
11DCLE <1.200 (1.200
12DCLE <0.610 0.679
ALDRN <0.070 <0.070
AS (3.070 (3.070
BTZ (2.000 <2.000
C6H6 (1.340 <1.340
CA 270000.000 262000.000
CCL4 (2.400 <2.400
CD <5.160 5.470
CH2CL2 <5.000 <5.000
CHCL3 <1.400 01.400
CL 730000.000 1130000.000
CL6CP <0.070 (0.070
CLC6H5 <0.580 (0.580
CLDAN
CPMS <1.300 <1.300
CPMSO <4.200 <4.200
CPMS02 <4.700 <4.700
CR <5.960
CU 07.940 <7.940
DBCP <0.130 <0.130
DCPD <9.310 (9.310
DIMP 2170.000 3850.000
DITH 8.970 11.000
DLDRN <0.060 0.086
DMDS <1.800 <1.800
DMMP <15.200 (304.000
ENDRN (0.052 (0.052
ETC6H5 <1.280 <1.280
FL 2030.000 2780.000
HG (0.240 (0.480
ISODR (0.060 .<0.060
K 12300.000 9430.000
MEC6H5 (1.210 (1.210
MG > 400000.000 117000.000
MTBK <(12. 900 <(12. 900
MXYLEN <1.350 <1.350
NA 600000.000 821000.000
NIT 85-400 236.000
OXAT <2.000 4.400
PB 23.300 44.200
PPDDE <0,053 '<0.053
PPDDT <0.070 -j.070
S04 1030000.000 1170000.000
T12DCE (1.200 <1.200
TCLEE <1.300 <1.300
TRCLE (1.100 (1.100
XYLEN (2.470 <2.470
7N 22.100 34.600



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37316 DEN 88.1- 96.2 4.0 31.0 SH 5 5

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE (1.090 (1.090
112TCE 01.630 <1.630
11DCE (1.850 <1.850
11DCLE <1.930 <1.930
12DCLE (2.070 <2.070
ALDRN <0.083 <0.083
AS <2.500 < 2. 50 0
BTZ <1.140 <1.140
C6H6 <1.920 2.780
CA
CCL4 <1.690 <1.690
CD
CH2CL2 <2.480 <2.480
CHCL3 <(1.880 <1 .880
CL 74500.000 85500.000
CL6CP <0.083 <0.083
CLC6H5 <1.360 <1.360
CLDAN <0.152 <0.152
CPMS <1.080 (1.080
CPMSO <1.980 <1.980
CPMS02 <2.240 <2.240
CR
CU
DBCP <0.130 <0.130
DCPD <9.310 (9.310
DIMP 27.000 <10.100
DITH <1.590 <1.590
DLDRN <0.054 (0.054
DMDS <1.160 <1.160
DMMP <15.200 <16.300
ENDRN <0.060 <0.060
ETC6H5 <0.620 <0.620
FL 2060.000 2090.000
HG
ISODR <0.056 <0.056
K
MEC6H5 <2.100 <2.100
MG
MIBK <12.900 <12.900
MXYLEN <1.040 <1.040
NA
NIT
OXAT (1.350 .5
PB
PPDDE <0.046 '0.046
PPDDT <0.059 0.059I
S04 505000.000 508000.000
T12DCE <1.750 (1.750
TCLEE <2.760 <2.760
TRCLE <1.310 (1.310
XYLEN <1.340 <1.340
ZN



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASTNG. BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37317 DEN 51.2- 60.6 4.0 31.1 SF1 5 4

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE (1.090 <1.090
112TCE <1.630 <1.630
11DCE (1.850 <1.850
11DCLE 01.930 (1.930
12DCLE (2.070 <2.070
ALDRN <0.083 (0.083
AS <2.500 <2.500
BTZ <1.140 <1.140
C6H6 <1.920 <1.920
CA
CCL4 <1.690 <1.690
CD
CH2CL2 <2.480 (2.480
CHCL3 <1.880 <1.880
CL 56000.000 61800.000
CL6CP <0.083 <0.083
CLC6H5 <1.360 <1.360
CLDAN <0.152 <0.152
CPMS 01.080 <1.080
CPMSO <1.980 <1.980
CPMS02 <2.240 <2.240
CR
CU
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIMP <10.500 <10.100
DITH <1.590 <1.590
DLDRN <0.054 <0.054
DMDS <1.160 <1.160
DMMP <15.200 <16.300
ENDRN <0.060 <0.060
ETC6H5 <0.620 <0.620
FL 1290.000 1170.000
HG
ISODR <0.056 <0.056
K
MEC6H5 <2.100 <2.100
MG
MIBK <1'2.900 <12.900
MXYLEN <1.040 <1.040
NA

NIT
OXAT <1.350 K5
PB
PPDDE <0.046 ,0.046
PPDDT <0.059 "o-059
S04 627000.000 6590001.10-00
Ti 2DCE < 1.750 I .750
TCLEE <2.76-0 <2.760
TRCLE <1.310 (1.310
XYLEN <1.340 <1.340
ZN



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED) CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37318 DEN 41.8- 50.7 4.0 ' 27.0 SH 5 3

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.090 <1.090
112TCE <1.630 <1.630
11DCE <1.850 <1.850
11DCLE <1.930 <1.930
12DCLE <2.070 <2.070
ALDRN <0.083 <0.083
AS <2.500 <2.500
BTZ 01.140 <1.140
C6H6 <0.920 2.470
CA
CCL4 <1.690 <1.690
CD
CH2CL2 <2.480 <2.480
CHCL3 <1.880 5.510
CL 44300.000 39000.000
CL6CP <0.083 <0.083
CLC6H5 <1.360 12.000
CLDAN <0.152 <0.152
CPMS <1.080 <1.080
CPMSO <1.980 <1.980
CPMS02 <2.240 (2.240
CR
CU
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIDIP (10.500 <10.1.00
DITH <1.590 <1.590
DLDRN (0.054 <0.054
DMDS (1.160 <1.160
DMMP (15.200 <16.300
ENDRN (0.060 <0.060
ETC6H5 <0.620 (0.620
FL <1000.000 <1000.000
HG
ISODR <0.056 <0.056
K
MEC6H5 <2.100 <2.100
MG
MIBK <12.900 (12.900
MXYLEN <1.040 (1.040
NA
NIT
OXAT (1.350 "1.350
PB
PPDDE (0.046 <0.046
PPDDT <0.059) 0.059
S04 313000.000 314000.000
T12DCE <1.750 /1.750I
TCLEE (2.760 <2.760
TRCLE <1.310 <1.310
XYLEN <1.340 "1-340
ZN



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASTNG, BEDROCK BEDROCK DENVER
WELL #AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37319 DEN 145.4-154.5 4.0 29.0 SH 5 6

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.090 <1.090
112TCE 01.630 <1.630
11DCE <1.850 <1.850
11DCLE <1.930 (1.930
12DCLE <2.070 <2.070
ALDRN <0.083 <0.083
AS <2.500 <2.500
BTZ <0.140 <1.140
C6H6 <1.920 <1.920
CA
CCL4 <1.690 <1.690
CD
CH2CL2 6.760 9.040
CHCL3 3.100 <1.880
CL 6110.000 5290.000
CL6CP <0.083 (0.083
CLC6H5 <1.360 <1.360
CLDAN <0.152 <0.152
CPMS <I.080 <1.080
CPMSO <1.980 <1.980
CPMS02 <2.240 <2.240
CR
CU
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIMP <10.500 <10.100
DITH <1.590 <1.590
DLDRN (0.054 <0.054
DMDS <1.160 <1.;160
DMMP <15.200 <16.300
ENDRN <0.060 <0.060
ETC6H5 <0.620 <0.620
FL 1670.000 1600.000
HGt
ISODR <0.056 <0.056
K
MEC6H5 <2.100 <2.100
MG
MIBK <12.900 <12.900
MXYLEN <1.040 <1.040
NA
N IT
OXAT lý.350 1.350

PB
PPDDE <0.046 /0.046
PPDDT <0.059 .0.059
S04 20200.000 18600.000
T12DCE <1.750 '1.750
TCLEE (2.760 ~2.760
TRCLE <1.310 0.310
XYLEN <1.340 <1.340
ZIN



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37320 ALL 22.7- 32.7 4.0 . 35.0 Ss

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.700 (1.700
112TCE <1.000 <1.000
11DCE (1.100 <1.100
11DCLE <1.200 <1.200
12DCLE <0.610 <0.610
ALDRN <0.070 <0.070
AS <3.070 <3.070
BTZ <2.000 <2.000
C6H6 1.750 <1.340
CA 127000.000 122000.000
CCL4 <2.400 <2.400
CD <5.160 <5.160
CH2CL2 (5.000 <5.000
CHCL3 <1.400 <1.400
CL 155000.000 150000.000
CL6CP <0.070 <0.070
CLC6H5 10.000 <0.580
CLDAN
CPMS <1.300 <1.300
CPMSO <4.200 <4.200
CPMS02 <4.700 (4.700
CR <5.960
CU 12.100 <7.940
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIM? 21.500 18.900
DITH <1.100 (1.100
DLDRN (0.060 0.140
DMDS <1.800 (1."800
DMMP <15.200 <15.200
ENDRN <0.052 <0.052
ETC6H5 <1.280 <1.280
FL <1220.000 <1220.000
HG <0.480 (0.480
ISODR <0.060 <0.060
K 2890.000 3350.000
MEC6H5 <1.210 <1.210
MG 44300.000 43000.000
MIBK <12.900 (12.900
MXYLEN <1.350 <1.350
NA 176000.000 177000.000
NIT 4200.000 3680.000
OXAT <2.000 ~2.000
PB <18.600 K1,3.600
PPDDE <0.053 (o.n53
PPDDT <0.070 10.070
S04 413000.000 375000.000
T12DCE <1.200 ý1.200
TCLEE <1 .300 1 .300
TRCLE <1100 (1.100
XYLEN (2-470 ,2.470
ZN <20.100 <20.100



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37321 DEN 64.0- 73.9 4.0 35.0 SS 5 4

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
11lTCE <1.090 <1.090
112TCE <1.630 <1.630
11DCE <1.850 <1.850
11DCLE <1.930 <1.930
12DCLE <2.070 <2.070
ALDRN <0.083 <0.083
AS <2.500 <2.500
BTZ <1.140 <1.140
C6H6 <1.920 <1.920
CA
CCL4 <1.690 <1.690
CD
CH2CL2 <2.480 <2.480
CHCL3 <1.880 <1.880
CL 16800.000 16700.000
CL6CP <0.083 <0.083
CLC6H5 3.600 2.980
CLDAN <0.152 <0.152
CPMS <1.080 <1.080
CPMSO <1.980 <1.980
CPMS02 <2.240 <2.240
CR
CU
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIMP <10.500 <10.100
DITH <1.590 <1.590
DLDRN <0.054 <0.054
DMDS <1.160 <1.160
DMMP <30.400 <16.300
ENDRN <0.060 <0.060
ETC6H5 <0.620 <0.620
FL <1000.000 <1000.000
HG
ISODR <0.056 <0.056
K
HEC6H5 <2.100 <2.100
MG
MIBK <12.900 <12.900
MXYLEN <1.040 <1.040
NA
NIT
OXAT <1.350 "l359
PB
PPDDE <0.046 0.046
PPDDT <0.059 f f059

S04 216000.000 219000.000
T12DCE <1.750 <1.750
TCLEE <2.760 ý2.760
TRCLE <1.310 <1.310
XYLEN <1.340 ' 1.340Z N



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37322 DEN 87.8- 96.9 4.0 35.0 55 5 5

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.090 <1.090
112TCE <1.630 <1.630
11DCE <1.850 <1.850
11DCLE (1.930 (1.930
12DCLE <2.070 <2.070
ALDRN <0.083 (0.083
AS <2.500 <2.500
BTZ 01.140 <1.140
C6H6 <1.920 <1.920
CA
CCL4 <0.690 <1 .690
CD
CH2CL2 <2.480 <2.480
CHCL3 <1.880 <1.880
CL 17100.000 16600.000
CL6CP <0.083 (0.083
CLC6H5 7.740 <.1.360
CLDAN <0.152 <0.152
CPMS <1.080 <1.080
CPMSO <1.980 <1.980
CPMS02 <2.240 <2.240
CR
CU
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIMP <10.500 <10.100
DITH <1.590 <1.590
DLDRN <0.054 <0-054
DMDS <1.160 <1.160
DMMP <15.200 (16.300
ENDRN <0.060 <0.060
ETC6H5 <0.620 <0.620
FL <1000.000 <1000.000

ISODR <0.056 <0.056

K
MEC6H5 <2.100 <2.100
MG
MTBK <12.900 (12.900
MXYLEN <1.040 <1.040
NA
NIT
OXAT <1.350
PB
PPDDE (0.046 <0.046
PPDDT (0.059 <0.059
S04 207000.000 209000.000
T12DCE <1.750 <1.750
TCLEE < 2 .7 60 <2.760
TRCLE <1.310 <1.310
XYLEN <1.340 <1.340
ZN



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37323 DEN 16.5- 26.3 4.0 10.0 SH 5 2

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE (1.090 <1.090
112TCE (1.630 <1.630
11DCE (1.850 <1.850
11DCLE (1.930 <1.930
12DCLE <2.070 <2.070
ALDRN <0.083 <0.083
AS <2.500 <2.500
BTZ (1.140 (1.140
C6H6 <1.920 2.730
CA
CCL4 <1.690 <1.690
CD
CH2CL2 <2.480 <2.480
CHCL3 36.700 42.000
CL 2138000.000 286000.000
CL6CP <0.083 <0.083
CLC6H5 <1.360 15-500
CLDAN <0.152 <0.152
CPMS <1.080 <1.080
CPMSO <1.980 <1.980
CPMS02 <2.240 <2.240
CR
CU
DBCP <0.130 0.164
DCPD <9.310 <9.310
DIMP 15.700 76.600
DITH <1.590 <1.590
DLDRN <0.054 <0.054
DMDS <1.160 <1.160
DMMP <15.200 <16.300
ENDRN <0.060 <0.060
ETC6H5 <0.620 <0.620
FL 2310.000 2770.000
HG
ISODR <0.056 <0.056
K
MEC6H5 <2.100 <2.100
MG
MIBK (12.900 <12.900
MXYLEN <1.040 (1.040
NA
NIT
OXAT <1.350
PB
PPDDE <0.046 .. 4
PPDDT <0.059 .. 5
S04 1020000.000 1180000.000
T12DCE <1.750 ,1.750
TCLEE <2.760 <'2.760
TRCLE <1.310 <1.310
XYLEN <1.340 <1.340
ZN



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL 4tAQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37327 ALL 29.6- 34.5 4.0 34.9 SH1

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <0.090 (1.090
112TCE 01.630 01.630
11DCE <1.850 01.850
11DCLE (1.930 <1.930
12DCLE <2.070 <2.070
ALDRN <0.083 <0.083
AS <2.500 (2.500
BTZ <1.140 <1.140
C6H6 <1.920 (1.920
CA
CCL4 <1.690 <1.690
CD
CH2CL2 <2.480 <2.480
CHCL3 <1.880 <1.880
CL 2-57000.000 250000.000
CL6CP <0.083 <0.083
CLC6H5 <1.360 7.080
CLDAN <0.152 <0.152
CPMS <1.080 <1.080
CPMSO <1.980 <1.980
CPMS02 <2.240 <2.240
CR
CU
DBCP <0.1-30 <0.130
DCPD <9.310 <9.310
DIMP <10.500 <10.100
DITH <1.590 <3.340
DLDRN <0.054 <0.054
DMDS <1.160 <1.160
DMMP <15.200 <16.300
ENDRN <0.060 <0.060
ETC6H5 <0.620 <0.620
FL 2700.000 2670.000
HG
ISODR <0.056 <0.056
K
MEC6HS <2.100 <2.100
MG
MIBK <12.900 <12.900
MXYLEN <1.040 <1.040

NIT
O'dXA T (1 .350 /1.5

PB
PPDDE <0.046 <0.046
PPDDT <0.059 ý0.059
S04 1190000.000 1200000.000
T12DCE <1.750 '.1.750
TCLEE <2.760 <2.760
TRCLE "1.310 <1.310
XYLEN <1.340 <1.340
ZN



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL #AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37330 ALL 37.-5- 57.2 4.0 57.0 SH

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <0.090 <1.090
112TCE 01.630 <1.630
11DCE <0.850 <1.850
11DCLE <1.930 <1.930
12DCLE <2.070 <2.070
ALDRN <0.083 <0.083
AS <2.500 <2.500
BTZ 01.140 <1.140
C6H6 <1.920 <1.920
CA
CCL4 <1.690 <1.690
CD
CH2CL2 <2.480 <2.480
CHCL3 18.100 17.200
CL 291000.000 319000.000
CL6CP <0.083 <0.083
CLC6H5 2.690 1.740
CLDAN <0.152 <0.152
CPMS <1.080 <1.080
CPMSO <1.980 01.980
CPMS02 <2.240 <2.240
CR
CU
DBCP <0.130 <0.130
DCPD <9.310 (9.310
DIMP <10.500 <10.100
DITH (1.590 <3.340
DLDRN <0.054 <0.054
DMDS <1.160 <1.160
DMMP <30.400 <16.300
ENDRN <0.060 <0.060
ETC6H5 <0.620 <0.620
FL 1630.000 1620.000
HG
ISODR <0.056 <0.056
K
MEC6H5 <2.100 <2.100
MG
MIBK <12.900 <12.900
MXYLEN <1.040 <1.040
NA
NIT
OXAT <1.350 -. 5
PB
PPDDE <0.046 <0.046
PPDDT <0.059 e<0.059
S04 154000.000 168000.000
T12DCE <1.750 ~1.750
TCLEE <2.760 <2.760
TRCLE <1.310 <1.310
XYLEN <1.340 <1.340
Z' N



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED, CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37331 ALL 39.6- 48.6 4.0 48.0 SH1

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.090 <1.090
112TCE <1.630 <1.630
11DCE <1.850 <1.850
11DCLE <1.930 <1.930
12DCLE -<2.070 ( 2. 07 0
ALDRN <0.083 <0.083
AS <2.500 <2.500
BTZ <1.140 <1.140
C6H6 <1.920 <1.920
CA
CCL4 <1.690 <1.690
CD
CH2CL2 <2.480 <2.480
CHCL3 25.800 19.900
CL 327000.000 338000.000
CL6CP <0.083 <0.083
CLC6H5 6.590 1.660
CLDAN <0.152 <0.152
CPMS <1.080 <1.080
CPMSO <1.980 <1.980
CPMS02 < 2 .2 40 < 2.-24 0
CR
CU
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIMP <10.500 (10.100
DITH <1.590 <3.340
DLDRN <0.054 <0.054
DMDS <1.160 <1.160
DMMP <15.200 <16.300
ENDRN <0.060 <0.060
ETC6HS <0.620 <0.620
FL 1730.000 1560.000
HG
ISODR <0.056 <0.056
K
MEC6H5 <2.100 <2.100
MG
MIBK (12.900 <12.900
MXYLEN <1.040 <1.040
NA
NIT
OXAT < 1.350 1.350
PB
PPDDE <0.046 <0.046I
PPDDT <0.059 <0.059
S04 169000.000 178000.000
T12DCE <1.750 <1.750
TCLEE (2.760 <2.760
TROLE <1.310 <.l.310
XYLEIN <1.340 <1.340
ZN



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL fAQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37332 ALL 46.9- 51.4 4.0 51.0 SH

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE 01.700 <1.700
112TCE <1.000 01.000
11DCE <1.100 (1.100
11DCLE <1.200 <1.200
12DCLE <0.610 <0.610
ALDRN <0.070 <0.070
AS 4.500 5.800
BTZ <2.000 (2.000
C6H6 <1.340 <1.340
CA 116000.000 96700.000
CCL4 <2.400 <2.400
CD <5.160 5.470
CH2CL2 <5.000 <5.000
CHCL3 <1.400 3.390
CL 714000.000 609000.000
CL6CP <0.070 <0.070
CLC6H5 <0.580 3.220
CLDAN
CPMS 01.300 <1.300
CPMSO <4.200 <4.200
CPMS02 <4.700 <4.700
CR <5.960
CU <7.940 41.300
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIMP <10.500 <10.500
DITH <1.100 <1.100
DLDRN 0.711 1.020
DMDS <1.800 <1.800
DMMP <15.200 <15.200
ENDRN <0.052 <0.052
ETC6H5 <0.280 <1.280
FL 2540.000 2610.000
HG <0.240 <0.480
ISODR <0.060 <0.060
K 3970.000 3780.000
MEC6H5 <1.2110 <1.210
MG > 200000.000 34200.000
MTBK <12.900 <12.900
MXYLEN <1.350 <1.350
NA 501000.000 506000.000
NIT 5130.000 4360.000
OXAT <2.000 ,2.000
PB <18.600 38.-100
PPDDE <0.053 <0.053
PPDDTr < 0.-0 70 0. 070
S04 393000.000 331000.000
T12DCE <1.200 <1.200
TCLEE <1.300 (1.300
TRCLE <1.100 '1.100
XYLEN <2.470 <2.470
ZN 131.000 54.000



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37333 ALL 38.4- 47.7 4.0 47.0 SH

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE 01.700 <1.700
112TCE 01.000 <1.000
11DCE <1.100 <1.100
11DCLE <1.200 <1.200
12DCLE <0.610 <0.610
ALDRN <0.070 <0.070
AS <3.070 4.800
BTZ <2.000 <2.000
C6H6 <1.340 <1.340
CA 80100.000 85700.000
CCL4 <2.400 <2.400
CD <5.160 <5.160
CH2CL2 <5.000 <5.000
CHCL3 13.500 11.600
CL 394000.000 372000.000
CL6CP <0.070 <0.070
CLC6H5 <0.580 <0.580
CLDAN
CPMS <1.300 /1.300
CPMSO <4.200 <4.200
CPMS02 <4.700 <4.700
CR <5.960
CU <7.940 <7.940
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIMP <10.500 <10.500
DITH <1.100 <1.100
DLDRN 0.205 0.226
DMDS <1.800 <1.800
DMMP <15.200 (15.200
ENDRN <0.052 <0.052
ETC6H5 <1.280 <1.280
FL <1220.000 (1220.000
HG <0.240 <0.480
ISODR <0.060 <0.060
K 4740.000 5580.000
MEC6H5 <1.210 <1.210

MG10500.000 13800.000
MIBK <12.900 <12.900
MXYLEN <1.350 <1.350
NA 233000-000 247000.000
NIT 3330.000 2920.000
OXAT <2.000 p.0
PB <18.600 '118.600
PPDDE <0.053 <0.053I
PPDDT <0.070 ~0.070
S04 157000.000 153000.000
T12DCE <1.200 <1.2100
TCLEE <1.300 '1.300
TRCLE <1.100 <1.100
XYLEN <2.470 <2.470
ZN <20.100 33.600



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37334 ALL 42.3- 67.3 4.0 64.0 SH 2

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE (1.090 <1.090
112TCE <1.630 <1.630
11DCE <1.850 <1.850
11DCLE (1.930 <1.930
12DCLE <2.070 <2.070
ALDRN <0.083 <0.083
AS <2.500 <2.500
BTZ <1.140 (1.140
C6H6 <1.920 <1.920
CA
CCL4 01.690 <1.690
CD
CH2CL2 <2.480 <2.480
CHCL3 <1.880 (1.880
CL 72000.000 76900.000
CL6CP <0.083 <0.083
CLC6H5 3.710 2.310
CLDAN <0.152 <0.152
CPMS <1.080 <1.080
CPMSO (1.980 <1.980
CPMS02 <2.240 <2.240
CR
CU
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIMP <10.500 (10.100
DITH <1.590 <3.340
DLDRN 0.169 0.154
DMDS <1.160 <1.160
DMMP <30.400 <16.300
ENDRN <0.060 <0.060
ETC6H5 <0.620 <0.620
FL <1000.000 <1000.000
HG
ISODR (0.056 <0.056
K
MEC6H5 (2.100 <2.100
MG
MIBK <12.900 <12.900
MXYLEN <1.040 <1.040
NA
NIT
OXAT <1.350 .5
PB
PPDDE <0.046 '.4
PPDDT <0.0590.5
S04 64800.000 6 7 10.0 -
T12DCE <i.7501.5
TOCTEE (2.760 '70
TRCLE <1.310 ý1.310

IYL N ý .3 (I .1 340
ZN



TASK 39 WATER CHEMISTRY SUMMARY

SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37335 ALL 38.2- 57.6 4.0 51.0 SH 3

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
11ITCE <1.700 <1.700
112TCE <1.000 <1.000
11DCE <1.100 <1.100
11DCLE <1.200 <1.200
12DCLE <0.610 <0.610
ALDRN <0.070 <0.070
AS <3.070 <3.070
BTZ <2.000 <2.000
C6H6 1.740 <1.340
CA 69800.000 67400.000
CCL4 <2.400 <2.400
CD <5.160 5.470
CH2CL2 <5.000 <5.000
CHCL3 <1.400 <1.400
CL 112000.000 111000.000
CL6CP <0.070 <0.070
CLC6H5 8.550 1.650
CLDAN
CPMS <1.300 <1.300
CPMSO <4.200 <4.200
CPMS02 <4.700 <4.700
CR <5.960
CU <7.940 <7.940
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIMP <10.500 <10.500
DITH <1.100 <1.100
DLDRN 0.065 0.328
DMDS <1.800 <1.800
DMMP <15.200 <15.200
ENDRN <0.052 <0.052
ETC6H5 <1.280 <1.280
FL <1220.000 <1220.000
HG <0.240 <0.480
ISODR <0.060 <0.060
K 2430.000 2920.000
MEC6H5 <1.210 <1.210
MG 13600.000 13900.000
MIBK <12.900 <12.900
MXYLEN <1.350 <1.350
NA 80900.000 75200.000
NIT 255.000 236.000
OXAT <2.000 '2.00
PB <18.600 <18-600
PPDDE <0.053 '0.053
PPDDT <0.070 "0.070
S04 54400.000 51000.000
T12DCE <1.200 <1.200
TCLEE <1.300 <1.300
TRCLE <1.100 <1.100
XYLEN <2.470 ,2.470
ZN 39.800 21.400



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37336 ALL 19.3- 38.9 4.0 39.0 SH1

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE (1.090 <1.090
112TCE <1.630 <1.630
11DCE (1.850 <1.850
11DCLE <1.930 <1.930
12DCLE <2.070 <2.070
ALDRN <0.083 <0.083
AS <2.500 <2.500
BTZ (1.140 <1.140
C6H6 <1.920 <0.920
CA
CCL4 <1.690 <1.690
CD
CH2CL2 <2.480 <2.480
CHCL3 9.230 5.410
CL 225000.000 226000.000
CL6CP <0.083 <0.083
CLC6H5 6.910 2.520
CLOAN <0.152 <0.152
CPMS <1.080 (1.080
CPMSO <1.980 <1.980
CPMS02 <2.240 <2.240
CR
CU
DBCP <0.1,30 <0.130
DCPD <9.310 (9.310
DIMP <10.500 <10.100
DITH <1.590 <3.340
DLDRN 0.082 <0.054
DMDS <1.160 <1.160
DMMP <15.200 <16.300
ENDRN <0.060 <0.060
ETC6H5 <0.620 <0.620
FL 1360.000 1590.000
HG
ISODR <0.056 <0.056
K
MEC6H5 <2.100 (2.100
MG
MIBK (12.900 (12.900
MXYLEN <1.040 (1.040
NA
NIT
OXAT < 1.350 1.350
PB
PPDDE (0.046 0n.046
PPDDT 'ý0.059 ,'A. (I,9C
S04 i59000.000 189000.000
T12DCE 1 .750 <(1.750
TCLEE <2.760 (2.760
TRCLE <1.310 <1.310
XYLEN 130<1.340
ZN



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37337 ALL 25.8- 40.3 4.0 - 32.1 SH 3

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.090 (1.090
112TCE <1.630 <1.630
11DCE <1.850 <1.850
11DCLE <1.930 <1.930
12DCLE <2.070 <2.070
ALDRN <0.083 <0.083
AS <2.500 <2.500
BTZ <1.140 <1.140
C6H6 <1.920 <1.920
CA
CCL4 (1.690 <1.690
CD
CH2CL2 <2.480 <2.480
CHCL3 <1.880 <1.880
CL 63000.000 67000.000
CL6CP <0.083 <0.083
CLC6H5 <1.360 2.760
CLDAN <0.152 <0.152
CPMS <1.080 <1.080
CPMSO <1.980 <1.980
CPMS02 <2.240 <2.240
CR
CU
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIMP <10.500 <10.100
DITH <1.590 <1.590
DLDRN 0.068 0.062
DMDS (1.160 <1.160
DMMP <30.400 <16.300
ENDRN <0.060 <0.060
ETC6H5 <0.620 <0.620
FL 1000.000 1310.000
HG
ISODR <0.056 <0.056
K
MEC6H5 <2.100 <2.100
MG
MIBK <12.900 <12.900
MXYLEN <1.040 <1.040
NA
NIT
OXAT (1.350 /1.350
PB
PPDDE <0.046 <0.046
PPDDT <0.059 <0.059
S04 123000.000 105000.000
T12DCE <1.750 '1.750
TCLEE <2.760 <2.760
TRCLE <1.310 <1.310
XYLEN <1.340 <1.340
ZN



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL #AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37338 ALL 6.8- 29.2 4.0 23.5 SH 2

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.700 01.700
112TCE <1.000 <1.000
11DCE <1.100 <1.100
11DCLE <1.200 <1.200
12DCLE (0.610 (0.610
ALDRN <0.070 <0.070
AS <3.070 <3.070
BTZ <2.000 <2.000
C6H6 1.490 <1.340
CA 127000.000 162000.000
CCL4 <2.400 <2.400
CD <5.160 5.470
CH2CL2 <5.000 <5.000
CHCL3 <1.400 2.030
CL 148000.000 260000.000
CL6CP <0.070 <0.070
CLC6H5 8.370 2.640
CLDAN
CPMS <1.300 <1.300
CPMSO <4.200 <4.200
CPMS02 <4.700 <4.700
CR <5.960
CU <7.940 <7.940
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIMP <10.500 <10.500
DITH <1.100 <1.100
DLDRN 0.062 0.108
DMDS <1.800 <1.800
DMMP <15.200 <15.200
ENDRN <0.052 <0.052
ETC6H5 <1.280 <1.280
FL 1400.000 1880.000
HG <0.240 <0.480
ISODF< <0.060 <0.060
K 16000.000 8660.000
MEC6H5 <1.210 <1.210
MG 41900.000 54000.000
MIBK <12.900 <12.900
MXYLEN <1.350 <1.350
NA 180000.000 2442000.000
NIT 1040.000 1320.000
OXAT <2.000 (2-000
PB <18.600 ,18.600
PPDDE (0.053 <0.053
PPDDT <0.070 <'0.070
S04 392000.000 449000.000
T12DCE <1.200 <1.200
TCLEE <1.300 /1.300
TRCLE <1.100 (1.100
XYLEN <2.470 <2.470
ZN 25.600 41.800



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37339 ALL 11.7- 22.3 4.0 20.0 SH1

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.700 <0.700
112TCE <1.000 <1.000
11DCE <1.100 <1.100
11DCLE <1.200 <1.200
12DCLE <0.610 <0.610
ALDRN <0.070 <0.070
AS < 3. 0 70 3.500
BTZ <2.000 <2.000
C6H6 <1.340 <1.340
CA 537000.000 668000.000
CCL4 <2.400 <2.400
CD <5.160 9.500
CH2CL2 <5.000 <5.000
CHCL3 <1.400 <1.400
CL 2020000.000 1990000.000
CLGCP <0.070 <0.070
CLC6HS <0.580 <0.580
OLDAN
CPMS <1.300 <1.300
CPMSO <4.200 <4.200
CPMS02 <4.700 <4.700
CR <5.960
CU <7.940 9.820
DBCP <0.130 <0.130
D CP D <9.310 <9.310
DIMP 515.000 546.000
DITH <1.100 <1.100
DLDRN <0.060 0.128
DMDS <1.800 <1.800
DMMP <15.200 <76.000
ENDRN <0.052 <0.052
ETC6H5 <1.280 <1.280
FL 4230.000 4650.000
HG ( 0 .2 40 <:0.480
ISODR <0.060 <0.060
K 3510.000 3610.000
MEC6H5 <1.210 <1.210
MG 167000.000 174000.000
MIBK <12.900 <12.900
MXYLEN <1.350 (1.350
NA 1060000.000 1220000.000
NIT 9230.000 8920.000
OXAT <(2 .0 00 .000
PB <18.600 25.800
PPDDE <0.053 <0.053
PPDDT <0.070 <~0.070
S04 2180000.000 1970000.000
T12DCE <1.200 <1.200)n
TCLEE <1.300 <1.300
TRCLE <1.100 <1.100
XYLEN <2.470 <'2.470
ZN 93.900 152.000



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVERWELL #1 AQUIFER INTERVAL DIAMETER DEPTH LITEIOLOGY WQAQ SAND37340 ALL 23.5- 34.1 4.0 32.0 SH-

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
11ITCE <1.700 <1.700
112TCE (1.000 (1.000
11DCE (1.100 (1.100
11DCLE <1.200 <1.200
12DCLE <0.610 <0.610
ALDRN <0.070
AS (3.070
BTZ <2.000
C6H6 <1.340 <1.340
CA 149000.000
CCL4 <2.400 <2.400
CD <5.160
CH2CL2 <5.000 (5.000
CHCL3 <1.400 <1.400
CL 220000.000
CL6CP <0.070
CLC6H5 (0.580 <0.580
CLDAN
CPMS <1.300
CPMSO <4.200
CPMS02 <4.700
CR
CU <7.940
DBCP <0.130 <0.130
DC-PD <9.310
DIMP 35.300
DITH <1.100
DLDRN (0.060
DM DS (1 .800
DMMP <15.200
ENDRN 0.164
ETC6H5 <1.280 <1.280
FL 1700.000
HG <0 .48 0
ISODR <0.060
K 4290.000
MEC6H5 (1.210 (1.210
MG 35900.000
MIBK (12.900
MXYLEN <1.350 <1.3 50
NA 2991000.000L
NIT 4110.000
OXAT .2.000
PB '18.6190
PPDDE C' )53
PPDDT nC~n7nl
S04 5 63 0 Cl 0. 10 0
T12DCE (1.200 <1.200
TCLEE <1.300 <1 .300
TRCLE (1.100 <1.100
XYLEN <2.-470 <).470
ZN 31 .600



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL #AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37341 ALL 20.3- 50.7 4.0 48.0 SS 2

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.700 <1.700
112TCE <1.000 (1.000
l1DCE 01.100 01.100
l1DCLE (0.200 (1.200
12DCLE <0.610 <0.610
ALDRN <0.070 <0.070
AS <3.070 (3.070
BTZ <2.000 <2.000
C6H6 01.340 01.340
CA 65300.000 70500.000
CCL4 (2.400 (2.400
CD (5.160 <5.160
CH2CL2 <5.000 <5.000
CHCL3 <1.400 <1.400
CL 47500.000 50500.000
CL6CP (0.070 <0.070
CLC6H5 2.420 0.807
CLDAN
CPMS 01.300 <1.300
CPMSO <4.200 <4.200
CPMS02 <4.700 <4.700
CR <(5 .96 0
CU <7.940 <7.940
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIMP (10.500 <10.500
DITH (1.100 01.100
DLDRN <0.060 (0.060
DMDS (1.800 <1.800
DMMP (30.400 <15.200
ENDRN (0.052 (0.052
ETC6HS (1.280 <1.280
FL (1220.000 (1220.000
HLG <(0 .4 80 < 0 .2 40
ISODR (0.060 <0.060
K 4280.000 4640.000
MEC6H5 <1.210 <1.210
MG 13100.000 15500.000
MIBK <12.900 (12.900
MXYLEN <1.350 (1.350
NA 60700.000 64600.000
NIT 725.000 878.000
OXAT <2.000 <2.000
PB <18.600 D .00
PPDDE <0.053 (0.053
PPDDT <0.070 <0.070
S04 103000.000 120000.000
T12DCE <1.200 <.0
TCLEE <1.300 <1.300
TRCLE <1.100 <1.100
XYLEN <2.470 ,2.470
ZN <20.100 48.900



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37342 ALL 12.9- 29.0 4.0 27.5 SH

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.700 <1.700
112TCE <1.000 <1.000
11DCE <1.100 <1.100
11DCLE <1.200 <1.200
12DCLE 1.470 1.110
ALDRN (0.070 <0.070
AS <3.070 (3.070
BTZ <2.000 <2.000
C6H6 (1.340 <1.340
CA 311000.000 287000.000
CCL4 <2.400 <2.400
CD <5.160 5.470
CH2CL2 <5.000 <5.000
CHCL3 <1.400 <1.400
CL 576000.000 586000.000
CL6CP <0.070 <0.070
CLC6H5 <0.580 <0.580
CLDAN
CPMS <1.300 (1.300
CPMSO <4.200 <4.200
CPMS02 <4.700 <4.700
CR <5 .96 0
CU < 7.-9 40 <7.940
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIMP 41.100 44.000
DITH <1.100 <0.100
DLDRN <0.060 <0.060
DMDS <1.800 <1.800
DMMP <15.200 <15.200
ENDRN <0.052 <0-052
ETC6H5 <1.280 <1.280
FL 1460.000 1510.000
HG < 0. 2 40 0.360
ISODR < 0 .0 60 < 0.-06 0
K 6130.000 6600.000
MEC6H5 <1.2110 (1.210
MG 74500.000 65700.000
MIBK <12.900 <12.900
MXYLEN <1.350 <1.350
NA 444000.000 426000.000
NIT 5650.000 8210.000
OXAT <2.000 ( ).on(-
PB <18.600 "183600
PPDDE <0.053 'ý0.053
PPDDT <0.070 '.7
S04 883000.000 861000.000
T12DCE <1.200 '.1.200
TCLEE 2.200 2?.190
TRCLE <1.100 <1.100
XYLEN <2.470 ~2. 4 70
ZN 82.900 <20.100



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37343 ALL 3.7- 35.1 4.0 35.5 SH

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.700 <1.700
112TCE 01.000 01.000
11DCE <1.100 <1.100
11DCLE <1.200 <1.200
12DCLE 2.240 0.801
ALDRN <0.070 <0.070
AS 3.900 4.300
BTZ <2.000 <2.000
C6H6 <1.340 <1.340
CA 144000.000 119000.000
CCL4 <2.400 <2.400
CD <5.160 <5.160
CH2CL2 <5.000 <5.000
CHCL3 <1.400 <1.400
CL 333000.000 223000.000
CL6CP <0.070 <0.070
CLC6H5 8.930 3.090
CLDAN
CPMS <1.300 <1.300
CPMSO <4.200 <4.200
CPMS02 <4.700 <4.700
CR <5.960 11.100
CU 26.700 <7.940
DBCP <0.130 <0.130
DCPD 16.800 11.900
DIMP 966.000 468.000
DITH 1.830 1.900
DLDRN <0.060 <0.060
DMDS <1.800 <1.800
DMMP <152.000 <76.000
ENDRN <0.052 <0.052
ETC6H5 <1.280 <1.280
FL 1600.000 1750.000
HG <0.240 <0.480
ISODR <0.060 <0.060
K 4590.000 5580.000
MEC6H5 <1.210 <1.210
MG 54000.000 50200.000
MIBK <12.900 <12.900
MXYLEN <1.350 <1.350
NA 270000.000 250000.000
NIT 190.000 100.000
OXAT <2.000 <2.000
PB <18.600 21.900
PPDDE <0.053 <0.053
PPDDT <0.070 <0.070
S04 428000.000 355000.000
T12DCE <1.200 <1.200
TCLEE <1.300 <1.300
TRCLE <1.100 <1.100
XYLEN <2.470 <2.470
ZN 24.400 36.900



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37344 ALL 15.5- 40.9 4.0 , 42.0 SS 2

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE (1.700 <17.000
112TCE (1.000 <1.000
11DCE (1.100 <1.100
11DCLE (1.200 (1.200
12DCLE 13.700 <6.100
ALDRN <0.070 <0.070
AS <3.070 (3.070
BTZ <2.000 <2.000
C6H6 1.720 <1.340
CA 177000.000 183000.000
CCL4 9.880 <24.000
CD (5.160 <5.160
CH2CL2 <5.000 <5.000
CHCL3 1370.000 1180.000
CL 402000.000 427000.000
CL6CP <0.070 <0.070
CLC6H5 6.530 6.900
CLDAN
CPMS 3.290 <1.300
CPMSO 110.000 101.000
CPMS02 <4.700 <4.700
CR (5.960 17.300
CU 22.100 <7.940
DECP 10.600 13.300
DCPD (9.310 <9.310
DIMP 1160.000 1030.000
DITH <1.100 <1.100
DLDRN <0.060 <0.060
DMDS <1.800 <1.800
DMMP <380.000 <152.000
ENDRN <0.052 <0.052
ETC6H5 <1.280 <1.280
FL 1350.000 1330.000
HG <0.480 <0.480
ISODR <0.060 <0.060
K 4740.000 4210.000
MEC6H5 <1.210 <1.210
MG 48800.000 51700.000
MIBK <12.900 (12.900
MXYLEN <1.350 <1.350
NA 292000.000 323000.000
NIT 2670.000 2760.000
OXAT < 2 .0 00 ' 00
PB <18.600 27.400
PPDDE <0.053 <0.0531
PPDDT <0.070 <0.0l70
S04 495000.000 505000.000t
T12DCE <1200 <1.200
TCLEE 115.000 ]1/2.000
TRCLE 7.060 7.710
XYLEN <2.470 ý,2.470
ZN <20.100 ý20.100



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL 4 AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37345 ALL 16.4- 37.1 4.0 37.5 SH 1

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.700 <1.700
112TCE 01.000 <1.000
1IDCE <1.100 <1.100
11DCLE <1.200 <1.200
12DCLE <0.610 <0.610
ALDRN <0.070 <0.070
AS <3.070 3.100
BTZ <2.000 <2.000
C6H6 <1.340 <1.340
CA 74700.000 83000.000
CCL4 <2.400 <2.400
CD <5.160 <5.160
CH2CL2 <5.000 <5.000
CHCL3 <0.400 <1.400
CL 52000.000 60500.000
CL6CP <0.070 <0.070
CLC6H5 <0.580 <0.580
CLDAN
CPMS <1.300 <1.300
CPMSO <4.200 <4.200
CPMS02 <4.700 <4.700
CR <5.960 7.630
CU <7.940 <7.940
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIMP <10.500 <10.500
DITH <1.100 <1.100
DLDRN <0.060 <0.060
DMDS <1.800 <1.800
DMMP <15.200 <15.200
ENDRN <0.052 <0.052
ETC6H5 <1.280 <1.280
FL 1270.000 1240.000
HG <0.240 <0.480
ISODR <0.060 <0.060
K 1660.000 3180.000
MEC6H5 <1.210 <1.210
MG 16200.000 17900.000
MIBK <12.900 <12.900
MXYLEN <1.350 <1.350
NA 69500.000 79500.000
NIT 668.000 446.000
OXAT <2.000 <2.000
PB <18.600 <'18.600
PPDDE <0.053 <0.053
PPDDT <0.070 <0.070
S04 153000.000 186000.000
T12DCE <1.200 e1.200
TCLEE <1.300 <1.300
TRCLE <1.100 <1.100
XYLEN <2.470 <2.470
ZN 77.100 100.000



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37346 ALL 8.6- 24.0 4.0 24.0 SH

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.700 <1.700
112TCE <1.000 01.000
11DCE 01.100 01.100
11DCLE <1.200 <1.200
12DCLE <0.610 <0.610
ALDRN (0.070 (0.070
AS (3.070 3.200
BTZ <2.000 <2.000
C6H6 01.340 <1.340
CA 91800.000 48700.000
CCL4 <2.400 <2.400
CD <5.160 <5.160
CH2CL2 <5.000 <5.000
CHCL3 (1.400 <1.400
CL 73900.000 40900.000
CL6CP <0.070 <0.070
CLC6H5 <0.580 <0.580
CLDAN
CPMS <1.300 <1.300
CPMSO <4.200 <4.200
CPMS02 <4.700 <4.700
CR (5.960 (5.960
CU <7.940 <7.940
DBCP <0.130 <0.130
DCPD <9.310 (9.310
DIMP 52.200 <10.500
DITH (1.100 <1.100
DLDRN <0.060 <0.060
DMDS <1.800 (1.800
DMMP <15.200 <15.200
ENDRN <0.052 <0.052
ETC6H5 <1.280 <1.280
FL <1220.000 1300.000
HG <0.240 <0.240
ISODR <0.060 <0.060K 360002670.000
MEC6H5 <1.210 (1.210
MG 17200.000 10500.000
MIBK (12.900 (12.900
MXYLEN <1.350 <1-350
NA 71800.000 64100.000
NIT 722.000 292.000
OXAT <2.000 '2-000
PB <18.600 <18.600
PPDDE (0.053 <0.053
PPDDT <0.070 0-f 070
S04 159000.000 79500-000
T12DCE <1.200 <1.200
TCLEE (1 .300 ,1.300
TRCLE (1.100 01.100
XYLEN <2.470 <2.470
ZN 42.800 49.500



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37347 ALL 23.2- 33.8 4.0 33.5 SF1

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.700 <1.700
112TCE (1.000 01.000
11DCE <1.100 <1.100
11DCLE <1.200 <1.200
12DCLE <0.610 <0.610
ALDRN <0.070 (0.070
AS <3.070 <3.070
BTZ <2.000 <2.000
C6H6 <1.340 (1.340
CA '70500.000 72000.000
CCL4 <2.400 <2.400
CD <5.160 <5.160
CH2CL2 <5.000 <5.000
CHCL3 <1.400 <1.400
CL 55500.000 54900.000
CL6CP <0.070 <0.070
CLC6H5 <0.580 <0.580
CLDAN
CPMS (1.300 <1.300
CPMSO (4.200 <4.200
CPMS02 <4.700 <4.700
CR <5.960 6.940
CU <7.940 <7.940
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIMP 33.500 <10.500
DITH 01.100 (1.100
DLDRN <0.060 <0.060
DMDS 01.800 <1..800
DMMP (15.200 <15.200
ENDRN <0.052 (0.052
ETC6H5 (1.280 <1.280
FL <1220.000 (1220.000
HG <0.240 <0.240
ISODR <0.060 <0.060
K 3050.000 3440.000
MEC6H5 <1.210 <1.210
MG 16000.000 17800.000
MIBK <12.900 <12.900
MXYLEN <1.350 <1.350
NA 69500.000 69100.000
NIT 1180.000 2710.000
OXAT <2.000 <2.000
PB (18.600 21.900
PPDDE <0.053 ý0.053
PPDDT <0.070 ~0.070
S04 112000.000 1000.0
T12DCE <1.200 <1.200
TCLEE 01.300 <1.300
TRCLE 01.100 (1.100
XYLEN (2.470 <2.470
ZN 52.200 61.200



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37348 ALL 16.4- 42.0 4.0 41.0 SH 1

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.700 <1.700
112TCE <1.000 <1.000
11DCE <1.100 <1.100
11DCLE <1.200 <1.200
12DCLE <0.610 <0.610
ALDRN <0.070 <0.070
AS <3.070 <3.070
BTZ <2.000 <2.000
C6H6 <1.340 <1.340
CA 148000.000 191000.000
CCL4 <2.400 <2.400
CD <5.160 <5.160
CH2CL2 <5.000 <5.000
CHCL3 <1.400 2.200
CL 189000.000 325000.000
CL6CP <0.070 <0.070
CLC6H5 2.050 1.260
CLDAN
CPMS <1.300 <1.300
CPMSO <4.200 <4.200
CPMS02 <4.700 <4.700
CR <5.960 15.300
CU 07.940 07.940
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIMP <10.500 <10.500
DITH <1.100 <1.100
DLDRN <0.060 <0.060
DMDS <1.800 <1.800
DMMP <15.200 <15.200
ENDRN <0.052 <0.052
ETC6H5 <1.280 <1.280
FL 1470.000 1360.000
HG <0.480 <0.480
ISODR <0.060 <0.060
K 2430.000 3520.000
MEC6H5 <1.210 <1.210
MG 35100.000 46100.000
MIBK <12.900 <12.900
MXYLEN <1.350 <(1350
NA 124000.000 164000.000
NIT 4010.000 7170.000
OXAT <2.000 <2.000
PB <18.600 18.600
PPDDE <0.053 n0.053
PPDDT <0.07n • 070
S04 334000.000 3700f-)0D000
T12DCE 1.20 ,1.200
TCLEE 1.300 1.720
TRCLE (1.100 (1.100
XYLEN 2.470 2.470
ZN 34.600 <20.100



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL #AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37349 ALL 23.2- 43.6 4.0 44.0 SH

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE 01.700 <1.700
112TCE <1.000 (1.000
11DCE (1.100 <1.100
11DCLE <1.200 <1.200
12DCLE <0.610 <0.610
ALDRN <0.070 <0.070
AS <3.070 <3.070
BTZ <2.000 <2.000
C6H6 01.340 (1.340
CA 181000.000 101000.000
CCL4 <2.400 <2.400
CD <5.160 <5.160
CH2CL2 <5.000 <5.000
CHCL3 <1.400 <1.400
CL 2-77000.000 115000.000
CL6CP <0.070 <0.070
CLC6H5 <0.580 (0.580
CLDAN
CPMS <1.300 <1.300
CPMSO <4.200 <4.200
CPMS02 <4.700 <4.700
CR <5.960 12.500
CU <7.940 <7.940
DBCP <0.130 (0.130
DCPD <9.310 <9.310
DIMP 456.000 78.400
DITH <1.100 <1.100
DLDRN (0.060 <0.060
DMDS <1.800 <1.800
DMMP <15.200 <15.200
ENDRN <0.052 <0.052
ETC6H5 (1.280 (1.280
FL 1250.000 1290.000
HG <0.240 <0.240
ISODR <0.060 (0.060
K 3050.000 2500.000
MEC6H5 (1.210 <1.210
MG 47100.000 26600.000
MIBK <12.900 <12.900
MXYLEN <1.350 <1.350
NA 127000.000 91500.000
NIT 6790.000 5650.000
OXAT <2.000 <2.000
PB <18.600 p18.600
PPDDE <0.053 <0.053
PPDDT <0.070 l).(--70
S04 311000.000 176000.000
T12DCE <1.200 '1.1200
TCLEE <1.300 <1.300
TRCLE <1.100 <1.100
XYLEN <2.470- <2.470
ZN 116.000 73.800



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37350 ALL 26.9- 52.3 4.0 52.5 SH

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.700 <1.700
112TCE <1.000 <1.000
11DCE <1.100 <1.100
11DCLE <1.200 <1.200
12DCLE <0.610 <0.610
ALDRN <0.070 <0.070
AS <3.070 <3.070
BTZ <2.000 <2.000
C6H6 <1.340 <1.340
CA 114000.000 113000.000
CCL4 <2.400 <2.400
CD <5.160 5.260
CH2CL2 <5.000 <5.000
CHCL3 2.120 <1.400
CL 86100.000 85000.000
CL6CP <0.070 <0.070
CLC6H5 <0.580 0.853
CLDAN
CPMS <1.300 <1.300
CPMSO <4.200 <4.200
CPMS02 <4.700 <4.700
CR <5.960 15.300
CU <7.940 <7.940
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIMP 16.600 <10.500
DITH <1.100 <1.100
DLDRN <0.060 <0.060
DMDS <1.800 <1.800
DMMP <15.200 <15.200
ENDRN <0.052 <0.052
ETC6H5 <1.280 <1.280
FL <1220.000 <1220.000
HG <0.480 <0.240
ISODR <0.060 <0.060
K 3660.000 4120.000
MEC6H5 <1.210 <1.210
MG 30200.000 31900.000
MIBK <12.900 <12.900
MXYLEN <0.350 <1.350
NA 83400.000 93300.000
NIT 7010.000 5020.000
OXAT <2.000 02.000
PB <18.600 38.400
PPDDE <0.053 <0.053
PPDDT <0.070 -'0 070
S04 218000.000 205000.000
T12DCE <1.200 '.1.200
TCLEE <1.300 <1.300
TRCLE <1.100 <1.100
XYLEN <2.470 <2.470
ZN <20.100 <20.100



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL #AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37351 ALL 17.9- 38.5 4.0 , 36.0 SS 2

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.700 <1.700
112TCE <1.000 <1.000
11DCE <1.100 <1.100
11DCLE <1.200 <1.200
12DCLE <0.610 <0.610
ALDRN <0.070 <0.070
AS <3.070 <3.070
BTZ <2.000 <2.000
C6H6 <1.340 <1.340
CA 139000.000 114000.000
CCL4 <2.400 <2.400
CD <5.160 <5.160
CH2CL2 <5.000 <5.000
CHCL3 <1.400 <1.400
CL 128000.000 123000.000
CL6CP (0.070 <0.070
CLC6H5 <1.730 1.600
CLDAN
CPMS 01.300 <1.300
CPMSO <4.200 <4.200
CPMS02 <4.700 <4.700
CR <5.960 8.330
CU <7.940 <7.940
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIMP 12.400 <10.500
DITH <1.100 (1.100
DLDRN <0.060 (0.060
DMDS <1.800 <1.800
DMMP <30.400 <15.200
ENDRN <0.052 <0.052
ETC6H5 <1.280 <1.280
FL 1690.000 1720.000
HG <0.480 <0.240
ISODR <0.060 <0.060
K 1840.000 2500.000
MEC6H5 <1.210 <1.210
MG 38000.000 31700.000
MIBK <12.900 <12.900
MXYLEN <1.350 <1.350
NA 135000.000 120000.000
NIT 7890.000 8060.000
OXAT <2-.000 '.0

PB <18.600 i.0I
PPDDE <0.053 <0.053
PPDDT <0.070 l)D.070
S04 206000.000 194000.000
T12DCE <1.200 <1.200
TCLEE <1.300 <1.300
TRCLE <1.100 (1.100
XYLEN <2.470 <2.470
ZN <20.100 <20.100



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37352 ALL 29.8- 38.3 4.0 37.9 SH

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.700 <1.700
112TCE <1.000 <1.000
11DCE <1.100 <1.100
11DCLE <1.200 <1.200
12DCLE <0.610 <0.610
ALDRN <0.070 <0.070
AS <3.070 <3.070
BTZ <2.000 <2.000
C6H6 <1.340 <1.340
CA 112000.000 92500.000
CCL4 <2.400 <2.400
CD <5.160 <5.160
CH2CL2 9.970 <5.000
CHCL3 <1.400 <1.400
CL 82200.000 78400.000
CL6CP <0.070 <0.070
CLC6H5 <0.580 <0.580
CLDAN
CPMS <1.300 <1.300
CPMSO <4.200 <4.200
CPMS02 <4.700 <4.700
CR <5.960 8.330
CU <7.940 <7.940
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIMP <10.500 <10.500
DITH <1.100 <1.100
DLDRN <0.060 <0.060
DMDS <1.800 <1.800
DMMP <15.200 <15.200
ENDRN <0.052 <0.052
ETC6H5 <1.280 <1.280
FL 1380.000 1320.000
HG <0.240 <0.240
ISODR <0.060 <0.060
K <1260.000 1810.000
MEC6H5 <1.210 <1.210
MG 28200.000 23200.000
MIBK <12.900 <12.900
MXYLEN <1.350 <1.350
NA 112000.000 92200.000
NIT 3360.000 2980.000
OXAT <2.000 ,2.000
PB <18.600 <18.600
PPDDE <0.053 0.053
PPDDT ,0.0703 .070
S04 177000.000 169000.000
T12DCE <1.200 r:1200
TCLEE <1.300 <1.300
TRCLE <1.100 1.100
XYLEN "2.470 e2.470
ZN 37.900 <20.100



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL #t AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37353 ALL 27.1- 42.4 4.0 44.0 SH1

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE 01.700 <1.700
112TCE <1.000 01.000
11DCE <1.100 <1.100
11DCLE 0.200 <1.200
12DCLE <0.610 <0.610
ALDRN <0.070 <0.070
AS <3.070 <3.070
BTZ <2.000 <2.000
C6H6 <0.340 <1.340
CA 119000.000 117000.000
CCL4 <2.400 <2.400
CD <5.160 <5.160
CH2CL2 <5.000 <5.000
CHCL3 <1.400 <1.400
CL 119000.000 103000.000
CL6CP <0.070 <0.070
CLC6H5 <0.580 <0.580
CLDAN
CPMS <1.300 <1.300
CPMSO <4.200 <4.200
CPMS02 <4.700 <4.700
CR <5.960 11.100
CU <7.940 <7.940
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIMP 103.000 73.700
DITH <1.100 (1.100
DLDRN 0.156 <0.060
DMDS <1.800 <1.800
DMMP <15.200 <15.200
ENDRN <0.052 <0.052
ETC6H5 <1.280 <1.280
FL <1220.000 <1220.000
HG <0.240 (0.240
ISODR <0.060 <0.060
K 1690.000 <1260.000
MEC6H5 <1.210 <1210
MG 32500.000 32400.000
MIBK <12.900 <12.900
MXYLEN <1.350 <1.350
NA 135000.000 123000.000
NIT 4030.000 4220.000
OXAT (2.000 /2-000
PB (18.600 32-900
PPDDE (0.053 0.(--53
PPDDT <0.070 90.(70-
S04 187000.000 189000-.000
T12DCE <1.200 <1.2100
TCLEE <1.300 '1.300
TRCLE <1.100 (1.100
XYLEN <2.470 <2.470
ZN 97.900 <20.100



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVERWELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37354 ALL 13.8- 49.1 4.0 49.0 SH

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.700 <1.700
112TCE <1.000 <1.000
11DCE <1.100 <1.100
11DCLE <1.200 <1.200
12DCLE <0.610 <0.610
ALDRN <0.070 <0.070
AS <3.070 <3.070
BTZ <2.000 <2.000
C6H6 1.510 <1.340
CA 108000.000 77100.000
CCL4 <2.400 <2.400
CD <5.160 <5.160
CH2CL2 <5.000 <5.000
CHCL3 3.380 <1.400
CL 87300.000 65700.000
CL6CP <0.070 <0.070
CLC6H5 7.340 0.622
CLDAN
CPMS <1.300 <1.300
CPMSO <4.200 <4.200
CPMS02 <4.700 <4.700
CR <5.960 8.330
CU <7.940 <7.940
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIMP 13.100 <10.500
DITH <1.100 <1.100
DLDRN <0.060 <0.060
DMDS <1.800 <1.800
DMMP <15.200 <15.200
ENDRN <0.052 <0.052
ETC6H5 <1.280 <1.280
FL 1300.000 1280.000
HG <0.480 <0.240
ISODR <0.060 <0.060
K 2150.000 2500.000
HEC6H5 <1.210 <1.210
MG 28200.000 21000.000
MIBK <12.900 <12.900
MXYLEN <1.350 <1.350
NA 106000.000 93100.000
NIT 7750.000 6310.000
OXAT <2 .000 - .I000
PB <18.600 .18.600
PPDDE <0.053 .0.053
PPDDT <0.070 n .070
S04 160000.000 138000-000
TI2DCE <1.200 <1.200
TCLEE <1.300 ,1.300
TRCLE <1.100 <1.100
XYLEN <2.470 2.470
ZN 22.600 <20.100



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVERWELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND37355 ALL 11.1- 71.7 4.0 70.0 SF1

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE 9.590 29.400
112TCE (1.000 (1.000
11DCE (1.100 2.670
11DCLE <1.200 (1.200
12DCLE (0.610 <0.610
ALDRN <0.070 (0.070
AS <3.070 <3.070
BTZ (2.000 <2.000
C6H6 <1.340 <1.340
CA 148000.000 134000.000
CCL4 <2.400 <2.400
CD <5.160 <5.160
CH2CL2 (5.000 <5.000
CHCL3 3.250 2.360
CL 196000.000 203000.000
CL6CP <0.070 <0.070
CLC6H5 5.790 <0.580
CLDAN
CPMS (1.300 01.300
CPMSO <4.200 <4.200
CPMS02 <4.700 (4.700
CR <5.960 11.100
Cu 11.100 <7.940
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIMP <10.500 (10.500
DITH <1.100 (1.100
DLDRN 0.116 0.087
DMDS <1.800 (1.'800
DMMP <15.200 <15.200
ENDRN <0.052 (0.052
ETC6H5 <1.280 <1.280
FL 1640.000 1630.000
HIG <0.240 <0.240
ISODR <0.060 <0.060
K 2000.000 3090.000
MEC6H5 (1.210 (1.210
MG 37000.000 35200.000
MIBK <12.900 (12.900
MXYLEN 0.350 <1.350
NA 157000.000 155000.000
NIT 6270.000 6480.000
OXAT <2.000 .2-000
PB 24.500 <18.600
PPDDE <0.053 <0.053
PPDDT <0.070 <,0.n70
S04 208000.000 202000.000
T12DCE <1.200 .1.200
TCLEE 1.480 5.520
TRCLE <1.100 2.120
XYLEN < 2 .4 70 <2.470
ZN 35.200 e20.100



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37356 ALL 8.3- 38.4 4.0 38.5 SH

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE 01.700 <1.700
112TCE (1.000 <1.000
liOCE <1.100 <1.100
11DCLE <1.200 01.200
12DCLE <0.610 <0.610
ALDRN <0.070 <0.070
AS <3.070 (3.070
BTZ <2.000 (2.000
C6H6 <1.340 <1.340
CA 106000.000 109000.000
CCL4 <2.400 <2.400
CD <5.160 <5.160
CH2CL2 <5.000 <5.000
CHCL3 <1.400 <1.400
CL 95000.000 105000.000
CL6CP <0.070 <0.070
CLC6H5 7.390 1.720
CLDAN
CPMS (1.300 <1.300
CPMSO <4.200 <4.200
CPMS02 <4.700 <4.700
CR <5.960 9.020
CU <7.940 <7.940
DBCP <0.130 (0.130
DCPD <9.310 <9.310
DIM? 57.400 54.100
DITH <1.100 <1.100
DLDRN <0.060 <0.060
DMDS <1.800 <1.800
DMMP <15.200 <15.200
ENDRN <0.052 <0.052
ETC6H5 <1.280 <1.280
FL <1220.000 <1220.000
HG <0.240 (0.240
ISODR <0.060 <0.060
K 3390.000 2520.000
MEC6H5 <1.210 <1.210
MG 25900.000 27300.000
MIBK <12.900 <12.900
MXYLEN <1.350 <1.350
NA 111000.000 122000.000
NIT 4680.000 6770.000
OXAT <2.000 '.0
PB <18.600 211.900
PPDDE <0.053 <0.053
PPDDT <0.07n ,n.n70
S04 155000.000 186000.000
T12DCE <1.200 11200
TCLEE <1.300 <1.300
TRCLE <1.100 '1.100
XYLEN /2.470, <2.170
ZN 29.900 K20.100



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVERWELL AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37357 ALL 4.5- 19.7 4.0 19.0 SH 1

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.700 <1.700
112TCE <1.000 <1.000
11DCE <1.100 <1.100
11DCLE <1.200 01.200
12DCLE <0.610 <0.610
ALDRN <0.070 <0.070
AS <3.070 <3.070
BTZ <2.000 <2.000
C6H6 (1.340 (1.340
CA 121000.000 82400.000
CCL4 <2.400 <2.400
CD <5.160 <5.160
CH2CL2 <5.000 <5.000
CHCL3 24.300 4.680
CL 126000.000 84500.000
CL6CP <0.070 <0.070
CLC6H5 <0.580 1.100
CLDAN
CPMS 01.300 <1.300
CPMSO <4.200 <4.200
CPMS02 <4.700 <4.700
CR <5.960 13.900
CU <7.940 <7.940
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIMP 29.600 16.200
DITH <1.100 <1.100
DLDRN <0.060 <0.060
DMDS <1.800 <1.800
DMMP <15.200 <15.200
ENDRN <0.052 <0.052
ETC6H5 <1.280 <1.280
FL <1220.000 1220.000
HG <0.240 <0.240
ISODR <0.060 <0.060
K 6640.000 6670.000
MEC6H5 <1.210 <1.210
MG 32900.000 22500.000
MIBK <12.900 <12.900
MXYLEN <1.350 <1.350
NA 137000.000 98500.000
NIT 10300.000 10700.000
OXAT <2.000 ,2.000
PB <18.600 21.900
PPDDE <0.053 <0.053
PPDDT <0.070 <0.070
S04 192000.000 168000.000
T12DCE <1.200 1.200
TCLEE 3.390 <1.300
TRCLE <1.100 <1.100
XYLEN <2.470 ,).470
ZN 67.400 <20.100



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL #AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37358 ALL 44.3- 59.9 4.0 , 59.0 SH

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <0.700 <1.700
112TCE <1.000 (1.000
11DCE 01.100 <1.100
11DCLE <1.200 <1.200
12DCLE <0.610 <0.610
ALDRN (0.070 (0.070
AS <3.070 (3.070
BTZ <2.000 <2.000
C6H6 0.340 01.340
CA 135000.000 121000.000
CCL4 <2.400 <2.400
CD <5.160 <5.160
CH2CL2 <5.000 <5.000
CHCL3 <1.400 <1.400
CL 73800.000 78000.000
CL6CP (0.070 <0.070
CLC6H5 <0.580 <0.580
CLDAN
CPMS <1.300 <1.300
CPMSO <4.200 <4.200
CPMS02 <4.700 <4.700
CR <5.960 8.330
CU <7.940 <7.940
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIMP <10.500 <10.500
DITH <1.100 <1.100
DLDRN <0.060 <0.060
DMDS <1.800 <1.800
DMMP < 15. 2 00 <1 5 .20 0
ENDRN <0.052 <0.052
ETC6H5 <1.280 <1.280
FL <1220.000 <1220.000
HG <0.240 <0.240
ISODR <0.060 <0.060
K 2150.000 2360.000
MEC6H5 <1.210 <1.210
MG 15000.000 14900.000
MIBK <12.900 <12.900
MXYLEN <1.350 <1.350
NA 73200.000 70400.000
NIT 3460.000 2410.000
OXAT <2.000 /2.000
PB <18.600 <18.600
PPDDE <0.053 <0.053
PPDDT <0.070 ý0.070
S04 123000.000 111000.000
T12DCE l1.200 120
TCLEE <1.300 <1.300
TRCLE <1.100 <'1.100
XYLEN /2.470 <2.470
ZN (20.100 <20.100



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVERWELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37359 ALL 23.2- 43.7 4.0 42.9 SH 1

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE 3.700 4.540
112TCE <1.000 <1.000
11DCE <0.100 <1.100
11DCLE 2.310 1.950
12DCLE <0.610 <0.610
ALDRN <0.070 <0.070
AS <3.070 <3.070
BTZ <2.000 <2.000
C6H6 <1.340 <1.340
CA 229000.000 187000.000
CCL4 <2.400 <2.400
CD <5.160 <5.160
CH2CL2 <5.000 <5.000
CHCL3 <1.400 <1.400
CL 134000.000 129000.000
CL6CP <0.070 <0.070
CLC6H5 <0.580 1.010
CLDAN
CPMS <1.300 <1.300
CPMSO <4.200 <4.200
CPMS02 <4.700 <4.700
CR <5.960 11.100
CU <7.940 <7.940
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIMP <10.500 <10.500
DITH <1.100 <1.100
DLDRN <0.060 <0.060
DMDS <1.800 <1.800
DMMP <15.200 <15.200
ENDRN <0.052 <0.052
ETC6H5 (1.280 <1.280
FL <1220.000 <1220.000
HG <0.240 <0.240
ISODR <0.060 <0.060
K 4470.000 5580.000
MEC6H5 <1.210 <1.210
MG 31800.000 26200.000
MIBK <12.900 <12.900
MXYLEN <1.350 <1.350
NA 165000.000 142000.000
NIT 9060.000 5610.000
OXAT <2.000 <2.000
PB <18.600 118.600
PPDDE <0.053 <0.053
PPDDT <0.070 '0.070
S04 333000.000 327000.000
T12DCE 1.260 (1.200
TCLEE 3.950 3.670
TRCLE 5.130 6.560
XYLEN <2.470 ý2.470
ZN <20.100 <20.100



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVJER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37360 ALL 26.4-101.9 4.0 101.5 SH

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE 01.700 <1.700
112TCE (0.000 <1.000
11DCE (0.100 <1.100
11DCLE <1.200 (1.200
12DCLE (0.610 <0.610
ALDRN <0.070 <0.070
AS <3.070 <3.070
BTZ <2.000 <2.000
C6H6 <1.340 <1.340
CA 137000.000 120000.000
CCL4 <2.400 <2.400
CD <5.160 <5.160
CH2CL2 <5.000 <5.000
CHCL3 <1.400 <1.400
CL 62200.000 63300.000
CL6CP <0.070 <0.070
CLC6H5 7.520 1.360
CLDAN
CPMS <1.300 <1.300
CPMSO <4.200 <4.200
CPMS02 <4.700 <4.700
CR <5.960 9.710
CU <7.940 <7.940
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIMP <10.500 <10.500
DITH <1.100 <1.100
DLDRN <0.060 <0.060
DMDS <1.800 (1.800
DMMP <15.200 <15.200
ENDRN (0.052 <0.052
ETC6H5 <1.280 <1.280
FL <1220.000 <1220.000
HG <0.240 <0.240
ISODR <0.060 <0.060
K 2920.000 2840.000
MEC6H5 <1.210 <1.210
MG 14900.000 12500.000
MIBK <12.900 <12.900
MXYLEN (1.350 <1.350
NA 71900.000 65100.000
NIT 8900.000 8940.000
OXAT <2.000 <2.000
PB <18.600 27.400
PPDDE <0.053 K0-053
PPDDT <0.070 <0.070
S04 132000.000 130000.000
T12DCE <0.200120
TCLEE <1.300 <.0
TRCLE <1.100 e1.100
XYLEN <21.470 ý2.470
ZN <20.100 <20.100



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37361 ALL 21.7- 92.3 4.0 92.0 SH 1

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE (1.700 <1.700
112TCE <1.000 <1.000
11DCE (1.100 <1.100
11DCLE <1.200 <0.200
12DCLE <0.610 <0.610
ALDRN <0.070 <0.070
AS <3.070 <3.070
BTZ <2.000 <2.000
C6H6 1.530 <1.340
CA 120000.000 95300.000
CCL4 <2.400 <2.400
CD <5.160 <5.160
CH2CL2 <5.000 <5.000
CHCL3 <1.400 <1.400
CL 62300.000 51100.000
CL6CP <0.070 <0.070
CLC6H5 7.760 1.550
CLDAN
CPMS <1.300 <1.300
CPMSO <4.200 <4.200
CPMS02 <4.700 <4.700
CR <5.960 11.800
CU <7.940 <7.940
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIMP <10.500 <10.500
DITH <1.100 (1.100
DLDRN <0.060 <0.060
DMDS <1.800 <1 800
DMMP <15.200 <15.200
ENDRN <0.052 <0.052
ETC6H5 <1.280 <1.280
FL <1220.000 <1220.000
HG <0.240 <0.240
ISODR <0.060 <0.060
K 2000.000 3350.000
MEC6H5 <1.210 <1.210
MG 15600.000 14600.000
MIBK <12.900 <12.900
MXYLEN <1.350 <1.350
NA 81100.000 65000.000
NIT 7890.000 5520.000
OXAT <2.000 •2.000
PB <18.600 27.400
PPDDE <0.053 <0.053
PPDDT <0.070 :0.070
S04 143000.000 126000.000
T12DCE <1.200 .I 200
TCLEE <1.300 <1.300
TRCLE <1.100 <1.100
XYLEN <2.470 .2.470
ZN 22.800 <20.100



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL 41AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37362 ALL 34.5- 45.2 4.0 42.5 SH1

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE 01.700 (1.700
112TCE 01.000 <0.000
11DCE (1.100 01.100
11DCLE <1.200 01.200
12DCLE <0.610 <0.610
ALDRN <0.070 <0.070
AS <3.070 (3.070
BTZ <2.000 <2.000
C6H6 <0.340 <1.340
CA 158000.000 147000.000
CCL4 <2.400 <2.400
CD <5.160 5.260
CH2CL2 <5.000 <5.000
CHCL3 <1.400 1.320
CL 234000.000 231000.000
CL6CP <0.070 <0.070
CLC6H5 (0.580 <0.580
CLDAN
CPMS (1.300 <1.300
CPMSO < 4 .2 00 < 4 .20 0
CPMS02 <4.700 <4.700
CR <5.960 18.000
CU <7.940 <7.940
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIMP (10.500 <10.500
DITH <1.100 <1.100
DLDRN <0.060 <0.060
DMDS <1.800 <1.800
DMMP <15.200 <15.200
ENDRN <0.052 <0.052
ETC6H5 <1.280 <1.280
FL 1770.000 1760.000
HG <0.2,40 <0.240
ISODR <0.060 <0.060
K 2460.000 3350.000
MEC6H5 <1.210 <1.210
MG 53800.000 47400.000
MIBK <12.900 <12.900
MXYLEN <1.350 <1.350
NA 314000.000 269000.000
NIT 1700.000 1760.000
OXAT <2.000 <2.000
PB <18.600 <18.600
PPDDE <0.053 <0.053
PPDDT <0.070 (0.070
S04 449000.000 450000.000
T12DCE 01.200 <1.200
TCLEE 0-300 <1.300
TRCLE (1.100 <1.100
XYLEN <2.470 <2.470
ZN 55.100 74.800



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37363 ALL 6.9- 32.2 4.0 32.1 SS 2

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
11ITCE <1.700 <1.700
112TCE <1.000 <1.000
11DCE (0.100 <1.100
11DCLE <1.200 <1.200
12DCLE (0.610 (0.610
ALDRN (0.070 <0.070
AS <3.070
BTZ <2.000 (2.000
C6H6 <1.340 <1.340
CA 105000.000 72700.000
CCL4 <2.400 <2.400
CD <5.160 <5.160
CH2CL2 <5.000 <5.000
CHCL3 01.400 <1.400
CL 98600.000 86900.000
CL6CP <0.070 <0.070
CLC6H5 9.420 0.661
CLDAN
CPMS <1.300 <1.300
CPMSO <4.200 <4.200
CPMS02 <4.700 <4.700
CR <5.960 <5.960
CU <7.940 (7.940
DBCP (0.130 <0.130
DCPD <9.310 <9.310
DIMP <10.500 (10.500
DITH (1.100 (1.100
DLDRN <0.060 <0.060
DMDS <1.800 (1.800
DMMP <15.200 <15.200
ENDRN <0.052 <0.052
ETC6H5 <1.280 (1.280
FL <1220.000 <1220.000
HG <0.240 <0.240
ISODR <0.060 <0.060
K 2460.000 2190.000
MEC6H5 <1.210 <1.210
MG 23600.000 16200.000
MIBK <12.900 <12.900
MXYLEN <1.350 <1.350
NA 111000.000 85100.000
NIT 870.000 (10.000
OXAT <2.000 <2.000
PB <18.600 <18.600
PPDDE <0.053 <0.053
PPDDT <0.070 ,'0. 070
S04 180000.000 175000.000
T12DCE 01.2)00 <1.200
TCLEE <1.300 <1.300
TRCLE <1.100 <1.100
XYLEN < 2 .4 70 '2 .470
ZN <20.100 <20.100



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37364 ALL 6.8- 27.3 4.0 28.9 SH 1

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.700 <1.700
112TCE <1.000 <1.000
11DCE <1.100 <1.100
11DCLE <1.200 <1.200
12DCLE <0.610 <0.610
ALDRN <0.070 <0.070
AS 6.200
BTZ <2.000 <2.000
C6H6 <1.340 <1.340
CA 36200.000 32000.000
CCL4 <2.400 <2.400
CD <5.160 <5.160
CH2CL2 <5.000 <5.000
CHCL3 <1.400 <1.400
CL 31800.000 37300.000
CL6CP <0.070 <0.070
CLC6H5 4.690 1.000
CLDAN
CPMS <1.300 <1.300
CPMSO <4.200 <4.200
CPMS02 <4.700 <4.700
CR <5.960 8.640
CU <7.940 <7.940
DBCP <0.1-30 <0.130
DCPD <9.310 <9.310
DIMP <10.500 <10.500
DITH <1.100 <1.100
DLDRN <0.060 <0.060
DMDS <1.800 <1.800
DMMP <15.200 <15.200
ENDRN <0.052 <0.052
ETC6H5 <1.280 <1.280
FL 1200.000 <1220.000
HG <0.240 <0.240
ISODR <0.060 <0.060
K 4160.000 4680.000
MEC6H5 <1.210 <1.210
MG 7410.000 6800.000
MIBK <12.900 <12.900
MXYLEN <1.350 <1.350
NA 57400.000 49100.000
NIT 1280.000 113.000
OXAT <2.000 ,2.000
PB <18.600 /18-600
PPDDE <0.053 <0.053
PPDDT <0.070 '0.07F
S04 70100.000 81000.000
T12DCE <1.200 1.200
TCLEE <1.300 <1.300
TRCLE <1.100 "1.100
XYLEN <2.470 <2.470
ZN <20.100 <20.100



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37365 DEN 49.1- 59.7 4.0 - 33.5 SH 5 4

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111 TCE <1.700
11 2TCE <1.000
11 DCE <1.100
11 DCLE (1.200
1 2DCLE <0.610
ALDRN (0.070
AS
BTZ <2.000
C6H6 <1.340
CA 35000.000
CCL4 <2.400
CD <5.160
CH2CL2 <5.000
CHCL3 <1.400
CL 45100.000
CL6CP <0.070
CLC6H5 <0.580
CLDAN
CPMS <1.300
CPMSO ( 4 .20 0
CPMS02 <4.700
CR <5.960
CU <7.940
DBCP <0.130
DCPD <9.310
DIMP 11.500
DITH <1.100
DLDRN <0.060
DMDS <1.800
DMMP <15.200
ENDRN <0.052
ETC6H5 <1.280
FL <1220.000
HG < 0 .24 0
ISODR <0.060
K (1260.000
MEC6H5 01.210
MG 4030.000
MIBK (12.900
MXYLEN <1.350
NA 277000.000
NIT 844.000
OXAT <2.000
PB < 18.600
PPDDE <0.053
PPDDT000
S04 256000.000
Ti12DCE <1.200
TCLEE <1.300
TRCLE <1.100
XYLEN <2.470
ZN (20.100



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37367 ALL 11.5- 38.4 4.0 0.0 1

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.090 <1.090
112TCE <1.630 <1.630
11DCE <1.850 (1.850
11DCLE <1.930 <1.930
12DCLE <2.070 <2.070
ALDRN <0.083 <0.083
AS <2.500 <2.500
BTZ <1.140 <1.140
C6H6 2.920 01.920
CA 158000.000 161000.000
CCL4 <1.690 <1.690
CD <5.160 <5.160
CH2CL2 <2.480 <2.480
CHCL3 127.000 116.000
CL 201000.000 175000.000
CL6CP <0.083 <0.083
CLC6H5 9.230 <1.360
CLDAN <0.152 <0.152
CPMS 4.160 3.280
CPMSO 113.000 92.400
CPMS02 4.310 4.320
CR <5.960 22.500
CU <7.940 <7.940
DBCP 2.570 2.100
DCPD <9.310 <9.310
DIMP 397.000 486.000
DITH <3.340 <3.340
DLDRN <0.054 <0.054
DMDS <1.160 <1.160
DMMP <15.200 <163.000
ENDRN <0.060 <0.060
ETC6H5 <0.620 <0.620
FL 2050.000 1360.000
HG <0.500
ISODR <0.056 <0.056
K 3310.000
MEC6H5 <2.100 <2.100
MG 50900.000 50200.000
MIBK <12.900 <12.900
MXYLEN <1.040 <1.040
NA 265000.000 259000.000
NIT 2820.000 2710.000
OXAT <1.350 <1.350
PB <18.600 ,18.600
PPDDE <0.046 -0.046
PPDDT <0.059 <0.059
S04 578000.000 508000.000
T12DCE <1.750 <1.750
TCLEE 35.800 30.000
TRCLE 4.100 3.720
XYLEN <1.340 <1.340
ZN <20.100 45.900



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL #AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37368 ALL 18.1- 34.3 4.0 0.01

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE 0..090 01.090
112TCE 01.630 01.630
11DCE 01.850 <1.850
11DCLE 01.930 <1.930
12DCLE <2.070 <2.070
ALDRN <0.083 <0.083
AS 2.560 3.060
BTZ <1.140 01.140
C6H6 2.630 <1.920
CA 367000.000 361000.000
CCL4 <1.690 <1.690
CD <5.160 <5.160
CH2CL2 <2.480 <2.480
CHCL3 29.900 32.800
CL 690000.000 564000.000
CL6CP <0.083 <0.083
CLC6H5 11.500 <1.360
CLDAN <0.152 <0.152
CPMS (1.080 <1.080
CPMSO 3.430 3.400
CPMS02 < 2 .2 40 < 2 .24 0
CR <5.960 39.700
CU <7.940 <7.940
DBCP 1.110 0.975
DCPD <9.310 <9.310
DIMP 55.700 60.800
DITH <3.340 <3.340
DLDRN <0.054 <0.054
DMDS 01.160 <1.*160
DMMP <15.200 <16.300
ENDRN <0.060 <0.060
ETC6H5 <0.620 <0.620
FL 2580.000 1960.000
HG <0.500
ISODR <0.056 (0.056
K 4320.000
MEC6H5 <2.100 <2.100
MG 96500.000 88800.000
MIBK <12.900 <12.900
MXYLEN <1.040 <1.040
NA 384000.000 372000.000
NIT 9020.000 8840.000
OXAT <1.350 <1.350
PB <18.600 ,18.600
PPDDE <0.046 <0.046
PPDDT <0.059 <0.059
S04 784000.000 696000.000
T12DCE <1.750 <1.750
TCLEE 16.000 13.100
TRCLE 1 .930 <1.310
XYLEN <1.340 <1.340
ZN <20.100 27.900



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37369 ALL 4.1- 25.2 4.0 0.0 1

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.090 (1.090
112TCE <1.630 <1.630
11DCE <1.850 <1.850
11DCLE (1.930 01.930
12DCLE 3.000 <2.070
ALDRN <0.083 <0.083
AS <2.500 <2.500
BTZ (1.140 (1.140
C6H6 <1.920 <1.920
CA
CCL4 <1.690 <1.690
CD
CH2CL2 <2.480 <2.480
CHCL3 <1.880 <1.880
CL 210000.000 245000.000
CL6CP <0.083 <0.083
CLC6H5 8.880 <1.360
CLDAN <0.152 <0.152
CPMS <1.080 01.080
CPMSO 8.590 7.230
CPMS02 4.110 4.120
CR
CU
DBCP <0.130 <0.130
DCPD 59.400 48.900
DIMP 251.000 287.000
DITH <3.340 <3.340
DLDRN 0.333 0.245
DMDS <1.160 <1.160
DMMP <76.000 <163.000
ENDRN 0.428 0.063
ETC6H5 <0.620 <0.620
FL 2690.000 2890.000
HG
ISODR <0.056 <0.056
K
MEC6H5 <2.100 <2.100
MG
MIBK <12.900 <12.900
MXYLEN <1.040 <1.040
NA
NIT
OXAT <1.350 <1.350
PB
PPDDE <0.046 <0.046
PPDDT <0.059 0.081
S04 391000.000 482000.000
T12DCE <1.750 <1.750
TCLEE 8.960 7.890
TRCLE <1.310 <1.310
XYLEN <1.340 <1.340
ZN



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVERWELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37370 ALL 4.4- 25.8 4.0 0.01

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.090 <1.090
112TCE <1.630 <1.630
11DCE <1.850 <1.850
l1DCLE <1.930 01.930
12DCLE <2.070 <2.070
ALDRN <0.083 <0.083
AS 2.720 3.390
BTZ <1.140 01.140
C6H6 8.430 <1.920
CA
CCL4 <1.690 <1.690
CD
CH2CL2 <2.480 <2.480
CHCL3 <1.880 <1.880
CL 568000.000 518000.000
CL6CP <0.083 <0.083
CLC6H5 27.300 <1.360
CLDAN <0.152 <0.152
CPMS <1.080 <1.080
CPMSO <1.980 <1.980
CPMS02 <2.230 <2.240
CR
CU
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIMP 278.000 1130.000
DITH <3.340 (3.340
DLDRN <0.054 (0.054
DMDS <1.160 <1.160
DMMP <76.000 <163.000
ENDRN <0.060 <0.060
ETC6HS <0.620 <0.620
FL 2550.000 2810.000
HG
ISODR <0.056 <0.056
K
MECEES <2.100 <2.100
MG
MIBK <12.900. <12.900
MXYLEN <1.040 <1.040
NA
NIT
OXAT <1.350 (1.350
PB
PPDDE <0.046 <0.046
PPDDT <0.059 (0.059
S04 8990.00.000 932000.000
T12DCE <1.750 '1.750
TCLEE <2.760 <2.760
TRCLE 2.650 <1.310
XYLEN <1.340 ~1.340
ZN



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37371 DEN 28.3- 39.0 4.0 0.0 5 3

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.090 <1.090
112TCE <1.630 <1.630
11DCE (1.850 <1.850
11DCLE <1.930 <1.930
12DCLE <2.070 <2.070
ALDRN <0.083 <0.083
AS (2.500 <2.500
BTZ 01.140 <1.140
C6H6 <1.920 <1.920
CA 231000.000 231000.000
CCL4 <1.690 01.690
CD <5.160 <5.160
CH2CL2 <2.480 <2.480
CHCL3 <1.880 <1.880
CL 467000.000 429000.000
CL6CP <0.083 <0.083
CLC6H5 <1.360 <1.360
CLDAN <0.152 <0.152
CPMS <1.080 <1.080
CPMSO <1.980 <1.980
CPMS02 <2.240 <2.240
CR <5.960 <5.960
CU <7.940 <7.940
DBCP <0.130 <0.130
DCPD <9.310 16.600
DIMP 1100.000 1480.000
DITH <3.340 <3.340
DLDRN <0.054 <0.054
DMDS <1.160 01.160
DMMP <15.200 <163.000
ENDRN <0.060 <0.060
ETC6H5 <0.620 <0.620
FL 2590.000 2740.000
HG
ISODR <0.056 <0.056
K
MEC6H5 <2.100 <2.100
MG 61900.000 61900.000
MIBK <12.900 <12.900
MXYLEN <1.040 <1.040
NA 428000.000 428000.000
NIT 838.000 838.000
OXAT <1.350 h.5
PB <18.600 ý18.600
PPDDE <0.046 <0.046
PPDDT "0.059 '0.059
S04 700000.000 678000.000
T12DCE <1.750 p1.750
TCLEE <2.760 <2.760
TRCLE <1.310 <1.310
XYLEN 01.340 <.1.340
ZN <20.100 <20.100



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37372 DEN 61.5- 88.5 0.0 0.0 5 4

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.090 <1.090
112TCE <1.630 <1.630
11DCE <1.850 <1.850
11DCLE <1.930 <1.930
12DCLE <2.070 <2.070
ALDRN <0.083 <0.083
AS <2.500 <2.500
BTZ <1.140 <1.140
C6H6 10.300 <1.920
CA
CCL4 <1.690 <1.690
CD
CH2CL2 <2.480
CHCL3 <1.880 <1.880
CL 57800.000 59600.000
CL6CP <0.083 <0.083
CLC6H5 42.400 4.980
CLDAN <0.152 <0.152
CPMS <1.080 01.080
CPMSO <1.980 <1.980
CPMS02 <2.230 <2.240
CR
CU
DBCP 0.207 <0.130
DCPD <9.310 <9.310
DIMP <10.100
DITH <3.340 <3.340
DLDRN <0.054 <0.054
DMDS <1.160 <1.160
DMMP <16.300
ENDRN <0.060 <0.060
ETC6H5 <0.620 <0.620
FL 2350.000 2530.000
HG
ISODR <0.056 <0.056
K
MEC6H5 <2.100 <2.100
MG
MIBK <12.900 <12.900
MXYLEN <1.040 <1.040
NA
NIT
OXAT <1.350 e1.350
PB
PPDDE <0.046 0.046

PPDDT <0.059 0.059
S04 370000.000 345000.000
T12DCE <1.750 <1.750
TCLEE <2.760 <2.760
TRCLE 2.830 <1.310
XYLEN <1.340 <1.340
ZN



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INT ERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37373 ALL 4.3- 25.7 0.0 - 0.01

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE 01.090 <1.090
112TCE 01.630 <1.630
11DCE <1.850 <1.850
11DCLE <1.930 <1.930
12DCLE 18.200 5.170
ALDRN <0.083 (0.083
AS 3.650 <2.500
BTZ <1.140 <1.140
C6H6 <1.920 <1.920
CA 329000.000 167000.000
CCL4 <0.690 <1.690
CD <5.160 <5.160
CH2CL2 <2.480 <2.480
CHCL3 <1.880 <1.880
CL 744000.000 271000.000
CL6CP <0.083 <0.083
CLC6H5 3.560 <1.360
CLDAN <0.152 <0.152
CPMS <1.080 <1.080
CPMSO 4.090 2.220
CPMS02 16.100 15.100
CR <5.960 21.000
CU <7.940 <7.940
DBCP <0.130 <0.130
DCPD 430.000 210.000
DIMP 2220.000
DITH 19.300 5.290
DLDRN <0.054 <0.054
DMDS <1.160 <1.160
DMMP <163.000
ENDRN <0.060 <0.060
ETC6H5 <0.620 <0.620
FL 2620.000 1520.000
HG <0.500
150CR <0.056 <0.056
K 2860.000
MEC6H5 <2.100 <2.100
MG 108000.000 50500.000
MIBK <12.900 <12.900
MXYLEN <1.040 <1.040
NA 589000.000 307000.000
NIT 59-600 57.100
OXAT 5.100 1.760
PB <18.600 ,18.600
PPDDE 0.113 <0.046
PPDDT 0.110 '.5
S04 921000.000 467000.000
T12DCE <1.750 <1.750
TCLEE 15.700 6.340
TRCLE 3.570 <1.310
XYLEN <1.340 <1.340
ZN 29.800 24.900



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37374 ALL 8.7- 24.9 4.0 0.0 1

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.090 <1.090
112TCE <1.630 <1.630
11DCE <1.850 <1.850
11DCLE <1.930 <1.930
12DCLE <2.070 <2.070
ALDRN <0.083 <0.083
AS 2.790 2.660
BTZ <1.140 <1.140
C6H6 2.680 3.320
CA 557000.000 527000.000
CCL4 <1.690 01.690
CD <5.160 5.460
CH2CL2 <2.480 <2.480
CHCL3 2.930 3.020
CL 386000.000 716000.000
CL6CP <0.083 <0.083
CLC6H5 13.300 21.900
CLDAN <0.152 <0.152
CPMS <1.080 <1.080
CPMSO <1.980 <1.980
CPMS02 <2.240 <2.240
CR <5.960 45.700
CU <7.940 <7.940
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIMP 445.000 472.000
DITH <3.340 <3.340
DLDRN <0.054 <0.054
DMDS <1.160 <1.160
DMMP <15.200 <163.000
ENDRN <0.060 <0.060
ETC6H5 <0.620 <0.620
FL 4170.000 <10000.000
HG <0.500
ISODR <0.056 <0.056
K 1110.000
MEC6H5 <2.100 <2.100
MG 160000.000 143000.000
MIBK <12.900 <12.900
MXYLEN <1.040 <1.040
NA 754000.000 624000.000
NIT 938.000 1150.000
OXAT <1.350 <1.350
PB <18.600 24.000
PPDDE <0.046 <0.046
PPDDT <0.059 0.059
S04 2140000.000 2020000.000
T12DCE <1.750 <1.750
TCLEE <2.760 <2.760
TRCLE <1.310 <1.310
XYLEN <1.340 <1.340
ZN <20.100 28-900



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37376 DEN 40.3- 51.0 4.0 0.0 5 3

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
11ITCE <1.090 (1.090
112TCE <1.630 <1.630
11DCE <1.850 01.850
11DCLE <1.930 (1.930
12DCLE <2.070 <2.070
ALDRN <0.083 <0.083
AS <2.500 <2.500
BTZ (1.140 01.140
C6H6 3.640 <1.920
CA
CCL4 <1.690 <1.690
CD
CH2CL2 <2.480 (2.480
CHCL3 <1.880 <1.880
CL 14800.000 15200.000
CL6CP <0.083 <0.083
CLC6H5 33.000 <1.360
CLDAN <0.152 <0.152
CPMS <1.080 <1.080
CPMSO <1.980 <1.980
CPMS02 <2.240 <2.240
CR
CU
DBCP (0.130 <0.130
DCPD <9.310 (9.310
DIMP <10.500 <10.100
DITH <3.340 <3.340
DLDRN (0.054 <0.054
DMDS <1.160 <1.160
DMMP (15.200 <16.300
ENDRN (0.060 <0.060
ETC6H5 <0.620 <0.620
FL (1000.000 <1000.000
HG
ISODR <0.056 <0.056
K
MEC6H5 <2.100 (2.100
MG
MIBK <12.900 <12.900
MXYLEN (1.040 <1.040
NA
NIT
OXAT <1.350 <.1 .350
PB
PPDDE <0.046 <0.046
PPDDT "0.059 "~q
S04 192000.000 210000.000
T12DCE <1.750 <1.750
TCLEE <2.760 .2-760
TRCLE 1.380 <1.310
XYLEN <1.340 <1.340
ZN



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37377 ALL 22.7- 38.9 4.0 0.0 1

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.090 <1.090
112TCE <1.630 <1.630
11DCE <1.850 <1.850
11DCLE 01.930 <1.930
12DCLE <2.070 <2.070
ALDRN <0.083 <0.083
AS <2.500 <2.500
BTZ <1.140 <1.140
C6H6 5.800 <1.920
CA 151000.000 135000.000
CCL4 <1.690 01.690
CD <5.160 <5.160
CH2CL2 <2.480 <2.480
CHCL3 2.250 <1.880
CL 165000.000 161000.000
CL6CP <0.083 <0.083
CLC6H5 22.700 3.470
CLDAN <0.152 <0.152
CPMS <1.080 <1.080
CPMSO 3.070 2.540
CPMS02 <2.240 <2.240
CR <5.960 6.460
CU <7.940 <7.940
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIMP 63.100 57.400
DITH <3.340 <3.340
DLDRN <0.054 <0.054
DMDS <1.160 <1.160
DMMP <15.200 <16.300
ENDRN <0.060 <0.060
ETC6H5 <0.620 <0.620
FL 2340.000 1850.000
HG <0.500
ISODR <0.056 <0.056
K 2810.000
MEC6H5 <2.100 <2.100
MG 56900.000 50600.000
MIBK <12.900 <12.900
MXYLEN <1.040 <1.040
NA 229000.000 208000.000
NIT 697.000
OXAT <1.350 /1. 350
PB <18.600 19.800
PPDDE <0.046 <0.046
PPDDT <0.059 ý0.059
S04 506000.000 477000.000
T12DCE 01.750 <1.750
TCLEE <2.760 <2.760
TRCLE 1.710 <1.310
XYLEN <1.340 <1.340
ZN 29.400 45.600



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENV7ER
WELL *AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37378 ALL 23.8- 34.7 4.0 0.01

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE (1.090 <1.090
112TCE <1.630 <1.630
11DCE (1.850 <1.850
11DCLE 01.930 <1.930
12DCLE <2.070 <2.070
ALDRN <0.083 <0.083
AS 2.680 <2.500
BTZ <1.140 <1.140
C6H6 3.140 <0.920
CA 113000.000 117000.000
CCL4 <1.690 <1.690
CD <5.160 <5.160
CH2CL2 <2.480 <2.480
CHCL3 <1.880 <1.880
CL 104000.000 89700.000
CL6CP <0.083 <0.083
CLC6H5 12.600 11.100
CLDAN <0.152 <0.152
CPMS (1.080 <1.080
CPMSO <1.980 <1.980
CPMS02 (2.240 <2.240
CR <5.960 15.000
CU <7.940 <7.940
DBCP <0.130 <0.130
DCPD <9.310 <9.-310
DIMP <10.500 11.600
DITH <3.340 <3.340
DLDRN 0.073 0.080
DMDS <1.160 <1.160
DMMP <15.200 <16.300
ENDRN <0.060 (0.060
ETC6H5 <0.620 <0.620
FL 1360.000 1680.000
HG <0.500
ISODR <0.056 <0.056
K 2040.000
MEC6H5 <2.100 <2.100
MG 36800.000, 36300.000
MIBK <12.900 <12.900
MXYLEN <1.040 <1.040
NA 173000.000 164000.000
NIT 1350.000 1250.000
OXAT <1.350 <1.350
PB <18.600 ý18.600
PPDDE <0.046 <0.046
PPDDT <0.059 <0.059
S04 327000.000 327000.000
T12DCE <1.750 <1.750
TCLEE <2.760 <2.760
TRCLE <1.310 (1.310
XYLEN (1.340 ý1.340
ZN <20.100 <20.100



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37379 DEN 39.3- 55.5 4.0 0.0 5 3

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.090 <1.090
112TCE 01.630 <1.630
11DCE <1.850 <1.850
11DCLE <1.930 <1.930
12DCLE <2.070 <2.070
ALDRN <0.083 <0.083
AS <2.500 <2.500
BTZ 01.140 <1.140
C6H6 5.760 <1.920
CA 272000.000 251000.000
CCL4 <1.690 <1.690
CD <5.160 <5.160
CH2CL2 <2.480 <2.480
CHCL3 <1.880 <1.880
CL 418000.000 427000.000
CL6CP <0.083 <0.083
CLC6H5 17.800 <1.360
CLDAN <0.152 <0.152
CPMS <1.080 <1.080
CPMSO <1.980 <1.980
CPMS02 <2.240 <2.240
CR <5.960 25.400
CU <7.940 <7.940
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIMP 47.100 53.700
DITH <3.340 <3.340
DLDRN <0.054 <0.054
DMDS <1.160 <1.160
DMMP <15.200 <16.300
ENDRN <0.060 <0.060
ETC6H5 <0.620 <0.620
FL 3000.000 2760.000
HG <0.500
ISODR <0.056 <0.056
K 2330.000
MEC6H5 <2.100 <2.100
MG 41900.000 45100.000
MIBK <12.900 <12.900
MXYLEN <1.040 <1.040
NA 729000.000 577000.000
NIT 2070.000 1940.000
OXAT <1.350 ..35n
PB <18.600 <18.600
PPDDE <0.046 <0.046
PPDDT <0 059 0.05?
S04 1450000.000 1600000.000
T12DCE <1.750 <1.750
TCLEE <2.760 <2.760
TRCLE 1.370 <1.310
XYLEN <1.340 <1.340
ZN 210.000 37.900



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37380 DEN 64.3- 75.0 4.0 0.0 5 4

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE (1.090 (1.090
112TCE 01.630 <1.630
llDCE <1.850 <1.850
11DCLE <1.930 <1.930
12DCLE <2.070 <2.070
ALDRN <0.083 <0.083
AS <2.500 <2.500
BTZ <1.140 <1.140
C6H6 3.650 <1.920
CA 133000.000
CCL4 (1.690 (1.690
CD (5.160
CH2CL2 <2.480 <2.480
CHCL3 <1.880 <1.880
CL 412000.000 384000.000
CL6CP <0.083 <0.083
CLC6H5 15.400 <1.360
CLDAN <0.152 <0.152
CPMS <1.080 <1.080
CPMSO <1.980 <1.980
CPMS02 <2.240 <2.240
CR 12.000
CU <7.940
DBCP 0.1,91 <0.130
DCPD <9.310 <9.310
DIM? <10.500 <10.100
DITH < 3 .3 40 < 3 .34 0
DLDRN <0.054 <0.054
DMDS <1.160 <1.160
DMMP <15.200 <16.300
ENDRN <0.060 <0.060
ETC6H5 <0.620 <0.620
FL 2100.000 2680.000
HG <0.359 < 0 .50 0
ISODR <0.056 <0.056
K 5580.000 3210.000
MEC6H5 <2.100 <2.100
MG 6580.000
MIBK <12.900 <12.900
MXYLEN <1.040 <1.040
NA 589000.000
NIT 147.000
OXAT <1.350 <1.350
PB (18.600
PPDDE <0.046 /0.046
PPDDT <0.059 ~0.059
S04 1100000.000 1120000.000
T12DCE <1.750 <1.750
TCLEE <2.760 <2.760
TRCLE <1.310 <1.310
XYLEN <1.340 (1.340
ZN <20.100



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37381 ALL 7.3- 28.5 4.0 , 0.0

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.090 <1.090
112TCE <1.630 <1.630
11DCE <0.850 01.850
11DCLE (1.930 (1.930
12DCLE <2.070 5.280
ALDRN <0.083 <0.083
AS <2.500 <2.500
BTZ <1.140 <1.140
C6H6 01.920 <1.920
CA 600000.000 162000.000
CCL4 <1.690 <1.690
CD 8.580 <5.160
CH2CL2 <2.480 <2.480
CHCL3 01.880 <1.880
CL 1060000.000 283000.000
CL6CP <0.083 <0.083
CLC6H5 2.680 8.310
CLDAN <0.152 <0.152
CPMS <1.080 <1.080
CPMSO 3.640 2.420
CPMS02 <2.240 13.900
CR 52.400 20.200
CU <7.940 <7.940
DBCP <0.130 <0.130
DCPD <9.310 236.000
DIMP -241 0.000
DITH <3.340 5.320
DLDRN <0.054 <0.054
DMDS <1.160 <1.160
DMMP <163.000
ENDRN < 0 .0 60 < 0.-06 0
ETC6H5 <0.620 <0.620
FL 3650.000 2650.000
HG . 0.500
ISODR <0.056 <0.056
K 2810.000
MEC6H5 <2.100 <2.100
MG 148000.000 49100.000
MIBK <12.900 <12.900
MXYLEN <1.040 <1.040
NA 504000.000 326000.000
NIT <10.000
OXAT <1.350 1.830
PB <18.600 <18.600
PPDDE <0.046 /0.046
PPDDT <0.059 '.5
S04 1420000.000 150-3000.000
T12DCE <1.750 <1.750
TCLEE <2.760 7.100
TRCLE <1.310 (1.310
XYLEN <1.340 <1.340
ZN 40.900 <20.100



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37382 DEN 33.6- 50.0 4.0 0.0 3 3

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.090
112TCE <1.630
11DCE <1.850
11DCLE (1.930
12DCLE <2.070
ALDRN <0.083
AS <2.500
BTZ 01.140
C6H6 <1.920
CA
CCL4 <1.690
CD
CH2CL2 <2.480
CHCL3 16.600
CL 281000.000
CL6CP <0.083
CLC6H5 1.870
CLDAN <0.152
CPMS <1.080
CPMSO <1.980
CPMS02 <2.240
CR
CU
DBCP <0.130
DCPD <9.310
DIMP <10.100
DITH <1.590
DLDRN 0.273
DMDS <1.160
DMMP <16.300
ENDRN <0.060
ETC6H5 <0.620
FL 2340.000
HG
ISODR <0.056
K
MEC6H5 <2.100
MG
MIBK <12.900
MXYLEN <1.040
NA
NIT
OXAT <1.350
PB
PPDDE .0.046
PPDDT /n 59
S04 180000.000
Ti2DCE <1.750
TCLEE <2.760
TRCLE <1.310
XYLEN <1.340
ZN



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL #AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
3738.3 ALL 17.6- 39.0 4.0 0.01

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE 01.090 <1.090
112TCE <0.630 <1.630
11DCE <1.850 <1.850
11DCLE <1.930 (1.930
12DCLE <2.070 <2.070
ALDRN <0.083 <0.083
AS <2.500 <2.500
BTZ (1.140 01.140
C6H6 3.170 <1.920
CA 162000.000 154000.000
CCL4 <1.690 <1.690
CD <5.160 <5.160
CH2CL2 <2.480 <2.480
CHCL3 <1.880 <1.880
CL 131000.000 112000.000
CL6CP <0.083 (0.083
CLC6H5 11.400 <1.360
CLDAN <0.152 <0.152
CPMS <1.080 <1.080
CPMSO <1.980 <1.980
CPMS02 <2.240 <2.240
CR <5.960 17.200
CU <7.940 <7.940
DBCP <0.130 <0.130
DCPD <9.310 <9.310
DIMP 51.300 61.900
DITH <3.340 <3.340
DLDRN <0.054 <0.054
DMDS <1.160 <1.160
DMMP <15.200 <16.300
ENDRN <0.060 <0.060
ETC6H5 <0.620 <0.620
FL 1580.000 939.000
HG <0.500
ISODR <0.056 <0.056
K 2960.000
MEC6H5 <2.100 <2.100
MG 49900.000 45000.000
MIBK <12.900 <12.900
MXYLEN (1.040 01.040
NA 233000.000 218000.000
NIT 2280.000 2170.000
OXAT <1.350 '1.350
PB <18.600 <18.600
PPDDE <0.046 <0.046
PPDDT (0.059 '0f. or,9
S04 570000.000 505000.000
T12DCE <1.750 ,1.750
TCLEE <2.760 <2.760
TRCLE <1.310 <1.310
XYLEN <1.340 (1.340
ZN (20.100 66.900



TASK 39 WATER CHEMISTRY SUMMARY

SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER

WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND

37385 ALL 29.9-51.5 4.0 51.0 SH 1

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87 2ND QUARTER FY88

111TCE <1.090

112TCE <1.630

11DCE <1.850

11DCLE <1.930

12DCLE <2.070

ALDRN <0.083

AS <2.500

BTZ
C6H6 0.860

CA
CCL4 <1.690

CD
CH2CL2 17.500

CHCL3 <2.480

CL 352000.000

CL6CP <0.083

CLC6H5 7.360

CLDAN <0.152

CPMS
CPMSO
CPMS02
CR
CU
DBCP <0.130

DCPD
DIMP <10.100

DITH
DLDRN <0.054

DMDS
DMMP <16.300

ENDRN <0.060

ETC6H5 0.0090

FL 1340.000

HG
ISODR <0.056

K
MEC6H5
MG
MIBK
MXYLEN 0.0230

NA
NIT
OXAT
PB
PPDDE <0.046

PPDDT <0.059

S04 167000.000

Ti2DCE <1.800

TCLEE <2.800

TRCLE <1.300

XYLEN 0.1890

ZN



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37386 ALL 39.5- 50.4 4.0 0.01

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111 TCE <1.090
11 2TCE <0.630
11 DCE <1.850
11 DCLE <1.930
1 2DCLE <2.070
ALDRN (0.083
AS 4.380
BTZ <1.140
C6H6 3.980
CA
CCL4 (1.690
CD
CH2CL2 <2.480
CHCL3 10.500
CL 502000.000
CL6CP <0.083
CLC6H5 6.990
CLDAN <0.152
CPMS <1.080
CPMSO <1.980
CPMS02 <2.240
CR
CU
DBCP <0.130
DCPD <9.310
DIMP 12.000
DITH <1.590
DLDRN 0.472
DMDS <1.160
DMMP <16.300
ENDRN 0.067
ETC6H5 < 0. 62 0
FL 3570.000
HG
ISODR <0.056
K
MEC6H5 <2.100
MG
MIBK <12.900
MXYLEN <1.040
NA
NIT
OXAT <'1.350
PB
PPDDE <0.046
PPDDT ý0.0519
S04 300000.000
T1 2DCE <1.750
TCLEE <2.760
TRCLE <1.310
XYLEN <1.3,40
ZN



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37387 DEN 36.8- 42.6 4.0 0.0 5 2

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.090 <1.090
112TCE <1.630 <1.630
11DCE <1.850 <1.850
11DCLE <1.930 <1.930
12DCLE <2.070 <2.070
ALDRN <0.083 <0.083
AS <2.500 <2.500
BTZ <1.140 <1.140
C6H6 73.800 (1.920
CA 206000.000 206000.000
CCL4 <1.690 <1.690
CD <5.160 <5.160
CH2CL2 <2.480 <2.480
CHCL3 8.620 <1.880
CL 303000.000 287000.000
CL6CP <0.083 <0.083
CLC6H5 74.700 <1.360
CLDAN <0.152 <0.152
CPMS <1.080 <1.080
CPMSO <1.980 <1.980
CPMS02 <2.240 <2.240
CR 8.140 8.140
CU <7.940 <7.940
DBCP 0.779 <0.130
DCPD <9.310 <9.310
DIMP <10.500 <1.0.100
DITH <3.340 <3.340
DLDRN <0.054 <0.054
DMDS <1.160 <1.160
DMMP <15.200 <16.300
ENDRN <0.060 <0.060
ETC6H5 1.320 <0.620
FL 3220.000 4820.000
HG
ISODR <0.056 <0.056
K
MEC6H5 <2.100 (2.100
MG 35600.000 35600.000
MIBK <12.900 <12.900
MXYLEN 1.370 <1.040
NA 1170000.000 1170000.000
NIT 17200.000 17200.000
OXAT <1.350 -1.350
PB <18.600 ,18.600
PPDDE <0.046 '0.046
PPDDT "0.059 '-.059
S04 2350000.000 2260000.000
T12DCE <1.750 ' .750
TCLEE <2.760 ý2.760
TRCLE 8.680 1.310
XYLEN 3.600 <1.340
ZN <20.100 <20.100



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37388 DEN 69.8- 86.0 4.0 0.0 5 4

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.090 <1.090
112TCE <1.630 01.630
11DCE <1.850 <1.850
11DCLE <1.930 <1.930
12DCLE <2.070 <2.070
ALDRN <0.083 <0.083
AS <2.500 <2.500
BTZ <1.140 <1.140
C6H6 10.100 <1.920
CA
CCL4 <1.690 <1.690
CD
CH2CL2 <2.480 <2.480
CHCL3 <0.880 <1.880
CL 403000.000 383000.000
CL6CP <0.083 (0.083
CLC6H5 32.800 2.070
CLDAN <0.152 <0.152
CPMS (1.080 <1.080
CPMSO 01.980 <1.980
CPMS02 <2.230 (2.240
CR
CU
DBCP <0.1-30 (0.130
DCPD (9.310 <9.310
DIMP <10.500 (10.100
DITH <3.340 (3.340
DLDRN (0.054 <0.054
DMDS (1.160 <1.160
DMMP (15.200 <16.300
ENDRN <0.060 <0.060
ETC6H5 <0.620 (0.620
FL 2650.000 3700.000
HG
ISODR (0.056 <0.056
K
MEC6H5 <2.100 <2.100
MG
MIBK (12.900 (12.900
MXYLEN (1.040 <1.040
NA
NIT
OXAT 01.350 <1.350
PB
PPDDE (0.046 0.046
PPDDT <0.059 ~.5
S04 1580000.000 1480000.000
T12DCE <1.750 ,1.750
TCLEE <2.760 <2.760
TRCLE 1.830 <1.310
XYLEN (1.340 <1.340
ZN



TASK 39 WATER CHEMISTRY SUMMARY
SOURCE, ESE 1988

SCREENED CASING BEDROCK BEDROCK DENVER
WELL # AQUIFER INTERVAL DIAMETER DEPTH LITHOLOGY WQAQ SAND
37389 A/D 8.4- 35.2 4.0 0.0 3

COMPOUND 3RD QUARTER FY87 4TH QUARTER FY87
111TCE <1.090 <1.090
112TCE <1.630 <1.630
11DCE <1.850 <1.850
11DCLE <1.930 <1.930
12DCLE <2.070 <2.070
ALDRN <0.083 <0.083
AS <2.500 <2.500
BTZ <1.140 <1.140
C6H6 <1.920 <1.920
CA 141000.000 141000.000
CCL4 <1.690 <1.690
CD <5.160 <5.160
CH2CL2 <2.480 <2.480
CHCL3 56.500 23.700
CL 217000.000 204000.000
CL6CP <0.083 <0.083
CLC6H5 2.740 1.720
CLDAN <0.152 <0.152
CPMS <1.080 <1.080
CPMSO 9.520 13.700
CPMS02 5.490 8.860
CR <5.960 <5.960
CU <7.940 <7.940
DBCP 0.400 0.560
DCPD <9.310 <9.310
DIMP 343.000 912.000
DITH <3.340 <3.340
DLDRN <0.054 <0.054
DMDS <1.160 <1.160
DMMP <15.200 <163.000
ENDRN <0.060 0.411
ETC6H5 <0.620 <0.620
FL 2190.000 2810.000
HG
ISODR <0.056 <0.056
K
MEC6H5 <2.100 <2.100
MG 53800.000 53800.000
MIBK <12.900 <12.900
MXYLEN <1.040 0.040
NA 219000.000 219000.000
NIT 163.000 163.000
OXAT <1.350 <1.350
PB (18.600 <18.600
PPDDE <0.046 <0.046
PPDDT <0.059 <0.059
S04 405000.000 412000.000
T12DCE (1.750 <1.750
TCLEE 28.500 28.100
TRCLE <1.310 <1.310
XYLEN <1.340 <1.340
ZN 21.200 21.200



ENVIRONNENTAL SCIENCE AND ENGINEERING, INC. DATI:05/18/88 PAGE 3

RNA SURFACE WATER

STORIT CODE: 98552 81512 81580 98560 98561 98562 98563 98564 34010 34030 34371 98553 98554 98555
METHOD CODE: 18 08 U8 U8 08 U8 08 08 we 8 W8 W8 W8 I8
PARAHETIP: DNNP BMl DMDS CPMS02 CPHSO CPMS 1,4-DIlS 1,4-OXAT TOLUEN BRIZINI ETHYLBINI M-XYL O&P-lYL C L
UNITS: 0G/L 0GIL UG/L 0G/L UG/L UG/L UG/L 0G/L UG/L OG/L G/L UGI/L UG/L OG/L
ILD.GRP. I SANFLE ID DATE 718E

OVQlN 12 OlCDD 12/14/85 09:15 <15.2 <4.10 (4.20 (1.30 (1.10 (2.00 (1.21 41.34 <1.35 2.41 146000
OPSW I O1CDD 04/07/86 09:30 <15.2 <4.10 <4.20 (11.1 (11.3 <20.0 0.21 (1.34 (1.28 <1.35 <2.41 55400
OPSW2 1 OOCDD 06/12/86 13:30 (15.2 (1.80 <4.10 <4.20 (1.30 <1.10 (2.00 (1.21 (1,34 (1.28 (1.35 (2.41 62000
OPS3 1 OlCDD 09/04/86 09:20 (15.2 (1.80 <4,70 <4.20 0.30 (1.10 (2.00 (1.21 <1.34 41.28 (1.35 (2.41 12900

T440S1 1 O1CDD 12/16/86 12:50 <15.2 (2.00 (1.80 <4.70 <4,20 (1,30 (1.10 <2,00 <1.21 <1.34 <1.28 Q.35 (2.41 105000
T440S2 I O1CDD 03/26/81 13:30 (15.2 <2.00 0.80 <4.10 <4.20 (1.30 <1.10 <2.00 (1.21 14.6 (1.28 (1.35 (2.47 109000
144053 1 O1CDD 06/16/87 11:04 (15.2 <2.00 <1.80 <4.10 <4.20 01.30 (1.10 (2.00 <1.21 (1.34 (1.28 <1.35 <2.41 53000
T44OS4 I OlCDD 10/16/87 10:41 <15.2 <2.00 <1.80 <4.10 <4.20 <1.30 <1.10 (2.00 01.21 (1.34 (1.28 .<0.35 <2.41 91000
OPSW 2 010CC 04/01/86 08:30 <15.2 <4.70 <4.20 <11.1 <11.3 (20.0 <1.21 <1.34 <1.28 (1.35 <2.47 55200
OPSW2 2 OIDCC 06/12/86 13:00 <15.2 <1.80 (4.70 <4.20 <1.30 <1.10 <2.00 <1.21 <1.34 (1.28 <1.35 (2,41 39100
OPS3 2 O1DCC 09/04/86 08:50 <15.2 <1.80 (4.10 <4.20 <1.30 (1.10 <2.00 <1.21 (1.34 (1.28 (1.35 <2.41 50900

T44OSI 2 010CC 12/16/86 12:20 <15.2 <2.00 <1.80 <4.10 <4.20 <1.30 <1.10 <2.00 (1.21 (1.34 <1.28 <1.35 <2.41 93300
144052 2 010CC 03/26/87 12:30 <15.2 <2.00 <1.80 <4.70 <4.20 <1.30 <1.10 <2.00 <1.21 <1.34 (1.28 <1.35 (2.41 61600
144053 2 010CC 06/16/87 10:30 <15.2 <2.00 <1.80 <4.10 <4.20 <1.30 <1.10 (2.00 <1.21 (1.34 <1.28 (1.35 <2.41 22600
144054 2 010CC 10/16/81 09:45 <15.2 (2.00 <1.80 <4.10 <4.20 <1.30 <1.10 <2.00 (1.21 (1.34 <1.28 <1.35 (2.41 56200I

OPSW 6 06CBB 04/01/86 14:30 <15.2 <4.10 <4.20 <11.1 <11.3 <20.0 (1.21 (1.34 <1.28 <1.35 (2.47 56300
OPS12 6 06CBB 06/16/86 14:00 <15.2 <1.80 <4.10 <4.20 (1.30 <1.10 (2.00 <1.21 <1.34 (1.28 <1.35 <2.47 40800
OPS3 6 0SUBB 09/04/86 11:50 <15.2 (1.80 <4.10 <4.20 (1.30 <1.10 <2.00 <1.21 <1.34 <1.28 <1.35 <2.41 50600

T440S3 6 06CBB 06/16/81 13:17 <15.2 <2.00 <1.80 <4.10 <4.20 <1.30 <1.10 <2.00 .(1.21 <1.34 <1.28 <1.35 (2.41 26300
144054 6 06CBB 10/12/81 13:20 <15.2 <2.00 <1.80 <4.10 <4.20 <1.30 <1.10 <2.00 <1.21 <1.34 <1.28 (1.35 <2.47 83501,
OQWN 44 07ABB 11/21/85 08:30 <15.2 N A NA NA N A N A <1.21 <1.34 <1.35 <2.41 336000
OPSW 5 07ABB 04/02/86 16:45 <15.2 <4,70 <4.20 <11.1 <11.3 <20.0 (1.21 <1.34 (1.28 <1.35 (2.41 322000

OPSW2 5 07ABB 06/12/86 15:30 <15.2 <1.80 <4.10 <4.20 (1.30 <1.10 <2.00 <1.21 <1.34 <1.28 <1.35 (2.41 24900
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RNA SURFACE WITHR

STORI? CODE: 98556 98581 32102 32106 34301 34423 34415 34496 34501 34506 34511 34531 34546 39180METBOD CODE: 18 1B YB Yo Y8 Y8 YB YO YB 78 YB YB YB YBPARAMETER: FL S04 CCL4 CIICL3 CLC605 NETHYLCL TCLEE IIOCLE lIDCE 1111CE 112TCI 12DCLE 712DCI TRCLEUNITS: UG/L UG/L UG/L UG/L OG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L VG/LVLD.GRP. I SAMPLE ID DATE TINE
OFQ1N 7 2 OICDD 12/14/85 09:15 1330 (2.40 (1.40 (0.580 (1.30 (1.20 (5.50OPSN I C1CDD 04/07/86 09:30 (1200 114000 <2.40 01.40 <0.580 <5.00 <1.30 (1-20 (1.10 (1.70 <1.00 (0.610 (1.20 <1.10OPSW2 I OICDD 06/12/86 13:30 <1200 248000 (2.40 (1.40 (0.580 <5.00 <1.30 <1.20 (1.10 41.10 (1.00 <0.610 41.20 (1.10OPS3 1 OlCDD 09/04/86 09:20 41200 206000 <2.40 (1.40 (0.580 <5.00 <1.30 41.20 41.10 (1.70 <1.00 (0.610 (1.20 (1.10T440SI 1 OICDD 12/16/86 12:50 <1200 218000 (2.40 (1.40 (0.580 (5.00 7.34 41.20 <1.10 (1.70 (1.00 <0.610 (1.20 (1.10T44052 1 O1CDD 03/26/87 13:30 <1200 316000 (2.40 (1.40 '0.580 <5.00 2.17 (1.20 (1.10 (1.70 (1.00 (0.610 1.82 (1.10144053 1 O1CDD 06/16/87 11:04 '1220 136000 (2.40 '1.40 (0.580 <5.00 '1.30 (1.20 <1.10 (1.10 (1.00 <0.610 '1.20 (1.10T440S4 1 O1CDD 10/16/81 10:41 '1220 226000 <2.40 1.20 '0.580 '5.00 3.80 41.20 '1.10 41.70 <1.00 <0.610 <1.20 (1.10OPSW 2 O1DCC 04/07/86 08:30 (1200 101000 (2.40 (1.40 (0.580 (5.00 <1.30 <1.20 01.10 <1.70 <1.00 <0.610 <1.20 (1.10OPSW2 2 010CC 06/12/86 13:00 <1200 104000 <2.40 <1.40 '0.580 <5.00 <1.30 <1.20 (1.10 <1.10 <1.00 <0.610 <1.20 <1.10OPS3 2 OIDOC 09/04/86 08:50 '1200 88100 <2.40 '1.40 '0.580 <5.00 <1.30 0.20 (1.10 '1.70 (1.00 <0.610 <1.20 <1. 101440S1 2 010CC 12/16/86 12:20 <1200 181000 <2.40 <1.40 <0.580 <5.00 <1.30 <1.20 (1.10 <1.70 <1.00 <0.610 (1.20 <1.10T440S2 2 010CC 03/26/87 12:30 <1200 131000 <2.40 <1.40 <0.580 <5.00 <1.30 <1.20 <1.10 <1.70 <1.00 <0.610 <1.20 (1.10144053 2 OlDCC 06/16/81 10:30 <1220 39300 <2.40 <1.40 <0.580 <5.00 <1.30 (1.20 (1.10 <1.70 (1.00 '0.610 <1.20 <1.10T440S4 2 010CC 10/16/87 09:45 <1220 156000 (2.40 <1.40 <0.580 <5.00 <1.30 <1.20 (1.10 '1.70 <1.00 <0.610 <1.20 <1.10OPSM 6 06CBB 04/07/86 14:30 <1200 126000 <2.40 <1.40 <0.580 <5.00 <1.30 <1.20 <1.10 <1.70 <1.00 <0.610 <1.20 <1.10OPS12 6 06CIB 06/16/86 14:00 <1200 99600 <2.40 <1.40 <0.580 <5.00 <1.30 <1.20 <1.10 <1.70 <1.00 <0.610 <1.20 41.10OPS3 6 06CEB 09/04/86 11:50 <1200 83600 <2.40 <1.40 <0.580 <5.00 (1.30 <1.20 <1.10 <1.70 <1.00 <0.610 <1.20 <1.1G144053 6 06CBB 06/16/87 13:17 '1220 43700 (2.40 <1.40 '0.580 '5.00 '1.30 (1.20 (1.10 41.70 (1.00 40.610 1.20 (1.10

T440S4 6 06CBB 10/12/87 13:20 <1220 191000 <2.40 <1.40 <0.580 <5.00 (1.30 <1.20 (1.10 <1.70 <1.00 <0.610 <1.20 (1.10O~WN 44 O1ABB 11/21/85 08:30 2110 (2.40 (1.40 (0.580 '1.30 <1.20 (1.10OPSM 5 07ABB804/02/86 16:45 2700 2080000 <2.40 '1.40 <0.580 '5.00 <1.30 (1.20 <1.10 41.70 <1.00 <0.610 <1.20 <1.10
OPSM2 5 O7hBB 06/12/86 15:30 <1200 142000 <2.40 <1.40 <0.580 <5.00 <1.30 <1.20 <1.10 <1.10 <1.00 <0.610 <1.20 <1.10
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RHA SURFACE WATER

STORET CODE: 71999 72005 99720 99758 99759 1002 82034 1027 1034 1042 1051 1092 82032 82033
AETHOD CODE: 0 0 0 0 0 18 AA8 68 B8 B8 B8 B8 68 80
PARANETIR: SAN TYPE S TECH INSTAL DEPTH SITE TYPE ARSENIC K CADMIUR CR COPPER LEAD ZINC CA MG
UNITS: SAMPLE Cm UG/L UG/L UG/L UG/L OG/L UG/L OG/L UG/L UG/L
FLD.GRP. I SAMPLE ID DATE TINE

OPS3 S O7ABB 09/04/86 13:11 SW G RI 0.0 STRM <4.00 2640 <5.20 (6.00 <1.90 418.5 <20.1 51000 14100
744051 5 01ABB 12/16/86 14:01 Sm G RI 0.0 STRM <3.90 3710 <5.16 -12.3 <7.94 <18.6 36.4 79800 15400
744052 5 01ABB 03/27/87 09:31 SW G RE 0.0 CREK (2.50 5080 <5.16 16.2 (7.94 (18.6 173 246000 81600
T440S3 5 071BB 06/16/87 00:00 SW G RI 0.0 CREK (3.07 2550 <5.16 (5.96 <7.94 (18.6 (20.1 63700 14400
OlQlW 43 01BAI 11/21/85 11:00 SW G RI 0.0 DTCH
OPSW 4 0711A 04/02/86 16:30 SW 9 RI 0.0 DTCH HA 4020 <5.20 <6.00 <7.90 (18.5 45.8 90300 18900
OPSW2 4 07BAA 06/12/86 15:10 SW G RI 0.0 DTCH 4.35 3640 <5.20 (6,00 (7.90 (18.5 33.4 76900 12200
OPS3 4 071A1 09/04/86 13:41 SW G RI 0.0 DTCH <4.00 3700 (5.20 <6.00 (7.90 <18.5 25.8 51100 11800

T44051 4 016A1 12/16/86 14:11 SW G RI 0.0 DTCH 6.26 2960 <5.16 <11.9 <7.94 <18.6 <20.1 306000 92900
744052 4 071A1 03/27/87 10:00 SW G RI 0.0 DTCH <2.50 5080 <5.16 <5.96 <7.94 (18.6 22.7 69200 13900
7440S3 4 071AA 06/16/87 14:21 SW G RI 0.0 DTCR (3.07 1770 (5.16 <5.96 <7.94 (18.6 <20.1 27400 7190
744054 4 011A1 10/12/87 12:38 SW G RE 0.0 DTCH (3.07 4500 <5.16 16.3 <7.94 (18.6 67.2 105000 22200
?4-SM 9 08001 12/20/85 09:05 SW G RI 0.0 STRH
O!WN 50 08ADD 11/22/85 09:00 SW G RI 0.0 CREK
OWQIN 66 08ADD 12/20/85 15:15 SW G RI 0.0 CREK
OPSW 11 08ADD 04/02/86 10:45 SW G RI 0.0 CREI 6.55 4410 (5.20 <6.00 <7.90 <18.5 24.2 117000 26900
OPSW2 11 08ADD 06/12/86 09:00 SW G RI 0.0 CREI <3.90 4230 (5.20 (6.00 (7.90 <18.5 (20.1 115000 20600
OPS3 11 08IDD 09/04/86 11:00 SW G RI 0.0 STRH (4.00 5640 <5.20 (6.00 <7.90 (18.5 <20.1 99000 20000

744051 11 08ADD 12/16/86 10:50 SW G RI 0.0 STRM <3.90 3710 <5.16 <11.9 (7.94 <18.6 25.2 86000 18500
7440S2 11 OBADD 03/26/87 11:00 SW G RE 0.0 CREK <2.50 5480 13.7 <5.96 21.1 <18.6 <20.1 82100 19000
T440S3 11 08ADD 06/16/87 09:33 SW G RI 0.0 CREK <3.07 2460 <5.16 (5.96 <7.94 (18.6 <20.1 24400 21600
T440S4 11 08ADD 10/16/87 12:37 SW G RI 0.0 CREK <3.07 5240 <5.16 12.5 <7.94 21.9 <20.1 95100 20400
OFQIW 42 12AAB 11/19/85 14:15 SW G RI 0.0 VYER
OPSW2 3 12AAB 06/16/86 12:45 SW G RI 0.0 BYER (3.90 11300 <51.6 <59.6 (79.4 <186 <201 60200 10200
OPS3 3 12AAB 09/05/86 12:51 SW G RI 0.0 BVER 4.72 7930 (5.20 <6.00 <7.90 <18.5 <20.1 101000 17100

744051 3 12AAB 12/17/86 11:15 SW G RI 0.0 RVER (3,90 7670 <5.16 <11.9 (7.94 <18.6 47.0 64500 13300
744052 3 12A11 03/27/87 10:31 SW G RE 0.0 RYER <2.50 10600 (5.16 6.21 10.7 (18.6 79.6 76200 15300
T44053 3 12AAB 06/117/87 11:34 SW G RI 0.0 RVER <3.07 3930 (5.16 <5.96 <7.94 (18.6 56.2 40200 8160
T44054 3 121A9 09/24/87 11:23 SW G RE 0.0 RVER (3.07 8820 (5.16 14.4 (7.94 (18.6 26.0 86500 17400

OPSW 3 12ABB 04/07/86 12:45 SW G RI 0.0 BVER <3.90 4530 28.6 31.3 32.1 28.6 81.1 70400 12800
OFQIW 49 13DCC 11/22/85 09:45 SW G RI 0.0 CREK
OWQIN 77 13DCC 12/20/85 11:00 SW G RI 0.0 CREK
OPSW 10 13DCC 04/02/86 12:30 SW G RI 0.0 CREK (3.90 4530 <5.20 (6.00 (7.90 <18.5 29.5 112000 44600

T44052 10 13DCC 03/26/87 14:14 SW G RI 0.0 CR11 6670 <5.16 (5.96 (7.94 <18.6 <20,1 10300 3300

744053 10 13DCC 06/17/87 12:52 SW G RI 0.0 CR11 3.50 5500 <5.16 (5.96 (7.94 <18.6 41.4 113000 36100
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RNA SURFACE WATER

STOUT CODE: 82035 71900 99133 77985 81598 34386 39300 39320 39330 39380 39390 39430 39350 98551METHOD CODE: B8 LB Q8 RB R8 SB Se SB Se SB SB sB MM8 TBPARANETEB: NA NIRCORT DBCP DCPD NIB! HCCPD P,P'-DDT P,P'-DDE ALDRIN DIRLDRIN ENDRIN ISODRIN CHLORDANE DINPUNITS: UG/L OG/L UG/L UG/L UG/L UG/L UG/L UG/L DG/L UG/L DG/L UG/L DG/L UG/LFLD.GRP. 9 SAMPLE ID DATl TINE
OPS3 5 07ABB 09/04/B6 13:11 47900 (0.240 (0.130 <9.31 (12.9 (0.070 (0-010 <0.053 <0.070 (0.060 (0.052 (0.060 (10.5T440S1 5 O71111 12/16/B6 14:01 99100 (0.500 (0.130 <3.31 (12.9 (0.070 (0.070 (0.053 (0.070 (0.060 (0.052 (0.060 (10.5T44052 5 07ABB 03/27/B? 09:31 544000 <0.359 <0.130 (9.31 (12.9 <0.070 (0.070 (0.053 (0.070 (0.060 <0.052 40.060 (10.5T440S3 5 07ABB 06/16/B7 00:00 71000 1.17 (0.130 <9.31 <12.9 (0.010 (0.070 <0.053 (0.070 <0.060 (0.052 <0.060 (10.5OFQIW 43 O7BA 11/21/85 11:00 (0.130 '9.31 (0.010 (0.060 (0.050 <0.060 22.0OPSN 4 07111A 04/02/B6 16:30 93900 <0.24 (0.130 <9.31 <12.9 <0.070 (0.053 (0.053 <0.010 (0.060 <0.052 <0.060 <10.5OPSN2 4 07BAA 06/12/86 15:10 52600 <0.240 (0.130 <9.31 <12.9 <0.070 <0.070 (0.053 <0.070 (0.060 (0.052 <0.060 (10.50PS3 4 O7RAh 09/04/B6 13:41 36600 (0.240 (0.130 (9.31 <12.9 (0.070 (0.070 (0.053 (0.070 <0.060 <0.052 <0.060 (10.5T440S1 4 07BAA 12/16/B6 14:11 615000 (0.500 (0.130 <9.31 <12.9 <0.010 <0.070 <0.053 <0.070 (0.060 <0.052 <0.060 (10.5744OS2 4 O7BAI 03/27/B7 10:00 66200 <0.359 (0.130 <9.31 (12.9 (0.070 (0.010 (0.053 <0.070 <0.060 <0.052 <0.060 <10.5T44053 4 071A1 06/16/B? 14:21 22600 <0.240 <0.130 <9.31 <12.9 <0.070 <0.070 <0.053 (0.070 <0.060 <0.052 <0.060 (10.5T440S4 4 07BAA 10/12/87 12:38 96500 <0.240 <0.130 <9.31 (12.9 <0.070 <0.070 <0.053 <0.070 <0.060 <0.052 (0.060 (10.5T4-SW 9 08001 12/20/85 09:05 <0.130 <9.31 <13.0 NA <0.050 <0.050 0.200 <0.060 <0.050 <0.060 <10.0OfQ1N 50 OBADD 11/22/85 09:00 <0.130 <9.31 <0.070 0.060 <0.050 (0.060 <10.0OFQII 66 08ADD 12/20/85 15:15 <0.130 <9.31 <0.070 <0.060 <0.050 <0.060 11.0OPSW 11 0BADD 04/02/BC 10:45 92600 <0.240 <0.130 <9.31 (12.9 <0.070 <0.053 <0.053 <0.070 <0.060 <0.052 (0.060 (10.5OPSW2 11 0BADD 06/12/B6 09:00 61200 <0.240 <0.130 <9.31 <12.9 <0.070 <0.070 <0.053 <0.070 (0.060 (0.052 <0.060 <10.5OPS3 11 OBADD 09/04/86 11:00 60100 <0.240 (0.130 <9.31 (12.9 40.070 (0.070 <0.053 <0.070 <0.060 <0,052 <0.060 <1H. IT440S1 11 OBIDD 12/16/86 10:50 60500 <0.500 <0.130 (9.31 <12.9 <0.070 <0.070 <0.053 (0.070 <0.060 <0.052 <0.060 (10.5T44052 11 08ADD 03/26/B? 11:00 59800 <0.359 <0.130 <9.31 <12.9 <0.070 <0.070 (0.053 <0.070 <0.060 <0.052 <0.060 <10.5T44053 11 08ADD 06/16/B? 09:33 66100 <0.240 <0.130 <9.31 <12.9 <0.070 <0.070 <0.053 <0.070 (0.060 <0.052 <0.060 (10.5T44054 11 08ADD 10/16/B? 12:3? 62400 <0.240 <9.31 <12.9 <0.070 <0.070 <0.053 <0.070 <0.060 <0.052 <0.060 (10.5OQWN 42 12AAB 11/19/85 14:15 <0.130 <9.31 0.100 <0.060 <0.050 <0.060 <10.0OPSW2 3 12AAB 06/16/BC 12:45 68B00 <0.240 <0.130 <9.31 <12.9 <0.070 <0.010 <0.053 <0.070 <0.060 <0.052 <0.060 <10.5OPS3 3 12AIB 09/05/BC 12:51 113000 <0.240 <0.130 <9.31 <12.9 <0.010 <0.070 <0.053 <0.070 <0.060 <0.052 <0.060 <10.5T440S1 3 12AAB 12/17/BC 11:15 118000 (0.500 (0.130 <9.31 (12.9 <0.010 <0.070 <0.053 <0.070 <0.060 <0.052 <0.060 <10.5?440S2 3 12A1B 03/27/87 10:31 120000 <0.359 <0.130 <9.31 <12.9 <0.070 <0.070 <0.053 <0.070 <0.060 <0.052 (0-060 <10.5

T440S3 3 12AAB 06/17/B? 11:34 40900 <0.240 <0.130 <9.31 <12.9 <0.070 <0.070 <0.053 <0.070 <0.060 <0.052 <0.060 <10.5T44054 3 12AAB 09/24/87 11:23 134000 <0.480 (0.130 <9.31 <12.9 <0.070 <0.070 <0.053 <0.070 <0.060 <0.052 <0.060 (10.5
OPSW 3 12ABB 04/07/86 12:45 77200 <0.240 <0.130 <9.31 (12.9 <0.070 <0.053 <0.053 <0.070 <0.060 <0.052 <0.060 <10.5
oFQIW 49 13DCC 11/22/85 09:45 <0.130 <9.31 <0.070 0.080 <0.050 <0.060 (10.0
OFQIN 77 13DCC 12/20/85 11:00 <0.130 <9.31 0.200 <0.060 (0.050 <0.060 17.0
OPSW 10 13DCC 04/02/BC 12:30 174000 <0.240 (0.130 <9.31 <12.9 <0.070 <0.053 <0.053 <0.070 <0.060 <0.052 <0.060 <10.5

T440S2 10 13DCC 03/26/87 14:14 12200 <0.359 <0.130 <9.31 <12.9 <0.070 <0.070 (0.053 <0.070 <0.060 <0.052 <0.060 <10.5
T44M~ 10 13DCC 06/17/87 12:52 129000 <0.240 <0.130 <9.31 <12.9 <0.010 <0.070 <0.053 <0.070 (0.060 <0.052 <0.060 <10.5
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RNA SURFACE WATER

STOWT CODE: 98552 81512 81580 98560 98561 98562 98563 98564 34010 34030 34371 98553 98554 98555
WOTIOD CODE: T8 08 08 08 08 U8 08 08 W8 vs W8 W8 B8 X8
PARANETER: DHIP B17 DNDS CPNS02 CPNSO CPHS 1,4-DITH 1,4-OXA0 TOLOEN 111911H ETHYLBENI A-I7L O&P-IYL CL
UNITS: UG/L OG/L UG/L UG/L UG/L OG/L OG/L OG/L UG/L UG/L UG/L 0G/L OG/L OG/L
FLD.GRP. I SANPLE ID DATE TIlE

OPS3 5 07ABB 09/04/86 13:11 (15.2 (1.80 <4.70 (4.20 (1.30 (1.10 (2.00 (1.21 (1.34 (1.28 (1.35 (2.47 56700
7440S1 5 07ABB 12/16/86 14:01 (15.2 (2.00 (1.80 <4.70 (4.20 1.30 (1.10 (2.00 (1.21 (1.34 (1.28 (1.35 (2.47 90000
7440S2 5 07ABB 03/271/87 09:31 (15.2 (2.00 (1.80 (4.70 (4.20 (1.30 (1.10 <2.00 1.21 (1.34 (1.28 (1.35 (2.47 231000
7440S3 5 07ABB 06/16/87 00:00 (15.2 <2.00 (1.80 (4.70 (4.20 (1.30 (1.10 (2.00 1.21 (1.34 (1.28 (1.35 <2.47 41600
OFQWN 43 07BAA 11/21/85 11:00 (15.2 NA NA NA NA NA (1.21 (1.34 (1.35 <2.47 150000
OPSW 4 07BAA 04/02/86 16:30 (15.2 14.70 (4.20 (11.7 (11.3 <20.0 (1.21 (1.34 (1.28 01.35 (2.47 76200
OPSN2 4 07BAA 06/12/86 15:10 (15.2 (1.80 (4.70 (4.20 (1.30 <1.10 (2.00 (1.21 <1.34 (1.28 '1.35 (2.47 37900
OPS3 4 O7BAA 09/04/86 13:41 (15.2 (1.80 (4.70 (4.20 (1.30 (1.10 (2.00 (1.21 <1.34 (1.28 (1.35 (2.47 50900

7440S1 4 07BAA 12/16/86 14:11 (15.2 (2.00 (1.80 (4.70 (4.20 (1.30 (1.10 (2.00 (1.21 (1.34 <1.28 (1.35 <2.47 250000
744052 4 07BAA 03/27/87 10:00 (15.2 (2.00 (1.80 <4.70 (4.20 (1.30 (1.10 <2.00 <1.21 (1.34 (1.28 (1.35 (2.47 57100
7440S3 4 071BAA 06/16/87 14:21 (15.2 (2.00 (1.80 (4.70 (4.20 (1.30 (1.10 (2.00 <1.21 <1.34 (1.28 (1.35 <2.47 23900
7440S4 4 O7BAA 10/12/87 12:38 (15.2 (2.00 <1.80 <4.70 (4.20 (1.30 <1.10 (2.00 <1.21 <1.34 (1.28 (1.35 <2.47 66400
T4-SW 9 08001 12/20/85 09:05 (15.2 (4.70 (4.20 (1.30 (1.10 (2.00 (1.21 <1.34 <1.00 (1.35 (2.47 52500
OWQIN 50 D8ADD 11/22/85 09:00 (15.2 NA NA NA NA NA NA HA NA NA 53700
OFQIN 66 O8ADD 12/20/85 15:15 (15.2 (4.70 (4.20 (1.30 (1.10 <2.00 <1.21 <1.34 (1.35 (2.47 56900
OPSW 11 O8ADD 04/02/86 10:45 (15.2 <4.70 <4.20 <11.7 (11.3 (20.0 (1.21 (1.34 <1.28 (1.35 (2.47 63300
OPSN2 11 08ADD 06/12/86 09:00 (15.2 <1.80 (4.70 (4.20 <1.30 (1.10 (2.00 <1.21 (1.34 <1.28 (1.35 <2.47 44800
OPS3 11 OBADD 09104/86 11:00 <15.2 (1.80 <4.70 (4.20 (1.30 (1.10 <2.00 (1.21 <1.34 (1.28 (1.35 (2.47 58200

T440S1 11 08ADD 12116/86 10:50 (15.2 (2.00 (1.80 (4.70 (4.20 (1.30 (1.10 <2.00 (1.21 (1.34 (1.28 <1.35 (2.47 46700
T44052 11 O8ADD 03/26/87 11:00 (15.2 (2.00 <1.80 (4.70 (4.20 (1.30 (1.10 (2.00 <1.21 (1.34 <1.28 (1.35 (2.47 48600
T440S3 11 O8ADD 06/16/87 09:33 (15.2 (2.00 (1.80 (4.70 (4.20 (1.30 (1.10 (2.00 (1.21 (1.34 (1.28 (1.35 <2.47 50800
7440S4 11 08ADD 10/16/87 12:37 (15.2 (2.00 (1.80 (4.70 (4.20 (1.30 (1.10 <2.00 (1.21 <1.34 (1.28 (1.35 <2.47 46300
OFQI 42 12AAB 11/19/85 14:15 (15.2 (4.70 (4.20 (1.30 (1.10 (2.00 <1.21 (1.34 (1.35 (2.47 82400
OPSN2 3 12AAD 06/16/86 12:45 (15.2 (1.80 (4.70 (4.20 (1.30 (1.10 (2.00 (1.21 <1.34 (1.28 (1.35 (2.47 31100
OPS3 3 12AAB 09/05/86 12:51 <15.2 (1.80 (4.70 (4.20 (1.30 <1.10 (2.00 <1.21 (1.34 (1.28 (1.35 <2.47 88700

7440S1 3 12AAD 12/17/86 11:15 (15.2 (2.00 (1.80 (4.70 (4.20 (1.30 <1.10 (2.00 (1.21 (1.34 (1.28 (1.35 (2.47 112000
7440S2 3 12AAD 03/27187 10:31 (15.2 (2.00 (1.80 (4.70 (4.20 (1.30 (1.10 (2.00 (1.21 (1.34 (1.28 (1.35 (2.47 103000
7440S3 3 12AAB 06/17/87 11:34 (15.2 (2.00 (1.80 (4.70 (4.20 <1.30 (1.10 (2.00 (1.21 (1.34 (1.28 (1.35 <2.47 36200
T440S4 3 12AAB 09/24/87 11:23 (15.2 <2.00 (1.80 (4.70 (4.20 (1.30 (1.10 <2.00 <1.21 (1.34 (1.28 <1.35 <2.47 103000
OPSW 3 12ADD 04/07/86 12:45 <15.2 (4.70 (4.20 (11.7 <11.3 (20.0 (1.21 (1.34 (1.28 (1.35 (2.47 53900
OFQIW 49 13DCC 11/22/85 09:45 <15.2 NA NA MA NA NA NA NA NA NA 84200
OFQWN 77 13DCC 12/20/85 11:00 (15.2 (4.70 (4.20 (1.30 <1.10 (2.00 (1.21 (1.34 <1.35 (2.47 88700
OPSN 10 13DCC 04/02/86 12:30 <15.2 <4.70 <4.20 (11.7 (11.3 <20.0 (1.21 (1.34 (1.28 (1.35 (2.47 111000

T440S2 10 13DCC 03/26/87 14:14 (15.2 (2.00 <1.80 (4.70 (4.20 (1.30 <1.10 (2.00 (1.21 (1.34 (1.28 (1.35 <2.47 96800
7440S3 10 13DCC 06/17/87 12:52 <15.2 (2.00 (1.80 (4.70 (4.20 (1.30 (1.10 <2.00 (1.21 (1.34 (1.28 <1.35 <2.47 78100
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RMA SURFACE WATER

STORET CODE: 98556 98581 32102 32106 34301 34423 34475 34496 34501 34506 34511 34531 34546 39180
BETHOD CODE: i8 18 Y8 18 Y8 Y8 Y8 Y8 18 Y8 18 18 18 Y8
PIRIARTIR: FL S04 CCL4 CRCL3 CLC685 METB1LCL MCLEE IIDCLE IIDCR 11TCR 112TCR 12DCLI T12DCR TRCLE
OUNITS: UG/L UG/L UG/L UG/L UG/L OG/L UG/L UG/L UG/L OG/L UG/L OG/L OG/L UGIL
FLD.GRP. I SAMPLE ID DATE TIE

OPS3 5 07ABB 09/04/86 13:11 <1200 129000 (2.40 41.40 (0.580 (5.00 <1.30 <1.20 (1.10 <1.70 <1.00 <0.610 <1.20 (1.10
1440S1 5 07ABB 12/16/86 14:01 <1200 173000 (2.40 (1.40 (0.580 (5.00 (1.30 (1.20 <1.10 <1.70 (1.0 <0.610 <1.20 (1.10
144052 5 07ABB 03/27/87 09:31 1590 1530000 (2.40 01.40 (0.580 (5.00 <1.30 (1.20 <1.10 <1.70 (1.00 <0.610 (1.20 (1.10
T44OS3 5 07ABB 06/16/87 00:00 <1220 197000 (2.40 (1.40 (0.580 (5.00 <1.30 <1.20 (1.10 (1.70 (1.00 <0.610 <1.20 i1.1.
OFW1N 43 07BIA 11/21/85 11:00 1550 (2.40 <1.40 (0.580 <1.30 (1.20 (1.10
OPSW 4 07BAA 04/02/86 16:30 (1200 151000 (2.40 (1.40 (0.580 (5.00 <1.30 <1.20 (1.10 1.70 (1.00 <0.610 <1.20 <1.10
OPSN2 4 07BAA 06/12/86 15:10 <1200 103000 (2.40 7.96 <0.580 (5.00 <1.30 <1.20 <1.10 <1.70 (1.00 <0.610 <1.20 (1.10
OPS3 4 MlBIA 09/04/86 13:41 <1200 83600 <2.40 (1.40 (0.580 <5.00 <1.30 <1.20 (1.10 <1.70 (1.00 <0.610 <1.20 (1.10

7440S1 4 07BAA 12/16/86 14:11 1730 1730000 (2.40 (1.40 (0.580 (5.00 (1.30 <1.20 (1.10 <1.70 <1.00 (0.610 <1.20 <1.10
T44052 4 07BAA 03/27/87 10:00 <1200 133000 (2.40 <1.40 (0.580 (5.00 (1.30 <1.20 (1.10 (1.70 (1.00 1.17 (1.20 (1.10
744053 4 OBAA 06/16/87 14:21 <1220 43000 (2.40 (1.40 (0.580 (5.00 <1.30 <1.20 (1.10 <1.70 (1.00 <0.610 <1.20 <1.10
744054 4 07BAA 10/12/87 12:38 <1220 178000 (2.40 <1.40 (0.580 (5.00 <1.30 <1.20 (1.10 <1.70 (1.00 <0.610 (1.20 (1.10
14-SN 9 08001 12/20/85 09:05 <1200 (2.40 <1.40 (0.580 (5.00 <1.30 <1.20 (1.10 (1.70 (1.00 (0.610 <1.20 (1.10
OFQlW 50 08ADD 11/22/85 09:00 <1200 PA NA NA NA NA NA
OFQIN 66 08ADD 12/20/85 15:15 <1200 (2.40 <1.40 (0.580 <1.30 <1.20 (1.10
OPSW 11 OBADD 04/02/86 10:45 <1200 141000 (2.40 <1.40 <0.580 <5.00 <1.30 <1.20 <1.10 <1.70 (1.00 <0.610 <1.20 (1.10
OPSN2 11 08ADD 06/12/86 09:00 <1200 123000 (2.40 <1.40 <0.580 (5.00 <1.30 <1.20 (1.10 (1.70 (1.00 (0.610 (1.20 (1.10
OPS3 11 08ADD 09/04/86 11:00 <1200 127000 (2.40 <1.40 <0.580 (5.00 <1.30 <1.20 (1.10 <1.70 <1.00 <0.610 <1.20 (1.10

M44051 11 08ADD 12/16/86 10:50 <1200 133000 (2.40 (1.40 (0.580 (5.00 <1.30 <1.20 (1.10 (1.70 (1.00 <0.610 <1.20 (1.10
744052 11 08ADD 03/26/87 11:00 <1200 11800 (2.40 <1.40 (0.580 (5.00 <1.30 <1.20 (1.10 <1.70 (1.00 (0.610 <1.20 <1.10
T440S3 11 08ADD 06/16/87 09:33 <1220 122000 (2.40 <1.40 <0.580 (5.00 <1.30 <1.20 (1.10 (1.70 (1.00 <0.610 <1.20 (1.10
14404 11 08ADD 10t16/87 12:37 <1220 124000 (2.40 <1.40 (0.580 (5.00 <1.30 <1.20 <1.10 <1.70 (1.00 <0.610 <1.20 01.10
T4-Sw 11 11001 12/20/85 13:45 <1200 (2.40 <1.40 (0.580 <5.00 <1.30 <1.20 (1.10 <1.70 (1.00 <0.610 <1.20 <1:10
OFQIN 42 12AAB 11/19/85 14:15 <1200 (2.40 <1.40 (0.580 <1.30 <1.20 <5.50
OPSW2 3 12A1B 06/16/86 12:45 (1200 85700 (2.40 (1.40 <0.580 <5.00 <1.30 <1.20 (1.10 <1.70 <1.00 <0.610 <1.20 (1.10
OPS3 3 12AAB 09/05/86 12:51 (1200 163000 (2.40 <1.40 (0.580 (5.00 <1.30 <1.20 (1.10 <1.70 <1.00 <0.610 <1.20 <1.10

7440S1 3 12AA1 12/17/86 11:15 <1200 193000 (2.40 (1.40 <0.580 (5.00 <1.30 <1.20 (1.10 <1.70 (1.00 <0.610 <1.20 (1.10
1440S2 3 12AA1 03/27/87 10:31 <1200 193000 <2.40 <1.40 (0.580 <5.00 <1.30 <1.20 (1.10 <1.70 <1.00 (0.610 <1.20 (1.10

T440S3 3 12AAB 06/17/81 11:34 (1220 84700 (2.40 <1.40 (0.580 (5.00 (1.30 <1.20 (1.10 <1.70 <1.00 <0.610 <1.20 <1.10

7440S4 3 12AAB 09/24/87 11:23 <1220 199000 (2.40 <1.40 (0.580 (5.00 <1.30 <1.20 (1.10 <1.70 (1.00 <0.610 <1.20 (1.10
OPSN 3 12ABB 04/071/86 12:45 <1200 121000 (2.40 <1.40 (0.580 (5.00 <1.30 <1.20 (1.10 <1.70 <1.00 <0.610 <1.20 <1.10

OFQIN 49 13DCC 11/22/85 09:45 <1200 NA NA 1A fA NA NA

OFQI 77 13DCC 12/20/85 11:00 <1200 (2.40 <1.40 <0.580 <1.30 <1.20 (1.10

OPSN 10 13DCC 04/02/86 12:30 <1200 281000 (2.40 (1.40 (0.580 (5.00 <1.30 <1.20 (1.10 <1.70 (1.00 (0.610 <1.20 (1.10

T440S2 10 13DCC 03/26/87 14:14 <1200 268000 (2.40 <1.40 <0.580 (5.00 <1.30 <1.20 (1.10 (1.70 (1.00 (0.610 <1.20 <1.10

T440S3 10 13DCC 06/17/87 12:52 (1220 254000 (2.40 (1.40 <0.580 (5.00 <1.30 (1.20 (1.10 <1.70 <1.00 (0.610 <1.20 <1.10



ENIONY NEN1TAL SCIENCE AND ENGINEERING, INC. DATE:05/IB/BB PAG[ 12

RNA SURFACE WITHR

STORE? CODE: 82035 71900 99133 77985 81596 34386 39300 39320 39330 39380 39390 39430 39350 98551
NETHOD CODE: B8 LB Q8 R8 RB SB SB SB SB sB SB SB 118 TB
PARAHETER: NA NERCORT DBCP DCPD MIIB HCCPD P,P -DDT P,P'-DDI ALDEIN DIKLDRIN INDRIN ISODRIN CILORDANE DIMP
UNITS: UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UGIL UG/L UG/L UG/L UG/L
FLD.GRP. I SANPLI ID DATE TINE

OMQM 48 14BDD 12/14/85 10:00 (0.130 <9.31 (0.070 (0.060 (0.050 (0.060 58.0
OPS1 9 14BDD 04/02/86 14:00 213000 <0.240 (0.130 <9.31 (12.9 <0.070 <0.053 (0.053 <0-*070 0.062 <0.052 <0.060 69.8
OPSV2 9 14BDD 06/16/86 14:40 302000 (0.240 (0.130 24.2 <12.9 <0.070 (0.070 (0.053 <0.070 (0.060 d0.052 (0.060 466
T440S1 9 14BDD 12/16/86 13:21 261000 <0.500 (0.130 31.5 (12.9 (0.070 <0.010 <0.053 <0.070 <0.060 (0.052 (0.060 550
744052 9 14BDD 03/26/87 15:20 157000 (0.359 (0.130 <9.31 <12.9 <0.010 <0.070 (0.053 (0,070 <0.060 (0.052 <0.060 89.3
744053 9 14BDD 06/17/87 13:20 158000 (0.240 (0.130 <9,31 <12.9 <0.070 <0.070 <0.053 (0.070 <0.060 <0.052 <0.060 14.6
T440S4 9 14BDD 10/12/87 16:49 253000 <0.240 (0.130 <9.31 <12.9 <0.070 (0.070 <0.053 <0.070 <0.060 (0.052 (0.060 196

OPSW 7 22CAA 04/15/86 10:45 13100 <0.240 (0.130 NA NA <0.070 (0.053 (0.053 (0.070 <0.060 (0.052 <0.060 <10.5
OPSW2 1 22CAA 06/16/86 10:00 63200 IL (0.130 <9.31 <12.9 (0.070 <0.070 (0.053 (0.070 <0.060 <0.052 (0.060 (10.5
OPS3 7 22CAA 09/05/86 11:00 68700 <0.240 <0.130 <9.31 <12.9 <0.010 (0.010 (0.053 (0.010 <0.060 <0.052 (0.060 (10.5

T44052 7 22CAA 04/08/81 11:11 89000 <0.359 <0.130 <9.31 <12.9 NA NA NA NA NA NA NA 11.1
T44053 7 22CAA 06/17/87 09:26 58800 (0.240 <0.130 (9.31 <12.9 <0.070 <0.010 (0.053 <0.010 <0.060 <0.052 (0.060- (10.5
T44054 7 22CAA 10/23/87 09:41 NA NA <0.130 <9.31 <12.9 <0.070 <0.070 <0.053 <0.010 <0.060 <0.052 <0.060 <10.5
OIQ1I 47 33A11B 12/12/85 10:00 <0.130 <9.31 0.100 <0.060 0.400 <0.060 <10.0
OPSN 8 33BB 04/15/86 08:30 58800 <0.240 <0.130 NA NA <0.010 <0.053 <0.053 <0.070 <0.060 <0.052 <0.060 <10.5
OPSV2 8 33ABB 06/16/86 12:00 45100 <0240 <0.130 <9.31 <12.9 <0.010 <0.070 <0.053 <0.070 <0.060 <0.052 <0.060 <10.5
0PS3 8 33ABB 09/05/86 11:40 123000 <0.240 <0.130 <9.31 <12.9 <0.070 <0.070 <0.053 <0.070 <0.060 <0.052 <0.060 <10.5

744051 8 331BB 12/17/86 09:40 101000 <0.500 <0.130 <9.31 <12.9 <0.010 <0.070 (0.053 <0.010 <0.060 <0.052 <0.060 <10.5
T440S2 8 331BB 04/08/87 12:11 60800 <0.359 <0.130 <9.31 <12.9 NA NA NA NA NAl NA NA <10.5
744053 8 33ABB 06/17/81 10:48 25000 <0.240 <0.130 <9.31 <12.9 <0.010 <0.010 <0.053 <0.010 <0.060 <0.052 <0.060 <10.5
T440S4 8 33ABB 10/23/87 10:55 65800 <0.240 <0.130 <9.31 <12.9 <0.070 <0.070 <0.053 <0.010 <0.060 <0.052 <0.060 <10.5
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BHA SURFACE WATER
STOUIT CODE: 98552 81512 8158 98560 98561 98562 98563 98564 34010 34030 34371 98553 98554 98555NETUOD CODE: 78 08 08 08 08 08 08 08 W8 W8 W8 W8 W8 18PARANITII: DMIP 1171 DMDS CPMS02 CPMSO CPHS 1,4-DITH 1,4-OXAT TOLOEN BEAlINI ETBTLBKNZ N-IlL OlP-IlL CLUNITS: UG/L UG/L UG/L UG/L DC/i DC/i UG/L UG/L UG/L UG/L UG/L UC/i DC/i DC/FLD.GRP. I SANFLE ID DATE TINE

OWQN 48 14BDD 12/14/85 10:00 <15.2 <4.70 <4.20 <1.30 <1.10 <2.00 (1.21 <1.34 (1.35 (2.47 142000OPSW 9 14BDD 04/02/86 14:00 <15.2 <4.70 <4.20 <11.7 (11.3 <20.0 -(1.21 <1.34 <1.28 (1.35 (2.41 151000OPSW2 9 14BDD 06/16/56 14:40 <15.2 <1.80 (4.10 <4.20 <1.30 2.21 <2.00 (1.21 <1.34 <1.28 (1.35 <2.41 295000T440S1 9 14IDD 12/16/86 13:21 <15.2 <2.00 <1.80 5.20 (4.20 <1.30 2.76 <2.00 <1.21 <1.34 (1.28 '1.35 (2.47 286000T440S2 9 14BDD 03/26/87 15:20 <15.2 (2.00 (1.80 <4.70 <4.20 <1.30 (1.10 (2.00 (1.21 <1.34 <1.28 <1.35 (2.47 147000T440S3 9 14BDD 06/17/87 13:20 <15.2 <2.00 <1.80 <4.70 <4.20 <1.30 <1.10 <2.00 <1.21 <1.34 <1.28 (1.35 <2.47 131000T440S4 9 14BDD 10/12/87 16:49 (15.2 (2.00 <1.80 <4.70 <4.20 (1.30 <1.10 <2.00 '1.21 (1.34 (1.28 <1.35 <2.41 185000OPSN 7 22CAA 04/15/86 10:45 (15.2 (4.70 (4.20 <1.30 (1.10 <2.00 (1.21 (1.34 (1.28 (1.35 <2.47 50500OFSW2 7 22CAI 06/16/86 10:00 <15.2 <1.80 <4.70 <4.20 01.30 <1.10 <2.00 (1.21 <1.34 <1.28 (1.35 (2.47 61100OPS3 7 22ChA 09/05/86 11:00 <15.2 (1.80 <4.70 <4.20 <1.30 <1.10 <2.00 (1.21 <1.34 <1.28 <1.35 <2.47 515007440S2 7 22CAA 04/08/87 11:11 <15.2 NA. NA NA NA Nl NH NA (1.21 <1.34 (1.28 <1.35 '2.47 70500T44053 7 22CIh 06/17/87 09:26 <15.2 <2.00 <1.80 <4.70 <4.20 <1.30 <1.10 (2.00 <1.21 (1.34 (1.28 (1.35 (2.47 59900T440S4 7 22CAA 10/23/87 09:41 (15.2 <2.00 <1.80 (4.70 <4.20 <1.30 <1.10 <2.00 (1.21 <1.34 (1.28 <1.35 <2.47 51400OWQN 47 33ABB 12/12/85 10:00 <15.2 <4.70 <4.20 <1.30 (1.10 (2.00 <1.21 <1.34 <1.35 (2.4? 54800OPSW 8 33ABB 04/15/86 08:30 <15.2 <4.70 <4.20 <1.30 <1.10 <2.00 '1.21 (1.34 (1.28 (1.35 <2.47 51300OPSW2 8 331BB 06/16/86 12:00 <15.2 <1.80 <4.70 <4.20 <1.30 <1.10 <2.00 <1.21 <1.34 <1.28 <1.35 (2.47 38609OPS3 8 33ABB 09/05/86 11:40 (15.2 <1.80 <4.70 <4.20 <1.30 <1.10 <2.00 <1.21 (1.34 <1.28 <1.35 <2.47 55300T440S1 8 33ABB 12/11/86 09:40 <15.2 (2.00 <1.80 <4.70 <4.20 <1.30 <1.10 <2.00 (1.21 (1.34 <1.28 (1.35 <2.47 97800T440S2 8 33ABB 04/08/87 12:11 <15.2 NA NA it NA NA PA NA <1.21 <1.34 <1.28 <1.35 <2.41 55700744053 8 33ABB 06/17/87 10:48 <15.2 <2.00 (1.80 <4.70 <4.20 <1.30 <1.10 <2.00 (1.21 <1.34 (1.28 <1.35 <2.47 24200T440S4 8 3311B 10/23/87 10:55 (15.2 <2.00 (1.80 <4.70 <4.20 <1.30 (1.10 (2.00 (1.21 (1.34 <1.28 <1.35 (2.47 53400
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RNA SURFACI NAWTH

STORI? CODI: 98556 98581 32102 32106 34301 34423 34475 34496 34501 34506 34511 34531 34546 39180RIlHOD CODI: 18 le 18 18 Y8 Y8 18 Y8 TO Y8 Y8 Y8 Y8 To
PARAHITIR: IL S04 CCL4 CHCL3 CLC6H5 HKTHYLCL TCLIK IIDCLK IIDCK IIMCI 112TCK 12DCLI TI2DCR TOCLIOUITS: OG/L OG/L OG/L UG/L OG/L UG/L UG/L OG/L UG/L OG/L OG/L DG/L DOGL OG/L
FLD.GRP. I SANPLI ID DATI TIN!

OWQ1N 48 14BDD 12/14/85 10:00 1470 <2.40 (1.40 (0.580 (1.30 (1.20 <1.10
OPSM 9 14BDD 04/02/86 14:00 1460 300000 <2.40 (1.40 (0.580 <5.00 (1.30 (1.20 01.10 (1.70 (1.00 (0.610 (1.20 (1.10OPSN2 9 14BDD 06/16/86 14:40 1780 410000 (2.40 <1.40 (0,580 (5.00 (1.30 (1.20 (1.10 (1.70 (1.00 (0.610 (1.20 (1.10

?440SI 9 14BDD 12/16/B6 13:21 1560 396000 (2.40 (1.40 <0.580 <5.00 (1.30 (1.20 (1.10 (1.70 (1.00 0.754 (1.20 (1.10
T440S2 9 14BDD 03/26/87 15:20 1280 328000 (2.40 (1.40 <0.580 (5.00 (1.30 (1.20 (1.10 (1.70 (1.00 (0.610 <1.20 (1.10
T440S3 9 14BDD 06/17/87 13:20 1290 288000 (2.40 01.40 <0.580 (5.00 <1.30 (1.20 (1.10 (1.70 <1.00 <0.610 (1.20 (1.10144054 9 14BDD 10/12/87 16:49 1910 369000 (2.40 (1.40 (0.580 (5.00 <1.30 (1.20 (1.10 <1.70 <1.00 (0.610 (1.20 (1.10OPSV 7 22CAA 04/15/86 10:45 (1200 104000 <2.40 (1.40 (0.580 (5.00 (1.30 (1.20 (1.10 <1.70 (1.00 <0,610 (1.20 (1.10
OPSN2 7 22CIA 06/16/86 10:00 (1200 118000 (2.40 (1.40 (0.580 (5.00 (1.30 (1.20 (1.10 (1.70 (1.00 (0.610 (1.20 (1.10
0PS3 7 22CAA 09/05/86 11:00 (1200 102000 (2.40 (1.40 (0.580 (5.00 (1.30 (1.20 (1.10 (1.70 (1.00 (0.610 (1.20 (1.10

T44052 7 22CAA 04/08/87 11:11 (1220 136000 (2.40 (1.40 (0.580 (5.00 (1.30 (1.20 (1.10 (1.70 (1.00 (0.610 (1.20 (1.107440S3 7 22CAA 06/17/87 09:26 <1220 98600 <2.40 <1.40 <0.580 <5.00 <1.30 (1.20 <1.10 (1.70 <1.00 <0.610 <1.20 (1.107440S4 7 22CAA 10/23/87 09:41 <1220 127000 <2.40 (1.40 (0.580 (5.00 (1.30 <1.20 (1.10 (1.70 <1.00 (0.610 <1.20 (1.10
OlQI 47 33ABB 12/12/85 10:00 <1200 <2.40 3.08 (0.580 <1.30 (1.20 (1.10OPSW 8 331BB 04/15/86 08:30 (1200 94200 <2.40 (1.40 <0.580 (5.00 (1.30 (1.20 (1.10 (1.70 (1.00 (0.610 <1.20 (1.10
OPS2 8 33ABB 06/16/86 12:00 (1200 96500 <2.40 (1.40 <0.580 (5.00 (1.30 (1.20 (1.10 (1.70 (1.00 (0.610 <1.20 (1.10
OPS3 8 33ABB 09/05/86 11:40 (1200 99300 (2.40 (1.40 (0.580 (5.00 (1.30 <1.20 (1.10 (1.70 (1.00 (0.610 <1.20 (1.10

T440S1 8 33hBB 12/17/86 09:40 (1200 176000 <2.40 (1.40 <0.580 (5.00 <1.30 (1.20 <1.10 (1.70 (1.00 (0.610 (1.20 <1.10744052 8 33ABB 04/08/87 12:11 (1220 112000 (2.40 <1.40 (0.580 <5.00 (1.30 (1.20 (1.10 (1.70 <1.00 (0.610 (1.20 (1.107440S3 8 33AIB 06/17/87 10:48 (1220 41800 (2.40 (1.40 (0.580 (5.00 (1.30 (1.20 (1.10 <1.70 (1.00 <0.610 (1.20 (1.101440S4 8 33ABB 10/23/87 10:55 (1220 138000 (2.40 <1.40 (0.580 (5.00 (1.30 (1.20 (1.10 (1.70 (1.00 (0.610 (1.20 <1.10



F.3 CC/MS ANALYTICAL RESULTS



GC/MS TRIP BLANK DATA



ENVIRONMENTAL SCIENCE AND ENGINEER. , INC. DATE:09/23/88 PACE I

GCMS TRIP BLANKS

STORET CODE: 34371 34030 81596 81580 34496 34531 34506 34511 34423 32106 32102 34546 34010 34301
METHOD CODE: M8 M8 M8 M8 M8 M8 M8 MB MB MB M8 M8 M8 M8
PARAMETER: ETHYBENZ BENZENE MIBK DMDS IIDCLE 12DCLE 111TCE 112TCE METHYLCL CHCL3 CCL4 T12DCE TOLUEN CLC6H5
UNITS: UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L
FLD.GRP. # SAMPLE ID DATE TIME

T4TBKC 2 TBK2 06/04/86 60:0 <(1.9 <1.0 <2.0 <3.0 <2.9 <1.0 <1.6 <1.0 <5.80 <1.60 <2.0 <2.0 <1.6 <2.0
T4TBKC 3 TBK3 96/05/86 00:00 <1.6 <1.8 <2.9 <3.0 <2.0 <1.0 <1.0 <1.6 <5.00 <1.00 <2.0 <2.0 (1.6 <2.0
T4TBKC 5 TBK5 66/12/86 0e:00 <1.0 <1.6 <2.0 <3.0 <2.0 <1.0 <1.0 <1.0 <5.00 <1.00 <2.0 <2.0 <1.0 <2.9
T4TBKC 6 TBK6 66/23/86 0:00 <(1.6 <1.0 <2.9 (3.0 <2.0 <1.0 3.9 <1.0 <5.00 <1.00 <2.6 <2.0 <1.0 <2.0
T4TBKC 7 TBK7 06/24/86 00:00 <1.0 <1.0 <2.0 <3.0 <2.0 <1.6 <1.0 <1.0 <5.00 <1.00 <2.0 <2.6 <1.0 <2.0
T4TBKC 8 TBK8 06/24/86 96:66 <1.0 <1.0 <2.8 <3.0 <2.6 <1.0 <1.6 <1.0 <5.06 <1.06 <2.0 <2.0 <1.0 <2.0
T4TBKC 9 TBK9 06/26/86 06:60 <1.0 <1.6 (2.0 <3.0 <2.0 <1.0 <1.0 (1.0 <5.80 <1.06 <2.0 <2.0 <1.0 <2.0
T4TBKC 10 TBKIO 06/27/86 00:00 <1.6 <1.0 <2.0 <3.0 <2.0 <1.0 <1.0 <1.0 <5.00 <1.00 <2.0 <2.0 <1.0 <2.0
T4TBKC 11 TBKII 06/30/86 08:52 (1.0 <1.6 <2.6 <3.0 <2.0 <1.0 <1.0 <1.0 <5.00 <1.00 <2.0 <2.0 <1.0 <2.0
T4TBKC 12 TBK12 07/01/86 00:00 <1.6 <1.0 <2.0 <3.0 <2.0 <1.9 <1.0 <1.6 <5.00 <1.00 <2.0 <2.6 <1.0 <2.0T4TBC 3 TB3 08/28/86 00:00 <1.0 <1.0 <2.6 <3.0 <2.0 <1.0 <1.0 <1.0 6.66 <1.68 <2.0 <2.0 <1.0 <2.6
T4TBC 4 TB4 09/02/86 66:00 <1.0 <1.0 <2.0 <3.6 <2.0 <1.0 <1.6 <1.0 5.88 <1.00 <2.0 <2.0 <1.0 <2.9
T4TBC 5 TB5 09/03/86 00:00 <1.0 <1.0 <2.9 <3.0 <2.6 <1.0 <1.0 <1.0 6.79 14.3 <2.0 <2.0 1.3 <2.8
T4TBC 6 TB6 09/e4/86 00:00 <1.6 <1.6 <2.0 <3.0 <2.0 <1.0 <1.6 <1.0 6.41 <1.00 <2.0 <2.0 <1.0 <2.0
T4TBC 7 TB7 09/05/86 60:00 <1.0 <(1. <2.0 <3.0 <2.0 <1.6 <1.0 <1.0 <5.00 <1.00 <2.0 <2.0 1.9 <2.0
T4TBC 8 TB8 09/08/86 00:06 <1.0 <1.9 <2.0 <3.0 <2.0 <1.0 <1.0 <1.0 <5.00 <1.66 <2.e <2.6 <1.0 <2.0
OPTBC 4 TB4 69/12/86 06:06 <1.0 <1.9 <2.0 <3.6 <2.0 <1.0 <1.6 (1.6 <5.00 <1.00 <2.0 <2.e <1.0 <2.6
T4TBC 9 TB9 09/15/86 08:00 <1.6 <1.6 <2.0 <3.0 <2.6 <1.0 <1.0 <1.0 <5.00 <1.00 <2.6 <2.0 <1.0 <2.0
T4TBC 16 TBI1 09/17/86 00:00 <1.6 <1.0 <2.0 <3.0 <2.0 <1.0 <1.0 <1.6 <5.00 <1.00 <2.0 <2.0 <1.0 <2.9
T4TBC 11 TBIl 09/18/86 00:00 <1.0 <1.0 <2.0 <3.6 <2.0 <1.0 <1.0 <1.0 8.45 <1.00 <2.0 <2.6 <1.0 <2.0T4TBC 12 TBI2 09/19/86 W6:66 <1.0 <1.0 <2.0 <3.0 <2.0 <1.8 <1.0 <1.0 <5.00 <1.00 <2.0 <2.0 1.1 <2.0
T4TBC 13 TB13 09/22/86 00:00 <1.0 <1.0 <2.0 (3.0 <2.0 <1.6 <1.0 <1.0 <5.00 <1.00 <2.0 <2.0 <1.0 <2.6
T4TBC 14 TB14 e9/23/86 00:00 <1.0 <1.0 <2.0 <3.6 <2.0 <1.0 <1.6 <1.0 <5.00 <1.00 <2.0 <2.0 <1.0 <2.6
T4TBC 15 TBI5 09/24/86 00:00 <1.0 <1.0 <2.0 <3.0 <2.0 <1.0 <1.0 <1.0 <5.00 <1.00 <2.0 <2.0 <1.0 <2.0T4TBC 16 TBI6 09/26/86 00:06 <1.0 <1.0 <2.0 <3.0 <2.6 <1.0 <1.0 <1.0 <5.00 <1.00 <2.0 <2.0 <1.0 <2.0
T4TBC 17 TBI7 09/29/86 00:00 <1.0 <1.0 <2.0 <3.0 <2.0 <1.0 <1.0 <1.0 <5.00 <1.00 <2.0 <2.0 <1.0 <2.0

T44GMS3 50 TB1 05/05/87 00:00 <1.0 <1.0 <2.9 <3.0 <2.0 <1.0 <1.0 <1.0 <5.00 <1.00 <2.0 <2.0 <1.0 <2.6
T44CMS3 51 T82 e5/06/87 00:00 <1.0 <1.0 <2.0 <3.6 <2.0 <1.0 <1.0 <1.6 <5.00 <1.00 <2.e <2.0 <1.0 <2.0T44GMS3 52 TB3 05/08/87 00:00 <1.0 <1.1 <2.9 <2.5 <2.0 <1.0 <1. <1.0 15.9 <1.00 <1.5 <1.2 <1.0 <2.1
T44GMS3 53 TB4 e5/11/87 00:00 <1.0 <1.1 <2.9 <2.5 <2.0 <1.0 <1.0 <1.0 <4.80 <1.00 <1.5 <1.2 <1.0 <2.1
T44GMS3 54 TB5 05/12/87 00:00 <1.0 <1.1 <2.0 <2.5 <2.0 <1.0 <1.0 <1.0 <4.80 <1.00 <1.5 <1.2 <1.0 <2.1
144GMS3 55 TB6 05/13/87 07:52 <1.0 <1.1 <2.0 <2.5 <2.0 <1.0 <1.6 <1.0 <4.86 <1.00 <1.5 <1.2 <1.0 <2.1
T44GMS3 56 TB7 05/18/87 0W:OO <1.0 <1.1 <2.0 <2.5 <2.0 <1.0 <1.0 <1.0 <4.80 <1.66 <1.5 <1.2 <1.0 <2.1
744GMS3 57 TB8 05/19/87 00:@e <1.0 <1.1 <2.0 <2.5 <2.0 <1.0 <1.0 <1.0 9.81 <1.00 <1.5 <1.2 <1.0 <2.1T44GMS3 59 TBIO 67/09/87 07:20 <1.0 <1.1 <2.9 <2.5 <2.0 <1.0 <1.6 <1.0 5.72 <1.00 <1.5 <1.2 <1.0 <2.1
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GCMS TRIP BLANKS

STORET CODE: 34475 39180 98553 98554 99133 77985 98633
METHOD CODE: M8 MB me M8 MB M8 MB
PARAMETER: TCLEE TRCLE M-XYLENE OP-XYL, DBCP DCPD BCHD
UNITS: UG/L UG/L UG/L UG/L UG/L UG/L UG/L
FLD.GRP. # SAMPLE ID DATE TIME

T4TBKC 2 TBK2 86/e4/86 ee:ee (i.0 <i.0 <i.e <2.0 <4.8 <2.0 <i.e
T4TBKC 3 TBK3 86/85/86 ee:0e <1.8 <i.e <i.e <2.0 <4.0 <2.0 <i.e
T4TBKC 5 TBK5 06/12/86 00:00 <i.e <i.e <i.e <2.0 <4.0 (2.0 <1.0
T4TBKC 6 TBK6 86/23/86 00:00 <i.e <i.e <i.0 <2.0 <4.0 (2.0 <i.0
T4TBKC 7 TBK7 86/24/86 80:00 <1.8 <i.e <i.e <2.8 <4.0 <2.8 <1.0
T4TBKC 8 TBK8 86/24/86 00:08 <i.e <i.0 <1.8 <2.0 <4.8 <2.0 <1.8
T4TBKC 9 TBK9 86/26/86 00:88 <1.8 <I.e <1.8 <2.8 <4.8 <2.0 <1.0
T4TBKC 10 TBKI@ 06/27/86 88:88 <i.e <i.e <i.e <2.0 <4.0 (2.0 <i.e
T4TBKC 11 TBKII 06/30/86 88:52 <i.e <i.0 <i.e <2.8 <4.0 <2.0 <1.0
T4TBKC 12 TBK12 87/81/86 08:80 <1.8 <1.8 <i.e <2.8 (4.0 <2.8 <1.8
T4TBC 3 TB3 88/28/86 80:08 <1.8 <1.8 <1.8 <2.8 <4.0 <2.0 <1.8
T4TBC 4 TB4 89/82/86 08:08 <1.0 <1.8 <1.8 <2.0 (4.0 <2.8 <1.8
T4T8C 5 TB5 e9/03/86 08:08 (1.8 <1.8 <1.8 <2.8 <4.8 <2.8 <1.0
T4TBC 6 TB6 89/84/86 08:88 <1.0 <1.8 <1.0 <2.0 <4.8 <2.8 <1.0
T4TBC 7 T87 e9/05/86 08:08 <1.8 <1.0 <1.8 <2.8 <4.8 <2.0 <1.8
T4TBC 8 TB8 09/08/86 88:08 <i.e <i.e <1.8 <2.8 <4.8 <2.0 <1.0
OPTBC 4 TB4 89/12/86 80:88 <1.0 <1.0 <1.8 <2.8 <4.8 <2.8 <1.8
T4TBC 9 T89 89/15/86 80:88 <i.e <i.e <i.e <2.8 <4.8 <2.8 <1.0
T4TBC 18 TBIO 89/17/86 80:88 <1.0 <1.0 <1.8 <2.8 <4.8 <2.8 <1.0
T4TBC 11 TBIl 89/18/86 00:08 <1.0 <1.8 <1.0 <2.8 <4.8 <2.8 <1.0
T4TBC 12 TB12 89/19/86 08:88 <1.0 <1.8 <1.0 <2.8 <4.80 <2.0 <1.8
T4TBC 13 TB13 89/22/86 88:80 <1.8 <1.8 <1.8 <2.8 <4.0 <2.8 <1.8
T4TBC 14 T814I 89/23/86 88:88 <1.8 <1.0 <1.8 <2.8 <4.8 <2.8 <1.0
T4TBC 15 TB15 89/24/86 88:00 <1.8 <1.0 <1.8 <2.8 <4.8 <2.0 <1.8
T4TBC 16 TBI6 89/26/86 00:80 <1.8 <1.8 <1.8 <2.8 <4.0 <2.8 <1.8
T4TBC 17 TBI7 89/29/86 08:08 <1.0 <1.8 <1.8 <2.8 <4.8 <2.0 <1.8

T44GMS3 50 TBI 05/85/87 88:88 <1.0 <1.8 <1.8 <2.8 <4.8 <2.8 <1.8
T44GMS3 51 TB2 85/86/87 80:88 <1.8 <1.8 <1.8 <2.8 <4.0 <2.8 <1.8
T44GMS3 52 TB3 e5/08/87 00:88 <1.8 <1.8 <1.8 <2.8 <3.8 <1.1 <1.0
744GMS3 53 TB4 85/11/87 00:08 <1.8 <1.8 <1.0 <2.8 <3.8 <1.1 <1.0
T44GMS3 54 TB5 85/12/87 00:88 <1.8 <1.0 <1.8 <2.8 <3.8 <1.1 <1.0
T44GMS3 55 T86 85/13/87 07:52 <1.0 <1.0 <1.8 <2.8 <3.8 <1.1 <1.8
T44GMS3 56 TB7 85/18/87 08:80 <1.8 <1.8 <1.0 <2.8 <3.8 <1.1 <1.8
T44GMS3 57 TOB 85/19/87 08:80 <1.8 <1.8 <1.8 <2.8 <3.8 <1.1 <1.0
T44GMS3 59 TBIO 87/09/87 87:28 <1.0 <1.8 1.4 <2.8 <3.8 <1.1 <1.8



3RD QUARTER FY 1986 TASK 4 GCIMS CONFIRMATION DATA

FIELD CROUP NUMBERS TC44, T4BWC, AND OPW2C ARE GCIMS RESULTS
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SAMPLE LIST T4C

STORET CODE: 98551 34386 39330 39430 39320 39380 39398 39300 81580 98564 98563 98562 81512 98561
METHOD CODE: BB8 S8 58 S8 S8 SB 5e S85 8 U8 U8 U8 U8 U8
PARAMETER: DIMP HCCPD ALDRIN ISODRIN P.P'-DDE DIELDRIN ENDRIN P.P'-DDT DM05 1.4-OXAT 1.4-DITH CPMS BTZ CPMSO
UNITS: UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L
FLD.GRP. I SAMPLE -ID DATE TIME

T4CC 3 01020 06/25/86 10:30 <5.7 (11.0 (4.70 (5.90 (4.78 (4.70 (7.60 <10.0 <3.80 <6.10 25.4 (14.0 (17.0
T4CW 3 01020 06/25/86 10:38 <11 <0.070 (0.070 <0.060 <0.053 <0.060 (8.052 <0.078 (1.80 4.96 33.5 <1.38 <4.20
14814 9 11002 05/29/86 08:45 <11 <0.070 <0.070 <0.060 (8.053 <0.860 (8.052 (8.070 <1.88 (2.08 <1.18 <1.38 <4.20

T48WC 2 11082 05/29/86 08:45 *<5.7 *<11j0 *<4.70 *(5.90 *(4.70 *(4.70 *<7.60 *(I8.0 <3.08 *(6.10 *<11.0 *(14.0 *<17.0
T4CC 4 82819 06/24/86 09:06 <5.7 <11.0 <4.70 <5.98 <4.70 (4.70 (7.68 (18.8 <3.08 (6.10 <11.8 <14.0 <17.0
T4CW 15 02819 06/24/86 09:06 <11 (8.870 <0.070 <0.860 <0.053 (8.060 <0.052 <0.070 <1.80 (2.00 (1.10 <1.38 <4.20
14CC 5 02030 06/27/86 14:01 (5.7 (11.8 (4.70 (5.90 (4.70 (4.70 <7.60 (10.0 (3.00 (6.10 <11.0 <14.0 (17.0
I4CW 17 02038 06/27/86 14:01 <11 (0.070 (0.070 (0.060 (0.053 (0.060 (0.052 <0.070 <1.80 <2.00 <1.10 (1.38 <4.20
14CC 6 02035 06/25/86 89:02 (5.7 (11.0 (4.70 (5.90 (4.70 (4.70 <7.60 (10.0 <3.80i <6.10 <11.0 <14.8 (17.0
I4CW 20 02035 06/25/86 09:02 <11 <0.070 (0.070 (0.060 <0.053 <0.060 (0.052 <0.070 <1.80 (2.00 (1.10 <1.30 (41.20
14CC 7 02837 06/23/86 11:26 (5.7 (11.0 <4.70 (5.90 (4.70 <4.70 <7.68 (10.8 (3.00 (6.10 <11.0 (14.0 <17.0
I4CW 22 02037 06/23/86 11:26 <11 (0.070 (0.070 <0.060 <0.053 0.437 (8.052 (0.070 (1.80 (2.00 <1.10~ <1.30 (4.20
T4CC 8 02038 06/23/86 15:55 (5.7 (11.0 (4.70 (5.90 <4.70 (4.70 <7.60 (10.0 <3.00 (6.10 (11.0 (14.0 <17.0
T4C14 23 02838 06/23/86 15:55 <11 <0.070 (0.070 (0.060 (0.053 0.229 (8.052 <0.070 (1.80 (2.00 (1.10 <1.38 (4.20
14ICC 9 02839 06/24/86 10:05 <5.7 (11.0 (4.70 (5.90 (4.70 (4.70 <7.60 <10.0 (3.00 (6.10 (11.0 <14.0 (17.0
T4CW 24 02039 06/24/86 10:05 <11 (0.070 (0.070 (0.060 <0.053 (0.060 (0.052 <0.070 <1.80 (2.00 (1.10 (1.30 (4.20
14CC 11 22021 06/12/86 09:37 (5.7 (11.8 (4.70 (5.90 (4.70 (4.70 <7.60 <10.0 <3.00 <6.10 (11.0 (14.0 (17.0
T4CW 26 22821 06/12/86 09:37 <11 <0.070 (0.070 (0.060 <0.053 (0.060 <0.052 <0.070 (1.80 (2.00 (1.18 (1.30 (4.20
14CC 12 22024 06/12/86 07:28 <5.7 (11.0 (4.70 <5.90 (4.70 (4.78 <7.60 <10.8 <3.00 (6.10 (11.0 <14.0 <17.0
T4CW 27 22824 06/12/86 07:28 <11 (0.070 (<0. 070 (0.060 <0.053 (0.060 (8.052 (8.070 (1.80 (2.00 (1.10 (1.30 (4.20
14CC 13 23142 06/26/86 08 :4 7 658 (11.0 (4.70 (5.90 (4.70 (4.78 <7.60 (18.0 (3.00 (6.10 28.2 (14.8 (17.0
T4CW 34 23142 06/26/86 08:47 96 (8.350 (0.350 <0.300 (0.265 (8.300 <0.260 <0.350 <1.80 3.64 17.8 <1.30 (4.28
14CC 15 23177 06/12/86 15:00 24 (11.0 (4.70 (5.90 (4.70 (4.78 <7.60 (10.0 <3.80 <6.10 <11.0 (14.0 <17.0
T4CW 36 23177 06/12/86 15:00 33 (0.070 0.107 (0.060 (8.053 (0.060 (8.052 <0.070 (1.80 <2.00 (1.10 <1.30 (4.20
14CC 16 23179 06/12/86 09:42 510 <11.0 (4.70 (5.90 <4.70 (4.70 <7.60 <18.0 3.56 9.36 43.7 34.7 (17.0
T4CW 37 23179 06/12/86 09:42 598 1.92 (0.700 (0.060 <0.530 (0.860 (0.520 <0.700 <1.88 15.8 78.5 66.3 29.1
14CC 17 23185 06/19/86 10:03 3880 (11.0 (4.70 (5.90 (4.70 (4.70 <7.60 (10.0 <3.00 (6.18 (11.0 <14.0 (17.0
T4CW 41 23185 06/19/86 10:83 4808 <0.070 0.455 (0.060 <0.053 (0.060 (0.052 (0.070 <1.80 2.35 2.85 2.32 (4.20
14CC 18 23188 06/19/86 11:46 670 (11.0 (4.70 <5.90 (4.70 (4.70 (7.60 (10.0 <3.80 <6.10 45.1 (14.0 (17.0
T4C14 44 23188 06/19/86 11:46 1108 (8.070 0.192 (0.060 (0.053 0.083 8.110 0.095 <1.80 3.71 31.2 (1.30 (4.20
14CC 19 23198 06/19/86 12:41 (5.7 (11.0 (4.70 (5.98 (4.70 (4.70 (7.60 (10.0 <3.00 (6.10 (11.0 (14.0 < 17.0
T4CI. 45 23198 06/19/86 12:41 <11 (0.070 (0.070 (0.060 (0.053 (0.860 <0.052 (0.870 <1.80 (2.00 (1.10 <1.38 (4.20
T4BW 16 2415 I 15O/29/16 09:08 <11 (0.078 <0.070 (0.060 <*0.03 (10.68 <.0512 <8.870 <1.80 (2.00 (1.10 <1.38 (4.28

T4BWC 3 24150 05/29/86 09:00 *<5.7 *(11.0 *(4.70 *<5.90 *(4.78 *(4.78 *<7.60 *(10.0 (3.08 *(6.10 *<11.0 *<14.0 *(17.0
14CC 28 24178 06/19/86 14:22 210 (11.0 (4.70 (5.90 (4.70 (4.78 <7.68 <10.0 <3.00 (6.10 (11.0 (14.0 67.8
T4CW 50 24178 06/19/86 14:22 298 <0.140 (0.140 (0.120 (0.106 0.865 0.739 (0.140 <1.80 <2.00 (1.10 20.6 122
14CC 21 25023 06/25/86 08:36 (5.7 (11.0 (4.70 (5.90 <4.70 (4.70 <7.60 (10.0 <3.88 (6.10 (11.0 (14.0 <17.0
T4C14 59 25023 06/25/86 08:36 <11 (0.070 (0.070 <0.060 <0.053 (0.060 (0.052 (0.070 <1.80 (2.00 <1.10 (1.30 (4.28
14CC 23 26041 06/27/86 10:28 2300 <11.0 (4.70 (5.90 (4.70 <4.70 <7.60 <10.0 183 (6.10 64.9 (14.0 (17.0
T4CW 65 26841 06/27/86 10:28 3100 <0.700 6.53 (0.600 <0.530 (0.608 (0.520 <0.700 <1.80 (2.00 56.1 (1.30 (4.20
14CC 22 26066 06/25/86 09:25 78 (11.0 (4.70 (5.90 (4.70 (4.78 <7.60 (10.0 <3.00 39.1 268 <14.0 (17.0
T4CW 64 26866 06/25/86 09:25 88 (0.070 (0.070 (0.060 <0.053 (0.060 <0.052 (0.070 <1.80 32.8 342 1.39 (4.20
T4CC 24 26073 06/26/86 09:52 (5.7 (11.8 (4.70 <5.90 (4.70 (4.70 <7.68 <10.0 <3.00 (6.10 <11.0 (14.0 (17.0
I4CW 66 26873 06/26/86 09:52 <11 (0.700 (0.700 (0.600 (0.530 (0.600 (0.520 (8.700 <1.88 <2.00 <1.10 (1.30 (4.20
14CC 25 26083 06/23/86 14:52 <5.7 <11.0 (4.70 <5.90 (4.70 (4.70 <7.60 (10.0 <3.80 <6.10 <11.0 <14.8 (17.0
T4CW 68 26883 06/23/86 14:52 <11 (0.070 (0.070 (0.060 <0.053 (0.060 (8.052 (0.070 <1.80 <2.00 (1.10 (1.30 (4.20
14CC 26 26084 06/23/86 13:57 <5.7 <11.0 (4.70 (5.90 <4.70 (4.78 <7.60 (10.0 (3.00 (6.10 (11.0 <14.0 (17.0
T4CW 69 26884 06/23/86 13:57 <11 (0.070 (0.070 (0.060 <0.053 0.204 (8.052 (8.070 <1.80 (2.00 (1.10 <1.30 (4.20
14ICC 27 26085 06/26/86 14:20 92 <11.0 (4.70 (5.90 (4.70 <4.70 <7.60 <10.0 <3.00 (6.10 <11.0 (14.0 (17.0
T41CW 70 26085 06/26/86 14:20 110 (0.700 1.85 (0.600 <0.530 <0.600 (0.520 (8.700 <1.80 (2.00 (1.10 (1.30 (4.20
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SAMPLE LIST 14C

STORET CODE: 81596 34030 34010 34371 98553 98554 34423 34501 34496 34546 32106 34531 34506 32102
METHOD CODE: R8 W8 W8 W8 W8 W8 Y8 Y8 Y8 YB YB YB YB YB
PARAMETER: MIBK BENZENE TOLUEN ETHYLBENZ M-XYL O&P-XYL METHYLCL I1DCE IIDCLE T12DCE CHCL3 12DCLE IIIICE CCL4
UNITS: UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L
F LD. GRP. If SAMPLE ID DATE TIME

14CC 3 01020 06/25/86 10:30 (2.00 (10.0 <1.00 <1.00 (1.00 (2.00 11.4 16.6 4.19 1170 1.53 2.71 (2.00
14C14 3 01020 06/25/86 10:30 (12.9 <1.34 <1.21 <1.28 <1.35 (2.47 6.16 2.75 (24.0 (12.0 >200 <6.10 (17.0 (24.0
TOBW 9 11002 05/29/86 08 :4 5 (12.9 (1.34 (1.21 <1.28 (1.35 (2.47 <5.00 (1.10 (1.20 (1.20 (1.40 (0.610 (1.70 (2.40

T4BWC 2 11002 .05/29/86 08:45 (2.00 1.96 (1.00 (1.00 (1.00 <2.00 <5.00 (2.00 <2.00 (1.00 <1.00 (1.00 (2.00
14CC 4 02019 06/24/86 09:06 5.71 16.5 (1.00 (1.00 (1.00 <2.00 <5.00 <2.00 <2.00 (1.00 <1.00 (1.00 (2.00
T4CW 15 02019 06/24/86 09:06 (12.9 37.2 4.52 (1.28 <1.35 <2.47 <5.00 (1.10 <1.20 (1.20 (1.40 <0.610 <1.70 <2.40
14CC 5 02030 06/27/86 14:01 <2.00 <1.00 1.49 (1.00 (1.00 <2.00 (5.00 (2.00 <2.00 168 (1.00 (1.00 8.84
T4CW 17 02030 06/27/B6 14:01 (12.9 (1.34 (1.21 (1.28 (1.35 <2.47 <5.00 <1.10 <1.20 (1.20 115 <0.610 (1.70 9.53
14CC 6 02035 06/25/86 09:02 <2.00 (1.00 <1.00 <1.00 (1.00 <2.00 14.9 7.52 <2.00 283 <1.00 <1.00 7.84
T4CW 20 02035 06/25/86 09:02 (12.9 <1.34 <1.21 <1.28 (1.35 <2.47 <5.00 <1.10 8.38 (1.20 195 <0.610 <1.70 7.54
14CC 7 02037 06/23/86 11:26 <2.00 <1.00 <1.00 (1.00 (1.00 <2.00 <5.00 <2.00 <2.00 5.58 <1.00 <1.00 <2.00
14CW 22 02037 06/23/86 11:26 (12.9 <1.34 <1.21 <1.28 <1.35 <2.47 (5.00 (1.10 <1.20 (1.20 2.79 <0.610 (1.70 <2.40
14CC 8 02038 06/23/86 15:55 (2.00 <1.00 (1.00 <1.00 (1.00 <2.00 <5.00 <2.00 <2.00 9.18 <1.00 <1.00 <2.00
T4CW 23 02038 06/23/86 1S:55 <12.9 <1.34 <1.21 (1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 7.44 (0.610 (1.70 (2.40
14CC 9 02039 06/24/86 10:0S (2.00 <1.00 (1.00 (1.00 (1.00 <2.00 (5.00 <2.00 <2.00 (1.00 <1.00 <1.00 <2.00
T4CW 24 02039 06/24/86 10:05 <12.9 <1.34 (1.21 (1.28 (1.35 (2.47 <5.00 (1.10 <1.20 (1.20 <1.40 <0.610 (1.70 <2.40
14CC 11 22021 06/12/86 09:37 (2.00 <1.00 (1.00 (1.00 <1.00 (2.00 <5.00 <2.00 <2.00 17.5 <1.00 <1.00 <2.00
T4CW 26 22021 06/12/86 09:37 (12.9 (1.34 (1.21 <1.28 (1.35 <2.47 (5.00 (1.10 (1.20 <1.20 I11.6 <0.610 <1.70 <2.40
14CC 12 22024 06/12/86 07:28 <2.00 (1.00 (1.00 <1.00 (1.00 <2.00 <5.00 (2.00 (2.00 <1.00 (1.00 <1.00 <2.00
T4CW 27 22024 06/12/86 07:28 (12.9 (1.34 <1.21 (1.28 <1.35 (2.47 <5.00 <1.10 <1.20 (1.20 (1.40 <0.610 <1.70 (2.40
14CC 13 23142 06/26/86 08:47 (2.00 (1.00 (1.00 <1.00 (1.00 <2.00 <5.00 (2.00 (2.00 (1.00 (1.00 (1.00 <2.00
I4CW 34 23142 06/26/86 08:47 (12.9 (1.34 (1.21 (1.28 (1.35 (2.47 (5.00 (1.10 <1.20 (1.20 (1.40 (0.610 (1.70 <2.40
14CC 15 23177 06/12/86 15:00 (2.00 (1.00 (1.00 (1.00 (1.00 <2.00 <5.00 (2.00 (2.00 1.99 (1.00 <1.00 <2.00
T4CW 36 23177 06/12/86 15:00 (12.9 (1.34 <1.21 (1.28 (1.35 (2.47 (5.00 (1.10 <1.20 (1.20 <1.40 <0.610 <1.70 (2.40
14CC 16 23179 06/12/86 09:42 (2.00 40.2 (1.00 <1.00 (1.00 3.24 104 3.40 <2.00 32000 115 (1.00 (2.00
T4CW 37 23179 06/12/86 09:42 (12.9 38.7 2.71 3.59 <1.35 3.52 125 (1. 10 3.70 (1.20 22500 (0.610 (1.70 (2.40
14CC 17 23185 06/19/86 10:03 (2.00 <1.00 (1.00 (1.00 <1.00 <2.00 <5.00 (2.00 <2.00 <1.00 <1.00 (1.00 <2.00
T4CW 41 23185 06/19/86 10:03 (12.9 (1.34 <1.21 (1.28 <1.35 (2.47 <5.00 (1.10 <1.20 <1.20 <1.40 <0.610 <1.70 <2.40
14CC 18 23188 06/19/86 11:46 (2.00 <1.00 (1.00 (1.00 (1.00 <2.00 <5.00 (2.00 (2.00 <1.00 1.53 <1.00 <2.00
T4CW 44 23188 06/19/86 11:46 (12.9 (1.34 <1.21 (1.28 (1.35 <2.47 <5.00 <1.10 (1.20 (1.20 (1.40 1.59 <1.70 (2.40
14CC 19 23190 06/19/86 12:41 (2.00 <1.00 <1.00 <1.00 (1.00 (2.00 <5.00 (2.00 <2.00 (1.00 <1.00 (1.00 (2.00
T4CW 45 23190 06/19/86 12:41 (12.9 <1.34 (1.21 (1.28 <1.35 <2.47 (5.00 (1.10 (1.20 (1.20 (1.40 <0.610 (1.70 <2.40
148W 16 24150 05/29/86 09:00 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 (5.00 <1.10 (1.20 (1.20 (1.40 <0.610 (1.70 <2.40
T4BWC 3 24150 05/29/86 09:00 (2.00 3.70 <1.00 (1.00 (1.00 <2.00 (5.00 <2.00 <2.00 <1.00 <1.00 <1.00 (2.00
14CC 20 24178 06/19/86 14:22 (2.00 (1.00 <1.00 (1.00 (1.00 <2.00 (5.00 (2.00 <2.00 1120 1.79 <1.00 4.53
I4CW 50 24178 06/19/86 14:22 (12.9 (1.34 <1 .21 <1.28 <1.35 <2.47 (5.00 (1.10 (1.20 (1.20 504 <0.610 <1.70 4.22
14CC 21 25023 06/25/86 08:36 (2.00 (1.00 <1.00 <1.00 (1.00 <2.00 <5.00 <2.00 <2.00 (1.00 (1.00 <1.00 <2.00
I4CW S9 25023 06/25/86 08:36 (12.9 <1.34 <1.21 (1.28 (1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 <1.70 <2.40
14CC 23 26041 06/27/86 10:28 32.7 58.1 953 <1.00 <1.00 <2.00 <5.00 <2.00 2.19 <1.00 140 <1.00 <2.00
I4CW 65 26041 06/27/86 10:28 <12.9 50.6 1070 <1.28 1.71 19.2 <5.00 (1. 10 (1.20 <1.20 (1.40 2.25 <1.70 (2.40
14CC 22 26066 06/25/86 09:25 <2.00 2.10 <1.00 <1.00 <1.00 <2.00 10.2 <2.00 (2.00 (1.00 (1.00 <1.00 (2.00
T4CW 64 26066 06/25/86 09:25 <12.9 2.17 <1.21 (1.28 (1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 <1.70 (2.40
14CC 24 26073 06/26/86 09:52 <2.00 (1.00 (1.00 <1.00 <1.00 <2.00 <5.00 <2.00 <2.00 15.1 <1.00 (1.00 5.10
I4CW 66 26073 06/26/86 09:52 (12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 (1.20 12.0 <0.610 <1.70 5.75
14CC 25 26083 06/23/86 14 :52 <2.00 (1.00 (1.00 <1.00 <1.00 <2.00 <5.00 <2.00 (2.00 (1.00 <1.00 <1.00 <2.00
T4CW 68 26083 06/23/86 14:52 (12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 (1.10 <1.20 (1.20 <1.40 (0.610 (1.70 <2.40
14CC 26 26084 06/23/86 13:57 (2.00 16.4 (1.00 <1.00 <1.00 <2.00 <5.00 (2.00 <2.00 <1.00 <1.00 <1.00 (2.00
T4CW 69 26084 06/23/86 13 :5 7 <12.9 6.81 <1.21 <1.28 (1.35 <2.47 <5.00 <1.10 <1.20 (1.20 <1.40 (0.610 <1.70 <2.40
14ICC 27 26085 06/26/86 14:20 <2.00 <1.00 <1.00 (1.00 <1.00 <2.00 <5.00 (2.00 <2.00 27.0 <1.00 (1.00 <2.00
T4CW 70 26085 06/26/86 14:20 <12.9 (1.34 <1.21 <1.28 <1.35 (2.47 <5.00 <1.10 <1.20 <1.20 21.1 <0.610 <1.70 <2.40



ENVIRONMENTAL SCIENCE AND ENG. ING. INC. DATE:07/15/88 PAGE 2

SAMPLE LIST T4C

STORET CODE: 34511 34475 34301
METHOD CODE: Y8 Y8 Ye
PARAMETER: I12TCE TCLEE CLC6H5
UNITS: UG/L UG/L UG/L
FLD.GRP. # SAMPLE ID DATE TIME

T4CC 3 01020 06/25/86 10:30 <1.00 8.03 50.3
T4CW 3 01020 06/25/86 10:30 <100 4.67 12.7
T4OW 9 11002 05/29/86 08:45 <1.00 <1.30 <0.580

T4BWC 2 11002 05/29/86 08:45 <1.00 <1.00 <2.00
T4CC 4 02019 06/24/86 09:06 <1.00 <1.00 <2.00
T4CW 15 02019 06/24/86 09:06 <1.00 <1.30 <0.580
T4CC 5 02030 06/27/86 14:01 <1.00 <1.00 <2.00
T4CW 17 02030 06/27/86 14:01 (1.00 <1.30 <0.580
T4CC 6 02035 06/25/86 09:02 <1.00 2.63 <2.00
T4CW 20 02035 06/25/86 09:02 <1.00 <1.30 8.64
T4CC 7 02037 06/23/86 11:26 <1.00 <1.00 <2.00
T4CW 22 02037 06/23/86 11:26 <1.00 <1.30 <0.580
T4CC 8 02038 06/23/86 15:55 <1.00 <1.00 <2.00
T4CW 23 02038 06/23/86 15:55 <1.00 <1.30 <0.580
T4CC 9 02039 06/24/86 10:05 <1.00 <1.00 <2.00
T4CW 24 02039 06/24/86 10:05 <1.00 <1.30 <0.580
T4CC II 22021 06/12/86 09:37 <1.00 <1.00 <2.80
T4CW 26 22021 06/12/86 09:37 <1.00 <1.30 <0.580
T4CC 12 22024 06/12/86 07:28 <1.00 <1.00 <2.00
T4CW 27 22024 06/12/86 07:28 <1.00 <1.30 <0.580
T4CC 13 23142 06/26/86 08:47 <1.00 <1.00 <2.00
T4CW 34 23142 06/26/86 08:47 <5.00 <1.30 (0.580
T4CC 15 23177 06/12/86 15:00 <1.00 <1.00 <2.00
T4CW 36 23177 06/12/86 15:00 <1.00 <1.30 <0.580
T4CC 16 23179 06/12/86 09:42 <1.00 75.2 <2.00
T4CW 37 23179 06/12/86 09:42 <1.00 75.5 <0.580
T4CC 17 23185 06/19/86 10:03 <1.00 <1.00 <2.00
T4CW 41 23185 06/19/86 10:03 <1.00 <1.30 <0.580
T4CC 18 23188 06/19/86 11:46 <1.00 <1.00 <2.00
T4CW 44 23188 06/19/86 11:46 <1.00 <1.30 <0.580
T4CC 19 23190 06/19/86 12:41 <1.00 <1.00 <2.00
T4CW 45 23190 06/19/86 12:41 <1.00 <1.30 <0.580
T48W 16 24150 05/29/86 09:00 (1.00 <1.30 <0.580

T4BWC 3 24150 05/29/86 09:00 <1.00 <1.00 <2.00
T4CC 20 24178 06/19/86 14:22 <1.00 57.4 <2.00
T4CW 50 24178 06/19/86 14:22 <1.00 49.2 <0.580
T4CC 21 25023 06/25/86 08:36 <1.00 <1.00 <2.00
T4CW 59 25023 06/25/86 08:36 <1.00 <1.30 <0.580
T4CC 23 26041 06/27/86 10:28 <1.00 (1.00 2.16
T4CW 65 26041 06/27/86 10:28 <1.00 <1.30 2.77
T4CC 22 26066 06/25/86 09:25 <1.00 4.27 9.67
T4CW 64 26066 06/25/86 09:25 <1.00 3.96 7.60
T4CC 24 26073 06/26/86 09:52 <1.00 <1.00 <2.00
T4CW 66 26073 06/26/86 09:52 <1.00 <1.30 <0.580
T4CC 25 26083 06/23/86 14:52 <1.00 <1.00 <2.00
T4CW 68 26083 06/23/86 14:52 <1.00 <1.30 <0.580
T4CC 26 26084 06/23/86 13:57 <1.00 <1.00 <2.00
T4CW 69 26084 06/23/86 13:57 <1.00 <1.30 <0.580
T4CC 27 26085 06/26/86 14:20 <1.00 <1.00 <2.00
T4CW 70 26085 06/26/86 14:20 <1.00 <1.30 <0.580



ENVIRONMENTAL SCIENCE AND ENG flNG, INC. DATE:07/06/88 PAGE I

SAMPLE LIST T4C

STORET CODE: 99133 99133 99133 77985 77985 77985
METHOD CODE: 08 888 MB R8 888 M8
PARAMETER: DBCP DBCP DBCP DCPD DCPD DCPD
UN ITS: UG/L UG/L UG/L UG/L UG/L UG/L
FLD.GRP. # SAMPLE ID DATE TIME

14ICC 3 01020 06/25/86 10:30 27 16 <4.7 <2.0
T4CW 3 81828 06/25/86 10:38 16.1 <9.31
TO8W 9 11882 05/29/86 88:45 (8.130 (9.31

T4BWC 2 11882 05/29/86 88:45 *(l5 <4.0 *(4.7 <2.8
14CC 4 82819 06/24/86 09:06 (15 <4.8 (4.7 (2.8
T4CW 15 82819 86/24/86 09:06 (8.130 (9.31
T4CC 5 82838 06/27/86 14:01 (15 (4.0 (4.7 <2.8
T4CW 17 82030 06/27/86 14:01 (8.130 (9.31
14CC 6 82835 86/25/86 89:02 (15 (4.8 (4.7 (2.8
T4CW 28 82835 86/25/86 89:82 (8. 130 (9.31
14CC 7 82837 86/23/86 11:26 (15 (4.8 (4.7 (2.8
14CW 22 82837 86/23/86 11:26 (8. 130 (9.31
14CC 8 82838 06/23/86 15:55 (15 (4. (4.7 (2.8
T4CW 23 82838 86/23/86 15:55 (8. 138 (9.31
14CC 9 82839 86/24/86 18:85 (15 (4.8 (4.7 (2.8
T4CW 24 82839 86/24/86 18:85 (8. 138 (9.31
14CC 11 22821 86/12/86 89:37 (15 (4.8 (4.7 (2.8
T4CW 26 22821 06/12/86 89:37 (8.138 (9.31
14CC 12 22824 86/12/86 87:28 (15 (4.8 (4.7 (2.8
T4C14 27 22824 86/12/86 87.28 (8. 138 (9.31
14CC 13 23142 86/26/86 88:47 (15 <4.8 (41.7 (2.8
T4CW 34 23142 06/26/86 88:47 (8.138 (9.31
74CC 15 23177 86/12/86 15:88 (15 (4.8 (4.7 (2.8
T4CW 36 23177 86/12/86 15:88 (8.138 (9.31
14CC 16 23179 06/12/86 89:42 (15 (4.8 818 538
T4CW 37 23179 06/12/86 89:42 0.953 736
14CC 17 23185 06/19/86 18:83 (15 (4.8 (4.7 (2.8
T4CW 41 23185 06/19/86 10:83 (8.138 (9.31
14CC 18 23188 06/19/86 11:46 (15 (4.8 42 15
T4CW 44 23188 86/19/86 11:46 (8.130 16.8
14CC 19 23198 86/19/86 12:41 (15 (4.8 (4.7 (2.8
T4CW 45 23198 06/19/86 12:41 (8.130 (9.31
148W 16 24150 05/29/86 09:88 (8.138 (9.31

T4BWC 3 24150 05/29/86 09:08 *(15 (41.8 *(4.7 (2.8
14CC 28 24178 86/19/86 14:22 (15 9.5 24 35
T4CW 58 24178 86/19/86 14:22 7.25 34.2
14CC 21 25023 06/25/86 88:36 (15 (4.8 (4.7 (2.8
T4CW 59 25823 06/25/86 88:36 (8.138 (9.31
14CC 23 26841 86/27/86 18:28 (15 (4.8 89 83
14CW 65 26841 86/27/86 18:28 (8.138 48.5
14CC 22 26866 86/25/86 89:25 (15 (4.8 (4.7 (2.8
T4CW 64 26866 86/25/86 89:25 (8.138 (9.31
14CC 24 26873 86/26/86 89:52 (15 (4.8 (4.7 (2.8
T4CW 66 26873 86/26/86 89:52 (8.138 (9.31
14CC 25 26083 86/23/86 14:52 (15 (4.8 (4.7 (2.8
TI4CW 68 26883 06/23/86 14:52 (8. 130 (9.31
T4CC 26 26884 86/23/86 13:S7 (15 (4.8 (4.7 (2.8
14CW 69 26884 06/23/86 13:57 (Q.130 (9.31
14CC 27 26085 86/26/86 14:28 (15 (4.8 (4.7 (2.8
14CW 78 26885 86/26/86 14:28 0.239 (9.31



ENVIRONMENIAL ZXCIENCL AND ENGI NG. INL. DAfE:o&'/1l/81 rpAGE 2

SAMPLE LIST T4C

STORET CODE: 98551 34386 39330 39430 39320 39380 39398 39388 81588 98564 98563 98562 81512 98561
METHOD CODE: 8838 58e S S8 S8 58 S8 S8 s U8 U U8 U 8 u U8 US
PARAMETER: DIMP HCCPD ALDRIN ISODRIN PP'-DDE DIELDRIN ENDRIN P.P'-DDT DMD5 1.4-OXAT 1.4-DITH CPMS 8TZ CPMSO
UNITS: UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UC/L UG/L US/L UG/L
FLD.GRP. # SAMPLE ID DATE TIME

T4CC 28 26086 86/24/86 13:55 170 <11.8 <4.70 <5.90 (4.70 (4.70 <7.60 <10.8 <3.00 <6.10 <11.8 (14.0 (17.0
T4CW 71 26086 06/24/86 13:55 210 (0.070 (0.070 <0.060 <0.053 0.620 0.142 <0.070 <1.80 (2.00 13.6 (1.30 <4.28
T4CC 29 26127 06/26/86 12:58 1988 (11.8 5.28 (5.98 (4.78 12.7 <7.68 <18.8 (3.88 <6.18 74.8 <14.8 <17.8
T4CW 72 26127 86/26/86 12:58 1988 (8.070 8.667 <8.300 <8.053 1.49 0.391 (8.078 <1.88 5.35 59.6 <1.38 (4.20
74CC 38 26128 06/24/86 13:34 1888 <11.8 5.64 (5.98 <4.78 56.9 7.64 (18.8 (3.88 <6.18 42.3 (14.8 (17.0
T4CW 73 26128 86/24/86 13:34 1788 (8.700 1.88 (8.600 (8.530 6.41 1.34 <0.700 (1.88 7.82 72.4 2.62 (4.28
14CC 31 26133 06/27/86 89:06 698 <11.8 <4.78 <5.98 <4.78 (4.78 (7.68 (18.8 (388 26.5 69.1 527 (17.8
T4CIW 74 26133 86/27/86 09:86 958 <0.788 (8.788 <0.608 <0.530 <0.688 <0.528 (8.788 (1.88 15.4 59.7 612 14.6
74CC 32 26148 86/24/86 88:52 (5.7 (11.8 (4.78 <5.98 <4.78 (4.78 (7.68 <18.8 (3.88 <6.18 (11.8 (14.8 <17.8
74GW 75 26148 06/24/86 88:52 <11 <8.078 (8.878 (8.868 <0.853 8.537 8.183 (8.878 (1.88 (2.88 <1.18 <1.38 (4.28
74CC 33 27848 86/19/86 89:15 36 <11.8 (4.78 (5.98 (4.78 (4.78 <7.68 <18.8 (3.88 (6.18 <11.8 (14.8 <17.8
T4CW 88 27848 86/19/86 09:15 44 <8.788 (8.788 <8.688 (8.538 <8.600 <8.528 <8.788 (1.88 <2.88 (1.18 (1.38 <4.28
74CC 34 27862 86/12/86 18:52 27 <11.8 (4.78 <5.98 ( 4.78 (4.78 (7.68 <18.8 (3.88 <6.18 <11.8 (14.8 (17.8
T4CW 87 27862 86/12/86 18:52 29 <8.870 (8.870 <8.868 (8.853 8.119 <0.052 <8.878 (1.88 (2.88 <1.18 (1.38 (4.28
74CC 35 28825 86/19/86 14:3 5 (5.7 <11.8 <4.78 <5.98 (4.78 (4.78 <7.68 (18.8 (3.88 (6.18 (11.8 <14.8 <17.8
14CW 89 28825 86/19/86 14:3 5 <11 (8.878 (8.078 <8.860 <8.853 <8.868 (8.052 (8.878 <1.88 <2.88 <1.18 (1.38 (4.28
T4IJC 6 28827 86/84/86 87:44 <5.7 <11.8 <4.78 (5.98 (4.78 (4.78 (7.68 (18.8 <3.88 (6.18 <11.8 (14.0 <17.8
I4WW 35 28827 86/84/86 87:44 <8.878 (8.878 <8.868 <8.853 <0.868 <8.052 <8.878
T4CC 18 83885 86/11/86 11:58 <5.7 (11.8 (4.78 (5.98 (4.78 (4.78 (7.68 <18.8 <3.88 (6.18 (11.8 (14.8 <17.8
T4CW 25 83885 06/11/86 11:58 <11 <8.878 (8.870 <0.868 (8.853 <0.068 <8.052 <8.878 <1.88 <2.88 <1.18 <1.38 <4.28
T4WC 7 33868 86/84/86 88:56 <5.7 (11.8 (4.78 <5.98 (4.78 (4.78 <7.68 <18.8 (3.88 <6.18 (11.8 (14.8 (17.8
T4WW 26 33868 86/84/86 88:56 (8.870 <8.878 (8.068 <8.853 <0.868 (8.852 <0.878
T4CC 36 35812 86/11/86 16:18 3588 <11.8 <4.78 <5.98 <4.78 (4.78 <7.68 <18.8 <3.88 28.7 192 (14.8 (17.8
T4CW 94 35812 06/11/86 16:18 18888 <8.878 8.988 (8.868 <8.853 8.228 (8.852 (8.878 (1.88 37.4 345 (1.38 (4.28
74CC 37 35813 86/12/86 14:21 <5.7 <11.8 <4.78 <5.98 (4.78 (4.78 <7.68 (18.8 (3.88 (6.18 <11.8 (14.8 <17.8
T4CW 95 35813 86/12/86 14:21 <11 <8.870 <8.078 <8.868 (8.853 <8.868 (8.852 (8.870 <1.88 (2.88 <1.18 (1.38 <4.28
14CC 38 35852 86/25/86 12:81 (5.7 (11.8 (4.78 (5.98 (4.78 (4.78 (7.68 (18.8 (3.88 <6.18 (11.8 (14.8 (17.8
T4CW 188 35852 86/25/86 12:81 <11 <8.878 (8.878 <8.868 (8.853 (8.860 (8.852 (8.878 (1.88 <2.88 (1.18 (1.38 (4.28
T4CC 39 35865 86/38/86 89:48 2588 (11.8 (4.78 (5.98 (4.78 (4.78 (7.68 (18.8 <38.8 23.7 134 (14.8 (17.8
T4CW 186 35865 86/38/86 89:48 1988 (8.878 (8.878 (8.868 <8.053 (8.868 (8.852 (8.878 (1.88 9.44 86.7 (1.38 18.2
T4WC 1 83523 86/84/86 13:47 <5.7 <11.8 (4.78 (5.98 (4.78 <4.78 (7.68 (18.8 <3.88 <6.18 (11.8 (14.8 (17.8
T4WW 1 83523 86/04/86 13:47 <8.878 (8.878 (8.868 <0.853 <8.868 (8.852 <8.878
14CC 48 36881 86/23/86 14:89 <5.7 (11.8 (4.78 <5.98 (4.78 (4.78 8.88 (18.8 129 (6.18 <11.8 69.5 (17.8
T4CW 109 36881 86/23/86 14:89 <11 (8.788 (8.788 (8.688 <8.538 8.659 5.66 <8.708 22.6 <2.88 <1.18 59.6 (4.28
14CC 41 36876 86/25/86 14:24 (5.7 (11.8 <4.78 <5.98 (4.78 (4.78 (7.68 (18.0 (3888 27.9 28.2 (14.8 (17.0

T4CW 113 36876 06/2S/86 14:24 <11 <1.48 (1.48 (1.28 (1.86 (1.28 (1.84 (1.40 (1.88 32.6 42.8 14.4 19.9
T4CC 42 36882 86/27/86 18:82 498 (11.8 (4.78 (5.98 (4.78 <4.78 (7.68 (18.8 (388 179 972 <14.8 (17.8

T4CW 114 36882 86/27/86 18:82 598 <8.788 4.87 (8.688 <8.530 <8.688 (8.528 <8.788 <1.88 133 679 4.51 (4.28
74CC 43 36112 86/38/86 88:52 1888 <11.8 (4.78 <5.98 (4.78 (4.78 (7.68 (18.8 (3.88 76.8 458 (14.8 (17.8

T4CW 117 36112 86/38/86 88:52 1588 <8.878 (8.878 8.149 <8.853 (8.868 (8.852 <8.878 <1.88 73.3 541 2.59 (4.28

OPGW2 2 37387 86/18/86 11:41 41 (8.878 (8.878 (0.868 <8.853 <8.868 (8.852 (8.878 (1.88 <2.88 <1.18 (1.38 (4.28

OPGW2C 2 37387 86/18/86 11:41 35 (11.8 (4.78 (5.98 (4.78 (4.78 <7.68 (18.8 (3.88 (6.18 (11.8 <14.8 (17.8

OPGW2 3 37388 86/16/86 15:17 338 (8.878 (8.878 (8.868 (8.853 8.521 <0.852 <8.878 <1.88 <2.88 <1.18 <1.38 81.8

OPGW2C 3 37388 86/16/86 15:17 278 (11.8 <4.78 (5.98 (4.78 (4.78 (7.68 (18.8 <3.88 (6.18 (11.8 <14.8 49.2

OPGW2 5 37312 86/17/86 11:13 22 (8.878 <8.878 (8.120 (8.853 1.42 1.11 (8.148 (1.88 <2.88 <1.18 <1.38 (4.28

OPGW2C 1 37312 86/17/86 11:13 14 <11.8 (4.78 (5.98 (4.78 (4.78 (7.68 <18.8 <3.88 <6.18 <11.8 (14.8 (17.8

OPGW2 12 37332 06/16/86 11:58 <11 (8.878 (8.878 (8.868 (8.853 8.363 <8.852 <8.078 <1.88 <2.88 <1.18 <1.38 (4.28

OPGW.2C 5 37332 06/16/86 11:58 (5.7 (11.8 (4.78 (5.98 (4.78 (4.78 <7.68 <18.8 (3.88 (6.18 <11.8 <14.8 <17.8

OPGW2 21 37343 86/13/86 088:34 1188 (8.878 (8.870 (8.868 (8.053 (8.868 (8.852 (8.878 (1.88 (2.88 (1.18 (1.38 (4.28

OPGW2C 6 37343 86/13/86 088:39 36 (11.8 (4.78 <5.90 (4. 78 (4.78 (7.68 (18.8 (3.88 <6.18 <11.8 (14.8 <17.8



ENVIRONMENTAL SCIENCt AND ENG, ING. INC. DATE:07/15/88 PAGE 3

SAMPLE LIST T4C

STORET CODE: 81596 34030 34010 34371 98553 98554 34423 34501 34496 34546 32106 34531 34506 32102
METHOD CODE: RB W8 WB WB W8 W8 Y8 YB Y8 Y8 Y8 Y8 Y8 Ye
PARAMETER: MIBK BENZENE TOLUEN ETHYLBENZ M-XYL O&P-XYL METHYLCL IIDCE IIDCLE T12DCE CHCL3 12DCLE IIITCE CCL4
UNITS: UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L
FLD.GRP. # SAMPLE ID DATE TIME

T4CC 28 26086 06/24/86 13:55 <2.00 1.95 (1.00 <1.00 <1.00 <2.00 <5.00 <2.00 <2.00 <1.00 <1.00 <1.00 <2.00
T4CW 71 26086 06/24/86 13:55 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 <1.70 <2.40
T4CC 29 26127 06/26/86 12:58 <2.00 <1.00 <1.00 <1.00 <1.00 <2.00 <5.00 <2.00 <2.00 <1.00 <1.00 <1.00 <2.00
T4CW 72 26127 06/26/86 12:58 <12.9 <1.34 2.47 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 <1.70 <2.40
T4CC 30 26128 06/24/86 13:34 <2.00 (1.00 <1.00 <1.00 <1.00 <2.00 <5.00 <2.00 <2.00 <1.00 <1.00 <1.00 <2.00
T4CW 73 26128 06/24/86 13:34 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 (0.610 <1.70 <2.40
T4CC 31 26133 06/27/86 09:06 462 605 270 <100 <100 <200 1710 <200 <200 68000 <100 <100 <200
T4CW 74 26133 06/27/86 09:06 <258 645 356 7.77 8.49 58.7 640 <1.10 8.34 <1.20 19200 <0.610 <1.70 <2.40
T4CC 32 26140 06/24/86 08:52 <2.00 <1.00 <1.00 <1.00 <1.00 <2.00 <5.00 <2.00 <2.00 36.0 <1.00 <1.00 <2.00
T4CW 75 26140 06/24/86 08:52 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 27.9 <0.610 <1.70 <2.40
T4CC 33 27040 06/19/86 09:15 <2.00 <1.00 <1.00 <1.00 <1.00 <2.00 <5.00 <2.00 <2.00 <1.00 3.77 <1.00 <2.00
T4CW 80 27040 06/19/86 09:15 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 1.81 2.74 <1.70 <2.40
T4CC 34 27062 06/12/86 10:52 <2.00 <1.00 <1.00 <1.00 <1.00 <2.00 <5.00 <2.00 <2.00 33.9 <1.00 <1.00 <2.00
T4CW 87 27062 06/12/86 10:52 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 12.5 <0.610 <1.70 <2.40
14CC 35 28025 06/19/86 14:35 <2.00 <1.00 <1.00 <1.00 <1.00 <2.00 <5.00 <2.00 <2.00 <1.00 <1.00 <1.00 <2.00
14CW 89 28025 06/19/86 14:35 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 <1.70 <2.40
T4WC 6 28027 06/04/86 07:44 <2.00 <1.00 <1.00 <1.00 <1.00 <2.00 <5.00 <2.00 <2.00 <1.00 <1.00 2.25 <2.00
T4WW 35 28027 06/04/86 07:44 1.48 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 1.95 <2.40
T4CC 10 03005 06/11/86 11:50 <2.00 <1.00 <1.00 <1.00 <1.00 <2.00 <5.00 <2.00 <2.00 1.49 <1.00 <1.00 <2.00
T4CW 25 03005 06/11/86 11:50 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 <1.70 <2.40
T4WC 7 33060 06/04/86 08:56 <2.00 <1.00 <1.00 <1.00 <1.00 <2.00 <5.00 <2.00 <2.00 <1.00 <1.00 <1.00 <2.00
T4WW 26 33060 06/04/86 08:56 1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <I.10 <1.20 <1.20 (1.40 <0.610 <1.70 <2.40
T4CC 36 35012 06/11/86 16:18 <2.00 40.9 1.33 <1.00 <1.00 <2.00 <5.00 <2.00 <2.00 <1.00 <1.00 <1.00 <2.00
T4CW 94 35012 06/11/86 16:18 <12.9 39.6 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 (0.610 <1.70 <2.40
14CC 37 35013 06/12/86 14:21 <2.00 1.78 <1.00 <1.00 <1.00 <2.00 <5.00 <2.00 <2.00 14.6 <1.00 <1.00 64.1
T4CW 95 35013 06/12/86 14:21 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 5.18 (1.20 <1.20 11.3 <0.610 <1.70 56.0
T4CC 38 35052 06/25/86 12:01 <2.00 5.78 <1.00 <1.00 <1.00 <2.00 <5.00 <2.00 <2.00 2.32 <1.00 <1.00 <2.00
T4CW 100 35052 06/25/86 12:01 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 1.62 <1.40 <0.610 <1.70 <2.40
T4CC 39 35065 06/30/86 09:48 <20.0 <10.0 <10.0 <10.0 <10.0 <20.0 <50.0 <20.0 <20.0 <10.0 <10.0 <10.0 <20.0
T4CW 106 35065 06/30/86 09:48 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 1.35 <1.20 <1.40 (0.610 <1.70 <2.40
T4WC 1 03523 06/04/86 13:47 <2.00 3.88 <1.00 <1.00 <1.00 <2.00 <5.00 <2.00 <2.00 12.4 <1.00 <1.00 <2.00
14WW 1 03523 06/04/86 13:47 9.04 <1.21 <1.28 (1.35 <2.47 <5.00 <1.10 <1.20 <1.20 8.97 <0.610 <1.70 <2.40
T4CC 40 36001 06/23/86 14:09 5670 16700 401 572 588 728 125 108 5100 3.49 273
T4CW 109 36001 06/23/86 14:09 3740 27300 582 714 860 1850 RE 7.86 <1.20 <1.20 4780 <0.610 <1.70 282
T4CC 41 36076 06/25/86 14:24 <2000 <1000 <1000 <1000 <1000 <2000 30100 <2000 <2000 14900 <1000 <1000 <2000
T4CW 113 36076 06/25/86 14:24 24.0 490 9.12 <1.28 <1.35 <2.47 3830 1.21 6.43 <1.20 6700 <0.610 <1.70 <2.40
T4CC 42 36082 06/27/86 10:02 <200 104 <100 <100 <100 <200 <500 <200 <200 <100 <100 <100 <200
T4CW 114 36082 06/27/86 10:02 <12.9 4.05 <1.21 <1.28 2.11 <2.47 <5.00 <1.10 <1.20 <1.20 4.15 8.91 <1.70 <2.40
T4CC 43 36112 06/30/86 08:52 <2.00 2.65 <1.00 <1.00 <1.00 <2.00 <5.00 <2.00 <2.00 <1.00 <1.00 <1.00 <2.00
T4CW 117 36112 06/30/86 08:52 <12.9 3.65 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 28.9 <0.610 <1.70 <2.40
OPGW2 2 37307 06/18/86 11:41 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 <1.70 <2.40
OPGW2C 2 37307 06/18/86 11:41 <2.00 <1.00 <1.00 <1.00 <1.00 <2.00 <5.00 <2.00 <2.00 <1.00 <1.00 <1.00 <2.00
OPGW2 3 37308 06/16/86 15:17 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 2.00 2.82 <1.70 <2.40
OPGW2C 3 37308 06/16/86 15:17 <2.00 <1.00 <1.00 <1.00 <1.00 <2.00 <5.00 <2.00 <2.00 7.12 3.20 <1.00 <2.00
OPGW2 5 37312 06/17/86 11:13 <12.9 (1.34 <1.21 (1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 (1.70 <2.40

OPGW2C 1 37312 06/17/86 11:13 <2.00 <1.00 <1.00 <1.00 <1.00 <2.00 <5.00 <2.00 <2.00 2.28 <1.00 <1.00 <2.00
OPGW2 12 37332 06/16/86 11:58 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 (5.00 <1.10 <1.20 <1.20 4.47 <0.610 <1.70 <2.40

OPGW2C 5 37332 06/16/86 11:58 <2.00 <1.00 <1.00 (1.00 <1.00 <2.00 <5.00 <2.00 <2.00 6.04 <1.00 <1.00 <2.00
OPGW2 21 37343 06/13/86 08:34 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 (1.20 <1.20 <1.40 <0.610 <1.70 <2.40

OPGW2C 6 37343 06/13/86 08:39 <2.00 <1.00 <1.00 <1.00 <1.00 <2.00 <5.00 <2.00 <2.00 <1.00 <1.00 <1.00 <2.00
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SAMPLE LIST T4C

STORET CODE: 34511 34475 34381
METHOD CODE: Y8 Y8 Y8
PARAMETER: 112TCE ICLEE CLC6H5
UNITS: UG/L UG/L UG/L
FLD.GRP. # SAMPLE ID DATE TIME

14CC 28 26086 06/24/86 13:55 (1.00 (1.88 (2.88
T4CW 71 26086 06/24/86 13:55 (1.08 (1.30 <0.580
T4CC 29 26127 86/26/86 12:58 (1.00 (1.88 2.37
14GW 72 26127 86/26/86 12:58 <1.88 <0.38 <0.580
T4CC 30 26128 06/24/86 13:34 <1.00 (1.88 2.39
14CW 73 26128 06/24/86 13:34 (1.00 (1.38 2.63
14CC 31 26133 06/27/86 09:06 (100 495 <288
14CW. 74 26133 06/27/86 09:06 (1 .80 518 5.25
T4CC 32 26140 06/24/86 88:52 (1.00 (1.88 <2.800
I4CW 75 26148 86/24/86 88:52 (1.00 (1.38 (0.580
14CC 33 27040 86/19/86 89:15 (1.80 (1.88 (2.88
I4CW 80 27840 86/19/86 89:15 (1.00 <1.38 <8.588
14CC 34 27062 86/12/86 10:52 (1.00 (1.08 (2.88
I4CW 87 27862 86/12/86 18:52 <1.88 <1.38 (8.588
14CC 35 28825 06/19/86 14 : 35 (1.00 (1.08 (2.86
14CW 89 28025 86/19/86 14:35 (5.00 (1.38 (8.588
T4WC 6 28827 86/04/86 87:44 (1.88 (1.88 <2.88
I4WW 35 28827 06/84/86 07:44 (1.00 (1.38 (8.580
14CC 10 03885 86/11/86 11:50 (1.00 (1.88 <2.80
T4CW 25 03085 86/11/86 11:50 (1.00 (1.38 (8.588
T4WC 7 33060 86/84/86 88:56 (1.00 <1.88 (2.88
I4WW 26 33060 86/84/86 88:56 <1.08 (1.38 (8.580
14CC 36 35812 06/11/86 16:18 (1.80 (1.88 88.6
T4CW 94 35012 06/11/86 16:18 (1 .00 (1.38 58.3
14CC 37 35013 06/12/86 14:21 <1.80 4.83 <2.088
14GW 95 35013 06/12/86 14:21 (1 .88 4.31 (8.580
14CC 38 35052 06/25/86 12:01 (1.00 <1.08 18.3
14GW 100 35052 06/25/86 12:01 (1 .00 <1.30 (0.58e
14CC 39 35065 86/30/86 89:48 (18.0 19.7 <28.6
T4CW 106 35065 06/30/86 89:48 (1.88 15.4 5.76
I4WC 1 03523 06/04/86 13 :4 7 (1.00 (1.00 (2.88
T4WW 1 03523 06/04/86 13 : 47 (1.08 (1.38 (8.580
14CC 40 36001 86/23/86 14:09 227 28288
T4CW 109 36081 06/23/86 14:09 (1.00 164 38888
14CC 41 36076 86/25/86 14:24 (1000 (1000 16588
14GW 1 13 36076 06/25/86 14 :24 3.08 8.27 6388
14CC 42 36882 06/27/86 10:02 (100 <108 413
74CW 1 14 36082 06/27/86 18:02 <1.00 (1.30 1.98
14CC 43 36112 06/38/86 88:52 (1 .00 (1.08 (2.800
14GW 117 36112 86/38/86 88:52 (1.80 1.88 (8.580

OPGW2 2 37307 06/18/86 11:41 (1.00 (1.38 (0.580
OPGW2C 2 37307 06/18/86 11:4 1 (1.00 (1.88 (2.08
OPGW2 3 37308 06/16/86 15:17 (1.00 48.5 (0.588
OPGW2C 3 37388 06/16/86 15:17 (1 .00 36.3 (2.08
OPGW2 5 37312 06/17/86 11:13 (1.00 (1.38i (8.580

OPGW2C 1 37312 06/17/86 11:13 (1.00 <1.80 (2.08
OPGW2 12 37332 86/16/86 11:58 (1.00 (1.30 (0.580
OPGW2C 5 37332 86/16/86 11:58 (1.00 (1.80 (2.88
OPCW2 21 37343 86/13/86 88:34 (1.00 (1.30 (0.580
OPGW2C 6 37343 86/13/86 88:39 (1.00 (1.00 (2.08



LNVIHuNMENIAL ,cIENCL AND ENGI NG. IN,. DAIL:0i/11/'o 'AUE 3

SAMPLE LIST T4C
STORET CODE: 98551 34386 39330 39430 39320 39386 39390 39366 81580 98564 98563 98562 81512 98561METHOD CODE: BB8 S8 S8 S8 S8 S8 S8 S8 U8 U8 U8 U8 U8 U8PARAMETER: DIMP HCCPD ALDRIN ISODRIN P.P'-DDE DIELDRIN ENDRIN P.P'-DDT DMDS 1.4-OXAT 1.4-DITH CPMS BTZ CPMSOUNITS: UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L
FLD.GRP. # SAMPLE ID DATE TIME

OPGW2 31 37353 06/12/86 11:32 210 <0.070 <0.070 (0.060 <0.053 <0.060 <0.052 <0.070 <1.80 <2.00 (1.10 <1.30 <4.20OPGW2C 8 37353 06/12/86 11:32 140 <11.0 <4.70 (5.90 <4.70 <4.70 <7.60 <10.0 <3.00 <6.10 <11.0 <14.0 <17.0OPGW2 32 37354 06/11/86 10:06 <11 (0.070 <0.070 <0.060 <0.053 <0.060 <0.052 <0.070 <1.80 <2.00 <1.10 <1.30 <4.20OPGW2C 4 37354 06/11/86 10:06 <5.7 <11.0 <4.70 <5.96 <4.70 <4.70 (7.60 <10.0 <3.00 <6.10 <11.0 <14.0 (17.0T4WC 2 04007 06/04/86 14:13 <5.7 <11.0 <4.70 <5.90 <4.70 <4.70 <7.60 <10.0 <3.00 <6.10 (11.0 (14.0 (17.0T4WW 2 04007 06/04/86 14:13 <0.070 <0.070 <0.060 <0.053 <0.060 <0.052 <0.070T4WC 3 04030 06/04/86 08:24 <5.7 <11.0 <4.70 <5.90 <4.70 <4.70 (7.60 <10.0 35.0 <6.10 <11.0 (14.0 <17.0T4WW 10 04030 06/04/86 08:24 <0.070 <0.070 <0.060 <0.053 (0.060 (0.052 <0.070T4WC 4 04033 06/04/86 09:01 <5.7 <11.0 <4.70 <5.90 <4.70 <4.70 (7.60 <10.0 (3.00 <6.10 <11.0 <14.0 <17.0T4WW 13 04633 06/04/86 09:01 <0.070 <0.070 <0.060 <0.053 <0.060 <0.052 <0.070T4OW 4 06005 06/04/86 11:37 <11 <0.070 <0.070 <0.060 <0.053 (0.060 <0.052 <0.070 <1.860 <2.00 (1.10 <1.30 (4.20T4BWC 4 6005 06/04/86 11:37 <5.7 <11.0 <4.70 <5.90 <4.70 <4.70 (7.60 <10.0 (3.00 <6.10 <11.0 <14.0 (17.0T4OW 5 67001 05/29/86 11:26 (11 (0.070 <0.070 <0.060 <0.053 <0.060 <0.052 <0.070 <1.80 <2.00 <1.10 <1.30 <4.20T4BWC 1 07001 05/29/86 11:26 *<5.7 <'11.O *<4.70 *<5.90 *<4.70 *<4.70 *<7.60 *<10.0 <3.00 *<6.10 *<11.0 *<14.0 *(17.0T4WC 5 09005 06/05/86 11:05 (5.7 <11.0 <4.70 <5.90 <4.70 <4.70 (7.60 <10.0 <3.00 <6.10 <11.0 <14.0 <17.0T4WW 15 09005 06/05/86 11:05 <0.070 <0.070 <0.060 <0.053 <0.060 <0.052 <0.070OPGW2 8 BOLLER 07/01/86 09:32 120 <0.070 <0.070 <0.066 <0.053 (0.060 <0.052 <0.070 (1.80 <2.00 <1.10 <1.30 8.40OPGW2C 7 BOLLER 07/01/86 09:32 120 (<11. <4.70 <5.90 <4.70 <4.70 (7.60 <10.0 <3.00 <6.16 <1..60 <14.0 <17.014CC 1 01012 06/25/86 12:50 <5.7 <11.0 <4.70 <5.90 <4.70 <4.70 <7.60 <10.0 (3.00 <6.10 <11.0 <14.0 <17.0T4CW 1 01012 06/25/86 12:50 (<1 <0.070 <0.070 <0.060 <(.053 <0.060 <0.052 <0.070 <1.80 (2.00 <1.10 <1.30 <4.20T4CC 2 01014 07/01/86 08:36 <29 <55.0 <23.5 <29.5 <23.5 <23.5 <38.0 <50.0 <300 <30.5 <55.0 <70.0 <85.0T4CW 2 01014 07/01/86 08:36 <11 <0.700 <0.700 <0.600 <0.530 <0.600 <0.520 <0.700 <1.80 4.31 <1.10 <1.30 <4.20



tkvirvuNMENlhL ':ý..ENCL nr'u ENCi NG. li,,.. D..I:v!i/15/b. rMuE 5

SAMPLE LIST T4C

STORET CODE: 81596 34030 34010 34371 98553 98554 34423 34501 34496 34546 32186 34531 34506 32102METHOD CODE: R8 W8 W8 wa 148 148 Y8 YB YB YB Y8 Y8 Y8 YBPARAMETER: MIBK BENZENE TOLUEN ETHYLBENZ M-XYL O&P-XYL METHYLCL lIDCE IIDCLE T12DCE CHCL3 12DCLE IIITCE CCL-4UNITS: UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L
FLD.GRP. # SAMPLE ID DATE TIME

0PG142 31 37353 86/12/86 11:32 (12.9 <1.34 <1.21 (1.28 <1.35 (2.47 (5.00 (1.18 (1.20 <1.20 (1.40 (0.610 (1.78 <2.48OPGW2C 8 37353 06/12/86 11:32 4.81 (1.88 (1.88 (1.88 (1 .88 (2.88 (5.00 (2.88 (2.88 (1.08 (1.88 (1.88 (2.88
0P0142 32 37354 06/11/86 18:06 (12.9 (1.34 (1.21 (1.28 <1.35 (2.47 (5.00 <1.18 (1.28 <1.28 (1.48 (8.610 (1.78 (2.48

OPGW2C 4 37354 86/11/86 18:86 (2.08 (1.88 (1.88 (1.08 (1.88 (2.08 (5.88 (2.88 (2.88 2.21 (1.88 (1.88 (2.88
T414C 2 84887 86/04/86 14:13 (2.88 (1.88 (1.88 (1.88 <1.88 (2.88 (5.88 (2.88 7.38 (1.88 (1.88 (1.88 (2.88
14141 2 84887 06/04/86 14:13 (1.34 <1.21 <1.2B <1.35 (2.47 (5.88 (1.18 (1.28 8.64 (1.48 (8.610 (1.78 (2.48T414C 3 84838 86/04/86 08B:24 (2.88 3.31 <1 .88 (1.88 (1.88 <2.88 (5.88 (2.88 4.21 4.48 <1.88 (1.88 (2.08
T41,14 10 84838 06/04/86 88:24 2.96 (1.21 (1.28 <1 .35 <2.47 (5.80 (1.18 (1.28 2.54 3.29 <0.618 (1.78 <2.48
T414C 4 84833 86/04/86 89:81 (2.88 36.6 <1.88 (1.88 (1.88 <2.88 (5.80 (2.88 <2.88 (1.88 (1.88 <1.88 <2.88
14WW1 13 84833 86/04/86 89:01 266 (1.21 <1.28 (1.35 (2.47 (5.80 (1. 18 (1.28 (1.28 (1.48 (8.618 (1.78 (2.48
14814 4 86885 86/84/86 11:37 <12.9 <1.34 <1.21 <1.28 (1.35 (2.47 (5.88 <1.18 (1.28 (1.28 <1.48 <8.618 (1.78 <2.48

T48WC0 4 6885 86/84/86 11:37 <2.88 12.1 <1.88 (1.88 (1.88 (2.88 (5.88 (2.88 (2.88 (1.88 (1.88 (1.88 <2.88
T4814 5 87881 85/29/86 11:26 <12.9 <1.34 <1.21 <1.28 (1.35 <2.47 (5.88 (1.18 (1.28 (1.28 (1.48 (8.618 (1.78 (2.48

T4BWC 1 87881 85/29/86 11:26 (2.08 <1.88 <1.88 <1.88 (1.88 <2.88 (5.88 (2.88 (2.88 (1.88 <1.88 (1.88 <2.88
T414C 5 89885 06/85/86 11:85 (2.88 <1.88 <1.88 <1.88 <1.88 (2.88 <5.88 (2.88 18.9 (1.88 <1.88 (1.88 <2.88
T4141 15 89885 06/85/86 11:05 (1.34 <1.21 <1.28 <1.35 <2.47 <5.88 <1.18 <1.28 7.29 <1.48 <8.618 (1.78 (2.48

OPGW2 8 BOLLER 07/81/86 89:32 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 (5.88 <1.18 <1.28 (1.28 27.3 (8.618 <1.78 <2.48
OPGW2C 7 BOLLER 87/01/86 89:32 (2.88 <1.88 <1.88 (1.88 <1.88 <2.88 <5.00 (2.88 <2.88 39..7 <1.88 <1.88 <2.88

T4CC 1 81812 86/25/86 12:50 2.58 <1.88 <1.88 <1.88 <1.88 <2.88 (5.00 <2.88 3.87 2.86 <1.88 (1.88 <2.88
T4C14 1 81812 86/25/86 12:58 <12.9 <1.34 <1.21 <1.28 <1.35 (2.47 <5.00 (1.18 1.75 3.62 1.95 <0.610 (1.78 <2.48
T4CC 2 81814 07/81/86 88:36 <288 185888 1898 441 1898 846 (588 <288 <288 <188 <188 (188 <288
14014 2 81814 07/01/86 88:36 <12.9 212888 832 273 696 1748 (5.88 <1.18 <1.28 <1.28 <1.48 8.88 (1.78 <2.48



ENVIkONMENTAL SCIENCE AND ENGI NC. INC. DATE:07/15/88 PAGE 6

SAMPLE LIST T4C

STORET CODE: 34511 34475 34301
METHOD CODE: YB Y8 YB
PARAMETER: I12TCE TCLEE CLC6H5
UNITS: UG/L UG/L UG/L
FLD.GRP. # SAMPLE ID DATE TIME

OPGW2 31 37353 06/12/86 11:32 <1.00 <1.30 <0.580
OPGW2C 8 37353 06/12/86 11:32 <1.00 <1.00 <2.00
OPGW2 32 37354 06/11/86 10:06 <1.00 (1.30 <0.580
OPGW2C 4 37354 06/11/86 10:06 <1.00 <1.00 <2.00

T4WC 2 04007 06/04/86 14:13 <1.00 1.83 <2.00
T4WW 2 04007 06/04/86 14:13 <1.00 2.11 <0.580
T4WC 3 04030 06/04/86 08:24 <1.00 <1.00 <2.00
T4WW 10 04030 06/04/86 08:24 <1.00 <1.30 <0.580
T4WC 4 04033 06/04/86 09:01 <1.00 <1.00 <2.00
T4WW 13 04033 06/04/86 09:01 <1.00 <1.30 <0.580
T4OW 4 06005 06/04/86 11:37 <1.00 <1.30 <0.580

T4BWC 4 6995 06/04/86 11:37 <1.00 <1.00 <2.00
T4OW 5 07001 05/29/86 11:26 <1.00 <1.30 <0.580

T48WC 1 07001 05/29/86 11:26 <1.00 <1.00 <2.00
T4WC 5 09995 06/05/86 11:05 <1.00 2.01 <2.00
T4WW 15 09095 06/05/86 11:05 <1.00 1.84 <0.580
OPGW2 8 BOLLER 07/01/86 09:32 <1.00 6.56 <0.580

OPGW2C 7 BOLLER 07/01/86 09:32 <1.00 5.90 <2.00
T4CC 1 01012 06/25/86 12:50 <1.00 15.8 <2.00
T4CW 1 01012 96/25/86 12:50 <1.00 10.8 <0.580
T4CC 2 01014 07/01/86 08:36 <100 <100 <200
T4CW 2 01014 07/01/86 08:36 <1.00 <1.30 <0.580



ENVIRONMENTAL SCIENCE AND ENGi -NG INC. DATE:07/06/Bb PAGE 2

SAMPLE LIST T4C

STORET CODE: 99133 99133 99133 77985 77985 77985
METHOD CODE: 08 888 M8 RB 1388 MB
PARAMETER: DBCP DBCP DBCP DCPD DCPD DCPD
UNITS: UG/L UG/L UG/L UG/L UG/L UG/L
rLD.GRP. # SAMPLE ID DATE TIME

14CC 28 26086 06/24/86 13:55 (15 (4.0 <4.7 (2.0
T4CW 71 26086 06/24/86 13:55 (0.130 (9.31
14CC 29 26127 96/26/86 12:58 (15 (4.0 <4.7 <2.0
T4C14 72 26127 06/26/86 12:58 <0.130 <9.31
T4CC 30 26128 06/24/86 13:34 (15 (4.0 (4.7 (2.0
T4C14 73 26128 06/24/86 13:34 (0.130 (9.31
14CC 31 26133 96/27/86 09:06 39 <400 1100 1000
T4CW 74 26133 06/27/86 09:06 26.4 935
14CC 32 26140 06/24/86 08:52 (15 (4.0 <4.7 (2.0
T4CW 75 26140 06/24/86 08:52 <0.130 <9.31
14CC 33 27040 06/19/86 09:15 (15 (4.0 (4.7 (2.0
T4CW 80 27040 96/19/86 09:15 0.433 (9.31
14CC 34 27062 96/12/86 10:52 (15 <4.0 <4.7 (2.0
T4CW 87 27062 06/12/86 10:52 0.330 (9.31
14CC 35 28025 06/19/86 14 : 35 (15 (4.0 <4.7 (2.0
T4CW 89 28025 06/19/86 14:35 (0.130 <9.31
T4WC 6 28027 06/04/86 07:44 (15 <4.0 (4.7 (2.9
T414W 35 28027 06/04/86 07:44 (9.130
14CC 10 93005 06/11/86 11:50 (15 (4.0 (4.7 6.2
T4CW 25 93095 06/11/86 11:50 <0. 130 <9.31
T414C 7 33960 06/04/86 98:56 (15 (4.0 (4.7 (2.0
14WW1 26 33960 96/04/86 08:56 (0.130
14CC 36 35912 06/11/86 16:18 (15 (4.0 (4.7 (2.0
T4CW 94 35012 06/11/86 16:18 <0. 130 <9.31
14CC 37 35013 06/12/86 14:21 (15 (4.0 (4.7 (2.0
14GW 95 35013 06/12/86 14:21 (0. 130 (9.31
14CC 38 35052 06/25/86 12:01 (15 (4.0 (4.7 (2.0
T4CW 100 35052 06/25/86 12:01 (9.130 (9.31
14CC 39 35065 06/30/86 99:48 (15 <40 70 (20
T4CW 106 35065 96/30/86 09:48 <0.130 33.9
T4WC 1 03523 06/04/86 13:47 53 56 (41.7 (2.0
1414W 1 03523 06/04/86 13:47 40.9
14CC 40 36001 06/23/86 14:09 200 140 73 53
14CW 109 36001 06/23/86 14:09 141 34.2
14CC 41 36076 06/25/86 14:24 (15 (4900 (4.7 (2000
14GW 113 36076 06/25/86 14:24 0.644 <9.31
14CC 42 36082 06/27/86 10:02 (15 (409 28 (200
14GW 114 36082 06/27/86 10:02 (0.130 17.9
14CC 43 36112 06/30/86 08:52 (15 (4.0 <4.7 (2.0
T4CW 117 36112 06/30/86 08:52 (0.130 (9.31
OPGW2 2 37307 06/18/86 11:41 <0.130 (9.31

OPGW2C 2 37307 06/18/86 11:41 (15 (4.0 (4.7 (2.0
OPGW2 3 37308 06/16/86 15:17 0.876 111

OPGW2C 3 37308 06/16/86 15:17 (15 (4.0 150 120
OPGW2 5 37312 06/17/86 11:13 (0.130 (9.31
OPGW2C 1 37312 06/17/86 11:13 (15 (4.0 (4.7 (2.0
OPGW2 12 37332 06/16/86 11:58 (0.130 (9.31
OPGW2C 5 37332 06/16/86 11:58 (15 (4.0 (4.7 (2.0
OPGW2 21 37343 06/13/86 08:34 (0.130 (9.31
OPGW2C 6 37343 06/13/86 08:39 (15 (4.9 (4.7 8.4



ENViRONMENTAL SCIENCE AND ENGI ýNG, INC. DATE:07/06/818 PAGE 3

SAMPLE LIST T4C

STORET CODE: 99133 99133 99133 77985 77985 77985
METHOD CODE: 08 BBB M8 R8 BB8 MB
PARAMETER: DBCP DBCP DBCP DCPD DCPD DCPDUNITS: UG/L UC/L UG/L UC/L UC/L UC/L
FLD.CRP. # SAMPLE ID DATE TIME

OPGW2 31 37353 06/12/86 11:32 08.130 <9.31
OPGW2C 8 37353 06/12/86 11:32 <15 (4.0 (4.7 (2.0
OPGW2 32 37354 06/11/86 18:86 <0.130 <9.31

OPGW2C 4 37354 86/11/86 18:86 <15 (4.8 <4.7 <2.8
T414C 2 04007 06/04/86 14:13 (15 (4.8 (4.7 (2.8
T4WW 2 84007 06/84/86 14:13 (0.130
T414C 3 84838 06/04/86 88:24 (15 (4.8 <4.7 <2.8
T4WW 10 84838 86/84/86 88:24 <@. 130
T414C 4 84833 86/04/86 09:01 <15 <4.8 (4.7 (2.8
T4WW 13 84833 06/04/86 89:81 (8. 130
T4BW 4 86805 86/84/86 11:37 <8.138 (9.31

T4BWC 4 6805 86/04/86 11:37 (15 (4.0 <4.7 <2.8
14BW 5 87801 05/29/86 11:26 (8. 138 (9.31

T4BWC 1 87881 85/29/86 11:26 *(15 (4.8 *(4.7 <2.8
T4WC 5 89885 86/85/86 11:85 (15 (4.8 <4.7 (2.8
T4WW 15 89005 86/85/86 11:85 (8.138

OPCW2 8 BOLLER 87/81/86 89:32 8.332 (9.31
OPGW2C 7 BOLLER 87/81/86 89:32 (15 (4.8 (4.7 (2.8

T4CC 1 81012 86/25/86 12:50 (15 (4.8 (4.7 (2.8
T4CW 1 01012 06/25/86 12:58 0.244 (9.31
14CC 2 01014 87/81/86 88:36 (75 (488 72000 3708
T4CW 2 01014 87/81/86 88:36 (8.138 3368



4TH QUARTER FY 1986 TASK 4 CC/MS CONFIRMATION DATA

FIELD GROUP NUMBERS T4CC2, T4WC2, AND OPG3C ARE CC/MS RESULTS



ENVIRONMENTAL SCIENCE AND ENG. RING. INC. DATE:07/11/88 PAGE 1

SAMPLE LIST T4C3

STORET CODE: 98551 34386 39330 39430 39320 39380 39390 39300 81580 98564 98563 98562 81512 98561METHOD CODE: B88 Se Se $8 S8 Se S8 S8 U8 US U8 U8 U8 U8PARAMETER: DIMP HCCPD ALDRIN ISODRIN PP'-DDE DIELDRIN ENDRIN PP'-DDT DMDS l4-OXAT 1.4-DITH CPMS BTZ CPMSOUNITS: UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/LFLD.GRP. # SAMPLE ID DATE TIME

T4C2 4 01021 09/18/86 14:22 <11 <0.070 <0.070 <0.060 <0.053 <0.060 <0.052 <0.070 <1.80 <2.00 <1.10 <1.30 <4.20T4CC2 1 01021 09/18/86 07:00 <5.7 <11.0 <4.70 <5.90 <4.70 <4.70 (7.60 <10.0 (3.00 <6.10 <11.0 <14.0 <17.0T4C2 6 01023 09/18/86 11:09 <11 <0.070 <0.070 <0.060 <0.053 <0.060 <0.052 (0.070 <1.80 <2.00 <1.10 <1.30 <4.20T4CC2 2 01023 09/18/86 11:09 <5.7 <11.0 <4.70 <5.90 <4.70 <4.70 (7,60 <10.8 (3.00 <6.10 <11.8 <14.0 <17.0T4C2 16 02020 09/17/86 11:16 <11 <0.070 <(.070 <0.060 <0.053 0.430 <0.052 <0.070 <1.80 <2.00 <1.10 <1.30 <4.20T4CC2 4 02020 09/17/86 11:16 <5.7 <11.0 <4.70 <5.90 <4.70 <4.70 (7.60 <10.0 <3.00 <6.10 <11.0 <14.0 <17.0T4C2 19 02034 09/05/86 13:57 <11 <0.070 <0.070 <0.060 <0.053 <0.060 <0.052 <0.070 <1.80 <2.00 <1.10 <1.30 <4.20T4CC2 5 02034 09/05/86 13:57 <5.7 <11.0 <4.70 <5.90 <4.70 <4.70 (7.60 <10.0 Q3.00 <6.10 <11.0 <14.0 <17.0T4C2 20 02035 09/05/86 15:00 (11 <0.070 <0.070 <0.060 <0.053 <0.060 <0.052 <0.070 <1.80 <2.00 <1.10 <1.30 <4.20T4CC2 6 02035 09/05/86 15:00 <5.7 <11.0 <4.70 <5.90 <4.70 (4.78 (.60 <10.0 <3.00 <6.10 <11.0 <14.0 <17.0T4C2 28 22059 09/03/86 10:24 <11 <0.070 <0.070 <0.060 <0.053 0.127 <0.052 <0.070 <1.80 <2.00 <1.10 <1.30 <4.20T4CC2 7 22059 09/03/86 10:24 <5.7 <11.0 <4.70 (5.90 <4.70 <4.70 (7.60 <10.0 <3.00 <6.10 <11.0 <14.0 <17.0T4C2 29 22060 09/03/86 08:05 <11 <0.070 <0.070 <0.060 <0.053 0.396 <0.052 <0.070 <1.80 <2.00 <1.10 <1.30 <4.20T4CC2 8 22060 e9/03/86 08:05 <5.7 <11.0 <4.70 <5.90 <4.70 <4.70 (7.60 <10.0 (3.00 <6.10 <11.0 <14.0 <17.0T4C2 31 23095 09/03/86 12:31 1100 <0.700 <0.700 <0.600 <0.530 <0.600 <0.520 <0.700 <1.80 10.8 91.0 <1.30 <4.20T4CC2 9 23095 09/03/86 12:31 600 <11.0 <4.70 <5.90 <4.70 <4.70 (7.60 <10.0 4.33 18.1 67.7 <14.0 <17.0T4C2 33 23125 09/25/86 15:24 19 <0.070 <0.070 <0.060 <0.053 <0.060 <0.052 <0.070 <1.80 <2.00 <1.10 <1.30 <4.20T4CC2 10 23125 09/25/86 15:24 10 <11.0 <4.70 <5.90 <4.70 <4.70 <7.60 <10.0 <3.00 <6.10 <11L0 <14.0 <17.0T4C2 37 23179 09/02/86 09:57 780 2.29 <1.40 <1.20 <1.06 <1.20 <1.04 <1.40 <1.80 17.9 73.0 73.4 13.6T4CC2 12 23179 09/02/86 09:57 540 <11.0 (4.70 <5.90 <4.70 <4.70 (7.60 <10.0 <3.00 <6.10 55.0 115 <17.0T4C2 39 23182 09/04/86 10:12 <11 <0.070 <0.070 <0.060 <0.053 <0.060 <0.052 <0.070 <1.80 <2.00 <1.10 <1.30 <4.20T4CC2 14 23182 09/04/86 10:12 <5.7 <11.0 <4.70 <5.90 <4.70 <4.70 <7.60 <10.0 <3.00 <6.10 <11.0 <14.0 <17.0T4C2 40 23183 09/04/86 14:07 <11 <0.070 <0.070 <0.060 <0.053 <0.060 <0.052 <0.070 <1.80 <2.00 <1.10 <1.30 <4.20T4CC2 15 23183 09/04/86 14:07 <5.7 <11.0 <4.70 <5.90 <4.70 <4.70 <7.60 <10.0 (3.00 <6.10 <11.0 <14.0 <17.0T4C2 50 24178 09/22/86 14:50 300 0.207 <0.870 <0.060 <0.053 3.35 2.22 <0.070 <1.80 <2.00 <1.10 13.5 95.9T4CC2 18 24178 09/22/86 14:50 >280 <11.0 (4.70 <5.90 <4.70 <4.70 (7.60 <10.0 (3.00 <6.10 <11.0 <14.0 70.3T4C2 51 24185 09/23/86 08:50 <11 <0.070 <(.070 <0.060 <0.053 0.396 0.080 <0.070 <1.80 <2.00 <1.10 <1.30 <4.20T4CC2 19 24185 09/23/86 08:50 <5.7 <11.0 <4.70 <5.90 <4.70 <4.70 (7.60 <10.0 <3.00 <6.10 <11.0 <14.0 <17.0T4C2 57 25016 09/05/86 11:06 <11 <0.070 <0.070 <0.060 <0.053 <0.060 <0.052 0.133 <1.80 <2.00 <1.10 <1.30 <4.20T4CC2 20 25016 09/05/86 11:06 <5.7 <11.0 <4.70 <5.90 <4,70 <4.70 <7.60 <10.0 <3.00 <6.10 <11.0 <14.0 <17.0T4C2 60 26011 09/19/86 08:54 19 <0.070 0.109 <0.060 <0.053 0.164 <0.052 <0.070 <1.80 <2.00 1.99 <1.30 <4.20T4CC2 21 26011 09/19/86 08:54 15 <11.0 <4.70 <5.90 <4.78 <4.70 (7.60 <10.0 <3.00 <6.10 <11.0 <14.0 <17.0T4C2 61 26015 09/22/86 09:10 590 <0.070 <0.070 <0.060 <0.053 0.112 <0.052 <0.070 <1.80 2.46 11.7 <1.30 <4.20T4CC2 22 26015 09/22/86 09:10 410 <11.8 <4.70 <5.90 <4.70 <4.70 <7.60 <10.0 (3.00 <6.10 <11.0 <14.0 <17.0T4C2 62 26017 09/22/86 10:53 130 <0.080 <0.070 <0.060 <8.853 0.103 <0.052 <0.070 <1.80 <2.00 5.27 <1.30 <4.20T4CC2 23 26017 09/22/86 10:53 61 <11.0 <4.70 <5.90 <4.70 <4.70 (7.60 <10.0 <3.00 <6.10 <11.0 <14.0 <17.0T4C2 63 26020 09/23/86 08:45 920 <0.070 <0.070 <0.060 <0.053 0.201 <0.052 <0.070 <1.80 <2.00 2.93 <1.30 <4.20T4CC2 24 26020 09/23/86 08:45 <3.00T4C2 65 26041 09/23/86 07:10 3300 <0.700 <0.700 <0.600 <0.530 <0.600 <0.520 <0.700 10.0 8.46 54.5 48.8 <42.0T4CC2 25 26041 09/23/86 07:10 2588 <11.0 (4.70 <5.90 <4.70 <4.70 <7.60 <10.0 42.3 <6.10 62.1 <14.0 <17.0T4C2 72 26127 09/29/86 10:20 1700 <0.070 <0.070 <0.060 <0.053 2.42 0.366 1.14 <1.80 4.42 34.3 <1.30 <4.20T4CC2 26 26127 09/29/86 10:20 1300 <11.0 <4.70 <5.90 <4.70 <4.70 (7.60 <10.0 <3.00 <6.10 40.1 <14.0 <17.0T4C2 74 26133 09/19/86 12:07 950 <1.40 <1.40 <0.060 <1.06 2.24 <1.04 <1.40 <1.80 11.4 31.7 360 31.4T4CC2 27 26133 09/19/86 12:07 470 <11.0 <4.70 <5.90 <4.70 7.84 <7.60 <10.0 <300 13.0 35.3 408 18.6T4C2 76 26142 09/24/86 07:48 <11 <.070' <0.700 <0.060 <0.053 2.52 <0.520 <0.070 <1.80 <2.00 <1.10 <1.30 <4.20T4CC2 28 26142 09/24/86 07:48 (5.7 <11.0 <4.70 <5.90 <4.70 <4.70 <7.60 <10.0 <3.00 <6.10 <11.0 <14.0 <17.0T4C2 122 27016 09/26/86 08:22 14 <0.070 <0.070 <0.060 <0.053 0.246 <0.052 <0.070 <1.80 <2.00 <1.10 <1.30 <4.20T4CC2 29 27016 09/26/86 08:22 6.6 <11.0 <4.70 <5.90 <4.70 <4.70 <7.60 <10.0 (3.00 <6.10 <11.0 <14.0 <17.0T4C2 81 27053 09/19/86 08:52 <11 <(.070 <0.070 <0.060 <0.053 <0.060 <0.052 <0.070 <1.80 <2.00 <1.10 <1.30 <4.20T4CC2 30 27053 09/19/86 08:52 <5.7 <11.6 <4.70 <5.90 <4.70 <4.70 (7.60 <10.0 (3.00 <6.10 <11.0 <14.0 <17.0



ENVIRONMENTAL SCIENCE AND ENC, .RINC, INC. DATE:07/06/88 PAGE I

SAMPLE LIST T4C3

STORET CODE: 81596 34030 34010 34371 98553 98554 34423 34501 34496 34546 32106 34531 34506 32102
METHOD CODE: R8 W8 148 W8 W48 148 Y8 Y8 Y8 Y8 Y8 Y8 Y8 Y8
PARAMETER: MIBIK BENZENE TOLUEN ETHYLBENZ M-XYL O&P-XYL METHYLCL IIDCE IIDCLE T12DCE CHCL3 12DCLE I1ITCE CCL4
UNITS: UC/L UC/L UC/L UC/L UC/L UC/L UG/L UG/L UC/L UG/L UC/L UG/L UC/L UG/L
FLD.CRP. # SAMPLE ID DATE TIME

T4C2 4 01021 09/18/86 14:22 (12.9 <1.34 (1.21 (1.28 (1 .35 <2.47 (5.00 <1.10 (1.20 <1.20 <1.40 <0.610 (1.70 <2.40
T4CC2 1 01021 09/18/66 07:00 (2.00 (1.00 (1.00 (1.00 (1.00 (2.00 <5.00 (2.00 <2.00 (1.00 <1.00 (1.00 (2.00
T4C2 6 01023 09/18/86 11:09 (12.9 (1.34 (1.21 (1.28 (1.35 <2.47 (5.00 <1.10 (1.20 <1.20 (1.40 <0.610 (1.70 <2.40

T4CC2 2 01023 09/18/86 11:09 <2.00 <1.00 (1.00 (1.00 (1.00 (2.00 (5.00 <2.00 <2.00 <1.00 <1.00 (1.00 (2.60
T4C2 16 02020 09/17/86 11:16 <12.9 (1.34 (1.21 <1.28 <1.35 <2.47 (5.00 (1.10 2.50 <1.20 31.9 (0.610 <1.70 <2.40

T4CC2 4 02020 09/17/86 11:16 <2.00 (1.00 (1.00 (1.00 <1.00 <2.00 (5.00 2.82 <2.00 36.0 <1.00 <1.00 (2.00
T4C2 19 02034 09/05/86 13:57 <12.9 <1.34 (1.21 (1.28 (1 .35 <2.47 <5.00 <1.10 4.29 <1.20 13.3 <0.610 <1.70 <2.46
T4CC2 5 02034 09/05/86 13:57 (2.00 (1.00 <1.00 (1.00 (1.00 <2.00 <5.00 4.61 <2.00 14.6 <1.00 (1.00 <2.00
T4C2 20 02035 09/05/86 15:00 (12.9 (1.34 (1.21 <1.28 (1.35 <2.47 <5.00 <1.10 6.74 (1.20 162 <0.610 (1.70 13.5

T4CC2 6 02035 09/05/86 15:00 <2.00 (1.00 (1.00 (1.00 (1.00 (2.00 (5.00 10.0 <2.00 >166 (1.00 (1.00 16.7
T4C2 28 22059 09/03/86 10:24 <12.9 <1.34 (1.21 (1.28 (1.35 (2 .47 (5.00 (1.10 (1.20 <1.20 14.1 <0.610 (1.70 (2.40

14CC2 7 22059 09/03/86 10:24 (2.00 (1.00 (1.60 (1.00 (1.00 <2.00 17.9 (2.00 (2.00 9.09 (1.00 (1.00 (2.06
T4C2 29 22060 09/03/86 08:05 (12.9 (1.34 (1.21 (1.28 (1.35 (2.47 <5.00 (1.10 (1.20 (1.20 (1.40 (0.610 (1.70 (2.46

T4CC2 8 22060 09/03/86 08:05 (2.00 (1.00 (1.00 (1.00 (1.00 (2.00 >160 (2.00 (2.00 (1.00 (1.00 (1.00 (2.00
T4C2 31 23095 09/03/86 12:31 (12.9 22.0 6.40 2.85 (1.35 (2.47 (5.00 (1.10 (1.20 (1.20 1420 (0.6i@ (1.70 <2.40

14CC2 9 23095 09/03/86 12:31 6.22 23.7 (1.00 (1.00 (1.00 2.25 (5.00 <2.00 (2.00 3860 43.1 (1.00 (2.00

T4C2 33 23125 09/25/86 15:24 (12.9 (1.34 (1.21 (1.28 (1.35 (2.47 <5.00 (1.10 <1.20 (1.20 1.71 <0.610 (1.70 (2.40

14CC2 10 23125 69/25/86 15:24 <2.00 (1.00 (1.00 (1.00 (1.00 (2.00 <5.00 (2.00 (2.00 2.-24 (1.00 (1.00 (2.00

T4C2 37 23179 69/02/86 09:57 (12.9 32.8 460 (1.28 <1.35 (2.47 128 (1.10 (1.20 <1.20 26900 (0.610 (1.70 (2.40

T4CC2 12 23179 09/02/86 09:57 (2.00 31.5 (1.00 (1.00 (1.00 2.85 150 3.35 (2.00 >16600 122 (1.00 (2.00

T4C2 39 23182 09/04/86 10:12 (12.9 (1.34 (1.21 (1.28 (1.35 (2.47 <5.00 (1.10 (1.20 (1.20 (1.40 <0.610 (1.70 (2.40

T4CC2 14 23182 09/04/86 10:12 (2.00 (1.00 (1.00 (1.00 (1.00 (2.00 <S.00 (2.00 <2.00 (1.00 (1.00 (1.00 (2.00

T4C2 40 23183 09/04/86 14:07 <12.9 (1.34 (1.21 (1.28 (1.35 (2.47 <5.00 (1.10 (1.20 <1.20 (1.40 (0.610 <1.70 (2.40
T4CC2 15 23183 09/04/86 14:07 (2.00 <1.00 (1.00 (1.00 (1.00 (2.00 (5.00 (2.00 (2.00 (1.00 (1.00 (1.00 (2.00

T4C2 50 24178 09/22/86 14:50 (12.9 (1.34 (1.21 (1.28 <1.35 (2.47 (5.00 (1.10 (1.20 (1.20 124 <0.610 (1.70 2.66

T4CC2 18 24178 09/22/86 14:50 (2.00 1.14 (1.00 (1.00 (1.00 (2.00 <5.00 (2.00 (2.00 163 1.39 (1.00 2.73

T4C2 51 2418S 09/23/86 08:50 (12.9 (1.34 (1.21 (1.28 (1.35 (2.47 (5.00 (1.10 <1.20 (1.20 (1.40 <0.610 (1.70 (2.40

T4CC2 19 24185 09/23/86 08:50 (2.00 (1.10 (1.00 (1.00 (1.00 (2.00 <5.00 <2.00 (2.00 <1.00 (1.00 (1.00 <2.00

T4C2 57 25016 09/05/86 11:06 (12.9 15.4 (1.21 (1.28 (1.35 (2.47 (5.00 (1.10 (1.20 (1.20 (1.40 <0.610 (1.70 (2.40

T4CC2 20 25016 09/05/86 11:06 (2.00 5.62 (1.00 <1.00 (1.00 (2.00 (5.00 (2.00 (2.00 (1.00 (1.00 (1.00 (2.00

74C2 60 26011 09/19/86 08:54 (12.9 (1.34 (1.21 (1.28 <1.35 (2.47 (5.00 (1.10 (1.20 (1.20 (1.40 (0.610 (1.70 (2.40

T4CC2 21 26011 09/19/86 08:54 (2.00 (1.00 (1.00 (1.00 (1.00 (2.00 <5.00 (2.00 (2.00 (1.00 (1.00 (1.00 (2.00

T4C2 61 26015 09/22/86 09:10 (12.9 (1.34 (1.21 (1.28 (1.35 (2.47 <5S00 (1.10 (1.20 (1.20 (1.40 (0.610 (1.70 (2.40

T4CC2 22 26015 09/22/86 09:10 (2.00 (1.10 (1.00 (1.00 (1.00 <2.00 (5.00 (2.00 (2.00 (1 .00 <1.00 (1.00 (2.00

T4C2 62 26017 09/22/86 10:53 (12.9 (1.34 (1.21 (1.28 (1.35 (2.47 (5.00 (1.10 (1.20 (1.20 (1.40 <0.610 (1.70 (2.40

T4CC2 23 26017 09/22/86 10:53 (2.00 (1.10 (1.00 (1.00 (1.00 (2.00 (5.00 (2.00 (2.00 (1.00 <1.00 (1.00 (2.00

T4C2 63 26020 09/23/86 08:45 <12.9 (1.34 (1.21 (1.28 <1.35 (2.47 <5.00 <1.10 (1.20 (1.20 (1.40 (0.610 (1.70 <2.40

T4CC2 24 26020 09/23/86 08:45 (2.00 <1.10 (1.00 (1.00 <1.00 (2.00 (5.00 (2.00 <2.00 <1.00 (1.00 (1.00 <2.00

T4C2 65 26041 09/23/86 07:10 (12.9 48.4 729 2.22 (1.35 2.59 (100 (22.0 (24.0 (24.0 (28.0 19.9 (34 .0 (48.0

T4CC2 25 26041 09/23/' 86 07:10 25.1 (27.5 (25.0 (5.00 (5.00 (10.0 <25.0 (10.0 (10.0 <5.00 (25.0 (5.00 (10.0

T4C2 72 26127 09/29/86 10:20 (12.9 (1.34 (1.21 (1.28 (1.35 (2.47 <5.00 (1.10 (1.20 (1.20 (1.40 <0.610 (1.70 (2.40

T4CC2 26 26127 09/29/86 10:20 (2.00 (1.00 (1.00 (1.00 (1.00 (2.00 (5.00 (2.00 (2.00 (1.00 (1.00 (1.00 <2.00

T4C2 74 26133 09/19/86 12:07 (323 562 195 8.41 8.52 55.0 <25.0 <1.10 (6.00 (600 48000 (61.0 (170 (240

T4CC2 27 26133 09/19/86 12:07 (200 536 199 (100 (100 (200 814 (200 (200 68300 <100 <100 (200

T4C2 76 26142 09/24/86 0 7: 48 (12.9 (1.34 (1.21 (1.28 <1.35 (2.47 <5.00 (1.10 (1.20 (1.20 (1.40 <0.610 (1.70 (2.40

T4CC2 28 26142 09/24/86 07:48 (2.00 (1.10 (1.00 (1.00 (1.00 (2.00 (5.00 (2.00 (2.00 (1.00 (1.00 (1.00 (2.00

T4C2 122 27016 09/26/86 08:22 (12.9 (1.34 (1.21 (1.28 <1.35 (2.47 (5.00 <1.10 (1.20 <1.20 (1.40 (0.610 (1.70 (2.40

T4CC2 29 27016 09/26/86 08:22 (2.00 (1.00 (1.00 (1.00 (1.00 (2.00 <5.00 (2.00 (2.00 (1.00 (1.00 (1.00 (2.00

T4C2 81 270S3 09/19/86 08:S2 (12.9 (1.34 (1.21 (1.28 <1.35 (2.47 <S.00 (1.10 (1.20 (1.20 <1.40 (0.610 (1.70 (2.40

T4CC2 30 27053 09/19/86 08:52 (2.00 (1.00 (1.00 (1.00 (1.00 (2.00 (5.00 (2.00 (2.00 (1.00 (1.00 (1.00 (2.00



ENVIRONMENTAL SCIENLL AND ENG. iNG, INC. DAIE:07/06/88 PAGE 2

SAMPLE LIST T4C3

STORET CODE: 34511 34475 34301
METHOD CODE: Y8 Y8 Y8
PARAMETER: 112TCE TCLEE CLC6H5
UNITS: UG/L UG/L UGlL
FLD.GRP. # SAMPLE ID DATE TIME

T4C2 4 01021 09118/86 14:22 (1.00 (1.30 (0.580

T4CC2 1 01021 09/18/86 07:00 (1.00 (1.00 (2.00
T4C2 6 01023 09/18/86 11:09 (1.00 <1.30 <0.580

T4CC2 2 01023 09/18/86 11:09 (1.00 <1.00 <2.00
T4C2 16 02020 09/17/86 11:16 (1 .00 (1.30 (0.580
T4CC2 4 02020 09/17/86 11:16 (1.00 (1.00 (2.00
T4C2 19 02034 09/05/86 13:57 (1.00 1.36 (0.580

14CC2 5 02034 09/05/86 13 :5 7 (1.00 (1.00 <2.00
T4C2 20 02035 09/05/86 15:00 <1.00 2.98 (0.580

T4CC2 6 02035 09/05/86 15:00 (1.00 3.59 (2.00
T4C2 28 22059 09/03/86 10:24 (1.00 (1.30 (0.580

T4CC2 7 22059 09/03/86 10:24 <1.00 <1.00 (2.00
T4C2 29 22060 09/03/86 08:05 <1.00 <1.30 (0.580

T4CC2 8 22060 09/03/86 08:05 (1.00 <1.00 (2.00
T4C2 31 23095 09/03/86 12:31 (1.00 31.5 (0.580

T4CC2 9 23095 09/03/86 12:31 (1.00 34.3 (2.00
T4C2 33 23125 09/25/86 15:24 (1.00 (1.30 (0.580
T4CC2 10 23125 09/25/86 15:24 (1.00 (1.00 (2.06

T4C2 37 23179 09/02/86 09:57 (1.00 67.7 (0.580
T4CC2 12 23179 09/02/86 09:57 (1.00 59.0 (2.80
T4C2 39 23182 09/04/86 10:12 (1.00 (1.30 (0.580

T4CC2 14 23182 09/04/86 10:12 (1.00 (1.00 (2.00
14C2 40 23183 09/04/86 14:07 (1.00 (1.30 (0.580

T4CC2 I5 23183 09/04/86 14:07 (1.00 (1.00 (2.00
T4C2 50 24178 09/22/86 14:50 (1.00 48.2 (0.580 ~

14CC2 18 24178 09/22/86 14:50 (1.00 55.7 (2.00

T4C2 51 24185 09/23/86 08:50 (1.00 (1.30 (0.580

T4CC2 19 24185 09/23/86 08:S0 (1.00 (1.00 (2.06
T4C2 57 25016 09/05/86 11:06 (1.00 (1.30 (0.580

T4CC2 20 25016 09/05/86 11:06 (1.00 (1.00 (2.00
T4C2 60 26011 09/19/86 08:54 (1.00 (1.30 (0.580

T4CC2 21 26011 09/19/86 08:54 (1.00 (1.00 (2.00
T4C2 61 26015 09/22/86 09:10 (1.00 (1.30 (0.580

T4CC2 22 26015 09/22/86 09:10 (1.00 (1.00 (2.00
T4C2 62 26017 09/22/86 10:53 (1.00 (1.30 (0.580

T4CC2 23 26017 09/22/86 10:53 (1.00 (1.00 (2.00

T4C2 63 26020 09/23/86 08:45 (1.00 (1.30 (0.580

T4CC2 24 26020 09/23/86 08:45 (1.00 (1.00 (2.06

T4C2 65 26041 09/23/86 07:10 (20.0 (26.0 (11.6

1'4CC2 25 26041 09/23/86 07:10 (5.00 (5.00 (10.6
T4C2 72 26127 09/29/86 10:20 (1.00 (1.30 (0.580

T4CC2 26 26127 09/29/86 10:20 (1.00 (1.60 3.52

T4C2 74 26133 09/19/86 12:07 (5.00 (6.50 (2.90

T4CC2 27 26133 09/19/86 12:07 (100 437 (200

T4C2 76 26142 09/24/86 07:48 (1.00 (1.30 (0.580

T4CC2 28 26142 09/24/86 07:48 (1.00 (1.00 (2.00

T4C2 122 27016 09/26,/86 08:22 (1.00 (1.30 <0.580

T4CC2 29 27016 09/26/86 08:22 (1.00 (1.00 (2.00

T4C2 81 27053 09/19/86 08:52 (1.00 (1.30 <0.580

T4CC2 30 27053 09/19/86 08:52 (1.00 (1.00 (2.00



ENVIRONMENTAL SCIENCE AND ENG, .RINC INC. DATE:07/06/88 PACE I

SAMPLE LIST T4C3

STORET CODE: 99133 99133 99133 77985 77985 77985
METHOD CODE: Q8 BB8 MB R8 BBB M8
PARAMETER: DBCP DBCP DBCP DCPD DCPD DCPD
UNITS: UG/L UG/L UG/L UG/L UG/L UG/L
FLD.GRP. # SAMPLE ID DATE TIME

T4C2 4 01021 09/18/86 14:22 <0.130 <9.31
T4CC2 1 01021 09/18/86 07:00 <15 <4.0 <4.7 <2.0
T4C2 6 01023 09/18/86 11:09 <0.130 <9.31
T4CC2 2 01023 09/18/86 11:09 <15 <4.0 <4.7 <2.0
T4C2 16 02020 09/17/86 11:16 <0.130 <9.31
T4CC2 4 02020 09/17/86 11:16 <15 <4.0 <4.7 <2.0
T4C2 19 02034 09/05/86 13:57 <0.130 <9.31
T4CC2 5 02034 09/05/86 13:57 <15 <4.0 <4.7 <2.0
T4C2 20 02035 09/05/86 15:00 (0.130 <9.31
T4CC2 6 02035 09/05/86 15:00 <15 <4.0 <4.7 <2.0
T4C2 28 22059 09/03/86 10:24 0.149 <9.31
T4CC2 7 22059 09/03/86 10:24 <15 <4.0 <4.7 <2.0
14C2 29 22060 09/03/86 08:05 <0.130 <9.31
T4CC2 8 22060 09/03/86 08:05 <15 <4.0 <4.7 <2.0
T4C2 31 23095 09/03/86 12:31 <0.130 674
T4CC2 9 23095 09/03/86 12:31 <15 <4.0 900 680
T4C2 33 23125 09/25/86 15:24 (0.130 <9.31
T4CC2 10 23125 09/25/86 15:24 <15 <4.0 <4.7 <2.0
T4C2 37 23179 09/02/86 09:57 1.82 626

T4CC2 12 23179 09/02/86 09:57 <15 <4.0 870 790
T4C2 39 23182 09/04/86 10:12 <0.130 <9.31
T4CC2 14 23182 09/04/86 10:12 <15 <4.0 <4.7 <2.0
T4C2 40 23183 09/04/86 14:07 <0.130 <9.31
T4CC2 15 23183 09/04/86 14:07 <15 <4.0 <4.7 <2.0
T4C2 50 24178 09/22/86 14:50 5.50 31.9

T4CC2 18 24178 09/22/86 14:50 <15 5.1 56 47
T4C2 51 24185 09/23/86 08:50 <0.130 <9.31

T4CC2 19 24185 09/23/86 08:50 <15 <4.0 <4.7 <2.0
T4C2 57 25016 09/05/86 11:06 <0.130 <9.31
T4CC2 20 25016 09/05/86 11:06 <15 <4.0 <4.7 <2.0
T4C2 60 26011 09/19/86 08:54 <0.130 <9.31

T4CC2 21 26011 09/19/86 08:54 <15 <4.0 <4.7 <2.0
T4C2 61 26015 09/22/86 09:10 <0.130 <9.31

T4CC2 22 26015 09/22/86 09:10 <15 <4.0 <4.7 <2.0
T4C2 62 26017 09/22/86 10:53 <0.130 <9.31

T4CC2 23 26017 09/22/86 10:53 <15 <4.0 <4.7 <2.0
T4C2 63 26020 09/23/86 08:45 <0.130 <9.31

14CC2 24 26020 09/23/86 08:45 <4.0 <2.0
T4C2 65 26041 09/23/86 07:10 <0.130 23.5

T4CC2 25 26041 09/23/86 07:10 <15 <20 73 47
T4C2 72 26127 09/29/86 10:20 <0.130 <9.31

T4CC2 26 26127 09/29/86 10:20 <15 <4.0 <4.7 <2.0
T4C2 74 26133 09/19/86 12:07 25.0 736
T4CC2 27 26133 09/19/86 12:07 30 <400 770 850
T4C2 76 26142 09/24/86 07:48 <0.130 <9.31
T4CC2 28 26142 09/24/86 07:48 <15 <4.0 <4.7 <2.0
T4C2 122 27016 09/26/86 08:22 <0.130 <9.31
14CC2 29 27016 09/26/86 08:22 <15 <4.0 <4.7 <2.0

14C2 81 27053 09/19/86 08:52 <0.130 <9.31
T4CC2 30 27053 09/19/86 08:52 <15 <4.0 <4.7 <2.0



ENVIRONMENTAL SCIENCE ANLD ENCI. NG, INu. DAIE:07/11/83b PAGE 2

SAMPLE LIST T4C3

STORET CODE: 98551 34386 39338 39438 39328 39380 39398 39388 81588 98564 98563 98562 81512 98561
METHOD CODE: 888 Se Se 58 S8 58 Se s8 U8Se0 us U8U08 US
PARAMETER: DIMP HCCPD ALDRIN ISODRIN P.P'-DDE DIELDRIN ENDRIN P,P'-DDT DMDS 1.4~-OXAT 1.4-DITH CPMS BTZ CPMSO
UNITS- UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L. UG/L UG/L UG/L
FLD.GRP. 0 SAMPLE ID DATE TIME

T41,2 19 33024 09/03/86 18:58 (11 <0.070 <0.070 (0.060 <0.053 <0.060 (8.052 (0.070
T4WJC2 1 33024 09/03/86 18:58 (5.7 (11.8 (4.78 (5.98 (4.78 (4 .78 (7.68 (18.8 (3.88 (6.18 (11.8 (14.8 (17.8
T41,12 21 33826 88/28/86 13:53 (11 <8.070 (8.878 <0.060 (8.053 (0.868 (8.852 (8.870

T4WC2 2 33826 88/28/86 13:53 (5.7 (11.8 (4.78 (5.98 (4.78 (4.78 (7.68 (18.8 (3.88 <6.18 <11.8 (14.8 (17.8
T41,12 23 33838 09/84/86 89:48 <8.870 (8.878 (8.060 (8.853 (8.860 (8.052 (8.870

T4WC2 3 33838 09/04/86 89:48 (5.7 (11.8 (4.78 (5.98 (4.78 (4.78 (7.68 (18.8 (3.88 (6.18 (11.8 (14.8 (17.8
741,2 25 33834 89/04/86 11:37 <8.878 (0.878 (0.068 (0.053 (8.060 (8.852 (8.878
T4WC2 4 33834 09/84/86 11:37 (5.7 (11.8 (4.78 <5.98 (4 .78 (4.78 (7.68 (18.8 (3.88 (6.18 (11.8 (14.8 (17.8
74C2 97 35837 89/85/86 12:38 <11 <8.878 (8.878 (8.868 (8.053 3.64 (8.852 (8.070 (1.88 (2.88 (1.18 (1.38 (4.28
T4CC2 32 35837 89/85/86 12:38 (5.7 <11.8 (4.78 (5.98 (4.78 8.84 (7.68 (18.8 (3.88 (6.18 (11.8 (14.8 (17.8
T4C2 98 35838 09/05/86 13:31 <11 (8.e78 (0.870 (8.060 (0.853 (8.068 (8.052 (8.870 (1.88 (2.88 (1.18 (1.38 (4.28
T4CC2 33 35838 09/85/86 13:31 (5.7 (11.9 (4.78 (5.98 (4.78 (4.78 (7 .68' (18.0 (3.88 (6.18 (11.8 (14.8 (17.8
T4C2 181 35858 89/88/86 18:18 <11 (8.870 (8.078 (8.060 (8.053 1.44 (8.052 (8.870 (1.88 (2.88 (1.18 (1.38 (4.20

T4CC2 34 35858 89/88/86 18:18 (5.7 (11.8 (4.78 (5.98 (4.78 (4.78 (7.68 (18.8 (3.88 (6.18 (11.8 (14.8 (17.8
T4C2 185 35863 09/15/86 11:37 <11 (8.878 (8.078 (8.868 (8.853 (8.068 (8.052 (8.070 (1.88 (2.88 (1.18 (1.38 (4 .280

14CC2 35 35863 09/15/86 11:37 (5.7 (11.8 (4.78 (5.98 (4.78 (4.78 (7.68 (18.8 (3.88 (6.18 (11.8 (14.8 (17.8
T4C2 186 35865 89/88/86 11:17 2588 (8.708 (8.700 (8.600 (8.530 (8.688 (8.528 (8.788 (1.88 14.2 113 (1.38 (4.20

T4CC2 36 35865 09/88/86 11:17 1588 (11.0 (4.78 (5.98 (4.78 (4.78 (7.68 (18.8 (3.88 (6.18 1 , 4 (14.8 (17.8
T4C2 118 36865 89/26/86 11:44 43 (8.878 (8.878 (8.860 (8.053 (8.868 (8.052 (8.078 (1.88 (2.88 (1.18 (1.38 (4.28
T4CC2 37 36865 89/26/86 11:41 (5.7 (11.8 (4.78 (5.98 (4.78 (4.78 (7.68 (18.8 (3.88 (6.18 (11.8 (14.8 (17.8
T4C2 114 36882 89/26/86 18:45 588 (8.788 (8.788 (8.608 (8.538 (8.600 (8.528 <0.788 (1.88 126 896 6.35 (4.28
T4CC2 39 36882 89/26/86 18:45 488 (11.8 (4.78 <5.98 (4.78 (4.78 (7.68 (18.8 (3.88 197 1228 (14.8 (17.8
T4C2 128 36121 09/26/86 13:48 <11 (8.878 (8.070 (8.868 (8.053 <0.860 (8.852 (8.870 (1.88 (2.88 (1.18 (1.38 (4.28
T4CC2 38 36121 89/26/86 13:48 (5.7 (11.8 (4.78 (5.98 (4.78 (4.78 (7.68 <18.8 (3.88 (6.18 (11.8 (14.8 (17.8
OPG3 1 37385 88/26/86 14:56 1788 (8.878 (8.078 (8.868 (8.053 (8.868 (8.052 (8.878 (1.88 (2.88 (1.18 (1.38 (4.28

OPG3C 1 37385 88/26/86 14:56 1888 <11.8 (4.78 (5.98 (4.78 (4.78 (7.68 (18.8 (3.88 <6.18 (11.8 (14.8 (17.8
OPG3 6 37313 08/26/86 18:15 3988 (8.358 (8.358 (8.308 (8.265 (8.388 (8.268 (8.358 (1.88 4.15 9.45 (1.38 (4.28

OPG3C 2 37313 88/26/86 18:15 3788 (11.8 (4.78 (5.98 (4.78 (4 .78 (7.68 (18.8 (3.88 (6.18 (11.8 (14.8 (17.8
OPG3 7 37328 09/22/86 12:86 19 <0.878 (8.878 (8.868 (8.853 0.065 (8.852 (8.878 (1.88 (2.88 (1.18 (1.38 (4.28

OPG3C 3 37328 89/22/86 12:86 13 (11.8 (4.78 (5.98 (4.78 (4.78 (7.68 (18.8 (3.88 (6.18 (11.8 (14.8 (17.8
OPG3 25 37347 88/25/86 18:13 <11 (8.878 (8.878 (8.060 (8.853 (8.868 (8.852 (8.878 (1.88 (2.88 (1.18 (1.38 (4.28
OPG3C 5 37347 88/25/86 08:88 (5.7 (11.8 (4.78 (5.98 (4.78 (4.78 (7.68 (18.8 (3.88 (6.18 (11.8 (14.8 (17.8
OPG3 27 37349 09/11/86 87:53 42 <8.878 (8.078 (8.868 (8.853 (8.868 (8.852 (8.870 (1.88 (2.88 (1.18 (1.38 (4.28
OPG3C 6 37349 89/11/86 87:53 31 <11.8 <4.78 (5.98 (4.78 (4.78 (7.68 <18.8 NA (6.18 (11.8 (14.8 (17.0
OPG3 31 37353 89/12/86 87:38 668 (8.8078 (8.878 (8.868 (8.853 (8.868 (8.852 (8.078 (1.88 (2.88 (1.18 (1.38 (4.28
OPG3C 4 37353 89/12/86 87:38 >94 <11.8 (4.78 (5.98 (4 .78 (4.78 (7.68 (18.8 NA (6.18 (11.8 (14.8 (17.8
0PG3 34 37356 89/88/86 18:43 188 <8.878 (8.078 (8.868 (8.853 (8.860 (8.052 (8.070 (1.88 <2.88 (1.18 (1.38 (4.28
OPG3C 7 37356 89/88/86 18:43 158 (11.8 (4.78 (5.98 (4.78 (4.78 (7.68 <18.8 (3.88 (6.18 (11.8 (14.8 (17.8
0PG3 35 37357 89/11/86 18:47 22 <8.078 (8.878 (8.068 <0.053 (8.868 <8.852 (8.078 (1.88 (2.88 (1.18 (1.38 (4.28

OPC3C 8 37357 09/11/86 18:47 18 <11.8 (4.78 (5.98 (4.78 (4.78 (7.68 (18.8 NA <6.18 (11.8 (14.8 (17.8
T4142 4 84814 88/26/86 88:84 <11 <0.878 (8.878 (8.868 (8.053 (8.868 (8.852 (8.878
T4WC2 5 84814 08/26/86 88:84 (5.7 (11.8 (4.78 (5.98 (4.78 (4.78 (7.68 (18.8 (3.88 <6.18 (11.8 (14.8 (17.8
T4W2 6 84821 88/25/86 18:18 <11 <8.878 (8.878 (8.868 (8.853 (8.060 (8.052 (8.878
T4WC2 6 84821 88/25/86 18:18 (5.7 (11.8 (4.78 (5.98 (4.78 (4.78 (7.68 <18.8 5.64 (6.18 (11.8 (14.8 (17.8
T4142 8 84827 88/26/86 11:59 <11 <8.870 <8.878 (8.068 (8.853 (8.868 (8.852 (8.878
T4WC2 7 84827 88/26/86 11:59 (5.7 (11.8 (4.78 (5.98 <4.70 (4.78 (7.68 <18.8 (3.88 (6.18 (11.8 (14.8 (17.8
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SAMPLE LIST T4C3

:TORET CODE: 81596 34030 34010 34371 98553 98554 34423 34501 34496 34546 32106 34531 34506 32102

METHOD CODE: R8 W8 W8 W8 W8 W8 Y8 Ye Y8 Y8 Ye Y8 YB Y8

PARAMETER: MIBK BENZENE TOLUEN ETHYLBENZ M-XYL O&P-XYL METHYLCL IIDCE 11DCLE T12DCE CHCL3 12DCLE IIITCE CCL4

UNITS: UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L

FLD.GRP. # SAMPLE ID DATE TIME

T4W2 19 33024 09/03/86 10:50 3.68 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 <1.70 <2.40

T4WC2 1 33024 09/03/86 10:50 <2.00 <1.00 <1.00 <1.00 <1.00 <2.00 47.3 <2.00 <2.00 <1.00 <1.00 <1.00 <2.00

T4W2 21 33026 08/28/86 13:53 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 <1.70 <2.40

T4WC2 2 33026 08/28/86 13:53 <2.00 <1.00 <1.00 <1.00 <1.00 <2.00 <5.00 <2.00 <2.00 <1.00 <1.00 <1.00 <2.00

1412 23 33030 09/04/86 09:40 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1. 10 <1.20 <1.20 1.78 <0.610 <1.70 <2.40

T4WC2 3 33030 09/04/86 09:40 <2.00 <1.00 <1.00 <1.00 <1.00 <2.00 <5.00 <2.00 <2.00 2.53 <1.00 <1.00 <2.00

T4W2 25 33034 09/04/86 11:37 <1.34 (1.21 <1.28 <1.35 <2.47 <5.00 <( 10 <1.20 <1.20 <1.40 <0.610 (1.70 <2.40

14WC2 4 33034 09/04/86 11:37 <2.00 (1.00 <1.00 <1.00 (1.00 <2.00 <5.00 <2.00 <2.00 1.91 <1.00 <1.00 <2.00

T4C2 97 35037 09/05/86 12:30 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 (1.10 <1.20 <1.20 24.6 <0.610 <1.70 <2.40

T4CC2 32 35037 09/05/86 12:30 <2.00 <1.00 <1.80 (1.00 (1.00 <2.00 <5.00 <2.00 <2.00 33.0 <1.00 (1.00 <2.00

T4C2 98 35038 09/05/86 13:31 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 <1.70 <2.40

T4CC2 33 35038 09/05/86 13:31 <2.00 (1.00 (1.00 <1.00 <1.00 <2.00 <5.00 <2.00 <2.00 <1.00 <1.88 (1.00 <2.00

T4C2 101 35858 09/08/86 10:18 <12.9 <1.34 <1.21 <1.28 (1.35 <2.47 <5.00 <1.10 <1.20 (1.20 7.83 <0.610 <1.70 <2.40

T4CC2 34 35058 09/08/86 10:18 <2.00 <1.00 <1.00 <1.80 <1.00 <2.00 <5.00 <2.00 <2.00 9.40 <1.00 <1.00 <2.08

T4C2 105 35063 09/15/86 11:37 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 (1.40 <0.610 <8.50 <9.60

T4CC2 35 35063 09/15/86 11:37 <2.00 <1.800 <1.0 <1.00 <1.00 <2.00 <5.80 <2.00 <2.00 <1.00 <1.00 <1.00 <2.00

T4C2 106 35065 09/08/86 11:17 <12.9 <1.34 >8.55 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 4.92 0.776 <1.70 <2.40

14CC2 36 35065 09/08/86 11:17 <2.00 <1.00 <1.00 (1.00 (1.80 (2.00 (5.88 (2.00 (2.0 <1..00 <1.00 <1.00 <2.00

T4C2 110 36065 09/26/86 11:44 <12.9 4.09 (1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 43.9 <0.610 <1.70 11.5

14CC2 37 36065 09/26/86 11:41 <2.00 7.73 <1.00 (1.00 (1.80 <2.00 <5.00 <2.00 <2.00 73.5 <1.00 <1.00 17.8

T4C2 114 36082 09/26/86 10:45 <12.9 (1.34 <1.21 <1.28 2.69 3.43 <5.00 <1.10 <1.20 <1.20 4.28 <0.610 <1.70 <2.40

T4CC2 39 36082 09/26/86 10:45 <2.00 <1.00 <1.00 <1.80 2.10 <2.00 <5.00 <2.00 <2.00 3.43 15.6 <1.00 <2.00

14C2 120 36121 09/26/86 13:40 (12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 <1.70 <2.40

T4CC2 38 36121 09/26/86 13:40 <2.00 <1.00 (1.00 <1.00 <1.00 <2.00 <5.00 <2.00 <2.00 <1.00 <1.00 <1.00 <2.00

OPG3 1 37305 08/26/86 14:56 <12.9 <1.34 (1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 <1.70 <2.40

OPG3C 1 37305 08/26/86 14:56 <2.00 <1.00 (.00 (1.00 (1.00 <2.00 <5.00 <2.00 <2.00 <1.80 (1.00 <1.00 <2.00

OPG3 6 37313 08/26/86 10:15 <12.9 <1.34 (1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 0.617 <1.70 <2.40

OPG3C 2 37313 08/26/86 10:15 <2.00 <1.00 (1.00 <1.00 <1.00 <2.00 <5.00 <2.80 <2.00 <1.00 <1.00 <1.00 <2.00

OPG3 7 37320 09/22/86 12:06 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 <1.70 <2.40

OPG3C 3 37320 09/22/86 12:06 <2.00 <1.10 <1.00 (1.80 (1.00 <2.00 <5.00 <2.00 <2.00 1.87 <1.00 <1.00 <2.00

OPG3 25 37347 08/25/86 10:13 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 <1.70 <2.40

OPG3C 5 37347 08/25/86 00:00 <2.00 <1.00 <1.00 <1.80 (1.00 <2.00 <5.00 <2.00 <2.00 <1.00 <1.00 <1.00 <2.00

OPG3 27 37349 09/11/86 07:53 <12.9 <1.34 (1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 <1.70 <2.40

OPG3C 6 37349 09/11/86 07:53 NA NA NA NA NA NA NA NA NA NA NA NA NA

OPG3 31 37353 09/12/86 07:38 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 <1.70 <2.40

OPG3C 4 37353 09/12/86 07:38 NA NA NA NA NA NA NA NA NA NA NA NA NA

OPG3 34 37356 09/08/86 10:43 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 <1.70 <2.40

OPG3C 7 37356 09/08/86 10:43 <2.00 <1.00 <1.00 <1.00 <1.00 <2.00 <5.00 <2.00 <2.00 <1.00 <1.00 <1.00 <2.00

OPG3 35 37357 09/11/86 10:47 (12.9 <1.34 <1.21 <1.28 (1.35 <2.47 <5.00 <1.10 <1.20 <1.20 11.0 (0.610 <1.70 <2.40

OPG3C 8 37357 09/11/86 10:47 NA NA NA NA NA NA NA NA NA NA NA NA NA

T4W2 4 04014 08/26/86 08:04 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 <1.70 <2.40

T4WC2 5 04814 08/26/86 08:04 <2.00 <1.00 <1.00 <1.00 <1.00 <2.00 <5.00 <2.00 <2.00 <1.00 <1.00 <1.00 <2.00

T4W2 6 04021 08/25/86 10:18 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 <1.70 <2.40

T4WC2 6 04021 08/25/86 10:18 <2.00 (1.00 <1.08 <1.00 (1.00 <2.00 <5.00 <2.00 <2.00 1.84 <1.00 <1.00 <2.00

T4W2 8 04027 08/26/86 11:59 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 <1.70 <2.40

T4WC2 7 04027 08/26/86 11:59 <2.00 <1.00 <1.00 <1.00 <1.00 <2.00 <5.00 <2.00 <2.00 <1.00 (1.80 <1.00 <2.00
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SAMPLE LIST T4C3

STORET CODE: 34511 34475 34391
METHOD CODE: Y8 YB Y8
PARAMETER: 112TCE TCLEE CLC6H5
UNITS: UG/L UG/L UG/L
FLD.GRP. # SAMPLE ID DATE TIME

T4142 19 33024 99/03/86 10:50 (1.00 (1.30 (0.580
T4WC2 1 33024 09/03/86 10:50 (1.00 <1.08 <2.00
T4W2 21 33026 08/28/86 13:53 (1.90 (1.39 <0.580

T4WC2 2 33026 98/28/86 13:53 <1.99 <1.99 <2.00
T4W2 23 33039 99/04/86 09:40 (1.00 (1.39 <0.580

T4LJC2 3 33030 99/04/86 99:49 (1.00 (1.99 (2.09
T4142 25 33034 99/04/86 11:37 (1.09 (1.39 (0.580
T4WC2 4 33034 09/04/86 11:37 (1.09 (1.99 (2.900
T4C2 97 35037 99/95/86 12:39 (1.09 (1.39 (9.580
T4CC2 32 35037 99/95/86 12:39 (1.00 <1.99 (2.99
T4C2 98 35038 09/05/86 13:31 (1.00 (1.39 (9.580

T4CC2 33 35038 09/95/86 13:31 (1.99 <1.99 <2.99
T4C2 191 35058 99/08/86 19:18 (1.09 <1.39 (0.580
T4CC2 34 35958 09/98/86 19:18 (1.99 (1.99 (2.99
T4C2 10S 35963 99/15/86 11:37 (5.00 <1.39 (9.589
T4CC2 35 35063 99/15/86 11:37 (1.99 (1.09 (2.99
T4C2 106 35965 99/98/86 11:17 (1.99 11.9 5.77

T4ICC2 36 35965 09/98/86 11:17 (1.99 19.7 4.44
T4C2 110 36965 09/26/86 11:44 (1.99 <1.39 1.78
T4CC2 37 36065 99/26/86 11:4 1 (1.09 <1.99 2.87
T4C2 114 36982 99/26/86 19:45 (1.09 1.55 <9.589
T4CC2 39 36082 09/26/86 19:45 <1.09 1.99 2.16
T4IC2 120 36121 e9/26/86 13:40 (1.90 (1.39 (9.589
T4CC2 38 36121 09/26/86 13:49 <1.00 (1.99 (2.99
OPG3 I 37305 08/26/86 14:56 <1.09 (1.39 <0.589
OPG3C 1 37395 08/26/86 14:56 (1.09 (1.99 <2.99
OPG3 6 37313 08/26/86 19:15 (1.00 <1.39 (9.580
OPG3C 2 37313 08/26/86 10:15 (1.09 <1.09 <2.99
OPG3 7 37329 99/22/86 12:06 (1.99 <1.39 <0.580
OPG3C 3 37329 09/22/86 12:06 (1.00 (1.09 (2.99
OPG3 25 37347 98/25/86 10:13 (1.00 (1.39 (0.580
OPG3C 5 37347 08/25/86 90:00 (1.00 (1.90 (2.900
0PG3 27 37349 99/11/86 97:53 (1.09 <1.30 (0.580
OPG3C 6 37349 99/11/86 97:53 NA NA NA
OPG3 31 37353 09/12/86 07:38 (1.90 (1.39 (9.580
OPG3C 4 37353 99/12/86 97:38 NA NA NA
OPG3 34 37356 99/08/86 10:43 (1.90 (1.39 <0.580
OPG3C 7 37356 09/08/86 19:43 (1.90 (1.99 (2.00
OPG3 35 37357 09/11/86 10:47 <1.90 2.24 <0.580
OPG3C 8 37357 09/11/86 19:47 NA NA NA
T41,12 4 04014 98/26/86 98:04 (1.00 <1.39 (0.580

T414C2 5 04014 08/26/86 08:04 (1 .09 (1.99 <2.00
14142 6 04021 08/25/86 10:18 (1.09 (1.39 (0.580

T414C2 6 04921 08/25/86 10:18 (1.09 <1.90 <2.00
T4142 B 04027 08/26/86 11:59 (1.00 (1.30 <0.580

T414C2 7 04027 98/26/86 11:59 (1.90 (1.09 <2.00
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SAMPLE LIST T4C3

STORET CODE: 99133 99133 99133 77985 77985 77985
METHOD CODE: 08 BBB M8 R8 888 MB
PARAMETER: DBCP DBCP DBCP DCPO DCPD DCPD
UNITS: UG/L UC/L UC/L UC/L UG/L UC/L
[LD.CRP. # SAMPLE ID DATE TIME

T41,2 19 33024 09/03/86 10:58 (0.130
T4WC2 1 33024 09/83/86 10:50 (15 <4.0 (4.7 (2.0
T4W.2 21 33826 08/28/86 13:53 <0.130

T4WC2 2 33826 08/28/86 13:53 (15 (4.0 (4.7 (2.0
74W2 23 33030 09/84/86 89:48 5.46

T4WC2 3 33838 09/84/86 89:48 (15 4.9 (4.7 (2.8
T41,2 25 33834 09/04/86 11:37 (8.130
T4WC2 4 33834 89/04/86 11:37 (15 <4.8 (4.7 (2.0
T4C2 97 35037 89/85/86 12:38 <8.130 (9.31
T4CC2 32 35037 09/85/86 12:38 (15 (4.8 (4.7 <2.8
T4C2 98 35838 89/05/86 13:31 (8. 130 (9.31

T4CC? 33 35038 09/85/86 13:31 (15 (4.8 (4.7 (2.8
T4C2 181 35058 09/08/86 18:18 (8. 138 (9.31
14CC2 34 35858 89/08/86 18:18 (15 <41.8 (4.7 (2.8
T4C2 185 35063 09/15/86 11:37 (8.138 (9.31

T4CC2 35 35863 89/15/86 11:37 (IS (4.8 (4.7 (2.0
T4C2 106 35865 09/08/8/6 11:17 (8.138 24.8
T4CC2 36 35065 09/08/86 11:17 (15 <4.8 42 27
T4C2 118 36865 09/26/86 11:44 1.87 (9.31
T4CC2 37 36865 09/26/86 11:41 (15 (41.8 <4.7 (2.8
T4C2 114 36882 09/26/86 18:45 0.191 24.3

T4CC2 39 36882 09/26/86 18:45 <15 (4.8 31 38
T4C2 120 36121 89/26/86 13:40 (0.130 (9.31

T4CC2 38 36121 09/26/86 13:40 (15 <4.8 <4.7 (2.8
OPG3 1 37385 88/26/86 14:56 (8. 130 (9.31

OPG3C 1 37305 88/26/86 14:56 (15 (4.8 (4.7 <2.8
OPG3 6 37313 88/26/86 18:15 (0.130 (9.31

OPC3C 2 37313 88/26/86 18:15 (15 (4.8 <4.7 (2.8
OPG3 7 37328 89/22/86 12:06 (8.130 <9.31

OPG3C 3 37328 09/22/86 12:06 (15 (4.8 (4.7 (2.0
OPC3 25 37347 88/25/86 18:13 (0. 130 (9.31
OPC3C 5 37347 88/25/86 88:08 <15 (41.8 (4.7 <2.8
OPC3 27 37349 89/11/86 87:53 (0. 130 <9.31
OPC3C 6 37349 09/11/86 87:53 <15 NA (4.7 NA
OPG3 31 37353 89/12/86 87:38 (8. 130 (9.31
OPC3C 4 37353 09/12/86 87:38 <15 NA (41.7 NA
OjPC3 34 37356 09/08/86 18:43 <@. 130 (91.3 1
OPC3C 7 37356 09/08/86 18:43 (15 (4.8 (4.7 (2.0
OPC3 35 37357 09/11/86 18:47 <@. 130 (9.31
OPC3C 8 37357 09/11/86 18:47 (15 NA (4.7 NA
T41,2 4 04814 08/26/86 08:04 11.5
T4WC2 5 04014 08/26/86 88:04 (15 9.1 (4.7 (2.0
T4W,2 6 84021 88/25/86 18:18 (0.130

T4WC2 6 84021 08/25/86 18:18 (15 <4.8 <4.7 <2.8
T4W2 B 84027 88/26/86 11:59 38.8

T4WC2 7 84827 88/26/86 11:59 43 (4.8 (4.7 (2.8



TASK 44 CC/MS CONFIRMATION DATA

FIELD GROUP NUMBER T44GM53 IS GC/MS RESULTS



ENVIRONMENTAL SCIENCE AND ENGi flNG. INC. DATE:07/11/88 PAGE I

SAMPLE LIST T4PAUL

STORET CODE: 98551 34386 39330 39430 39320 39380 39390 39300 81580 98564 98563 98562 81512 98561
METHOD CODE: B88 S8 S8 S8 S8 S6 Se 58 U8 UB U8 U8 U8 U8
PARAMETER: DIMP HCCPD ALDRI-N ISODRIN P,P'-DDE DIELDRIN ENDRIN P.P'-DDT DMDS 1,4-OXAT 1,4-DITH CPMS BTZ CPMSO
UNITS: UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L IJG/L UG/L
rLD.GRP. # SAMPLE ID DATE TIME
T44GMS3 1 01008 05/05/87 10:13 (5.7 (11.0 <4.70 (5.90 <4.70 (4.70 <7.60 (10.0 (3.00 (6.10 (11.0 (14.0 <17.0
T441S3 1 01008 05/05/87 10:13 <11 NA NA NA NA NA NA NA NA NA NA NA NA NA
T44RR3 1 01008 06/02/87 08:51 <11 (0.083 (0.083 <0.056 <0.046 0.154 <0.060 (0.059 (1.16 <1.35 (1.59 <1.08 (1.14 (1.98
T44CW3 7 02008 05/05/87 13:19 <11 (0.083 (0.083 <0.056 (0.046 0.069 (0.060 (0.059 (1.16 <1.35 <1.59 (1.08 (1.14 (1.98
T44GMS3 2 02008 05/05/87 13:19 (5.7 (11.0 <4.70 <5.90 (4.70 (4.70 (7.60 <10.0 (3.00 <6.10 <11.0 (14.0 <17.0
T44RR3 3 02008 06/02/87 08:58 (11 (0.083 (0.083 <0.056 (0.046 0.080 (0,060 (0.059 (1.16 <1.35 (1.59 <1.08 (1.14 <1.98
T44GMS3 3 04009 05/06/87 07:36 <5.7 <11.0 (4.70 <5.90 (4.70 (4.70 <7.60 <10.0 (3.00 <6.10 <11.0 <14.0 (17.0
T44WW3 9 04009 05/06/87 07:36 (11 (0.083 (0.083 (0.056 (0.046 (0.055 (0.060 (0.059 (1.16 (1.35 <1.59 <1.08 1.50 (1.98
T44GMS3 4 09002 05/05/87 14:16 (5.7 (11.0 (4.70 <5.90 (4.70 (4.70 <7.60 <10.0 (3.00 <6.10 <11.0 <14.0 <17.0
T44RR3 12 09002 06/03/87 09:55 <11 (0.083 (0.083 <0.056 (0.046 (0.055 <0.060 <0.059 (1.16 <1.35 <1.59 (1.08 <1.14 <1.98
T44WW3 106 09002 05/05/87 14:16 <11 NA NA NA NA NA NA NA NA NA NA NA NA NA

T44GMS3 5 22051 05/13/87 07:52 <5.7 (11.0 (4.70 <5.90 (4.70 <4 .70 (7.60 <10.0 (2.50 <6.10 <11.0 (14.0 (17.0
T4425-3 5 23004 05/13/87 10:08 1600 <0.415 (0.415 <0.280 (0.230 3.48 0.512 <0.295 <1.16 2.92 10.8 (1.08 (1.14 <1.98
T44Ct¶53 6 23004 05/13/87 10:08 930 (11.0 (4.70 <5.90 <4.70 (4.70 <7.60 <10.0 <2.50 9.08 48.2 24.6 <17.0
T4425-3 6 23029 05/13/87 11:44 420 <0.083 (0.083 <0.056 <0.046 0.670 0.421 (0.059 8.47 13.1 55.0 30.1 1.41 12.7
144GMS3 7 23029 05/13/87 11:44 230 (11.0 (4.70 <5.90 (4.70 (4.70 (7.60 (10.0 NA <6.10 <11.0 (14.0 (17.0
14425-3 11 23189 05/14/87 08:36 <I1 <0.083 (0.083 <0.056 (0.046 (0.055 (0.060 <0.059 (1.16 (1.35 (1.59 <1.08 <1.14 <1.98
T44GMS3 8 23189 05/14/87 08:36 (5.7 <11.0 (4.70 <5.90 (4.70 <4.70 (7.60 <10.0 (2.50 <6.10 <1 1,0 (14.0 (17.0
T44G11S3 9 23193 05/14/87 08:28 NA NA NA NA NA NA NA NA 27.5 NA NA NA NA
T441S3 9 23193 05/14/87 08:28 <11 (0.083 (0.083 <0.056 (0.046 (0.055 <0.060 (0.059 (1.16 <1.35 1.68 (1.08 (1.14 <1.98
T4425-3 15 24092 05/18/87 08:42 30 <0.083 (0.083 <0.056 (0.046 <0.055 <0.060 <0.059 (1.16 (1.35 (1.59 (1.08 (1.14 <1.98
144GMS3 10 24092 05/18/87 08:42 25 <11.0 (4.70 <5.90 (4.70 (4.70 <7.60 (10.0 (2.50 <6.10 <11.0 (14.0 <17.0
T4425-3 16 24106 05/18/87 13:35 <11 (0.083 (0.083 (0.056 (0.046 <0.055 <0.060 (0.059 <1.16 <1.35 (1.59 (1.08 <1.14 (1.98
T4401153 11 24106 05/18/87 13:35 (5.7 <11.0 <4.70 <5.90 <4.70 (4.70 (7.60 <10.0 (2.50 <6.10 <11.0 (14.0 <17.0
T4425-3 18 24111 05/14/87 13:55 220 <0.083 <0.083 <0.056 <0.046 <0.055 <0.060 <0.059 (1.16 <1.35 (1.59 (1.08 <1.14 <1.98
T44CMS3 12 24111 05/14/87 13:55 120 <11.0 (4.70 <5.90 <4.70 <4.70 <7.60 <10.0 <2.50 (6.10 (11.0 <14.0 (17.0
T4425-3 19 24113 05/18/87 10:46 13 <0.083 (0.083 <0.056 <0.046 (0.055 (0.060 (0.059 <1.16 (1.35 (1.59 (1.08 <1.14 (1.98
144CMS3 13 24113 05/18/87 10:46 8.4 <11.0 (4.70 <5.90 (4.70 (4.70 <7.60 (10.0 (2.50 <6.10 <11.0 (14.0 (17.0
T4425-3 20 24120 05/19/87 13 :4 3 <11 <0.083 <0.083 (0.056 <0.046 0.125 (0.060 (0.059 <1.16 (1.35 <1.59 (1.08 <1.14 (1.98
T44GMS3 14 24120 05/19/87 13:43 (5.7 (11.0 (4.70 <5.90 (4.70 <4.70 <7.60 (10.0 <2.50 <6.10 (11.0 (14.0 <17.0
14425-3 22 24127 05/12/87 14 : 33 680 (0.083 (0.083 (0.056 (0.046 1.14 0.819 >0.066 (1.16 2.09 6.45 22.9 (1.14 92.6
T44CMS3 15 24127 05/12/87 14:43 310 (11.0 (4.70 <5.90 (4.70 <4.70 <7.60 (10.0 (2.50 <6.10 <11.0 22.3 49.5
T4425-3 24 27049 05/12/87 15:12 <11 <0.083 (0.083 <0.056 (0.046 0.136 <0.060 <0.059 <1.16 <1.35 (1.59 (1.08 (1.14 <1.98
144GMS3 17 27049 05/12/87 15:12 (5.7 <11.0 (4.70 <5.90 (4.70 <4.70 (7.60 <10.0 <2.50 (6.10 <11.0 (14.0 <17.0
144CW3 64 27055 05/08/87 09:15 <11 (0.083 (0.083 <0.056 (0.046 <0.055 (0.060 <0.059 (1.16 (1.35 <1.59 (1.08 <1.14 <1.98

T44GMS3 19 27055 05/08/87 09:15 (5.7 <11.0 (4.70 <5.90 <4.70 <4.70 <7.60 <10.0 (2.50 (6.10 <11.0 (14.0 <17.0
T44 25-3 25 27074 05/13/87 09:47 <11 <0.083 (0.083 <0.056 <0.046 0.180 <0.060 <0.059 (1.16 (1.35 <1.59 (1.08 (1.14 <1.98
T44GMS3 20 27074-05/13/87 09-:4 7 (5.7 <11.,0 (4.70 <5.90 (4.70 <4.70 <7.60 <10.0 NA <6.10 <11.0 <14.0 <17.0
144GMS3 21 33002 05/05/67 08:21 (5.7 <11.0 (4.70 <5.90 (4.70 <4.70 (7.60 <10.0 (3.00 (6.10 <11.0 (14.0 (17.0
144RR3 17 33002 06/02/87 14:41 <11 (0.083 (0.083 <0.056 (0.046 (0.055 (0.060 <0.059 <1.16 (1.35 <1.59 (1.08 (1.14 (1.98
144WU3 108 33002 05/05/87 08:21 <11 NA NA NA NA NA NA NA NA NA NA NA NA NA

144GMS3 22 33063 05/06/87 14:24 (5.7 <11.0 (4.70 <5.90 (4.70 (4.70 (7.60 (10.0 (3.00 <6.10 (11.0 <14.0 (17.0
T44WW3 32 33063 05/06/87 14 :2 4 <11 <0.083 <0.083 (0.056 (0.046 (0.055 (0.060 (0.059 (1.16 <1.35 <1.59 <1.08 <1.14 (1.98
144GMS3 23 35016 05/06/87 15:16 3600 <11.0 (4.70 <5.90 (4.70 (4.70 (7.60 <10.0 <3.00 14.7 160 <14.0 (17.0
T441S3 23 35016 05/06/87 15:16 5400 (0.083 (0.083 (0.056 (0.046 <0.0SS <0.060 <0.059 <1.16 16.9 183 1.25 3.56 <1.98

T44GMS3 25 35066 05/12/87 07:47 1400 (11.0 (4.70 (5.90 <4.70 (4.70 (7.60 <10.0 <2.50 <6.10 <11.0 <14.0 (17.0
T44GMS3 26 36084 05/12/87 10:20 5400 (11.0 (4.70 <5.90 (4.70 (4.70 (7.60 <10.0 <2.50 44.6 346 <14.0 <17.0
T441S3 30 36084 05/12/87 10:20 12000 (2.08 <2.08 <1.40 (1.15 (1.38 (1.50 <1.48 <1.16 68.6 498 (1.08 5.27 <1.98

T44G11S3 27 36090 05/06/87 13:S1 (5.7 (11.0 (4.70 (5.90 <4.70 (4.70 (7.60 (10.0 <3.00 1230 1060 (14.0 <17.0
T441S3 31 36090 05/06/87 13:51 13 <0.063 <0.083 (0.056 (0.046 (0.055 <0.060 (0.059 <1.16 1170 1110 8.46 14.6 <1.98



ENVIRONMENTAL SCIENCE AND ENG, .dNG. INC. DATE:07/06/88 PACE I

SAMPLE LIST T4PAUL

STORET CODE: 81596 34030 34010 34371 98553 98554 34423 34501 34496 34546 32106 34531 34506 32102

METHOD CODE: R8 W8 W8 W8 W8 W8 Y8 Y8 Y8 Y8 YB Y8 Y8 Y8

PARAMETER: MIBK BENZENE TOLUEN ETHYLBENZ M-XYL O&P-XYL METHYLCL IIDCE IIDCLE TI2DCE CHCL3 12DCLE II1TCE CCL4

UNITS: UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L

FLD.GRP. # SAMPLE ID DATE TIME

T44GMS3 1 01008 05/05/87 10:13 <2.00 <1.00 <1.00 <1.00 <1.00 <2.00 <5.00 <2.00 <2.00 6.57 <1.00 <1.00 <2.00

T44153 1 01008 05/05/87 10:13 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 4.29 <0.610 <1.70 <2.40

T44RR3 1 01008 06/02/87 08:51 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 (5.00 <1.10 <1.20 <1.20 6.93 <0.610 (1.70 <2.40

T44CW3 7 02008 05/05/87 13:19 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 <1.70 <2.40

144GMS3 2 02008 05/05/87 13:19 <2.00 <1.00 <1.00 <1.00 <1.00 <2.00 <5.00 (2.00 <2.00 <1.00 <1.00 <1.00 <2.00

T44RR3 3 02008 06/02/87 08:58 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 <1.70 <2.40

T44GMS3 3 04009 05/06/87 07:36 <2.00 3.40 7.23 20.6 62.3 67.4 <5.00 <2.00 <2.00 <1.00 <1.00 <1.00 <2.00

T44WW3 9 04009 05/06/87 07:36 <12.9 3.05 5.20 13.7 45.1 53.4 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 <1.70 <2.40

T44GMS3 4 09002 05/05/87 14:16 <2.00 <1.00 <1.00 (1.00 <1.00 <2.00 <5.00 <2.00 <2.00 <1.00 <1.00 <1.00 <2.00

T44RR3 12 09002 06/03/87 09:55 <12.9 <1.34 <1.21 <1.28 (1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 (1.70 <2.40

T44WW3 106 09002 05/05/87 14:16 <12.9 <1.34 (1.21 <1.28 <1.35 <2.47 <5.00 <1.10 (1.20 <1.20 <1.40 <0.610 <1.70 <2.40

144GMS3 5 22051 05/13/87 07:52 <2.00 <1.10 <1.00 <1.00 <1.00 <2.00 <4.80 <2.00 <1.20 1.66 <1.00 <1.00 <1.50

T4425-3 5 23004 05/13/87 10:08 <12.9 <134 <121 <128 <135 <247 <500 <110 <120 <120 7330 <61.0 <170 <240

T446MS3 6 23004 05/13/87 10:08 <2.00 10.3 <1.00 <1.00 <1.00 <2.00 34.0 <2.00 <1.20 >160 54.3 <1.00 <1.50

T4425-3 6 23029 05/13/87 11:44 <12.9 NA NA NA NA NA NA NA NA NA NA NA NA NA

144GMS3 7 23029 05/13/87 11:44 NA NA NA NA NA NA NA NA NA NA NA NA NA

T4425-3 11 23189 05/14/87 08:36 <12.9 <1.34 (1.21 <1.28 (1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 <1.70 <2.40

T44GMS3 8 23189 05'14/87 08:36 <2.00 <1.10 <1.00 <1.00 <1.00 <2.00 <4.80 <2.00 <1.20 1.-11 <1.00 <1.00 <1.50

T44GMS3 9 23193 05/14/87 08:28 <2.00 3.36 (1.00 <1.00 <1.00 2.50 <4.80 <2.00 <1.20 (1.00 <1.00 <1.00 (1.50

T441S3 9 23193 05/14/87 08:28 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 <1.70 <2.40

14425-3 15 24092 05/18/87 08:42 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 <1.70 <2.40

T44UMS3 10 24092 05/18/87 08:42 <2.00 <1.10 <1.00 <1.00 <1.00 <2.00 <4.80 <2.00 <1.20 <1.00 <1.00 <1.00 (1.50

14425-3 16 24106 05/18/87 13:35 <12.9 <1.34 (1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 <1.70 <2.40

1440MS3 11 24106 05/18/87 13:35 <2.00 <1.10 (1.00 <1.00 (1.00 <2.00 <4.80 <2.00 <1.20 <1.00 <1.00 <1.00 <1.50

T4425-3 18 24111 05/14/87 13:55 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 (1.20 1.58 <0.610 <1.70 <2.40

144GMS3 12 24111 05/14/87 13:55 <2.00 <1.10 <1.00 <1.00 <1.00 <2.00 <4.80 (2.00 <1.20 1.21 <1.00 <1.00 <1.50

T4425-3 19 24113 05/18/87 10:46 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 <1.70 <2.40

144GMS3 13 24113 05/18/87 10:46 <2.00 <1.10 <1.00 <1.00 <1.00 <2.00 <4.80 <2.00 (1.20 <1.00 <1.00 <1.00 <1.50

T4425-3 20 24120 05/19/87 13:43 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 <1.70 <2.40

T44GMS3 14 24120 05/19/87 13:43 <2.00 <1.10 <1.00 <1.00 <1.00 <2.00 <4.80 <2.00 <1.20 <1.00 <1.00 <1.00 <1.50

14425-3 22 24127 05/12/87 14:33 <12.9 2.15 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 (1.20 <1.20 104 4.25 <1.70 <2.40

T44GMS3 15 24127 05/12/87 14:43 <2.00 2.89 <1.00 <1.00 <1.00 <2.00 7.23 <2.00 <1.20 139 8.12 <1.00 <1.50

T4425-3 24 27049 05/12/87 15:12 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 19.4 <0.610 <1.70 <2.40

144GMS3 17 27049 05/12/87 15:12 <2.00 1.13 <1.00 <1.00 <1.00 <2.00 <4.80 <2.00 <1.20 26.3 <1.00 <1.00 <1.50

144CW3 64 27055 05/08/87 09:15 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 <1.70 <2.46

T44GMS3 19 27055 05/08/87 09:15 <2.00 <1.10 <1.00 <1.00 <1.00 <2.00 <4.80 <2.00 <1.20 <1.00 <1.00 <1.00 <1.50

14425-3 25 27074 05/13/87 09:47 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 27.0 <0.610 <1.70 <2.40

T44GMS3 20 27074 05/13/87 09:47 NA NA NA NA NA NA NA NA NA NA NA NA NA

144GMS3 21 33002 05,/05/87 08:21 <2.00 <1.00 <1.00 <1.00 <1.00 <2.00 <5.00 <2.00 <2.00 <1.00 <1.00 <1.00 <2.00

T44RR3 17 33002 06/02/87 14:41 (12.9 8.23 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 <1.70 <2.40

T44W13 108 33002 05/05/87 08:21 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 <1.70 <2.40

144GMS3 22 33063 05/06/87 14:24 <2.00 <1.00 <1.00 <1.00 <1.00 <2.00 <5.00 (2.00 <2.00 1.38 <1.00 <1.00 <2.00

144WW3 32 33063 05/06/87 14:24 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 <1.70 <2.40

T44GMS3 23 35016 05/06/87 15:16 <2.00 <1.00 <1.00 <1.00 <1.00 <2.00 <5.00 <2.00 <2.00 <1.00 <1.00 <1.00 <2.00

7441S3 23 35016 05/06/87 15:16 <12.9 <1.34 <1.21 <1.28 (1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 <1.70 <2.40

T44GMS3 25 35066 05/12/87 07:47 <2.00 2.80 <1.00 <1.00 (1.00 <2.00 <4.80 <2.00 <1.20 2.34 <1.00 <1.00 <1.50

T44GMS3 26 36084 05/12/87 10:20 <2.00 7.68 <1.00 <1.00 <1.00 <2.00 <4.80 <2.00 74.5 37.1 19.1 <1.00 (1.50

T44153 30 36084 05'12/87 10:20 <12.9 8.47 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 56.7 34.5 11.9 <1.70 <2.40

T44GMS3 27 36090 05,'06/87 13:51 <2.00 <1.00 <1.00 <1.00 <1.00 <2.00 <5.00 <2.00 13.6 4.56 >158 <1.00 <2.00

1441S3 31 36090 05/06/87 13:51 <12.9 <1.34 <1.21 2.84 <1.35 <2.47 <5.00 <1.10 <1.20 14.9 3.99 265 <1.70 <2.40



ENVIRONMENTAL SCIENCE AND ENGi iNG. INC. DATE:07/06/88 PAGE 2

SAMPLE LIST T4PAUL

STORET CODE: 34511 34475 34301
METHOD CODE: YB Y8 ye
PARAMETER: 112TCE TCLEE CLC6H5
LINITS: DGlL UG/L DC/I
FLD.GRP. # SAMPLE ID DATE TIME
T44GMS3 1 01006 05/05/87 10:13 (1.00 <1.00 <2.00
T441S3 1 01008 05/05/87 10:13 ( 1.00 (1.30 <0.580
T44RR3 1 01008 06/02/87 08:51 <1.00 <1.30 (0.580
T44CW3 7 02008 05/05/87 13:19 <1.00 (1.30 <0.580
144GMS3 2 02008 05/05/87 13:19 <1.00 (1.00 <2.00
T44RR3 3 02006 06/02/87 08:58 (1.00 (1.30 (0.580

144GMS3 3 04009 05/06/87 07:36 ( 1.00 (1.00 (2.00
T44WW.3 9 04009 05/06/87 07:36 (1 .00 <1.30 (0.580

T44GMS3 4 09002 05/05/87 14:16 (1.00 1.65 (2.00
T44RR3 12 09002 06/03/87 09:55 <1.00 1.59 (0.580
T44WW3 106 09002 05/05/87 14:16 (1.00 1.93 (0.580

T44CM53 5 22051 05/13/87 07:52 <1.00 (1.00 (2.10
T4425-3 5 23004 05/13/87 10:08 (100 (130 (58.8
T446MS3 6 23004 05/13/87 10:06 (1.00 36.9 (2.10
T4425-3 6 23029 05/13/87 11:44 NA NA NA
T44CMS3 7 23029 05/13/87 11:44 NA NA NA
T4425-3 11 23189 05/14/87 08:36 (1.00 (1.30 (0.580
T44CMS3 8 23189 05/14/87 08:36 (1.00 (1.00 (2.10
T446MS3 9 23193 05/14/87 08:28 (1.00 (1.00 <2.10
T441S3 9 23193 05/14/87 08:28 (1.00 (1.30 (0.580

T4425-3 15 24092 05/18/87 08:42 ( 1.00 (1.30 (0.580
T44CMS3 10 24092 05/18/87 08:42 ( 1.00 (1.00 <2.10
14425-3 16 24106 05/18/87 13:35 ( 1.00 (1.30 (0.588
T44GMS3 11 24106 05/18/87 13:35 (1.00 (1.00 (2.10
14425-3 18 24111 05/14/87 13:55 (1.00 (1.30 (0.580
T44CMS3 12 24111 05/14/87 13:55 (1.00 (1.00 (2.10
T4425-3 19 24113 05/18/87 10:46 (1.00 (1.30 (0.580
T44GMS3 13 24113 05/18/87 10:46 (1.00 (1.00 (2.10
14425-3 20 24120 05/19/87 13 : 43 (1.00 (1.30 (0.580
T44GMS3 14 24120 05/19/87 13:43 (1.00 (1.00 (2.10
T4425-3 22 24127 05/12/87 14:3 3 ( 1.00 70.1 (0.580
144GMS3 15 24127 05/12/87 14:4 3 (1.00 84.6 (2.10
T4425-3 24 27049 05/12/87 15:12 ( 1.00 (1.30 (0.580
T44GMS3 17 27049 05/12/'87 15:12 <1.00 (1.00 <2.10
144CW3 64 270-55 05/08/87 09:15 ( 1.00 (1.30 <0.580

T44GMS3 19 2705S 05/08/87 09:15 ( 1.00 (1.00 (2.10
74425-3 25 27074 05/13/87 09:47 (1.00 (1.30 (0.580

--T44GMS3 20 27074-05/13/87 09:47 NA NA NA
144GMS3 21 33002 05/05/87 08:21 (1.00 <1.00 (2.00
T44RR3 17 33002 06/02/87 14:41 (1.00 (1.30 32.7
T44WW3 108 33002 05/05/87 08:21 (1.00 (1.30 <0.580

T44GMS3 22 33063 05/06/87 14:24 (1 .00 (1.00 (2.00
T441413 32 33063 05/06/87 14:24 (1 .00 (1.30 (0.580

T44GMS3 23 35016 05/06/87 15:16 <1 .00 (1.00 6.00
1441S3 23 35016 05/06/87 15:16 (1 .00 (1.30 19.5
T44GMS3 25 35066 05/12/87 07:47 (1.00 (1.00 (2.10
T44CMS3 26 36084 05/12/87 10:20 21.0 7.51 5.30
T441S3 30 36084 05/12/87 10:.20 36.8 8.76 4.71

144GMS3 27 36090 05/06/67 13:51 2.43 18.9 39.5
T441S3 31 36090 05/06/87 13:51 4.47 23.6 55.9



ENVIRONMENTAL SCIENCE AND [NG,. .?ING. INC. DATE:07/06/88 PAGE 1

SAMPLE LIST T4PAUL

STORET CODE: 99133 99133 99133 77985 77985 77985
METHOD CODE: 08 888 M8 R8 1318 M8
PARAMETER: DBCP DBCP DBCP DCPD DCPD DCPD
UNITS: UG/L UG/L UG/L UG/L UG/L UG/L
FLD.GRP. # SAMPLE ID DATE TIME
T44CMS3 1 81888 85/05/87 10:13 (15 <4.0 <4.7 (2.0
T441S3 1 81888 05/05/87 10:13 <0.130 (9.31
T44RR3 1 01088 86/02/87 88:51 <0.130 <9.31
T44CW3 7 82888 05/05/87 13:19 <0.130 (9.31
T44GMS3 2 82888 05/05/87 13:19 (15 <4.8 (4.7 (2.0
T44RR3 3 82888 06/02/87 88:58 <@. 130 (9.31
T44GM53 3 84889 05/06/87 87:36 (15 <4.8 <4.7 <2.0
T44W143 9 04889 85/06/87 87:36 (8. 130 (9.31
144GM53 4 89882 05/05/87 14:16 (15 <4.8 (4.7 (2.0
T44RR3 12 89882 06/03/87 89:55 (8.130 (9.31
T44WW3 186 89882 05/85/87 14:16 (8.138 <9.31
144GM53 5 22851 05/13/87 87:52 (15 <3.8 <4.7 (1.1
T4425-3 5 23884 85/13/87 10:88 1 .42 414
T44GMS3 6 23804 85/13/87 18:88 <15 <3.8 728 >178
T4425-3 6 23829 85/13/87 11:44 <8.130 <9.31
T44GM53 7 23829 85/13/87 11:44 <15 NA <4.7 NA
T4425-3 11 23189 85/14/87 88:36 <0.130 (9.31
T44GM53 8 23189 05/14/87 88:36 <15 (3.8 <4.7 2.8
T44GM53 9 23193 05/14/87 88:28 NA <3.8 NA (1.1
T441S3 9 23193 85/14/87 88:28 <8.138 (9.31
14425-3 15 24892 85/18/87 88:42 (8.130 <9.31
T44GMS3 18 24892 05/18/87 88:42 <15 <3.8 <4.7 (1.1
T4425-3 16 241e6 85/18/87 13:35 (8.130 (9.31
T440MS3 11 24186 85/18/87 13:35 (15 <3.8 (4.7 <1.1
T4425-3 18 24111 05/14/87 13:55 <8.138 (9.31
T44GM53 12 24111 85/14/87 13:55 (15 (3.8 (4.7 <1.1
T4425-3 19 24113 85/18/87 18:46 (8.138 (9.31
144GMS3 13 24113 85/18/87 18:46 (15 <3.8 <4.7 (1.1
T4425-3 28 24128 85/19/87 13:4 3 (8.138 (21.6
144GM53 14 24128 05/19/87 13:4 3 <15 (3.8 (4.7 <1.1
T4425-3 22 24127 85/12/87 14:3 3 3.64 169
T44GM53 15 24127 05/12/87 14:43 <15 (3.8 198 >170
14425-3 24 27049 05/12/87 15:12 (8.130 <9.31
744GM53 17 27049 05/12/87 15:12 (15 <3.8 <4.7 1.2
144CW3 64 27855 85/88/87 89:15 <0.138 (9.31
144GM53 19 27855 85/88/87 09:15 (15 <3.8 <4.7 <1.1
14425-3 25 27074 85/13/87 89:47 (8.130 (9.31
144GM53 28 27874 05/13/87 89:47 <15 NA <4.7 NA
144GM53 21 33082 85/85/87 88:21 <15 <4.8 (4.7 (2.8
144RR3 17 33882 86/82/87 14:41 (8.138 (9.31
T4414W3 188 33082 85/85/87 08:21 <8.138 (9.31

T44GM53 22 33863 85/86/87 14:24 <15 (4.8 <4.7 (2.8
T44W.W3 32 33863 85/86/87 14:24 3.21 (9.31

144GMS3 23 35816 85/86/87 15:16 (15 <4.8 (4.7 <2.8
T441S3 23 35816 05/06/87 15:16 (8.138 (9.31

T44GM53 25 3SO66 85/12/87 87:47 (15 <3.8 (4.7 <1.1
T44GM53 26 36884 85/12/87 18:20 <15 <3.8 (4.7 (1.1
T441S3 30 36884 85/12/87 18:28 (8.130 (9.31

744GM53 27 36898 05/06/87 13:51 (15 <4.8 (4.7 (2.0
T44 I53 31 36098 05/06/87 13:51 (0.130 <9.31



ENVIRONMENTAL SCIENCE AND ENGi NG. INC. DATE:07/11/88 PAGE 2

SAMPLE LIST T4PAUL

STORET CODE: 98551 34386 39330 39430 39320 39380 39390 39300 81580 98564 98563 98562 81512 98561
METHOD CODE: BB8 S8 Se $8 S8 S8 S8 SB U8 U8 U8 U8 U8 U8
PARAMETER: DIMP HCCPD ALDRIN ISODRIN PP'-DDE DIELDRIN ENDRIN PP'-DDT DMDS 1,4-OXAT 1.4-DITH CPMS BTZ CPMSO
UNITS: UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L
FLD.GRP. # SAMPLE ID DATE TIME

T44CW3 92 36110 05/11/87 15:42 (II <0.083 <0.083 <0.056 <0.046 >0.050 <0.060 <0.059 <1.16 (1.35 <1.59 <1.08 <1.14 <1.98
T44GMS3 28 36110 05/11/87 15:42 <5.7 <11.0 <4.70 <5.90 <4.70 <4.70 (7.60 <10.0 <2.50 <6.10 <11.0 <14.0 <17.0
T44CW3 97 36139 05/11/87 14:39 420 <0.415 (0.415 <0.280 <0.230 <0.275 <0.300 <0.295 <1.16 58.9 302 3.79 6.79 <1.98
T44GMS3 29 36139 05/11/87 14:39 170 <11.0 <4.70 <5.90 (4.70 <4.70 (7.60 <10.0 <2.50 44.9 241 <14.0 <17.0
144GMS3 41 37309 07/08/87 08:56 500 <11.0 <4.70 (5.90 <4.70 <4.70 (7.60 <10.0 <2.50 <6.10 <11.0 <14.0 15.7
T440P3 4 37309 06/16/87 09:45 830 <0.700 <0.700 <0.600 <0.530 <0.600 <0.520 <0.700 (1.88 <2.00 6.48 <1.30 <2.00 27.1

144GMS3 42 37332 07/08/87 08:05 <5.7 <11.0 <4.70 <5.90 <4.70 <4.70 <7.60 <10.0 <2.50 <6.10 <11.0 <14.0 <17.0
T440P3 9 37332 06/18/87 08:29 <11 <0.070 (0.070 <0.060 <0.053 0.711 <0.052 <0.070 <1.80 <2.00 <1.10 <1.30 <2.00 <4.20

T44GMS3 43 37333 07/09/87 07:20 <5.7 <11.0 <4.70 <5.90 <4.70 <4.70 (7.60 <10.0 <2.50 <6.10 <11.0 <14.0 <17.0
T440P3 10 37333 06/18/87 09:39 <11 <0.070 <0.070 <0.060 <0.053 0.205 <0.052 <0.070 (1.80 <2.00 <1.10 <1.30 <2.00 <4.20

T44GMS3 44 37344 07/08/87 11:15 560 <11.0 <4.70 <5.90 <4.70 <4.70 (7.60 <10.0 <2.50 <6.10 <11.0 <14.0 53.8
T44GMS3 45 37359 07/08/87 09:45 <5.7 <11.0 <4.70 <5.90 <4.70 <4.70 (7.60 <10.0 <2.50 <6.10 <(11. <14.0 <17.0
1440P3 33 37359 06/17/87 10:25 <11 <0.070 <0.070 <0.060 <0.053 <0.060 <0.052 <0.070 (1.80 <2.00 <1.10 <1.30 <2.00 <4.20

T44GMS3 46 CIII 07/08/87 09:55 <5.7 <11.0 <4.70 <5.90 <4.70 <4.70 (7.60 <10.0 <2.50 <6.10 <11.0 <14.0 <17.0



ENVIRONMENTAL SCIENCE AND ENGi .NG. INC. DATE:07/06/88 PAGE 3

SAMPLE LIST T4PAUL

STORET CODE: 81596 34030 34010 34371 98553 98554 34423 34501 34496 34546 32106 34531 34506 32102
METHOD CODE: RB W8 W8 W8 we 18 Y8 Y8 Y8 Y8 Y8 Y8 Y8 Y8
PARAMETER: MIBK BENZENE TOLUEN ETHYLBENZ M-XYL O&P-XYL METHYLCL IIDCE IIDCLE T12DCE CHCL3 12DCLE IIITCE CCL4
UNITS: UG/L UG/L UG/ UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L UG/L
FLD.GRP. # SAMPLE ID DATE TIME
T44CW3 92 36110 05/11/87 15:42 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 91.6 2.61 <1.70 <2.40
T44GMS3 28 36110 05/11/87 15:42 <2.00 <1.10 <1.00 <1.00 (1.00 <2.00 <4.80 <2.00 <1.20 <1.00 <1.00 (1.00 <1.50
T44CW3 97 36139 05/11/87 14:39 <12.9 <1.34 (1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 25.4 20.4 <1.70 <2.40
144GMS3 29 36139 05/11/87 14:39 <2.00 <1.10 <1.00 <1.00 <1.00 <2.00 <4.80 <2.00 <1.20 4.28 27.6 <1.00 <1.50
144GMS3 41 37309 07/08/87 08:56 <2.00 <1.10 <1.00 <1.00 <1.00 <2.00 <4.80 <2.00 <1.20 <1.00 6.25 <1.00 <1.50
1440P3 4 37309 06/16/87 09:45 <12.9 <1.34 (1.21 <1.28 (1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 6.27 <1.70 <2.40
144GMS3 42 37332 07/08/87 08:05 <2.00 1.75 <1.00 <1.00 <1.00 <2.00 <4.80 <2.00 <1.20 2.78 <1.00 <1.00 (1.50
T440P3 9 37332 06/18/87 08:29 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 <1.20 <1.40 <0.610 <1.70 <2.40
T44GMS3 43 37333 07/09/87 07:20 <2.00 48.0 (1.00 <1.00 <1.00 <2.00 <4.80 <2.00 <1.20 16.7 <1.00 <1.00 <1.50
1440P3 10 37333 06/18/87 09:39 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 <1.20 (1.20 13.5 <0.610 <1.70 <2.40
T44GMS3 44 37344 07/08/87 11:15 <2.00 <1.10 <1.00 <1.00 <1.00 <2.00 <4.80 <2.00 <1.20 >160 3.93 <1.00 9.30
144GMS3 45 37359 07/08/87 09:45 <2.00 2.89 <1.00 <1.00 (1.00 <2.00 (4.80 2.58 <1.20 <1.00 <1.00 2.86 <1.50
T440P3 33 37359 06/17/87 10:25 <12.9 <1.34 <1.21 <1.28 <1.35 <2.47 <5.00 <1.10 2.31 1.26 <1.40 <0.610 3.70 <2.46
144GMS3 46 CIII 07/08/87 09:55 <2.00 <1.10 <1.00 <1.00 <1.00 <2.00 <4.80 <2.00 <1.20 <1.00 <1.00 1.08 <1.50



ENVIRONMENTAL SCIENCE AND ENG. iNG. INC. DATE:07/06/88 PAGE 4

SAMPLE LIST T4PAUL

STORET CODE: 34511 34475 34381
METHOD CODE: Y8 Y8 Y8
PARAMETER: 112TCE TCLEE CLC6H5
UNITS: UG/L UG/L UG/L
FLD.GRP. 4 SAMPLE ID DATE TIME

T44CW3 92 36110 05/11/87 15:42 (1.00 (1.30 <0.5680
T44GMS3 28 36110 05/11/87 15:42 (1.00 (1.00 (2.18
144CW3 97 36139 05/11/87 14;39 <1.88 (1.38 (0.580

T44GMS3 29 36139 05/11/87 14:39 (1.88 (1.80 (2.18
T44GMS3 41 37389 07/88/87 88:56 (1.08 73.5 (2.18
T440P3 4 37309 06/16/87 89:45 (1.00 45.4 (0.580
T44GMS3 42 37332 07/08/87 08:05 (1.08 (1.88 6.64
T440P3 9 37332 86/18/87 88:29 (1.88 (1.38 (8.580
T44GMS3 43 37333 07/09/87 87:28 (1.88 <1.88 (2.18
T440P3 18 37333 86/18/87 89:39 <1.88 (1.38 (0.588
T44GMS3 44 37344 87/88/87 11:15 (1.88 116 3.89
T44GMS3 45 ~37359 07/08/87 89:45 (1.88 3.17 18.8
T440P3 33 37359 86/17/87 18:25 (1.00 3.95 (8.580
T44GMS3 46 CIII 87/08/87 89:55 <1.00 1.74 (2.18



ENVIRONMENTAL SCIENCE AND ENCi NG, INC. DATE:07/06/88 PAGE 2

SAMPLE LIST T4PAUL

STORET CODE: 99133 99133 99133 77985 77985 77985
METHOD CODE: 08 888 M8 R8 BBB me
PARAMETER: DBCP DBCP DBCP DCPD DCPD DCPD
UNITS: UG/L UC/L UG/L UG/L UG/L UC/L
FLD.CRP. # SAMPLE ID DATE TIME

T44CI43 92 36110 05/11/87 15:42 <0.130 (9.31
T44CMS3 28 36110 05/11/87 15:42 <15 (3.8 (4.7 <1.1
T44CW3 97 36139 05/11/87 14:39 (0.130 (9.31

T44GMS3 29 36139 05/11/87 14:39 (15 (3.8 <4.7 <1.1
T44GMS3 41 37309 07/08/87 08:56 (15 (3.8 840 >170
T440P3 4 37309 06/16/87 09:45 0.176 475

T44CMS3 42 37332 07/08/87 08:05 <15 (3.8 <4.7 (1.1
T440P3 9 37332 06/18/87 08:29 (0.130 (9.31

T44GMS3 43 37333 07/09/87 07:20 <15 (3.8 (4.7 (1.1
T440P3 10 37333 06/18/87 09:39 (0.130 <9.31

144GMS3 44 37344 07/08/87 11:15 (15 12 (4.7 43
T44GMS3 45 37359 07/08/87 09:45 (15 (3.8 (4.7 1.8
T440P3 33 37359 06/17/87 10:25 (0.130 (9.31

T44GMS3 46 CIII 07/08/87 09:55 (15 (3.8 <4.7 (1.1



TASK 4

ANALYTICAL RESULTS FOR NONTARGET CONFOUNDS
IDENTIFIED BY GC/MS ANALYSIS



ENVIRONMENTAL SCIENCE & ENGINEERING 01/06/88

RESULTS FOR NON-TARGET COMPOUNDS AT STATION
37309

ESE SAMPLE * SEQUENCE NUMBER: T44GMS3
41

COLLECTION DATE: 07/08/87
COLLECTION TIME: 08:56

UASATHAMA TEST NAME ESE STORET CONC. IDENTIFICATION

UNK563 91563 21.9 UNKNOWN, ALICYCLIC CMPD.

UG/L 0
UNK566 91566 72.7 UNKNOWN, ALICYCLIC CMPD.

UG/L 0
UNK569 91569 18.1 UNKNOWN

UG/L 0
UNK573 91573 9.11 UNKNOWN, ALICYCLIC CMPD.

UG/L 0
UNK577 91577 13.3 UNKNOWN

UG/L 0
UNKS82 91582 16.9 UNKNOWN

UG/L 0
UNK587 91587 16.5 UNKNOWN

UG/L 0
UNK589 91589 28.2 UNKNOWN

UG/L 0
UNK595 91595 13.7 UNKNOWN

UG/L 0
UNK625 91625 13.8 UNKNOWN

UG/L 0
UNK575 91575 16.1 UNKNOWN

UG/L 0
UNK579 91579 79.0 UNKNOWN

UG/L 0
UNK580 91580 20 UNKNOWN

UG/L 0
UNK581 91581 10.4 UNKNOWN

UG/L 0
UNK583 91583 30.0 UNKNOWN

UG/L 0
UNK585 91585 80 UNKNOWN, ALICYCLIC CMPD.

UG/L 0
UNK586 91586 54.4 UNKNOWN

UG/L 0
UNK593 91593 24.5 UNKNOWN

UG/L 0
UNK594 91594 31.5 UNKNOWN

UG/L 0
UNK623 91623 7.90 c12h9cl5o

UG/L 0 2,5,7-METHENO-311-CYCLOPENTA-

[A]PENTALEN-3-ONE
UNK633 91633 40.4 PENTACHLORO CMPD, POSS.M.WT.360

UG/L 0
UNK519 91519 23.1 TETRACHLOROETHENE



9U1511 3 11.2 DCPD ISOMERUG/L 0



ENVIRONMENTAL SCIENCE & ENGINEERING 01/06/88

RESULTS FOR NON-TARGET COMPOUNDS AT STATION
37332

ESE SAMPLE - SEQUENCE NUMBER T44GMS3

42

COLLECTION DATE: 07/08/87
COLLECTION TIME: 08:05

UASATHAMA TEST NAME ESE STORET CONG. IDENTIFICATION----------------------------------------------------------------
UNK523 91523 8.80 CHLOROBENZENE

tJG/L 0
UNK582 91582 10.3 UNKNOWN

UG/L 0



ENVIRONMEN'PAl, SCIENCE & ENGINEERING 01/06/88

RESULTS FOR NON-TARGET COMPOUNDS AT STATION

37333

ESE SAMPLE * SEQUENCE NUMBER: T44GMS3

43

COLLECTION DATE: 07/09/87
COLLECTION TIME: 07:20

UASATHAMA TEST NAME ESE STORET CONC. IDENTIFICATION
--------------------------------------------------------------------
UNK642 91642 37.8 UNKNOWN

UG/L 0



ENVIRONMENTAL SCIENCE &. ENGINEERING 01 /06/88

RESULTS FOR NON-TARGET COMPOUNDS AT STATION

37344
ESE SAMPLE * SEQUENCE NUMBER: T44GMS3

44
COLLECTION DATE: 07/08/87
COLLECTION TIME: 11:15

UASATHAMA TEST NAME ESE STORET CONC. IDENTIFICATION---------------------------------------------------------------------
UNK523 91523 2.90 C[-LOROBENZENE

UG/L 0
UNK582 91582 8.12 UNKNOWN

UG/L 0
UNK589 91589 79.2 UNKNOWN

UG/L 0
UNK585 91585 7 UNKNOWN

UG/L 0
UNK593 91593 13.7 UNKNOWN

UG/L 0UNKS19 91519 39.5 TETRACHLOROETH-ENE
UG/L 0



ENVIRONMENTAL SCIENCE & ENGINEERING 01/06/88

RESULTS FOR NON-TARGET COMPOUNDS AT STATION

37359

ESE SAMPLE - SEQUENCE NUMBER: T44GMS3

45

COLLECTION DATE: 07/08/87
COLLECTION TIME: 09:45

UASATHAMA TEST NAME ESE STORET CONC. IDENTIFICATION
-----------------------------------------------------------------
UNK523 91523 5.50 CHLORQBENZENE

UG/L 0
UNK543 91543 2.48 DICH-LOROBENZENE

UG/L 0



TASK 44

ANALYTICAL RESULTS FOR NONTARGET COMPOUNDS
IDENTIFIED BY GC/MS ANALYSIS



37305
PARAMETERS STORET # OPG3C ID

UNITS METHOD I
DATE 08/26/86
TIME 14:56
UNK563 91563 28.8 UJNK
UNK565 91565 154 CAPROLACTAM
UNK582 91582 20.4 liNK
UNK586 91586 8.78 liNK



37307
PARAMETERS STORET # OPGW2C ID

UNITS METHOD 2
DATE 06/18/86
TIME 11:41
UNK594 91594 26.4 N-HEPTADECANE; 2,10,6,4-TETRA-

METHYLPENTADECANE
UNK600 91600 7.48 N-OCTADECANE
UNK605 91605 13.0 N-NONADECANE
UNK610 91610 7.40 N-EICOSANE



37308
PARAMETERS STORET # OPGW2C ID

UNITS METHOD 3
DATE 06/16/86
TIME 15:17
UN'K519 91519 20.9 TETRACHLOROETHENE
UNK563 91563 7.43 CYCLOPENTADIENE DERIVATIVE cllhl6
UNK566 91566 18.9 clOhi~o, CYCLPENTADIENE
UNK579 91579 33.6 UNK
UNK582 91582 6.61 UNK
UNK583 91583 7.54 UNK
UNK585 91585 27.9 UNK
UNK586 91586 18.7 UNK
UNK589 91589 30.5 UNK
UNK593 91593 14.4 UNK
UNK594 91594 6.78 UNK
UNK595 91595 6.42 UNK
UNK633 91633 8.52 TETRACHLORINATED COMPOUND



37312

PARAMETERS STORET # OPGW2C ID

UNITS METHOD 1

DATE 06/17/86
TIME 11:13

UNK579 91579 6.57 UNK



37313

PARAMETERS STORET f OPG3C ID

UNITS METHOD 2

DATE 08/26/86

TIME 10:15

UNK560 91560 7.49 UNK

UNK563 91563 29.0 UNK

UNK565 91565 339 CAPROLACTAM

UNK579 91579 14.4 2-(4-METHYL-2-FURYL)-2-
CYCLOPENTEN-1-ONE

UNK582 91582 27.5 UNK

UNK585 91585 11.8 UNK

UNK586 91586 14.6 UNK

UNK588 91588 38.7 PROPANOIC ACID, 2-METHYL-1-
(1,1-DIMETHYL ETHYL)-2-METHYL
-1,3-PROPANEDIEL ESTER

UNK599 91599 7.87 UNK

UNK642 91642 96.6 UNK

UNK654 91654 911 UNK

UNK671 91671 752 UNK

UNK693 91693 571 UNK



37320
PARAMETERS STORET # OPG3C ID

UNITS METHOD 3
DATE 09/22/86
TIME 12:06
UNK529 91529 14.1 2-METHYLCYCLOPENTANONE
UNK648 91648 11.3 UNK
UNK652 91652 236 UNK



37332
PARAMETERS STORET # OPGW2C ID

UNITS METHOD 5
DATE 06/16/86
TIME 11:58
UNK040 91040 7.50 UNK
UNK582 91582 6.41 UNK



37343
PARAMETERS STORET # OPGW2C ID

UNITS METHOD 6
DATE 06/1 3/86
TIME 08:39
UNK594 91594 14.3 N-HEPTADECANE, 2,6,10,14-

TETRAMETHYLPENTADECANE



37343
PARAMETERS STORET # OPGW2C ID

UNITS METHOD 6
DATE 06/13/86
TIME 08:39
UNK600 91600 5.51 2,6,10,14-TETRAMETHYLPENTADECANE
UNK605 91605 7.49 N-NONADECANE
UNK667 91667 175 UNK



37347
PARAMETERS STORET # OPG3C ID

UNITS METHOD 5
DATE 08/25/86
TIME 00:00



37349
PARAMETERS STORET # OPG3C ID

UNITS METHOD 6

DATE 09/11/86

TIME 07:53



37353 ID
PARAMETERS STORET # OPGW2C

UNITS METHOD 8
DATE 06/12/86
TIME 11:32
UNK523 91523 10.8 A NONANE
UNK524 91524 13.0 4-HYDROXYL-4-METHYL-2-PENTANONE
UNK526 91526 20.9 A NONANE
UNK526 91526 20.9 A NONANE
UNK527 91527 32.3 METHYLOCTANE



37353
PARAMETERS STORET # OPGW2C ID

UNITS METHOD 8
DATE 06/12/86
TIME 11:32
UNK649 91649 120 UNK
UNK657 91657 67.7 LiNK



37353
PARAMETERS STORET # OPG3C ID

UNITS METHOD 4
DATE 09/12/86
TIME 07:38



PARAMETRS STOET735I
PARAMEERS STRET f OPGW2C I

UNITS METHOD 4
DATE 06/11/86
TIME 10:06
UNK635 91635 2.83 BIS(2-ETHYLHEXYL)PHTHALATE



37356
PARAMETERS STORET # OPG3C ID

UNITS METHOD 7
DATE 09/08/86
TIME 10:43
UNK652 91652 127 !JNK



37357
PARAMETERS STORET # OPG3C ID

UNITS METHOD 8
DATE 09/11/86
TIME 10:47



BOLLER
PARAMETERS STORET # OPGW2C ID

UNITS METHOD 7
DATE 07/01 /86
TIME 09:32
UJNK588 91588 11.4 UNK

UJNK635 91635 18.4 PHTHALATE, BIS(2-ETHYLHEXYL)-
PHTHALATE

UNK640 91640 5.79 PHTHALATE
UNK649 91649 7.08 PHTHALATE
UNK654 91654 6.42 PHTHALATE
UNK656 91656 112 UNK

UNK669 91669 5.87 PHTHALATE



APPENDIX G
CONTAMINANT TRANSPORT MODEL RESULTS
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Figure G-1 Prepared f or.
MODEL AREA IN THE OFEPOST U.S. Army Program Manager's Office
OPERABLE UNIT, ROCKY MOUNTAIN FrRcyM uti rea
ARSENAL FrRcyMuti rea

SOURC: WANER,1988Aberdeen Proving Ground, Maryland
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Figure G-2 Prepared for.
U.S. Army Program Manager's Office

FINITE ELEMENT MESH For Rocky Mountain Arsenal
SOURCE: WARNER, 1988 Aberdeen Proving Ground, Maryland
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Figure G-3 Prepared for.
WATER BALANCE OF MODEL AREA U.S. Army Program Manager's Office

For Rocky Mountain Arsenal

SOURCE: WARNER, 1988 Aberdeen Proving Ground, Maryland
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Figure G-4 Prepared for.
U.S. Army Program Manager's Office

AQUIFER THICKNESS MAP (FEET) For Rocky Mountain Arsenal

Aberdeen Proving Ground, Maryland
SOURCE: WARNER, 1988 _____________________
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Figure G-5a Prepared for.
TRANSMISSIVITY MAP, U.S. Army Program Manager's Office
CONTOUR INTERVAL (1,000-5,000 ft2 l/day) For Rocky Mountain Arsenal
SOURCE: WARNER, 1988A

:' Aberdeen.Proving Ground, Maryland
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Figure G-5b Prepared for:
TRANSMISSIVITY MAP, U.S. Army Program Manager's Office
CONTOUR INTERVAL (5,000-25,000 /day) For Rocky Mountain Arsenal
SOURCE: WARNER, 1988 Aberdeen Proving Ground, Maryland
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1987, CONTOURS IN FEET ABOVE MSL FrRcyMuti rea
SOURCE: WARNER, 1988 Aberdeen Proving Ground, Maryland
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Figure G-8a Prepared for:
DIMP CONCENTRATION DISTRIBUTION, 1987, U.S. Army Program Manager's Office
ALLUVIAL AQUIFER, CONTOUR INTERVAL For Rocky Mountain Arsenal OfC

SORC: ARER 188Aberdeen Proving Ground, Maryland e
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Prepared for.
DIMP CONCENTRATION DISTRIBUTION, 1987, U.S. Army Program Manager's Office
ALLUVIAL AQUIFER, CONTOUR INTERVAL For Rocky Mountain Arsenal

(100-200" u-/I) Aberdeen Proving Ground, Maryland
SOURCE: WARNER, 1988 _____________________
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Figure G-8c Prepared f or:
DIMP CONCENTRATION DISTRIBUTION, 1987, U.S. Army Program Manager's Office
ALLUVIAL AQUIFER, CONTOUR INTERVAL For Rocky Mountain Arsenal

SOURC: WANER,1988Aberdeen Proving Ground, Maryland(200-1000 ug/1)
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Figure~~~ G-aPeardfr

DIMP CONCENTRATION DISTRIBUTION IN 1992 U.S. Army Program Manager's Office
-(5 YEARS) WITH EXISTING NORTH BOUNDARY
RECHARGE OPERATIONS, ALLUVIAL AQUIFER, For Rocky Mountain Arsenal

CONTUR NTERAL 20-10 ulI)Aberdeen Proving Ground, Maryland
SOURCE: WARNER. 1988 _____________________
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Figure G-9b Prepared for.
DIMP CONCENTRATION DISTRIBUTION IN 1992 US ryPormMngrsOfc
(5 YEARS) WITH EXISTING NORTH BOUNDARY FrRcyMuti rea
RECHARGE OPERATIONS, ALLUVIAL AQUIFER,For R MountainAr

CONTUR ITERAL (00-00 u~l)Aberdeen Proving Ground, Maryland
SOURCE: WARNER. 1988 ______________________
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Figure G-9c Prepared for.
DIMP CONCENTRATION DISTRIBUTION IN 1992 US ryPormMngrsOfc
(5 YEARS) WITH EXISTING NORTH BOUNDARY US ryPormMngrsOfc
RECHARGE OPERATIONS, ALLUVIAL AQUIFER, For Rocky Mountain Arsenal

CONTUR NTERAL 200-00 gh)Aberdeen Proving Ground, Maryland
SOURCE:WARER 1988 ___________ _________
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Figure G-l0a Prepared for:
DIMP CONCENTRATION DISTRIBUTION IN 1997 U.S. Army Program Manager's Office
(10 YEARS) WITH EXISTING NORTH BOUNDARY
RECHARGE OPERATIONS, ALLUVIAL AQUIFER, For Rocky Mountain Arsenal
CONTOUR INTERVAL (20-100 uglI) Aberdeen Proving Ground, Maryland

tSOURCE: WARNER, 1988 _____________________
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Figure G-lOb Prepared for:
DIMP CONCENTRATION DISTRIBUTION IN 1997 U.S. Army Program Manager's Office
(10 YEARS) WITH EXISTING NORTH BOUNDARY
RECHARGE OPERATIONS, ALLUVIAL AQUIFER, For Rocky Mountain Arsenal
CONTOUR INTERVAL (100-500 ug/) Aberdeen Proving Ground, Maryland
SOURCE: WARNER, 1988 

Aberdeen Proving Ground, Maryland
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Figure G-llaPrpedf:
DIMP CONCENTRATION DISTRIBUTION IN 2007Prpedfr
(20 YEARS) WITH EXISTING NORTH BOUNDARY U.S. Army Program Manager's Office
RECHARGE OPERATIONS, ALLUVIAL AQUIFER, For Rocky Mountain Arsenal
CONTOUR INTERVAL (20-100 uglI)AbrenPoigGudMyld
SOURCE: WARNER, 1988 

Aberdeen Proving____Ground,__Maryland _
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Figure G-llbPrpedf:
DIMP CONCENTRATION DISTRIBUTION IN 2007Prpedf:
(20 YEARS) WITH EXISTING NORTH BOUNDARY U.S. Army Program Manager's Office
RECHARGE OPERATIONS, ALLUVIAL AQUIFER, For Rocky Mountain Arsenal
CONTOUR INTERVAL (100-300 ug/1)AbrenrongGodMyld
SOURCE: WARNER. 1988 Aberdeen Proving____Ground, __Maryland
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Figure G-12 Prepared for:
DIMP CONCENTRATION DISTRIBUTION IN 2017 U.S. Army Program Manager's Office
(30 YEARS) WITH EXISTING NORTH BOUNDARY FrRcyMuti rea
RECHARGE OPERATIONS, ALLUVIAL AQUIFER, FrRcyMuti rea

CONTOUR INTERVAL (20-180 uglI) Aberdeen Proving Ground, Maryland
SOURCE: WARNER, 1988 _____________________
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Figure G-13a Prepared for.
DIMP CONCENTRATION DISTRIBUTION IN 1992 US ryPormMngrsOfc
(5 YEARS) WITH NORTH BOUNDARY RECHARGE US ryPormMngrsOfc
OPERATION FOR NATURAL FLOW CONDITIONS, For Rocky Mountain Arsenal
ALLUVIAL AQUIFER, CONTOUR INTERVAL (20-100 ugII) Aberdeen Proving Ground, Maryland

ISOURCE: WARNER, 1988 _____________________
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Figure G-13b Prepared for:
DIMP CONCENTRATION DISTRIBUTION IN 1992 us ryPormMngrsOfc
(5 YEARS) WITH NORTH BOUNDARY RECHARGE
OPERATION FOR NATURAL FLOW CONDITIONS, FrRcyMuti rea
ALLUVIAL AQUIFER, CONTOUR INTERVAL (100-200 ug/1) AbrenPongGudMyld
SOURCE: WARNER. 1988 _____________________



_ 0

0 2oo 4oo

Scale In Feet

"410

00

NW.:.'.- /
* .,.- .. • ,,:

Basin F

Basin C

Figure G-13c Prepared for.
DIMP CONCENTRATION DISTRIBUTION IN 1992 U.S. Army Program Manager's Office
(5 YEARS) WITH NORTH BOUNDARY RECHARGE
OPERATION FOR NATURAL FLOW CONDITIONS, For Rocky Mountain Arsenal
ALLUVIAL AQUIFER, CONTOUR INTERVAL (200-800 uglI) Aberdeen Proving Ground, Maryland

SOU CE-WANE, 188__ _".__ ___"....__ __ __.__ __.__ __
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Figure G-14aPrpedf.
DIMP CONCENTRATION DISTRIBUTION IN 1997 Peae o

(10 YEARS) WITH NORTH BOUNDARY RECHARGE U.S. Army Program Manager's Office

OPERATION FOR NATURAL FLOW CONDITIONS, For Rocky Mountain Arsenal

ALLUVIAL AQUIFER, CONTOUR INTERVAL (20-100 ug/1) Aberdeen Proving Ground, M~aryland
SOURCE: WARNER, 1988 _____________________
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Figure G-14bPrpedf:
DIMP CONCENTRATION DISTRIBUTION IN 1997Prpedf:
(10 YEARS) WITH NORTH BOUNDARY RECHARGE US ryPormMngrsOfc
OPERATION FOR NATURAL FLOW CONDITIONS, For Rocky Mountain Arsenal
ALLUVIAL AQUIFER, CONTOUR INTERVAL (100-700 ug/1) AbrenPoigGudMyld
SOURCE: WARNER, 1988
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Figure G-15a 1Prepared for.
DIMP CONCENTRATION DISTRIBUTION IN 2007 U.S. Army Program Manager's Office
(20 YEARS) WITH NORTH BOUNDARY RECHARGE
OPERATION FOR NATURAL FLOW CONDITIONS, For Rocky Mountain Arsenal
ALLUVIAL AQUIFER, CONTOUR INTERVAL (20-100 uglI) Aberdeen Proving Ground, Maryland
SOURCE: WARNER, 1988 1
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Figure G-15b Prepared for.
DIMP CONCENTRATION DISTRIBUTION IN 2007 US ryPormMngrsOfc
(20 YEARS) WITH NORTH BOUNDARY RECHARGE US ryPormMngrsOfc
OPERATION FOR NATURAL FLOW CONDITIONS, For Rocky Mountain Arsenal
ALLUVIAL AQUIFER, CONTOUR INTERVAL (100-300 ug/1) AbrenPongGudMyad
SOURCE: WARNER, 19a88Aede rvnGonMrln



00

0ý

0 221w 400

Scale In Feet

00

WBS

Basin F

Basin C

Figure G-1roPeardfr
DIMP CONCENTRATION DISTRIBUTION IN 2017 (30Prpedor
YEARS) WITH NORTH BOUNDARY RECHARGE OPERA- U.S. Army Program Manager's Office
TION FOR NATURAL FLOW CONDITIONS, ALLUVIAL For Rocky Mountain Arsenal
AQUIFER, CONTOUR INTERVAL (20-180 ug/I) Aberdeen Proving Ground, Maryland
SOURCE: WARNER, 1988 _____________________
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SOURCE: WARNER, 1988

Figure G-17a Prepared for.
DIMP CONCENTRATION DISTRIBUTION IN U.S. Army Program Manager's Office
1992 (5 YEARS IHEITN E OT For Rocky Mountain Arsenal
ADAMS COUNTY WELL FIELD, ALLUVIAL
AQUIFER, CONTOUR INTERVAL (20-100 ug/I) Aberdeen Proving Ground, Maryland
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SOURCE: WARNER, 1988

Figure G-17bPrpedf:
DIMP CONCENTRATION DISTRIBUTION INPrpedor U.S. Army Program Manager's Office
1992 (5 YEARS) WITH EXISTING NEW SOUTH FrRcyMuti rea
ADAMS COUNTY WELL FIELD, ALLUVIAL
AQUIFER, CONTOUR INTERVAL (100-200 ug/I) Aberdeen Proving Ground, Maryland
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SOURCE: WARNER, 1988

Figure G-17c Prepared for.
DIMP CONCENTRATION DISTRIBUTION IN U.S. Army Program Manager's Office
1992 (5 YEARS) WITH EXISTING NEW SOUTH FrRcyMuti rea
ADAMS COUNTY WELL FIELD, ALLUVIAL
AQUIFER, CONTOUR INTERVAL (200-800 ug/I) Aberdeen Proving Ground, Maryland
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Figure G-8a Prepaed for

Bai C

DIMP CONCENTRATION DISTRIBUTION IN U.S. Army Program Manager's Office
1997 (10 YEARS) WITH EXISTING NEW SOUTH For Rocky Mountain Arsenal
ADAMS COUNTY WELL FIELD, ALLUVIAL
AQUIFER, CONTOUR INTERVAL (20-100 ug/I) Aberdeen Proving Ground, Maryland
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SOURCE: WARNER, 1988

Figure G-18b Prepared for:
DIMP CONCENTRATION DISTRIBUTION IN U.S. Army Program Manager's Office
1997 (10 YEARS) WITH EXISTING NEW SOUTH For Rocky Mountain Arsenal
ADAMS COUNTY WELL FIELD, ALLUVIALAbrenPoigGudMyld
AQUIFER, CONTOUR INTERVAL (100-700 ug~l) AbrenPoigrodMyad
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SOURCE: WARNER, 1988

Figure G-19a Prepared for:
DIMP CONCENTRATION DISTRIBUTION IN U.S. Army Program Manager's Office
2007 (20 YEARS) WITH EXISTING NEW SOUTH For Rocky Mountain Arsenal
ADAMS COUNTY WELL FIELD, ALLUVIAL
AQUIFER, CONTOUR INTERVAL (20-100 uglI) AbrenPoigGudMyld
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SOURCE: WARNER, 1988

Figure G-19b Prepared for.
DIMP CONCENTRATION DISTRIBUTION IN U.S. Army Program Manager's Office
2007 (20 YEARS) WITH EXISTING NEW SOUTH For Rocky Mountain Arsenal
ADAMS COUNTY WELL FIELD, ALLUVIAL

AQUIFER, CONTOUR INTERVAL (20-100 ug/I) Aberdeen Proving Ground, Maryland
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Figure G-20 Prepared for.
DIMP CONCENTRATION DISTRIBUTION IN U.S. Army Program Manager's Office
2017 (30 YEARS) WITH EXISTING NEW SOUTH For Rocky Mountain Arsenal
ADAMS COUNTY WELL FIELD, ALLUVIAL
AQUIFER, CONTOUR INTERVAL (20-180 ug/1) Aberdeen Proving Ground, Maryland
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Figure G-21a Prepared for:.
DIMP CONCENTRATION DISTRIBUTION IN U.S. Army Program Manager's Office
1992 (5 YEARS) FOR PROPOSED SOUTH For Rocky Mountain Arsenal
ADAMS COUNTY WELL FIELD, ALLUVIALAQUIFERf CONTOUR INTERVAL (20-100 ug/) Aberdeen Proving Ground, Maryland
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SOURCE: WARNER, 1988

Figue G21bPrepared f or:
DIMP CONCENTRATION DISTRIBUTION IN U.S. Army Program Manager's Office
1992 (5 YEARS) FOR PROPOSED SOUTH FrRcyMuti rea
ADAMS COUNTY WELL FIELD, ALLUVIAL FrRcyMuti rea
AQUIFER, CONTOUR INTERVAL (200-800 uglI) Aberdeen Proving Ground, Maryland
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SOURCE: WARNER, 1988

Figure G-21c Prepared for:
DIMP CONCENTRATION DISTRIBUTION IN U.S. Army Program Manager's Office
1992 (5 YEARS) FOR PROPOSED SOUTH For Rocky Mountain Arsenal
ADAMS COUNTY WELL FIELD, ALLUVIAL

AQUIERCONTUR NTERAL 00-20 ~Aberdeen Proving Ground, Maryland
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Figure G-22a Prepared for.
DIMP CONCENTRATION DISTRIBUTION IN U.S. Army Program Manager's Office
1997 (10 YEARS) FOR PROPOSED SOUTH For Rocky Mountain Arsenal
ADAMS COUNTY WELL FIELD, ALLUVIAL
AQUIFER, CONTOUR INTERVAL (20-100 ugll) Aberdeen Proving Ground, Maryland
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SOURCE: WARNER, 1988

Figure G-22b Prepared for.
DIMP CONCENTRATION DISTRIBUTION IN U.S. Army Program Manager's Office
1997 (10 YEARS) FOR PROPOSED SOUTH FrRcyMuti rea
ADAMS COUNTY WELL FIELD, ALLUVIAL FrRcyMuti rea
AQUIFER, CONTOUR INTERVAL (1 00-700 ug/1) Aberdeen Proving Ground, Maryland
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SOURCE: WARNER, 1988

Figure G-23a 1Prepared for.
iDIMP CONCENTRATION DISTRIBUTION IN U.S. Army Program Manager's Office

2007 (20 YEARS) FOR PROPOSED SOUTH IFor Rocky Mountain Arsenal
ADAMS COUNTY WELL FIELD, ALLUVIAL

AQU IFR COTU INEVL(010u) Aberdeen Proving Ground, Maryland

QUIER CNTURINERAL(2-100.:i! u./.)
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SOURCE: WARNER, 1988

Figure G-23b Prepared f or:
DIMP CONCENTRATION DISTRIBUTION IN U.S. Army Program Manager's Office
2007 (20 YEARS) FOR PROPOSED SOUTH For Rocky Mountain Arsenal
ADAMS COUNTY WELL FIELD, ALLUVIAL
AQUIFER, CONTOUR INTERVAL (100-300 uglI) AbrenPoigrodMyad
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SOURCE: WARNER, 198

Figure G-24 Prepared f or.
DIMP CONCENTRATION DISTRIBUTION IN U.S. Army Program Manager's Office
2017 (30 YEARS) FOR PROPOSED SOUTH FrRcyMuti rea
ADAMS COUNTY WELL FIELD, ALLUVIAL Foerde Rockyn M rountai Marseanal
AQUIFER, CONTOUR INTERVAL (20-180 ug/1) AbrenPongGudMyld
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FFigure GG-25 Prepared f or.

U.S. Army Program Managers Office
DISELDRIN CONCENTRATION DISTRIBUTION For Rocky Mountain Arsenal

(ugh, 187,ALLUIALAQUFERAberdeen Proving Ground, Maryland
SOURCE: WARNER, 1988 _.-.. _
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FFigure G-26 
Prepared for.

DIELDRIN CONCENTRATION DISTRIBUTION U.S. Army Program Manager's Office
(ugh) IN 1992 (5 YEARS) WITH EXISTING

NORTH BOUNDARY RECHARGE OPERA- FrRcyMuti rea
TION, ALUVIA AQUFERAberdeen Proving Ground, Maryland
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Figure G-27Prpedf.
DIELDRINCONENTRTIONDISRIBUION U.S. Army Program Manager's Office

(ug/1) IN 1997 (10 YEARS) WITH EXISTING Io ok onti rea
NOTHBOUNDARY RECHARGE

OPERATIONS, ALLUVIAL AQUIFER Aberdeen PrvnIrunMrln
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Figure G-28 Prepared for:.

DIELDRIN CONCENTRATION DISTRIBUTION U.S. Army Program Manager's Office
(ug/I) IN 2007 (20 YEARS) WITH EXISTING For Rocky Mountain Arsenal
NORTH BOUNDARY RECHARGE
OPERATIONS, ALLUVIAL AQUIFER Aberdeen Proving Ground, Maryland
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Figure G-29Prpedf.
DIELDRIN CONCENTRATION DISTRIBUTION Prep Ared ProgrmMnae'Ofc
(ug/h) IN 2017 (30 YEARS) WITH EXISTING FrRcyMuti rea
NORTH BOUNDARY RECHARGE
OPERATIONS, ALLUVIAL AQUIFER Aberdeen Proving Ground, Maryland
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igureG-310Prepared for.

DIELDRIN CONCENTRATION DISTRIBUTION (ug/h) INU..AmPrga MngesOfc

U.S. Army ProramMangersOfic

1992 (5 YEARS) WITH EXISTING NORTH BOUNDARY
RECHARGE OPERATION FOR NATURAL FLOW CONDI- For Rocky Mountain Arsenal
TIONS, ALLUVIAL AQUIFER SR A"Aberdeen Proving Ground, Maryland

SOU CE W...N... 19,88 : ...:-.:•:-i:-•:.:•
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SOURCE: WARNER, 1988

Figur G-31Prepared for.
DIELDRIN CONCENTRATION DISTRIBUTION (uglI) IN U.S. Army Program Manager's Office
1997 (10 YEARS) WITH NORTH For Rocky Mountain Arsenal
BOUNDARY RECHARGE OPERAýTION FOR NATURAL
FLOW CONDITIONS, ALLUVIAL AQUIFERAbrenPoigrodMrld



0p

0 2000 4000

Scale In Feet

0 (Nx

ao

- eo BdilBponite

.0.0 --.

Basin F

Basin C

SOURCE: WARNER, 1988

Figur G-32Prepared f or:
DIELDRIN CONCENTRATION DISTRIBUTION (ugh1) IN U.S. Army Program Manager's Office
2007 (20 YEARS) WITH NORTH For Rocky Mountain Arsenal
BOUNDARY RECHARGE OPERATION FOR NATURAL
FLOW CONDITIONS, ALLUVIAL AQUIFER Aberdeen Proving Ground, Maryland
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Figure G-33 Prepared for.
DIELDRIN CONCENTRATION DISTRIBUTION U.S. Army Program Manager's Office

(g/1) IN 2017 (30 YEARS) WITH NORTH For Rocky Mountain Arsenal
EBOUNDARY RECHARGE OPERATION FOR

NATURAL FLOW CONDITIONS, ALLUVIAL Aberdeen Proving Ground, Maryland
AQUIFER urGII
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Figure"."-34'Prepared for.
DIELDRIN CONCENTRATION DISTRIBUTION U.S. Army Program Manager's Office
(ug/1) IN 1992 (5 YEARS) WITH EXISTING NEW For Rocky Mountain Arsenal
SOUTH ADAMS COUNTY WELL FIELD,AbrenPoigrodMyad
ALLUVIAL AQUIFERAbrenPongGudMyld
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SOURCE: WARNER, 1988

Figure G-35 Prepared f or.
DIELDRIN CONCENTRATION DISTRIBUTION U.S. Army Program Manager's Office
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INTRODUCTON

A. CoNTrrxrs OF APPENDIX

This Appendix sets forth the potential applicable or relevant and appropriate

standards, requirements, criteria or limitations (ARARs) for air, ground water, soil,

surface water or biota for use in the Endangerment Assessment for the Off-Post

Operable Unit, as well as specifies whether: (i) the designated chemicals constitute

CERCLA Hazardous Substances; (ii) are ranked as a potential human health risk on the

priority-order list prepared by the U.S. Environmental Protection Agency (EPA) and the

Agency for Toxic Substances and Disease Registry (ATSDR), 52 Fed. Reg. 12866

(1987); (iii) are air analytes; (iv) are ground water remedial investigation (RI) analytes;

(v) are soil RI analytes; (vi) are soil EA analytes; (vii) are surface water RI analytes; or

(viii) are biota RI analytes. (A separate but similar volume has been issued earlier to

identify the potential chemical-specific ARARs for the On-Post Operable Unit.)

Where potential duly promulgated ARARs exist at this time for the designated

chemicals, these are identified in this volume by citation to both the controlling

regulatory provision and the relevant ARAR limit, standard or criterion derived from

that regulation. For these purposes, all pertinent statutes and regulations of the EPA,

U.S. Food and Drug Administration (FDA), and the State of Colorado (State) available

through December 30, 1988, were reviewed to determine their suitability for inclusion in

this document as potential ARARs.



B. PROCESS FOR SELECTING CHEMICAL-SPECIFIC ARARs

By issuing this list of potential ARARs, the Army does not purport to determine

which of these regulations are applicable and which are relevant and appropriate, or

even to represent that all of these regulations warrant selection as some form of ARARs

for the Off-Post Operable Unit. Rather, this appendix of potential ARARs is prepared

solely to ensure that decisionmaking with respect to the Off-Post Endangerment

Assessment will be fully informed with respect to all existing regulations that merit

consideration as ARARs.

It should be noted that the accompanying list of chemical-specific ARARs will be

up-dated in the context of the Off-Post RMA Feasibility Study/Endangerment

Assessment Report to reflect any Federal or pertinent State chemical-specific regulations

promulgated prior to the issuance of the proposed final version of that report in the

Spring of 1989.

The actual selection of ARARs for this portion of the RI/FS will occur in the

context of the Off-Post RMA Feasibility Study/Endangerment Assessment Report in

accordance with the terms of CERCLA Section 121(d)(2), 42 U.S.C. § 9621(d), the

National Contingency Plan (NCP), EPA guidance that is not inconsistent with CERCLA

and the NCP, and the proposed Consent Decree (including the RI/FS Process

document).

The first step in this process will be to determine the chemicals for which an

ARAR determination is warranted since 42 U.S.C. § 9621(d) provides that ARARs are

to be selected only for hazardous substances, pollutants, or contaminants. Second, it will

be necessary for the Army to determine whether ARARs exist for the designated
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hazardous substances, pollutants or contaminants. Third, the Army will detc~rm'Jne the

ARARs to be attained for purposes of remedial action on the Off-Post Operable Unit

and whether any ARARs should be waived in accordance with CERCLA's provisions.

(Where either there is no existing ARAR or no ARAR is selected for a particular

chemical compound, the Endangerment Assessment will set levels or standards of

control through the risk assessment process that are to be protective of human health

and the environment.) The Off-Post chemical-specific ARARs selected by the Army will

be set forth in the Endangerment Assessment Report.

C. POTENTIL AIR ARARs

For the potential air ARARs for RMA contaminants in the Off-Post Operable

Unit, all generally pertinent National Ambient Air Quality Standards (NAAQS) and

Natural Emission Standards for Hazardous Air Pollutants (NESHAP) are identified.

No air ARARs have been expressly designated for the Off-Post Operable Unit

for particulate matter because such particulate standards are not chemical-specific.

Nevertheless, for purposes of clean-up of the RMA Off-Post Operable Unit, it should be

noted that the provisions of 40 C.F.R. § 50.6 will be a potential ARAR: There will be

no particulate matter (of whatever chemical) transported from RMA by air that is in

excess of 75 micrograms per cubic meter--annual geometric mean and that 260

micrograms per cubic meter--maximum 24-hour concentration will not be exceeded more

than once a year.



D. POTENTIAL GROUND WATER ARARs

Potential ground water ARARs for RMA contaminants in the Off-Post Operable

Unit include Maximum Contaminant Levels (MCL) and non-zero Maximum

Contaminant Level Goals (MCLG) from the National Primary Drinking Water

Regulations (NPDW), 40 C.F.R. Part 141, the Clean Water Act's Toxic Pollutant

Effluent Standards (TPES), 40 C.F.R. Part 129, the ground water protection standards of

the Resource Conservation and Recovery Act, 40 C.F.R. Part 264 regulations (RCRA),

non-zero human health protection provisions of the Ambient Water Quality Criteria

(AWQC), 45 Fed. Reg. 79318 (1980)', and FDA's Tolerances for Pesticides in Food

Administered by EPA (TPF).

E. POTENTIL SOIL ARARs

No potential chemica-l-specific ARARs were identified that might pertain to the

RMA chemicals in the soils in the Army's Off-Post Operable Unit.

F. POTENTIAL SURFACE WATER ARARs

Potential surface water ARARs for RMA contaminants in the lakes and streams

of the Off-Post Operable Unit are similar to those for potential ground water (including

'It should be noted that whether the AWQC values designated herein as potential ground water ARARs
are appropriate for utilization as ARARs is a matter that warrants serious consideration during the course of
Endangerment Assessment decisionmaking. Since the indicated AWOC values are predicated on human
consumption both of water and aquatic organisms in that water, and ground water does not contain aquatic
life, use of alternative values (such as the adjusted AWQC found in the 1986 Superfund Public Health
Evaluation Manual) may well be more appropriate in connection with ground water.
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the NFDW, the TPES, RCRA, the non-zero human protection provisions of the AWQC

and the TPFA), as well as the non-zero fresh water aquatic life protection provisions of

AWQC.

G. POTENTIAL BioTA ARARs

While there are no chemical-specific ARARs for RMA contaminants that pertain

to the wild flora and fauna found in the Army's Off-Post Operable Unit (except for the

aquatic life AWOC set for surface water), the levels that EPA and FDA have set for

domesticated crops and animals with respect to pesticides found on or in such raw farm

commodities will be a useful aid to ARAR-decisionmaking for such domestic acriculture

in the Endangerment Assessment (and may also have utility with respect to wild flora

and fauna on a case-by-case basis). Accordingly, EPA's Tolerances for Pesticide

Chemicals On or In Raw Agricultural Commodities (TPCRAC), 40 C.F.R. Part 180, and

the FDA's TPFA have been identified. It should be noted that the designated pesticide

tolerances are not the same as action levels. As EPA has previously explained, "[t]here

are major differences between tolerances and action levels. A tolerance is set before

the fact to cover residues which will result from legal and purposeful use of the

pesticide. An action level is a more appropriate mechanism for situations involving

residues which persist in the environment after the once-legal use of that pesticide has

been halted." 51 Fed. Reg. 46666 (1986). Thus, while EPA's pesticide tolerance level

information is provided here (along with FDA action levels) to aid ARAR
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decisionmaking, it is only during the course of ARAR selection that the relevance, if

any, of these tolerance levels to the RMA cleanup will be determined.!

H. POTErIAL STATE ARARs

In accordance with CERCLA Section 121, State statutes and regulations warrant

consideration as potential ARARs only where they meet the three-part test of being:

(i) promulgated; (ii) more stringent than any Federal ARAR; and (iii) could not

effectively result in the statewide prohibition of land disposal (where the State standard

is not of general applicability or adopted on the basis of hydrologic, geologic or other

relevant considerations). To date the State has not identified any chemical-specific

ARARs pertinent to the Off-Post Operable Unit that satisfy the three elements of this

test, and the Army has been unable to identify any existing State regulations that satisfy

this CERCLA criteria. Thus, no State chemical-specific ARARs are cited in the current

edition of this appendix as potential ARARs.

1. EXCLUSION OF WORKER PROTECTON REGULATIONS FROM APPENDIX

It should be noted that worker protection regulations are not treated as chemical-

specific ARARs for purposes of this appendix. These will be separately addressed for

2With respect to certain of the chemicals that do not have designated tolerance levels, it should be noted
that EPA has revoked the pesticide tolerances for which related registered uses have been cancelled, EPA
has recommended action levels to FDA to replace the existing tolerances and EPA has made
recommendations to the FDA and the U.S. Department of Agriculture regarding exisuing action levels for.
commodities bearing residues for which tolerances have not been established. Among the pesticides for
which EPA has revoked tolerances are: (i) DDT (51 Fed. Reg. 46658 (1986)); (ii) TDE (id.); (iii) DDE
(id); (iv) Aidrin (51 Fed. Reg. 46662 (1986); (v) Dieldrin (Ld.); and (vi) Chlordane (51 Fed. Reg. 46665
(1986).)



purposes of the final response action for the RMA Off-Post Operable Unit in

accordance with the EPA regulations adopted pursuant to 42 U.S.C. § 9651(f) (which

provides that the NCP is to be amended by December 11, 1988, to provide procedures

for the protection of the health and safety of employees involved in response actions)

and the provisions of the OSHA interim final rule at Fed. Reg. 45654 (1986) (as this

may be subsequently finalized).

December 1988
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POTENTIAL CHEMICAL-SPECIFIC ARARs FOR

THE ENDANGERMENT ASSESSMENT FOR THE

OFF-POST OPERABLE UNIT, RMA



POTENTIAL
CHEMICAL-SPECIFIC ARARS FOR

THE ENDANGERMENT ASSESSMENT FOR THE

OFF-POST OPERABLE UNIT
ROCKY MOUNTAIN ARSENAL

1. PRIMARY NAME: Acetone (Dimethyl ketone)

CERCLA Hazardous Substance: Yes

Ranking on ATSDR Priority List: No

Air Analyte: No
Potential Air ARAR: No

Ground Water RI Analyte: No

Potential Ground Water ARAR: No

Soil RI Analyte: No
Soil EA Analyte: No
Potential Soil ARAR: No
Surface Water RI Analyte: No

Potential Surface Water ARAR: No

Biota RI Analyte: No
Potential Biota ARAR: No

2. PRIMARY NAME: Aidrin
CERCLA Hazardous Substance: Yes

Ranking on ATSDR Priority List: Priority Group 1

Air Analyte: Yes
Potential Air ARAR: No
Ground Water RI Analyte: Yes

Potential Ground Water ARAR: (a) 40 C.F.R. § 129.100(a) (3)
(TPES) -- 0.003 gg/l;

(b) 45 Fed. Reg. 79325 (1980)
(AWJC) -- 0.74 ng/l
(10, 0.074 ng/l (10~)

0.0074 ng/l (10-) (Human
Health).

Soil RI Analyte: Yes
Soil EA Analyte: Yes
Potential Soil ARAR: No

Surface Water RI Analyte: Yes

Potential Surface Water ARAR: (a) 40 C.F.R. § 129.100(a) (3)
(TPES) -- 0.003 gg/l;

(b) 45 Fed. Reg. 79325 (1980)
(AWýC) -- 0.74 ng/l _
(10) 0.074 ng/l (0)

0.0074 ng/l (10-) (Human
Health);

(c) 45 Fed. Reg. 79325 (1980)
(AWQC) -- 3 gg/l (Aquatic
Life).

Biota RI Analyte: Yes

Potential Biota ARAR: No



3. PRIMARY NAME: Arsenic
CERCLA Hazardous Substance: Yes
Ranking on ATSDR Priority List: Priority Group 1

Air Analyte: Yes
Potential Air ARAR: (a) 40 C.F.R. § 61.162(a)(1) (NESHAP)

-- uncontrolled total arsenic

emissions from existing glass
melting furnaces shall be less than
2.5 Mg per year;

(b) 40 C.F.R. § 61.162(b)(1) (NESHAP)
-- uncontrolled total arsenic

emissions from new or modified
glass melting furnaces shall be
less than 0.4 Mg per year.

Ground Water RI Analyte: Yes
Potential Ground Water ARAR: (a) 40 C.F.R. § 141.11(b)

(NPDW -- MCL) -- 50 gg/l;

(b) 40 C.F.R. § 264.94(a) (2)
(RCRA) -- 50 gg/l;

(c) 45 Fed. Reg. 79325-79326
(1980) (AWQC) -- 22 ng/l

(10"5), 2.2 ng/l (106),
0.22 ng/l (10") (Human
Health).

Soil RI Analyte: Yes
Soil EA Analyte: Yes
Potential Soil ARAR: No
Surface Water RI Analyte: Yes
Potential Surface Water ARAR: (a) 40 C.F.R. § 141.11(b)

(NPDW -- MCL) -- 50 gg/l;
(b) 40 C.F.R. § 264.94(a) (2)

(RCRA) -- 50 gg/l;
(c) 45 Fed. Reg. 79325-79326

(1980) (AWQC) -- 22 ng/l

(10-5), 2.2 ng/l (10 ),
0.22 ng/l (10-) (Human
Health);

(d) 45 Fed. Reg. 79325 (1980)
(AWQC) -- 440 gg/l
(Aquatic Life).

Biota RI Analyte: Yes
Potential Biota ARAR: No

H-2



4. PRIMARY NAME: Arsenic chloride (AT)
CERCLA Hazardous Substance: Yes

Ranking on ATSDR Priority List: No

Air Analyte: Yes (Arsenic)
Potential Air ARAR: (a) 40 C.F.R. § 61.162(a) (1) (NESHAP)

(Arsenic) -unotrolled 
total

arsenic emissions from existing

glass melting furnaces shall be
less than 2.5 Mg per year;

(b) 40 C.F.R. § 61.162(b)(1) (NESHAP)
(Arsenic) -- uncontrolled total
arsenic emissions from new or
modified glass melting furnaces
shall be less than 0.4 Mg per year.

Ground Water RI Analyte: Yes (Arsenic)

Potential Ground Water ARAR: (a) (Arsenic) 40 C.F.R. §
14 1. 11(b) (NPDW -- MCL)
-- 50 gg/l;

(b) (Arsenic) 40 C.F.R. §
264.94(a)(2) (RCRA) -- 50

(c) (Arsenic) 45 Fed. Reg.
79325-79326 (1980) (AWQC)

-5
-- 22 ng/l (10 ), 2.2
ng/l (10ý6), 0.22 ng/l
(10-) (Human Health).

Soil RI Analyte: Yes (Arsenic)
Soil EA Analyte: Yes (Arsenic)
Potential Soil ARAR: No
Surface Water RI Analyte: Yes (Arsenic)

Potential Surface Water ARAR: (a) (Arsenic) 40 C.F.R. §
141.11(b) (NPDW -- MCL) -

50 jgg/1;
(b) (Arsenic) 40 C.F.R. §

264.94(a)(2) (RCRA) -- 50-

(c) (Arsenic) 45 Fed. Reg.
79325-779326 (1980) (AWQC)

5
-- 22 ng/l (10 ), 2.2
ng/l (10 ), 0.22 ng/l
(i0O7) (Human Health) ;

(d) (Arsenic) 45 Fed. Reg.
79325 (1980) (AWQC) -

440 /hg/l (Aquatic Life).

Biota RI Analyte: No
Potential Biota ARAR: No

H-3



5. PRIMARY NAME: Arsenic trioxide (ATO)
CERCLA Hazardous Substance: Yes
Ranking on ATSDR Priority List: No
Air Analyte: Yes (Arsenic)
Potential Air ARAR: (a) (Arsenic) 40 C.F.R. § 61.162(a)(1)

(NESHAP) -- uncontrolled total

arsenic emissions from existing
glass melting furnaces shall be
less than 2.5 Mg per year;

(b) (Arsenic) 40 C.F.R. § 61.162(b) (1)
(NESHAP) -- uncontrolled total

arsenic emissions from new or
modified glass melting furnaces
shall be less than 0.4 Mg per year.

Ground Water RI Analyte: Yes (Arsenic)
Potential Ground Water ARAR: (a) (Arsenic) 40 C.F.R. §

141.11(b) (NPDW -- MCL)

-- 50 Ag/l;
(b) (Arsenic) 40 C.F.R. §

264.94(a) (2) (RCRA) -- 50
Ag/l ;

(c) (Arsenic) 45 Fed. Reg.
79325-79326 (1980) (AWQC)
-- 22 ng/l (10 ), 2.2

ng/l (10 ), 0.22 ng/l
(10") (Human Health) ;

Soil RI Analyte: Yes (Arsenic)
Soil EA Analyte: Yes (Arsenic)
Potential Soil ARAR: No
Surface Water RI Analyte: Yes (Arsenic)
Potential Surface Water ARAR: (a) (Arsenic) 40 C.F.R. §

141.11(b) (NPDW -- MCL)

-- 50 Ag/l;
(b) (Arsenic) 40 C.F.R. §

264.94 (a) (2) (RCRA) -- 50
Ag/1 ;

(c) (Arsenic) 45 Fed. Reg.
79325-79326 (1980) (AWQC)

-- 22 ng/l (10'), 2.2
ng/l (10 ), 0.22 ng/l

(10") (Human Health);
(d) (Arsenic) 45 Fed. Reg.

79325 (1980) (AWQC) --

440 Ag/l (Aquatic Life).

Biota RI Analyte: No
Potential Biota ARAR: No
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6. PRIMARY NAME: Benzene
CERCLA Hazardous Substance: Yes

Ranking on ATSDR Priority List: Priority Group 1

Air Analyte: Yes
Potential Air ARAR: No
Ground Water RI Analyte: No

Potential Ground Water ARAR: (a) 40 C.F.R. § 141.61(a), 52
Fed. Reg. 25716 (1987)
(effective Jan. 9, 1989)
(NPDW -- MCL) -- 5 gg/1;

(b) 45 Fed. Reg. 79326 (1980)
(AW~C -- 6.6 A1

(c), 0.66 (10 ), 0.066
(10 ) (Human Health).

Soil RI Analyte: Yes
Soil EA Analyte: Yes
Potential Soil ARAR: No
Surface Water RI Analyte: Yes

Potential Surface Water ARAR: (a) 40 C.F.R. §141.61(a); 52
Fed. Reg. 25716 (1987)
(effective Jan. 9, 1989)
(NPDW -- MCL) -- 5 gg/1;

(b) 45 Fed. Reg. 79326 (1980)
(AW~C -- 6.6 Al

(10C),0.66 (0 ), 0.066
(10o-) (Human Health) ;

(c) 45 Fed. Reg. 79326 (1980)
-- 5,300 jAg/l (Aquatic
Life).

Biota RI Analyte: No
Potential Biota ARAR: No
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7. PRIMARY NAME: Cadmium
CERCLA Hazardous Substance: Yes
Ranking on ATSDR Priority List: Priority Group 1
Air Analyte: Yes
Potential Air ARAR: No
Ground Water RI Analyte: Yes
Potential Ground Water ARAR: (a) 40 C.F.R. § 141.11(b)

(NPDW -- MCL) -- 10 Ag/l;
(b) 40 C.F.R. § 264.94(a) (2)

(RCRA) -- 10 gg/l;
(c) 45 Fed. Reg. 79327 (1980)

(AWQC) -- 10 gg/l (Human
Health).

Soil RI Analyte: Yes
Soil EA Analyte: Yes
Potential Soil ARAR: No
Surface Water RI Analyte: Yes
Potential Surface Water ARAR: (a) 40 C.F.R. § 141.11(b)

(NPDW -- MCL) -- 10 gg/l;
(b) 40 C.F.R. § 264.94(a) (2)

(RCRA) -- 10 Ag/l;
(c) 45 Fed. Reg. 79327 (1980)

(AWQC) -- 10 Ag/l (Human

Health);
(d) 45 Fed. Reg. 79326-79327

(1980) (AWQC) -- 24 hour

average to be determined
by
e (1.05 [In(hardness)]-
8.73), but not to exceed
value of
e (1.05 [In(hardness)]-
3.73) at any one time
(Aquatic Life).

Biota RI Analyte: No
Potential Biota ARAR: No

8. PRIMARY NAME: Calcium
CERCLA Hazardous Substance: No
Ranking on ATSDR Priority List: No
Air Analyte: No
Potential Air ARAR: No
Ground Water RI Analyte: Yes
Potential Ground Water ARAR: No
Soil RI Analyte: No
Soil EA Analyte: No
Potential Soil ARAR: No
Surface Water RI Analyte: Yes
Potential Surface Water ARAR: No
Biota RI Analyte: No
Potential Biota ARAR: No
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9. PRIMARY NAME: Calcium bromate (Bromic acid, calcium salt)
CERCLA Hazardous Substance: No

Ranking on ATSDR Priority List: No
Air Analyte: No
Potential Air ARAR: No
Ground Water RI Analyte: Yes (Calcium)
Potential Ground Water ARAR: No
Soil RI Analyte: No
Soil EA Analyte: No
Potential Soil ARAR: No
Surface Water RI Analyte: Yes (Calcium)
Potential Surface Water ARAR: No
Biota RI Analyte: No
Potential Biota ARAR: No

10. PRIMARY NAME: Calcium carbide
CERCLA Hazardous Substance: Yes
Ranking on ATSDR Priority List: No
Air Analyte: No
Potential Air ARAR: No
Ground Water RI Analyte: Yes (Calcium)
Potential Ground Water ARAR: No
Soil RI Analyte: No
Soil EA Analyte: No
Potential Soil ARAR: No
Surface Water RI Analyte: Yes (Calcium)
Potential Surface Water ARAR: No
Biota RI Analyte: No
Potential Biota ARAR: No

11. PRIMARY NAME: Calcium chloride
CERCLA Hazardous Substance: No
Ranking on ATSDR Priority List: No
Air Analyte: No
Potential Air ARAR: No
Ground Water RI Analyte: Yes (Calcium)
Potential Ground Water ARAR: No
Soil RI Analyte: No
Soil EA Analyte: No
Potential Soil ARAR: No
Surface Water RI Analyte: Yes (Calcium)
Potential Surface Water ARAR: No

Ji Biota RI Analyte: No
Potential Biota ARAR: No
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12. PRIMARY NAME: Carbon tetrachloride (Perchloromethane,
Tetrachloromethane)

CERCLA Hazardous Substance: Yes
Ranking on ATSDR Priority List: Priority Group 2

Air Analyte: Yes
Potential Air ARAR: No
Ground Water RI Analyte: Yes
Potential Ground Water ARAR: (a) 40 C.F.R. § 141.61(a), 42

Fed. Reg. 25716 (1987)
(effective Jan. 9, 1989)
(NPDW -- MCL) -- 5 gg/l;

(b) 45 Fed. Reg. 79327 (1980)
(AWýC) -- 4.0 gg/l
(10), 0.40 •g,/l (10),
0.04 gg/l (10) (Human
Health).

Soil RI Analyte: Yes
Soil EA Analyte: Yes
Potential Soil ARAR: No
Surface Water RI Analyte: Yes
Potential Surface Water ARAR: (a) 40 C.F.R. § 141.61(a), 42

Fed. Reg. 25716 (1987)
(effective Jan. 9, 1989)
(NPDW -- MCL) -- 5 Ag/l;

(b) 45 Fed. Reg. 79327 (1980)
(AWýC) -- 4.0 .g/l
(10 ), 0.40 Ag/l (106),
0.04 (10" ) (Human
Health);

(c) 45 Fed. Reg. 79327 (1980)
(AWQC) -- 35,200 gg/l
(Aquatic Life).

Biota RI Analyte: No
Potential Biota ARAR: No

13. PRIMARY NAME: Chloride
CERCLA Hazardous Substance: No
Ranking on ATSDR Priority List: No
Air Analyte: No
Potential Air ARAR: No
Ground Water RI Analyte: Yes
Potential Ground Water ARAR: No
Soil RI Analyte: Yes
Soil EA Analyte: Yes
Potential Soil ARAR: No
Surface Water RI Analyte: Yes
Potential Surface Water ARAR: No

Biota RI Analyte: No
Potential Biota ARAR: No
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14. PRIMARY NAME: Chlorinated phenolI CERCLA Hazardous Substance: Yes
Ranking on ATSDR Priority List: Priority Grcup 4

(2,4,6-
Trichlorophenol and

Air Analyte: No 2, 4-Dichlorophenol)
Potential Air ARAR: No
Ground Water RI Analyte: No
Potential Ground Water ARAR: (a) 2,4,5-trichlorophenol --

45 Fed. Reg. 79329 (1980)
(AWQC) -- 2600 jAg/l
(Human Health);

(b) 2,4,6-trichlorophenol --

45 Fed. Reg. 79329 (1980)
(AWQC) -- 12 -6 g/l (10 5,
1.2_ Ag/l (10 ), 0.12 gsg/l
(10 ) (Human Health) ;

(c) Sufficient data was not
available to derive AWQC
toxicity levels for other
compounds that would be
protective of human
health, 45 Fed. Reg.

Soil RI Analyte: No 79329 (1980).

Soil EA Analyte: No
2 Potential Soil ARAR: No

Surface Water RI Analyte: No
Potential Surface Water ARAR: (a) 2,4,5-trichloropheflol --

45 Fed. Reg. 79329 (1980)
(AWQC) -- 2600 jtg/l
(Human Health);

(b) 2,4,6-trichloropheflol --

45 Fed. Reg. 79329 (1980)
(AWQC) -- 12 gg/l (10)
1. 2_ gg/l (10-6)f 0.12 ~gq/
(10 ) (Human Health) ;

(c) Sufficient data was not
available to derive AWQC
toxicity levels for other
compounds that would be
protective of human
health, 45 Fed. Reg.
79329 (1980);

(d) 4-chloro-3-methyphenol,
45 Fed. Reg. 79329 (1980)
(AWQC) -- 30 gg/l
(Aquatic Life);

(e) 2,4,6-trichlorophenol, 45
Fed. Reg. 79329 (1980)
(AWQC) -- 970 jgg/l
(Aquatic Life);

(f) other chlorinated
phenols, 45 Fed. Reg.
79329 (1980) (AWQC) -

500,000 gg/l (Aquatic

Biota RI Analyte: No Lf)
Potential Biota ARAR: No
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15. PRIMARY NAME: Chlorobenzene (Monochlorobenzene)
CERCLA Hazardous Substance: Yes
Ranking on ATSDR Priority List: Priority Group 3
Air Analyte: Yes
Potential Air ARAR: No
Ground Water RI Analyte: Yes
Potential Ground Water ARAR: 45 Fed. Reg. 79327-79328

(1980) (AWQC-
MonochiorobenZene) -- 488 gg/1
(Human Health)

Soil RI Analyte: Yes (Benzene)
Soil EA Analyte: Yes (Benzene)
Potential Soil ARAR: No
Surface Water RI Analyte: Yes (Benzene)
Potential Surface Water ARAR: (a) 45 Fed. Reg. 79327-79328

(1980) (AWQC-
Monochlorobenzene) -- 488
gg/l (Human Health);

(b) 45 Fed. Reg. 79327 (1980)
(AWQC) -- 50 jgg/l (7.5
days exposure) (Aquatic
Life).

Biota RI Analyte: No
Potential Biota ARAR: No
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16. PRIMARY NAME: Chloroform (Trichloromethane)
CERCLA Hazardous Substance: Yes
Ranking on ATSDR Priority List: Priority Group 1
Air Analyte: Yes
Potential Air ARAR: No
Ground Water RI Analyte: Yes
Potential Ground Water ARAR: (a) 40 C.F.R. § 141.12 (NPDW

-- MCL) -- 100 Ag/l
(Note this is the total
combined limit for this
and all other
trihalomethanes);

(b) 45 Fed. Reg. 79330 (1980)
(AWJC) -- 1.9 gg/l
(10), 0.19 Ag/l (106),

0.019 gg/l (10"-) (Human
Health).

Soil RI Analyte: Yes
Soil EA Analyte: Yes
Potential Soil ARAR: No
Surface Water RI Analyte: Yes
Potential Surface Water ARAR: (a) 40 C.F.R. § 141.12 (NPDW

-- MCL) -- 100 g/1l (Note
this is the total
combined limit for this
and all other
trihalomethanes);

(b) 45 Fed. Reg. 79330 (1980)
(AWJC) -- 1.9 Ag/l
(10"), 0.19 Ag/l (101),
0.019 Ag/l (10") (Human
Health);

(c) 45 Fed. Reg. 79330 (1980)
(AWQC) -- 1240 Ag/l
(Aquatic Life).

Biota RI Analyte: No
Potential Biota ARAR: No
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17. PRIMARY NAME: p-Chlorophenyl methyl sulfide (CPMS, PCPMS)
CERCLA Hazardous Substance: No
Ranking on ATSDR Priority List: No
Air Analyte: Yes
Potential Air ARAR: No
Ground Water RI Analyte: Yes
Potential Ground Water ARAR: No
Soil RI Analyte: Yes
Soil EA Analyte: Yes
Potential Soil ARAR: No
Surface Water RI Analyte: Yes
Potential Surface Water ARAR: (2-Chlorophenol) 45 Fed. Reg.

79330 (1980) (AWQC) -- 4380
gg/l (Aquatic Life).

Biota RI Analyte: No
Potential Biota ARAR: No

18. PRIMARY NAME: p-Chlorophenyl methyl sulf one (CPMSO2,
PCPMS0 2 )

CERCLA Hazardous Substance: No
Ranking on ATSDR Priority List: No
Air Analyte: Yes
Potential Air ARAR: No
Ground Water RI Analyte: Yes
Potential Ground Water ARAR: No
Soil RI Analyte: Yes
Soil EA Analyte: Yes
Potential Soil ARAR: No,
Surface Water RI Analyte: Yes
Potential Surface Water ARAR: (2-Chlorophenol) 45 Fed. Reg.

79330 (1980) (AWQC) -- 4380

gg/l (Aquatic Life).

Biota RI Analyte: No

Potential Biota ARAR: No
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19. PRIMARY NAME: p-Chlorophenyl methyl sulfoxide !CPM50,
PCPMSO)

CERCLA Hazardous Substance: No
Ranking on ATSDR Priority List: No
Air Analyte: Yes
Potential Air ARAR: No
Ground Water RI Analyte: Yes
Potential Ground Water ARAR: No
Soil RI Analyte: Yes
Soil EA Analyte: Yes
Potential Soil ARAR: No
Surface Water RI Analyte: Yes
Potential Surface Water ARAR: (2-Chlorophenol) 45 Fed. Reg.

79330 (1980) (AWQC) -- 4380
gg/l (Aquatic Life).

Biota RI Analyte: No
Potential Biota ARAR: No

20. PRIMARY NAME: Chromium
CERCLA Hazardous Substance: Yes
Ranking on ATSDR Priority List: Priority Group 1

Air Analyte: Yes
Potential Air ARAR: No
Ground Water RI Analyte: Yes
Potential Ground Water ARAR: (a) 40 C.F.R. § 141.11(b)

(NPDW -- MCL) -- 50 gg/l;
(b) 40 C.F.R. § 264.94(a) (2)

(RCRA) -- 50 gg/l.
Soil RI Analyte: Yes
Soil EA Analyte: Yes
Potential Soil ARAR: No
Surface Water RI Analyte: Yes
Potential Surface Water ARAR: (a) 40 C.F.R. § 141.11(b)

(NPDW -- MCL) -- 50 g/1l;
(b) 40 C.F.R. § 264.94(a) (2)

(RCRA) -- 50 g/1l.
Biota RI Analyte: No
Potential Biota ARAR: No
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21. PRIMARY NAME: Chromium III
CERCLA Hazardous Substance: Yes
Ranking on ATSDR Priority List: No
Air Analyte: Yes (Chromium)
Potential Air ARAR: No
Ground Water RI Analyte: Yes (Chromium)
Potential Ground Water ARAR: 45 Fed. Reg. 79331 (1980)

(AWQC) -- 0.170 jgg/l (Human
Health)

Soil RI Analyte: Yes (Chromium)
Soil EA Analyte: Yes (Chromium)
Potential Soil ARAR: No
Surface Water RI Analyte: Yes (Chromium)
Potential Surface Water ARAR: (a) 45 Fed. Reg. 79331 (1980)

(AWQC) -- 0.170 Ag/l
(Human Health);

(b) 45 Fed. Reg. 79331 (1980)
(AWQC) -- to be
determined by
e (1.08 [In(hard -

ness)] + 3.48) (Aquatic
Life.

Biota RI Analyte: No
Potential Biota ARAR: No

22. PRIMARY NAME: Chromium VI
CERCLA Hazardous Substance: Yes
Ranking on ATSDR Priority List: No
Air Analyte: Yes (Chromium)
Potential Air ARAR: No
Ground Water RI Analyte: Yes (Chromium)
Potential Ground Water ARAR: 45 Fed. Reg. 79331 (1980)

(AWQC) -- 50 Ag/l (Human
Health)

Soil RI Analyte: Yes (Chromium)
Soil EA Analyte: Yes (Chromium)
Potential Soil ARAR: No
Surface Water RI Analyte: Yes (Chromium)
Potential Surface Water ARAR: (a) 45 Fed. Reg. 79331 (1980)

(AWQC) -- 50 g~g/1 (Human
Health);

(b) 45 Fed. Reg. 79331 (1980)
(AWQC) -- 24 hour average
to be determined by
e (1.08 [In(hard -
ness)] + 3.48) (Aquatic.
Life.

Biota RI Analyte: No

Potential Biota ARAR: No
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23. PRIMARY NAME: Copper
CERCIA Hazardous Substance: Yes

RaningonATSDR Priority List: Priority Group 3
Air Analyte: Yes
Potential Air ARAR: No
Ground Water RI Analyte: Yes
Potential Ground Water ARAR: 21 C.F.R. § 193.90 (TPFA) -

tolerance of 1 part per
million for potable water for
residues of copper resulting
from the use as algicides or
herbicides of basic copper
carbonate (molachite), copper
sulfate (see below), copper
monoethandime, and copper to
control aquatic plants in
reservoirs, lakes, ponds,
irrigation ditches and other
potential sources of potable
water.

Soil RI Analyte: Yes
Soil EA Analyte: Yes
Potential Soil ARAR: No
Surface Water RI Analyte: Yes
Potential Surface Water ARAR: (a) 21 C.F.R. § 193.90 (TPFA)

-- tolerance of 1 part
per million for potable
water for residues of
copper resulting from the
use as algicides or
herbicides of basic
copper sulfate (and the
other copper compounds
cited in "Potential
Ground Water ARAR"I above)
to control aquatic plants
in reservoirs, lakes,
ponds, irrigation ditches
and other potential
sources of potable water;

(b) 45 Fed. Reg. 79331 (1980)
(AWQC) -- 24 hour average
is 5.6 jgg/l and
concentration at any one

2 
time should not exceed
e (0.94 [In(hardness)]-
1.23) (Aquatic Life).

Biota RI Analyte: No
Potential Biota ARAR: No
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24. PRIMARY NAME: Copper sulfate
CERCLA Hazardous Substance: Yes
Ranking on ATSDR Priority List: No
Air Analyte: Yes (Copper)
Potential Air ARAR: No
Ground Water RI Analyte: Yes (Copper)
Potential Ground Water ARAR: 21 C.F.R. § 193.90 (TPFA) --

tolerance of 1 part per
million for potable water for
residues of copper resulting
from the use as algicides or
herbicides of basic copper
carbonate (molachite), copper
sulfate (see below), copper
monoethandime, and copper to
control aquatic plants in
reservoirs, lakes, ponds,
irrigation ditches and other
potential sources of potable
water.

Soil RI Analyte: Yes (Copper)
Soil EA Analyte: Yes (Copper)
Potential Soil ARAR: No
Surface Water RI Analyte: Yes
Potential Surface Water ARAR: (a) 21 C.F.R. § 193.90 (TPFA)

-- tolerance of 1 part
per million for potable
water for residues of
copper resulting from the
use as algicides or
herbicides of basic
copper sulfate (and the
other copper compounds
cited in "Potential
Ground Water ARAR" above)
to control aquatic plants
in reservoirs, lakes,
ponds, irrigation ditches
and other potential
sources of potable water;

(b) 45 Fed. Reg. 79331 (1980)
(AWQC) -- 24 hour average
is 5.6 gg/l and
concentration at any one
time should not exceed
e (0.94 [In(hardness)]-
1.23) (Aquatic Life).

Biota RI Analyte: No
Potential Biota ARAR: No
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25. PRIMARY NAME: DDE (p, pt..DichlorodipheflYlethefle)
CERCLA Hazardous Substance: Yes

Ranking on ATSDR Priority List: Priority Group 2

Air Analyte: Yes
Potential Air ARAR: No
Ground Water RI Analyte: Yes

Potential Ground Water ARAR: 40 C.F.R. § 129.101(a) (3)
(TPES) -- 0. 001 Ag/l

Soil RI Analyte: Yes
Soil EA Analyte: Yes
Potential Soil ARAR: No
Surface Water RI Analyte: Yes

Potential Surf~ace Water ARAR: (a) 40 C.F.R. § 129.101(a) (3)
(TPES) -- 0.001 g~g/1;

(b) 45 Fed. Reg. 79331 (1980)
(AWQC) -- 1,050 jhg/1
(Aquatic Life).

Biota RI Analyte: Yes
Potential Biota ARAR: No

26. PRIMARY NAME: DDT (p,pI-Dichlorodipenyltrichloroethane)
CERCLA Hazardous Substance: Yes

Ranking on ATSDR Priority List: Priority Group 2

Air Analyte: Yes
Potential Air ARAR: No
Ground Water RI Analyte: Yes

Potential Ground Water ARAR: (a) 40 C.F.R. § 129.101(a) (3)
(TPES) -- 10 Ag/i;

(b) 45 Fed. Reg. 79332 (1980)
(AWýC) -- 0.24 ng/1
(10) 0.024 ng/1 (10-6),
0.0024 ng/1 1l (Human
Health).

Soil RI Analyte: Yes
Soil EA Analyte: Yes
Potential Soil ARAR: No
Surface Water RI Analyte: Yes

Potential Surface Water ARAR: (a) 40 C.F.R. § 129.101(a) (3)
(TPES) -- 10 gg/l;

(b) 45 Fed. Reg. 79332 (1980)
(AW2C) -- 0.24 ng/1 _

(10-), 0.024 ng/i 10)
0.0024 ng/l (10-) (Human

Health);
(c) 45 Fed. Reg. 79331 (1980)

(AWQC) -- 24 hour average
is 0.0010 Mg/i and 1.1

Ag/1 at any one time
(Aquatic Life).

Biota RI Analyte: Yes
Potential Biota ARAR: No
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27. PRIMARY NAME: 1,2-Dibromo-3-chloropropane (DBCP, Nemagon,
Dibromochloropropane)

CERCLA Hazardous Substance: Yes
Ranking on ATSDR Priority List: No
Air Analyte: Yes
Potential Air-ARAR: No
Ground Water RI Analyte: Yes
Potential Ground Water ARAR: No
Soil RI Analyte: Yes
Soil EA Analyte: Yes
Potential Soil ARAR: No
Surface Water RI Analyte: Yes
Potential Surface Water ARAR: No
Biota RI Analyte: No
Potential Biota ARAR: 21 C.F.R. § 193.250(a) (TPFA) --

When food additive is present as a
result of fumigation in addition to
the authorized use of this
nematocide, the total residues of
inorganic bromides shall not exceed
the following: (i) 400 parts per
million in or on dried eggs and
processed herbs and spices;... (iii)
250 parts per million in or on
concentrated tomato products and
dried figs; and (iv) 125 parts per
million in or on processed foods
other than those listed above.
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28. PRIMARY NAME: p-Dichlorobenzene (l,4-Dichlorobenzene)
CERCLA Hazardous Substance: Yes
Ranking on ATSDR Priority List: Priority Group 1
Air Analyte: No
Potential Air ARAR: No
Ground Water RI Analyte: No
Potential Ground Water ARAR: (a) 40 C.F.R. § 141.50(b)

(NPDW -- MCLG) -- 750

(b) 45 Fed. Reg. 79332 (1980)
(AWQC) -- 400 Ag/l (Human
Health)

Soil RI Analyte: No
Soil EA Analyte: No
Potential Soil ARAR: No
Surface Water RI Analyte: No
Potential Surface Water ARAR: (a) 40 C.F.R. § 141.50(b)

(NPDW -- MCLG) -- 750

(b) 45 Fed. Reg. 79332 (1980)
(AWQC) -- 400 gsg/l (Human
Health);

(c) 45 Fed. Reg. 79332 (1980)
(AWQC) -- 763 jgg/l
(Aquatic Life).

Biota RI Analyte: No
Potential Biota ARAR: No
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29. PRIMARY NAME: 1,1-Dichloroethane
CERCLA Hazardous Substance: Yes
Ranking on ATSDR Priority List: Priority Group 3
Air Analyte: Yes
Potential Air ARAR: No
Ground Water RI Analyte: Yes
Potential Ground Water ARAR: No
Soil RI Analyte: Yes
Soil EA Analyte: Yes
Potential Soil ARAR: No
Surface Water RI Analyte: Yes
Potential Surface Water ARAR: No
Biota RI Analyte: No
Potential Biota ARAR: No

30. PRIMARY NAME: 1,2-Dichloroethane
CERCLA Hazardous Substance: Yes
Ranking on ATSDR Priority List: Priority Group 2
Air Analyte: Yes
Potential Air ARAR: No
Ground Water RI Analyte: Yes
Potential Ground Water ARAR: 40 C.F.R. § 141.61(a) (NPDW --

MCL); 52 Fed. Reg. 25716
(1987) (effective Jan. 9,
1989) -- 5 gg/l

Soil RI Analyte: Yes
Soil EA Analyte: Yes
Potential Soil ARAR: No
Surface Water RI Analyte: Yes
Potential Surface Water ARAR: 40 C.F.R. § 141.61(a); 52 Fed.

Reg. 25716 (1987) (effective
Jan 9, 1989) -- 5 gg/l

Biota RI Analyte: No
Potential Biota ARAR: No
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31. PRIMARY NAME: 1,1-Dichioroethylene
CERCLA Hazardous Substance: Yes
Ranking on ATSDR Priority List: No
Air Analyte: No
Potential Air ARAR: No
Ground Water RI Analyte: Yes
Potential Ground Water ARAR: (a) 40 C.F.R. § 141.61(a), 52

Fed. Reg. 25716 (1987)
(effective Jan. 9, 1989)
(NPDW -- MCL) -- 7 jhg/l;

(b) 40 C.F.R. § 141.50(b)
(NPDW -- MCLG) -- 7 Ag/l;

(c) 45 Fed. Reg. 79332 (1980)
(AWtC) -- 0.33 jig/1 4

(10 ), 0.033 jg/il (10 )
0.0033 jig/i (10 7) (Human
Health).

Soil RI Analyte: Yes
Soil EA Analyte: Yes
Potential Soil ARAR: No
Surface Water RI Analyte: No
Potential Surface Water ARAR: (a) 40 C.F.R. § 141.61(a), 52

Fed. Reg. 25716 (1987)
(effective Jan 9, 1989)
(NPDW -- MCL) -- 7 jig/l;

(b) 40 C.F.R. § 141.50(b)
(NPDW -- MCLG) -- 7 gg/l;

(c) 45 Fed. Reg. 79332 (1980)
(AWC) -- 0.33 jig/l
(10 ), 0.033 jig/i(0
0.0033 jig/l (10) (Human
Health);

(d) 45 Fed. Reg. 79332 (1980)
(AWQC) -- 11,600 jig/i
(Aquatic Life).

Biota RI Analyte: No
Potential Biota ARAR: No
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32. PRIMARY NAME: 1,2-Dichioroethylefle
CERCLA Hazardous Substance: No

Ranking on ATSDR Priority List: No

Air Analyte: Yes
Potential Air ARAR: No

Ground Water RI Analyte: Yes

Potential Ground Water ARAR: (a) 40 C.F.R. § 141.61(a), 52
Fed. Reg. 25716 (1987)
(effective Jan 9, 1989)

(NPDW -- MCL) -_ 7 jgg/l;

(b) 45 Fed. Reg. 79332 (1980)

(AW_ýC) -- 0.33 Mg/i _
(10 ), 0.033 gg/l (10~)
0.0033 Mg/i (10-') (Human

Health);

Soil RI Analyte: Yes
Soil EA Analyte: Yes

Potential Soil ARAR: No

Surface Water RI Analyte: No

Potential Surface Water AFAR: (a) 40 C.F.R. § 141.61(a), 52
Fed. Reg. 25716 (1987)

(effective Jan 9, 1989)
(NPDW -- MCL) -- 7 Ag/i;

(b) 45 Fed. Reg. 79332 (1980)

(AWýC) -- 0.33 Ag/i _

(10 ), 0.033 Mg/i (10~)
0.0033 gg/l (10 ) (Human

Health);
(c) 45 Fed. Reg. 79332 (1980)

(AWQC) -- 11,600 Mg/i
(Aquatic Life).

Biota RI Analyte: No
Potential Biota ARAR: No

33. PRIMARY NAME: Dicyclopentadiefle (DCPD)

CERCLA Hazardous Substance: No

Ranking on ATSDR Priority List: No

Air Analyte: Yes
Potential Air AFAR: No

Ground Water RI Analyte: Yes

Potential Ground Water AFAR: No

Soil RI Analyte: Yes

Soil EA Analyte: Yes
Potential Soil AFAR: No

Surface Water RI Analyte: Yes

Potential Surface Water AFAR: No

Biota RI Analyte: No

Potential Biota AFAR: No
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34. PRIMARY NAME: Dieldrin
CERCLA Hazardous Substance: Yes

Ranking on ATSDR Priority List: Priority Group 1

Air Analyte: Yes
Potential Air ARAR: No
Ground Water RI Analyte: Yes

Potential Ground Water ARAR: (a) 40 C.F.R. § 129.100(a) (3)

(TPES) -- 0.12 gg/l;

(b) 45 Fed. Reg. 79325 (1980)

(AWcC) -- 0.71 ng/l
(10".), 0.071 ng/l (10 ),
0.0071 ng/l (107) (Human
Health).

Soil RI Analyte: Yes
Soil EA Analyte: Yes

Potential Soil ARAR: No

Surface Water RI Analyte: Yes

Potential Surface Water ARAR: (a) 40 C.F.R. § 129.100(a) (3)

(TPES) -- 0.12 gg/l;

(b) 45 Fed. Reg. 79325 (1980)
(AWJC) -- 0.71 ng/l

(10" ), 0.071 ng/l (10),
0.0071 ng/l (10") (Human
Health);

(c) 45 Fed. Reg. 79325 (1980)
(AWQC) -- 24 hour average
0.0019 gg/l and
concentration of 2.5 g/1l
at any one time (Aquatic
Life).

Biota RI Analyte: Yes
Potential Biota ARAR: No
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35. PRIMARY NAME: Diisopropyl methyl phosphonate (DIMP,
Diisopropylmethylphosphoflate)

CERCLA Hazardous Substance: No

Ranking on ATSDR Priority List: No

Air Analyte: Yes
Potential Air ARAR: No
Ground Water RI Analyte: Yes
Potential Ground Water ARAR: No
Soil RI Analyte: Yes
Soil EA Analyte: Yes
Potential Soil ARAR: No
Surface Water RI Analyte: Yes

Potential Surface Water ARAR: No

Biota RI Analyte: No
Potential Biota ARAR: No

36. PRIMARY NAME: 1,4-Dithiane (DITH)

CERCLA Hazardous Substance: No

Ranking on ATSDR Priority List: No

Air Analyte: Yes
Potential Air APAR: No
Ground Water RI Analyte: Yes

Potential Ground Water ARAR: No
Soil RI Analyte: Yes
Soil EA Analyte: Yes
Potential Soil ARAR: No

Surface Water RI Analyte: Yes

Potential Surface Water AFAR: No

Biota RI Analyte: No
Potential Biota AFAR: No

H-24



37. PRIMARY NAME: Endrin
CERCLA Hazardous Substance: Yes

Ranking on ATSDR Priority List: Priority Group 3

Air Analyte: Yes
Potential Air ARAR: No
Ground Water RI Analyte: Yes
Potential Ground Water ARAR: (a) 40 C.F.R. § 141.12 (NPDW

-- MCL) -- 0.2 Ag/l;
(b) 40 C.F.R. § 264.94(a) (2)

(RCRA) -- 0.2 Ag/l;
(c) 45 Fed. Reg. 79334 (1980)

(AWQC) -- 1 Mg/l (Human
Health).

Soil RI Analyte: Yes
Soil EA Analyte: Yes
Potential Soil ARAR: No
Surface Water RI Analyte: Yes

Potential Surface Water ARAR: (a) 40 C.F.R. § 141.12 (NPDW
-- MCL) -- 0.2 Ag/l;

(b) 40 C.F.R. § 264.94(a) (2)
(RCRA) -- 0.2 Ag/l;

(c) 45 Fed. Reg. 79334 (1980)
(AWQC) -- 1 Mg/l (Human

Health);
(d) 45 Fed. Reg. 79334 (1980)

(AWQC) -- 24 hour average

0.0023 Mg/l and
concentration not to
exceed 0.18 Mg!l at any
time (Aquatic Life).

Biota RI Analyte: Yes
Potential Biota ARAR: 40 C.F.R. § 180.131 (TPCRAC) --

zero parts per million tolerances
for residues in sugarbeets,
sugarbeet tops, broccoli, brussels

sprouts, cabbage, cauliflower,
cottonseed, cucumbers, eggplant,
peppers, potatoes, summer squash

and tomatoes.
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38. PRIMARY NAME: Ethyl benzene (Ethylbenzene)

CERCLA Hazardous Substance: Yes

Ranking on ATSDR Priority List: Priority Group 4

Air Analyte: Yes
Potential Air ARAR: No

Ground Water RI Analyte: Yes

Potential Ground Water ARAR: 45 Fed. Reg. 79334 (1980)
(AWQC) -- 1400 g.g/l

Soil RI Analyte: Yes
Soil EA Analyte: Yes
Potential Soil ARAR: No

Surface Water RI Analyte: Yes

Potential Surface Water ARAR: (a) 45 Fed. Reg. 79334 11980)
(AWQC) -- 1400 gsg/l;

(b) 45 Fed. Reg. 79334 (1980)
(AWQC) -- 32,000 J.g/l
(Aquatic Life).

Biota RI Analyte: No
Potential Biota ARAR: No

39. PRIMARY NAME: Fluoride
CERCLA Hazardous Substance: No

Ranking on ATSDR Priority List: No

Air Analyte: No
Potential Air ARAR: No

Ground Water RI Analyte: Yes

Potential Ground Water ARAR: (a) 40 C.F.R. § 141.11(c)
(NPDW -- MCL) -- 4000

(b) 40 C.F.R. § 141.62(b)
(NPDW -- MCL) -- 4000

(c) 40 C.F.R. § 141.50(b)
(NPDW -- MCLG) -- 4000

,ig/l.

Soil RI Analyte: Yes
Soil EA Analyte: Yes
Potential Soil ARAR: No

Surface Water RI Analyte: No

Potential Surface Water ARAR: (a) 40 C.F.R. § 141.11(c)
(NPDW -- MCL) -- 4000

(b) 40 C.F.R. § 141.62(b)
(NPDW -- MCL) -- 4000

(c) 40 C.F.R. § 141.50(b)
(NPDW -- CLG) -- 4000

Ag/l.

Biota RI Analyte: No
Potential Biota ARAR: No
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40. PRIMARY NAME: Isodrin
CERCLA Hazardous Substance: No

Ranking on ATSDR Priority List: No

Air Analyte: Yes
Potential Air ARAR: No
Ground Water RI Analyte: Yes

Potential Ground Water ARAR: No

Soil RI Analyte: Yes
Soil EA Analyte: Yes
Potential Soil ARAR: No
Surface Water RI Analyte: Yes

Potential Surface Water ARAR: No

Biota RI Analyte: No
Potential Biota ARAR: No

41. PRIMARY NAME: Lead
CERCLA Hazardous Substance: Yes

Ranking on ATSDR Priority List: Priority Group 1

Air Analyte: Yes
Potential Air ARAR: 40 C.F.R. § 50.12 (NAAQS) -- 1.5

micrograms per cubic meter, maximum

arithmetic mean averaged over a calendar

quarter
Ground Water RI Analyte: Yes

Potential Ground Water ARAR: (a) 40 C.F.R. § 141.11(b)
(NPDW -- MCL) -- 50 gg/l;

(b) 40 C.F.R. § 264.94(a) (2)
(RCRA) -- 50 gg/l;

(c) 45 Fed. Reg. 79336 (1980)
(AWQC) -- 50 gg/l (Human
Health).

Soil RI Analyte: Yes
Soil EA Analyte: Yes
Potential Soil ARAR: No
Surface Water RI Analyte: Yes

Potential Surface Water ARAR: (a) 40 C.F.R. § 141.11(b)
(NPDW -- MCL) -- 50 Ag/l;

(b) 40 C.F.R. § 264.94(a) (2)
(RCRA) -- 50 gg/l;

(c) 45 Fed. Reg. 79336 (1980)
(AWQC) -- 50 gg/l (Human

Health);
(d) 45 Fed. Reg. 79336 (1980)

(AWQC) -- 24 hour limit

to not exceed
e (2.35 [In(hardness)] -
9.48) and concentration
at any one time to not
exceed
e (1.22 [In(hardness)] -

0.47] (Aquatic Life).

Biota RI Analyte: No
Potential Biota ARAR: No
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42. PRIMARY NAME: Magnesium
CERCLA Hazardous Substance: No
Ranking on ATSDR Priority List: No
Air Analyte: No
Potential Air ARAR: No
Ground Water RI Analyte: Yes
Potential Ground Water ARAR: No
Soil RI Analyte: No
Soil EA Analyte: No
Potential Soil ARAR: No
Surface Water RI Analyte: No
Potential Surface Water ARAR: No
Biota RI Analyte: No
Potential Biota ARAR: No

43. PRIMARY NAME: Magnesium hydroxide
CERCLA Hazardous Substance: No
Ranking on ATSDR Priority List: No
Air Analyte: No
Potential Air ARAR: No
Ground Water RI Analyte: Yes (Magnesium)
Potential Ground Water AP.AR: No
Soil RI Analyte: No
Soil EA Analyte: No
Potential Soil ARAR: No
Surface Water RI Analyte: No
Potential Surface Water ARAR: No
Biota RI Analyte: No
Potential Biota ARAR: No
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44. PRIMARY NAME: Mercuric chloride
CERCLA Hazardous Substance: Yes
Ranking on ATSDR Priority List: No
Air Analyte: Yes (Mercury)
Potential Air ARAR: No
Ground Water RI Analyte: Yes (Mercury)

Potential Ground Water ARAR: (a) (Mercury) 40 C.F.R. §
141.11(b) (NPDW -- MCL)
-- 2 Lg/l;

(b) (Mercury) 45 Fed. Reg.
79336-79337 (1980) (AWQC)
-- 144 ng/l (Human
Health).

Soil RI Analyte: Yes (Mercury)
Soil EA Analyte: Yes (Mercury)
Potential Soil ARAR: No
Surface Water RI Analyte: Yes (Mercury)

Potential Surface Water ARAR: (a) (Mercury) 40 C.F.R. §
141.11(b) (NPDW -- MCL)

-- 2 jg/l;
(b) (Mercury) 45 Fed. Reg.

79336-79337 (1980) (AWQC)
-- 144 ng/l (Human

Health);
(c) (Mercury) 45 Fed. Reg.

79336 (1980) (AWQC) --

0.00057 jg/l (as a 24-
hour average and the
concentration should not
exceed 0.0017 jg/l at any
one time) (Aquatic Life).

Biota RI Analyte: No
Potential Biota ARAR: No

H-29



45. PRIMARY NAME: Mercury
CERCLA Hazardous Substance: Yes

Ranking on ATSDR Priority List: Priority Group 2

Air Analyte: Yes

Potential Air ARAR: (a) 40 C.F.R. § 61.52(a) (NESHAP) --

emissions to atmosphere from
mercury ore processing facilities

not to exceed 2300 grams per 24-

hour period;
(b) 40 C.F.R. § 61.52(b) (NESHAP) --

emissions to atmosphere from sludge

incineration or drying plants not

to excceed 3200 grams per 24-hour
period.

Ground Water RI Analyte: Yes

Potential Ground Water ARAR: (a) 40 C.F.R. § 141.11(b)
(NPDW -- MCL) -- 2 gg/l;

(b) 40 C.F.R. § 264.94(a) (2)
(RCRA) -- 2 .gg/l;

(c) 45 Fed. Reg. 79336-79337
(1980) (AWQC) -- 144 ng/l

(Human Health).

Soil RI Analyte: Yes
Soil EA Analyte: Yes
Potential Soil AP.AR: No

Surface Water RI Analyte: Yes

Potential Surface Water ARAR: (a) 40 C.F.R. § 141.11(b)
(NPDW -- MCL) -- 2 gg/l;

(b) 40 C.F.R. § 264.94(a) (2)
(RCRA) -- 2 gg/1;

(c) 45 Fed. Reg. 79336-79337
(1980) (AWQC) -- 144 ng/l

(Human Health);
(d) 45 Fed. Reg. 79336-79337

(1980) (AWQC) -- 24 hour
average 0.00057 jgg/1 and
concentration not to

exceed 0.0017 .Lg/l at any
one time (Aquatic Life).

Biota RI Analyte: No
Potential Biota AIRAR: No
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46. PRIMARY NAME: Nitrate
CERCLA Hazardous Substance: No

Ranking on ATSDR Priority List: No

Air Analyte: No
Potential Air ARAR: No

Ground Water RI Analyte: Yes

Potential Ground Water ARAR: 40 C.F.R. § 141.11(b)
(NPDW--MCL) -- 10,000 gg/l

Soil RI Analyte: No
Soil EA Analyte: No
Potential Soil ARAR: No

Surface Water RI Analyte: No

Potential Surface Water ARAR: 40 C.F.R. § 141.11(b)
(NPDW--MCL) -- 10,000 gg/l

Biota RI Analyte: No
Potential Biota ARAR: No

47. PRIMARY NAME: Nitrite
CERCLA Hazardous Substance: No

Ranking on ATSDR Priority List: No

Air Analyte: No
Potential Air ARAR: No
Ground Water RI Analyte: No
Potential Ground Water ARAR: No
Soil RI Analyte: No
Soil EA Analyte: No
Potential Soil ARAR: No
Surface Water RI Analyte: No

Potential Surface Water ARAR: No

Biota RI Analyte: No
Potential Biota ARAR: No

48. PRIMARY NAME: 1,4-Oxathiane (p-Thiozane)

CERCLA Hazardous Substance: No

Ranking on ATSDR Priority List: No

Air Analyte: Yes
Potential Air ARAR: No
Ground Water RI Analyte: Yes

Potential Ground Water ARAR: No

Soil RI Analyte: Yes

Soil EA Analyte: Yes

Potential Soil ARAR: No
Surface Water RI Analyte: Yes

Potential Surface Water ARAR: No

Biota RI Analyte: No
Potential Biota ARAR: No
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49. PRIMARY NAME: Sodium
CERCLA Hazardous Substance: Yes
Ranking on ATSDR Priority List: No
Air Analyte: No
Potential Air ARAR: No
Ground Water RI Analyte: Yes

Potential Ground Water ARAR: No
Soil RI Analyte: No
Soil EA Analyte: No
Potential Soil ARAR: No
Surface Water RI Analyte: No

Potential Surface Water ARAR: No

Biota RI Analyte: No
Potential Biota ARAR: No

50. PRIMARY NAME: Sodium bicarbonate, 1:1

CERCLA Hazardous Substance: No

Ranking on ATSDR Priority List: No

Air Analyte: No
Potential Air ARAR: No
Ground Water RI Analyte: Yes (Sodium)

Potential Ground Water ARAR: No
Soil RI Analyte: No
Soil EA Analyte: No
Potential Soil ARAR: No
Surface Water RI Analyte: No

Potential Surface Water ARAR: No

Biota RI Analyte: No
Potential Biota ARAR: No

51. PRIMARY NAME: Sodium bromate
CERCLA Hazardous Substance: No

Ranking on ATSDR Priority List: No

Air Analyte: No
Potential Air ARAR: No

Ground Water RI Analyte: Yes (Sodium)

Potential Ground Water ARAR: No

Soil RI Analyte: No
Soil EA Analyte: No
Potential Soil ARAR: No
Surface Water RI Analyte: No

Potential Surface Water ARAR: No

Biota RI Analyte: No
Potential Biota ARAR: No
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52. _PRIMRYNAME Sodium carbonate, 2:1

CERCLA Hazardous Substance: No

Ranking on ATSDR Priority List: No

Air Analyte: No
Potential Air ARAR: No

Ground Water RI Analyte: Yes (Sodium)

Potential Ground Water ARAR: No

Soil RI Analyte: No
Soil EA Analyte: No
Potential Soil ARAR: No
Surface Water RI Analyte: No

Potential Surface Water ARAR: No

Biota RI Analyte: No

Potential Biota ARAR: No

53. PRIMARY NAME: Sodium methylate, alcohol mixture

CERCLA Hazardous Substance: Yes

Ranking on ATSDR Priority List: No

Air Analyte: No
Potential Air ARAR: No

Ground Water RI Analyte: Yes (Sodium)

Potential Ground Water ARAR: No

Soil RI Analyte: No
Soil EA Analyte: No
Potential Soil ARAR: No

Surface Water RI Analyte: No

Potential Surface Water APAR: No

Biota RI Analyte: No
Potential Biota ARAR: No

54. PRIMARY NAME: Sodium nitrite
CERCLA Hazardous Substance: Yes

Ranking on ATSDR Priority List: No

Air Analyte: No
Potential Air ARAR: No

Ground Water RI Analyte: Yes (Sodium)

Potential Ground Water ARAR: No

Soil RI Analyte: No
Soil EA Analyte: No
Potential Soil ARAR: No

Surface Water RI Analyte: No

Potential Surface Water ARAR: No

Biota RI Analyte: No

Potential Biota ARAR: No
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55. PRIMARY NAME: Sodium silicate
CERCLA Hazardous Substance: No
Ranking on ATSDR Priority List: No
Air Analyte: No
Potential Air ARAR: No
Ground Water RI Analyte: Yes (Sodium)
Potential Ground Water ARAR: No
Soil RI Analyte: No
Soil EA Analyte: No
Potential Soil ARAR: No
Surface Water RI Analyte: No
Potential Surface Water ARAR: No
Biota RI Analyte: No
Potential Biota ARAR: No

56. PRIMARY NAME: Sodium sulfite, 2:1

CERCLA Hazardous Substance: No
Ranking on ATSDR Priority List: No

Air Analyte: No
Potential Air ARAR: No
Ground Water RI Analyte: Yes (Sodium)
Potential Ground Water ARAR: No
Soil RI Analyte: No
Soil EA Analyte: No
Potential Soil ARAR: No
Surface Water RI Analyte: No
Potential Surface Water ARAR: No
Biota RI Analyte: No
Potential Biota ARAR: No

57. PRIMARY NAME: Sodium sulfonate
CERCLA Hazardous Substance: No

Ranking on ATSDR Priority List: No

Air Analyte: No
Potential Air ARAR: No
Ground Water RI Analyte: Yes (Sodium)

Potential Ground Water ARAR: No

Soil RI Analyte: No
Soil EA Analyte: No
Potential Soil ARAR: No
Surface Water RI Analyte: No

Potential Surface Water ARAR: No

Biota RI Analyte: No
Potential Biota ARAR: No
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58. PRIMARY NAME: Sodium thiosulfate (Hypo)
CERCLA Hazardous Substance: No
Ranking on ATSDR Priority List: No
Air Analyte: No
Potential Air ARAR: No
Ground Water RI Analyte: Yes (Sodium)
Potential Ground Water APAR: No
Soil RI Analyte: No
Soil EA Analyte: No
Potential Soil APAR: No
Surface Water RI Analyte: No
Potential Surface Water ARAR: No
Biota RI Analyte: No
Potential Biota ARAR: No

59. PRIMARY NAME: Sulfate
CERCLA Hazardous Substance: No
Ranking on ATSDR Priority List: No
Air Analyte: No
Potential Air ARAR: No
Ground Water RI Analyte: Yes
Potential Ground Water ARAR: No
Soil RI Analyte: Yes
Soil EA Analyte: No
Potential Soil ARAR: No
Surface Water RI Analyte: Yes
Potential Surface Water ARAR: No
Biota RI Analyte: No
Potential Biota ARAR: No

60. PRIMARY NAME: Sulfonic acid
CERCLA Hazardous Substance: No
Ranking on ATSDR Priority List: No
Air Analyte: No
Potential Air APAR: No
Ground Water RI Analyte: No
Potential Ground Water ARAR: No
Soil RI Analyte: No
Soil EA Analyte: No
Potential Soil ARAR: No
Surface Water RI Analyte: No
Potential Surface Water ARAR: No
Biota RI Analyte: No
Potential Biota ARAR: No
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61. PRIMARY NAME: p,p'-TDE
CERCLA Hazardous Substance: Yes
Ranking on ATSDR Priority List: No
Air Analyte: No
Potential Air ARAR: No
Ground Water RI Analyte: No
Potential Ground Water ARAR: No
Soil RI Analyte: No
Soil EA Analyte: No
Potential Soil ARAR: No
Surface Water RI Analyte: No

Potential Surface Water ARAR: 45 Fed. Reg. 79331 (1980)
(AWQC) -- 0.6 Ag/l (Aquatic
Life).

Biota RI Analyte: 
No

Potential Biota ARAR: No

62. PRIMARY NAME: Tetrachlorobenzene (1,2,4,5-
Tetrachlorobenzene)

CERCLA Hazardous Substance: Yes

Ranking on ATSDR Priority List: No

Air Analyte: No
Potential Air ARAR: No
Ground Water RI Analyte: No

Potential Ground Water ARAR: 45 Fed. Reg. 79327 (1980)
(AWQC) -- 38 Ag/l (Human

Health)
Soil RI Analyte: No
Soil EA Analyte: No
Potential Soil ARAR: No
Surface Water RI Analyte: No
Potential Surface Water ARAR: (a) 45 Fed. Reg. 79327 (1980)

(AWQC) -- 38 ug/l (Human

Health);
(b) 45 Fed. Reg. 79327 (1980)

(AWQC) -- 250 ug/l
(Aquatic Life).

Biota RI Analyte: No
Potential Biota ARAR: No

63. PRIMARY NAME: 1,1,2,2-Tetrachloroethane
CERCLA Hazardous Substance: Yes

Ranking on ATSDR Priority List: No

Air Analyte: No
Potential Air ARAR: No
Ground Water RI Analyte: No

Potential Ground Water ARAR: No

Soil RI Analyte: No
Soil EA Analyte: No

Potential Soil ARAR: No

Surface Water RI Analyte: No

Potential Surface Water ARAR: No

Biota RI Analyte: No
Potential Biota ARAR: No
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64. PRIMARY NAME: 1,1,2, 2-Tetrachioroethylefle
(Perchioroethylene, PCE)

CERCLA Hazardous Substance: Yes

Ranking on ATSDR Priority List: No
Air Analyte: Yes
Potential Air ARAR: No
Ground Water RI Analyte: Yes

Potential Ground Water APAR: 45 Fed. Reg. 79341 (1980)
(AWQC) -- 8 ,ig/l (l0,5), 0.8

J.g/l (10-6), 0._08 gg/l (10-7)
(Human Health)

Soil RI Analyte: Yes
Soil EA Analyte: Yes
Potential Soil ARAR: No
Surface Water RI Analyte: Yes

Potential Surface Water ARAR: (a) 45 Fed. Reg. 79341 (1980)
(AWQC) -- 8 Ag/l (10 5),
0.87 Ag/l (10 ý6), 0.08 Ag/l
(10 ) (Human Health) ;

(b) 45 Fed. Reg. 79341 (1980)
(AWQC) - 840 p.g/l

(Aquatic Life).

Biota RI Analyte: No
Potential Biota ARAR: No

65. PRIMARY-NAME: Toluene
CERCLA Hazardous Substance: Yes

Ranking on ATSDR Priority List: Priority Group 2

Air Analyte: Yes
Potential Air ARAR: 45 Fed. Reg. 79340 (1980) (AWQC) -

14,300 gg/l (Human Health)

Ground Water RI Analyte: Yes

Potential Ground Water ARAR: No
Soil RI Analyte: Yes
Soil EA Analyte: Yes
Potential Soil ARAR: No

Surface Water RI Analyte: Yes

Potential Surface Water ARAR: (a) 45 Fed. Reg. 79340 (1980)
(AWQC) -- 14,300 Ag/3-
(Human Health);

(b) 45 Fed. Reg. 79340 (1980)
(AWQC) -- 17,500 Ag/l
(Aquatic Life).

Biota RI Analyte: No

Potential Biota APAR: No
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66. PRIMARY NAME: 1,1,1-Trichloroethafle
CERCLA Hazardous Substance: Yes

Ranking on ATSDR Priority List: Priority Group 3

Air Analyte: Yes
Potential Air ARAR: No
Ground Water RI Analyte: Yes

Potential Ground Water ARAR: (a) 40 C.F.R. § 141.50 (NPDW
-- MCLG) -- 200 jig/i;

(b) 40 C.F.R. § 141.61(a); 52

Fed. Reg. 25716 (1987)
(effective Jan. 9, 1989)
(NPDW -- MCL) -- 200

jig/i.

Soil RI Analyte: Yes
Soil EA Analyte: Yes
Potential Soil ARAR: No
Surface Water RI Analyte: Yes

Potential Surface Water ARAR: (a) 40 C.F.R. § 141.50 (NPDW
-- MCLG) -- 200 jig/i;

(b) 40 C.F.R. § 141.61(a); 52
Fed. Reg. 25716 (1987)
(effective Jan. 9, 1989)
(NPDW -- MCL) -- 200

Biota RI Analyte: No gl

Potential Biota ARAR: No

67. PRIMARY NAME: Trichioroethylene (Trichioroethene, TCE)

CERCLA Hazardous Substance: Yes

Ranking on ATSDR Priority List: Priority Group 1

Air Analyte: Yes
Potential Air ARAR: No

Ground Water RI Analyte: Yes

Potential Ground Water ARAR: (a) 40 C.F.R. § 141.61(a); 52

Fed. Reg. 25716 (1987)
(effective Jan. 9, 1989)
(NPDW -- MCL) -- 5 jig/i;

(b) 45 Fed. Reg. 79341 (1980)
(AWQC) -- 27 ji g/i (10 5)
2.7 ji g/i (10 ), 0.27 jig/i

(10 ) (Human Health).

Soil RI Analyte: Yes

Soil EA Analyte: Yes
Potential Soil ARAR: No

Surface Water RI Analyte: Yes.

Potential Surface Water ARAR: (a) 45 Fed. Reg. 79341 (1980)
(AWQC) -- 27 jig/i (10,),
2.7 ji g/i (10'), 0.27 jig/i

(10 ) (Human Health);

(b) 45 Fed. Reg. 79341 (1980)
(AWQC) -- 45,000 jig/i
(Aquatic Life).

Biota RI Analyte: No

Potential Biota ARAR: No
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68. PRIMARY NAME: Xylene (includes m,o, p-Xylene)
CERCLA Hazardous Substance: Yes
Ranking on ATSDR Priority List: Priority Group 3
Air Analyte: Yes
Potential Air ARAR: No
Ground Water RI Analyte: Yes
Potential Ground Water ARAR: 40 C.F.R. § 180.1025(c)

(TPCRAC) -- Xylene is not to
be applied to irrigation
conveyances where there is any
likelihood that the irrigation
water will be used as a source
of potable water, or that
return flows to rivers and
streams could contain residues
of Xylene in excess of 10
parts per million.

Soil RI Analyte: Yes
Soil EA Analyte: Yes
Potential Soil ARAR: No
Surface Water RI Analyte: Yes
Potential Surface Water ARAR: 40 C.F.R. § 180.1025(c)

(TPCRAC) -- Xylene is not to
be applied to irrigation
conveyances where there is any
likelihood that the irrigation
water will be used as a source
of potable water, or that
return flows to rivers and
streams could contain residues
of Xylene in excess of 10
parts per million.

Biota RI Analyte: No
Potential Biota ARAR: No

69. PRIMARY NAME: Zinc
CERCLA Hazardous Substance: Yes
Ranking on ATSDR Priority List: Priority Group 2
Air Analyte: Yes
Potential Air ARAR: No
Ground Water RI Analyte: Yes
Potential Ground Water ARAR: No
Soil RI Analyte: Yes
Soil EA Analyte: Yes
Potential Soil ARAR: No
Surface Water RI Analyte: Yes
Potential Surface Water ARAR: 45 Fed. Reg. 79341 (1980)

(AWQC) -- 24 hour average is
47 gg/l and should not exceed
e (0.83[In(hardness)] + 1.95)
at any one time (Aquatic
Life).

Biota RI Analyte: No
Potential Biota ARAR: No
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70. PRIMARY NAME: Zinc oxide
CERCLA Hazardous Substance: Yes
Ranking on ATSDR Priority List: No
Air Analyte: Yes (Zinc)
Potential Air ARAR: No
Ground Water RI Analyte: Yes (Zinc)

Potential Ground Water ARAR: No
Soil RI Analyte: Yes (Zinc)
Soil EA Analyte: Yes (Zinc)
Potential Soil ARAR: No

Surface Water RI Analyte: Yes (Zinc)

Potential Surface Water ARAR: 45 Fed. Reg. 79341 (1980)
(AWQC-Zinc) -- 24 hour average
is 47 gg/l and should not

exceed e (0.83 [In(hardness)]
+ 1.95) at any one time

(Aquatic Life).

Biota RI Analyte: No

Potential Biota ARAR: No
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R11ESPONSES TO COMMENTS ON CHEMICAL SPECIFIC ARARs
FOR THE OFF-POST OPERABLE UNIT

1. SHELL COMMENTS ON THE PROPOSED ARARS FOR THE OFF-POST;r OPERkBLE UNrr

A. SHELL GENERAL COMMENTS:

Shell's comments on the potential chemical-specific ARARs may be categorized

into the following general issues:

1. The use of standards based upon EPA Carcinogen Assessment Group

(CAG) methodologies;

2. The use of MCLs;

3. The use of MCLGs;

4. The use of Ambient Water Quality Criteria (AWOC);

5. The use of RCRA permit conditions;

6. The use of National Emission Standards for Hazardous Air Pollutants

(NESHAPS);

7. The use of EPA and FDA action levels and tolerances for agricultural

commnodities;

8. The application points for ARARs.

Comments which have been submitted to the Army on previous occasions

regarding these issues are summarized below.

Shell General Comments on the Use of Standards Based on EPA GAG Methodologies:

As expressed to the Army on numerous occasions, CAG methodology is premised

on invalid assumptions. EPA has stated that performing a quantitative assessment

should never appear to remove the underlying uncertainty in the quality of evidence.

The displayed "upper-limit risk" therefore should be accompanied, where appropriate,

with explicit acknowledgment that the agent may not be a human carcinogen at all, and

that there may be zero risk of cancer to humans due to exposure. Moreover, it should

be made clear to the reader that there is currently no way to decide whether the upper-

bound value for risk is more or less likely to be the true risk than the lower-bound value

(zero). See letter for Edward J. McGrath to Donald L. Campbell, May 12, 1988.

H-4 1



The linearized multistage model used by the CAG leads to a plausible upper
limit to the risk that is consistent with some proposed mechanism of carcinogenesis.
Such an estimate, however, does not necessarily give a realistic prediction of the risk.

The value of the risk is unknown, and may be as low as zero. 51 Fed. Reg. 33997-33998
(September 24, 1986).

The choice of which low-dose extrapolation model to use and the animal data set

to utilize in the model to derive estimates of upper-bounds of risk are not matters

currently settled by science. EPA recognizes that "risks at low exposure levels cannot be

measured directly by either animal experiments or mathematical models ... a number

of mathematical models have been developed to extrapolate from high to low dose." No

single mathematical procedure is recognized as the most appropriate for low-dose

extrapolation in carcinogenesis. 51 Fed. Reg. 33992-34003, (September 24, 1986). For

several reasons, the unit cancer risk estimate based on animal bioassays is only an

approximate indication of the absolute risk in populations exposed to carcinogens. See

EPA, The Endangerment Assessment Handbook, August 1985. Different extrapolation

models and data sets may lead to large differences in estimates of upper-bound risk at

low doses and, even if one accepts the data as a basis for modeling, such modeling

generates a widely diverse range of risk estimates depending on the model used. CAG

selects data sets and models so as to derive unnecessarily conservative estimates of the

upper-bound of risk. See letter from Edward J. McGrath to Donald L. Campbell,

May 12, 1988.

Response to Shell General Comments on the Use of Standards Based on EPA CAG

Methodologies:

While the Army recognizes that Shell is dissatisfied with the regulations,

standards, criteria or limitations that have been set, in whole or in part, pursuant to the

CAG methodology, it is the Army's position that this is not the appropriate context to

debate the merits of the CAG methodology that produced such regulations, standards,
criteria or limitations. Shell has already had an opportunity to raise its CAG

methodological concerns with EPA's Cancer Assessment Group. If EPA hereafter

determines to modify the CAG methodology prior to the issuance of the Off-Post RMA

ROD, such modification(s) will be applied in each pertinent instance to the substances

identified herein for the Off-Post RMA Operable Unit. Until such time, the Army will

not look behind or question the CAG methodology that produced any of the chemical-

specific regulations, standards, criteria or limitations identified as potential ARARs in

this appendix.

Shell General Comments on the Use of MCLGs:

Shell does not believe that it is necessary for MCLGs to be considered as

potential ARARs. Only MCLs, not MCLGs, are required to be met at the point of

human consumption for drinking water. It is our understanding that the use of MCLGs

as potential ARARs is undergoing internal review by EPA. At some future time when
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EPA reports a decision on this matter, Shell may submit additional comments regarding
the use of MCLGs as the basis of potential ARARs.

Furthermore, MCLGs for carcinogens are usually set at zero based on EPA GAG
methodologies. The current GAG methodology uses potency measures, such as unit risk
and relative risks, which are based on upper bounds and not on fitted model values.
These measurements do not differentiate between carcinogens on the basis of available
experimental data about the shapes of the dose-response relationship. The inability to
differentiate between risks is a serious deficiency in GAG methodology. Therefore, the
use of MCLGs as potential ARARs is generally inappropriate.

Response to Shell General Comments on the Use of MCLGs:

Non-zero MCLGs are identified as potential ARARs for purposes of this

appendix in order to ensure that the decisionmaking process for the Off-Post Operable
Unit will take into account all regulations, standards, criteria or limitations that bear a

clean-up relationship to the chemicals found off-post from RMA, irrespective of whether

such regulations, standards, criteria or limitations are ultimately selected as ARARs. If
EPA hereafter determines to issue new guidance on the use of MCLGs prior to the

issuance of the Off-Post RMA ROD, such guidance will be applied accordingly in each

pertinent instance to the substances identified for the Off-Post RMA Operable Unit.

Shell's GAG-related concerns are addresses in the preceding comment.

Shell General Comments on the Use of Ambient Water Ouality Criteria:

Shell has previously rejected Army proposals for groundwater ARARs based on

Ambient Water Quality Criteria (AWOC). See letter from Edward J. McGrath to

Charles Scharmann, June 21, 1988, commenting on IRA North of RLA,. Shell has also
submitted comments to the Army stating that the aquatic life values are merely

published as guidance, and do not constitute an Ambient Water Quality Criterion. See
letter of Edward J. McGrath to Donald L. Campbell, June 17, 1988. In many instances,

the values cited by the Army as the basis of proposed ARARs are based upon the

assumption of factors for the human consumption of drinking water and aquatic life.

Naturally, fish are not collected from groundwater. Therefore, aquatic life values cannot

be potential ARARs for groundwater on the RMA. See also Colorado Basic Standards
and Methodologies at 5 CCR 1002-8.

Shell appreciates the consideration being given to these difficult issues by the
Army, as reflected in the following footnote:

It should be noted that whether the AWQC values designated herein as
potential groundwater ARARs are appropriate for utilization as ARARs is

a matter that warrants serious consideration during the course of
Endangerment Assessment decisionmaking. Since the indicated AWOC
values are predicated on human consumption both of water and aquatic
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organisrns in that water, and groundwater does no contain aquatic life, use
of alternative values (such as the adjusted AWOC found in the 1986
Superfund Public Health Evaluation Manual) may well be more
appropriate in connection with groundwater.

Volume III, Appendix H at vi.

Response to Shell General Comments on the Use of Ambient Water Quality Criteria:

The Army's position remains as set forth in Footnote No. 1 of the appendix.

Non-zero Ambient Water Quality Criteria are identified as potential ARARs for

purposes of this appendix in order to ensure that they will be taken into account for

possible future use in setting cleanup levels, irrespective of whether such Ambient Water

Quality Criteria are ultimately selected as ARARs for use in the Off-Post RMA
Operable Unit.

Shell General Comments on the Use of RCRA Permit Conditions:

Shell has commented previously on the Army proposal of chemical-specific
ARARs based on 40 CFR § 264.94(a)(2). These standards in this section are the same

as the MCI-s. Shell has previously set forth its position on the use of MCI-S at the

Arsenal boundaries. The levels in 40 CFR § 264.94(a)(2) are intended to trigger

corrective action at RCRA TSD facilities. Since the Arsenal is being remediated
pursuant to CERCLA., we do not believe that Section 264.94(a)(2) can be a potential

ARAR. See letter from Edward J. McGrath to Donald L. Campbell, August 30, 1988.

Response to Shell General Comments on the Use of RCRA Permit Conditions:

While the On-Post and Off-Post RMA Operable Units are being remediated

pursuant to CERCIA, it is nevertheless proper to consider as potential CERCLA

cleanup standards all regulations, standards, criteria or limitations that bear a

relationship to the identified chemicals, including those found in the RCRA regulations.

Thus, RCRA regulations are identified as potential ARARs for purposes of this

appendix in order to ensure that they will be taken into account for possible future use

in setting cleanup levels, irrespective of whether such regulations are ultimately selected
as ARARs for use in the Off-Post Operable Unit.

Shell General Comments on the Use of National Emission Standards for Hazardous Air

Pollutants (NESHAPS):

NESHAPS are source-specific and chemical-specific air emission standards which

have been promulgated under the Clean Air Act. The standards are intended to be

applied to emissions from a "stationary source" such as a stack in a particular industry.

It is therefore clearly inappropriate to use NESHAPS as the basis of ARARs at RMA.
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Chemical-specific ARARs have been listed in Appendix H for any compound
believed to be present in the air, surface water, groundwater, or soil. Potential ARARs
are listed, however, for compounds for which there is unquestionable proof of their
presence. For example, in the case of endrin the following statement is made:

[A]t all other wells, duplicate samples consistently reproduced
concentrations less than CRLs.

Volume I at 3-101.

A similar argument could be made for tetrachloroethylene and trichloroethylene.
See Volume I at 3-81.

Response to Shell Comments on the Use of the National Emission Standards for

Hazardous Air Pollutants:

NESHAP's regulations are identified in this context in order to ensure full

consideration as possible CERCLA cleanup standards all regulations, standards, criteria

or limitations that bear a relationship to the identified chemicals, including those found

in the NESHAP's regulations. Thus, NESHAP's regulations are identified as potential

ARARs for purposes of this appendix irrespective of whether such regulations are well-

suited or ultimately selected as ARARs for use in the Off-Post Operable Unit.

ARARs will be selected for all chemicals from RMA found in the recent past in

Off-Post air, surface water, groundwater, soil or biota.

B. SHELL CHEMICAL-SPECIFIC COMMENTS ON APPENDIX H

Shell Comments on Aldrin:

PROPOSED GROUNDWATER ARAR:

Shell disagrees with the Army proposal of 0.003 gg/l as an ARAR, which is the

ambient water criterion for aldrin/dieldrin in navigable waters based on an FDA

tolerance level of 0.3 ppm for fish times an application factor of 0.01. 40 C.F.R. §

129.100 (a)(3).

Shell also disagrees with an assumption underlying this criterion. That

assumption is that "there is no demonstrated 'no effect level'." See 41 Fed. Reg. 23,584

(1976). As Shell has previously explained in comments, developments in modelling, such

as those by Sielken, indicate that this assumption is invalid. In addition, a water quality

criterion designed to provide for protection of aquatic life is not relevant and

appropriate. The criterion was intended to address the impact of bioaccumulation in

fish and their food sources on the biological transport of aldrin/dieldrin to birds and to

mammals, including man. 41 Fed. Reg. 23,584 (1976).
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Furthermore, aldrin and dieldrin are considered by the EPA CAG to be an

animal carcinogen and a suspected human carcinogen. As stated in previous comments,

numerous carcinogenicity tests in a variety of animals indicate that aldrin and dieldrin

promote pnly liver tumors and the tumors develop o in mice. On the basis of this

species-specific effect, aldrin and dieldrin are improperly categorized by the EPA as

animal carcinogens.

PROPOSED SURFACE WATER ARAR:

Shell disagrees with the Army proposal of 3.0 /g/l as an ARAR. The aquatic life

value published at 45 Fed. Reg. 79325 is merely guidance, and does not constitute an

ambient Water Quality Criterion. See 45 Fed. Reg. at 79,322 ("The aquatic life .criteria

specify both maximum and 24-hour average values. In those cases where there were

insufficient data to allow the derivation of a criterion, narrative descriptions of apparent

threshold levels for acute and/or chronic effects based on the available data are

presented. These descriptions are intended to convey a sense of the degree of toxicity

of the pollutant in the absence of a criterion recommendation.").

Shell questions why the Army did not consider the State surface water standard

for Aldrin (.003 g/1l) promulgated pursuant to the Colorado Water Quality Control Act

as a potential ARAR. See 5 Colo. Code Reg. 1002-8 3.8.5(2) hereinafter referred to as

"South Platte Organics Standards" (1987).

Response to Shell Comments on Aldrin:

In this appendix, the Army has only designated potential ARARs for Aldrin.

Whether these potential ARARs merit -selection as ARARs will be determined in the

context of the Feasibility Study/Endangerment Assessment Report for the Off-Post

Operable Unit.

While the Army understands Shell's CAG-related concerns, as explained in the

Army's response to Shell's general comments, reassessment of the merits of the CAG

methodology is a national EPA issue that must be resolved by EPA in the first instance.

If EPA determines to modify the CAG methodology during the course of the Off-Post

RMA RI/FS, such modification(s) will be applied in each pertinent instance to the

substances identified herein.

The Army did not consider the South Platte Organics Standards for Aldrin

because the State standard is not more stringent than the designated potential Federal

ARARs and the Army is unable to determine from presently available information

whether the standard was properly promulgated or could effectively result in the

statewide prohibition of land disposal (where the standard is not of general applicibility

or adopted on the basis of hydrologic, geologic or other relevant considerations).
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Shell Comments on (3) Arsenic and (4 Arsenic trioxide:

AIR ARLAR:

Shell disagrees with the Army proposal of arsenic concentrations in air of 2.5

mg/year and less than 0.4 mg per year based on 40 CFR Section 61.162(b)(1) and

40 CFR § 61.162(b)(1), respectively.

Shell disagrees with the Army proposal of uncontrolled arsenic emissions of 2.5

mg per year as an ARAR. The National Emission Standard for Inorganic Arsenic

Emissions from Glass Manufacturing Plants is neither applicable nor relevant and

appropriate. See 40 CFR § 61.160-162(a)(j). Shell disagrees with the Army proposal of

0.4 mg per year of uncontrolled arsenic emissions from new or modified glass melting

furnaces as an ARAR, because the National Emission Standard for Inorganic Arsenic

Emissions from Glass Manufacturing Plants is neither applicable nor relevant and

appropriate because commercial arsenic is not used in any remediation processes. See

40 CER § 61.160-162(b)(1). In addition to other difficulties in using such standards as

AR-ARs, the theoretical arsenic emissions factor is expressed as the amount of arsenic,

expressed in grams per kilogram of glass produced, as determined on a material balance.

PROPOSED GROUNDWATER AR-AR:

Shell agrees with the Army proposal of the MCL of 50 gg/l as an ARAR. The

National Academy of Sciences Drinking Water Committee, NAS, and the World Health

Organization, WHO, have prepared recommendations and guidelines, respectively, for

inorganic contaminant in drinking water, based upon non-carcinogenic, no observed

adverse effects levels in humans with considerations for a margin of safety. The MCL is

based upon guidance from these organizations and upon reasonable scientific studies

and peer reviews of these studies.

The State Human Health standard is the same as the MCL, and is therefore not

more stringent than the Federal standard.

Shell disagrees with the Army proposal of 50 jg/ll as an ARAR based on 40 CFR

§ 264.94(a)(2) for the reasons set forth above.

Shell disagrees with the Army proposal of 22 .tg/l as an ARAR. The aquatic life

value published at 45 Fed. Reg. 79325 is merely guidance, and does not constitute an

AWQC.

PROPOSED SURFACE WATER ARAR:

Shell disagrees with the proposed ARARs for the reasons stated above regarding

our concerns with the CAG methodology.
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Response to Shell Comment on (3) Arsenic and (4) Arsenic trioxide:

In this appendix, the Army has only designated potential ARARs for Arsenic and

Arsenic trioxide. Whether these potential ARARs merit selection as ARARs will be

determined in the context of the Feasibility Study/Endangerment Assessment Report for

the Off-Post Operable Unit.

The Army has designated the NESHAP's standard for arsenic as a potential

ARAR for Arsenic and Arsenic trioxide because it warrants consideration as a possible

guideline for use in controlling Arsenic emissions during the course of remediation.

Whether this standard has any practical application in the context of the cleanup will be

determined in the Feasibility Study/Endangerment Assessment for the Off-Post RMA

Operable Unit.

The designation of 50 jig/l (40 C.F.R. § 264.94(a)(2)) as a potential ARAR for a

CERCLA cleanup is warranted because such a criterion is not inconsistent with

CERCLA,, the NCP and EPA guidance that is not inconsistent with CERCLA and the

NCP.

As discussed above, Shell's concerns with GAG methodology do not properly

arise in this context.

The balance of Shell's comment concerns the areas of its agreement with the

Army's initial determination and thus requires no further discussion in this context.

6. Shell Comments on Benzene:

POTENTIAL GROUNDWATER AFAR:

Shell disagrees with the Army proposal of the MCL of 5 tig/l as an ARAR. The

benzene MCL is based on GAG methodology and is therefore unacceptable for the

reasons outlined above in the general comments.

Shell disagrees with the Army proposal of the AWQC of 6.6 jig/i as an ARAR.

The aquatic life value published in 45 Fed. Reg 79326 is merely guidance, and does not

constitute an AWQC. Furthermore, this guidance is based upon GAG methodologies,

and therefore unacceptable for the reasons outlined above in the General Comments.

PROPOSED SURFACE WATER ARLAR:

Shell disagrees with the Army proposal of 5,300 jig/I as an ARAR. The Aquatic

Life value published at 45 Fed. Reg. 79326 is merely guidance, and does not constitute

an ambient Water Quality Criterion.
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Response to Shell Comments on Benzene:

In this appendix, the Army has only designated potential ARARs for Benzene.
Whether these potential ARARs merit selection as ARARs will be determined in the
context of the Feasibility Study/Endangerment Assessment Report for the Off-Post
Operable Unit.

While the Army understands Shell's CAG-related concerns, as explained in the

Army's response to Shell's general comments, reassessment of the merits of the CAG

methodology is a national EPA issue that must be resolved by EPA in the first instance.

If EPA determines to modify the CAG methodology during the course of the Off-Post

RMA RI/FS, such modification(s) will be applied in each relevant instance to the

substances identified herein.

7. Shell Comments on Cadmium:

PROPOSED GROUNDWATER ARAR:

Shell agrees with the Army proposal of 10 g/1l as an ARAR for the reasons

outlined in the arsenic comment.

The State Human Health standard is the same as and is based on the MCL, and

is therefore not an ARAR.

Shell disagrees with the Army proposal of 50 g/1l as an ARAR based upon

40 C.F.R. 264.94(a)(2) for the reasons stated above in the discussion of RCRA permit

conditions.

PROPOSED SURFACE WATER ARAR:

Shell tentatively accepts the Army proposal of the AWQC (Aquatic Life)

standard (max: e (1.05 [In hardness)] -3.73) as a potential ARAR. Shell questions why

the Army did not consider the State surface water standard for cadmium (0.001 tg/l) as

a potential ARAR. See discussion of Ambient Water Quality Criteria.

For reasons stated above in the discussion of RCRA permit conditions, Shell

disagrees with 40 CFR § 264.94(a)(2).

Response to Shell Comments on Cadmium:

In this appendix, the Army has only designated potential ARARs for Cadmium.

Whether these potential ARARs merit selection as ARARs will be determined in the

context of the Feasibility Study/Endangerment Assessment for the Off-Post Operable

Unit.
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Shell's first, second and fourth comments concern its tentative agreement with the
Army's initial determination for Cadmium and thus requires no further discussion in this
context.

The Army's designation of 50 Mg/i (40 C.F.R. § 264.94(a)(2)) as a potential
ARAR for a CERCLA cleanup is warranted because such a criterion is not inconsistent
with CERCLA, the NCP and EPA guidance that is not inconsistent with CERCLA and
the NCP.

The Army did not consider the State surface water standard for Cadmium to be a

potential ARAR because the Army is unable to determine from presently available

information whether the State standard was properly promulgated or could effectively

result in the statewide prohibition of land disposal (where the standard is not of general

applicability or adopted on the basis of hydrologic, geologic or other relevant
considerations).

12. Shell Comments on Carbon Tetrachloride:

PROPOSED GROUNDWATER ARLAR:

Shell disagrees with the Army proposal of the MCL of 5 jig/l as an ARAR. The

carbon tetrachloride MCL is based on CAG methodology and is therefore unacceptable
for the reasons set forth above.

Shell also disagrees with the use of the AWQC of 4 Aggl as an ARAR for carbon

tetrachloride, because this value is based on CAG methodology, and is therefore
unacceptable for the reasons set forth above.

PROPOSED SURFACE WATER A-A-R:

Shell disagrees with the Army proposal of the MCL of 5 Mg/i as an ARAR. The

carbon tetrachloride MCL is based on CAG methodology, and is therefore unacceptable
for the reasons set forth above.

Shell disagrees with the Army proposal of 32,200 gg/1 as an ARAR. The aquatic

life value published at 45 Fed. Reg. 79327 is merely guidance, and does not constitute

an ambient Water Quality Criterion.

Response to Shell Comments on Carbon Tetrachloride:

In this appendix, the Army has only designated potential ARARs for Carbon

Tetrachloride. Whether these potential ARARs merit selection as ARARs will be

determined in the context of the Feasibility Study/Endangerment Assessment Report for

the Off-Post Operable Unit.
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While the Army understands Shell's CAG-related concerns, as explained in the

Army's response to Shell's general comments, reassessment of the merits of the CAG

methodology is a national EPA issue that must be resolved by EPA in the first instance.

If EPA determines to modify the CAG methodology during the course of the Off-Post

RMA RI/FS, such modification(s) will be applied in each pertinent instance to the

substances identified herein.

14. Shell Comments on Chlorinated phenol:

PROPOSED SURFACE WATER ARAR:

Shell disagrees with the Army proposal of 500,000 A.g/l as an ARAR. The

aquatic life value published at 45 Fed. Reg. 79329 is merely guidance, and does not

constitute an ambient Water Quality Criterion.

Response to Shell Comments on Chlorinated phenol:

In this appendix, the Army has only designated potential ARARs for Chlorinated

phenol. Whether these potential ARARs merit selection as ARARs will be determined

in the context of the Feasibility Study/Endangerment Assessment Report for the Off-

Post Operable Unit.

The use of AWQC as potential ARARs is warranted because such a criterion is

not inconsistent with CERCLA, the NCP and EPA guidance not inconsistent with

CERCLA and the NCP.

15. Shell Comments on Chlorobenzene:

PROPOSED GROUNDWATER ARAR:

The value cited by the Army is incorrect. The human health AWQC for

chlorobenzene, as reported at 45 Fed. Reg. 79327-28, is 488 tg/l. This value has been

derived from non-referenced sources for the protection of human health. The

references do not advise the reader on the toxicological endpoints considered or the

assumptions incorporated in performing the calculations for values protective of human

health. Furthermore, the standard attempts to protect biota in surface water, which may

not be appropriate for groundwater. We therefore disagree with the proposed ARAR of

448 gg/l.

PROPOSED SURFACE WATER ARAR:

Shell disagrees with the Army proposal of 250 ug/l as an ARAR. The aquatic

life value published at 45 Fed. Reg. 79237 is merely guidance, and does not constitute

an ambient Water Quality Criterion.
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Response to Shell Comments on Chlorobenzene:

In this appendix, the Army has only designated potential ARARs for

Chlorobenzene. Whether these potential ARARs merit selection as AR-ARs will be

determined in the context of the Feasibility Study/Endangerment Assessment Report for

the Off-Post Operable Unit.

The human health AWQC for groundwater (488 gg/l) was correct and thus no

change was necessary to this appendix.

The use of the AWQC as potential ARARs is warranted because such a criterion

is not inconsistent with CERCLA, the NCP and EPA guidance not inconsistent with

CERCLA and the NCP.

16. Shell Comments on Chloroform:

PROPOSED GROUNDWATER ARAR:

Shell tentatively accepts the MCL of 100 gg/l as the proposed MCL. The MCL

is based upon the median range of chloroform concentrations in U.S. drinking water

pursuant to an EPA study.

Shell disagrees with the Army proposal of 1.9 Ag/l (10-') as an ARAR. The

aquatic life value published at 45 Fed. Reg. 79330 is merely guidance, and does not

constitute an AWOC. Furthermore, the AWQC is based on the underlying assumption

that there is no threshold level and is premised on CAG methodology.

Response to Shell Comments on Chloroform:

In this appendix, the Army has only designated potential ARARs for Chloroform.

Whether these potential ARARs merit selection as ARARs will be determined in the

context of the Feasibility Study/Endangerment Assessment Report for the Off-Post

Operable Unit.

Shell's initial comment concerns its tentative agreement with the Army's initial

determination for Chloroform and thus requires no further discussion in this context.

Shell's second comment concerns the appropriateness of the AWOC aquatic life

value as a potential ARAR. Use of such guidance as a potential ARAR is not

inconsistent with CERCLA, the NCP and EPA guidance not inconsistent with CERCLA

and the NCP.

As discussed above, Shell's concerns with CAG methodology do not properly

arise in this context.

17. p-Chlorophen I methyl sul1fide
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18. p-Chlorop~henyl methyl sulfone

19. pClrlhn methyl -sulfoxide

PROPOSED SURFACE WATER A.RAR:

Shell tentatively accepts the Army proposal of the AWOC standard of 4,380 ng/1

as potential ARAR for these three compounds.

Response to Shell Comments on p-Chlorop~henyl methyl sulfide. p2-Chlorophenvl sulfone

and p2-Chlorop~henvl methyl sulfoxide:

In this appendix, the Army has only designated potential ARARs for

p-Chlorophenyl methyl sulfide, p-Chlorophenyl sulfone and p-Chlorophenyl methyl

sulfoxide. Whiether these potential ARARs merit selection as ARARs will be

determined in the context of the Feasibility Study/Endangerment Assessment Report for

the Off-Post Operable Unit.

Shell's comment concerning its tentative acceptance of the Army's initial

determination for these three compounds requires no further discussion in this context.

20. Shell Comments on Chromium:

PROPOSED GROUNDWATER ARLAR:

Shell agrees with the Army proposal of the MCL of 50 gg/l as an ARAR for the

reasons outlined in the arsenic comment. The State Human Health standard is the

same as and is based on the MCL, and is therefore not an AR-AR.

Shell disagrees with the Army proposal of 50 jpg/1 as an ARAR based upon 40

CFR § 264.94(a)(2) for the reasons set forth above for the reasons stated in the

discussion of RCRA permit conditions.

PROPOSED SURFACE WATER ARAR:

Shell tentatively accepts the Army proposal of the AWOC (Aquatic Life)

standard as a potential ARAR. Shell questions why the Army did not consider the State

surface water standards for Cr 111 (50 Mg/I) and Cr VI (25 Mgg 1) as potential ARARs.

See discussion of Ambient Water Quality Criteria.

Shell disagrees with the Army proposal 50 tig/l as an ARAR based upon 40 CFR

§ 294.94(a)(2) for the reasons set forth above for the reasons stated in the discussion of

RCRA permit condition.
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Response to Shell Comments on Chromium:

In this appendix, the Army has only designated potential ARARs for Chromium.
Whether these potential ARARs merit selection as ARARs will be determined in the
context of the Feasibility Study/Endangerment Assessment Report for the Off-Post
Operable Unit.

Shell's comments concern it agreement with and tentative acceptance of the
Army's initial determination for Chromium and thus requires no further discussion in
this context.

The Army did not consider the State surface water standard for Chromium III to
be a potential ARAR because it is not more stringent than the designated potential
Federal ARARs and because the Army is unable to determine from presently available
information whether the standard was properly promulgated or could effectively result in
the statewide prohibition of land disposal (where the standard is not of general
applicability or adopted on the basis of hydrologic, geologic or other relevant
considerations). The State surface water standard for Chromium VI was not determined
to be a potential ARAR because the Army is unable to determine from presently
available information whether the standard was properly promulgated or could
effectively result in the statewide prohibition of land disposal (where the standard is not
of general applicability or adopted on the basis of hydrologic, geologic or other relevant
considerations).

The designation of 50 jg/1 (40 C.F.R. § 264.94(a)(2)) as a potential ARAR for a
CERCLA cleanup is not inconsistent with CERCLA, the NCP and EPA guidance that is
not inconsistent with CERCLA and the NCP.

21. Shell Comments on Chromium III:

PROPOSED GROUNDWATER ARAR:

Shell disagrees with the Army proposal of the AWQC of 0.170 Mg/1 as an ARAR
based upon the AWQC. The aquatic life value published at 45 Fed. Reg. 79331 is
merely guidance and does not constitute an AWQC.

PROPOSED SURFACE WATER ARAR:

Shell does agree with the Army's proposed ARARs for surface water.

Response to Shell Comments on Chromium TII:

In this appendix, the Army has only designated potential ARARs for
Chromium III. Whether these potential ARARs merit selection as ARARs will be
determined in the context of the Feasibility Study/Endangerment Assessment Report for
the Off-Post Operable Unit.

H-54



Shell's initial comment concerns the appropriateness of the AWOC aquatic life

value as a potential ARAR for Chromium III. Use of such guidance is warranted

because such a criterion is not inconsistent with CERCLA,, the NCP and EPA guidance

not inconsistent with CERCLA and the NCP.

Shell's second comment concerns its agreement with the Army's proposed

AIRARs for surface water and thus requires no further discussion in this context.

22. Shell Comments on -Chromium VI:

PROPOSED GROUNDWATER AFAR:

Shell disagrees with the Army proposal of the AWQC of 50 .Lg/l as an ARAR for

* the reasons set forth above. Shell does agree with the MCL as a groundwater

ARAR/surface groundwater ARAR: Shell also agrees with the Army's proposed

ARARs for surface water for chromium VI for the reasons set forth above. See

discussion of AWOC.

Response to Shell Comments on Chromium VI:

In this appendix, the Army has only designated potential ARARs for

Chromium VI. WNhether these potential ARARs merit selection as ARARs will be

determined in the context of the Feasibility Study/Endangerment Assessment Report for

the Off-Post Operable Unit.

Shell's initial comment expresses disagreement with the appropriateness of the

AWQC aquatic life value as a potential ARAR for Chromium VI. Use of such

guidance to designate a potential ARAR is warranted because such a criterion is not

inconsistent with CERCLA, the NCP and EPA guidance not inconsistent with CERCIA
and the NCP.

The remainder of Shell's comments concern its agreement with the Army's other

designated potential ARARs and thus requires no further discussion in this context.

Shell Comments on (23) Copper and (24) Copper Sulfate

PROPOSED SURFACE WATER ARAR:

Shell disagrees with the Army proposal of 1 ppmn for potable water for residues of

copper based upon 21 CFR § 193.90 for the reasons set forth above. See discussion of

TPFA.
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PROPOSED GROUNDWATER ARAR:

Shell agrees with the Army in not selecting the State Water Quality Standards for

Secondary Drinking Water (1 mg/i) and Agricultural (.2 mg/I) uses as potential ARARs.

The secondary drinking water standard is premised on the AWQC for human health

(1 mg/l) which is based upon organoleptic data. Organoleptic concerns do not relate to

protection of public health and environment and the agricultural value is not based on

human health concerns.

PROPOSED SURFACE WATER ARAR:

Shell tentatively agrees with the Army proposal of the AWQC (Aquatic Life)

standard as a potential ARAR. Shell questions why the Army did not consider the State

surface water standard for Copper (25 4ig/1) as a potential ARAR. See discussion of

Ambient Water Quality Criteria.

Response to Shell Comments on (23') Copper and._(24) Copper sulfate:

In this appendix, the Army has only designated potential ARARs for Copper and

Copper sulfate. Whether these potential ARARs merit selection as ARARs will be

determined in the context of the Feasibility Study/Endangerment Assessment Report for

the Off-Post Operable Unit.

The Army's use of the standard for residues of Copper (21 C.F.R. § 193.90) as a

potential ARAR is warranted because such a criterion is not inconsistent with CERCIA,

the NCP and EPA guidance not inconsistent with CERCLA and the NCP. Whether

such standard has any practical utility in this context will be determined in the

Feasibility Study/Endangerment Assessment Report for the Off-Post Operable Unit.

The balance of Shell's comments concern its agreement and tentative agreement

with the Army's initial determination for Copper and Copper sulfate and thus requires

no further discussion in this context.

The State surface water standard for Copper was not determined to be a

potential ARAR because it is not more stringent than the designated potential Federal

ARARs and because the Army is unable to determine from presently available

information whether the standard was properly promulgated or could effectively result in

the statewide prohibition of land disposal (where the standard is not of general

applicability or adopted on the basis of hydrologic, geologic or other relevant
considerations).
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25. Shell Comments on DDE:

PROPOSED GROUNDWATER ARAR:

Shell disagrees that the AWQC of 0.001 .g/l should be selected as an ARAR

based on 40 CFR 120.101(a)(3) for the reasons set forth above in the discussion of

AWQC.

PROPOSED SURFACE WATER ARAR:

Shell disagrees with the Army proposal of 1,050 gg/l as an ARAR. The aquatic

life value published at 45 Fed. Reg. 79331 is merely guidance, and does not constitute

an ambient water quality criterion. Shell questions why the Army did not consider the

State surface water standard for DDE (.001 g/1l) as a potential ARAR. See South

Platte Organics Standards.

Response to Shell Comments on DDE:

In this appendix, the Army has only designated potential ARARs for DDE.

Whether these potential ARARs merit selection as ARARs will be determined in the

context of the Feasibility Study/Endangerment Assessment Report for the Off-Post

Operable Unit.

Shell's comments concern its disagreement with the use of AWQC for DDE as

potential ARARs. Such use is warranted because these criteria are not inconsistent with

CERCLA, the NCP and EPA guidance that is not inconsistent with CERCLA and the

NCP.

The Army did not consider the South Platte Organics Standard for DDE to be a

potential ARAR because the State standard is not more stringent than the designated

potential Federal ARARs and because the Army is unable to determine from presently

available information whether the standard was properly promulgated or could

effectively result in the statewide prohibition of land disposal (where the standard is not

of general applicability or adopted on the basis of hydrologic, geologic or other relevant

considerations).

26. Shell Comments on DDT:

PROPOSED GROUNDWATER ARAR:

For the reasons set forth above, Shell disagrees that the AWQC of 0.0024 g/1l

should be selected as an ARAR based on 40 CFR § 129.101(a)(3).
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PROPOSED SURFACE WATER ARAR:

Shell tentatively accepts the Army proposal of the AWOC (Aquatic Life)
standard (24 hr: 0.0010 ~g/l and 1.1 gg/1 at any one time) as a potential ARAR.

Response to Shell Comments on DDT

In this appendix, the Army has only designated potential ARARs for DDT.
Whether these potential ARAiRs merit selection as ARARs will be determined in the

context of the Feasibility Study/Endangerment Assessment Report for the Off-Post
Operable Unit.

While Shell disagrees with the use of AWOC for DDT as a potential ARAR,

such use is warranted because such criteria are not inconsistent with CERCLA, the NCP

or EPA guidance that is not inconsistent with CERCLA and the NCP.

Shell's comment expressing its tentative acceptance of the Army's initial

determination with respect to surface water requires no further discussion in this context.

27. Shell Comments on 1.2-Dibromo-3-chloroprro ane:

BioTA ARAR:

Shell disagrees with the use standards for food products under the Food and

Drug Administration regulations because the standards are neither applicable nor

relevant and appropriate to the remediation of RMA.

Response to Shell Comments on 1.2-Dibromo-3-chloroprop~ane:

The use of FDA standards as an aid to determining cleanup levels is warranted

because such limitations are not inconsistent with CERC[A, the NCP and EPA
guidance not inconsistent with CERC[A and the NCP. Whether such standards have

any practical utility in this context will be determined in the Feasibility
Study/Endangerment Assessment Report for the Off-Post Operable Unit.

28. Shell Comments on p2-Dichlorobenzele:

PROPOSED GROUNDWATER ARAR:

Shell disagrees with the use of MCLGs as the basis of potential ARARs for the

reasons set forth above.

Shell disagrees with the Army proposal of 400 jig/i as an ARAR. The AWOC is

not adjusted for consumption of drinking water only, but includes consumption of

aquatic organisms as well.
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PROPOSED SURFACE WATER ARAR:

Shell disagrees with the use of MCLGs as the basis of potential ARARs for the

reasons set forth above.

Shell disagrees with the Army proposal 763 gg/l as an ARAR. The Aquatic Life

value published at 45 Fed. Reg. 79332 is merely guidance, and does not constitute an

AWQC.

Response to Shell Comments on p-Dichlorobenzene:

In this appendix, the Army has only designated potential ARARs for p-

Dichlorobenzene. Whether these potential ARARs merit selection as ARARs will be

determined in the context of the Feasibility Study/Endangerment Assessment Report for

the Off-Post Operable Unit.

The use of MCLGs or AWQC as potential ARARs is warranted because such

criteria are not inconsistent with CERCLA, the NCP and EPA guidance not inconsistent

with CERCLA and the NCP.

18. Shell Comments on 1.2-Dichloroethane:

PROPOSED GROUNDWATER ARAR:

Shell disagrees with the Army proposal of the MCL of 5 gg/l as an ARAR. This

MCL is driven by CAG methodology, and therefore, for the reasons set forth above, is

unacceptable to Shell.

PROPOSED SURFACE WATER ARAR:

Shell rejects the Army proposal of 0.5 jg/1 based on 40 CFR 141.61(a) for the

reasons set forth above.

Response to Shell Comments on 1.2-Dichloroethane:

In this appendix, the Army has only designated potential ARARs for 1,2-

Dichloroethane. Whether these potential ARARs merit selection as ARARs will be

determined in the context of the Feasibility Study/Endangerment Assessment Report.

While the Army understands Shell's CAG-related concerns, as explained in the

Army's response to Shell's general comments, reassessment of the merits of the CAG

methodology is a national EPA issue that must be resolved by EPA in the first instance.

If EPA determines to modify the CAG methodology during the course of the Off-Post

RMA RI/FS, such modification(s) will be applied in each pertinent instance to the

substances identified herein.
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31. Shell Comments on 1.1-Dichloroethylene:

PROPOSED GROUNDWATER ARAR:

Shell disagrees with the Army proposal of the MCL of 7 A.g/l as an AR-AR. This

MCL is driven by CAG methodology and is therefore, for the reasons set forth above,

unacceptable to Shell. Shell disagrees with the use of values based on MCLGs and
AWQC as potential ARARs.

PROPOSED SURFACE WATER ARAR:

Shell disagrees with the Army proposal of 11,600 .tg/l as an ARAR. The aquatic

life value published at 45 Fed. Reg. 79332 is merely guidance, and does not constitute

an AWQC. Shell disagrees with the use of values based on MCLGs as potential surface

water ARARs for the reasons set forth above.

Response to Shell Comments on 1.1-Dichioroethvlene:

In this appendix, the Army has only designated potential ARARs for 1,1-

Dichloroethylene. Whether these potential ARARs merit selection as AR.ARs will be

determined in the context of the Feasibility Study/Endangerment Assessment Report for

the Off-Post Operable Unit.

While the Army understands Shell's CAG-related concerns, as explained in the

Army's response to Shell's general comments, reassessment of the merits of the CAG

methodology is a national EPA issue that must be resolved by EPA in the first instance.

If EPA determines to modify the CAG methodology during the course of the Off-Post

RMA RI/ES, such modification(s) will be applied in each pertinent instance to the

substances identified herein.

The use of the AWOC aquatic life value as a potential ARAR is warranted

because such a criterion is not inconsistent with CERCL.A, the NCP and EPA guidance

not inconsistent with CERCLA and the NCP.

32. Shell Comments on 1.2-Dichloroethylene:

PROPOSED GROUNDWATER ARLAR:

Shell disagrees with the Army proposal of 7 A~g/1 as a potential ARAR based

upon the MCL. Shell disagrees with the Army proposal of the AWOC of 0.3 gg/l based

upon AWOC. The basis for this rejection is that this value is based upon CAG

methodology, and the value is therefore unacceptable for the reasons set forth above.
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PROPOSED SURFACE WATER ARLAR:

For the reasons stated above in the discussion of AWQC, Shell disagrees with the

Army proposal of 7 jig/i based on 52 Fed. Reg. 25716 (1987) as a potential ARAR.

For the reasons stated above in the discussion of CAG, Shell also disagrees with

the Army proposal as 17 mg/i and 0.33 jg/ll at (10-') risk level as potential ARARs.

Shell disagrees with the Army proposal of 11,600 jig/i as an ARAR. The aquatic
life value published at 45 Fed. Reg. 79332 is merely guidance, and does not constitute
an AWQC.

Response to Shell Comments on 1.2-Di chl oro ethyl en e:

In this appendix, the Army has only designated potential ARARs for 1,2-
Dichloroethylene. Whether these potential ARARs merit selection as ARARs will be
determined in the context of the Feasibility Study/Endangerment Assessment Report for
the Off-Post Operable Unit.

As discussed above, Shell's concerns with the CAG methodology do not properly
arise in this context.

The use of AWOC as potential ARARs is warranted because such criteria are
not inconsistent with CERCLA, the NCP and EPA guidance not inconsistent with
CERCLA and the NCP.

34. Shell Comments on Dieldrin:

PROPOSED GROUNDWATER AFAR:

Shell disagrees with the Army proposal of 0.12 gg/l based on 40 CFR §
129.100(a)(3) as an ARAR for reasons set forth above in the comments on aldrin. Shell
also disagrees with the Army proposal of the AWQC of 0.17 ng/l at (10') risk level as a
potential ARAR for reasons set forth above in the discussion of CAG.

PROPOSED SURFACE WATER AR-AR:

Shell tentatively accepts the Army proposals of 0.0019 vig/l for a 24-hour average
and 2.5 jig/l at any one time based on AWQC (Aquatic Life) standard as a potential
ARAR.

Shell disagrees with the Army proposal of 0.71 jg/il at 10' risk level based on

AWOC for the consumption of drinking water and aquatic life for the reasons set forth
above. See discussion of EPA CAG methodology.
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Response to Shell Comments on Dieldrin:

In this appendix, the Army has only designated potential ARARs for Dieldrin.

Whether these potential ARARs merit selection as ARARs will be determined in the

context of the Feasibility Study/Endangerment Assessment Report for the Off-Post

Operable Unit.

The Army disagrees with Shell's comments on the use of 40 C.F.R.

§ 129.100(a)(3) as a potential ARAR for the same reasons set forth above in the

response to Shell's comments on aldrin.

As discussed above, Shell's concerns about the CAG methodology do not-properly

arise in this context.

Shell's comment expressing its tentative acceptance of the Army's initial

determination with respect to surface water requires no further discussion in this context.

37. Shell Comments on Endrin:

PROPOSED GROUNDWATER ARAR:

Shell agrees with the Army proposal of 0.2 /g/l as an ARAR based on 40 CFR §

141.12.

Shell disagrees with the Army proposal of 0.2 Mg/i as an ARAR based on 40

CFR § 264.94(a)(2) for the reasons set forth in the discussion of RCRA permit

conditions.

Shell disagrees with the Army proposal of 1 gtg/l based on AWQC for reasons set

forth above for the reasons set forth in the discussion of AWQC.

PROPOSED SURFACE WATER ARAR:

Shell tentatively accepts the Army proposal of the AWQC (Aquatic Life)

standard (24 hr: .0023 4g/l; max: .037 4g/i) as a potential ARAR. Shell agrees with the

Army in not including the State surface water standard for endrin (.004 g/1l) as a

potential ARAR because it is not more stringent than the AWQC. See discussion of

Ambient Water Quality Criteria.

BIOTA ARAR:

Shell rejects the Army proposal of zero tolerance for residues of endrin in

agricultural products for the reasons set forth in the discussion of EPA and FDA action

level tolerances.
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Response to Shell Comments on Endrin:

In this appendix, the Army has only designated potential ARARs for Endrin.
Whether these potential ARARs merit selection as ARARs will be determined in the

context of the Feasibility Study/Endangerment Assessment Report for the Off-Post
Operable Unit.

While the Army understands Shell's GAG-related concerns, as explained in the

Army's response to Shell's general comments, reassessment of the merits of the GAG
methodology is a national EPA issue that must be resolved by EPA in the first instance.

If EPA determines to modify the GAG methodology during the course of the Off-Post

RMA RI/FS, such modification(s) will be applied in each pertinent instance to the
substances identified herein.

Shell's disagreements with the use of RGRA regulations and AWQG as potential

ARARs are addressed respectively in the responses to Shell's general comments on
RCRA permit conditions and AWOC.

Shell's comments expressing its tentative acceptance of the Army's initial

determination of G.F.R. § 141.12 and the aquatic life standard as potential ARARs
require no further discussion in this context.

38. Shell Comments on Ethvlbenzene:

PROPOSED GROUNDWATER ARAR:

Shell disagrees with the Army proposal of 1,400 Mg/i as an ARAR. This value

has been derived from non-referenced sources for the protection of human health. The

references do not advise the reader on the toxicological endpoints considered or the

assumptions incorporated in performing the calculations for values protective of human

health. Furthermore, considerations which are protective of biota in surface.

PROPOSED SURFACE WATER ARAR:

Shell disagrees with the Army proposals of 1,400 pg/i 32,000 gg/l based on

AWQC as an ARAR for reasons set forth above.

Response to Shell Comments on Ethvlbenzene:

In this appendix, the Army has only designated potential ARARs for

Ethylbenzene. Whether these potential ARARs merit selection as ARARs will be

determined in the context of the Feasibility Study/Endangerment Assessment Report for

the Off-Post Operable Unit.

While the Army understands Shell's GAG-related concerns, as explained in the

Army's response to Shell's general comments, reassessment of the merits of the GAG
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methodology is a national EPA issue that must be resolved by EPA in the first instance.
If EPA determines to modify the CAG methodology during the course of the Off-Post
RMA RI/FS, such modification(s) will be applied in each pertinent instance to the
substances identified herein.

39. Shell Comments on Fluoride:

PROPOSED GROUNDWATER ARAR:

Shell tentatively agrees with the Army proposal of the MCL of 4,000 gg/l as an

ARAR.

Shell rejects the Army proposal of 4,000 Lg/l based on 40 CFR 141.50(b) as a

potential ARAR for the reasons set forth above in the discussion of MCLGS.

PROPOSED SURFACE WATER ARAR:

Shell rejects the Army proposal of 4,000 gg/1 based on 40 CFR § 141.50(b) as a

potential ARAR for the reasons set forth above in the discussion of AWQC.

Response to Shell Comments on Fluoride:

In this appendix, the Army has only designated potential ARARs for Fluoride.

Whether these potential ARARs merit selection as ARARs will be determined in the

context of the Feasibility Study/Endangerment Assessment Report for the Off-Post

Operable Unit.

Shell's comments expressing its tentative agreement with the Army's initial

determination for Fluoride requires no further discussion in this context.

41. Shell Comments on Lead:

AIR ARAR:

Shell questions why the Army did not consider the State regulations for the

control of Hazardous Air Pollutants regarding lead as a potential ARAR. See 5 Colo.

Code Reg. 1001-10 p. 52.

PROPOSED GROUNDWATER ARAR:

Shell tentatively supports the MCL of 50 ag/l as a potential ARAR for the

reasons outlined in the arsenic comment.

Shell disagrees with the Army proposal of 50 g.g/l as an ARAR based upon 40

CFR § 264.94(a)(2) as an ARAR for the reasons set forth above in the RCRA

discussion. Shell also disagrees with the Army proposal of the AWQC of 50 4g/1 as an
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ARAR. The Aquatic Life Value published at 45 Fed. Reg. 79336 is merely guidance,
and does not constitute an AWQC. Furthermore, this guidance is more stringent than
the MCL.

PROPOSED SURFACE WATER ARAR:

Shell tentatively accepts the Army proposal of the AWOC (Aquatic Life)
standard (24 hr: e(2.35 [In (hardness)] -9.48]; max: e(1.22 [In hardness)] -0.47) as an
ARAR.

Shell disagrees with the Army proposal of 50 4~g/l based on 40 CFR 264.94(a)(2)

as an ARAR for the reasons set forth above in the RCRA discussion.

Response to Shell Comments on Lead

In this appendix, the Army has only designated potential ARARs for Lead.
'Whether these potential ARARs merit selection as ARARs will be determined in the
context of the Feasibility Study/Endangerment Assessment Report for the Off-Post
Operable Unit.

The Army did not consider the lead standard in the CDH regulations for the
Control of Hazardous Air Pollutants because this standard is not more stringent than the
potential Federal ARARs.

The Army disagrees with Shell's position on the designation of RCRA
requirements as potential ARARs for the reasons set forth above in response to Shell's
general comment on RCRA permit conditions.

The use of the AWOC as potential ARARs is warranted because such criteria
are not inconsistent with CERCLA, the NCP and EPA guidance not inconsistent with
CERCLA and the NCP.

Shell's comments expressing its tentative acceptance of the Army's initial
groundwater and surface water determinations requires no further discussion in this
context.

Shell Comments on (44) Mercuric chloride and (45) Mercury:

AIR ARAR:

Shell disagrees with the Army proposal of emissions values based on 40 CFR

61.52 and (b) as ARARs for the reasons set forth above in the discussion of NESHAPs.
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PROPOSED GROUNDWATER ARAR:

Shell agrees with the Army proposal of the MCL of 2 Mg/i as an ARAR for the

reasons outlined in the arsenic comments.

Shell disagrees with the Army proposal of 144 ng/l based on 45 Fed. Reg. 79336-

79337 as an ARAR for the reasons set forth in the discussion of AWQC.

PROPOSED SURFACE WATER AFAR:

Shell tentatively accepts the Army proposal of the AWQC (Aquatic Life)

standard (24 hr: .00057,Mg/i; max .0017 M~g/i) as an ARAR.

Shell disagrees with the Army proposal of 144 ng/l based on 45 Fed. Reg. 79336-

79337 as an ARAR for the reasons set forth above in the AWOC discussion.

Shell disagrees with the Army proposal of 2 Mg! 1 based on 40 CFR § 264.94(a)(2)

as an ARAR for the reasons set forth above in the RCRA discussion.

Response to Shell Comments on (44) Mercuric chloride and (45') Mercýur:

In this appendix, the Army has only designated potential ARARs for Mercuric

chloride and Mercury. Whether these potential ARARs merit selection as ARARs will

be determined in the context of the Feasibility Study/Endangerment Assessment Report

for the Off-Post Operable Unit.

The Army declines to adopt Shell's opposition to the use of emissions values as

potential ARARs for the reasons set forth above in response to Shell's general

comments on NESI-APs.

The Army declines to adopt Shell's opposition to the use of 144 ng/l (45 Fed.

Reg. 79336-79337) as a potential ARAR for the reasons set forth above in response to

Shell's general comments on AWQC.

The Army declines to adopt Shell's opposition to the use of 2 Mg/i (40 C.F.R.

§ 264.94(a)(2)) as a potential ARAR for the reasons set forth above in response to

Shell's general comments on RCRA permit conditions.

The balance of Shell's comments concern its agreement or tentative acceptance of

the Army's designation of potential ARARs and thus requires no further discussion in

this context.
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46. Shell Comments on Nitrate:

PROPOSED GROUNDWATER ARAR:

Shell tentatively agrees that the MCL (10,000 Mg/1) for this chemical based on

40 C.F.R. § 141.11(b) should be treated as an ARAR.

SURFACE WATER ARAR:

Shell agrees with the Army in not selecting the State surface water standard for

nitrates (10,000 ng/1) as a potential ARAR because it is the same as the corresponding

Federal AWQC (1976) and therefore is not more stringent. See discussion of Ambient
Water Quality Criteria.

Response to Shell Comments on Nitrate:

In this appendix, the Army has only designated potential ARARs for Nitrate.

Whether these potential ARARs merit selection as ARARs will be determined in the

context of the Feasibility Study/Endangerment Assessment Report for the Off-Post
Operable Unit.

Shell's comments expressing tentative agreement and agreement with the Army's

initial groundwater and surface water determinations requires no further discussion in

this context.

61. Shell Comments on p, p-TDE:

PROPOSED SURFACE WATER ARAR:

Shell disagrees with the Army proposal of 0.6 4g/l, based on 45 Fed. Reg. 79331,

as an ARAR for the reasons set forth above in the discussion of AWQC.

Response to Shell Comments on p, p-TDE:

In this appendix, the Army has only designated potential ARARs for p, p-TDE.

Whether these potential ARARs merit selection as ARARs will be determined in the

context of the Feasibility Study/Endangerment Assessment Report for the Off-Post

Operable Unit.

The Army declines to adopt Shell's opposition to the use of 0.6 Mg/1 (45 Fed.

Reg. 79331) as a potential ARAR for the reasons set forth above in response to Shell's

general comments on AWQC.
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62. Shell Comments on Tetrachlorobenzene:

PROPOSED GROUNDWATER ARAR:

Shell disagrees with the Army proposal of 38 .Lg/l based on 45 Fed. Reg. 79327

as an ARAR for the reasons set forth above in the discussion of AWOC.

PROPOSED SURFACE WATER ARAR:

Shell disagrees with the Army proposals of 38 p.g/l and 250 gg/l based on 45

Fed. Reg. 79327 as ARARs for the reasons set forth above.

Response to Shell Comments on Tetrachlorobenzene:

In this appendix, the Army has only designated potential ARARs for

Tetrachlorobenzene. Whether these potential ARARs merit selection as ARARs will be

determined in the context of the Feasibility Study/Endangerment Assessment Report for

the Off-Post Operable Unit.

The Army declines to adopt Shell's opposition to the use of 38 Mgg 1 or 250Mug/I

(45 Fed. Reg. 79327) as potential ARARs for the reasons set forth in response to Shell's

general comments on AWQC.

64. 1.1.2.2-TetrachloroethyLlene:

PROPOSED GROUNDWATER AFAR:

Shell disagrees with the Army proposal of 8 Mg/i (10') based on 45 Fed. Reg.

79341 as an ARAR for the reasons set forth above.

PROPOSED SURFACE WATER ARAR:

Shell disagrees with the Army proposals of 8 Mg/i (10') based on 45 Fed. Reg.

79341 as an ARAR for the reasons set forth above.

Response to Shell Comments on 1.1.2.2-Tetrachloroethylefle:

In this appendix, the Army has only designated potential ARARs for

1,1,2,2-Tetrachloroethylene. Whether these potential ARARs merit selection as ARARs

will be determined in the context of the Feasibility Study/Endangerment Assessment
Report for the Off-Post Operable Unit.

The Army declines to adopt Shell's opposition to the use of 8 Mg!1 (45 Fed.

Reg. 79341) as potential ARARs for the reasons set forth above in response to Shell's

general comments on AWOC.
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65. Shell Comments on Toluene:

PROPOSED GROUNDWATER ARAR:

Shell disagrees with the Army proposal of 14,300 jg/1 based on 45 Fed. Reg.

79340 (1980) as an ARAR for the reasons set forth above in the discussion of AWQCs.

PROPOSED SURFACE WATER ARAR:

Shell disagrees with the Army proposals of 14,300 jg/1 and 17,500 /g/l as

ARARs based on 45 Fed. Reg. 79340 (1980) for the reasons set forth above in the

discussion of AWQC.

Response to Shell Comments on Toluene:

In this appendix, the Army has only designated potential ARARs for Toluene.

Whether these potential ARARs merit selection as ARARs will be determined in the

context of the Feasibility Study/Endangerment Assessment Report for the Off-Post
Operable Unit.

The Army declines to adopt Shell's opposition to the use of 14,300 and 17,500

jig/l (45 Fed. Reg. 79340) as potential ARARs for the reasons set forth above in

response to Shell's general comments on AWQC.

66. Shell Comments on 1.1,1-Trichloroethane:

PROPOSED GROUNDWATER ARAR:

Shell disagrees with the Army proposal of 200 jig/i based on 40 CFR § 141.50 as

an ARAR for the reasons set forth above in the discussion of MCLGs.

PROPOSED SURFACE WATER ARAR:

Shell disagrees that the MCL for this chemical should be selected as an ARAR

because it is driven by CAG methodology.

Response to Shell Comments on 1.1.1-Trichloroethane:

In this appendix, the Army has only designated potential ARARs for 1,1,1-

Trichloroethane. Whether these potential ARARs merit selection as ARARs will be

determined in the context of the Feasibility Study/Endangerment Assessment Report for

the Off-Post Operable Unit.

The Army declines to adopt Shell's opposition to 200 g/1l (40 C.F.R. § 141.50) as

a potential ARAR for the reasons set forth above in response to Shell's general

comments on MCLGs.
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While the Army understands Shell's CAG-related concerns, as explained in the
Army's response to Shell's general comments, reassessment of the merits of the CAG
methodology is a national EPA issue that must be resolved by EPA in the first instance.
If EPA determines to modify the GAG methodology during the course of the Off-Post
RMIA RI/FS, such modification(s) will be applied in each pertinent instance to the
substances identified herein.

67. Shell Comments on Trichioroethylene:

PROPOSED GROUNDWATER ARAR:

Shell disagrees with the Army proposal of 5 .tg/l based on 40 GFR § 141.61(a) as

an ARAR for the reasons set forth above in the discussions of GAG methodology and
proposed standards.

Shell disagrees with the Army proposal of 27 mg/l (10-') based on 45 Fed. Reg.

79341 as an ARAR for the reasons set forth above in the discussion of GAG.

PROPOSED SURFACE WATER ARAR:

Shell disagrees with the Army proposals or 45,000 Mg/ 1 and 27 4ig/l (10') based
on 45 Fed. Reg. 79341 as ARARs for the reasons set forth above in the discussion of
GAG.

Response to Shell Comments on Trichioroethylene:

In this appendix, the Army has only designated potential ARARs for
Trichloroethylene. Whether these potential ARARs merit selection as ARARs will be

determined in the context of the Feasibility Study/Endangerment Assessment Report for
the Off-Post Operable Unit.

While the Army understands Shell's GAG-related concerns, as explained in the

Army's response to Shell's general comments, reassessment of the merits of the GAG
methodology is a national EPA issue that must be resolved by EPA in the first instance.
If EPA determines to modify the GAG methodology during the course of the Off-Post
RMA RI/FS, such modification(s) will be applied in each pertinent instance to the
substances identified herein.
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68. Shell Comments on Xylene

PROPOSED GROUNDWATER ARLAR:

Shell disagrees with the Army proposal of a narrative standard based 40 CFR §
180.1025(c) as a potential ARAR for the reasons set forth above in the discussion of
TPCRAC.

PROPOSED SURFACE WATER AFAR:

Shell disagrees with Army proposal of a narrative standard based on 40 CFR §

180.1025(c) as a potential ARAR for the reasons set forth above in the discussion of

TPCRAC.

Response to Shell Comments on Xylene:

In this appendix, the Army has only designated potential ARARs for Xylene.

Whether these potential ARARs merit selection as ARARs will be determined in the

context of the Feasibility Study/Endangerment Assessment Report for the Off-Post
Operable Unit.

The Army declines to adopt Shell's position because the designation of 40 C.F.R.

§ 180.1025(c) as a potential ARAR is not inconsistent with CERCLA, the NCP and

EPA guidance not inconsistent with CERCLA and the NCP.

Shell Comments on (69) Zinc and (70) Zinc Oxide:

PROPOSED SURFACE WATER ARLAR:

Shell tentatively agrees with the Army proposal of the AWQC (Aquatic Life)

standard (24 hr: 47,4g/l; max: e(0.83 [In hardness)] -1.90) as a potential ARAR.

31 Response to Shell Comments on (69) Zinc and (70) Zinc Oxide:

In this appendix, the Army has only designated potential ARARs for Zinc and

Zinc Oxide. Whether these potential ARARs merit selection as ARARs will be

determined in the context of the Feasibility Study/Endangerment Assessment Report for

the Off-Post Operable Unit.

Shell's comments expressing tentative agreement with the Army's initial

determination of potential ARARs for Zinc and Zinc Oxide in surface water requires no

further discussion in this context.
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C. SHELL MISCELIANEOUS COMMENTS ON APPENDIX H

Shell Miscellaneous Comment No. 1:

Appendix H, page iii, second paragraph - Change "criterium" in the fourth line to
"criterion."

Response to Shell's Miscellaneous Comment No. 1:

The requested change has been made.

Shell Miscellaneous Comment No. 2:

Appendix H, page iv, second paragraph - Is the reference to "this volume" in the

second sentence an error?

Response to Shell's Miscellaneous Comment No. 2:

The reference has been changed to "this appendix" for greater clarity.

Shell Miscellaneous Comment No. 3:

Appendix H, page iv, fourth paragraph - The last line should be corrected to

refer to Section 121(d) of CERCLA, 42 U.S.C. § 9621(d), since the selection process

may include waiver under Section 121(d)(4). See, for example, the last sentence in

paragraph 16.59 of the RI/FS Process Document.

Response to Shell's Miscellaneous Comment No. 3:

The requested change has been made for greater clarity.

Shell Miscellaneous Comment No. 4:

Appendix H, page viii - the first word should be "levels," not "limits."

Response to Shell's Miscellaneous Comment No. 4:

The requested change has been made.

Shell Miscellaneous Comment No. 5:

Appendix H, page iii, second paragraph - Change "CDH" in the fifth line to "the

State," since it is the State that is to identify State ARARs under Section

121(d)(2)(A)(ii) of CERCLA.
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Response to Shell's Miscellaneous Comment No. 5:

T'he requested change has been made.

Shell Miscellaneous Comment No. 6:

Appendix H, page ix, second paragraph - Change "work" in the first line to
"~worker.'"

Response to Shell's Miscellaneous Comment No. 6:

The requested change has been made.

Shell Miscellaneous Comment No. 7:

Shell supports the Army's decision to address worker protection standards

separately from the ARAR selection process. As we have commented in the past, Shell

supports the application of worker protection standards, but believes that those
standards should not be confused with ARARs.

Response to Shell's Miscellaneous Comment No. 7:

Shell's agreement with the Army on this matter requires no further discussion in

this context.

COLORADO ARAR COMMENTS

Colorado Comment No. 26:

Appendix H, page vi. The text should include 5 CCR 1001-2 through 5 CCR

1001-10 as potential air ARARs.

Response to Colorado Comment No. 26:

The Army is unable to determine from presently available information whether

any of these standards were properly promulgated and generally applicable and thus

none of the referenced regulations have been identified at this time as potential State

ARARs. In order for the Army to determine whether the referenced standards qualify

as potential ARARs, the State is requested to provide to counsel for the Army:

(a) Specific citations to the generally referenced State air standards;

(b) Proof of promulgation of the referenced State air standards (including

opportunity for notice and comment by the public) with a brief description of the

promulgation process followed by the State;
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(c) Copies of pertinent rulemakings or preambles to the regulations;

(d) Copies of all relevant Colorado Attorney General Opinions interpreting
these regulations and any relevant Colorado Department of Health guidance documents;

(e) Copies of any relevant judicial or administrative determinations;

(f) A description of all relevant circumstances for each instance where the

State has similarly construed or applied these air regulations for sites in Colorado; and

(g) Any other documents that the State believes support its position that the

referenced State air regulations qualify as State ARARs for the CERCLA cleanup of

the Off-Post RMA Operable Unit because these regulations constitute promulgated,
generally applicable State standards, requirements, criteria or limitations under a State

environmental or facility siting law that is more stringent than any federal standards,

requirements, criteria or limitations.

Colorado Comment No. 27:

Appendix H. page vi. The text should include the following potential
groundwater ARARs:

0 Colorado Basic Standards for Groundwater, 5 CCR 1002-8, Section 3.11.0 et seq. (in

particular Tables 1, 2, and 3).

. Colorado Basic Standards and Methodologies, 5 CCR 1002-8, Section 3.1.0 et seq.

(in particular Section 3.1.11).

Response to Colorado Comment No. 27:

The Army is unable to determine from presently available information whether

any of these standards were properly promulgated or could effectively result in the

statewide prohibition of land disposal of hazardous substances, pollutants or

contaminants (where the State standards are not of general applicability or adopted by

formal means, or where the State standards were not adopted on the basis of hydrologic,
geologic or other relevant considerations). In order for the Army to determine whether

the referenced standards qualify as potential State ARARs, the State is requested to

provide to counsel for the Army:

(a) Specific citations to the generally referenced groundwater standards;

(b) Proof of promulgation of the referenced State groundwater standards

(including opportunity for notice and comment by the public) with a brief description of

the promulgation process followed by the State;
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(c) Copies of pertinent rulemakings or preambles to the regulations;

(d) Copies of all relevant Colorado Attorney General Opinions interpreting

these regulations and any relevant Colorado Department of Health guidance documents;

(e) Copies of any relevant judicial or administrative determinations;

(f) A description of all relevant circumstances for each instance where the
State has similarly construed or applied these groundwater regulations for sites in
Colorado; and

(g) Any other documents that the State believes support its position that the
referenced State groundwater regulations qualify as State ARARs for the CERCLA
cleanup of the Off-Post RMA Operable Unit because the regulations constitute
promulgated, generally applicable State standards, requirements, criteria or limitations
under a State environmental or facility siting law that is more stringent than any federal
standards, requirements, criteria or limitations.

Colorado Comment No. 28:

Appendix H, page viii. Contrary to the statement in the text, the State has
identified promulgated chemical-specific ARARs for RMA on several occasions. In
particular, the State identified ARARs on January 6, 1987, March 7, 1987, and most
recently on July 18, 1988. The Army has consistently ignored all promulgated State

statutes and regulations. This practice is inconsistent with U.S. EPA actions at Colorado
CERCLA sites and is not consistent with Section 121(d) of CERCLA. To the extent the
State promulgated standards are more stringent than the federal standards, the State
standards must be met. Attachment I contains State identified chemical-specific
standards (ARARs).

Response to Colorado Comment No._28:

Although the State has identified on each of the referenced occasions standards
that it characterizes as State ARARs, the State has failed, to date, to meet its burden
under 42 U.S.C. § 9621(d)(2)(A)(ii) and (C) to show that these standards warrant
treatment as potential State ARARs. The Army is unable to determine from presently
available information whether these standards were properly promulgated or could

effectively result in the statewide prohibition of land disposal (where the standard is not
of general applicability or adopted on the basis of hydrologic, geologic or other relevant
considerations).

Until such time as the State provides to counsel for the Army sufficient
information to establish that the State standards merit consideration as potential
ARARs, the Army will not treat them as such.
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COLORADO ATTACHMENT 1

STATE IDENTIFICATION OF ADDITIONAL
CHEMICAL-SPECIFIC ARARs

FOR OFF-POST OPERABLE UNIT AT RMA

REFERENCE

(1) Colorado Basic Standards for Groundwater, 5 CCR 1002-8, Section 3.11.0--3.11.9
(in particular Tables 1, 2, and 3).

(2) Colorado Basic Standards and Methodologies, 5 CCR 1002-8, Section
3.1.0--3. 1.20 (in particular Section 3.1.11).

(3) Federal Safe Drinking Water Act (in particular Maximum Contaminant Level
Goals--MCLGs).

(4) Federal Safe Drinking Water Act (in particular Maximum contaminant
Levels--MCLs).

(5) Federal Clean Water Act (in particular Water Quality Criteria for Protection of
Human Health).

Water Quality Standard
(Reference)

Chemical Abbreviation all values in ug/l

Aidrin ALDRN 0(2) 0.000074(5)

Arsenic AS 50(1) 50(4)

Benzene C6116 0(3) 5(4)

Carbon tetrachloride CCL-4 0(3) 5(4)

Chloride CL 250,000(1)

Chlorobenzene CLC6H5 0(2)

Chloroform CHCL3 .19(5)

Chiorophenylmethyl sulfide CPMS 0(2)

Chlorophenylmethyl sulfone CPMS02 0(2)

Chlorophenylmethyl sulfoxide CPMSO 0(2)

H-76



Water Quality Standard
(Reference)

Chemical Abbreviation all values in ggl!

Chromium CR 50(1) 1.2(3)* 50(4)

Copper CU 200(1) 1300(3)*

Dibromochloropropane DBCP 0(2) 0(3)

Dichlorobenzenes CL2BZ 75(3) 74(4)

Dichlorodiphenylethane PPDDE 0(2)

Dichlorodiphenyltrichloroethane PPDDT 0(2)

1,1-Dichloroethane 11DCLE 0(2)

1,2-Dichloroethane 12DCLE 0(3) 5(4)

1,2-Dichloroethylene 12DCE 0(2)

2,4-Dichlorophenoxyacetic acid 24D 7(3) 100(4)

Dicyclopentadiene DCPD 0(2)

Dieldrin DLDRN 0(2) 0.000071(5)

Diisopropylmethyl phosphonate DIMP 0(2)

Dimethylmethylphosphate DMMP 0(2)

Dithiane DITH 0(2)

Endrin ENDRN 0.2(1) 0.2(4)

Ethylbenzene ETC6H5 0(2) 680(3)*

Fluoride F 4000(1) 4000(4)

Iron FE 300(1)

Isodrin ISODR 0(2)

Lead PB 50(1) 20(3)* 50(4)

Mercury HG 2(1) 2(4)

Methylene chloride CH2CL2 0(2)

Nitrite NIT 1000(1)

Nitrate 10,000(1) 10,000(4)

Oxathiane OXAT 0(2)

pH PH 6.5--8.5(1)

Sulfate S04 250,000(1)
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WtrQuality Standard

(Reference)

Chemical Abbreviation all values in ug~l

Tetrachioroethylene TCLEE 0(2) 0(3)*

Toluene MEC6II5 0(2) 2000(3)*

Trichioroethylene TRCLE 0(3) 5(4)

All Unknowns UNK--- 0(2)

*All Other Organic Compounds 0(2)

Xylenes XYLEN 0(2)

Zinc ZN 500(1)

* * Proposed Maximum Contaminant Level Goals

Response to Colorado Attachment 1:

The State should be aware that the information provided in Colorado

Attachment I is not helpful in aiding the Army to determine the existence of any

potential State ARARs.

The Army is unable to determine from presently available information whether

any of these State standards were properly promulgated or could effectively result in the

statewide prohibition of land disposal of hazardous substances, pollutants or

contaminants (where the State standards are not of general applicaibility or adopted by

formal means, or where the State standards were not adopted on the basis of hydrologic,

geologic or other relevant considerations). In order for the Army to determine whether

the referenced standards qualify as potential State ARARs, the State is requested to

provide to counsel for the Arm~y:

(a) Specific citations to the generally referenced groundwater standards;

(b) Proof of promulgation of the referenced State groundwater standards

(including opportunity for notice and comment by the public) with a brief description of

the promulgation process followed by the State;

(c) Copies of pertinent rulemakings or preambles to the regulations;

(d) Copies of all relevant Colorado Attorney General Opinions interpreting

these regulations and any relevant Colorado Department of Health guidance documents;
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(e) Copies of any relevant judicial or administrative determinations;

(f) A description of all relevant circumstances for each instance where the

State has similarly construed or applied these groundwater regulations for sites in

Colorado; and

(g) Any other documents that the State believes support its position that the

referenced State groundwater regulations qualify as State ARARs for the CERCLA

cleanup of the Off-Post RMA Operable Unit because the regulations constitute

promulgated, generally applicable State standards, requirements, criteria or limitations

under a State environmental or facility siting law that is more stringent than any federal

standards, requirements, criteria or limitations.
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APPENDIX I

ANALYTICAL RESULTS OF OFFPOST CONTAMINATION ASSESSMENT

REPORTS, DISTRIBUTION MAPS
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APPENDIX J

COMMENTS AND RESPONSES TO THE OFFPOST OPERABLE UNIT REMEDIAL INVESTIGATION

AND CHEMICAL SPECIFIC APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS,

DRAFT FINAL REPORT (VERSION 2.1), AUGUST 1988



The Task 39 Offpost Operable Unit Remedial Investigation and Chemical

Specific Applicable or Relevant and Appropriate Requirements Draft Final

Report was distributed on September 30, 1988 to all organizations and the

State (OAS). Comments were received from the Colorado Department of Health

on November 3, 1988; the U.S. Environmental Protection Agency on November

14, 1988; Shell Oil Company on November 14, 1988; Holme, Roberts & Owen on

November 14, 1988; and the U.S. Fish and Wildlife Service on November 14,

1988. All written comments and formal responses are incorporated in the

following appendix..



UNTED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION VI

999 18th STREET - SUITE 500

DENVER, COLORADO 80202-2405

Ref: 8HWM-SR

NOV 14 s
Mr. Donald L. Campbell,
Deputy Program Manager
Office of the Program Manager
Rocky Mountain Arsenal
ATTN: AMXRM-TO
Commerce City, Colorado 80022-2180

Re: Rocky Mountain Arsenal, (RMA),
Offpost Operable Unit Remedial
Investigation and Chemical Specific
Applicable or Relevant and
Appropriate Requirements Draft
Final Report, August, 1988.

Dear Mr. Campbell:

We have reviewed the above referenced report and have the

enclosed comments. Please contact me at (303) 293-1528, if there

are questions on this matter.

Sincerely yours,

C n Hears
EPA Coordinator
for Rocky Mountain Arsenal Cleanup

Enclosure

cc: Thomas P. Looby, CDH
David Shelton, CDH
Patricia Bohm, CAGO
Lt. Col. Scott P. Isaacson
Chris Hahn, Shell Oil Company
R. D. Lundahl, Shell Oil Company
David Anderson, Department of Justice
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12/28/88

RESPONSES TO EPA COMMENTS ON
REMEDIAL INVESTIGATION FOR OFFPOST OPERABLE UNIT

December 13, 1988

CQNMi1ENI

1. Page 3-56, Aidrin and isodrin, observed at concentrations exceeding

CRLs, were not addressed here, but were addressed in the endangerment

assessment. Why?

RESEQUSE

Aidrin and isodrin were not detected offpost in the Spring and Summer 1987

sampling quarters. The remedial investigation (RI) focused on these two

quarters because they were by far the most comprehensive sampling events

conducted at the time the report was prepared. However, aidrin was detected

sporadically at low levels (generally near the certified reporting limit

(CRL)) in samples collected from offpost wells during 1985, 1986, and the

winter of 1987. Thus, we believe the endangerment assessment (EA) must

address aldrin even though the most recent sampling events do not indicate

aldrin's presence at detectable levels offpost. Offpost data from previous

sampling episodes is provided in the Contamination Assessment Report (CAR),

and the Draft Final Water Remedial Investigation which will be released in

January.

With respect to isodrin, the text is in error. Isodrin has not been

detected in offpost wells since the Revision 111-3600 Program began

monitoring in December of 1985. Thus, isodrin will be deleted from the

Offpost Remedial Investigation (RI) text and will not be discussed in the

EA.

CQMMEIAL.

2. Page 3-67, Section 3.3.1.9, third sentence, insert "were"' for "ere"

The text will be changed to correct this typographical error.

QMMMET.

3. Page 3-114, For chloroform, DIMP, CPMSO, and CPMS02 , "systematic

deviations" between CC and CC/MS results were noted. It is stated that

"these deviations could result in unforeseen problems associated with

remedial actions". Text should be revised to describe more fully this

systematic difference in concentration between CC and CC/MS methods.
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The "systematic differences" for chloroform, DIMP, CPMSO, and CPMS02 are
described on the last paragraph of page 3-109. The relationship between GCC
and GC/MS results was not evaluated statistically because the number of
samples in which these compounds were detected were relatively small and the
concentrations were low (generally in the range of 10 to 20 %g/1).

CQMMEHT

4. Page 3-132, First paragraph, last sentence, the second "in" should be
is

The text will be changed to correct this error.

5. Page 3-143, First sentence, first paragraph, delete the "8"

RESflQNSE

The text will be revised to make this correction.

CQMMEIIEi

6. Page 3-148, Are projected quantities used in scenario development
consistent with South Adams County Water and Sanitation District
project ions?

RESEQNSE

Yes. Each of the two alluvial wells is to pump approximately 400 acre-
feet/year (ac- ft/yr) and the recharge is to be 1000 ac-ft/yr. So far in
1988, South Adams County has recharged approximately 800 ac-ft. Also, South
Adams County only proposes to add two new production wells in the near
future. The text will be revised to reflect these facts.

7. Page 3-149, Section 3.5.4.1, last paragraph, first sentence, replace
".area** with "are"

The text will be revised to make this correction.

CQMMENI

8. Page 3-151, Section 3.5.4.3, first paragraph, last sentence, is the
value, 29 ug/l, correct?
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RESEOUS£

No, this value should be 20 %g/l. The text will be revised to make this

correction.

CQMMENI

9. Page 4-20, Third paragraph, the potential exists for overland flow near

First Creek in which backwater could (or could have) accumulate and overtop

96th Avenue contributing to offpost surface water and soil contamination

from contaminated areas such as the Toxic Storage Yard or ditches leading

from the North Plants or the Sewage Treatment Plant. Recent citizen

accounts have indicated that such events may well have occurred. The RI

should address the potential for past flood events depositing contaminated

sediment outside of stream channels along the First Creek, and other

potential pathways. The same type of concern exists regarding dieldrin

detections in the O'Brian Canal (see page 5-14). Further, the flow of

contaminated groundwater in that area could have lead, or now be leading, to

soil contamination, as could the use of groundwater for irrigation (see

comment regarding page 1-7, below). It is essential that such possibilities

be fully evaluated.

The Army has also become aware of citizen accounts which indicate that

flooding events have created backwater at 96th Avenue and that surface water

flow may have overtopped 96th Avenue. Although monitoring of First Creek at

the RMA North Boundary indicates this surface water is generally

uncontaminated, storm event sampling has not been initiated until recently.

Thus, the Army recognizes the importance of evaluating the potential for

soil contamination outside the First Creek stream channel and has initiated

soil sampling and analysis to help investigate this potential pathway. The

Army will be glad to discuss this supplemental program with the EPA at your

request and recommendations you may have for further sampling. This data

will be provided in an addendum to the RI Report and will be evaluated in an

addendum to the EA/FS if unacceptable contaminant exposures as a result of

this pathway are indicated.

There are several different issues raised by the other potential pathways

mentioned in this comment. First, the detection of dieldrin in O'Brian

Canal upgradient of First Creek does not appear related to ground water

contamination. The bottom of O'Brian Canal is approximately 20 ft above the

water table in the area this sample was collected.

The statement, "The same type of concern exists regarding dieldrin

detections in the O'Brian Canal" is interpreted to refer to overland flow

from the RMA Northwest Boundary as a potential pathway. As discussed on

pages 4-19 and 4-20, there is a potential for overland flow at the RMA
Northwest Boundary during severe storm events. However, modeling conducted

by the Corps of Engineers (COE) indicates that during a 100-year storm the

Basin F drainage basin would not overflow. Since this drainage basin
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contains the source areas closest to the RNA Northwest Boundary, erosion of

contaminated soils to O'Brian Canal via this pathway appears unlikely.

However, the Army will be willing to discuss specific recommendations for

soil sampling downgradient of the RNA Northwest Boundary if the EPA believes

this is or has been a viable contaminant pathway to O'Brian Canal.

Soil contamination, as a result of the use of ground water for irrigation,

has been evaluated as a potential pathway in the EA.

rQMMEHIT

10. Pages 5-11 and 9-4, Reference is made to past disposal of Denver

wastewater sludge in Barr Lake. When did this occur? What quantities were

disposed and what was the source? Are there records of the chemical

composition of the wastewater sludge that support your assertion that the

sludges are the source of the heavy metals detected in the sediments?

The disposal of sludge by Denver Metro occurred in the 1950s and early

1960s. The sludge was placed directly into O'Brian Canal. We were not able

to find documentation of what quantities were disposed. We do not feel it

is necessary to have documentation of the chemical composition of the

wastewater sludge. The presence of heavy metals in wastewater sludge is

well documented in the literature. Ms. Carol Leafure with Barr Lake State

Park was the source of much of our information.

11. Page 1-4, The area between 80th Avenue and areas downgradient of the

Northwest Boundary Control System (NWBCS) have been excluded from the off-

post RI. Historic information indicates that the DBCP plume currently

intercepted by the Irondale Boundary Control System extended into the off-

post area. This same area is downgradient of the TCE plume that originates

on-post in the West Tier area of RMA. The effects of operating the Irondale

system on both the TCE and DBCP plumes should be addressed in a manner

similar to the other two boundary control systems.

The statement that the "area between 80th Avenue and areas downgradient of

the Northwest Boundary Control System (NWBCS) have been excluded from the

offpost RI- is misleading. The Army has presented extensive monitoring data

in this area from the Consumptive Use Phase I and III Programs and continues

to monitor dedicated monitoring wells in this area on a routine basis. Full

size chemical distribution maps that incorporate this part of the Offpost

Operable Unit are available upon request.

These maps were not in the RI report because general contaminants were not

detected outside the areas shown on the maps in the RI report.
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None of the recent monitoring programs mentioned above have indicated that
DBCP, a compound solely related to RNA, continues to persist in this area.

However, trichioroethylene (TRCLE) has been sporadically detected. Because
there are documented sources of TRCLE to the south of 80th Avenue that are

not associated with RMA, the contamination downgradient of the Irondale

System can not be traced to a specific source. Because multiple sources are

indicated, the EPA should be the lead agency for this area in accordance

with Executive Order No. 12580, 52 CFR 2923 (1987). Thus, discussions of

the operational effects of the Irondale System on these contamination plumes

need not be as detailed as those provided on the North Boundary Containment

System (NBCS) and Northwest Boundary Containment System (NWBCS). However,

additional discussion will be provided in Section 3.0 of the RI report where

the effects of the other two systems are discussed.

12.' Page 1-7, The potential for contamination of soil by application of

contaminated irrigation water at present or in the past should be addressed

by identifying all potential irrigation wells that lie within plume areas.
If historic application of ground water contaminated with persistent

compounds appears likely, then examination of the potential for soil

contamination should be conducted and presented for use in the off-post
endangerment assessment.

]&FSqPQHSL

The potential for soil contamination via this pathway is being considered by

the EA. Irrigation wells that lie within present or historic plumes were

identified as a part of the Consumptive Use Programs. The majority of these

wells lie downgradient of O'Brian Canal and Burlington Ditch where ground

water contaminant concentrations are greatly diminished relative to

concentrations closer to the EllA boundary. Nonetheless, the relevant data

on irrigation wells is presented again in the EA and this pathway is being
evaluated in the exposure assessment.

13. Page 3-48, Two wells were identified with casing in poor condition that

may lead to mixing of alluvial and bedrock water. The potential for wells

of this type to provide a pathway for migration of contaminated ground water

to Denver Formation or Arapahoe Formation aquifers should be addressed.

RIESBONiE

The Army agrees that the potential for this pathway needs to be addressed.

Currently, the only two Consumptive Use bedrock wells that have shown

contamination were the two wells identified in the RI report. The Army

believes that the best method of detecting potential cross-contamination
problems between aquifers is to monitor bedrock wells on a regular basis.

When poorly constructed bedrock wells are identified in areas where alluvial

water is contaminated above remedial action levels, the wells will be
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abandoned and replaced as necessary. Both monitoring and abandonment/

replacement of bedrock wells will be a part of alternatives developed in the

FS.

It should be noted that the highest density of bedrock wells are located

just north of the RMA North Boundary. During the Consumptive Use Phase I

program, analyses of samples collected from these wells did not exhibit any

concentrations of target analytes above Certified Reporting Limits (CRLs).

CQM1MEHTI

14. Page 3-49, The off-post impact of at least the DBCP plume and

potentially the RMA-related TCE plume from the West Tier should be

addressed. We need to discuss this issue further.

As discussed in our response to Comment #11, the most recent monitoring

(Consumptive User Phase III) in the offpost area downgradient of the

Irondale System did not indicate the presence of DBCP. Data from the

Consumptive Use Phase III Report will be discussed in the RI report to

support this position. We agree that this issue requires further

discussion.

CQMMEI

15. Page 3-59, The historic DBCP plume that led to construction of the

Irondale System should be addressed.

We agree that discussion of the historic DBCP plume and the rationale for

construction of the Irondale System are appropriate in this section of the

report. An appropriate discussion will be added to the text.

16. Page 3-63, The concentration of dieldrin identified as anomalous lies in

an area of sparse well control and is along a potential flow path

downgradient of elevated dieldrin concentrations on-post. Recharge from the

O'Brian Canal and Burlington Ditch have probably diluted the concentrations

in the plume.

RESEQ&SB

The text does not refer to the dieldrin concentrations observed in samples

from Wells 37353 and 37355 as anomalous. The text states that the detection

of dieldrin do not correlate well with upgradient detections. In the case

of both Wells 37353 and 37355, there are at least a half dozen upgradient

wells which do not exhibit detectable levels of dieldrin. In neither case

however, are we ruling out that this contamination could be attributable to
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RHA. We are in agreement that these detections are in areas of sparse well

control and downgradient of dieldrin contamination near the RMA boundaries.

Thus, monitoring will continue in these areas under the Comprehensive

Monitoring Program (CMP) and the need for additional wells upgradient of

these areas will be evaluated to help assess the origins of these

detections.

C-QMMEHIi

17. Page 3-147, At least a rudimentary calibration attempt for contaminants

of concern for the future scenario simulations should be conducted to

validate the future predictions. In particular, the extreme variation in Kd

should be validated by calibration since this parameter is a major control

on future contaminant concentration distribution.

We agree that the variability in Kd values has a major influence on the

results of the "no action" simulations, particularly for the relatively

immobile compounds such as dieldrin. However, even a rudimentary

calibration for the contaminants of concern offpost is difficult because

historical offpost data is niuch less comprehensive than presented in the RI

report. As a result, we are not able to reconstruct offpost contaminant

distributions with any certainty. As an alternative, we propose to perform
..no action" simulations for different Kd values to evaluate the sensitivity

of the results of this variable. Our preliminary results suggest that the
..no action" simulations are not very sensitive to different Kd values for

the extremely mobile compounds such as chloroform and DIMP. A "best

estimate" Kd will be determined for dieldrin based upon travel times from

onpost source areas. Then, two additional Kd values will be chosen for

modeling. One of these values will be selected less than the "best

estimate" Kd and one will be selected greater than this value. The purpose

of these simulations will be to bracket the actual movement of dieldrin by

providing a reasonable range of contaminant migration scenarios. The

results of these additional simulations will be provided in the EA/FS

Report.

Volume III

1. ARARs were not identified for the following compounds detected in the

offpost sampling: chlordane, hexachlorocyclopentadiene, and 1,1,2-

trichloroethane.

These contaminants were not detected offpost in 1987. We do not have any

indication that chlordane has ever been detected offpost.

Hexachlorocyclopentadiene and l,l,2-trichloroethane have been detected once

and twice respectively since monitoring began for these contaminants

offpost. All three of these detections were just above the respective CRL.
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We will however identify potential ARARs for these two compounds in the

event that they are detected offpost in the future. (Will require DOJ

concurrence.)

CQMMEUI

2. Although we normally think it most appropriate for the State of Colorado

to comment on potential State ARARs, in light of recent RMA experience with

State air pollution regulations we would point out that State odor

regulations, and perhaps others, should be considered as potential ARARs.

RESBONSE

State odor regulations are not environmental regulations that constitute

standards, requirements, criteria or limitations pertinent to hazardous

substances,,pollutants or contaminants. Therefore, these regulations have

not been designated as potential ARARs within the meaning of 42 U.S.C.

Section 9621(d)(2).

CQMMENI

3. We have not had the opportunity to make a full compound-specific

comparison with potential ARARs. We may supplement our comments on that

matter at a later time.

RESEQNSE

The organizations are urged to make any supplemental comments on the

designated potnetial ARARs no later than January 20, 1989 so that any such

additional comments on ARARs may be considered by the Army prior to the

issuance of the Offpost Operable Unit EA/FS.
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~ ". United States Department of the Interior
FISH AND WILDLIFE SERVICE

COLORADO FIELD OFFICE
I . till730 SIMMS STREET

ROOM 292

IN RPLY EFEXTO:GOLDEN, COLORADO 80401

(FW E)
November 11. 1988

Deputy Program Manager
Rocky Mountain Arsenal
ATTN: AMXRM-PM (Donald L. Campbell)
Building 111 Rocky Mountain Arsenal
Commierce City, Col6rado 80022

Dear Mr. Campbell:

We have reviewed Volumes I, II and III of the Offpost Operable Unit RI and
Chemical Specific ARARs Draft Final Report (version 2.1) for Task Number 39.
Please refer to the specific commrents below.

Vol.-I, Sec. 4.3 (p. 4-10). Two contaminant pathways to offpost surface water
are listed: surface wa-ter runoff and erosion plus contaminated ground water
discharges to surface channels. Soil and surface erosion by wind action is
not mentioned. This is surprising because of the IRA that addressed
supression of wind erosion problems in section 36. Is it not possible that
surface/contaminant-borne soil and other particles have blown offpost and been
deposited within the watersheds that feed back onto or away from the Arsenal?
This could be examined with near-surface soil-core samples and testing for
surface-borne analytes offpost. However, offpost soil studies conducted so
far may have used a core depth great enough to swamp out detection of
shallow/surface contamination. It is our contention that airborne surface
erosion should be considered and examined at a level of detail which would
render it an insignificant factor or a significant factor. If it is shown to
be significant, then a description of the process and its past, present and
future imnpacts on surface water contamination should be included in this
section. The issue raised here could explain why aldrin and DIMP
concentrations were detected in surface waters of First Creek at the
southeastern-most edge of RNA (sec. 4.2.1 o. 4-4, Table 4.2-1 and Fig. 4.2-1
for sample location O8ADD). Figure 4.3-2 would suggest that this
contamination occurred via a recharge phenomenon; does the ground water move
in this direction? We request that you consider whether or not surface air-
borne contaminants may have moved to some degree offpost (i.e., down wind).
For this reason, we would be interested in any contaminant data you may have
pertaining to offpost biota to the east, southeast and south of RMA (i.e.,
downwind) to help us judge this issue in relation to the contamination of fish
and wildlife in the total offpost area.

Vol 1, Sec 5.0. The data presented in Tables 5.1-2, 5.2-1 and 5.3-1 are
confusing. The latter table specifies the basis of expression is ug metal/gm
dry sediment. The former two tables do not indicate the basis of expression,
i.e., whether it is on a dry, wet or other basis. The methodology section
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pertaining to these results (sec. 2.3, P. 2-24) specifies that the sediment
samples were centrifuged to remove excess water prior to extraction and
analysis. Please provide us with an explanation for the basis of expression
for all data in Sec. 5.0. Without this we have no valid way to assess the
relevance of contaminant concentrations in offpost sediments.

Vol I. Sec. 7.0. Our concerns about studies of biota for this operable unit
center around the general approach and the specific investigation, as well.
First, there is no indication of studies of contaminants in biota that reside
in the offpost operable unit. Rather, the studies focused entirely on
movement of animals from onpost to offpost and the possible 'export' of
contaminants in this manner. The movement studies indicated that pheasants,
to a limited extent, and no cottontail rabbits could be expected to move back
and forth across the RMA north boundary. We are concerned with the
possibility that offpost contamination has resulted in contamination in
offpost biota that never comes onto RMA. Please provide some explanatory
response to this concern.

The ramainder of our commnents about sec. 7.0 pertains to the movement studies.

Vol 1, Sec. 7.1. The title is misleading. Because no summier movements and
wintertime movements of only one bird were monitored, the title should read
Results of Fall Movements. Home range implies year-round monitoring which was
not done.

Vol I, Sec. 7.1.2. On p. 7-1, how was death from natural causes determined
for pneasants found dismembered with the transmitter found nearby? Also, were
any of the animal carcasses found intact with accompanying transmitters
analyzed for contaminant concentrations? Transmitter effect on the natural
movement of experimental birds is never mentioned. Was there a period of
adjustment to the stress caused by handling/radio-fitting afforded each animal
before data were collected from it? We are aware of some studies in which
transmitter effects on the animals totally negated the valididty of movement
data. Who placed a reward band on the pheasant recovered 7.5 miles from the
Arsenal? More details'are needed on this. What does the term radio-collar
mean? We are not familiar with collars used on birds, Usually a harness or
tail clip type of radio attachment is used on birds. Sex should be indicated
in Table 7.1-1. Why was 20 locations used as the cutoff for valid (?)
movement data (top p. 7-3)? There was an admitted relationship between number
of locations and activity range, i.e., more locations yielded a larger range.
Perhaps pheasants with smaller ranges exhibited a radio effect. If a radio
effect existed, at what point in time after radio-fitting did it cease to be a
factor? Radio effect needs to be brought in the discussion in this section.
In para. 3. p. 7-3, references sould be given and casual observations should
be expounded upon. In para. 4, p. 7-3, the first and last sentences are
contradictory. Seasonal movement patterns could not be compared because only
one pheasant was monitored during winter.

Vol I, Sec. 7.2, 5th para, p. 7.4. The statement about "the data obtained
provide an oojective and Quantitative basis for evaluating potential pathways
offpost" seems to hang out there in the face of aamitted problems with the
study. And, as mentioned above, contamination in resident biota offpost is
not presented. Lack of evaluating or considering a potential radio effect
surely weakens the results. Some studies have found aberrant behavior and
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restrictive movements exhibited by radio-fitted animnals. The interpretation
at least warrants this consideration. The pheasant that moved 7.5 miles
offpost was apparently not radio-fitted but it was reward-banded. Perhaps
this bird is more representative than were the radio-fitted birds. If so, a
reward-banding study could have been more enlightening. Also, the population
of lost transmitters may have included animals that moved offpost. In para 2,
p. 7-12, the draft Biota RI (ESE, 1988) should not be cited as a reference.
It is not listed in the references and probably has not been released for our
review yet.

In summary of Section 7.0, the discussion of findings in 7.2 asppears to
present a fair and objective assessment of the limitations and findings of the
radio-tracking studies. A stronger opinion about the strengths of the study
is what is transmitted prior to this point, however. Lastly, the Evaluation
of Biota Contaminant Pathways given in sec. 7.3 does not include mention of
existing offpost contamination and its potential to contaminate offpost plants
or animals.

Volume II. No comments.

Volume III. In Appendix H, p. vii, we would like to see listed in this
section the tolerances and action levels on or in raw agricultural commodities
that were indentified in para. G. These data could be shown in the section on
Potential Chemical-Specific ARARS for the EA for the Offpost Operable Unit,
RMA.

Thank you for the opportunity to review the subject documents. For any
questions pertaining to our comments, please contact Rod DeWeese of this
office at 303-236-2675 or FTS 776-2675.

Sincerel

LeoyW Crson
Acting State Supervisor
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RESPONSES TO FISH AND WILDLIFE SERVICE COMMENTS

ON REMEDIAL INVESTIGATION FOR THE OFFPOST OPERABLE UNIT

December 13, 1988

C-QM~MEHIT

Two contaminant pathways to offpost surface

water are listed: surface water runoff and erosion plus contaminated ground

water discharges to surface channels. Soil and surface erosion by wind

action is not mentioned. This is surprising because of the IRA that

addressed suppression of wind erosion problems in section 36. Is it-not

possible that surface/contaminant-borne soil and other particles have blown

offpost and been deposited within the watersheds that feed back onto or away

from the Ars~enal? This could be examined with near-surface soil-core

samples and testing for surface-borne analytes offpost. However, offpost

soil studies conducted so far may have used a core depth great enough to

swamp out detection of shallow/surface contamination. It is our contention

that airborne surface erosion should be considered and examined at a level

of detail which would render it an insignificant factor or a significant

factor. If it is shown to be significant, then a description of the process

and its past, present and future impacts on surface water contamination

should be included in this section. The issue raised here could explain why

aldrin and DIMP concentrations were detected in surface waters of First

Creek at the southeastern-most edge of RMA (sec. 4.2.1 p. 4-4, Table 4.2-1

and Fig. 4.2-1 for sample location O8ADD). Figure 4.3-2 would suggest that

this contamination occurred via a recharge phenomenon; does not ground water

move in this direction? We request that you consider whether or not surface

airborne contaminants may have moved to some degree of fpost (i.e.,

downwind). For this reason, we would be interested in any contaminant data

you may have pertaining to offpost biota to the east, southeast and south of

RHA (i.e., downwind) to help us judge this issue in relation to the

contamination of fish and wildlife in the total offpost area.

RESEQN1SE

Based upon a preliminary review of this pathway, the Army does not believe

that the windblown pathway is a significant exposure route in the Offpost

Operable Unit. To address your concern over this potential pathway-the Army

would first like to discuss the plausibility of the pathway by evaluating

the potential for it to occur. For example, an evaluation could be

effectively accomplished by performing long-term air dispersion and

deposition modeling. If the results of this assessment indicate the

potential for substantial migration of contaminants via this pathway, then

sampling could be performed using the modeling results as a guide. Again,

we are willing to discuss your recommendations but would also like to

explore other approaches to the evaluation of this potential pathway.
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l••_5AL_ The data presented in Tables 5.1-2, 5.2-1 and 5.3-1 are

confusing. The latter tables specifies the basis of expression is ug

metal/gm dry sediment. The former two tables do not indicate the basis of

expression, i.e., whether it is on a dry, wet or other basis. The

methodology section pertaining to these results (Sec. 2.3, p. 2-24)

specifies that the sediment samples were centrifuged to remove excess water

prior to extraction and analysis. Please provide us with an explanation for

the basis of expression for all data in Sec. 5.0. Without this we have no

valid way to assess the relevance of contaminant concentrations in offpost

sediments.

RESEQNS£

All concentrations are expressed in terms of dry sediment. The text will be

revised to clarify this.

CQMtEIhi

VaII•L~LAnL_ Our concerns about studies of biota for this operable

unit center around the general approach and the specific investigation, 
as

well. First, there is no indication of studies of contaminants in biota

that reside in the Offpost Operable Unit. Rather, the studies focused

entirely on movement of animals from onpost to offpost and the possible
Iexport' of contaminants in this manner. The movement studies indicated

that pheasants, to a limited extent, and no cottontail rabbits could be

expected to move back and forth across the RMA north boundary. We are

concerned with the possibility that offpost contamination has resulted in

contamination in offpost biota that never comes onto RMA. Please provide

some explanatory response to this concern.

Offpost studies of other media (e.g., surface water, ground water) were

being conducted simultaneously with the investigation of animals movements.

No investigations of contamination in offpost biota were conducted because

potential offpost sites of contamination (e.g., contaminated surface waters

or sediments) had not been identified at the time of the study. The

assessment of hazards to offpost biota are being addressed in the Offpost

Endangerment Assessment (EA) that is currently being prepared.

Pheasant and cottontail studies were initiated to address the specific

concern regarding the potential of human exposure offpost via wildlife that

were potentially contaminated on RMA. The study design involved capturing

animals within RMA along boundaries where the animals might be expected to

move offpost, be hunted, and subsequently consumed by humans. Tracking

studies followed these animals to determine if the size of the home ranges

through the seasons of dispersal and hunting would permit individuals to

move from sites of contamination onpost to the Offpost Operable Unit. For a
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variety of reasons already discussed in the text sample sizes were small,

yet the study did produce results that indicated movement of pheasants from

onpost areas to the adjacent offpost areas. More quantification may have

been useful, but the study did achieve its objectives and is sufficient for

the conduct of an EA/FS on this potential pathway.

CQMMEKII

1~~- -L- The title is misleading. Because no summer movements and

wintertime movements of only one bird were monitored, the title 
should read

Results of Fall Movements. Home range implies year-round monitoring which

was not done.

RESPQRiSE

most of the pheasants monitored during the study were monitored from 
August

through November, therefore more than fall movements were monitored.

Pheasants were deliberately monitored during August before they would be

expected to disperse from the Rocky Mountain Arsenal (RMA) and change their

seasonal use locations between summer and fall seasons. Depending on the

animal group addressed, the term home range may imply year-round range,

seasonal range, or lifetime range. Because most pheasants were monitored

for more than one season, we believe that home range is a more 
appropriate

term than fall movements for the title of this section.

~ On p. 7-1, how was death from natural causes determined

for pheasants found dismembered with the transmitter found nearby? Al-so,

were any of the animal carcasses found intact with accompanying transmitters

analyzed for contaminant concentrations? Transmitter effect on the natural

movement of experimental birds is never mentioned. Was there a period of

adjustment to the stress caused by handling/radio-fitting afforded each

animal before data were collected from it? We are aware of some studies in

which transmitter effects on the animals totally negated the validity 
of

movement data. Who placed a reward band on the pheasant recovered 7.5 miles

from the Arsenal? More details are needed on this. What does the term

radio-collar mean? We are not familiar with collars used on birds. Usually

a harness or tail clip type of radio attachment is used on birds. Sex

should be indicated in Table 7.1-1. Why was 20 locations used as the cutoff

for valid (?) movement data (top p. 7-3)? There was an admitted

relationship between number of locations and activity range, 
i.e., more

locations yielded a larger range. Perhaps pheasants with smaller ranges

exhibited a radio effect. If a radio effect existed, at what point in time

after radio-fitting did it cease to be a factor? Radio effect needs to

brought in the discussion in this section. In para. 3, p. 7-3, references

should be given and casual observations should be expounded upon. 
In para.

4, p. 7-3, the first and last sentences are contradictory. Seasonal

movement patterns could not be compared because only one pheasant was

monitored during winter.
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ER•QNSE

Death from natural causes was assumed if the transmitter was found mangled

(e.g., the insulation on the antennae was chewed) as if the pheasant had

been killed by a predator and/or if the animal's recent movements indicated

that the animal was active and apparently healthy prior to its discovery as

a deceased individual.

Tissue analyses of pheasants found dead on RMA were beyond the scope of this

investigation. A RMA-wide study of contamination and contaminant effects in

pheasants was conducted as part of the overall RMA Biota Assessment 
Task and

is included in the Biota RI document scheduled for review in early 1989.

Pheasants were captured during the late evening hours and 
were tracked

starting on the following day. None of the pheasants tracked made any

significant change in habitat during the period following 
their initial

capture. Most stayed in the same general habitat as when captured.

Released pheasants flew readily and with no apparent difficulty. 
Dunke and

Pils (1973) reported that pheasants adjusted to transmitters within 1 to 2

days. Hanson and Progulske (1973) found that pheasants in their study that

had been equipped with radiotransmitters did not show signs 
of physical

hindrance. The pheasants tracked in the RMA study were tracked for extended

periods of time, thus any reduction in movements that may have occurred

during the first two days of movement should not have significantly 
affected

overall results. One study (Hessler et al., 1970) suggested that

radiotransmitters lowered survival of pheasants, but the birds used in this

investigation were raised in captivity and released into a foreign

environment. These factors are known to reduce the survivorship of released

animals.

Biologists from ESE placed the reward bands on all pheasants released 
with

transmitters as a supplemental means of obtaining data, not 
as a separate

study.

The term radio collar is equivalent to a bib transmitter. Both bib and

harness transmitters were tested during a pilot study. The bib collar was

selected because it was less easily lost by active birds than was the

harness. The bib collar we used consisted of a single piece of material

that was cut to fit (like a collar) over the head of each pheasant. The sex

of the pheasants will be added to Table 7.1-1.

In the calculation of home ranges, increase in calculated home range size

levels off after a sufficient number of captures has been reached. 
The

cutoff point of 20 sightings was selected for the estimation of minimum 
home

ranges based on past studies (Rose, 1982; Jennrich and Turner, 1969, and

others) that have shown this to be a sufficiently large number 
to estimate

the minimum home range of most species. The study design attempted to

locate pheasants at different times of day and at different 
seasons to

account for daily and seasonal shifts in movement between different use

areas.
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The objective of the RMA pheasant study was to determine if minimum home

ranges were large enough to permit individuals exposed to sites of

contamination on RMA to move offpost, and not to simply estimate the home

range of pheasants. The study accomplished this objective in spite of the

loss of pheasants throughout the investigation. Pheasants with smaller home

ranges may have exhibited a radio effect, but this does not alter finding

that some RMA pheasants did move offpost.

~ The statement about "the data obtained

provide an objective and quantitative basis for evaluating potential

pathways offpost" seems to hang out there in the face of admitted problems

with the study. And, as mentioned above, contamination in resident biota

offpost is not presented. Lack of evaluating or considering a potential

radio effect, surely weakens the results. Some studies have found aberrant

behavior and restrictive movements exhibited by radio-fitted animals. The

interpretation at least warrants this consideration. The pheasant that

moved 7.5 miles offpost was apparently not radio-fitted but it was reward-

banded. Perhaps this bird is more representative than were the radio-fitted

birds. If so, a reward-banding study could have been more enlightening.

Also, the population of lost transmitters may have included animals that

moved offpost. In para. 2, p. 7-12, the draft Biota RI (ESE, 1988) should

not be cited as a reference. It is not listed in the references and

probably has not been released for our review yet.

In summary of Section 7.0, the discussion of findings in 7.2 appears to

present a fair and objective assessment of the limitations and findings of

the radio-tracking studies. A stronger opinion about the strengths of the

study is what is transmitted prior to this point, however. Lastly, the

Evaluation of Biota Contaminant Pathways given in Sec. 7.3 does not include

mention of existing offpost contamination and its potential to contaminant

offpost plants or animals.

Shortcomings and problems that weakened the data were presented earlier in

the section, and in the first part of the sentence. We agree that the

results were less quantitative than would have been possible with larger

sample sizes and less disturbance, nevertheless the investigation results

were objective and quantitative to the extent possible under the

circumstances. Therefore, the additional effort and expense was not

considered justified.

Contamination in resident biota are addressed in the Biota RI document which

will be released early in 1989. The assessment of risk offpost from

pheasants contaminated onpost is being addressed as part of the Offpost

Endangerment Assessment that is also currently being prepared. Comments on

the effect of radio transmitters were addressed in the previous response.
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The pheasant that moved 7.5 miles offpost had been equipped with a radio

transmitter, but the device had been lost. A reward banding study might

have been more enlightening, but would have involved substantially more

effort that the current study with no guarantee of a proportional increase

in pertinent information. The study did demonstrate that RMA pheasants do

move offpost, and that pheasants from RMA are obtained by hunters. The

quantification of risks as a result of these movements is addressed as part

of the Offpost Endangerment Assessment document that is currently being

prepared.

No biological sampling was conducted, in the offpost study area because of

limited extent of offpost contamination from RMA that was detected.

Contaminants of concern to biota were detected in sediments and surface

waters at low levels. Biota sampling under these circumstances was not

considered appropriate or necessary because hits above detection limits for

contaminants in these media were at low levels, were sporadic, and for some

contaminants (e.g., organochlorine pesticides) the source could not be

attributed exclusively to RMA. The hazard to offpost biota as a result of

this contaminant is addressed in the Offpost Endangerment Assessment that is

currently being prepared.

COMIENT

YelumeilI. In Appendix H, p. vii, we would like to see listed in this

section the tolerances and action levels on or in raw agriculture

commodities that were identified in para. G. These data could be shown in

the section on Potential Chemical-Specific ARARs for the EA for the Offpost

Operable Unit, RMA.

The tolerances and action levels on or in raw agricultural commodities will

be provided in conjunction with the section on designated (no longer

potential) chemical-specific ARARs in the Offpost Operable Unit EA/FS.
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HOLME ROBERTS & OWEN

ATTORNEYS AT LAW
SUITE 400 1700 BROADWAY DENVER TECHNOLOGICAL CENTER

102 NORTH CASCADE AVENUE DENVER, COLORADO 80290 9400 CAST PRE NTICE AVENUE
COLORADO SPRINGS, COLORADO 80903

TELEPHONE (303) 861-7000 ENGLEWOOD, COLORADO 80111

SUITE 900 TELECOPIER 866-45S76

SO SOUTH M4AIN STREET TELEX 45.4460 SUITE 400

SALT LAKE CITY, UTAH 8414" 1401 PEARL STREET

November 11, 1988 BOULDER, COLORADO 80302

EDWARD .3. MCGRATH

Mr. Donald Campbell
Office of the Program Manager

for Rocky Mountain Arsenal
Attn: AMXRM-PM/Mr. Donald Campbell
Rocky Mountain Arsenal, Building 111
Commerce City, Colorado 80022-2180

Re: Shell Comments on Offpost Remedial

Investigation Potential ARARs

Dear Mr. Campbell:

Shell Oil Company submits the attached comments on
Appendix H of the draft final report on the Of fpost Remedial
Investigation.

Very truly yours,

00,Edward J. McGrath

EJM:TFC:cg
Enclosures
cc: Office of the Program Manager for Rocky Mountain Arsenal

ATTN: AMXRM-PM: Col. Wallace N. Quintrell
Bldg. E-4460
Aberdeen Proving Ground, Maryland 21010-5401

Office of the Program Manager for Rocky Mountain Arsenal
ATTN: AMXRM-PM: Mr. Bruce Huenefeld
Rocky Mountain Arsenal, Building 111
Commerce City, CO 80022-2180

Office of the Program Manager for Rocky Mountain Arsenal
ATTN: AMXRM-RP: Mr. Kevin T. Blose
Rocky Mountain Arsenal, Building 111
Commerce City, CO 80022-2180
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Mr. Donald L. Campbell
Page 2
November 11, 1988

office of the Program Manager for Rocky Mountain Arsenal
ATTN: AMXRM-TO: Mr. Brian L. Anderson
Rocky Mountain Arsenal, Building 111
Commerce city, Colorado 80022-2180

Mr. David L. Anderson
Department of Justice
c/o Acumenics Research & Technology
999 18th Street
Suite 501, North Tower
Denver, Colorado 80202

Department of the Army
Environmental Litigation Branch
Pentagon, Room 2D444
ATTN: DAJA-LTE: 'Lt. Col. Scott Isaacson
Washington, DC 20310-2210

Patricia Bohm, Esq.
Office of Attorney General
CERCLA Litigation Section
One Civic Center
1560 Broadway, Suite 250
Denver, CO 80202

Mr. Jeff Edson
Hazardous Materials and Waste Management Division
Colorado Department of Health
4210 East 11th Avenue
Denver, CO 80020

Mr. Robert L. Duprey
Director, Hazardous Waste Management Division
U.S. Environmental Protection Agency, Region VIII
One Denver Place
999 18th Street, Suite 500
Denver, CO 80202-2405

Mr. Connally Mears
Air and Waste Management Division
U.S. Environmental Protection Agency, Region VIII
One Denver Place
999 18th Street, Suite 500
Denver, CO 80202-2405

Mr. Thomas P. Looby
Assistant Director
Colorado Department of Health
4210 East 11th Avenue
Denver, CO 80220
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Shell Oil Company
One Shell Plaza
P.O. Box 4320

Houston, Texas 77210

November 11, 1988

Office of the Program Manager for Rocky Mountain Arsenal /4-

ATTN: AMXRM-PM: Mr. Donald L. Campbell
Rocky Mountain Arsenal, Building 111
Commerce City, Colorado 80022-2180

Dear Mr. Campbell:

Enclosed herewith are a portion of Shell Oil's comments on the Draft
Final Report entitled "Offpost Remedial Investigation and Endangerment
Assessment and Applicable or Relevant and Appropriate Requirements".

Comments on potential chemical-specific ARARs will be sent under
separate cover.

Sincerely,

C. K. Hahn
Manager
Denver Site Project

WEA:ajg

Enclosure

cc: (w/enclosure)
Office of the Program Manager for Rocky Mountain Arsenal
ATTN: AMXRM-PM: Col. Wallace N. Quintrell
Bldg. E-4460
Aberdeen Proving Ground, Maryland 21010-5401

Office of the Program Manager for Rocky Mountain Arsenal
ATTN: AMXRM-RP: Mr. Charles Sharmann
Bldg. E-4460
Aberdeen Proving Ground, Maryland 21010-5401

Office of the Program Manager for Rocky Mountain Arsenal
ATTN: AMXRM-RP: Mr. Kevin T. Blose
Rocky Mountain Arsenal, Building 111
Commerce City, Colorado 80022-2180
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cc: Office of the Program Manager for Rocky Mountain Arsenal
ATTN: AMXRM-TO: Mr. Brian L. Anderson
Rocky Mountain Arsenal, Building 111
Commierce City, Colorado 80022-2180

Mr. David L. Anderson
Department of Justice
c/o Acumenics Research & Technology
999 18th Street
Suite 501, North Tower
Denver, Colorado 80202

Department .of the Army
Environmental Litigation Branch
Pentagon, Room 2D444
ATTN: DAJA-LTE: Lt. Col. Scott Isaacson
Washington, DC 20310-2210

Patricia Bohm, Esq.
Office of Attorney General
CERCLA Litigation Section
One Civic Center
1560 Broadway, Suite 250
Denver, CO 80202

Mr. Jeff Edson
Hazardous Materials and Waste Management Division
Colorado Department of Health
4210 East 11th Avenue
Denver, CO 80220

Mr. Robert L. Duprey
Director, Hazardous Waste Management Division
U.S. Environmental Protection Agency, Region VIII
One Denver Place
999 18th Street, Suite 500
Denver, CO 80202-2405

Mr. Connally Mears
Air and Waste Management Division
U.S. Environmental Protection Agency, Region VIII
One Denver Place
999 18th Street, Suite 500
Denver, CO 80202-2405

Mr. Thomas P. Looby
Assistant Director
Colorado Department of Health
4210 East 11th Avenue
Denver, CO 80220
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RESPONSES TO SHELL OIL (SHELL) COMMENTS

ON REMEDIAL INVESTIGATION FOR OFFPOST OPERABLE UNIT

December 13, 1988

GeneralCQmmants

Presently, there are only 36 monitoring wells in the four-square mile area

(Sections 11 to 14) located directly north of the North Boundary Containment

system. Basis the limited contaminant data that was obtained 
from these

wells, it would be difficult to infer continuous plumes with 
clean-cut

contours as presented in the report. T-hus _lh•_dataseand-its

Besides incomplete definitions of contaminant distributions, 
the geologic

and lithologic characteristics of the off-post alluvial 
channels are not

well defined. For example, there are only 80 boreholes/monitoring 
wells in

Section 12, 13, and 14. _

The lithology of the area, the contaminant pathways, and ground water 
flows

must be further evaluated. Several monitoring wells or cone penetrometer

holes should be installed in key locations to collect additional water

quality data to better define and monitor the distribution 
and fate of these

contaminants. These key locations include the Boller Well area, the area

between Wells 391, 377, 392, 378, and the area between Boller Well and Well

377.

There are several different aspects of this general comment which need to be

addressed. First, the Army realizes that refinements to the offpost groundwater monitoring network will be needed for remedial design. Currently, the

Army is formulating plans to collect additional ground water data 
offpost.

We suggest that a working session be held with Shell to discuss 
specific

recommendations so that they can be evaluated for inclusion 
into further

offpost data collection efforts.

Although the Army recognizes that additional ground water 
quality data will

be required at the remediation design stage, we believe 
that the existing

conceptualization of the nature and extent of contamination 
in the offpost

areas described in your comments is sufficient to conduct a Feasibility

Study (FS).

We are in agreement that the isoconcentration lines are, in some instances,

interpolated over significant distances, particularly 
in the area between

Wells 37391 and 37367 as identified in your comments. The Army is willing

to supplement its monitoring network in this area to support remedial 
design

and will incorporate your comments.
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Although additional geologic and lithologic data will help to refine offpost

paleochannels in Sections 12, 13, and 14, the two paleochannels which exert

a strong influence on offpost alluvial contaminant migration (i.e., the

First Creek and Northern Pathways) have been characterized sufficiently to

identify them as primary pathways. We believe the hydrogeologic and

geochemical data is sufficient to support a FS.

We are not in agreement that more data is needed before the need for

remediation can be determined. The nature of offpost contamination has been

reasonably determined. Although the extent of alluvial contamination will

have to be refined for design of remediation systems, *we believe the

characterization is sufficient to determine whether unacceptable risks are

posed by offpost contamination. Thus, the need for remediation can-be

evaluated.

CQMMENT

1. Fage-1-1, second paragraph.

If examples are to be listed, arsenic and mercury should be included.

RESroiiSE

The list of contaminants presented on page 1-1 was not intended to be all-

inclusive. Emphasis was placed on listing contaminants which have migrated

to offpost areas. Arsenic has migrated to offpost areas at levels just

above the detection limits and will be listed. However, mercury was

detected only once in the Spring and Summer 1987 quarterly sampling event

conducted offpost. The addition of mercury to this introductory list is not

appropriate.

CQMMEHIi

2. Eage_1=3, last paragraph.

Given the Army's new policy on access to the RIC, shouldn't the Task 39

Technical Plan and supporting documents be in the JARDF?

RE~SEME

All materials relevant to the Offpost Operable Unit will be included in the

administrative record in the JARDF at the time of issuance for comment to

the Off post Operable Unit Endangerment Assessment EA/FS.

3. P-age-A=3, last line.

Trichloroethene is referred to, yet throughout page 1-4 references are

made to trichloroethylene. The authors should be consistent with their

nomenclature.
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RESFQOSE

The text will be revised to consistently refer to this compound as
trichloroethylene.

•QMMIENT

4. Bage_l_-__, second paragraph.

Is the last sentence true? The area between 80th and 88th Avenues
would be in the Off-Post Area. Under paragraph 8.1 of the RI/FS
Process Document, the Army is Lead Agency. How can EPA have

jurisdiction over TCE "as per previous agreements with the Army"?

An Executive Order No. 12580, 52 CFR 2923 (1987) established that the EPA
would be the lead agency in areas where multiple sources are suspected.
Because documented sources of trichloroethylene and other volatile
organohalogens exist to the south and upgradient of the area in question, it
is the Army's position that the EPA will have jurisdiction over the cleanup
in this area.

•QMMENIT

5. Eaga•=-5, paragraph 1.2.1.

Shouldn't the description of the North Boundary System also mention the
recharge trenches?

RESflQNSE

Construction of the recharge trenches was just beginning at the time this
Draft Final Report was being prepared. The text will be revised to reflect
the addition of the recharge trenches.

rComE1I

6. Eaga-_1fi, second paragraph.

CERCLA should be defined as the Comprehensive Environmental Response,
oQm12pnsation_and Liability Act, as amended by the Superfund Amendments

and Reauthorization Act. We never refer to SARA separately in the
Consent Decree or the RI/FS Process Document; it is a part of CERCLA.

There is no disagreement that CERCLA was simply amended by SARA. The fact
that SARA was listed separately is only intended to indicate that the RI is
not inconsistent with CERCLA and the SARA amendments. In the future, the
Army will simply refer to CERCLA.
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7. Baga-lJ=a, last paragraph.

The Army should clarify that its preliminary evaluation of ARARs is a

preliminary evaluation of ~ani1ARARs.

The text will be revised to clarify that only an identification of Potential

chemical specific ARARs have been identified in the RI report.

CQMMENI

8. flaga.I=JA0, Figure 1.0-2 should be corrected to include the surface

waters of the O'Brian Canal and the Burlington Ditch from their

confluence with Second Creek to Barr Lake. It might also help to avoid

misunderstandings if the figure made clear that only the surface waters

of Barr Lake are included.

RESBQ.S.E

This figure will be revised to include the O'Brian Canal and Burlington

Ditch from their confluence with Second Creek to Barr Lake. The figure will

also be revised to make clear it is the only lake being examined in the RI.

9. Pae3l, iDZJsecond paragraph.

This paragraph implies that the alluvium and Upper Denver are

functionally equivalent. While it is hard to disagree that these two

formations are in contact, it may still be premature to say that

hydrologically these two formations function as one unit.

RESEQNSE

The text states that in areas of subcropping Denver Fm sandstones, the

alluvium and Denver Fm are considered hydraulically connected and ran act as

one hydrogeologic unit. This statement implies that flow within the upper

Denver Fm under these circumstances can occur under unconfined conditions

because of the relatively high hydraulic conductivity (K) of the Denver

sandstones and minimal contrast in K values between the Denver Fm and

alluvium in these areas.

The explanation of this localized phenomenon will be expanded in the text to

avoid any misinterpretations.
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This section should, but does not, provide a statistical treatment of

the analytical data. See EPA "Guidance on Remedial Investigations

Under CERCLAV at 3-4, and 8-11 to 8-12 (June 1985).

RESEON11E

There is no discussion of the need for statistical treatment of data in the

more recent EPA Guidance Document of March 1988.

The cited references would seem to deal more with data validity. A

discussion of the QA/QC data is provided in Section 3.3.3, however, we do

not believe that there is enough QA/QC data to warrant a rigorous

statistical treatment. Because the intent of your comment is not clear, we

are willing to discuss it with you if we have not addressed your concern.

CQMMENI

The data presented in Tables 3.3-1 and 3.3-2 provides a listing of the

frequency of detection and range of concentrations for target analytes

for samples collected from the alluvial aquifer. It is assumed that

the detection limits, i.e., CRLs, are derived by USATHAMA protocols and

that the detection limits are laboratory-specific and method-specific.

If this is the case, the report should reflect this information in this

sect ion.

Also, the tables should identify the analytical methods, i.e., GC/MS,

GC/electron capture detector, ICP, etc., for each compound listed. In

many cases more than one analytical method is available, and it is not

clear from Table 3.3-1 whether the number of concentration exceeding

CRLs represents data from one method or several analytical methods.

The information requested is provided in Table 2.1.-4, on pages 2-14-and

2-15. The assumption that CRLs are derived by USATHAMA protocols and are

laboratory- and method-specific is correct. The data provided in Table

3.3-1 represent only one analytical method for all the analytes but two.

Mercury and arsenic were analyzed by different miethods in the Denver and

Gainesville laboratories as specified in Table 3.3-1.

12. PBagas_3=.6_=3=52, paragraphs 2 and 3.

The report states that aldrin and isodrin were not observed at

concentrations exceeding CRLs in samples from wells in the Offpost

Operable Unit. The report continues, however, with the following

statements:
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"'Aldrin and isodrin were observed at concentrations exceeding CRLs
in analyses from previous sampling episodes. Although these

analyses will not be discussed further here, they will be

addressed in the endangerment assessment.

The endangerment assessment should be based upon information presented

in the RI. Historical information from previous sampling campaigns,

and possibly of questionable quality, should not be incorporated in the

endangerment assessment.

The Offpost Endangerment Assessment (EA) has evaluated data from one

additional sampling quarter, Winter 1987 (March, April 1987) or from all
data collected in 1987 (i.e., the RI only presents data from the Spring and
Summer 1987 Quarter) and was also detected sporadically offpost during 1985
and 1986 sampling events. Because aldrin was detected in the Winter 1987

sampling quarter and detected sporadically offpost during 1985 and 1986, it
has been evaluated by the EA. Isodrin has not been detected in the Offpost

Operable Unit since the Revision 111-3600 Program began monitoring in
December of 1985 and will not be evaluated by the EA. The text will be
revised to reflect these facts.

The Winter 1987 data were not included in the RI because the most recently
installed offpost alluvial wells (23 wells) were not available for sampling

during the Winter 1987 quarter. Thus, the limited number of analyses
obtained during the Winter 1987 quarter would have provided little if any

additional information which had not already been presented in the
Contamination Assessment Report (CAR) (ESE, 1987). For this reason, data
from the Winter 1987 quarter were not presented in the RI report. However,

data from the Winter 1987 quarter were used in the EA to provide a larger

data base with which to evaluate the variability in contaminant

concentrations from critical wells (i.e., 37344, Boller, etc.). Chemical
data obtained from offpost wells during the Winter 1987 quarter will be
provided in the Draft Final version of the RMA Water Remedial Investigation.

CQ•MMELI

13. Eag_3=109, j~n3njj4.

It should be noted that, in particular, the confirmation of dieldrin or

endrin in offpost ground water by GC/MS has not been possible in any of
the analyses.

RESPQNSE

Confirmation of dieldrin and endrin in offpost ground water by GC/MS would
not be expected because the CC/MS Method Detection Limits are approximately
three to four times higher than the highest offpost concentrations detected
by the CC method. The substantial differences between organochlorine
pesticide detection limits for the CC and GC/MS methods are discussed in
Section 3.3.4.4.
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14. Eaga-9=1-zhraugh-2=3.

A discussion of the Irondale Groundwater Contaminant System should be

included here with the other systems since the downgradient groundwater

is within the Offpost Operable Unit.

RF.MOSLE

We will provide a brief discussion of the Irondale ground water containment

system here even though the areas downgradient of the system fall under the

jurisdiction of the EPA.

NOTE: Comments from Shell on potential ARARs are addressed separately.
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STATE OF COLOFADO

421 Eas 11t Govenno

November 1ord 19880 lEeuieDrcto

Mr.honal Campbell833

Rocky~Ro Mouoanmrsna

Commercea City COron 802-M

ments Drf Final Reporto

Der. Mr.al Campbell:

Enfclosted arore m theaSate's ommnsorh ffotOeal

RE h fps prbeUnit Remedial Investigation and Chemica-pcfcAplcbeo

Rlvn an Aprpit Reurments Draft Final Report. h

report presents a more rigorous discussion of groundwater con-
tamination than the Army has presented in the past. Nonetheless,
there are numerous areas of concern that have not been addressed.
Those areas are discussed in detail in the enclosed comments.

As the report is or will be available to the public, we sug-
gest that it not be finalized due to the recognized need to col-
lect further data and because further data collection may change
conclusions that appear in the text. If the report is finalized,
the Executive Summary should include a statement acknowledging
that additional information is being collected and may alter the
conclusions. Such a statement is important so that the public is
not misled with respect to the nature and extent of contamination
affecting offpost areas.

As you know, the report contains a vast amount of informa-
tion. Theý State reviewed these data as extensively as possible
in the comment period provided. The State will continue its
review and will provide additional comments as necessary.

The Final Task 39 Technical Plan indicates that a number of
i5=rues would be addressed in the Offpost Remedial Investigation
Report. However, it does not appear that all of those issues
have been addressed in the RI report. Therefore, the State has
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Donald Campbell
November 16, 1988
Page 2

included several comments which relate to statements made in the

Task 39 Technical Plan.

If you have any questions regarding the comments, please

contact Mr. Greg Brand with this Division.

Sincerely,

David C. Shelton
Director, Hazardous Material and Waste

Management Division

PB/rw

pc: Mlichael R. Hope

David L. Anderson
Chris Hahn
Edward J. McGrath
Connally Mears
Mika GayNosh

Lt. Col. Scott Isaacson

Tony Truschel

enclosure

C: \WS2000\PBFILES\III6CMBL.LTR

J-31



12/28/88

RESPONSE TO COMMENTS
FROM COLORADO DEPARTMENT OF HEALTH

December 13, 1988

1. Throughout the Offpost Operable Unit Remedial Investigation and

Chemical Specific Applicable or Relevant and Appropriate Requirements

Draft Final Report, the Army acknowledges that the data collected to

date suggest that additional information is needed to fully define the

additional data should be collected. Therefore, the report should not

be finalized until sufficient information has been collected, or in the

event the report is finalized, a statement should be included in the

Executive Summary indicating that data collection is ongoing and that

the conclusions set forth in the report may change.

It is the Army's position that the nature and extent of offpost ground water

and surface water contamination have been sufficiently described for

conducting an Endangerment Assessment/Feasibility Study (EA/FS). We do

recognize the need to collect additional data to support remedial design.

However, we believe it would be inappropriate to delay the cleanup of ground

water in the offpost area to collect data which will not have an impact on

the EA/FS.

The Army has also-recognized the need to collect additional data pertaining

to other media, such as sediments and soils, in the Offpost Operable Unit.

Although the data available suggest that these media have been largely

unaffected by contamination from RMA, we are currently collecting additional

data relative to these media to supplement the data presented in the

Remedial Investigation (RI). If these data suggest that these media will

require eventual remediation, they will be addressed in an addendum to the

RI and EA/FS reports.

NOTE: Assume 2nd Comment #1 is Comment #2.

2. Substantial available sources of relevant data have not been utilized

or incorporated in the offpost remedial investigation. The failure to

include all available information in the interpretations presented in

the offpost remedial investigation may result in an incomplete

characterization of the offpost contamination and result in an

underestimate of the areas potentially affected by contamination

migrating from RNA. The draft report should be redrafted -to include

currently available data from the following sources:
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a. Historical data from the domestic ("DOM") and other ("OTH") series

wells. (By failing to include this information in the offpost

remedial investigation, a substantially smaller zone of shallow

groundwater contamination is depicted in the report than that

documented historically. See general comment number 4.)

RESPQHSE

Domestic wells have not been constructed to meet specifications for water

quality monitoring wells. Thus, water chemistry data from these wells may

be of questionable quality. The "DOM" and "OTH" series wells have not been

monitored in 1987 and it is not appropriate to include historic data from

these wells when constructing chemical distribution maps for 1987. -

The chemical distributions obtained from the consumptive use programs were

compared to those prepared in the RI and are in general agreement.

Permanent monitoring wells were sited to encompass those areas indicating

contamination as a result of the consumptive use monitoring. We agree that

additional wells will be needed for remedial design downgradient of the
irrigation canals where the plumes emanating from RMA are significantly
diluted by virtue of recharge from the canals. We will incorporate specific

recommendations you may have for selecting locations for additional

monitoring wells downgradient of the canals.

CQMMEHI_2h

b. Historical shallow aquifer contamination data north of 112th

Avenue and west of Havana Street documented in the 1987 Offpost

CAR and various Army consumptive use program reports. (Without

prior knowledge of the Rocky Mountain Arsenal, the public (or any

other reader) will not have any concept of the historical extent

of contamination. Furthermore, the failure to include this

information is misleading in that contamination migration

calculations will be based on the present interpretation of the

extent of a plume rather than on the historical extent of a

plume.)

A clearer summary of the results of the Offpost CAR (ESE, 1987) and the

Consumptive Use Reports will be included in the RI. Much of this background

data was included in the Technical Plan and distribution plots from these

programs will be included in the Final RI Report.

This comment suggests that contaminant concentrations and distributions in

the Offpost Operable Unit have remained relatively unchanged since the

Consumptive Use programs were conducted. However, contaminant

concentrations have fallen steadily offpost as evidenced by chemical results

for samples from monitoring wells downgradient of the RMA north boundary.

The Army is willing to address specific data gaps where low levels of RMA

contaminants, particularly DIMP, have been detected in the Offpost Operable

Unit. But, the Army does not believe that the data collected several years
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ago from domestic wells necessarily represents the present extent of

contamination. Also, full size drawings showing the distribution of DIMP

and other target analytes are available to CDH upon request as indicated in

our response to Specific Comment #12.

c- Data collected pursuant to the EPA RIIA Offpost RI/FS.

Data from the EPA RMA Offpost RI/FS are only included to the extent that

they impact conclusions reached for areas under the jurisdiction of-the

Army. It is neither logical nor cost-effective to present data which is

relevant only to areas under the jurisdiction of the EPA and has no bearing

on the areas being addressed by the Army. However, a summary of potential

sources in the EPA study area, resulting plumes that may be impacting the

area north of 80th Avenue and a general discussion of the nature and extent

of contamination in the Irondale area will be added to the Final RI Report.

COIEIILa

3. Data from the following sources should be included in the offpost

remedial investigation as soon as it becomes available:

a. Results from the Tni-County Health Department door-to-door survey

in the offpost operable unit area. The survey will better define
the location of wells, well depth, how the well water is used, and

how long people have lived or worked on the property. The

findings of this survey will likely increase the number of known

wells which are or have the potential to be contaminated from the

Rocky Mountain Arsenal. The Army should be prepared to initiate a

comprehensive sampling program for new wells to assess public

exposure to RHA contaminants. The results of this sampling
program may effect the definition of the extent of contamination

in the offpost remedial investigation study area.

The Army has conducted mail and door-to-door surveys in the Offpost Operable

Unit from December 1984 to October 1986 and is confident we have identified

most users of alluvial ground water. However, the Army has already stated

their willingness to initiate a comprehensive sampling program for new wells

identified by Tni-County Health Department. Because the door-to-door survey

is just beginning, it is doubtful that analytical data from a future

Consumptive Use Program would be available within the next several months.

We do not believe that results from additional private well samples will

alter the definition of the extent of offpost ground water contamination.

Thus, the postponing of remedial actions offpost to wait for additional

Consumptive Use data is not warranted.
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CQMMENI-ah

b. Data from the recently discovered seeps occurring at residences

immediately north of the North Boundary Containment System. The

State and the Army sampled one of the seeps on November 11, 1988.

State data from these samples will be provided to the Army as soon

as they are available. If the seep contains contamination

associated with the Rocky Mountain Arsenal, these occurrences will

need to be investigated further.

IESEQNSE

The Army has initiated a program to sample several seeps noted along First

Creek just north of the North Boundary Containment System (NBCS). The Army

is prepared to conduct a thorough investigation of this potential pathway if

preliminary data indicate these seeps are contaminated. Although this

information will not be presented in the RI/EA/FS, these data will be

evaluated to determine if unacceptable risks are present. If unacceptable

risks are identified, remedial action(s) will be implemented as soon as

possible to mitigate them. However, we do not believe that remediation of

the source of these seeps (i.e., alluvial ground water) should be postponed

to wait for the results of this sampling program. This data will be

provided in an addendum to the RI and EA/FS reports.

CQMMENT

4. As the State's Task 39 and Offpost CAR comments indicate, it is

inappropriate to arbitrarily limit the boundaries of the offpost

remedial investigation study area. As stated in general comment number

1 above, the historical data base demonstrates that the contaminant

distribution from RMA extends beyond the Army's study area. It makes

little sense to design and implement an offpost remedy without

evaluating all available data. Using a subset of the available data

may result in the implementation of an incomplete remedy.

In addition, the north and northeast boundaries of the study area

appear to be inhibiting a full definition of the extent of

contamination. The limits of the offpost remedial investigation study

area must be defined by the extent of contamination adjacent to and

migrating from the RMA, not by pre-selected boundaries.

Similarly, it is inappropriate to propose to limit the definition of

the extent of contamination hoping that elevated health-based action

levels will somehow eliminate the need to define the distal extent of

the low level contamination. The NCP requires that the nature and

extent of contamination be fully defined as part of the remedial

investigation/feasibility study. Furthermore, future toxicological

studies may indicate that chronic exposures to low concentrations of

RMA contaminants may have adverse public health effects. Therefore,

efforts must be made to define the full extent of offpost contamination

within the limits of current technology during the offpost remedial

investigation.
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The historical data presented in the Consumptive Use Phase I Report (CU
Phase I) do not support CDH's comment (ESE, 1985). As presented in this
report, the three wells which lie to the north and northeast of the Offpost
Operable Unit northern and northeast boundary, did not exhibit detectable
levels of any RMA contaminants (DIMP, DBCP, DCPD, chlorinated pesticides,
volatile aromatic or volatile organohalogens). Furthermore, as stated
previously, the Army contends that the extent of contamination as depicted
by the CU Phase I Report and the Offpost CAR are consistent with that
presented in the RI.

The second and third paragraph of this comment suggest that the boundaries
of the Offpost Operable Unit were set without any consideration of
preliminary chemistry and hydrogeologic data. This is not the case since
monitoring has been conducted to the north and northeast of the Offpost
Operable Unit boundaries. The boundaries have been established based upon
preliminary monitoring data and ground water and surface water flow
patterns. We believe that the boundaries have been appropriately set
incorporating monitoring data and using sound scientific judgement.

5. There are an insufficient number of alluvial aquifer monitoring wells
northwest of the Northwest Boundary Containment System to define the
extent of shallow groundwater contamination. It is impossible to
detect contaminants northwest of the Burlington Ditch with the present
monitoring system. Sections 15 and 16 only contain monitoring wells at
coarse density along their north and south section lines. Additional
monitoring wells are needed in Sections 15 and 16 to correct this
problem.

Contaminants such as chloroform and DIMP have been detected
historically in the area northwest of the Northwest Boundary
Containment System (offpost sections 9 and 10) with the aid of
consumptive use wells. A chloroform plume has been preliminarily
delineated in this area (Figure F-23), but too few wells exist to
define the extent of the contamination. The 1977 Konikow groundwater
modeling investigation showed this area to be a significant past
contaminant pathway. The northwest plume is a significant pathway that
must be fully defined. A plan to fully investigate the northwest plume
should be drafted and provided to the MOA parties for review and
comment.

We are in agreement that more monitoring wells will be needed in Sections 15
and 16 for remedial design. The Army is willing to discuss CDH's specific
recommendations for additional monitoring in this area. However, CDH should
realize that well siting in this area will be more difficult because of lack
of access to private land.
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The Army believes that the nature and extent of contamination downgradient
of the Northwest Boundary Containment System (NWBCS) is reasonably well
understood. However, the extent of contaminants which persist in this area
(i.e., primarily chloroform, and dieldrin) need further definition for
remedial design. A plan for a supplemental technical investigation (STI)
will be formulated as a part of alternatives developed in the FS. The
results of this monitoring will be provided in the remedial design document
for this area.

6. There are an insufficient number of upper Denver Formation groundwater
monitoring wells up and downgradient of the Northwest Boundary-
Containment System to determine the extent of upper Denver
contamination in this area. The limited monitoring wells upgradient of
the Northwest Boundary Containment System indicate the presence of
Denver Formation contamination (e.g., aldrin and dieldrin). Therefore,
additional monitoring wells up and downgradient of the containment
system must be installed to determine the full extent of Denver
Format ion contamination.

Substantial monitoring of the Denver Fm downgradient of the North Boundary
Containment System (NBCS) has been conducted. The primary contaminant
pathway to the Denver Formation (Fm) downgradient of the NBCS was identified
in the RI as vertical migration from the alluvial aquifer. Average linear
velocities within the most permeable zones of the Denver Fm do not support
the potential for extensive lateral migration through the Denver Fm. As
such, the potential for Denver Fm contamination downgradient of the NWBCS is
expected to be directly related to the level of contamination in the
overlying alluvium. Because alluvial aquifer contaminant concentrations
downgradient of the NWBCS are generally orders of magnitude less than those
observed downgradient of the NBCS, a corresponding decrease in contaminant
concentrations in the upper Denver Fm downgradient of the NWBCS is expected.
However, the Army realizes the need to evaluate the potential for Denver Fm
contamination downgradient of the NWBCS with actual monitoring data. The
Army is willing to discuss your specific recommendations for monitoring of
the Denver Fm downgradient of the NWBCS and incorporate them into a plan for
the STI discussed in our response to Comment #5.

CQNMENIl~a

7. While progress has been made in mapping and correlating Denver
Formation sand units upgradient and downgradient of the North Boundary
Containment System ("NBCS") (including an enhanced understanding of
contaminant movement in the Denver Formation along the north boundary,
the distribution of contaminants immediately downgradient from the
boundary, and the estimation of vertical gradients) two issues must be
resolved prior to evaluating remedial alternatives. Those issues are:
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a. Contaminated Denver Formation monitoring wells that could not be

correlated with sandstone units identified onpost or at the NBCS

need to be assessed to determine how the wells became contaminated

(i.e., what was and currently is the transport mechanism); and

EZSBQNSE

We believe that these wells became contaminated primarily as a result of

vertical migration from the alluvial aquifer. In the few instances where

contamination of the Denver Fm extends beneath the upper sand units at a

cluster site, the most probable pathway is migration down poorly constructed

Denver Fm wells just upgradient of the detections. For example, a poorly

constructed consumptive use well completed in the Denver Fm was abandoned

near 96th Avenue and Peoria Street several years ago. The examination of

travel times in the Denver Fm, presented on page 3-118, does not support a

theory of lateral migration over significant distances through the Denver

Fm. We do not believe that the contamination is the result of lateral

migration from near source areas through the Denver Fm. For the majority of

organic contaminants, this explanation was reinforced by the absence of

contamination in stratigraphically equivalent units upgradient and onpost.

Thus, even though several offpost Denver Fm wells could not be correlated

with onpost units, we believe that the transport pathways are understood

reasonably well.

GQMMLU1_bh

b. The hydrology and contaminant distribution should be further

evaluated to determine if contaminants observed in the Denver

Formation are due to lateral movement in sandstone units across

the north boundary or by downward movement from the alluvial

aquifer to the Denver formation (as evidenced by observed vertical

gradients downgradient of the north boundary). The State suspects

that both scenarios result in Denver Formation contamination.

REBQNSiZ

As stated in our response to comment 7a, we believe that the contamination

present offpost in the Denver Fm is primarily a result of vertical migration

from the alluvial aquifer offpost (either by natural migration or migration

down poorly constructed wells). However, we agree that for some compounds,

most notably chlorobenzene and benzene, migration pathways are not clear.

An evaluation of transport pathways is complicated by large numbers of

Denver Fm wells onpost near the north boundary and offpost (for example,

bedrock wells have been abandoned onpost near 96th Avenue and just north of

RMA) that may have acted or are currently acting as preferred pathways to

the Denver Fm. Thus, transport mechanisms to the Denver Fm are complex.

Despite this, the travel times within the Denver Fm discussed on page 3-118

do not support the scenario of vertical migration upgradient of the NBCS and

then lateral migration to offpost Denver Fm monitoring wells. Additional

discussion of pathways to the Denver Fm is provided in the forthcoming

Regional Ground Water Flow Modeling at RMA report.
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CQMIMEHL.fl

8. While progress has been made in identifying nontarget compounds
detected in groundwater, efforts must continue to identify additional

semi-volatile unknowns, such as UNK 582, UNK 586, UNK 589, UNK 652, and

UNK 657. The State agrees that caprolactum, dichlorobenzene and Bis-

phthalate should be added to the offpost target analyte list. The

State also agrees that additional GC/MS analyses on the acid fraction

for semi-volatile organics is necessary. The State further recommends

that samples from new monitoring wells constructed under the Composite

Well Program be CC/MS screened, particularly wells which will be

constructed in the northwest plume area.

HLA to respond.

CQMMENL-9a

9. The State concurs with the need to model the offpost groundwater system

to simulate future contaminant concentrations in the alluvial aquifer.

However, numerous issues and questions need to be resolved before the

findings and conclusions drawn from the modeling effort can be

accepted.

a. Harding Lawson Associates ('"HLA") has assembled a large data base

of aquifer properties and water level information. The offpost

modeling effort should utilize the information from the HLA

database.

The ground water flow/transport modeling effort in the RMA Offpost Operable

Unit, included all the available information in this area. These data

contain all information from previous studies in the area (Konikow, 1975,

1977; Robson, 1976, Warner, 1979; MKE, 1987; Ebasco, 1987z and SACWSD, 1987)

as well as data from Tasks 25, 36, and 39 and the most recent information

published by ESE (1988). This includes the data from the Water Remedial

Investigation Report (WRIR).

b. Kriging was used to estimate aquifer properties and water table

elevations (pg. 3-145) yet no details are provided in the report.

Similarly, a storage coefficient of .05 to .25 was assigned in the

model, but no distribution was provided. This information should

be included in the report.
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Details of the Kriging, including semi-variograms, are on file and available
upon request, but we do not feel this information is appropriate or
necessary for the RI report. The Kriging was used to make a first estimate
of aquifer properties used in the model. These data were then adjusted
during the model calibration procedure to achieve a best fit between the
model calculated water table elevation and the observed water table
elevation. The Kriging aided in the calibration of the model by minimizing
the number of calibration simulations needed to achieve acceptable agreement
with water table data.

In the vicinity of the NBCS to the O'Brian Canal a storage coefficient of
.05 was used. Elsewhere in the model area a storage coefficient of .25 was
used. A discussion of the distribution of storage coefficient values used
in the model will be included in the report.

CQMMEN1_9NL

c. A no-flow boundary was used for the contact between the alluvial

aquifer and the Denver Formation. A sensitivity analysis should
have been performed on the boundary condition to verify the
validity of the no-flow boundary assumption. (Leakage from the
Denver Formation could be very important to scenarios 3 and 4.)

RESEQNSE

Model simulations were conducted to study the impact of leakage from the
Denver Formation on flow in the alluvial aquifer. Leakage from subcrops of
the Denver Formation as well as upward leakage from the underlying Denver
Formation were modeled. This leakage had negligible effect on flow in the

alluvial aquifer. With regard to scenarios 3 and 4 (South Adams County
Wellfield pumping), the major recharge sources to the alluvial aquifer

between the O'Brian Canal and Burlington Ditch and the South Platte River
were canal leakage (2400 gpm) and infiltration of irrigation water (2335
gpm). Leakage from the Denver Formation is several orders of magnitude less
than this. Thus, the fraction of total flow from the Denver Fm is very
small and would have negligible affect on the results of simulations 3
and 4.

COIMEUTId

d. Similarly, sensitivity analyses should be performed on the
northeast and southwest boundaries. Based on the water table map
(Figure C-6), these boundaries could be approximated by flow lines
(i.e., no-flow boundary.) How were the underflows of these
boundaries determined?
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In the calibration simulations the northeast and southwest boundaries were

specified head. The calibrated model was then used to calculate the flow

across these model boundaries. The model calculated flow quantities across

the southwest model boundary were compared with MKE modeling efforts in the

nearby area and found to be in reasonable agreement. Note that the aquifer

thickness is fairly large along the Southwest boundary which results in

significant underflow across this boundary. The aquifer thickness along the

northeast boundary is less and the resulting underfiow is smaller.

e. It does not appear that a mass balance was computed for the model.

Was it? The percent errors for various simulations should be

presented in the report.

REISEQLUSt

Mass balance error for flow and contaminant mass were calculated by the

model. This is an internal check in the model. Mass balance errors were

less than one percent for flow and less than 2.5 percent for contaminant

mass in the model simulations. These overall mass balance results will be

added to the text of the RI. Mass balance details are on file and are

available upon request.

CQMMEUNLM

f. A sensitivity analysis must be completed for the recharge

estimates assigned to the Burlington Ditch and the O'Brian Canal.

These canals appear to have an important impact on contaminant

plumes. If the leakage is overestimated, the steady-state history

match will overestimate hydraulic conductivity and result in a

model that underestimates flushing times to clean up the aquifer.

Recharge quantities for canal leakage and percolation of irrigation water

were obtained from the MKE recharge study (MKE, 1987). The MKE recharge

data were analyzed on a cell by cell basis and used in the current model.

No significant changes in the MKE recharge data were made. Minor changes

made in the MKE recharge estimates include a reduction in recharge from

irrigation in the vicinity of the Fulton Canal, and redistribution of canal

leakage to better match water levels during the calibration process It is

important to note that total canal leakage was kept constant.

g. The report should indicate how First Creek leakage was treated.

Depending upon the location and the time of year, First Creek can

be either gaining or losing.
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RESBQNSX

On average, First Creek loses water to the alluvial aquifer as described in
Section 4.0. The average annual leakage from First Creek was determined
from flow data obtained at the gages at the North Boundary of RMA and at
Highway 2. This recharge to the aquifer was assumed to be constant.
Because the bottom of the impoundment along First Creek is always above the
water table, while other reaches of First Creek may gain or lose water, the
total recharge was assumed to be from the impoundment. A description of how
recharge from First Creek was treated will be added to the text.

MQMENIII

10. The surface water and sediment sampling performed in First Creek are

insufficient. As the State's Offpost Contamination Assessment Report

comments indicate, the sediment sampling program is insufficient to
fully characterize the presence of contaminated sediment in the First

Creek/O'Brian Canal drainage system. The offpost remedial
investigation merely resampled the two First Creek sample points.
Therefore, a more intensive sediment sampling program must be

implemented focusing on First Creek, the First Creek impoundment, and
the area downstream from the confluence of First Creek and the O'Brian
Canal. The samples should be collected at a maximum of 1,000 foot
intervals, with at least two samples collected at every location to

evaluate local concentration variability.

The premise of this comment is that the offpost CAR sampling locations were
merely resampled. This is not correct. The reviewer is referred to Figure
2.3-1 which shows the latest sampling locations. In particular, it should
be noted that two samples were collected and analyzed from the First Creek
impoundment. No organic contaminants were detected in these samples. This
is a significant finding because the impoundment would be expected to act as
a sink for the accumulation of contaminated sediments from First Creek.

The sampling locations along O'Brian Canal and Barr Lake are also different
from those in the Offpost CAR. The Army recognizes however, the need to
collect additional sediment samples along First Creek and is willing to
discuss your specific recommendations. The results of additional sediment
sampling and analyses will be provided in an addendum to the RI.

CQMMENI-1l

11. The State has recently proposed a surficial soils sampling program to

assess windblown contamination in non-source areas onpost. The offpost
area may also be a receptor of windblown contaminants and should be
investigated in a similar fashion. The State proposes that a meeting

be scheduled to discuss specific sampling locations.
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Based upon a preliminary review of this pathway the Army does not believe

that the windblown pathway is a significant exposure route in the Offpost

Operable Unit. The Army is willing to discuss your specific recommendations

for sampling locations but would also like to discuss the plausibility of
this pathway by evaluating the potential for it to occur. For example, this

evaluation could be most effectively accomplished by performing long-term

air dispersion and deposition modeling. If the results of this assessment

indicate substantial migration of contaminants via this pathway, then

sampling could be performed using the model results as a guide. Again, we

are willing to discuss your recommendations but would also like to explore

other approaches for evaluating this potential pathway with CDH.

12. It is evident that remedial actions which will be conducted at RMA are

likely to cause significant air emissions which will impact residents

offsite. For example, the recent air and odor emissions associated
with the closure of Basin F indicate that an offpost air quality

monitoring program must be included in the Comprehensive Monitoring

Program and operated continuously. Actually, observed data should be

used in the offpost endangerment assessment rather than predictive
data. The actual monitoring data should also be used to verify the

predictive results. Every available means to control air emissions

must be employed and incorporated into all remedial actions.

RESEQNSE

The Army is committed to taking every precaution to control air emissions

that result from remedial actions onpost. However, we feel it is important

to recognize that current results from offpost air monitoring stations do

not represent baseline offpost conditions and only constitute a temporary

condition. Thus, the use of this data to evaluate long-term exposures is

not appropriate. Interim responses to control emissions will be conducted

during all remedial actions to minimize airborne emissions.

13. The Final Task 39 Technical Plan indicates that certain data would be

collected for use in the Offpost Endangerment Assessment. Those data

are not presented in the draft report and it does not appear that the

information was collected as part of the offpost investigation. A

separate section on offpost land-use and demography should be included

in the final offpost remedial investigation. Information which should

be defined, to the extent possible, and factored into the report
includes:

a. Current land-use, water use, biota population, and

characterization of human populations (i.e., identification of

potentially sensitive subpopulations such as children, pregnant

women, infants, and the chronically ill).
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RSflMkSE

Much of this data was gathered as part of the offpost assessment and is more

appropriately included in the Offpost Endangerment Assessment (EA). The

specifics of this comment will be addressed in responses to comments on the

EA report.

COMMENI-1J3b

b. Future land-use and water use based on future development of areas

east, northeast, north, and northwest of the Rocky Mountain

Arsenal. For example, the proposed 96th Street Highway, the

proposal to construct E-470, and the proposal to construct a new

airport east of RNA will impact on the growth patterns around the

EMA. Similarly, the South Adams County Water and Sanitation

Di~strict ("SACWSD") plans for water needs and water use north,

northeast, and northwest of the RNA must be incorporated into the

report.

This information is essential in estimating the human populations

which will likely be exposed to RNA contamination.

We agree these factors need to be considered and they have been examined in

the EA.

C-QMMENI-1LL

14. The Final Task 39 Technical Plan indicates that the Offpost

Endangerment Assessment would be available at the same time as the

offpost RI report. During the October, 1988, MOA meeting, the Army

indicated that the Endangerment Assessment would not be available until

the Feasibility Study report is released. The Endangerment Assessment

must be made available prior to the Feasibility Study if any party is

to have a meaningful opportunity to review and comment on the report.

The referenced meeting was not an MOA meeting but rather a meeting of the

RNA committee pursuant to the RIIFS process document.

Consistent with the Technical Program Plan and the Army's comments at the

October 1988 meeting, the EA will be released for comment in conjunction

with the FS.

15. The Final Task 39 Technical Plan states at page 9-3, section 9.1 that.

"industrial or commercial facilities that routinely use solvents will

be identified in specific portions of the study area where anomalous

contaminant levels have been observed." It is unclear where this data
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was or is to be reported. However, the data are not included in the

offpost remedial investigation report.

Several facilities have been identified in the EPA study area that may have
impacted the water quality in the southern portion of the Offpost Operable

Unit where solvents have been sporadically detected. A summary of these

data will be provided as indicated in our response to comment #2c.

COMMINT

I. Pg. 1-3. The text should include a summary of findings from EPA's RMA

Offpost RI/FS for the area south of 80th Avenue and west of RMA.

See response to comment #2c.

CQMMiENT

2. Pg. 1-4. The offpost operable unit is not conservative and fails to

include the western boundary, an area known to be impacted by

contamination migrating off the Arsenal. All identified groundwater

contaminant flowpaths from RMA should be included in this report.
Therefore, this report should include an evaluation of the

contamination migrating off the western boundary of RMA.

RESQNISX

Multiple sources have been documented in the area to the west of RMA and are

currently under investigation in connection with the EPA's Second Offpost
Operable Unit. As per an Executive Order No. 12580, 52 CFR 2923 (1987), the

area is under the jurisdiction of the EPA.

3. Pp. 1-5 and 1-6. The text should include a summary of the problems

associated with the boundary systems and a summary of findings from
Tasks 25 and 36.

An introductory statement will be included to discuss the boundary
system(s), a reference to Tasks 25 and 36, and a brief summary of the
relevant findings. The specific findings of these tasks are provided in the

Task 25 and Task 36 reports.

J-45



12/28/88

4. Pg. 2-6. Tables 2.1-1 lists monitoring wells 37310, 37319, 37323 and

37365 as alluvial aquifer wells. Figure 2.1-4 states that the same

wells are Denver Formation wells. Please modify the report to properly

characterize the aquifer monitored by the wells.

RESESQNiSE

The text will be modified to correct this inconsistency.

5. Pg. 2-16. The analytical data used in this investigation will not be

used solely for the RI/FS engineering efforts, as stated. These data

also will be used in support of the endangerment assessment. Given the

toxicity of certain RMA contaminants, the lowest detection levels

should be attained. Therefore, it is inappropriate to use CRLs. The

risk of reporting false negatives is the same for the CRL and MDL

methodologies (approximately 50%). The analytical methodologies are

also of similar difficulty and cost. Therefore, MDL methodology must

be used to achieve the lowest detection levels and to assure that the

detection levels are lower than the action levels.

LESPQ~a.

The Army believes that the concentrations below the CRL lie within a range

where the uncertainties are too large to justify quantification. Although

these highly uncertain results are not sent to the RMA data management

system, they are available as raw data to supplement reported results where

there may be ambiguities or contradictory results. We believe that the CRL

estimates from the USATHAMA procedure are better representations of what

will be achieved in long-term programs conducted by contractor laboratories.

A more comprehensive discussion of the rationale for using the CRL

methodology is provided in the "Development and Evaluation of Analytical

Methodologies Used in RM'A Soil Investigations"~ (Ebasco, April 1988).

6. Pg. 2-27. Table 2.4.1 indicates that hydrochloric acid was monitored

in a previous air quality monitoring program. The results should be

included in the report.

The intent of Table 2.4-1 was to provide a general understanding of previous

air quality monitoring programs that had occurred during a variety of

activities at the RM4A. As in the case of hydrochloric acid monitoring, air

quality samples were collected in 1969 during demilitarization activities.

Reporting hydrochloric acid data here does not seem appropriate as

activities suspected of generating hydrochloric acid have ceased.
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7. Pp. 3-6, 3-17, and 3-46. The Army needs to confirm the existence of

the 50 to 100 foot clayshale "buffer zone" which apparently provides

hydraulic separation between the Arapahoe and Denver formation aquifer

systems. This determination can be made by constructing groundwater

monitoring wells into the Arapahoe formation. These wells should be

used to monitor the potentiometric surface and water quality of the

Arapahoe aquifer.

ZESEQNSE

The Army does not agree that monitoring wells should be constructed-into the

Arapahoe Formation to "confirm" the buffer zone. The presence of the buffer

zone is well documented and merely confirming its presence does not justify

the risk of cross-contamination caused by extensive drilling into the

Arapahoe Formation. The Army will continue to monitor existing Arapahoe

wells in the Offpost Operable Unit to assess the water quality of this

aquifer.

CQMMENT

8. Pg. 3-33. Konikow's 180 gpm/mile groundwater recharge estimate from

the Burlington Ditch and O'Brian Canal leakage appears to be low. A

1988 field investigation conducted by MKE (the results of which the

State has not received) and groundwater modeling work by Harding Lawson

Associates, provide more comprehensive and more recent estimates of

groundwater flow than the Konikow estimate. The most recent estimates

should be used in the offpost remedial investigation.

We are in agreement with this comment. The Konikow estimate was only used

as an approximation early in this section of the report to demonstrate that

recharge from the canal is substantial. Morrison-Knudsen's recharge

estimates were used for numerical modeling (MKE, 1987). A consistency check

has been performed by HLA to address any differences between the RMA

regional model in the Offpost Operable Unit and the offpost RI model. This

check revealed that the recharge estimates for the irrigation canals used in

both models were similar.

CQMMENI

9. Pg. 3-39. Denver formation aquifer pumping tests, similar to those

conducted at the north boundary, should be conducted along the

northwest boundary due to the variability of the hydraulic properties

of the Denver formation.
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A substantial data base for the hydraulic properties of the Denver Fm exists
at RNA. Although we agree that the hydraulic properties vary substantially
across RMA, we believe that the existing data base should be examined before
additional pumping tests are conducted. Much of these data are presented in
Task 25. If hydraulic test data are available for Denver Fm units onpost
that are similar to units encountered along the RMA northwest boundary, then
reasonable estimates of hydraulic properties may be attainable from existing
data. Also, the water quality of Denver Fm units downgradient of the
northwest boundary should be established before extensive hydrologic testing
can be justified.

CQNMEUIi

10. Pg. 3-47. The Arapahoe formation is an important source of municipal
water supplies for the metro area, yet no Arapahoe
observation/monitoring wells exist at RNA. A potentiometric surface
map for the Arapahoe formation should be part of this remedial
investigation.

As pointed out in our response to your comments on the Task 39 Technical
Plan, we believe the most prudent method of investigating the bedrock
aquifers at RMA is to monitor the uppermost aquifers (those most likely to
be affected) and proceed downward to adjacent units which do not indicate
contamination. We do not believe that arbitrarily installing wells at
depths corresponding to the Arapahoe is an effective approach to defining
the vertical extent of contamination nor is it warranted given the risk of
cross-contamination associated with drilling into the Arapahoe Fm.

11. Pg. 3-48. The report infers that the contamination detected in the
Arapahoe formation is due to poorly constructed domestic wells. While
this inference may be true, there are insufficient data to conclude
that these wells are the only contaminated Arapahoe formation wells or
that poor well construction is the only cause of Arapahoe formation
contamination. The Arapahoe formation needs to be further inve-stigated
to identify all pathways of contamination and to fully define the
extent of contamination in this aquifer.

RESEQBUSE

The Army will continue to monitor private Arapahoe Formation wells in the
Offpost Operable Unit. We do believe that the poorly constructed wells
mentioned are responsible for the contamination detected in the Arapahoe
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Formation. We do not believe that the low levels of DIMP detected warrant

the risk of cross-contamination caused by extensive drilling into the

Arapahoe Formation. A program to abandon poorly constructed Arapahoe wells

in the Offpost Operable Unit will be evaluated as a part of alternatives

examined in the FS.

CQNMENI

12. Pg. 3-55 and Appendix F. Please explain why the chemical distribution

maps for the alluvial aquifer extend only two miles north of the

northern RMA boundary. Known contamination for chloride,

chlorobenzene, chloroform, DIMP, fluoride, and sulfate extends beyond

this limitation. For example, the consumptive use investigation

conducted by ESE in December 1984 and January 1985 showed RMA specific

contamination extending into sections 1, 2, 35, 36, and 26. While all

of these sections are in the study area, they are not included in the

chemical distribution maps. All chemical distribution maps must define

the full lateral extent of contamination.

R£IQMISE

Full size chemical distribution maps that incorporate the entire Offpost

Operable Unit, have been prepared but were too bulky to incorporate in the

RI report. With the exception of DIMP, the maps in the report do show the

extent of offpost ground water contamination. To facilitate your review of

offpost data, chemical distribution maps which incorporate the entire

Offpost Operable Unit are available to CDH upon request.

13. Pg. 3-55 and Appendix F. The chemical distribution maps for chloride

and sulfate do not adequately represent the contamination which has

migrated off RMA. Page 3-69 provides a background concentration range

for chloride of 34-102 mg/l, however the isoconcentration lines on

Figures F-38 and F-39 begin at 250 mg/l. Similarly, Page 3-69 provides

a background concentration range for sulfate of 43-220 mg/l, however

the isoconcentration lines on Figures F-44 and F-45 begin at 250 mg/l.

All four of these figures must be replotted using a minimum contour of

at least 50 mg/l.

We are in agreement with the intent of this comment. However, a minimum

contour interval of 50 milligrams/liter (mg/l) is not appropriate for

sulfate because downgradient concentrations are never less than 50 mg/l.

The chemical distribution map for sulfate will be redrafted with a minimum

contour interval of 150 mg/l. We believe a minimum contour interval of 50

mg/l will be appropriate for chloride and distribution maps for this analyte

will be redrafted accordingly.
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14. Pg. 3-59. DIMP has been detected in the area downgradient of the

Northwest Boundary Containment System (offpost sections 9 and 10). The

historical presence of DIMP has not been discussed in the report. As

noted in the general comments, the monitoring well network in the area

northwest of the RMA must be improved to better define the northwest

plume, including the distribution of DIMP.

RESPQUSfl

Please see our response to general comment #5.

15. Pg. 3-113. Although the section is entitled "Distribution of Nontarget

Analytes", very little information is presented on the location and

distribution of nontarget analytes (e.g., caprolactum) and the

frequently occurring TICs. For the State to verify the reported

objectives and conclusions in this section, the original data base had

to be searched because of the vague discussion in the text. A more

complete evaluation and analysis should be included in the report.

Summary maps and tables should also be presented.

A summary of frequency of detection for TICS will be added to the text. The

TICS were not detected frequently enough offpost to justify distribution

mapping. However, the wells from which samples exhibited TICS and the

concentration ranges will be included in the frequency of detection table to

facilitate evaluation of the data.

16. Pg. 3-126. Please clarify whether the last sentence of the first full

paragraph with respect to the extent of DCPD contamination downgradient

of the NBCS indicates that additional wells are needed in the

downgradient area along 96th Avenue.

This interpretation is correct. Task 36 identified the need for more

alluvial water quality monitoring wells in this area to fully assess the

effects of the NBCS on the DCPD plume.

17. Pp. 4-3 and 4-7. The text needs to explain in further detail the DIMP

detected in First Creek at station 08ADD and in the South Platte River

at station 01CDD given that these stations are located upstream of

known RMA contamination sources and that RMA is the sole source of

DIMP.
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The pathways for these detections of DIMP are not known. Because both

detections are just above the CRL, have not been repeated in subsequent

samplings, and were only detected in the first surface water sampling event

(12/85), we believe the detections are the result of errors in the field

and/or in the laboratory. The Army will continue to monitor these stations

to verify that they are anomalous results.

CQ1QMENT

18. Pp. 4-20 and 4-21. It is concluded that groundwater discharges to

First Creek during periods of low flow is the primary contaminant

pathway to offpost surface water. The State concurs with this finding.

However, a more extensive surface water/groundwater monitoring and

sampling program is needed to determine the spatial and temporal

interaction of groundwater and surface water along First Creek. For

example, additional surface water sampling stations should be located

between stations 13DCC and l4BDD. The additional stations should be

sampled during periods of low flow. Continuous groundwater level

recorders should also be installed in wells along First Creek to better

define the interaction between groundwater and surface water.

We are in agreement that additional data are needed along First Creek to

more fully characterize ground water/surface water interactions in this

area. The Army has recently collected additional surface water samples

along First Creek and between the upstream and downstream gages. We are

going to conduct additional monitoring under the Comprehensive Monitoring

Program (CMP) and are willing to discuss your specific recommendations for

this work.

COMMEN

19. Pg. 5-1. (See general comment number 10.)

LESEQNSE

See our response to General Comment #10.

20. Pg. 6-1 to 6-10. Offsite monitoring for airborne pollutants must be

performed. As the lead agency, the Army has the responsibility to

define the extent of contamination in all media, including air. The

report should explain why actual offsite monitoring for airborne

pollutants has not been performed to date.
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RESEQMSE

Offsite air monitoring was not conducted during the RI because onsite air

monitoring near sources showed low-levels of contaminants. There were no

remedial actions at Basin F at the time that the RI was underway and onsite

air quality levels at the basin were considered worst-case. Now that

remedial actions are underway, emissions are somewhat elevated but we stress

that it is important to recognize that these levels are temporary and do not

represent a long-term exposure.

21. Pp. 6-1 to 6-10. The specific results of the predictive offpost toxic

airborne analysis (i.e., predictive concentrations at the boundaries

and the data used for input parameters, such as stability, diffusion

and wind speed) must be presented in the report. The conservative

assumptions that were made regarding the input parameters should also

be documented in the report. The findings of the predictive offpost

airborne analysis cannot be accepted in the absence of these data.

RES•QNSE

The predictive toxic airborne analysis utilized gaussian dispersion method

equations under conservative conditions. Specifically, we assumed that

emissions evolved from Basin F migrated to the nearest boundary to the

northwest. Under slightly stable conditions, winds at 3 miles per hour were

moving from southeast to northwest across Basin F. We assumed no

volatilization of airborne contaminants during dispersion. A discussion of

the input parameters and assumptions used in dispersion calculations will be

added to the RI report.

CQMMEUI

22. Pg. 6-3. The report states that semi-volatile compounds identified

near the boundary of Basin F comprise "low concentrations". The State

disagrees. Dieldrin and CMPS02 have been detected at maximum

concentrations of 1.6 ug/m 3 and 1.7 ug/m 3 , respectively. These

concentrations are relatively high and may present a significant health

risk. Even if the conclusion that offpost concentrations are an order

of magnitude lower (a conclusion that cannot be substantiated given the

lack of documentation), these toxics are impacting offpost air quality.

RESEQNSE

The source of these airborne contaminants is currently being remediated by

the interim action being conducted at Basin F. We believe that this is the

most effective means of mitigating exposure to these airborne containinanLs.
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23. Pg. 6-3. The results from the Task 18 onpost air investigations have

been used to predict the offpost air concentrations. Previously
identified problems with the Task 18 investigation affect the onpost

results, and therefore the off-post predictions. The two major

problems are:

a. The limited suite of compounds included in the analytic program.

Many compounds could have migrated offpost but were not detected

because of the limited analyte suite.

b. Hi-vol monitors were not located in the direction of predominant

high wind events. The worst case scenario of wind transport has

not been evaluated in the offpost remedial investigation.

The Task 18 monitoring program addressed these concerns in the "Air Remedial

Investigation Final Report." Relative to the various potential airborne

contaminants, there were several volatile and semivolatile organics for

which certified methods were used to monitor airborne contaminant

concentrations. Additionally, if unknown compounds were detected during

sampling, attempts were mae to identify these compounds. We do not feel

that many compounds could have migrated offpost and not been detected during

Task 18 monitoring. During the upcoming CMP, additional air quality

monitoring will be conducted at the basins and at the boundaries. If

contaminants are identified that had not been observed previously, their

impacts to offpost air quality will be evaluated.

Because the intent was to determine the average ambient TSP levels, we did

not focus the TSP sampling specifically on downwind conditions. However,

TSP samples were collected at all of the RMA boundaries including in the

predominant high wind event direction.

24. Pg. 6-10. Without an offpost air monitoring program, it is impossible

to conclude that RMA is not a source of airborne contamination for

particulates and ozone.

Particulate levels at RMA were less at the interior of the Arsenal and

greater at the boundaries. Sampling results indicate that offpost of RMA

contains more significant sources of particulates than sources onpost. As

an example, TSP concentrations at the western boundary are higher than

concentrations at the interior of the site, especially during the winter

when Quebec Street is sanded.
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Offpost sampling for ozone will not provide a direct correlation of ozone

levels to the Arsenal. Because ozone is related to widespread point and

non-point sources, including hydrocarbons and nitrogen oxides from

automobile exhaust, gasoline, and oil storage and transfer facilities and

industrial paints, solvents, degreasing agents, cleaning fluids, ink, and

incompletely burned wood or coal, it would be difficult to draw direct

correlation between the RMA and offpost ozone sources.

CQMMENII

25. Appendix H, Pg. v. The text is unclear with respect to the

relationship between chemical-specific ARARs and the Endangerment

Assessment process. The Endangerment Assessment process cannot be used

to unilaterally establish action levels where chemical specific ARARs

exist. Please clarify.

The EA will not unilaterally establish action levels irrespective of ARARs.

The process set forth in Figure 2-3 of the Technical Program Plan (and the

related text) will be followed in order to integrate ARARs into the EA
process.

CQMMFINT

26. Appendix H, Pg. vi. The text should include 5 CCR 1001-2 through 5 CCR

1001-10 as potential air ARARs.

The State's suggested potential ARARs will be addressed separately.

27. Appendix H, Pg. vi. The text should include the following potential
groundwater ARARs:

- Colorado Basic Standards for Groundwater, 5 CCR 1002-8, Section

3.11.0 _ (in particular Tables 1, 2, and 3).

- Colorado Basic Standards and Methodologies, 5 CCR 1002-8, Section

3.1.0 l-_seq.. (in particular Section 3.1.11).

RESEQNSE

The State's suggested potential ARARs will be addressed separately.
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COM~MEHT

28. Appendix HI Pg. viii. Contrary to the statement in the text, the State
has identified promulgated chemical-specific ARARs for RMA on several
occasions. In particular, the State identified ARARs on January 6,
1987, March 7, 1987, and most recently on July 18, 1988. The Army has
consistently ignored all promulgated State statutes and regulations.
This practice is inconsistent with U.S. EPA actions at Colorado CERCLA
sites and is not consistent with Section 121(d) of CERCLA. To the
extent the State promulgated standards are more stringent than the
federal standards, the State standards must be met. Attachment I
contains State identified chemical-specific standards (ARARs).

ZEE.~Q1SE

The State's position concerning potential state ARAR's will be addressed
separately.
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