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1.0 INTRODUCTION

This Addendum to the Rocky Mountain Arsenal (RMA) Offpost Operable Unit (OU)
Remedial Investigation (RI) report has been prepared by Harding Lawson Associates (HLA) for
the Program Manager for Rocky Mountain Arsenal (PMRMA). This document presents the
resﬁlts of additional data collection activities and interpretive efforts conducted in thé Offpost OU
north of RMA after the Offpost OU RI report (Final RI) (E'nvironmental‘Science and Engineer-
ing, Inc. [ESE], 1988a) was completed. The Offp'ost OU RI Addendum investigation consisted of
additional data collection programs and evaluations for of fpost environmental med.ia, including
groundwater in the unéonfined flow system (UFS) and Arapahoe Formation, surface water,
stream-bottom sediment, soil, and biota. The results and interpretations presented in this report
are being used to prepare a revised Draft Final Offpost-OU Endangerment Asses.sment’/FeasibiIity
Study (EA/FS) report (ESE, 1989a). The locations of the RMA Onpost OU and the Offpost QU

are shown in Figures 1.1 and 1.2, respectively.

1.1 PURPOSE

The purpose of the RI Addendum activities described in this report was to further charac-
terize the nature and extent of RMA-derived contaminants of fpost in groundwater, surface water,
sedimentl, soil, and biota. RI Addendum activities included collecting and evaluating physical and
chemical data and, where necessary, updating interpretations of contaminant distributions offpost.
Data presented and discussed in this report include the results of analyses for samples collected
under the Rl Addendum program for groundwater, surface water, stream-bottom sediment, soil,
and biota. Additionally, data collected under the RMA Comprehensive Monitoring Program
(CMP) for groundwater and surface water were used in performing the evaluations of the nature
and extent of contamination for those media. Appropriate information collected by the Colorado
Department of Health (CDH) for soil was also considered in this report.

The general nature of the data collection activities conducted for the Offpost OU R1

" Addendum investigation was discussed among the U.S. Department of the Army (Army), Shell Oil
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. Company (Shell), the U.S. Environmental Protection Agency (EPA), the State (CDH), and the
U.S. Fish and Wildlife Service (USFWS) during preparation of the Draft Final Work Plan for the
Offpost OU RI/EA/FS. The specific activities performed for this effort were developed largely
on the basis of comments received on thg Final RI from the Organiz_ations and the State (OAS).

. The review and comment process conducted on the Off post OU RI report and the Offpost OU
EA/FS report identified the need for additional daté collection and evaluation of the extent of

contamination in various media offpost.

1.2 SUMMARY OF THE TECHNICAL APPROACH

The technical approach used to complete the Offpost OU RI Addendum investigation and
report consisted of (1) reviewing existing data, (2) designing a field sampling program to address
identified data needs, and (3) collecting and interpreting additional field data.

The field sampling program conducted to collect data for the RI Addendum was designed to
generate information necessary to address identified data needs. A summary of the data needs for
each medium within the Offpost OU is provided in Table 1.1. The program was developed
following review of (1) the OAS comments and (2) RMA reports that contain more recent data or
data for media that were not sampled duririg the offpost RI program. The following RMA reports
were reviewed:

1. Final Offpost OU RI report (ESE, 1988a)

2. CMP Annual Groundwater Report for 1988 (R. L. Stollar Associates [RLSA], 1989)

3. CMP Annual Groundwater Report for 1989 (RLSA, 1990a)

4. CMP Annual Groundwater Report for 1990 (RLSA, 1991a)

5. CMP Final Surface-Water Data Assessment Report for 1988 (RLSA, 1990b)

6. CMP Final Surface-Water Data Assessment Report for 1989 (RLSA, 1991b)

7. RMA Water RI report (Ebasco, 1989)

8. RMA Biota RI report (ESE, 1989b)

20000,350.10 - RIA
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The reviews assisted in assessing th.e distribution of selected organic compounds and inorganic
constituents in various media in the Offpost OU and provided a basis from which to select areas
for additional sample collection.

Sample collection and data evaluatio.n procedures followed during RI Addendum activities
were consistent with those approved by the Army and are specified in the following planning
documents prepared by HLA to address specific objectives for the task:

- Draft Final Work Plan (Work Plan), Offpost Operable Unit Remedial Investigation/
Endangerment Assessment/Feasibility. Study, December 1989 (HLA, 1989a)

- Offpost Interim Response Action and Remedial Investigation/Feasibility Study, Draft
Final Field Operations Procedures Plan (FOP) (HLA, 1989b) ‘

- Offpost Operable Unit, Draft Final Quality Assurance Plan (QAP), August 1989 (HLA,
1989¢)

- Offpost Interim Response Action and Remedial Investigation/Feasibility Study, Draf't
Final Health and Safety Plan (HSP), August 1989 (HLA, 1989d)

- Offpost Interim Response Action and Remedial Investigation/Feasibility Study, Draft
Final Data Management Plan (DMP), August 1989 (HLA, 1989¢)

- Surficial Soil Sampling Plan, April 1990 (HLA, 1990)

The Work Plan described specific data collection objectives to be incorporated in the R]
Addendum report. Within the Work Plan are detailed sampling procedures and proposed sampling
locations for offpost media that required further characterization. The QAP describes sample
collection procedures and guidelines, analytical methods, recordkeeping, and othevr procedures
designed to ensure the quality of the data generated during the RI Addendum activities. The FOP
presents the procedures for conducting the field activities, including procedures for drilling and
installation, sampling of various media, hydraulic testing, and decontamination.

The HSP describes health and safety guidelines implemented to protect personnel, equip-
ment, materials, and property during the RI Addendum field investigations. The DMP describes
field sample custody, data tracking, database management, and quality assurance/quality control
(QA/QC) procedures for creating and maintaining the computerized database. The Surficial Soil

Sampling Plan describes field procedures, proposed sample locations, and rationale for additional
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offpost surficial soil sampling. Offpost OU RI Addendum field, laboratory, and data evaluation

activities were performed in accordance with the procedures described in the planning documents.

1.3 REPORT QRQANIZATiQN

Data collection, analysis, and monitoring programs conducted to address data needs for each
medium are described in Section 2.0. The results of monitoring activities and data assessment, by
medium, are provided in Sections 3.0 through 7.0. The results and conclusior;s of the Offpost OU
RI Addendum Investigation are summarized in Section 8.0. Geologic and analytical data discussed
in this report are contained in Appendixes A through H.

Geologic and groundwater analytical data are contained in Appendixes A and B. Appendix
A contains lithologic data and well completion diagrams, including survey data for moﬁitoring
wells installed during RT Addendum activities. Groundwater analytical data, including results for
analyses of investigative gas chromatography/mass spectroscopy (GC/MS), QA /QC, and duplicate
samples, are presented in Appendix B. Appendixes C through F contain similar data for samples
of other media also collected during RI Addendum activities. Appendix G contains analytical
data for surficial soil samples collected by CDH in the area immediately north of RMA.
Analytical results for additional surficial soil sampies collected from the offpost OU in May 1991
are presented in Appendix H. Responses to OAS comments on the Draft Final RI Addendum

report are presented in Appendix I.
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2.0 DATA COLLECTION AND ANALYSES

The data collection programs described in this section were designed to address data needs
for each Offpost OU medium identified by the Army on the basis of review comments received
from the OAS f ollowing their review of the Final RI report (ESE, 19882a) and the Draft Final
EA/FS report (ESE, 1989a). Additiqnally, data collecfion activities were proposed for the offpost
program on the basis of OAS comments made during various working meetings. Data that
required additional data collection are summarized in Table 1.1.

The following subsections describe monitoring networks, sampling methods and procedures,
and analytical brogramg used for additional data collection from Offpost OU environmental
media. The following subsections describe the field and analytical activities conducted during the
RI Addendum for each medium and include the sampling locations, number of samples collected,

sampling procedures, and analyses performed.

2.1 GROUNDWATER MONITORING PROGRAM

This section describes the groundwater monitoring network, groundwater sampling events,
sampling methodology, and analytica] program used to assess groundwater flow and contamination
in the Offpost OU. Results of the groundwater monitoring program are presented and discussed
in Section 3.0.

-The data collected during the R1 Addendum were assessed, together with the data collected
during the RI, to accomplish the objectives described in the Work Plan. The objectives of the
additional data collection for groundwater assessment were (1) to collect additional data required
to assess contaminant plume boundaries adequately and to address the interpreted contaminant
plumes and isolated detections of contaminants in some wells and (2) to collect the data necessary

to supplement assessment of migration pathways.

2.1.1 Groundwater Monitoring Network and Rationale

The network of groundwater monitoring wells sampled during the Offpost OU RI Adden-

dum investigation was selected to provide data to evaluate groundwater flow and contamination in

20000,350.10 - RIA
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Offpost OU groundwater in the UFS. Groundwater samples were also collected from wells in the
Arapahoe Formation to assess the occurrence of contaminants in that conf ined groundwater zone.

Data presented in the Final RI demonstrated that éqntamination in the Denver Formation
generally exhibited a trend of decreasing contaminant.concentrations with depth. The highest
contamination concentrations in the Denver Formation were generally observed in samples. from
wells completed within sandy zones of the upper Denver Formation. These zones are in direct
contact with the base of the alluvium. Most of the organic contaminants observed in the Denver
Formation are generally present in the overlying alluviﬁm nearby. Downward gradients from tfxe
alluvium to the Denver. Formation and relatively low lateral velocities in the Denver Formation
suggest that a componeﬁt of vertical migration in the offpost was present. Lateral migration of
mobile contaminants within the Denver Formation that move at a rate similar to that of ground-
water is expected to be relatively slow as compared to the alluvial aquifer. Based on these
conclusions, additional characterization of the nature and extent of contamination in the Denver
Formation is not necessary for conducting and EA/FS for the Offpost OU.

Groundwater in the UFS is present in the unconsolidated alluvial sediments overlying the
Denver Formation and in the weathered upper bortion of the Denver Formation. The majority of
the groundwater movement and groundwater contaminant migration in the Offpost OU occurs in
the UFS. As noted above, groundwater monitoring in the Denver Formation was not necessary
for this addendum report because the Final RI report adequately characterized the extent of
contamination in the Denver Formation for the purposes of conducting an EA and FS for the
Offpost OU. Additionally, the Final Rl identified fhe mechanisms of contaminant migration
through the Denver Formation. The Army presented the conceptual model for interaction
between the Denver Formation and the UFS to the OAS on October 16, 1991. Contaminant
migration to the Denver Formation, which in some areas is part of the UFS, occurs where
subcropping sands are in contact with contaminated groundwater in the UFS. 'Groundwater flow
in the Denver Formation is considerably slower than in the UFS. Given the relatively slow

groundwater velocities in the Denver Formation, contaminants observed in the Denver Formation
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in the Offpost OU must have entered the Denver Formation flow system locally. The.subcropping
sands of the Denver Formation, particularly those sand units that have detectable levels of
contaminants, generally discharge to the UFS primarily in areas upgradient of the O’Brian Canal.
Considering the relationships between contaminant migration in the Denver Formation and the
UFS, additional characterization of the benver Forma.tion was not considered necessary in this Rl
Addendum. |

The groundwater monitoring network sampled during RI Addendum activities consisted of
existing and new monitoring wells in locations that were selected to provided sufficient data to
address the groundwater program objectiveS. The sampling events and locations are described
below.

The RI Addendum groundwater monitoring network consisted of 124 wells, including
65 existing moniioring wells and piezometers, 25 domestic-use wells, and 34 new monitoring wells
and piezometers installed as part of the Groundwater Intercept and Treatment System North of
RMA Interim Response Action (IRA A) and RI Addendum activities. The existing monitoring
wells were sampled as part of the CMP offpost monitoring network. The domestic-use wells and
new monitoring wells were sampled during IRA A and RI Addendum activities.

The locations of offpost monitoring wells completed in the UFS and domestic wells
completed in the UFS or Arapahoe Formation are shown in Figures 2.1 and 2.2. Unconfined flow
system wells include wells completed in saturated alluvium and wells completed in permeable
Denver Formation strata that are hydraulically connected to the alluvium (ESE, 1988a). The
aquifer designations assigned to wells and listed in Table 2.1 are consistent with those adopted
under the CMP.

Thirteen new UFS monitoring wells and 3 Arapahoe Formation wells were instalied under
the Rl Addendum program during 1989 and 1990. The technical justification for msmllmg these

wells was presented in the Work Plan (HLA, 198%a) and is summarized in Table 2.2.
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2.1.1.1 Monitoring Well Installation Methods

The new UFS monitoring wells were installed between November 1959 and February 1990
under the RI Addendum program. They were completed in saturated alluvium wit_h total depths
ranging from 30 to 56 feet below ground surface. The lithology of each monitoring well was
logged, and reference samples were obtained at 5-foot intervals using a pilot boring with a
3.25—inc_:h-inside-diameter (ID) hollow-stem auger (HSA). The pilot boring was terminated when
depth to bedrock was confirmed and was reamed to the well completion depth using an
8.25-inch-ID HSA. Monitoring wells were instalied with 8.25-inch-ID HSAs th;at were drilled
from 1 to 2 feet into bedrock.

Monitoring wells were constructed of 4-inch-diameter Schedule 40 PVC, flush-threaded
casing and 0.020-inch slot screens. Each well was designed to screen the interval from the
interface between competent bedrock and alluvium or weathered bedrock to an elevation above
the highest seasonal groundwater fluctuation. The monitoring wells were developed before
sampling using a surge and pump method with a 3-inch-diameter submersible pump. Well
installation and development procedures and documentation protocol are described in the Work
. Plan (HLA, 1989%a) and in the FOP (HLA, 1989b). Well construction details are summarized in
Table 2.3. Lithologic logs and well construction summary diagrams are included in Appendix A.

Three wells were drilled and completed in the Arapahoe Formation. These wells provide
groundwater quality data for the Arapahoe Formation. Each well was drilled using rotary
methods and was triple-cased to minimize the potential for cross-contamination of the Arapahoe
Formation. For each well, a 15- or 15-1/4-inch-diameter hole was drilled tﬁrough alluvium and
into the upper few feet of Denver Formation bedrock. This interval was sealed by installing and
pressure grouting a 12-inch-ID steel conductor casing in place.

After a minimum of 24 hours curing time, the cement plug was drilled out and the hole was
advanced to approximately the top of the Upper Arapahoe Formation using an 11-7/8-inch-
diameter bit. The interval, down to that depth, was sealed off by installing and pressure grouting

an 8-inch-1D steel conductor casing in place. After a minimum of 24 hours curing time. the plug
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was drilled out and an acoustic bond log was run to assess the casing bond. After a positive
asséssment of the bond log, the hole was advanced to total depth using a 7-7/8-inch bit. Upon
reaching a clean, productive Arapahoe Formation sand, the drill string was removed, and the hole
was geophysically logged using natural gamma, self-potential, and resistivity tools. The comple-
tion intervals were selected on the basis of these logs. -

Final completion of the well was échieved using 4-inch-ID stainless-steel wire-wound welli
screen (0.020-inch slot size), 4- or 5-inch steel welded riser pipe, and an 8-12 or 10-20 silica sand
filter pack from total depth to the top of the Lower Arapahoe Formation water-producing
interval. A bentonite pellet seal was placed yia tremie pipe on top'of the sand-filter pack and the
remaining annulus between the final casing, and the 8-inch conductor casing was grouted to the
surface. After a minimum of 24 hours curing time, the well was developed by a combination of
air lifting and pumping. Each well was disinfected using sodium hypochlorite according to the

requirements of the State of Colorado’s Engineer’s Office.

2.1.2 Water-Level Monitoring and Groundwater Sampling

Water-level monitoring and groundwater quality sampling were performed in 1989 and 1990
during RI Addéndum, IRA A, and CMP activities. Samples were collected from all of fpost UFS
monitoring and domestic wells and 10 Arapahoe Formation wells. Data from these sampling
events were combined to create a comprehensive, tempqrally consistent database to evaluate the
nature and extent of contamination in groundwater in the UFS and Arapahoe Formation.

The offpost CMP wells were sampled between October 25 and November 28, 1989, during
the annual CMP sampling event. New wells installed during IRA A and Rl Addendum activities
were sampled during several events between September 1989 and March 1990. Most of the
monitoring wells were sampled more than once during the Rl Addendum. The domestic-use wells
were sampled between January and April 1989. Water levels were measured in monitoring wells
during the February 1990 CMP monitoring event. As further discussed in Section 3.0, ground-
water-quality data from the Winter 1990-1991 CMP sampling event were also evaluated in this
report.
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2.1.3 Field Sampling Methodology

Sampling and field documentation procedures used during sampling and water-level
measurements are described in the FOP (HLA, 1989b) and are briefly summarized here. Upon
arrival at the samplilng site, sampling personnel used a photoionization detector (PID) to measure
background and casing head space concentrations, and readings were recorded. The aboveground
casing height, depth-to-water, and total well depth were measured and recorded. The decision to
pump or bail a well was made on the basis of the relative efficiency of either method with respect
to the amount of purge water to be removed.

A minimum of five casing volumes of water was removed from each well before sampling.
Sample bottles were rinsed with well water before filling. A chain-of—cusfody form and sample
data sheet were completed for each sample and signed by the field team leader. All sample bottles
were placed on ice and stored at 4 degrees Celsius (°C) in a sample cooler immediately after
filling. All data collected during the groundwater monitoring program were recorded on

' preprinted field data sheets and in bound field notebooks, as described in the QAP (HLA, 1989¢c).

Groundwater samples were also collected from private residential wells. These samples were
collected from the tap nearest the well. The tap was allowed to flow at the maximum rate for 45
minutes prior to sample collection. The approximate flow rate was measured during purging and
was recorded on the field sampling data sheet. Field parameters were monitored during purging
as specified in the FOP. The field parameters were also recorded in the field sheets and are used
to verify that groundwater quality was stable prior to sampling. The flow rate from the individual
taps was reduced during sample collection to reduce agitation of the samples. Sample handling,
labeling, and chain-of-custody procedures for residential tap samples are consistent with

requirements in the FOP and QAP.

2.1.4 Analvtical Program

The analytical program for grouridwater conducted during RI Addendum activities is
consistent with the analytical program followed during the Final RI. Two additional analvtes.

caprolactam and bis(2—ethylhexyl)phthalate, were added to the target analvte list for the RI
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Addendum. Groundwater sémples were analyzed for the volatile organic compounds (VOCs), |
ser;livolatile organic compounds (SVOCs), and inorganic constituents listed in Table 2.4.
Analytical methods and target analyte certified reporting limits (CRLs) for the groundwater
analytical program are listed in Table 2.5.

The analytical program included analyses by GC/MS for purposes of confirming GC ‘resu]ts
and as part of the QA/QC protocol. The anal;'tical program, including the‘ana]ytica] policies and
organization, methodologies, and QA/QC prqcedures and protocol used during RI Addendum

' activities, is described in the QAP (HLA, 1989¢c). All analytical activities were performed in

accordance with the PMRMA Chemical QAP (CQAP) (PMRMA, 1989).

2.2 SURFACE-WATER MONITORING PROGRAM

This section describes the surface-water sampling conducted during RI Addendum activities.
The sampling events, sampling locations and methods, and analytical program used during the RI ‘
Addendum are described in this section. Results from surface-water samples collected under the

CMP, concurrent with samples collected during the RI Addendum, are addressed in Section 4.0.

2.2.1 Surface-Water Sampling Network and Rationale
. Surface-water sampling events were performed during November 1988 and from May to
June 1990. Surface-water sampling locations are shown in Figure 2.3. In November 1988, six
surface-water samples were collected along First Creek between 96th Avenue and the First Creek
Impoundment and directly from the First Creek Impoundment. On the basis of evaluation of
these data and surface-water results reported in the Offpost OU RI report, 10 additional surface-
water samples were collected, and surface-water flows were estimated from May to June 1990,
Samples were collected from May to June 1990 from along First Creek, the O’Brian Canal,
Burlington Ditch, and Barr Lake. The sampling events and locations are described below.

Six surface-water samples were collected along First Creek in November 1988. From Mav

to June 1990, surface-water samples were collected from First Creek between the First Creek
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Impoundment and O’Brian Canal and from along Burlingion Ditch, O’Brian Canal, and Barr Lake

(Figure 2.3).

2.2.2 Field Sampling Methodology

The sampling methodology employed during RI Addendum surface-water sample collection
was similar to the methodology previously used during the Final RI. Surface-water samples were
obtained by integrating samples over the cross-sectional aréa of the stream. Where the stream was
* too small to permit integration samples were collected from the center of the channel immediately
below the water surface. Stream discharges were estimated at each sampling location at the time
of sampling. The specific procedures for surface-water sample collection are outlined in the FOP

(HLA, 1989Db).

2.2.3 Analvtical Program

The analytical program for surface-water analyses conducted during RI Addendum activities
is consistent with the analytical program conducted during the Final RI. The analytical program
included sampling VOCs, SVOCs, and inorganic constituents. RI Addendum surface-water target
analytes were selected on the basis of target analyte lists used during previous RMA investiga-
tions. Caprolactam was added to the surface-water target analyte list for the RI Addendum
investigation.

The analytical methods and CRLs used for the surface-water analytical program are shown
in Table 2.5. The analyfical program, including the analytical policies and organization, method-
ologies, and QA/QC procedures and protocol, used during RI Addendum is described in the QAP
(HLA, 1989¢). All analytical activities were performed in accordance with the PMRMA CQAP

(PMRMA, 1989).

2.3 STREAM-BOTTOM SEDIMENT MONITORING PROGRAM

This section describes the stream-bottom sediment samplirig conducted during Offpost OU

RI Addendum activities. The sampling events, sampling locations and methodology, and
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analytical program are described below. The results of analyses of stream-bottom sediment

samples are presented and discussed in Section 5.0.

2.3.1 Stream-Bottom Sediment Sampling Network and Rationale

Stream-bottom sediment samples were collected during November 1988 and from May to
June 1990. The stream-bottom sediment sampling locations for t-he November 1988 and May to
June 1990 sampling events are shown in Figure 2.4. The November 1988 sampling event included
five sampling locations along the First Creek channel and near-channel areas between 96th
Avenue and the First Creek Impoundment. Stream-bottom sediment samples were collocated with
surface-water samples.l

On the basis of -evaluation of November 1988 analytical data and stream-bottom sediment
results reported in the Offpost OU RI, a second sediment sampling event was performed from
May to June 1990. Eleven samples were collected from locations along First Creek, the O’Brian

Canal, Burlington Ditch, and in Barr Lake.

2.3.2 Field Sampling Methodology

The sample collection methodology that was followed during the RI Addendum investigation
was consistent with the methodology previously followed during the Final RI. Stream-bottom
sediment samples were collected with a stainless-steel trowel from the stream or pond bottom.
The material collected was placed in widemouthed glass jars and was stored on ice in insulated
coolers. The specific procedures followed for stream-bottom sediment sampling are described in

the FOP (HLA, 1989b).

2.3.3 Analvtical Program

The analytical program for sediment analyses conducted during RI Addendum activities is
consistent with the analytical program conducted during the Final RI. Sediment samples were
analyzed for organochlorine pesticides, organosulfur compounds, DBCP, DIMP, inductively
coupled argon plasma (ICAP) spectrometry metals, arsenic, and mercury. R] Addendum sediment
target analytes were selected on the basis of target analyte lists used during previous RMA
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investigations including the Final RI. The target analytes for sediment are listed in Table 2.4.

The analytical methods and CRLs used for the sediment analytical program are listed in Table 2.5.
The anélytical program, including analytical policies and organization, methodologies, and QA/QC
protocol and procedures used during the RI Addendum, are described ?n the QAP (HLA, 1989¢).

All analytical activities were performed in accordance with the PMRMA CQAP (PMRMA, 1989).

2.4 SOIL MONITORING PROGRAM

This section describes soil sampling conducted during the RI Addendum investigation. The
sampling events,‘sampling locations, methodology, and the analytical program used during the
Offpost OU RI Addendum soil monitoring program are described below. The results of analyses

of soil samples are presented and discussed in Section 6.0.

-

2.4.1 Surficial and Subsurface Soil Monitoring Network and Rationale

The soil monitoring program was designed to assess the nature and extent of contamination
in offpost soil. Soil monitoring and assessment were not included in the Final RI, but they were
added to the R1 Addendum investigation to provide data on the nature and extent of contami-
nation in soil.

Soil samples were collected during several sampling events. In February 1989, surficial and
subsurface soil samples were collected from residential properties in the 96th Avenue residential
area north of the RMA boundary, as shown in Figure 2.5. On the basis of evaluation of the data
from February 1989 and onpost surficial soil daté collected by Ebasco and Morrison-Knudsen
Engineers, Inc. (MKE), from September to October 1989, addiitional sampling was conducted from
June and July 1990. Locations of soil samples collected from the Offpost OU during this period
are shown in Figure 2.6. In July 1990, background surficial soil samples were collected from an
area near Brighton, Colorado. The locations of these background samples are shown in Figure 2.7.

After the analytical data were received from the laboratories for the sampling evernts noted
above, an additional sampling event was conducted. The purpose of this final sampling event was

to address anomalously high concentrations of selected target analytes. The samples were collected
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in May 1991 by Woodward-Clyde Federal Services (WCFS). The locations of these samples are
shown in Figure 2.6. |

Soil sampling conducted in February 1989 included six subsurface soil samples collected
from four locations and an additional 11 surficial soil samples, as shown in Figure 2.5. Samples
were located along the southern boundary of Sections 1.3 and 14 outside of the suspected First
Creék floodplain and irrigated areas to assess potential soil contamination from windblown
transport mechanisms.

Samples were collected from the 0- to 1-foot interval‘at two locations (HA0986SO and
HAQ988S0) near the current First Creek drainage course. Samples from the 0- to 1-foot z_md 4-
to 5-foo_t intervals were collected in two locations. Samples HA0985SO and HA0985S045,
coliected from the 0- to 1-foot and 4- to 5-f06t intervals, respectively, were collected outside of
the current drainage course but within the suspected floodplain north of First Creek in Section 13.
Water was encountered at a depth of 4.5 feet in this boring within the suspected floodplain.
Samples HA0987SO and HA0987S050, collected from the 0- to 1-foot and 4- to 5-feet intervals,
respectively, were collected outside the suspected floodplain north of First Creek in Section 14.

CDH collected 12 surficial soil samples from locations north of RMA in February 1989.
Eight of these samples were collected near the locations where HLA collected samples in February
1989. As shown in Figure 2.5, four collocated samples were also collected by CDH at sampling
locations HA0989WB, HA0990WB, HA0993WB, and HA0997WB. A duplicate sample,
HAO0995WB, was collected at sampling location HAQ994WB.

Surficial soil sampling conducted by HLA from June to July 1990 included samples from an
additional 43 locations in the Offpost OU. The sampling locations are shown in Figure 2.6. The
43 samples were collected to further assess soil contamination by windblown mechanisms. The
sampling locations were selected on the basis of the February 1989 offpost soil sample results for
samples collected by HLA and CDH and an assessment of the onpost surficial soil results for
samples collected by MKE and Ebasco, as previously described. The onpost data were evaluated

_ regarding the prevailing and high-event wind patterns (RLSA, 1990c and ESE, 1988b) to estimate
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the approximate distance and direction of windblown transport of soil and, potentially, of
contamination. The surficial soil sampling grid represents the estimated maximum areal extent of
potential windblown soil. Surficial soil samples were collected from 43 approximately uniformly
distributed sampling locations. As depicted in Figure 2.6, six duplicate samples were collected. ‘

The May 1991 sampling event conducted by WCFS consisted of collecting 17 surficial soil
samples. This sampling episode had two major objectives. The first objective was to provide
additional data about the lateral distribution of organic compounds north of the existing sample
locations. A second objective was to provide data to confirm the anomalously high analytical
results for two samples.

Background soil samples were collected from an area northeast of Brighton, Colorado, which
was selected on the basis of comments from CDH about this area’s appropriateness as a back-
ground area‘fo.r the CDH Pilot Exposure Study. Four samples and one duplicate sample were
collected from this background area (Figure 2.7).

The Army selected surficial soil sampling locations on the basis of review of surficial soil
analytical data in the RMA database and other data available from CDH. The sample locations
identified by the Army were selected to provide adequate data to permit assessment of the extent
of contamination in surficial soil in the Offpost OU. The sampling locations covered an area of
approximately 18 square miles. The locations were also selected on the basis of anticipated
distribution of contaminants associated with windblown transport from RMA sources and from

farmland irrigation in selected areas in the Offpost OU.

2.4.2 Field Sampling Methodology

Soil sampling was divided into surficial and subsurface soil samples on the basis of the depth
of sample collection. Surficial soil samples were collected by the Army from a composite of the
top 2 inches of soil from six equally spaced locations along the circumference of a 30-foot~
diameter circle. Subsurface soil samples were collected from the 0- to 1-foot interval and the 4-
to 5-foot interval using an 18-inch split-barrel sampler lined with 2-1/2-inch-diameter
polybuterate tubes. The specific procedures for soil sample collection are provided in the FOP

20000,350.10 - RIA
0402030192 16



(HLA, 1989b). Based on the CDH proposed surficial soil sampling plan (CDH, 1990), surficial

soil samples collected by CDH were apparently collected using procedures simifar to those used by

the Army.

2.4.3 Analvtical Program

Subsurface soil samples were analyzed for VOCs, SVOCs, and trace metal.s. Surficial soil
samples were analyzed for arsenic, mercury, OCPs, and selected SVOCs, DBCP, and
dimethyldisulfide (DMDS) as listed in Table 2.4. A percentage of the samples were also analyzed
for ICP metals. Analytical methods and CRLs used for the soil analytical program are listed in
Table 2.5. The analytical program, including analytical policies and organization, methodologies,
and QA /QC protocol and procedu'res, is described in the QAP (HLA, 1989¢c). All analytical

activities were performed in accordance with the PMRMA CQAP (PMRMA, 1989).

2.5 BIOTA MONITORING PROGRAM

The offpost biota monitoring program was designed to collect sufficient data to assess the
nature and extent of contamination of the biotic community offpost. The Offpost OU for the
Biota Monitoring Program is bound by 96th Avenue on the south, Colorado State Highway 2 on
the west, 108th Avenue on the north, and Potomac Street on the east. ' This portion of the Offpost
OU was chosen for study (1) because of its potenﬂtial for contamination of biota, (2) because of its
proximity to RMA sources, and (3) because of the sizes of the home range of wildlife known to
exist in the RMA and Offpost OU. The Offpost OU for biota was designed to phase biological
sampling locations, with some locations very close to RMA, some locations at intermediate
distances, and a few sampling locations near the study area’s perimeter. The goals of the Biota
Monitoring Program for the RI Addendum follow:

- Select target analytes for offpost biota

- Characterize the terrestrial and aquatic ecosystems of the Offpost OU and select species to
sample for contaminant analysis

- Describe the varieties and concentrations of target analytes in offpost biological samples
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These objectives were presented as described in the Work Plan (HLA, 1989a) and were
discussed with the OAS before finalizing the sampling program. The methods of study used to
f ulf ill the objectives of the Biota Monitoring Program are presented in this section. The results of

these investigations are presented in Section 7.0, Biota Monitoring Results and Assessment.

2.5.1 Criteria for Target Analvte Selection and Biota Sampling Rationale

Target analytes for biota were selected in a process déscribed in the Final Biota R1 (ESE,
1989b). The selected analytes are a subset of the chemicals known tp occur in the RMA onpost
and offpost environmept. The target analytes were rated as at least moderately toxic, with
volumes and persistence indicating that the chemical was present in the environment in sufficient
quantity and for a long enough time to pose a potential hazard to biota. The target analytes for
the Offpost OU RI Addendum are consistent with those from the Final VBiota RI. The selected
target analytes for biota were aldrin, arsenic, dieldrin, endrin, mercury, DDE, and DDT, as shown
in Table 2.4.

A list of species to be analyzed for the target analytes was developed, in part using a food
chain pathways approach; species were representative of several trophic levels that were likely to
come in contact with contaminated media, which predominantly included soil and surface water.
Species were also selected on the basis of their having been previously studied as a component of
the Biota RI and CMP. To the extent practicable, biota sample locations were collocated with soil
and water sampling locations to provide an integrated sampling approach. Finally, an ecological
characterization provided additional information that was used in selecting of fpost species for

sampling and analyses.

2.5.2 Field Sampling Methodologv for Ecological Characterization

The offpost biota sampling was conducted following an ecological characterization -of
terrestrial and aquatic environments. The results of the ecdlogical characterization provided
additional information used to select of fpost species for sample collection and analyses. The
following subsections describe the methods of investigation for ecological characterization of the

20000,350.10 - RIA _
0403030192 18



Offpost OU. The methods employed were designed to yield qualita;ive and-quantitative data on

the ecological coridition of the Offpost OU.

2.5.2.1 Methods for Ecological Characterization of Aguatic Systems in the Offpost ou

The objectives of ecological characterization of aquatic and wetland portions of the Offpost
OU follow:
- Describe the species and distribution of submergent and emergent vegetation

- Document and estimate relative abundance of vertebrates and invertebrates present in
aquatic and adjacent wetland areas

- Record data on surface-water quality, depth, degree of disturbance, use by cattle, and any
observed effects potentially attributable to RMA contamination

Studies of First Creek were performed during aquatic and ferrestrial sample collection. Field
reconnaissance of First Creek, from the RMA boundary to Highway 2, was conducted on
December 1, 1989. Characterization of the ecology of the First Creek Impoundment was
performed concurrently with sample collection on September 22 and October 27, 1989. Vegeta-
tion, invertebrate, and vertebrate species were identified in the field; voucher specimens were
collected; relative abundance 'was recorded; and water quality data were gathered. Biota speci-

mens were preserved by freezing, and were identified by genus and species when possible.

2.5.2.2 Methods for Ecological Characterization of the Terrestrial System in the Offpost QU

The objectives of the ecological characterization of the terrestrial systems in the Offpost QU
follow:

- Describe the species and distribution of terrestrial vegetation

- Categorize vegetation into distinct habitats

- Document and estimate the potential occurrence of vertebrate and invertebrate species on
the basis of available habitat

- Assess human disturbance of the area and any observed effects potentially attributable to
RMA contamination

The ecological characterization of terrestrial systems consisted of literature and available

data review and limited field studies. The habitat map in Figure 2.8 was constructed for the
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Offpost OU using geobotanical methods consistent with the Biota RI (ESE, 1989b). The map was

~drawn from aerial photographs and delineated areas of aquatic and terrestrial habitat including
wetlands, riparian woodland, grassland, fence rows, weedy areas, and other habitats of biological
significance.

Field visits were made to the area on September 7 and October 27, 1989, to confirm the
validiiy of the habitat map, record any changes in land use or condition, and note dominant
vegetation in each habitat. Wildlife observations were perf@rmed?duri‘ng these visits, and wildlife
location and habitat were recorded. Dominant plant species in each habitat type were recorded,
and voucher specimens were collected and later keyed to genus and species according to Weber
(1976) and Harrington (1964). Human land uses (e.g., residential) and areas of disturbance (e.g.,
plowed fields, trash dumps) were also indicated. Additional verification procedures and wildlife
observations were performed during the sample collection periods.described below. An inventory
of terrestrial vertebrate species and important invertebrate groups was prepared for the Offpost

Oou.

2.5.3 Methods of Sample Collection for Contaminant Analvses

Samples for contaminant analyses were collected in the fall of 1988 and 1989. Sample
locations for aquatic, agricultural, and terrestrial biota are presented in Figure 2.9. All samples
collected are summarized in Table 2.6. The methods below were implemented to assess the nature

and extent of contamination in biota offpost.

2.5.3.1 Agquatic Sampling Methodologv

Samples of aquatic biota were obtained from the First Creek Impoundment. Fish samples
were collected by seine, gill net, and hand net. Aquatic plants were collected by hand, while
aquatic invertebrates were collected in a dip net or by hand.

Aquatic sampling for larger organisms using 3-meter (m) seine nets was performed on
September 22, 1989. The seine extended from bank to t;ank and was held by a biologist on each

bank. The seine was pulled through the pond to a shallow area where samples were collected.

20000,350.10 - RIA
0403030192 20



Several passes were often required to obtain an adequate sample. The First Creek Impoundment
was seined in two distinct sections. One section consisted of approximately 20 m at the north- end
of the pond, and the other section consisted of approximately 50 m at the extreme south end of
the pond extending from the inlet to the south bahk. In an effort to ensure collection of large fish
(if present), further sampling using two 15 m gill nets was performed on October 27, 1989. Gill
nets were set concurrently at the north and south ends of the pond. Nets were checked after one
hour, reset and checked again after three hours. No large fish were observed or collected from
the First Creek Impoundment.

Samples were prepared and preserved according to procedures established by the U.S. Army
Toxic and Hazard‘ous Materials Agency (USATHAMA), including homogenization of samples with
dry ice and storage in cryogenic freezers. Samples were stored in freezers in the ESE laboratory
in Denver for subsequent analyses. Voucher specimens were collected and analyzed by ESE
personnel. Plant species were identified using Weber (1976) and Harrington (1964), while
invertebrate and fish species were identified according to Needham and Needham (1977). Aquatic

samples collected are listed in Table 2.6.

2.5.3.2 Terrestrial Biota Sampling Methodology

Pheasant roosters and hens (Phasianus colchicus) were collected between November 29, 1989,

and January 23, 1990, roughly corresponding to open pheasant season in Colorado, by hunting
with shotguns loaded with steel shot. Two to six collectors equipped with shotguns traversed all
available pheasant habitat in the Offpost OU and a section of Second Creek just north of the studyv
area. When pheasants were flushed from cover by dogs, they were shot and collected following all
applicable laws regulating pheasant hunting in Colorado.

Earthworms (Apporectodea sp.) were collected from September 11 to 13, 1989, by excavat-
ing the first 25 centimeters (cm) of top soil and collecting all worms present. Samples consisted of
between three and five composite samples collected within a 10 m radius of a known soil or

groundwater sample location or easily identifiable landmark.
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Grasshoppers (mostly Melanoplus §gnguiniges) were collected from September 7 to 13, 1989,
by sweep netting in all available grasshopper habitat within a 100 m radius of known soil or water
sample locations or easily identifiable landmarks. Grasshopper and worm samples were collected
from the same locations when possible. |

Small mammal samples consisted of deer mice (Peromvscus maniculatus) and prairie dogs
(Cynomys ludovicianus). Deer mice were collected between September 23 and October 30, 1989.
Live traps were baited and placed in probable deer mouse habitat at earthworm and/or grass-
hopper sampling locations. Traps were checked daily untiil a composite sample consisting of two
deer mice of the same $ex was collected from each location. Two locations did not provide
adequate deer mouse habitat, and house mice (Mus musculus) were substituted (These twd samples
were not subsequently analyzed.). Nontarget species caught in live traps were released. Small
mammals were identified to genus and species according to Burt and Grossenheider (1976) énd
Hall (1981).

Three distinct prairie dog towns exist within the Offpost OU (Figure 2.8), and prairie dogs
were collected from each town. Prairie dogs were trapped using live traps, and samples were
collocated with soil or water samples to the maximum extent practicable. In the vicinity of the
First Creek Impoundment, cattle consistently disturbed live traps, and prairie dogs were collected
from this area by shooting them with a .22 rifle. Nontarget species caught in live traps Were
released.

All samples were collected under Scientific Collecting License Nos. 89-0298 and 90-0298
issued by the Colorado Division of Wildlife (CDOW). All biota samples were prepared and
preserved according to procedures established by USATHAMA and were stored in freezers in the
ESE laboratory in Denver for subsequent analyses.

The number and speciés of terrestrial samples collected are listed in Table 2.6.

2.5.3.3 Agricultural Sample Collection

Samples were taken from cow (Bos bovis) and chicken (Gallus domesticus) tissues. These

samples were taken from a farm located immediately north of 96th Avenue, as shown in
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Figure 2.9. These samples were analyzed in a manner similér to the wildlife samples and were
collected to assess the possible contamination of domestic animals. Concerns were raised by the
OAS and local residents about possible dibromochloropropane (DBCP) contamination of cattle,
which led to collecting milk samples at the farm. These samples were only analyzed for DBCP

because no other certified methods were available for this matrix.

2.5.4 Analvtical Program for Biological Samples

Three analytical protocols were used for the analysis of Biological samples: Graphite
Furnace Atomic Adsorption (Methods B-6-A & B-6-P), Cold Vapor Atomic Adsorption (C-6-A
& C-6-P), and Gas Chromatography (Methods M-6 & QH-01). A sufnmary of methods used to
analyze biota samples is presented in Tableé 2.5and 2.7.

Because of insufficient sample size for one sample of earthworms (HA 1246B) collected on
September 11, 1989, a dilution factor for this sample was calculated by taking the usual sample
size (8.00 grams) and dividing this value by the actual sample size (6.24 grams) to generate a
dilution factor of 1.27. This dilution factor was reported in the PMRMA database for this sample

and resulted in slightly elevated detection limits.
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3.0 GROUNDWATER MONITORING RESULTS AND ASSESSMENT

This section presents a discussion of hydrogéologic and groundwater quality data developed
under the RI Addendum program for the Offpost OU. The principal purpose'of this section is to
present (1) the current understanding of the hydrogeologic system and (2) the nature and extent of

-groundwater contamination in the UFS offpost. .

This section is organized to first present a brief overview of interpretations contained in the
Final RI (ESE, 1988a). Refinements made to interpretations contained in the Final RI report are
then presented and discus;ed. Following this overview is a discussion of new water-leve! data and
an interpretation of groundwater gradients and flow directions. The major focus of this section is
the refinement of the nature and extent of unconfined groundwater contamination. Figures show
the extent of contamination in the UFS and are compared to previous interpretations. Data used

in this assessment are contained in Appendixes A and B.

3.1 GEOLOGY AND HYDROGEOLOGY

The Final RI contained detailed discussions and interpretations of the geology and hydro-
geology of the Offpost OU, and this section presents a general overview of the geologic and
hydrogeologic setting offpost. This section provides the reader with a general understanding of
the physical setting for interpretation of contaminant distribution in of fpost groundwater: Because
most of the information presented here is based on data contained in the Final RI report,
appropriate sections of that report are referenced.

Sediments at the land surface in the Offpost OU consist of unconsolidated alluvial and eolian
deposits of Pleistocene and Holocene age. The composition of the unconsolidated sediments varies
from clays to coarse gravels, and the thickness varies from less than 10 feet to approximatelv
100 feet. The thickest deposits of unconsolidated sedihents occur in paleochannels erodgd into
the underlying Denver Formation.

The Denver Formation is of late Cretaceous to early Tertiary age, and consists of 250 10

300 feet of interbedded clavshale, claystone, siltstone, and sandstone with a regional dip of one-
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half to one degree to the southeast. The uppermost bédrock unit was subjected to erosion before

deposition of the overlying unconsolidated units. Paleochannels incised into the bedrock surface

are present in many areas of fpost and generally contain the greatest thicknesses of unconsolidated
‘sediments.

The presence of paleochannels in the Denver Formation surface has a significant impact on
the fate and direction of groundwater flow in the UFS. Two such major paleochannels, the First
Creek and Northern Paleochannels, are present north of the North Boundary Containment System
(NBCS). An additional paleochannel, the Northwest Paleochannel, is present west of the North-
west Boundary Containment System (NWBCS). Coarse, unconsolidated materials commonly found
within these paleochannels provide the pathway for preferential groundwater movement in the .
UFS. Groundwater contaminant plumes that have historically flowed' across the RMA boundaries
to the Offpost OU are generally confined to these paleochannels.

The Arapahoe Formation lies conformably beneath the Denver Formation at depths of 230
to 300 feet at the RMA north boundary and has a regional dip of one-half to one degree to the
southeast. The Arapahoe Formation consists of 350 to 650 feet of interbedded conglomerate,
sandstone, siltstone, and shale. The uppe'r portion consists predominantly of blue to gray shale .
that ranges in thickness from approximately 100 to 200 feet, while the lower portion consists
largely of sandstones and conglomerate. This lower portion is a completion interval for many

water-supply wells in the area.

3.1.1 Geologyv

The geology of the Offpost OU consists of unconsolidated surficial deposits underlain by
consolidated units of the Denver and Arapahoe Formations. Alluvial deposits form much of the _
ground surface in the Offpost OU. At some locations, generally northwest of Burlington Ditch.
Denver Formation units crop out at the ground surface. The Arapahoe Formation is the oldest
geologic unit present beneath the site that was investigated in the offpost RI programs. The

Arapahoe Formation is not present at the ground surface anywhere in the Offpost OU.
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- 3.1.2 Hydrogeology

The hydrogeology of the Offpost OU was described in detail in the Final RI. Additionally,
the Final RI also discussed the interactions between the various aquifers present in the area and
presented an assessment of the boundary containment systems’ effect on the rate of contaminant

‘migration from the Onpost OU. .

The principal watef—bearing units of interest in the Offpost OU are the uncoﬁsolidated,
unconfined alluvial deposits, the Denver Formation, and the Arapahoe Formation. The hydrogeo-
logic properties of these units, including hydraulic conductivity and groundwater flow velocities,

“are distinctly different. Hydrgulically, these units generally behave as distinct hydrostratigraphic
units, except for some areas of Ehe uppermost weathered Denver Formation that are both
unconfined and saturated. The Arapahoe Formation is confined at all locations investigated in the
Rl Addendum.

The hydrogeology of the Offpost OU consists of a UFS overlying a confined flow system
(CFS). The UFS includes groundwater present in the unconsolidated alluvial materials overlying
the Denver Formation and the weathered upper portion of the Denver Formation. The CFS
includes the deeper portions of the Denver Formation. A detailed discuss_ion of hydrogeologic
conditions in the Denver Formation is given in the Final RI report and generally will not be
further developed in this report. Conditions in the Arapahoe Formation will be briefly discussed

below.

3.1.3 Groundwater Flow

The following sections present water-level information for the UFS and the Arapahoe
Formation. From an evaluation of the distribution of contaminant plumes in the Offpost OU, the
UFS is considered the principal migration route for groundwater contaminants from the Onpost
OU to the Offpost OUs. Thus, the discussions of the potentiometric data and groundwater flow
directions presented below are largely focused on the UFS, with some additional brief discussions

of the conditions in the Arapahoe Formation.
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3.1.3.1 Unconfined Flow System

Water-level data for the UFS were collected from all of fpost monitoring wells during several
separate monitoring events and for different programs. Water levels were measured several times
between December 1989 and June 1990 in all wells installed under the Offpost OU Rl Addendum
program. Wells installed north of RMA in the First Creek and Northern Paleochannels in support
of the offpost IRA A program also were monitored several times between September 1989 and
June 1990. Water levels in the remaining offpost wells, which are monitored routinely as part of
the offpost CMP, were measured in February 1990. Considering all of these sources of infor-
mation, the most comprehensive set of water-level data was from the period of February 12 to 14,
1990. Table 3.1 presents the water-level information used to construct the potenti‘ometric surface
map for the UFS, as discussed below. |

Figure 3.1 shows the potentiometric surface for the UFS on the basis of the February 1990
data set, as described above. The UFS potentiometric surface slopes predominantly toward the
northwest, indicating groundwater flow in that direction, which is consistent with the interpreta-
tion that the South Platte River is a regional discharge point for the groundwater system in the
Offpost OU. Hydraulic gradients in the Offpost OU range from 0.003 to 0.020 foot per foot
(ft/ft) and average approximately 0.004 to 0.005 ft/ft. The hydraulic gradients are highest in the
area immediately downgradient of the NBCS and in the vicinity of O’Brian Canal and Burlington
Ditch. The observed hydraulic gradients are consistent with those observed in the Final R] report.

The level of the potentiometric surface is basically unchanged from that presented in the
Final RI report, although water levels in a few areas have changed. In the area downgradient of
the western portion of the NBCS, the water level is approximately 5 feet higher than presented in
the Final RI report. This difference is interpreted to be a result of increased groundwater
recharge using the recharge trenches. In the First Creek Paleochannel, increased control from
wells installed under the IRA A program has resulted in a refinement in the potentiometric
surface in that area. Water levels are slightly higher immediately downgradient of the NWBCS

than those presented in the Final RI report. These changes are considered to be the resulit of
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seasonal fluctuation in water levels and changes in recharge-well flow rates at the northeastern
end of the NWBCS (Shell, 1992).

The nature of the paleochannels north of RMA is considered an important component to
understanding the migration routes of contaminants offpost. Additional hydrogeologic data
collected during the instdllation of numerous test borings, monitoring wells, émd piezometérs

' under the RI Addendum and IRA A programs wefe evaluated to refine the understanding of the
geometry of the paleochannels in this area. On the basis of these evaluations, the extent of
unsaturated alluvium depic¢ted on Figure 3.1 has been modified from that presented in the
Final RI report.

The area covered by the IRA A program includes offpost Sections 11, 12, 13, and 14. In
this area, the major pathway generally follows the course of the creek; minor flow pathways
located adjacent to the First Creek Paleochannel were also delineated on the basis of new geologic
and potentiometric information.

The understanding of the geometry of the Northern Paleochannel was also refined,
particularly on its eastern and western boundaries. The location of the western boundary of the
Northern Paleochannel has been reinterpreted slightly farther west than that presented in the Final
R1. The potentiometric surface in the Northern Paleochannel has remained largely unchanged in

relation to previous interpretations.

3.1.3.2 Arapahoe Formation

Water-level data were collected from three Arapahoe Formation wells installed under the R!
Addendum program. The locations of these wells are shown on Figure 2.2. Water levels were
measured at the time of installation. The wells installed in the Arapahoe Formation and their

associated water levels follow:
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Water Leve!
Installation (below ground surface [bgs])  Water Elevation

Well Date (feet) (feet)
37431 09/12/89 134 . 4987.9
37445 08/28/90 179 . 4898 (est.)
37446 10/09/90 ) . 188 4876 (est.)

Because these potentiometric surface elevations are above the top of the formation, the
Arapahoe Formation is a confined aquifer in these areas. Although groundwater withdrawals
from the Arapahoe have locally lowered the potentiometric surface, the information from these
new wells is consistent with the regional water-level conditions in the Arapahoe Formation. Data
from these three wells do not permit a definitive assessment of the flow directions in the
Arapahoe Formation. However, the data from these three wells afe consistent with the northerly

to northwesterly regional groundwater flow direction, as presented in the Final RI report.

3.2 WATER QUALITY DATA

This section presents and discusses the results of groundwater quality sampling and analyses.
The principal focus of this section is the distribution of contaminants in UFS groundwater. The
distribution of contaminants in samples from Arapahoe Formation wells is also presented and
discussed.

Data and interpretations presented in the following sections are from groundwater samples
collected from all offpost UFS monitoring wells and three Arapahoe wells. Several sampling
events were used to develop a groundwater quality database sufficient for interpreting the
distributions of contaminants in the Offpost OU. As previously noted in Section 2.1 and shown in
Table 2.3, 14 new UFS monitoring wells were installed during the Rl Addendum program. Two
samples were collected from each of these wells as shown in Table 2.1. Samples from these wells
were analyzed for the compounds presented in Table 2.4. In addition, 14/other offpost UFS
monitoring wells were installed immediately north of RMA in support of the IRA A program.
These wells were primarily installed in the First Creek and Northern Paleochannels. Samples were

collected from these wells in the fall of 1989 under the IRA A program.
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Three Arapahoe Formation monitoring wells installed under the RI Addendum program
were analyzed for the compounds shown in Table‘ 2.4. In addition, samples from 23 alluvial or
Arapahoe Formation wells were collected and analyzed f or the target analytes listed in Table 2.4.

Wells not installed during the RI Addendum or IRA A programs were sampled in the of post
CMP program.' These wells were sampled in the fall of 1989, as shown in Table 2.1. The analyses
performed on the samples collected under the CMP include the target analytes for the RI
Addendum program. The analytical re_sults for analysis performed under the CMP are available in
the RMA database.

Distribution maps for selected compounds detected in the UFS wells are presented and
discussed in the following sections. Distribution maps for the Arapahoe Formatié)n were not
necesséry because detectable levels of organic compounds were only sporadically found in
Arapahoe Formation wells. These sporadic occurrences appear to represent false positives or
localized effects, possibly due to well construction problems, and are not considered representative
of Arapahoe Formation groundwater contamination.

Data developed under the CMP, the RI Addendum, and IRA A programs have undergone a
rigorous QA/QC review consistent with PMRMA CQAP (PMRMA, 1989). Those data that passed
~QA/QC review have been accepted in the PMRMA database. Data collected during the R1
Addendum activities that did not pass the QA/QC review are flagged in the attached appendixes.

Analytical data used in generating plume maps of the UFS include (1) monitoring wells and
domestic wells sampled under the Rl Addendum and IRA A programs and (2) CMP data collected
during the fall of 1989 and winter of 1990-1991 sampling rounds. RI Addendum analytical data
and fall of 1989 CMP data were combined to provide a comprehensive database that was used to
contour the plume maps shown in Figures 3.2 through 3.13.

More recent data collected during the winter of 1990-1991 CMP Sampling Round was, in
general, used to verifyv previous CMP and Rl Addendum results. The verification consisted of
qualitatively comparing the more recent Winter 1990-1991 CMP data with historical data,

including data collected during RI Addendum activities. This qualitative comparison permitted an
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assessment of the current data relative to the historical range of concentration for contaminants in
the Offpost OU wells. The actual winter of 1990-1991 CMP data results were, however, used for
plume map generation for those recently insta]led RI Addendum wells where data did not pass
QA/QC assessments. .

No wells were sampled under both the RIFS1 Offpost program and the fall of 1989 CMP.
However, multiple rounds of data were collected at wells 37429 through 37444 and at several
" domestic wells sampled during the RI Addendum program. When two or more results were
present in the database for a given well, the numerical average of the results was used for
contouring provided that at least one result was above the CRL for the compound being con-
toured. The purpose of averaging the data was to provide equal weight to available data for these
newly installed wells.

Ina feW instances, fall bf 1989 CMP analytical results were highly anomalous when
compared to historical CMP results and to subsequent winter of 1990-1991 CMP results at a given
monitoring well. In these instances, an approximate average result was used for plume map
contouring taking into consideration the historical and subsequent CMP data. Data recognized as
anomalous were not used in contouring. |

In a few instances, fall of 1989 CMP analytical results were either missing, rejected, or not
collected for a monitoring well within the Offpost OU that had been previously and/or sub-
sequently sampled under the CMP. In these instances, historical and subsequent CMP data
collected at the monitoring well in question were evaluated and qualitatively assessed while
preparing the plume maps in this report.

QA /QC sample results including sample duplicates and GC/MS conformational samples
collected under the RI Addendum and CMP programs were used in a qualitative manner to assess
investigative GC results. QA/QC sample results were not, however, averaged with investigative

results nor were they used to determine analyte concentrations for plume map contouring.
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3.2.1 Nature and Extent of Unconfined Flow System Contamination

This section presents interpretations of the organic and inofganic analytes detected in
groundwater samples collected from Wells in the UFS. Contaminant distribution maps for nine
organic and three inorganic analytes have been prepared and are discussed. These 12 contami-
nants represent the target analytes detected consistently and are considered the most widespread of
the analytes for which analyses were performed.

The distribution maps and general descriptions presented in this section are contrasted with
the results and interpretations contdined in tne Final RI report. Significant changes in the
distribution of contaminants in the UFS are noted. Because some improvements have been made
to the analytical methods certified by PMRMA, CRLs have been lowered for some target analytes.
In some cases, use of lower CRLs has resulted in an apparent increase in the distribution of
selected analytes. Where a change in the CRL has contributed to an apparent significant increase
in the distribution of a particular contaminant, a brief discussion of the influence of this change is
presented.

Background concentrations for inorganié compounds were evaluated in the Final Rl report,
Table 3.3-3 (ESE, 1988a). Because recent sampling of the wells listed in that table indicate no
substantial changes in inorganic concentrations in those wells, background concentrations were not
revised on the basis of data presented in this report. The background values contained in the

Final RI report are considered representative of current site conditions.

3.2.1.1 Unconfined Flow Svystem Organics

The distributions of organic analytes in UFS groundwater are discussed in the following
sections. Distributions for the most widespread contaminants are shown on plume maps. The
distributions of other contaminants with limited extent or sporadic detections in groundwater
samples are described in the following text. The nature and extent of contamination presented
below is compared to the interpretations presented in the Final R report and the Final CMP

report for fiscal vear (FY) 1990 (RLSA, 1991a).



3.2.1.1.i "Semivolatile Organic Compounds

The four semivolatile contaminants, (1) diisopropylmethylphosphonate (DIMP), (2) dicyclo-
pentadiene (D_CPD)_, (3) dieldrin, and (4) endrin, represent the most widespread and consistently
detected of the semivolatilel compounds for which analyses were performed. Plume maps for these
compounds are presented in Figures 3.2 through 3.5. An additional 10 semivolatile compounds are
also discussed, but,' because of their relatively limited distributions, the.data are not. presented in

figures.

Diisopropvlmethvlphosphonate

The most widespread organic contaminant detected in the Offpost QU is DIMP. In the Final
RI report, DIMP was interpreted as occurring in two elongated plumes emanating from the RMA
north boundary and following the First Creek and Northern Paleochannels. The DIMP plume
along the Northern Paleochannel was not shown to extend past O’Brian Canal, while the DIMP
plume along the First Creek Paleochannel extended nearly to the South Platte River. The
maximum concentration reported was 5390 micrograms per liter (ug/1) at well 37396 in the First
Creek Paleochannel. The maximum concentration in the Northern Paleochannel was reported as
greater than 2030 pg/1 at well 37391,

The distribution of DIMP based on data collected during RI Addendum activities is shown
in Figure 3.2, As Figure 3.2 illustrates, DIMP is distributed in a continuous plume extending
from the RMA north and northwest boundaries to the South Platte River. Samples from 89
monitoring wells were analyzed for DIMP. Of these 89 samples, DIMP was reported in
71 samples. Domestic well data Qere also used to characterize the plume. DIMP was found in 14
of 16 domestic wells sampled. The highest observed level was 5800 ug/l in monitoring well
37418 located in the First Creek Paleochannel. This well is within about 200 feet of well 37396,
which had the highest level of DIMP for the Offpost OU reported in the Final RI report, In the
Northern Paleochannel, the highest level of DIMP detected in samples from the Rl Addendum
program was 830 ug/! found in well 37409. The maximum concentration of DIMP in wells
sampled under the CMP and reported in this report was 860 ug/l reported in well 37391.
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Concentrations of DIMP in the Northwestern Paleochannel are considerably lower than the
levels reported north of the RMA horthern boundary. Concentr'c.xtions in the Northwestern'
Paleochannel are genérally below 10 ug/l. The maximum concéntration of DIMP in the North-
western Paleochannel is about 80 ug/1 in a domestic-use well locat.ed approximately 2 miles
northwest of the RMA boundary.

The shape and extent of the DIMP plume presented in this report is cc-)nsiderably different
from that presented in the Final RI report. However, the principal reason for the observed
changes is a considerably lower CRL used in this report. For the Final RI, the CRL for DIMP
was 11 pg/l. For this report, the CRL is 0.392 ug/l, representing a CRL lower by a factor of
nearly 30 from that used in the Final RI. However, considerable decreases in the concentration of
DIMP has occurred over the past several years, as described in the CMP report for FY 1990.
Maximum concentrations of DIMP have decreased from over 10,000 ug/l in 1980 to a maximum
of 5800 ug/l in a sample collected from well 37418, located in the First Creek Paleochannel.
Additionally, decreases in concentrations along 96th Avenue appear to be related to operation of

the NBCS.

Dicvclopentadiene

DCPD was reported in the Final RI report ohly iﬁ samples collected from wells located in
the First Creek Paleochannel. The maximum concentration of DCPD reported in the Final Rl was
539 pg/l in well 37309. The distribution of DCPD, on the basis of data collected during R1
Addendum activities, is shown in Figure 3.3. The maximum concentrations of DCPD were
detected in samples collected from wells located in the First Creek Paleochannel including 360
pg/l in well 37420 and 596 ug/l in well 37309. DCPD was also detected in samples collected from
wells located in the Northern Paleochannel. The highest DCPD concentrations in the Northern
Paleochannel was approximately 15 ug/l in both well 37344 and well 37409.

Overall, the distribution and range of concentrations for DCPD reported in this Rl
Addendum are similar to those reported in the Final RI. DCPD is generally confine_d to a plume
located aiong the First Creek Paleochannel with concentrations up-to 600 ug/l.
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Dieldrin
- Dieldrin was reported in the Final RI in samples collected in the vicinity of the northern andb
northwestern RMA boundaries. The maximum concentration of dieldrin reported in the Final RI
was 1.62 ug/1 in well 37312 located in the First Creek Paleochannel. The maximum concentration
of dieldrin reported in the Final RI for well 37338 wés 0.108 ug/l. As showﬁ in the monitoring
well lqcation map, Figure 2.1, these wells are located immediately north of the RMA northern
-boundary and approximately 500 feet north of the NBCS. The Final RI also reported dieldrin
of fpost of the RMA northwestern boundary, with a maximum concentration of 1.02 ug/1 in
well 37332.

The distribution of dieldrin, on the basis of data collected during RI Addendum activities, is
shown in Figure 3.4, which also shows that dieldrin occurs offpost of the northern and north-
western RMA boundaries, consistent with the distribution shown in the Final RI. The highest
concentrations of dieldrin are found in wells located in the First Creek Paleochannel. The highest’
concentrations of dieldrin were detected in wells 37308, 37369, 37373, and 37420. These four
wells are located along the interpreted axis of the First Creek Paleochannel. Concentrations of
dieldrin in these four wells are generally 5 to 10 times higher than concentrations found in other
offpost wells. The maximum concentration of dieldrin (0.891 ug/1) was detected in samples
collected from well 37420,

A dieldrin plume is also interpreted along the Northern Paleochannel. The interpreted
distribution of dieldrin in this area is controlled by wells 37338 and 37378. Concentrations in
these wells are approximately 0.1 ug/!.

Dieldrin occurs offpost of the northwestern RMA boundary, in two apparently distinct
plumes. Both plumes are generally oriented to the northwest, consistent with the direction of
groundwater flow in the area. Concentrations of dieldrin in this area range from slightly above
the CRL (0.05 pg/1) to approximately 0.1 ug/l.

The distribution and range of concentration of dieldrin offpost is generally the same as that

reported in the Final RI. However, the concentration of dieldrin in the First Creek Paleochannel
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is slightly larger than previously reported in the Final RI. Offpost of the northwestern RMA
boundary, dieldrin has apparently decreased in areal éxtent. In both areas, the maximum °

concentrations of dieldrin are generally highest nearest the RMA boundaries.

Endrin

Endrin was reported in the Final RI in samples collected in the First Creek and Northern
Paleochannels. Endrin was detected in only five wells offpost of the northern RMA boundary.
All of these wells were within approximately one-half mile of the northern boundary. Concentra-
tions in this area reportedly ranged from below the CRL of 0.060 ug/l to a maximum 6f 1.51 ug/l
in well 37312 located afaproximately 500 feet north of the NBCS. Endrin was not reported in
samples from offpost of the northwestern RMA boundary, except in one sample collected from
well 37386. The concentration in well 37386 was 0.067 ug/1, only slightly above the CRL of
0.060 pg/1.

The distribution of endrin, based on RI Addendum data, is shown in Figure 3.5. As shown
in Figure 3.5, the highest concentrations of endrin are found in the area immediately north of the
RMA northern’boundary. Additionally, endrin was generally not detected in samples collected
froh wells located offpost of the RMA northwestern boundary, except in a single sample collected
from well 37345. The concentration of endrin at this location is 0.0706 ug/1, slightly above the
CRL of 0.05 ug/l. Endrin detected in this well is considered an isolated occurrence and not
indicative of an endrin plume in that area. The extent of endrin along the First Creek
Paleochannel is slightly larger than the distributioh reported in the Final RI, with detectable levels
of endrin in the vicinity of wells 37396 and 37418 located near the confluence of First Creek and
O’Brian Canal.

Endrin was detected in samples collected from wells located in the Northern Paleochannel.
The levels of endrin in well 37392 are consistent with levels reported in the Final RI. Samples
from wells 37367 and 37383 also had detectable levels of endrin. However, endrin was not

detected in samples from wells 37367 and 37383. These three wells are interpreted as defining a
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- plume in the central portion of the Northern Paleoéhannel.. ‘Near the RMA northern boundary,
endrin was detected in well 37338 at a concent'ration of 0.0621 ug/1.

In general, the range of concentrations and distribution of endrin in the Offpost OU are
similar to those reported in the Final RI. Although concentrations in a few wells have increased
slightly, and detectable levels of endrin were found in a few wells in which endrin was not found
historically, the distribution of endrin is generally similar to that repofted in the Final RI. The
maximum concentration of endrin found in the Offpost OU during the RI Addendum program
was 0.748 pg/1 in well 37309, approximately 1000 feet north of the NBCS. This finding is
consistent the interpretétions presented in the final RI, which showed that the highest levels of

endrin occurred within the area approximately 500 to 1000 feet north of the NBCS.

3.2.1.1.2 Other Semivolatile Organic Compounds

This section describes the distribution of other selected SVOCs detected in groundwater
samples from the Offpost OU. Several other SVCCs were detected in the Offpost OU during R1
Addendum activities. SVOCs detected include certain organochlorine pesticides (OCPs), nitrogen
phosphorous pesticides, and organosulfur compounds, which are discussed in the following
paragraphs.

Additionally, a few other SVOCs were detected, but only sporadically or in isolated areas.
Thve SVOCs found in these isolated cases include bicycloheptadiene (BCHPD), hexchlorocyclopen-
tadiene (CL6CP), vapona (DDVP), 1,4-dithiane (DITH), dimethylmethylphosphonate (DMMP),
and I,4-oxathiane (OXAT). Because of their infrequent occurrence and relatively limited
distribution and because their extent was adequately described in the Final RI, these SVQCS are
not discussed further.

The additional SVOCs discussed below include the following:

- Aldrin, isodrin, chlordane, 2,2-bis(parachlorophenyl)-1,1-dichloroethene (DDE), and
2,2-bis(parachlorophenyl)-1,1-trichloroethane (DDT) (OCPs)

- Atrazine, malathion, and parathion (nitrogen phosphorous pesticides)
- 4-Chlorophenylmethyl sulfoxide (CPMSQ) and 4-Chlorophenvimethvl sulfone (CPMSO2)

(organosulfur compounds)
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In general, the frequency of _detect_ion and the relative distribution for these SVOCs wés found to

be considerably less than for the SVOCs discussed in the preceding sections.

3.2.1.1.3 Organochlorine ngticide. Compounds

The distribution of five additional OCPs (aldrin, isodrin, chiordane, DDE, and DDT) is
similar to the distribution of the OCPs dieldrin and endrin, as préviously discussed. The
maximum concentrations of these compounds generally occur in the First Creek Paleochannel, in
the area 500 to 1000 feet north of the NBCS. Only sporadic, isolated occurrences of these
compounds are observed offpost of the RMA northwestern boundary.

Aldrin was detected in z; number of wells in the First Creek Paleochannel. The highest
concentration of aldrin was 0.354 ug/l in well 37419, which is located in the vicinity of the
confluence of First Creek and O’Brian Canal. However, historical data show that aldrin has not
been previously detected in samples coliected from this well. Samples from a few other wells in
this area also had detectable concentrations of aldrin. Concentrations in these other wells were
approximately 0.15 to 0.3 ug/l. Only two wells in the Northern Paleochannel had detectable levels
of aldrin. The maximum concentration of aldrin in the Northern Paleochannel was 0.25 ug/l in
well 37368. Aldrin was not detected in samples collected from wells located downgradient of the
canals, except in well 37345, which is located adjacent to Burlington Ditch offpost of the
northwest RMA boundary.

The distribution of isodrin is similar to that of the other OCPs. The highest concentration of
1sodrin was 0.260 ug/l in well 37396. As was the case for aldrin, this well is also located in the
vicinity of the confluence of First Creek and O’Brian Canal. Isodrin was detected in a few other
wells in the First Creek and Northern Paleochannels. Concentrations in these wells ranged from
approximately 0.08 to 0.2 ug/l. Offpost of the northwestern RMA boundary, isodrin was detected
in a single sample collected from well 37442, This detection is considered an isolated occurrence

and is not indicative of an isodrin plume in this area.
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DDT and DDE, which is a degradation product of DDT, were detected in samples collected
from wells located off post of the northern RMA boundary. These compounds were novt detected
in wells offpost of thé northwestern RMA boundary nor in wells located downgradient of the
canals. The range of concentrations and distribution of DDE and DDT were generally similar.
However, DDE was found at slightly higher concentrations in two wells than was DDT. The
maximum concentration of DDE was 6.90 ug/1 in well 37309, whereas the maximum concentration
of DDT was 0.838 pug/l, also in well 37309. This well is located approximately 1500 feet down-
gradient of the NBCS. A review of historical offpost data and more recent data for the wells in
which chlordane was detected, as indicated above, shows that chlordane is generally not detected
in Offpost OU wells. _

Chlordane was detected in samples collected from a few wells located of fpost of the
northern RMA boundary. Chlordane was not detected offpost of the northwestern RMA
boundary nor downgradient of the canals. The highest concentrations of chlordane were found in
five wells located in the First Creek and Northern Paleochannels where values slightly exceeded 1
ug/l. Chlordane at concentrations slightly exceeding 1 ug/1 were detected in samples coliected
from wells located near the downgradient extreme of the paleochannels, in the vicinity of the
canals, and in well 37309, which is located approximately 1500 feet downgradient of the NBCS.

The distributions of the five OCPs discussed above are consistent with the distribution of
other contaminants that have migrated offpost of the northern RMA boundary, including the
principal OCPs, dieldrin and endrin. The highest concentrations are found in samples collected
north of the northern RMA boundary. Only sporadic, isolated occurrences of these compounds

are detected offpost of the northwestern RMA boundary or downgradient of the canals.

3.2.1.1.4 Nitrogen Phosphorous Pesticides

The nitrogen phosphorous pesticides (NPPs), atrazine, malathion, and parathion, were
detected in samples collected offpost of the northern RMA boundary. Atrazine was the most
frequently occurring NPP and was detected at the highest concentration. Parathion and malathion
\\;ere detected in only a few wells, all of which are located in the First Creek and Northern.Paleo-
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channels. Occurrences of malathion and parathion within this area do not appear to constitute a
well-defined plume offpost. The five occurrences of malathion range from 0.7 to 1.7 ug/l. The
three occurrences of parathion range from 0.986 to 5.43 ug/l. The NPP compounds were not
target analytes for the Final RI. Additionally, these compouhds were not reported as tentatively
identified compounds (TICs) in the Final RI.

The distribution of atrazine offpost is similar to that of the OCPs. Atrazine was deteéted in
21 offpost wells, with the maximum concentratipns occurring in the First Creek and Northern
Paleochannels. Atrazine is generally not detected in samples collected offpost of the northwestern
RMA boundary, except for two isolated occurrences in wells 37336 and 37337, loéated approxi-
mately | mile offpost. The maximum concentration of'atrazine was 72.9 ug/l found in a samplg
from well 37406 located at tﬁe northern end of the Northern Paleochannel. The highest concen-
tration of atrazine found in the First Creek Paleochannel was 46.0 pg/1 in well 37418. In general,
the highest levels of atrazine were found in the extreme northwestern and northern ends of the
First Creek and Northern Paleochannels, respectively. Atrazine was not detected in of fpost wells

located in the immediate vicinity of the northern RMA boundary.

3.2.1.1.5 Organosulfur Compounds

In the Final RI, CPMSO was reportedly the most commonly detected organosulfur
compound for offpost groundwater samples. The highest levels of CPMSO were found in samples
collected from wells in the Northern Paleochannel. The highest concentration of CPMSO reported
in the Final RI was 148 ug/1 in well 37391. The Final RI also reported that CPMSQO2 was detected
in offpost groundwater north of RMA. The maximum concentration of CPMSO?2 reported in the
Final RI was 39.3 pg/l in well 37309. The compound 4-chlorophenylmethyl sulfide (CPMS) was
the least frequently detected organosulfur compound reported in the Final Rl. The highest
concentration of CPMS was 4.16 ug/1 detected in well 37367, located about 1 mile north of the
RMA boundary. The Final RI reported that the organosulfur compounds were not detected in anv

samples collected downgradient of O’Brian Canal.
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For the RI Addendum program, the organosulfur compounds CPMSO and CPMSO2 were
detected at a number of locations' offpost-of the r‘l.orthern RMA boundary. CPMS was not
detected in any offpost groundwater samples presented in this report. The CPMSO and CPMSO?2
distributions are distinctly di.fferent from each other. CPMSO was only found in samples
collected from wells installed in the Northern Paleochannel, whereas CPMSO2 was only f oﬁnd in
samples collected from wells located in the First Creek Paleochannel. CPMSO was generally
found at levels higher than those reported for CPMSO?2.

Detectable levels of CPMSQO were reported for 9 wells located in the Northern Paleochannel.
" The highest concentrations of CPMSO were detected in samples collected from wells located at the
northern end of the Northern Paleochannel. Concentrations of CPMSO ranged from 12.6 ug/l to a
maximum concentration of 82.2 ug/l found in a sample collected from well 37344,

Detectable levels of CPMSO?2 were reported for 5 wells located in the First Creek Paleo-
channel. These concentrations ranged from 7.75 ug/]l to a maximum concentration of 21.0 ug/1
found in a sample collected from well 3A7420, which is located at the northwestern end of the First
Creek Paleochannel.

The organosulfur compdunds were not detected in samples collected from of fpost wells
located immediately north of the northern RMA boundary or in wells located downgradient of
O’'Brian Canal. The concentrations of these compounds are generally similar to those levels
reported in the Final RI. Concentrations may be slightly lower for some wells. CPMS, which was
detected in samples reported in the Final RI, was not detected in samples collected during Rl
Addendum activities. The distribution of these compounds is similar to the distributions reported

in the Final RI and the CMP report for fiscal year 1990.

3.2.1.1.6 Volatile Organic Compounds

VOCs were reported in the Final RI as occurring in offpost groundwater. The most
commonly occurring VOCs reported in the Final RI were chloroform, chlorobenzene, DBCP,

tetrachloroethene (TCLEE), trichloroethene (TRCLE), and 1,2-dichloroethene (12DCLE). The
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following sections describe the distribhtion of these principal VOCs, plus some additional VOCs
that exhibit a lower frequency of detection, which were also reported in the Final RI.

Problems were encountered in the VOC data for samples collected from wells installed under
the RI Addendum program. Several rounds of sampling of these wells were conducted between
late-1989 and mid-1990. Samples collected between January 25 and March 2, 1990, exhibited
anomalously high concentrations for a number of VOCs, including chloroform, TCLEE, TRCLE,
carbon tetrachloride (CCL4), benzene, chlorobenzene, DBCP, toluene, and xylenes. The wells
sampled under the RI Addendum program and their sampling dates are sﬁown in Table 2.1. The
results reported by the laboratories for these affected samples were considerably higher than his-
torical results and are not considered representative of groundwater conditions off post. The
anomalous data contained in tables presented in Appeﬁdix B of this report have been clearly iden-
tified with a coded footnote.

On the basis of a review of field documentation for the sampling period in question, the
source of the problem associated with these anomalous results appears to be related to improper or
inadequate field decontamination procedures. The high results for the VOCs identified above can
be related to the use of a particular sampling pump. This pump has a significant length of tubing
that requires decontamination. It appears that inadequate decontamination of the tubing was the
source of the contamination observed in the groundwater samples collected during the period
between January 25 and March 2, 1990. Corrective actions consistent with the FOP have been
implemented.

To provide a complete database for assessing groundwater contamination in the UFS, data
from a CMP sampling round conducted in the first quarter of 1991 were used to augment the
database where anomalous data could not be used. These data have been accepted into the
PMRMA database as final data and were used qualitatively in assessing plume configurations for

VOCs offpost. Data used in this assessment are available in the PMRMA database.
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Chloroform

As shown in the Final RI, chloroform occurs primariiy downgradient.of the NWBCS and in
the Northern Paleochannel. Chloroform was generally not found in the i:irst Creek Paleochannel.
C.oncentrations found in the chloroform plume emanating from the northern RMA boundary are
considerably higher than concentrations offpost of the northwestern RMA boundary. The highest
concentration of chloroform reported in the Final RI was 1370 ug/1 in well 37344 located at the
northern end of the Northern Paleochannel. Concentrations in the Northern Paleochannel are
generally above 50 ug/l. Offpost of the NWBCS, chloroform was detected in approximately seven
wells. The highest concentration of chloroform was 25.8 ug/l in well 37331, which is located at
the northwestern RMA boundary approximately 1000 feet downgradient of thé NWBCS.

The current distribution of chloroform on the basis of data collected during RI Addendum
activities and the CMP is shown on Figure 36 Chloroform in the UFS occurs in two principal
plumes of fpost. This chloroform distribution is similar to that presented in the Final RI.
Chloroform is also detected offpost of the northwestern RMA boundary but at concentrations
generally considerably lower than those found in the Northern Péleochannel.

Chloroform was detected in a few wells in the First Creek Paleochannel. Maximum
concentrations detected in samples collected from wells located in the First Creek Paleochannel
were approximately 2 ug/l in well 37381. However, higher concentrations of chloroform, as
well as other VOCs discussed below, were encountered in samples collected in June 1990 from
wells 37418 and 37420. These values were compared to historical data for this area and more
recent CMP data for wells in this area. On the basis of these assessments, the high chloroform
values detected in the samples collected in June 1990 are considered anomalous and are not
vrepresentative of groundwater conditions.

The highest concentrations of chloroform occur at the north end of the Northern Paleo-
channel. Maximum concentrations of chloroform ranged from 200 to 400 ug/l in wells 37344 and
37409. This cdncentration range is lower than concentrations reported in the Final RI, as noted

above but follow a general trend of decreasing concentrations for chloroform in well 37344. The
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southern end of the chloroform plume is intérpreted as occurring about 1000 feet north of the
NBCS, which is in cont;ast to the interpreted extent of the southern end of the plume in the Final
RI that sh.owed the plume extending to the NBCS for data collected in the fall of 1987. More
recent CMP data for the first part of 1991 also support this interpretation.’

The extent of the chloroform plume offpost of the northwestern RMA boundary is also
similar to the interpretation presented in the Final RI. However, the installation of several new
monitoring wells located in this area has shown that the chloroform plume extends approximately .
2 miles northwest of the northwestern RMA boundary. Concentrations detected in groundwater
samples collected from wells offpost in this area are similar to levels previously reported in the
Final RI. Concentrations range from below the CRL to a maximum of 19.8 ug/1 in well 37330
located immediately downgradient of the NWBCS. In general, the highest levels of chloroform
occur at the northwestern RMA boundary. The range of concentrations for chloroform offpost is

generally the same as that reported in the Final RI.

Chlorobenzene

Chlorobenzene was reported in the Final RI offpost of the northern and northwestern RMA
boundaries. The highest concentration of chlorobenzene was 27.3 ug/l1 detected in samples
collected from well 37370, located in the First Creek Paleochannel. According to interpretations
in the Final RI, the distribution of chlorobenzene did not appear to be consistent with the
distribution onpost. Chlorobenzene was also sporadically detected in samples collected from wells
located offpost of the northwestern RMA boundary and in wells located downgradient of the
canals. In the Final RI, these data were not interpreted as indicative of a chlorobenzene plume
offpost.

The distribution of chlorobenzene on the basis of data collected during Rl Addendum
activities and the CMP is shown in Figure 3.7. Chlorobenzene was detected in samples collected
from several wells located in the Offpost OU. The highest concentrations of chlorobenzene were
found in samples collected from north of RMA in the First Creek and Northern Paleochannels.
The maximum concentration of chlorobenzene was 38.2 ug/1 in well 37397, which is located at the
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northern end of the Northern Paleochannel. The highest concentration of chlorobenzene in the
First Creek Paleochannel was 9.56 ug/l in a sample collected from well 37370. Additionally,
sporadic occurrences of chlorobenzene northwest of the canals were also found. In general, the
distribution of chlorobenzéne is similar to that presented in the Final RI. Concentrations of
chlorobenzene and the apparent distribution offpost have not considerably changed since the

Final RI.

DBCP

The Final RI presented a discussion of the distribution of DBCP in offpost groundwater. In
the Final RI, DBCP wa§ shown to occur offpost of the northern RMA boundary. DBCP is
primarily confined to the Northern Paleochannel and was not detected in groundwater samples
from other Offpost OUs. The maximum concentration of DBCP was 13.3 ug/l in well 37344,
DBCP was historically detected in samples collected from of fpost wells located downgradient of
the Irondale Boundary Containment System (IBCS). However, the Final RI reported that DBCP
was not detected in wells located in that area. The location of the IBCS is shown in Figure 1.2.

The distribution of DBCP on the basis of data collected during the RI Addendum and the
CMP is shown in Figure 3.8. As shown in Figure 3.8, DBCP was generally only found in samples
from wells completed in the Northern Paleochannel. A few isolated occurrences of DBCP were
observed in the First Creek Paleochannel and immediately downgradient of O’Brian Canal near
the northern end of the Northern Paleochannel. The maximum concentration of DBCP was
6.67 pg/l in a sample collected from well 37344, DBCP was not detected in samples collected
from wells located downgradient of Burlington Ditch nor offpost of the northwestern RMA
boundary. The extent of DBCP éontamination of fpost has decreased slightly from levels reported
in the Final RI. The maximum reported concentrations in this report are lower than those
presented in the Final RI. Additionally, considerable decreases in the concentration of DBCP
immediately north of the NBCS are evident. As a result of these decreases, the DBCP plume
offpost of the northern RMA boundary appears to not extend to the NBCS, as was previously
reported in the Final RIL. ‘
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DBCP data from the early 1991 CMP sampling round for wells 37402, 37403, and 37404
were reviewed to confirm the eastern arm of the DBCP plume in the Northern Paleochannel. Data
for the subsequent samples collected from these three wells show that DBCP was not detected.
These subsequent data suggest that .the extent of DBCP may be less than presented in Figure 3.8.

Subsequent data will be evaluated under the Groundwater CMP to assess the distribution of DBCP

over time.

Trichloroethene and Tetrachloroethene

The distributions of TRCLE and TCLEE reported in the Final RI are similar to the
distribution of chloroform. The highest concentrations of these compounds are found at the
northern end of the Northern Paleochannel. The maximum concentrations of TRCLE and TCLEE
were 7.71 and 115 ug/l, respectively. As in the case of chloroform, the highest levels were found
in well 37344,

The current distributions of TRCLE and TCLEE on the basis of data collected during RI
Addendum activities and the CMP are presented in Figures 3.9 and 3.10, respectively. TRCLE
and TCLEE occur in the First Creek and Northern Paleochannels. These compounds were
generally not found offpost of the northwestern RMA boundary, except in a well 37353, located
approximately 2 miles offpost. The concentrations of TRCLE and TCLEE in this well, have each
been in the range of approximately 3 to 8 ug/l over the past several years.

The highest concentrations of TRCLE and TCLEE in the southwestern corner of the Offpost
OU were detected in well 37359, TRCLE and TCLEE have also been detected in well SACI8
located approximately 1500 feet east of well 37359. The sources of TRCLE and TCLEE in these
wells are likely associated with contamination originating at the Chemical Sales Company (CSC)
site located southeast of the intersection of East 48th Avenue and Ivy Street. Additional sources
of these contaminants upgradient of RMA, including Stapleton Airport, are suggested by their
distribution onpost (RLSA, 1990a). The RI/FS for CSC QUs 1, 2, and 3 showed that significant

levels of TRCLE and TCLEE are originating at the CSC site.

20000,350.10 - RIA
1219030192 ) 46



The concentrations of TRCLE and TCLEE in the First Creek and Northern Paleochannels
are similar to those levels reported in the Final RI. The highest concentrations of these com-
pounds were detected in samples collected from wells located at the northern end of the Northern
Paleochannel, which is consistent with distributions reported in the Final RI. The maximum
concentration of TCLEE was 108 ug/1 in well 37344 located in the Northern Paleochannel. The
highest concentrations of TRCLE in the area north of RMA ranged from approximately 5 to
7 ug/l. In general, the distributions of TRCLE and TCLEE are similar to those presentea in the
Final RI. Concentrations of both of these contaminants have decreased slightly from those re-
ported in the Final RI, as evidenced by the extent of the 1 ug/l contour for TRCLE and the

10 ug/1 contour for TCLEE, as depicted on Figures 3.9 and 3.10, respectively.

1.2-Dichloroethane

The distribution of 12DCLE was shown in the Final RI. According to the information
presented in the Final RI, 12DCLE is generally found offpost of the northern RMA boundary.
However, unlike chloroform, TCLEE, and TRCLE, the highest concentrations of 12DCLE are
found in First Creek Paleochannel. The maximum concentration of 12DCLE was 15.2 ug/l in
well 37396, which is located at the northwestern end of the First Creek Paleochannel. The
concentrations of 12DCLE reported in the Final RI were considerably lower in the fourth quarter
of FY 1987 than those reported in the third quarter of FY 1987.

The distribution of 12DCLE was assessed on the basis of data collected during the RI.
Addendum activities and the CMP. The compound 12DCLE was detected in wells located in the
First Creek Paleochannel at concentrations similar to those presented in the Final R1. As was
reported in the Final R, the only detectable level of 12DCLE in the Northern Paleochannel was in
well 37391. The concentration in that well was 2.61 pg/l and was consistent with levels reported

in the Final RI.
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3.2.1.1.7 Other Volatile Organic Compounds |

In the Final RI, several other VOCs, including 1,1,1-trichloroethane, 1,1-dichloroethane,
trans-1,2-dichloroethene, carbon tetrachloride, and benzene were detected in UFS groundwater.
Benzene was detected primarily in samples c'ollected'from wells located in the Northern Paleo-
channel. A few samples from the First Creek Paleochannel and offpost of the northwestern RMA
boundary had detectable levels of benzene.  The highest concentration of benzene reported in the
Final RI was 15.1 ug/l in well 37392, located approximately 2500 feet north of the northern RMA
boundary. Benzene was not detected downgradient of the canals except for one isolated occur-
rence in well 37361, located approximately 1.5 miles northwest of the northwestern RMA
boundary. The remaining other VOCs were detected sporadically in only one or two groundwater
samples.

Several other VOCs were also detected in the Offpost OU during RI Addendum activities.
VOCs detected include benzene,'carbon tetrachloride, 1,1,1-trichloroethane, 1,1-dichloroethane,
1,2-dichloroethene, toluene, and xylenes. These compounds were generally found in only a few
groundwater samples collected from wells installed in the UFS. Of these compounds, benzene was
the most frequently detected. The remaining detections are considered isolated occurrences and
not necessarily indicative of contaminant plumes that migrated from onpost.

Carbon tetrachloride was reported in six samples. The highest concentration of carbon
tetrachloride was 8.04 ug/l in a sample from well 37404. Carbon tetrachloride was reported in the

First Creek Paleochannel at a concentration of 6.98 ug/l in well 37407,

3.2.1.2 Unconfined Flow Svystem Inorganics

This section describes the distribution of selected inorganic constituents in UFS ground-
water. The inorganics presented below include arsenic, mercury, chloride, and fluoride. These
analvtes were selected bases on their distribution, range of concentration and considering their
toxicity, except chloride. Virtually all of the inorganics discussed below are naturally occurring
constituents in groundwater. The inorganic data presented are compared to background con-
centrations established in the Final RI and CMP report for FY 1990 (RLSA, 1991a). The
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following discussions present data generated under the RI Addendum program and are compared

to the distribution of the inorganic constituents presented in the Final RI.

Arsenic

The distribution of arsenic was presented in the Final RI. Arsenic was reported in
groundwater samples from wells located in the First Creek Paleochannel, with isolated occurrences
in the Northern Paleochannel and offpost of the northwestern RMA boundary. In general,
arsenic was not detected in wells downgradient of the canals, except in well 37364 located 3 miles
downgradient of RMA on the west side of the South Platte River, outside of the Offpost QU.

The highest concentration of arsenic in wells located near RMA was 5.80 ug/1 in well 37332,
located immediately downgradient of the NWBCS. In the area north of RMA, As was detected -
somewhat sporadically in a number of wells at concentrations slightly above the CRL of 2.5 ug/|
to a maximum of 3.65 ug/l in well 37373 located along the First Creek Paleocﬁannel, The
background value for As reported in the Final RI was below the CRL of 2.50 ug/l1, indicating that
arsenic was not detected in the upgradient wells selected for assessment of arsenic background
levels.

The distribution of arsenic on the basis of data collected during RI Addendum activities and
the CMP, is shown in Figure 3.11. The distribution of arsenic is similar to that presented in the
Final RI. Arsenic occurs in a plume aiong the First Creek Paleochannel. The maximum concen-
tration of arsenic in this area is 4.00 pg/1 in well .37347 located on the north side of the First
Creek Paleochannel northwest of Burlington Ditch. Sporadic occurrences of As are noted in the
Northern Paleochannel and offpost of the northwestern RMA boundary. Additiorially, arsenic
was detected in the sample collected from well 37364 located along the South Platte River. In
general, the range of concentration and distribution for arsenic is similar to that reported in the

Final RI.
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Mercury

The Final RI reported mercury in only one offpost gfoundwater sample. The sample, which
was collected from well 37342 located in the First Creek Paleochannel, had a mercury concen-
tratibn of 0.36 ug/l. Data generated during RI Addendum activities showed detectablé levels of
mercury in f our samples collected { fom wells located 2000 to 7000 feet offpost of the
‘northwestern RMA boundary. Mercury concentrations in these wells ranged from 0.210 to
1.64 ug/l. Based on the limited number of samples in which mercury was detected, the data do
not suggest a mercury plume offpost and are considered sporadic. Data collected under the fall of
1989 CMP show considerably higher frequency of detection for mercury than reported in the
Final RI. The FY 1990 CMP (RLSA, 1991a) reported that significant field or laboratory
contamination existed for those mercury results. Thus, data for mercury are considered question-

able and not representative of groundwater conditions.

Chloride

Chloride was detected in all samples reported in the Final RI. The range of chloride
concentrations was from 30,000 to more than 1,000,000 pug/l. Because chloride is a naturally
occurring anion in groundwater, the assessment of chloride contamination in the UFS includes a
comparison with a range of concentration that is representative of background levels. The range
for background chloride levels, based on data from selected upgradier]t wells presented in the
Final RI, is 34,000 to 102,000 ug/l.

The highest concentrations of chloride reported in the Final RI occurred in samples collected
from wells located in the First Creek Paleochannel near its confluence with O’Brian Canal.
Concentrations of chlgride in this area commonly exceeded 500,000 ug/l and reached as high as
3,380,000 ug/l in well 37396. Elevated chloride concentrations were also observed in samples
collected from wells located at the northern end of the Northern Paleochannel. Although
generally lower than levels in the First Creek Paleochannel, concentrations in samples from one

well located in the Northern Paleochannel, well 37368, exceeded 500,000 ug/l.
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Chloride concentrations of fpost of the northwestern RMA boundary were also elevated
above background levels. The highest concentrations occurred in the immediate vicinity of the
NWBCS and were generally in the range of 300,000 to 400,000 pg/l. The maximum chloride
concentration in that area was 714,000 pg/1 in.well 37332, located near the northern énd of the
NWBCS along the RMA boundary.

The distribution of chloride, on the basis of data collected duririg RI Addendum activities
and the CMP, is shown in Fi.gure 3.12. The distribution of chloride is similar to that prese‘nted in
the Final RI. Chloride occurs in plumes offpost of the northern and northwestern RMA"-
boundaries. The maximum concentrations of chloride occur in the First Creek Paleochannel.

Chloride concentrations in the First Creek and Northern Paleochannels generally exceed
250,000 ug/l. The maximum concentration of chloride in this area was 1,800,000 ug/1 in
well 37418 located in the First Creek Paleochannel. Although this concentration is considerably
lower than the ‘maximum concentration of 3,380,000 ug/1 in this area reported in the Final RI, this
value is consistent with more recent chloride data. In the Northern Paleochannel, the highest
concentrations are approximately slightly greater than 500,000 ug/l, similar to levels reported in
the Final RI.

Offpost of the northwestern RMA boundary, chloride concentrations in excess of
250,000 ug/1 occur immediately downgradient of the RMA boundary. Chloride concentrations in
this area are slightly lower than those reported in the Final RI. Concentrations reported in the
Final R along the RMA boundary in this area exceeded 300,000 ug/1 and exceeded 600,000 ug/I
in at least one well. Currently, concentrations in this area are approximatel‘y 250,000 ug/l.

A chloride plume, defined by the 100,000 ug/1 isoconcentration contour, extending
northwest off the northwestern RMA boundary is apparent in Figure 3.12. | New wells installed
under the R]1 Addendum have provided additional definition for this plume. Although the
chloride p‘lume was not depicted in the Final RI; concentrations in wells throughout this>area have
actually decreased from those reported in the Final RI. The appearance of this plume is an

artifact of the contour interval and is not the result of additional contamination migrating offpost.

20000,350.10 - RIA .
1219030192 . 51



In general, concentrations of chloride have generally decreased since the Final RI. The
pattern of chloride contamination in offpost groundwater is similar to that reported in the Final
RI, but concentrations have decreased in all plume aréas, particularly in the First Creek Paleo-
channel and offpost of the northwestern RMA boundary. Maximum concentrations in the First
Creek Paleochannel are 1,800,000 ug/l compared to a maximum of 3,380,000 ug/l reported in the
Final RI. Offpost of the northwestern RMA boundary, concentrations have decreased approxi-

mately 10 to 20 percent from those reported in the Final RI.

Fluoride

The Final RI reported detectable concentrations of fluoride in 68 percent (41 of 60 samples)
of the samples analyzed. The range of fluoride concentrations was from 1000 to 4500 ug/l.
Because fluoride is a naturally occurring anion in groundwater, the assessment of fluoride
contamination in the UFS includes a comparison with a range of concentration that is representa-
tive of background levels. The range for background fluoride levels, based on data from selected
upgradient wells presented in the Final RI, is 570 to <1220 ug/l.

The highest concentrations of fluoride reported in the Final RI occurred in samples collected
from wells located downgradient of the extreme western end of the NBCS and in the First Creek
Paleochannel between the northern RMA boundary and the confluence with O’Brian Canal.
Concentrations of fluoride in these areas commonly exceeded 2000 ug/l. Fluoride conéentrations
were reported downgradient of the NBCS at 4650 ug/1 at well 37339 and in the First Creek
Paleochannel near its confluence with Q'Briaq Canal at 4420 ug/1 at well 37396. Elevated fluoride
concentrations were also observed in samples collected from wells located in the Northern
Paleochannel, primarily in the western portion of Section 13. Although generally lower than
concentrations in the First Creek Paleochannel, concentrations in samples from at least one well
located in the Northern Paleochannel, well 37397, also exceeded 2000 ug/l. ’ |

Fluoride concentrations offpost of the northwestern RMA boundary were also elevated
above background levels. The highest concentrations occurred in the immediate vicinity of the
NWBCS, and were generally in the range of 1300 to 2000 ug/l. The maximum fluoride
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concentration in that area was 2610 ug/l in well 37382 located near the northern end of the
NWBCS along the RMA boundary. |

The distribution of fluoride, on the basis of data collected during RI Addendum activities
and the CMP, is shown in Figure 3.13. The distribution of fluoride is similar to that presented in
the Final RI. Fluoride occurs in plumes offpost of the northern and nofthwestern RMA
boundaries. The maximum concentrations of fluoride occur in the First Creek Paleochannel and
downgradient of the western end of the NBCS.

Fluoride concen;rations commonly exceed 3000 ug/l in the First Creek Paleochannel and
2200 ug/l in the Northern Paleochannel. The maximum concentra;tion of fluoride in these areas
was 6300 ug/l in well 37418 located in the First Creek Paleochannel. A second sample collected
from well 37418 had a fluoride concentration of 3310 ug/l, suggesting a high degree of variability
in the fluoride data, as was noted in the Final RI. In the Northern Paleochannel, the highest
concentrations are slightly greater than 2500 ug/l, which is similar to levels reported in the Final
RI. In general, fluoride concentrations in samples collected offpost of the northern RMA
boundary are similar to those reported in the Final RI.

Offpost of the northwestern RMA boundary, fluoride concentrations in excess of 2000 ug/I
occur immediately downgradient of the RMA boundary. Fluoride concentrations in this area are
similar to those reported in the Final RI. In the Final RI, concentrations along the RMA
boundary in this area ranged from approximately 1300 to 2000 ug/] and exceeded 2600 ug/l in at
least one well. Currently, concentrations in this area are approximately 2000 ug/l, although the
maximum concentration was detected in well 37438 at 4070 ug/l.

A fluoride plume, defined by the 2000 ug/l isoconcentration contour, extends northwest ‘of f
of the northwestern RMA boundary and north of the northern RMA boundary and is apparent in
Figure 3.13. New wells installed under the RI Addendum have provided additional definition for
this plume. This plume was depicted in the Final RI and was slightly smaller than that depicted in

this report. Fluoride concentrations in some wells in this area have increased slightly from those
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reported in the Final RI. The slightly higher concentrations have increased the size of the plume
in the area off of the northwestern boundary.

In general, concentrations of fluoride have remained approximately the same or increased
slightly since the Final RI. The pattern of fluoride contamination in offpost groundwater is

similar to that reported in the Final RI.

3.2.2 Nature and Extent of Arapahoe Formation Contamination

This section describes the distribution of organic and inorganic constituents in Arapahoe
Formation groundwatér. The data and interpretations presented in this section are for ground-
water samples collected from seven offpost domestic and monitoring wells completed in the
Arapahoe Formation. A number of the existing Arapahoe Formation wells were installed a
number of years ago and may not have the same structural integrity as those wells installed more
recently, particularly those installed during RI Addendum activities. This factor may have some
effect on the comparability of data from the wells. Data from several sampling events, as
described in Section 3.2, were used to develop the interpretations and assessment of possible
contamination in the Arapahoe Formation.

Because specific information about the construction of many of the domestic wells in the
Arapahoe Formation is not available, several limitations on the usefulness of data from those wells
must be recognized. As discussed below, the extent of organic and inorganic contaminants in the
Arapahoe Formation appears to be quite limited and probably the result of flow from contamina-
ted groundwater in Fhe UFS. Data from the newly installed Arapahoe Formation monitoring wells
should be considered of significantly higher quality than data from the existing domestic wells. In
contrast, the sporadic o¢currence of organic or inorganic contaminants in samples collected from
-the domestic wells should not be interpreted as evidence of widespread contamination of the
Arapahoe Formation.

The Arapahoe Formation wells were sampled during RI Addendum and CMP activities, a;s
shown in Tabl¢ 2.1, and were analyzed for the compounds listed in Table 2.4. Analytical results
for sambles collected during RI Addendum activities are included in Appendix B. Results for

20000,360.10 - RIA :
1219030192 : _ 54



samples collected and analyzed during the CMP are contained in the RMA database. The
analytical results for Arapahoe Formation sambles collected from domestic and monitoring wells

are discussed in the following subsections.

3.2.2.1 Arapahoe Formation QOrganics

This section presents and discusses the results of organic analyses for groundwater samples
collected from domestic and monitoring wells completed in the Arapahoe Formation. Eleven
samples were collected from eight Arapahoe Formation wells and were analyzed for the target
analytes listed in Table 2.4.

Two organic compounds, chloroform and DIMP, were infrequently.detected in samples
collected from Arapahoe Formation wells (Figure 2.2). Well 09200TW090 had detectable levels of
DIMP in‘samples collected in January and August 1989. Chloroform was not detected in samples
from this well. Well 11841 TW096 was sampled three times: in September 1989, January 1990, and
August 1990. The sample collected in September 1989 did not contain detectable concentrations
of organic compounds. Samples collected in January and August 1990 contained DIMP and
chloroform, respectively. DIMP was detected at a concentration of 0.521 ug/l, and chloroform
was detected at concentrations of 24.9 and 1.17 ug/l, respectively. Additionally, chloroform
results for the sample collected in January 1990 are questionable on the basis of evaluation of field
. QA/QC information. The sample from well 13701 TW104 contained DIMP at a concenfration of
3.87 ug/l.. Because only one sample was collected from well 13701 TW104, the occurrence of
DIMP cannot be verified. Additionally, as discussed in Section 3.2.2.2, this well appears to have

structural problems and the organic analytical data do not reflect samples representative of the

Arapahoe Formation.

The detections of DIMP and chloroform observed in these Arapahoe Formation wells do not
appear to be representative of overall aquifer conditions. The majority of ‘samples collected from
Arapéhoe Formation wells did ndt contain organic compounds. In addition, DIMP and chloroform
were not detected consistently in samples collected from well 11841 TW096. It is possible t_hat the
observed concentrations of DIMP and chloroform may be artifacts 6f field or laboratory |
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procedures or may reflect the effects of well construction problems. On the basis of these data,
organic contamination in the Arapahoe Formation appears to be sporadic and localized, possiblyv as
a result of well construction problems. The groundwater quality data for the Arapahoe Formation

wells installed and sampled under the RI Addendum program strongly support this conclusion.

3.2.2.2 Arapahoe Formation Inorganics

This section presents and discusses the inorganic éhemistry results of groundwater quality
sampling of domestic and monitoring wells completed in the Arapahoe Formation. Nine samples
were collected from selven Arapahoe Formation wells and were analyzed for inorganic target
analytes including metals and anions, as shown in Table 2.4. Inorganic target analytes detected in
Arapahoe Formation well samples included arsenic, calcium, chloride, chromium, copper,
fluoride, magnesium, mercury, nitrate-nitrite, potassium, sodium, sulfate, and zinc. In general,
the analytical results for the inorganic constituents are within the expected concentration ranges.
The analytical results for inorganic constituents are described below.

Arsenic was detected only in samples collected from wells 37445 and 37431 at concentrations
of 4.89 and 3.22 ug/], respectively. Calcium, chloride, fluoride, nitrate-nitrite, sodium, and
sulfate were detected in all samples for which they were analyzed with the exception of fluoride
and sulfate. Fluoride had two results rejected on the basis of QA/QC requirements, and sulfate
had one rejected result. The concentration ranges for the inorganic constituents detecfed in the

Arapahoe Formation samples follow:

- Calcium 1480 to 34,000 ug/l
- Chloride 2580 to 38,000 ug/l
- Fluoride 2850 to 3450 ug/l

- Nitrate-nitrite 44.2 to 2,000,000 ug/1
- Sodium 93,000 to 160,000 ug/l
- Sulfate 2490 to 180,000 pg/1
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Chromium, copper, mercury, and potassium were each detected once at concentrations of
16.8 pg/1 in well 3743Vl, 31.8 ug/1in well 37445, 1.35 pg/l in well 11841 TW096, and 916 ug/l in
well 13701 TW 104, respectively. Zinc was detected twice at concentrations of 616 ug/! in
well 37445 and 667 ug/l in well 13701 TW104.

Cadmium, cyanide, iron, lead, manganese, and total organic carbon (TOC) were not detected
above the CRL in any Arapahoe Formation well'samples.

The inorganic water chemistry of groundwater samples collected from the Arapahoe
Formation was_evaluated to identify wells that displayed apparently inconsistent water chemistry
signatures. Specific electrical conductivity (conductivity) measured at the time of sample
collection was reviewed and compared to typicai Arapahoe Formation ranges reported by Tri-
County Health Department (Tri-County) (Tri-County, 1989). The conductivity values measured
in the field were consistent with the Tri-County ranges, except for well 13701 TW104. The
conductivity value reported for this well was approximately 850 umhos/cm at 25°C, which is
about 50 percent higher than typical values for the. Arapahoe Formation, although the Tri-County
report (Tri-County, 1989) presents a broad range of values. These data, generally' indicate that all
of the Arapahoe Formation wells sampled, except well 13701 TW104, appear to reflect inorganic
water quality representative of the Arapahoe Formation.

Based on the results presented in this report, the Arapahoe Formation inorganic chemistr'y'
does not appear to be affected by RMA contaminants. Results for the six wells discussed above
are generally within the concentration ranges expected. There were a few .exceptions to this
general conclusion. Analytical results for wells 10021 TWPEO and 13701 TW104 were anomalous
with respect to results reported for the other Arapahoe Formation v_vells. Well 10021 TWPEO
contained nitrate-nitrite at a concentration of 2,000,000 ug/1. This value is 2000 times higher
than the next highest nitrate-nitrite value and appears to be an erroneous result. A plausible
explanation for this value is that the sample may have been incorrectly preserved in the field

using nitric acid instead of sulfuric acid.
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Well 13701 TW104 contained most of the highest concentrations for detected inorganic
constituents. In the case of magnesium, the concentration for this well was approximately
140 times higher than the next highest concentration. Well 13701 TW104 contained the highest
concentrations of calcium, chloride, fluoride, magnesium, sodium, sulfate, and zinc, and
contained the only detectable levels of potassium. On the basis of these data and the reported
field conductivity of 850 umhos/cm at 25°C, this well appears to reflect an influence of UFS

groundwater quality.

3.2.3 Summary of Gaé Chromatography/Mass Spectroscopy Results

GC/MS analytical methods were used to attain groundwater sample results for two purposes.
The first purpose was to provide investigative results for certain target analytes (e.g., caprolactam,
bis(2-ethylhexyl)phthalate, vinyl chloride) for which a certified GC method was not available. In
this case, all analytes certified under the GC/MS method were reported by the laboratory. The
second purpose was to provide confirmation of GC results and to assess the presence of nontarget
analytes. GC/MS results are included in Appendix B.

GC results and GC/MS results were in general agreement. In one case, GC/MS confirma-
tion results for chloroform (sample HA 1069) did not confirm a GC detection (sample 37430).
Because the GC detection was only slightly higher than the CRL for the GC/MS method, this does
not represent a serious discrepancy. In four cases, GC/MS confirmation results réportéd
detections where none were reported in the investigative data. Three of these cases involved
carbon tetrachloride in samples HA1168, HA 1169, and HA1171 at concentrations near the GC/MS
CRL of 1.0 ug/l. The fourth case involved bis(2-ethylhexyl)phthalate at 176 pg/1, which probably
r'epresents‘ laboratory contamination.

Chloroform and chlorobenzene GC method results were very high for several samples
analyzed for the Offpost OU RI Addendum and IRA A. These results were inconsisfent with
historical data and suggest problems associatéd with cross-contamination during sampling. This

problem was particularly severe during two sampling events that took place from January 25 to
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March 2, 1990. Both the GC and GC/MS volatiles results were higher than historical results, and

the volatiles data for the two episodes are not considered reliable.

3.2.4 Summary of Quality Assurance/Quality Control Results

QA/QC samples were collected and analyzed in accordance with the QAP. The f requency of
and procedures for collecting various QA/QC samples are summarized in Table 3.2. The total
numbers of various QA/QC samples collected during RI Addendum activities follow:

- 5 rinse blanks

- 4 field blanks

- 4 trip blanks

- 15 duplicates

- 7 GC/MS confirmation samples

For duplicate samples, duplicate sample agreements (DSAs) were computed for all analytes
with concentrations greater than the CRL in either the investigative or duplicate sample. The
DSAs are shown in Table 3.3, along with the investigati\}e and duplicate results. Since the DSA i