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EXECUTIVE SUMMARY

In September and Cctober 1994, Huntingdon Engineering & Environmental, Inc., under the
direction of the Wyoming Department of Environmental Quality (WDEQ), conducted an
investigation to describe the extent and degree of contamination due to volatile organic
compounds, including tetrachloroethene (PCE), trichloroethene (TCE), 1,1,l1-trichloroethane
(1,1,1-TCA), benzene, ethylbenzene, toluene and xylenes, in the subsurface in the downtown
Casper area. The area of investigation is approximately bounded cn the east by McKinley
Street, on the west by Poplar Street and the North Platie River, on the south by Collins Drive
and East Yellowstone Highway and on the north by U.S. I-25. During this investigation, field
operations generally proceeded from east to west across the study area. Invasive actions such
as soil and groundwater sampling were confined to public property in order to minimize any
impact on private property owners. All field activities were halted at Poplar Street due to the
combined factors of budget and time constraints, large blocks of private property limiting sample
density and, to a lesser extent, inclement weather. '

Contamination of the soil vapor and shallow groundwater in the area by these compounds had
been documented by earlier studies, but the extent and degree of the contamination had not been
established precisely.

The scope of work for this investigation included using a Geoprobe sampler and portable iield
analytical equipment to collect and analyze samples of groundwater and soil vapor for either
PCE, TCE and 1,1,1-TCA or benzene, ethylbenzene, toluene and xylenes (BETX) in the field
to establish the horizontal extent of the affected area; submitting samples of groundwater to the
Wyorning Department of Environmental Quality laboratory (WDEQ) for volatile crganic
compounds (VOCs) analysis; and preparing a report that describes the methods used for the
investigation, presents the data developed during the investigation, describes the geologic and
hydrogeologic conditions present in the study area and provides conclusions regarding the degree
and extent of contamination by VOCs.

The land surface in the area is relatively flat. The area is underlain by approximately 35 to 40
feet of floodplain alluvium (sand and gravel) deposited by the North Platte River. The alluvium
rests on the Cody Shale. A water table aquifer is present in the alluvium below depths of 6 to
24 feet throughout the study area. Groundwater flows generally to the north and northeast.

During this investigation, PCE and a related compound, trichloroethene (TCE), were found in
the groundwater in four separate parts of the study area. The concentrations of PCE and TCE
ranged from non-detectable to 613 micrograms per liter (xg/L) and non-detectable to 98 ug/L.,
respectively. The maximum contaminant level established by the U.S. Environmental Protection
Agency for drinking water is 5 pg/L for each compound.

As a group, the BETX compounds were found in the groundwater in four separate parts of the
study area. The concentrations of benzene, ethylbenzene, toluene and xylenes ranged from non-
detectable to 9,043 pg/L, non-detectable t0 9,214 ug/L, non-detectable to 2,219 ug/L and non-
detectable to 6,969 ug/L, respectively. The maximum contaminant levels for benzene,
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ethylbenzene, toluene and xylenes are 5 pg/L, 700 ug/L, 1,000 pg/L and, 10,000 ug/L,
respectively.

PCE and TCE were found in soil vapor in areas generally coinciding with the areas with PCE
and TCE coutaminated groundwater. Field-screening for vapor-phase benzene, ethylbenzene,
toluene and xylenes did not detect any of these constituents in any of the soil vapor samples.

i
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1.¢ INTRODUCTION

1.1  Objective

The objective of this project was to determine the extent and degree of contamination by volatile
organic compounds, including tetrachloroethene (also called perchloroethylene,
tetrachloroethylene, or PCE), trichloroethene (TCE), 1,1,l1-trichloroethane (1,1,1-TCA),
benzene, ethylbenzene, toluene and xylenes in portions of the downtown Casper area
(Figure 1-1). PCE, TCE and 1,1,1-TCA are common solvents used in dry cleaning, vehicle
maintenance, and other commercial and manufacturing operations. Benzene, toluene,
ethylbenzene and xylenes are compounds of motor fuels such as gasoline. Contamination of the
soil vapor and shallow groundwater in the area had been documented by several studies
conducted previously. During the previous investigations, environmental media in the area were
sarapled at various times, in various locations and with a variety of methods. The present
investigation was intended to provide 2 single set of data which was current, coltected in a
consistent manner and coverad areas in downiown Casper witich were known or suspected to
be affected by volatile organic compounds, including PCE, TCE, 1,1,1-TCA, benzene,
ethylbenzene, toluene and xylenes. During this investigation, field operations generally
proceeded from east to west across the study area. Invasive actions such as soil and
groundwater sampling were confined to public property in order to minimize any impact on
private property owners. All field activities were halted at Poplar Street due to the combined
factors of budget and time constraints, large blocks of private property limiting sample density
and, to a lesser extent, inclement weather.

1.2 Scope of Work
The scope of work of this investigation included:

%  Collecting and analyzing samples of groundwater and soil vapor for PCE, TCE,
1,1,1-TCA, benzene, ethylbenzene, toluene and xylenes, using a Geoprobe
sampler and portable field analytical equipment, to establish the horizontal extent
of the affected area and guide further field investigation,

¢  Collecting samples of groundwater from each of the Geoprobe locations for
laboratory analysis,

¢  Analyzing the groundwater samples for volatile organic compounds including
PCE, TCE, 1,1,1-TCA, benzene, ethylbenzene, toluene and xylenes, and

4  Preparing a report that describes the methods used for the investigation, presents
the data developed during the investigation, describes the geologic and
hydrogeologic conditions present in the study area and provides conclusions
regarding the degree and extent of contamination by volatile organic compounds,
including PCE, TCE, 1,1,1-TCA, benzene, ethylbenzene, toluene and xylenes.

n\doclenviderpt 1
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This investigation was conducted by Huntingdon Enginesring & Environmental, Inc.
(Huntingdon) under the direction of the Wyoming Department of Environmental Quality
(WDEQ), in genera! accordance with a contract executed September 16, 1994 between the
WDEQ and Huntingdon.
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2.0 BACKGROUND INFORMATION

2.1  Location, Land Use, Topography, Drainage and Climate of the Study Area

The study area is located in parts of the SW¥% of Section 3, the S% of Section 4, and the N4
of Section 9, Township 33 North, Range 79 West (Figure 1-1). The area is bounded on the east
by McKinley Street, on the west by Poplar Street and the North Platte River, on the south by
Collins Drive, and on the north by U.S. I-25.

Land use in this area is primarily commercial and light industrial, with some residential. The
residential areas are located primarily in the eastern third of the study arsa. The Amoco refinery
site borders the western side of the study area, along Poplar Street.

The topography of the area of investigation is relatively flat, with a very slight slope toward the
North Platte River. The area drains to the river, either by direct overland runoff or via the City
of Casper storm sewer system.

The climate of the Natrona County area is arid, except in the mountainous areas at aititudes
above 6,000 feet (Crist and Lowry, 1972). The average annual precipitation at Casper is about
12 inches. The mean annual temperature is approximately 46°F (Crist and Lowry, 1972).

2.2  Regional Overview of Geology and Hydrogeology

The City of Casper is located on the eastern flank of the Casper Arch, with the Powder River
Basin to the north and east, the Laramie Range to the south, and the Wind River Basin and
Rattlesnake Hills to the northwest and west, respectively (Crist and Lowry, 1972). The
Downtown Casper study area is underlain by Quaternary-age unconsolidated floodplain deposits
associated with the North Platte River. The floodplain deposits range from silt to sand, cobbles
and boulders. Exploratory borings determined the thickness of the floodplain alluvium to be
approximately 35 to 40 feet. The sands are very fine grained near the surface and become
coarser grained with depth; the grains are subangular to subrounded. Gravel, cobbles and
boulders are subrounded to rounded.

-Bedrock beneath the alluvium is the Cody Shale, an upper Cretaceous, marine shale. It has been

described by Gable and others (1987) as a soft, bentonitic, dark-gray shale with lenticular
sandstones in the upper sections and thin bentonite layers throughout. The dip of the Cody Shale
is slight and, in this area, generally to the northeast (Crist and Lowry, 1972).

The hydrology of the area of investigation is most directly influenced by the drainage and
climate of the surrounding region. The North Platte River is the principal drainage system of
Natrona County, flowing from west to east as part of the Missouri River drainage. Discharge
rates of several reservoirs upstream from Casper control the river flow,

n\doc\enviderpt 4
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Groundwater is present in the alluvial deposits that underlie the study area at depths below
approximately six to twenty-four feet. Groundwater levels in the alluvium are affected by
runoff, the stage of the North Platte River, and waters from underlying bedrock aquifers (Crist
and Lowry, 1972). Groundwater flow in the study area is generally north-northeast toward the
North Platte River. Chemically, the dominant anion found in alluvial groundwater by Crist and
Lowry (1972) was sulfate. In the same study, calcium magnesium hardness was less than 600
milligrams per liter (mg/L), and total dissolved solids less than 1500 mg/L. Selenium was
present in alluvium groundwater at levels less than 1.1 mg/L (Crist and Lowry, 1972).

2.3  Previous Environmental Investigations

To date, at least eleven reports have been issued documenting environmental investigations
conducted in the downtown Casper area. The purpose of this section is to summarize the scopes
of werk, results and conclusions of those investigations. The quality and validity of the data
presented in the reports of these investigations were assessed for this study only in a cursory,
qualitative manner; an exhaustive evaluation was beyond the project scope and was not deemed
necessary. Copies of the reports discussed in this section are available at public information
repositories in Casper or in WDEQ files. The reader should refer to the original reports for data
quality assessment.

2.3.1 Amoco Oil Company. July 28, 1989. Subsurface Investigation of the Area of the
Amoco Refinery Near the Homax Oil Company Facility.

During May 1989, personnel from Amoco Oil Company conducted an investigation to determine
if operations at their Casper, Wyoming refinery could be coatributing to subsurface hydrocarbon
contamination at the Homax Cil Company site located east of the refinery. The investigation
included drilling and collecting soil samples from five soil borings, installing five monitoring
welis, collecting and analyzing groundwater samples from 11 monitoring wells and collecting
and analyzing liquid hydrocarbon samples from 6 monitoring wells, The locations of the
monitoring wells are shown on Figure 2-1. '

Analysis of the liquid hydrocarbon samples indicated that the composition of the hydrocarbon
samples from Amoco monitoring wells 41, 133 and 137 differs significantly from hydrocarbon
samples collected previously from wells located farther west in the refinery. Based on those
analytical results and the fact that the direction of groundwater flow in May 1989 was to the
north, it was concluded that the source of the alleged contamination at the Homax site is not the
refinery.

2.3.2 Chen-Northern, Inc. December 18, 1989, Preliminary Environmental Study,
Hensley Battery & FKlectrical Supplv Property, 613 West Yellowstone Highway,

Casper, Wyoming.

During November 1989 personnel from Chen-Northern, Inc. conducted a subsurface
investigation to provide data which could be used to describe the extent of the hydrocarbon
contamination identified during the removal of eleven underground storage tanks (USTs) from

nidocemiderpt 5
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the site. The investigation consisted of drilling three soil borings and installing and sampling
three monitoring wells. The locations of the monitoring wells are shown on Figure 2-2. The
results of the groundwater analyses are presented in Table 2-1.

Groundwater samples were collected from each well and analyzed for benzene, ethylbenzene,
toluene, xylenes and total petroleum hydrocarbons. The results of the analyses found one or
more of the analyzed constituents to be present in the groundwater samples from two of the
wells, MW-2 and MW-3. No conclusions were presented in the report.

2.3.3 Delta Environmental Consultants, Inc. August 9, 1989. Subsurface Investigation,
Homax Qil Sales, Inc., 605 South Poplar, Casper, Wyoming.

During June and July of 1989, personnel from Delta Environmental Consuitants, Inc., at the
request of Homax Qil Sales, Inc., conducted an investigation to determine the extent of possible
petroleum contamination of the soil and groundwater at the Homax Oil Sales, Inc. - Poplar Site
located at 605 South Poplar Street in Casper. The investigation was done in response to the
discovery of petroleum hydrocarbon contamination during the removal of twe USTs from the
site in Septemnber 1988. The investigation consisted of drilling and sampling 6 soil borings and
installing and sampling 6 monitoring weils (MW-1 through MW-6). The locations of the
monitoring wells are shown on Figure 2-3. Analytical results are presented in Table 2-2.

Based on the results of this investigation, Delta Environmental Consultants concluded that
significant levels of hydrocarbon contamination were present in every monitoring well and that
the contamination was a combination of gasoline and diesel. They also concluded that esseniiaily
all of the contamination found at the site migrated there from the Amoco Refinery which is
located west of the site.

2.3.4 Chen-Northern, Inc. October 22, 1990. Phase II Environmental Assessment At The
Baroid Property Located At 1430 West Collins Drive, Casper., Wyoming.

Between September 10, 1990 and October 10,1990 personnel from Chen-Northern, Inc., at the
request of Baroid Drilling Fluids, Inc. conducted a Phase II Site Assessment at the Baroid
property located at 1030 West Collins Drive in Casper. The purpose of the assessment was to
evaluate the groundwater quality and groundwater gradient and the probability of an off-site
contamination source or sources. The assessment consisted of drilling and sampling six soil
borings and installing and sampling three monitoring wells. The locations of the monitoring
wells are shown on Figure 2-4. Analytical results are presented in Table 2-3.

Analysis of the soil and groundwater samples found high concentrations of petroleum
contamination in the subsurface beneath the Baroid site. The report concludes that while some
of the contamination may have originated from two underground storage tanks which previously
occupied the site and from sumps within the building, the majority of the contamination is
related to past railroad operations and refining activities located north and west of the site.

ni\dacemiderpt 7
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Table 2-1

Summary of Analytical Results
Hensley Battery & Electrical Supply Project
613 West Yellowstone Highway
Casper, Wyoming

MW-1 11-17-89 ND ND ND ND ND
MW-2 11-17-89 1,600 1,438 640 9,361 16.0
MW-3 11-17-89 15 ND 12 29 ND

"ND" indicates compound was not detected above detection level of 5 ppb BETX and 0.5 ppm TPH

Note: All values are in pg/L or mg/L. In dilute aqueous solution, ug/L and mg/L are equivalent
to parts per billion (ppb) and parts per million (ppm), respectively.

Data from Chen-Northern, Inc.; December 18, 1989

ndoc\enviderpt 9
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Table 2-2
Summary of Analytical Results
Homax Qil Sales Inc. - Poplar Site
605 South Poplar
Casper, Wyoming

Benzene " 12.10 4.02 10.10 4.17 7.09 9.47 9.78 ND
Toluene || 25.70 { 0.375 15.30 | 0.783 0.514 | 12.50 15.20 ND
Ethyl- '| 5.02 4.08 3.90 2.03 3.13 4.46 4.52 ND
benzene

Total 25.10 19.0 21.10 8.82 20.80 |  21.40 19.90 ND
Xylenes

TPH II 229 120 232 72 159 207 219 ND
Lead ND ND ND NA NA NA NA ND
Arsenic ND ND ND NA NA NA NA ND
Barium H 0.37 0.42 0.39 NA NA NA NA ND
Cadmium ND ND ND NA NA NA NA ND
Chromium ND ND ND NA NA NA NA ND
Selenium ND ND ND NA NA NA NA ND
Mercury ND ND ND NA NA NA NA ND
‘Silver ND ND ND NA NA NA NA ND

Note: These are groundwater samples collected on June 30, 1989
Note: All concentrations are in mg/l

ND Not Detected

NA Not Analyzed

*  MW-T7 is a duplicate of sample MW-3

#%  DIS-B is a bailer blank

Data from Delta Environmental Consultants; August 9, 1989
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Table 2-3

Summary of Analytical Results
Baroid Property

1030 West Collins Drive
Casper, Wyoming

9/13/90 BAR-1 15.12 140 2,200 80 11,000 100
9/13/90 BAR-2 14.89 35 1,200 15 340 110
9/13/90 BAR-3 17.51 640 2,600 67 9,000 100

14.0 940

09/10/90 BAR-1

10/10/90 5.0 <0.5
09/10/90 BAR-2 14.0 1,300
10/10/90 5.0 <0.05
09/10/90 BAR-3 14.0 190
10/10/90 5.0 <0.5

n\doctenvidomt
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2.3.5 Hart Crowser, Inc. February 12, 1991. Subsurface Exploration and Testing.
Glacier Park Company Property, Property Sequence No. 3476, Casper, Wyoming.

During the months of May through August 1990, Glacier Park Company retained Hart Crowser,
Inc. to conduct an investigation to determine if activities conducted by Burlington Northern
Raiiroad had caused significant subsurface impact to their property. The property in question
consists of two parcels, one located north and the other south of the Burlington Northern
mainline between North Center Street and North McKinley Street. The combined area is
bounded approximately by I-25 on the north and by East "C" Street on the south. The
investigation was performed in response to a limited Site Investigation conducted by
ENERLOG/TIS, Inc. and a Phase I Preliminary Environmental Assessment conducted by Hart
Crowser, Inc. which identified historical practices by Burlington Northern that might have
impacted soil and groundwater quality. The subsurface investigation was restricted to the
Burlington Northern rail yards between Center and McKinley Streets.

The investigation consisted of conducting a geophysical survey, drilling and sampling eleven soil
borings and installing and sampling nine monitoring wells (HC-1 through HC-9; Figure 2-5),
excavating and sampling nine test pits, obtaining two composite surface secil samples, advancing
and sampling three hand-auger borings, and collecting one sample of sludge and seven samples
of suspected asbestos-containing material.

Based on the results of this investigation, Hart Crowser cencluded that petroleum hydrocarbons
had significantly impacted soil and groundwater at both of the parcels. The extent of free
petroleum product is shown on Figure 2-6; the extent of soil and groundwater contamination by
petroleum hydrocarbons is approximately coincident with the area containing free product. In
addition, chlorinated volatile organic compounds were detected in the groundwater beneath the
study area. PCE was the primary compound detected, and was detected at concentrations that
ranged from 10 pg/L to 300 ug/l.. No PCE was detected in the soils in the study area. The
areas of PCE occurrence in the study area indicated that other potential source areas south of
the parcels, rather than activities at the subject site, were most likely responsible for the
presence of the PCE.

2.3.6 Hart Crowser, Inc. May 15, 1991. Additional Site Assessment, Glacier Park

Companyv_Property, Property Sequence No. 3476, Parcels 1 and 2. Casper,
Wvoming.

In response to the results of the investigation submitted on February 12, 1991, Hart Crowser,
Inc. conducted an additional investigation for the Glacier Park Company to further define the
nature and extent of the chlomnated volatile organic compounds detected previously and to
determine whether the presence of these compounds resulted from activities within the subject
site.

The investigation consisted of installing and sampling seven monitoring wells (HC-10 through
HC-13, and P2ZMW-1 through P2MW-3), excavating and sampling three test pits, sampling the
wells installed previously, and conducting an off-site reconnaissance and review of available
historical information to identify potential off-site sources of the chlorinated volatile organic
compounds. Sampling was limited to the rail yard area.

ndocterviderpt 14
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Huntingdon

This investigation showed that PCE was the major contaminant detected, that PCE was present
in the groundwater at concentrations ranging from 3 ug/L to 690 pg/1., and that the source of
the PCE was located to the south (up-gradient) of the subject site. The distribution of PCE in
the groundwater as determined by this investigation is shown on Figure 2-5. Seventeen potential
sources of PCE contamination south and southwest of the study area were identified during the
investigation (Table 2-4), Hart Crowser concluded that the three most likely potential sources
were the former industrial lacndry (Steiner Corp., Casper Troy Laundry, and Casper Linen Co.,
at various times) that operated at 330 North Durbin Street from 1948 to 1985, the Fischer Body
Shop that has operated continuously at 223 North Durbin Strest since the 1950s, and the Acme
Fuel Company that operated at 400 East A Street during the 1970s. They also conciuded that
acdditional soil and groundwater investigation south of the Burlington Northern rail yard area
would be required to further evaluate the PCE source.

2.3.7 Lockheed Engineering and Sciences Company. October 1991. Aerizl Photographic
Analysis of North Casper Groundwater Contamination Study Area.

Lockheed Engineering and Sciences Company, under contract to the US EPA, conducted
analysis of aerial photographs of the north part of Casper taken between 1944 and 1991 to locate
possible sources of groundwater contamination by chlorinated organic compounds. The analysis
documented visible waste disposal activities and physical conditions that pose potental
environmental hazards. Photographs taken in 1944, 1947, 1960, 1971, 1978, 1982, 1988 and
1991 were examined. The report documents the presence and evolution of numerous potential
sources of contamination. The potential sources most significant in terms of their nature, size
and location relative to the contamination identified in the north Casper arez include: the railroad
yard and associated facilities including a locomotive maintenance facility and lagoon in the area
now between I-25 and C Street west of McKinley Street, a fuel/oil distributorship at the
southeast end of the railroad yard, the former City Garage, the building housing the former
Norge Viliage Dry Cleaning facility, commercial businesses (many storing unideatified 55-galion
drums) that were built in and around the railroad yard, an open dump on the south side of the
North Platte River between Beech and Durbin Streets, and a landfill along the west side of
McKinley Street between the railroad yard and 1-25. Lockheed Engineering and Sciences
Company provided a narrative description of each of the photographs, identifying potential
sources of contamination, but did not make any conclusions regarding the contribution or lack
of contribution of any of the identified facilities to the groundwater contamination by chlorinated
organic compounds.

2.3.8 Scientific Geochemical Services. January, 1992. Preliminary Environmental Site
Assessment & Soil Vapor Probe Contamination Study - Wilson Addition Proiect,

Casper,Wyoming,

During December 1992 personnel from Scientific Geochemical Services conducted a soil vapor
survey at the Wilson Addition located at the northeast corner of the intersection of South Poplar
Street and west Yellowstone Highway. The purpose of the investigation was to identify the
presence or absence of potentially hazardous accumulations of hydrocarbons in the subsurface
soils and groundwater at the site. The soil vapor survey consisted of collecting 27 soil vapor
samples and analyzing the samples for light (methane, ethane, propane, iso- and normal butane,
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Table 2-4
Historic and Current Potential Sources of Tetrachloroethene
(After Hart Crowser, 1991b)

Kay Cee’s Budget Office Fumiture 330 North Durbin Street P 1960s, 1970s
(formerly Steiner Corp.,

Casper Troy Laundry Co.,

Casper Lien Co.)

Eisman Chemical Co. 838 East C Street P 1989
1-Hour Martinizing 946 East 2nd Street P 1989
Midwest Cleaners & Laundry 638 East 2nd Street P 1960s
Rick’s Rod Shop - Auto Repair 709 East C Street P 1989
Fischer Body Shop 223 North Durbin Street P 1970s
Allen’s Import Car Care 548 East A Street P 1939
United Glass and Paint 235 North Kimball Street P 1989
Auto Detail Shop 214 North Beech Street ) 1939
Baily Chemical Company 437 East A Street ? 19807
Wright’s Paint and Body Shop 315 North Grant Street P 1960s
Energy Laboratories, Inc. 254 North Center Street P 1989
Auto Hospital 304 North Grant Street P 1960s
Northwest Iron & Metal Co. 331 North Park Street 0 1960s
Jack’s Union 76 Service Station 400 East A Street 0] 1970s
Acme Fuel Company 466 East C Street 0 1970s
Casper Dry Cleaners 120 East 5th Street P

presently operating
out of operation

P
0
5

n:\dac\enviderpt

unable to find listing in current phone directory
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Huntingdon

ethylene, and propylene) as well as heavy (benzene, toluene, ethylbenzene and xylenes)
hydrocarbon vapors. Sample locations and sample results are presented in Table 2-5 and shown
on Figures 2-7, 2-8 and 2-9.

The results of the survey identified two separate plumes of hydrocarbon contarnination in the
subsurface at the site. The report concludes the a portion of the identified contamination may
be due to historical activities which took place at the site, but that all or a portion of the
contamination originated at the Amoco refinery.

2.3.9 Scientific Geochemical Services. February, 1992. Amendment to Preliminary

Environmental Site Assessment & Soil Vapor Probe Contamination Study - Wilson
Addition Project, Casper, Wyoming.

On January 29, 1992, personnel from Scientific Geochemical Services conducted additional
investigative activitics at the Wilson Addition located at the northeast corner of the intersection
of South Poplar Street and West Yellowstone Highway. The purpose of this additional
investigation was provide data which could be used to better delineate the areal extent of the
vadose zone contamination identified previously. The additional investigative activities consisted
of collecting and analyzing eleven soil vapor samples. Sample locations and sample results are
presented in Table 2-6 and shown on Figures 2-10, 2-11 and 2-12.

Based on data compiled for this assessment, Scientific Geotechnical Services concluded that the
subsurface contamination at the Wilson Addition was probably due to leakage from a heretofore
unknown buried tank or above ground system that discharged product into the subsurface, and
also to migration of contamination on to the site from an off-site source.

2.3.10 Engineering-Science, Inc. August 1992. Results of Site Investization at the
Casper Yard, Casper, Wyoming.

Engineering-Science, Inc. conducted an investigation for Burlington Northern Railroad during
July 1991 at the Burlington Northern Railroad mainline property located between North Center
Street and North McKinley Street. The investigation was conducted to further define the extent
of soil and groundwaier impacted by petroleum hydrocarbon at the subject site and to obtain data
to evaluate potential remedial alternatives for the site.

The investigation consisted of conducting a soil vapor survey, a biological respiration test, an
aquifer test, drilling and sampling 12 soil borings, -and installing and sampling 13 monitoring
wells (Figure 2-13).

Based on the results of this investigation, Engineering-Science, Inc. concluded that petroleum
hydrocarbon contamination existed in a four-foot vertical interval from 15 to 19 feet below
ground surface in the vicinity of the former diesel fueling track, former 30,000-gallon UST, and
former diesel fuel unloading rack/fuel pipeline. PCE was detected in groundwater from only
one of the wells (CY-MW10 near the west side of the area), at a concentration of 11 pg/L.
They reported transmissivity values between 105,600 gallons per day per foot (gpd/ft) and
194,526 gpd/ft, and storativity values between 2.37 x 10°® and 7.7 x 10” from the pumped well

n:\doclenviderpt 1 9
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and three observation wells used for the alluvial aquifer test. A hydraulic conductivity value of
6,117 gpd/ft* was reported for one observation well. Engineering-Science, Inc. concluded that
the main area of focus for the investigation was farther to the west of the PCE plume detected

previously.

2.3.11 Armand Morris & Associates. September 14, 1992. Report of Investigations
- Joe Shickich Property, Casper, Wyoming.

On August 23, 1992 personnel from Armand Morris & Associates, at the request of the
D.I.R.T. Land Trust, conducted a subsurface investigation at property owned by the land tiust
and located at the northeast corner of Poplar Street and Coilins Avenue in Casper. The purpose
of this investigation was to determine if groundwater or soil contamination was present on the
property. The investigation involved drilling and sampling two soil borings and installing and
samipling two monitoring wells (SH-1 and SH-2). Well locations are shown on Figure 2-14. A
summary of the analytical results is presented in Table 2-7. Anralysis of the groundwater
samples found several volatile organic compounds to be present in the sample from monitoring
weil SH-2.

2.3.12 Summary of Amoco Casper Refinery Annual Reports to the WDEQ, 1588
to 1993,

In accordance with a February 2, 1989 request from the Wyoming Department of Environmental
Quality (WDEQ), Amoco Oil Company prepares an annual report documenting activities
conducted at their Casper, Wyoming refinery related to the soil and groundwater contamination
known to be present at the refinery site. Topics addressed in the annual reports include
groundwater gradient and product thickness as determined from the gauging of refinery
monitoring wells, subsurface data obtained from newly installed monitoring wells, storage tank
and transfer line testing, recovery well pumping rates and product recovery rates, recovery
system downtime, extent of contaminant plumes and API separator testing.

Annual reports submitted between 1988 and 1993 document the following:

. Groundwater flow in the alluvial aquifer underlying the refinery is to the east and
northeast.
. Petroleum product is present on the water table beneath the majority of the

refinery site. Product thicknesses in excess of three feet occur beneath the west
side of the refinery site.

° Between 1981 and 1993, approximately 183,756 barrels of product have been
recovered by the refinery recovery systems.

n\decienvidemt 3 1
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Table 2-7
Summary of Well Completions and Analytical Results
Joe Shickich Property

Date Drilled 8/2 1/92 8/21/92 12/09/89
Date Sampled 8/23/92 8/23/92 12/17/89
Latitude 42°50'36" 42°50'37" '
Longitude " 106°20'12" 106°20'14"

Collar Elevation, ft. 5120.94 5119.98 5116.46
Depth, ft. 23.00 23.00 20.00
Water Depth, ft. 16.23 15.38 13.50
Water Elevation, ft. 5104.56 5104.71 5102.96
Screened Interval, ft. " 10-20 10-20 9.7-19.7
Benzene, ug/L “ <0.50 - 219 <0.50
sec-butylbenzene, pg/L <0.50 141 NA
Ethylbenzene, pg/L <0.50 3181 <0.50
Isopropylbenzene, ug/L " <0.50 454 NA
4-Isopropylbenzene, ug/L <0.50 93 NA
Napthalene, pg/L <0.50 998 NA
Propylbenzene, pg/L <0.50 1282 NA
Toluene, pg/L <0.50 <0.50 <0.50
1,2,4-Trimethylbenzene, <0.50 5140 NA
pg/L

1,3,5-Trimethylbenzene, “ <0.50 712 NA
ug/L '

m+p Xylene, ug/L u <0.50 5654 <0.50
8015 (GRO), mg/L 0.096 66.1 NA
418.1 (TPH), mg/L NA NA 0.60

NA No Analysis

Data from Armand Morris and Associates, September 14, 1992

n:doc\enviderpt 33
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URS Censultants, Incorporated. August 19,1994, Preliminary Assessment
Casper Downtown Plume, Matrona County, Wyoming.

- At the request of the United States Environmental Protection-Agency, URS Consultants, Inc.
- prepared a preliminary assessment of the Casper Downtown Plume. The objectives of this

assessment were to:

De.t'ermine conta‘minant charac‘:te‘aristics and quaﬁtify poteﬁtial waste; sources;
Report on the adequacy of the containment of waste sources;

Assess the potential for contaminant migration;

Identify target populations; and

Determine the potential site impacts to public health and the environment.

The report concludes that:

nr\docenviderpt

A chiorinated hydrocarbon-contaminated groundwater plume is located in notthern
Casper;

PCE is the substance of primary concern because it was detected at higher
concentrations than any other chlorinated hydrocarbon detected;

The most probable routes of contaminant migration are along groundwater and
surface water pathways; and

A specific source of the Casper Downtown Plume is not known at this time,
however, potential sources located up-gradient of the plume include a former
industrial laundry, a former fuel company and a currently operating autobody
shop.

34
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3.0 INVESTIGATION PROCEDURES

To-accomplish the project objectives, a variety of eguipment and sampling procedures were

. used. The following sections provide a description of the equipment used and a discussion of

field and laboratory procedures. A more detailed narrative on field and laboratory procedures
is presented in the standard operating procedures (SOPs)included in Appendix C.

3.1  Geoprobe Exploration

As part of the investigation, samples of soil vapor and groundwater were collected using a
Model 8-M Geoprobe sampling assembly equipped with 1-inch diameter hollow steel rods. The
testing locations were laid out in a grid pattern. The initial spacing between sampling locations
was approximately 300 feet east-west by 350 feet north-scuth. The grid spacing was modified
as necessary to accommodate physical structures, such as roads and alleys, buildings and
utilities, In areas where contamination was identified, the grid spacing was tightened to provide
more detail.

Collection of soil vapor samples involved driving the hollow steel rods, with a retractable point
assembly attached to the lead rod, to approximately nine feet below the ground surface. Once
at the desired depth, the rods were raised approximately six inches to allow the point to retract.
A gas sampling cap was then placed on the above-ground end of the rods, a vacuum hose was
connected to the cap and a vacuum was applied. Prior to collecting a sample, the ambient air
was evacuated from the rods and vacuum tubing. A soil vapor sample was collected into a
syringe inserted into the tubing. The procedure is detailed in the Geoprobe Operation and
Sample Collection SOP in Appeadix C.

Collection of groundwater samples involved driving the hollow steel rods, with a short
(6 inches), mill-slotted rod in the lead rod position, to a depth approximately 18 feet below the
ground surface. Once at the desired depth, new or decontaminated polyethylene tubing was
inserted into the hollow rods and a peristaltic pump was used to obtain the groundwater sample.

Depending on the depth to the water table at each sample location, the groundwater samples may
have been collected from near the water table or from up to 10 fect below the water table. In
all cases, the sampled interval was short. At some locations, light non-aqueous phase liquids
(LNAPLs) such as gasoline could have been present on the water table or LNAPL ¢components
may have dissolved into the groundwater in the uppermost part of the aquifer. If the sampling
probe was driven below the contaminated uppermost part of the aquifer, a sample of
uncontaminated groundwater may have been obtained. This scenario could result in
underestimation of the extent of LNAPL-related contamination. No attempt was made to
characterize any vertical stratification of the water quality.

Samples obtained with the geoprobe sampling assembly were analyzed in the field using a
Photovac 10S70 portable gas chromatograph equipped with photo-ionization detector, isothermal
capiltary GC column oven, encapsulated capillary column and data analysis software. Each soil
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- vapor sample and groundwater sample was analyzed for either PCE, TCE and 1,1,1-TCA or -

benzene, toluene, ethylbenzene and xylenes. These corr'pounds were selected because they had
been detected in envirenmental samples analyzed during previous investigations conducted within
the study area. Analytical procedures are detailed in the Portable (3as Chromatograph Operation
SOP in Appendzx C. The detection limits for the field analyses were approximately 1 part per
billion (ppb) for soil vapor samples and 1 pg/L for groundwater samples. A second groundwater
sample was coliected from each sampling location and submitted to the WDEQ laboratory in
Cheyenne, Wyoming for analysis for volatile organic compounds (VOCs) by EPA Method 502.2

3.1.1 Geoprobe Sampling

Prior to cellecting a sample of groundwater from the hollow geoprobe rod, the depth to
groundwater was measured using an electronic water-level probe, and a minimum of three rod
volumes of water were removed from the rod using a peristaltic pump and nsw or
decontaminated polyethylene tubing. The purge water was pumped into a 5-gallon bucket to
allow measurement of the water volume. The groundwater sample was carefully transferred into
pre-cleaned glass sample containers (at least two 40-milliliter VOA vials), preserved with
hydrochloric acid o a pH less than 2 standard units, checked to assure that no bubbles were in
the sample containers, labelled, placed into coolers containing ice or "blue ice" refrigerant, and
transported to the laboratory following chain-of custody procedures. SOPs describing Field
Measurement of Ground Water Level, Groundwater Sampling, Field QC Samples, Sample
Documentzation, and Sample Packaging and Shipping are included in Appendix C.

3.2  Chemical Analysis

Groundwater samples submitted to the WDEQ laboratory were analyzed for volatile organic
compounds using EPA Method 502.2. This analysis is used to detect and quantify
concentrations of volatile organic compounds which include common solvents (such as PCE,
TCE or 1,1,1-TCA) as well as compounds that are components of petroleum fuels (such as
benzene in gasoline). Table 3-1 lists the compounds for which these methods are used. Total
petroleum hydrocarbons (TPH) analyses were not conducted because the detection limits for the
TPH analysis methods are much higher than meost of the concentrations of fuel-related
contaminants that were detected during earlier investigations. The analytical data were reviewed
prior to release. Specific information on standard laboratory operating procedures, detection
limits, and quality control measures is presented in "Methods for the Determination of Organic
Compounds in Drinking Water" (USEPA, 1992a) and "Test Methods for Evaluating Solid
Wastes” (USEPA, 1990). Quality control for this project is discussed below in Section 3.3.

3.3  Quality Assurance and Quality Control
Quality assurance (QA) and quality control (QC) procedures established in Huntingdon’s

Standard Operating Procedures (see Appendix C) or as otherwise agreed upon by Huntingdon
and the WDEQ were used for this project. A separate and formal quality assurance project plan

ns\dectenviderpt 3 6

Amember of the graup of companies



" Table 3.1

Volatile Organic Compounds Analyzed by EPA Method 502.2

p— ———

Benzene 1,2-Dichlorobenzene Naphthalene
Bromobenzene 1,3-Dichlorobenzene n-Propylbenzene
Bromochloromethane 1,4-Dichlorobenzene Styrene

Bromodichloromethane

Dichlorodifluoromethane

1,1,1,2-Tetrachloroethane

1,1,2,2-Tetrachloroethane

n-Butylbenzene

Bromoform 1,1-Dichloroethane
Bromomethane 1,2-Dichloroethane Tetrachloreethene
1,1-Dichloroethene , Toluene

sec-Butylbenzene

c-1,2-Dichloroethene

1,2,3-Trichlorobenzene

t-Butylbenzene

t-1,2-Dichloroethene

1,2,4-Trichlorobenzene

Carbon Tetrachloride

1,2-Dichloropropane

1,1,1-Trichloroethane

Chlorobenzene

1,3-Dichloropropane

1,1,2-Trichloroethane

Trichloroethene

Chloroethane 2,2-Dichloropropane
Chloroform 1,1-Dichloropropene Trichlorofluoromethane
Chloromethane ¢-1,3-Dichloropropene 1,2,3-Trichloropropane

2-Chlorotoluene

t-1,3-Dichloropropene

1,2,4-Trimethylbenzene

ni\decienviderpl

4-Chlorotoluene Ethylbenzene 1,3,5-Trimethylbenzene
Dibromochloromethane Hexachlorobutadiene Vinyl Chloride
1,2-Dibromo-3-chloropropane Isopropylbenzene Total Xylenes
1,2-Dibromoethane Isopropyltoluens
Dibromomethane Methylene chloride
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was not established for this project. This section generally describes the QA and. QC procedures
used; the reader is referred to Apperd1x C for further details. .

Quality control for field activities including coliection of so11 vapor and groundwater samples
with the Geoprobe equipment, analysis of soil vapor and groundwater samples, and handling of
samples were conducted in accordance with appropriaie SOPs. Deviations from the SOPs were
made in some instances, as described below.

As a form of quality control, groundwater samples from each geoprebe location were analyzed
both in the field and at the WDEQ laboratory in Cheyenne, Wyoming. Samples analyzed in the
field were analyzed for either PCE, TCE and 1,1,1-TCA or BETX. Samples submitted to the
laboratory were analyzed for volatile organic compounds including PCE, TCE, 1,1,1-TCA and
BETX, using EPA Method 502.2. In most cases the results from the laboratory ard the field
analyses were similar. In cases where significant differences were observed, these differences
may be due 10 one or more of the following causes.

One pos31b1e cause for the difference may be due to the additional handling and storage of lab
samples prior to their being analyzed. Samples anaiyzed in the field were analyzed immediately
after their collection, whereas samples submitted to the laboratory were transferred to the
appropriate bottles and stored prior to being shipped to the laboratory. This additional handling
and storage of the samples may have allowed loss of the volatile compounds by. volatilization
or degradation prior to laboratory analysis. Sample handling included placing the samples into
coolers containing ice or "blue ice" refrigerant immediately upon collection and labeling.
Temperatures above 4°C can allow loss of organic compounds by degradation and volatilization
and result in analyses reporting lower concentrations than originally existed in the samples.
Szmple documentation included field forms for the sampies, combined chain-of-custody/sample
analysis request forms, and custody seals on either the cooler, the sampie bottles or both. The
coolers were sealed for transport in all cases by the sampler, and in no case did the lab note
evidence of tampering with the cooler transport seals. On that basis, we feel that the integrity
of the samples was not compromised.

Another possible cause for the differences may be due to unaccounted for laboratory dilution of
samples. In cases where samples contain relatively high contaminant levels it is a common

ractice for laboratories to dilute the samples to facilitate analysis. The actual concentration of
a compound in the sample must then be calculated using the results obtained from the analysis
of the diluted sample and the dilution ratio. In several cases where differences occur between
the field results and laboratory results, the field results are approximately five or ten times
(common dilution ratios) higher than the laboratory results. This suggests that the results
reported by the laboratory may be uncorrected results obtained from the analysis of diluted
samples.

niMoclemderpt 38
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4,0 INVESTIGATION RESULTS

. 4.1 Geology

In general, the study area is underlain by alluvial deposits which rest unconformably on bedrock

__consisting of the Steele Shale member of the Cretaceous Cody Shale (Figure 4-1). The fluvial

terrace deposits are composed of unindurated to partly-indurated, bedded deposits of silt, sand,
gravel and boulders (Howard-Donley Associates, Inc., 1980).

The Steele Shale member of the Cretaceous Cody Shale consists of dark-gray, soft, marine shale
containing thin beds of limestone and numerous white bentonite beds (Howard-Donley
Associates, Inc., 1980). '

4.2 Groundwater Oceurrence and Flow
4.2.1 Groundwater Geceurrence

Throughout the study area, groundwater was encountered within the permeable alluvial sand and
gravel that overlies the Cody Shale. The Cody Shale is much less permeable than the alluvium
and forms the lower boundary of the alluvial aguifer. Within the alluvial aquifer, groundwater
is present under unconfined (water tabie) conditions and is first encountered at depths ranging
from approximately 6 to 24 feet below the ground surface, depending on location (Table 4-1).

4.2,2 Groundwater Flow

A groundwater elevation map constructed from depth-to-groundwater data collected between
September 24, 1994 and October 5, 1994 is presented as Figure 4-2. Several anomalous
groundwater elevation "highs" and "lows" are present which obscure the regional groundwater
flow direction. Most of, if not all of, the anomalous groundwater "highs" and "lows" are
believed to be the result of the groundwater not reaching an equilibrium level within the
geoprobe rod prior to measurement of the depth to groundwater at each geoprobe point (Section
3.1). A generalized water table elevation map (Figure 4-3) was constructed using a data set
which was edited to remove the data points which caused the anomalous groundwater elevation
"highs" and "lows". The resulting generalized groundwater elevation map indicates that
groundwater flow is to the north and northeast under a gradient of between 1.3x10? and
6.6x10%, This groundwater flow pattern is consistent with the flow direction observed during
previous investigations.

As previously noted in Section 2.3.10, Engineering-Science, Inc. (1992) reported a hydraulic
conductivity of 6117 gpd/ff? (820 ft/day) for the alluvial aquifer at the Burlington Northern
railyards. Using this reported hydraulic conductivity and the gradient determined during this
study, and assuming a porosity typical of shallow alluvial sand and gravel aquifers, an average
range of horizontal groundwater velocity can be calculated using Darcy’s Law:
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LITHOLOGIC DESCRIPTIONS

Flood Plain Deposits (Holocene) )
Unindurated gravel and sand. Arez subject to 100 and

500 year floods.

Colluvium (Holocene and Pleistocene)

Gravity deposit of unsorted, unindurated to partly-
indurated, locally derived detritus that has moved only
short distances and not as a coherent mass.

Fluvial Terrace Deposit (Holocene and Pleistocene)

Unindurated to partly-indurated, bedded deposit of silt,

sand, gravel and boulders. Subscript number (e.g., Qit,)

refers to terrace level.

Cody Shale (Upper Cretaceous)

Ks-SleeIe Shale - Dark-gray, soft, marine shale con-
taining thin beds of gray limestone and numerous,
white bentonite beds.

BEDROCK AND SURFICIAL
GEOLOGIC MAP

_COMPILED BY !
HOWARD—DONLEY ASSQCIATES INC.
Consulting Engineers ond Geologists

Redwood City, Calif.; Boise and Moscow, ldaho
235 North Wolcott Ave., Suite 4  Casper, Wyoming

s ™™ s ™™ s "
0 1/2 1
SCALE IN MILES
(APPROXIMATE)

Huntingdon
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Table 4-1

Geoprobe Sampling Locations and Water Level Data
‘Downtown Casper PCE Investigation

A2 5114.65 14.80 5,099.85 1584829.23 1186572.75
A-3 5111.77 14.80 5,096.97 1584378.33 1186463.98
A-3.5 5107.53 10.50 5,097.03 1584205.39 1186796.81
A-4 5111.99 14.80 5,097.19 1583957.27 1186462.31
A-4.5 5112.32 14.80 5,097.52 1583757.29 1186582.37
A-5 5113.58 16.05 5,097.53 1583616.45 1186441.48
A-5.5 5113.68 15.90 5,097.78 1583412.88 1186624.98
A-6 5115.91 12.60 5,103.31 1583239.01 1186353.30

A-6.5 5114.76 15.80 5,058.96 1583034.75 1186820.96
A-7 5118.93 18.60 5,100.33 .1582852.52 ) 1186414.32
B-1 5105.21 9.30 5,095.91 1585128.80 1186950.55
B-2 5103.63 7.80 5,095.83 1584825.48 1186943.98
B-3 5106.23 9.60 5,096.63 1584372.37 1186838.29
B-3.5 5104.93 8.30 5,096.63 1584200.13 1187029.73
B-4 5109.42 12.45 5,096.97 1583991.20 1186921.54
B-5 5112.62 15.45 5,097.17 1583619.89 1186941.97
B-5.5 5112.38 15.00 5,097.38 1583407.06 1186837.15
B-6 5114.06 12.90 5.101.16 1583233.16 1186873.09
B-6.5 5114.31 16.00 5,098.31 1583034.76 1186924.08
C-1 5104.31 7.05 5,097.26 1585126.72 1187300.33
C-2 5102.15 6.40 5,095.75 1584823.70 1187293.72
C-3 5103.09 7.05 5,096.04 1584365.68 1187270.47
C-3.5 5102.58 6.45 5,096.13 1584198.82 1187273.87
C-4 5107.67 11.30 5,096.37 1583984.87 | 1187291.01

C-5 5109.77 12.75 5,097.02 1583598.09 1187243.75
C-5.5 5110.45 12.20 5,098.25 1583402.87 1187209.85
C-6 5111.41 12.05 5,099.36 1583226.61 1187209.10
C-6.5 5112.94 15.20 5,097.74 1583024.59 1187154.37

nWocenvidenpt
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Table 4-1 (continued)
Geoprobe Sampling Location and Water Level Data
Downtown Casper PCE Investigation

C-7 5116.15 19.00 5,097.15 1582802.58 1187054.94
D-4 5114.41 11.60 5,102.81 1584004.72 1185942.45
D-5 5116.09 17.80 5,008.29 1583623.25 1185930.45
D-6 5117.96 19.29 5,098.67 1583244.67 1185924.53
AA-4 5110.33 13.12 5,097.21 1583993.75 1186764.43
AA-5 3114.02 13.20 5,100.82 1583625.67 1186654.26
AA-6 5114.68 16.80 5,097.88 1583235.23 1186657.81
BB-4 5108.72 10.10 5,098.62 1583989.38 1187073.84
BB-5.5 5111.35 13.40 5,097.95 1583402.16 1186981.94
BRB-6 5112.13 12.25 5,099.88 1583231.19 1187026.95
DD-4 5113.17 12.60 5,100.57 1583993.88 1186268.20
DD-5 5115.34 14.80 5,100.54 1583618.05 1186230.21
DD-6 5117.78 16.50 5,098.28 1583235.48 1186199.28
AAA-§ 5113.32 15.10 5,098.22 1583623.91 1186813.79
929-1 5115.81 18.25 5,097.56 1583030.91 1186445.82
529-2 5116.87 18.80 5,098.07 1583031.97 1186266.21
029-3 5117.75 19.20 5,098.55 1583035.80 1186067.95
929-4 5119.93 20.80 5,099.13 1582873.44 1186187.33
929-5 5119.86 21.00 5,098.86 1582862.49 1185939.62
929-6 5121.64 21.90 5,099.74 1582869.92 1185658.32
930-1 5122.19 23.80 5,098.39 1582501.13 1185922.31
930-2 5122.95 20.00 5,102.95 1582501.45 1185663.04
930-3 5111.38 12.20 5,099.18 1582213.59 1185644.31
930-4 5110.13 11.10 5,099.03 1581905.15 1185491.12
930-5 5108.97 10.30 5,098.67 1581726.74 1185656.75
930-6 5108.61 10.30 5,098.31 1581630.65 1185940.35
930-7 5108.56 9.90 5,098.66 1581586.54 1185635.99
930-8 5110.23 10.20 5,100.03 1581666.43 1185398.13
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Table 4-1 (continued)
Geoprobe Sampling Location and Water Level Data
Downtown Casper PCE Investigation

1003-1 5111.75 14.20 5,097.55 1582463.97 1186764.62
1003-2 5108.11 7.80 5,100.31 1582001.16 1186682.94
1003-3 5107.75 6.30 5,101.45 1581554.70 1186678.86
1003-4 5108.28 10.50 5,097.78 1581564.01 1186353.50
1003-5 5107.91 9.90 5,098.01 1581944.30 1186359.76
1004-1 5111.49 14.30 5,097.19 1581130.45 1186371.60
1004-2 5110.88 13.00 5,097.88 1580868.03 1185824.40
1004-3 5110.64 12.30 5,098.34 1580719.34 1185518.26
1004-4 5110.81 11.80 5,099.01 1580538.43 1185142.82
1004-5 5109.36 10.20 5,099.16 1581238.20 1185188.85
1004-6 5113.54 11.20 5,102.34 1580439.68 1184573.57
1004-7 5115.11 12.30 5,102.81 1579717.36 1184134.93
1004-8 5114.56 8.80 5,105.76 1580323.02 1184135.90
1005-1 5116.03 13.10 5,102.93 1579704.09 1182872.10
1005-2 5123.13 12.20 5,110.93 1580550.53 1183233.41
1005—3 5125.65 9.90 5,115.75 1580890.97 1183429.54
1005-4 5124.11 14.20 '5,109.91 1581226.03 1183597.85
1005-5 5120.25 -= 1581942.43 1183943.74
1005-6 5114.48 13.00 5,101.48 1580135.42 1183813.19
1005-7 5117.93 15.90 5,102.03 1580923.04 1184133.11
1005-8 5120.12 - 1581278.40 1184264.84
1005-9 5120.45 - 1581593.30 1184415.08
1005-10 5120.05 19.20 5,100.85 15.81901.40 1184570.66

-- indicates groundwater not encountered.

Water level data was collected between 09-24-94 and 10-05-94.
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K(dh/dl)/6

v = average horizontal groundwater velocity,

K = hydraulic conductivity (820 ft/day)

dh/dl - = groundwater gradient 1.3x10? to 6.6x10? and

g == porosity, typical vaiue for a sand/gravel is 0.35 (Freeze and
Cherry, 1979). ' . :

where:

The average horizontal groundwater velocity calculated using this equation is 3.0 to 15.5 feet
per day. ‘

4.3  Soil Vapor Contamination

During the investigation, samples of soil vapor were collected at 79 locations from a depth of
approximately 9 feet below the ground surface using a Model 8-M Geoprobe sampling assembly.
Fach sample was analyzed in the field for either PCE, TCE and 1,1,1-TCA or benzene,
ethylbenzene, toluene and xylenes using a Photovac 10870 portable gas chromatograph. The
geoprobe sample locations are shown on Figure 4-4. The soil vapor data are inchuded in
Appendix A and are summarized in Table 4-2. The detection limit for the soil vapor analyses
was approximately 1 ppb. Quantification of concentrations below 5 ppb is not always precise,
and concentrations in this range are referred to as "trace” in Table 4-2 and on Figures 4-5 and
4-6. Below 1 ppb, concentrations are referred to as "non-detectable.”

4.3.1 Type, Degree and Extent of Soil Vaper Contamination
4.3.1.1 PCE and TCE in Soil Vapor

The concentrations of PCE and TCE in the soil vapor samples ranged from non-detectable to
425,630 ppb and from non-detectable to 38,080 ppb, respectively. 1,1, 1-TCA was not detected
at concentrations exceeding 5 ppb (trace) at any of the sample locations. TCE is a degradation
product of PCE, and TCE also is a byproduct of the manufacture of PCE. Both of these
compounds have been detected in environmental samples analyzed during previous investigations
of the study area, and both commenly occur together. The distribution of vapor-phase PCE and
TCE in the subsurface of the study area is shown on Figures 4-5 and 4-6.

Based on the soil vapor data collected during this investigation, two vapor-phase PCE plumes,
an east plume and a west plume, appear to be present in the subsurface beneath the study area
(Figure 4-5). The east vapor-phase PCE plume is approximately 1,000 feet wide by more than
1,800 feet long and extends in a southwest to northeast direction from near the intersection of
South Durbin Street and East First Street to beyond the north boundary of the study area. The
highest concentrations of PCE within the east plume were found at geoprobe sample points
A-5.5, C-5.5 and C-6, where the concentrations of PCE in the soil vapor samples were 113,400
ppb, 425,630 ppb and 134,370 ppb, respectively.
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Table 4-2
Summary of Geoprobe Soil Vapor Survey Data
Downtown Casper PCE Investigation

09/28/94 || ND
A-3 09/25/94 " ND ND ND
A3.5 09/28/94 ND ND ND
A-4 09/25/94 ND ND ND
A-4.5 09/28/94 ND ND 96
A-5 09/24/94 " ND ND ND
A-5.5 09/28/94 " ND 302 113,400
A6 09/25/94 ND 501 10,720
A-6.5 09/27/94 ND ND ND
A-7 09/25/94 ND ND ND
B-1 09/28/94 ND ND ND
B-2 09/24/94 ND ND ND
B-3 09/24/94 ND ND ND
B-3.5 09/28/94 ND ND TR
B-4 09/24/94 ND ND 133
B-5 09/24/94 ND ND 777
B-5.5 09/28/94 ND ND 89
B-6 09/25/94 " ND ND ND
B-6.5 09/27/94 ND ND ND
C-1 09/24/94 ND ND ND
Cc-2 09/24/94 ND ND ND
C3 09/24/94 ND ND ND
C3.5 09/28/94 ND TR 49,170
c4 09/24/94 ND ND 67,600
C-5 08/24/94 ND ND 20,194
C-5.5 09/27/94 ND ND 425,630
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Table 4-2 (continued) _
- Summary of Geoprobe Soil Vapor Survey Data
Downtown Casper PCE Investigation

09/25/94 " * ND ND 134,370
C6.5 09/27/94 || ND ND ND
Cc-7 09/25/94 " ND ND ND
D-4 09/25/94 | ND ND ND
D-5 09/25/94 || ND ND ND
D-6 09/24/94 ND ND ND
AA-4 09/28/94 ND ND ND
AA5 09/27/94 ND ND 5,440
AA-6 09/27/94 ND ND 5,200
BB-4 09/28/94 ND ND 41,940
BB-5.5 09/27/94 ND ND 3,260
BB-6 09/27/94 ND 38,080 > 100,000
DD-4 09/28/94 ND ND ND
DD-5 09/27/94 ND ND 11,030
DD-6 09/27/94 ND 413 44,270
AAA-5 09/27/94 ND TR 57,480
0929-01 09/29/94 ND ND ND
0929-02 09/29/94 ND ND ND
0929-03 09/29/94 ND ND ND
0929-04 09/29/94 ND ND ND
0929-05 09/29/94 ND ND ND
0929-06 09/29/94 ND ND ND
1003-03 10/03/94 ND ND 62
1003-04 10/03/94 ND ND 43,500
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Table 4-2 (continued)
‘Summary of Geoprobe Soil Vapor Survey Data
- Downtown Casper PCE Investigation

“Probe Laca

0930-01 09/30;" ND | ND
0930-02 09/30/94 " ND ND ND ND
0930-03 09/30/94 " ND ND ND ND
0930-04 05/30/94 ND ND ND ND
0930-05 09/30/94 || ND ND ND ND
0930-06 09/30/94 ND ND ND ND
0930-07 09/30/94 ND ND ND ND
0930-08 09/30/94 FP FP FP FP
1003-01 10/03/94 ND ND ND ND
1003-02 10/03/94 ND ND ND ND
1003-05 10/03/94 ND ND ND ND
1004-01 10/04/94 ND ND ND ND
1004-02 10/04/94 ND ND ND ND
1004-03 10/04/94 “ NS NS NS NS
1004-04 10/04/94 ND ND ND ND
1004-05 10/04/94 I ND ND ND ND
1004-06 10/04/94 ND ND ND ND
1004-07 10/04/94 ND ND ND ND
1004-08 10/04/94 ND ND ND ND
1005-01 10/05/94 “ ND’ ND ND ND
1005-02 10/05/94 || ND ND ND ND
1005-03 10/05/94 " ND ND ND ND
1005-04 10/05/94 ND ND ND ND
1005-05 10/05/94 ND ND ND ND
1005-06 10/05/94 ND ND ND ND
1005-07 10/05/94 || ND ND ND ND
1005-08 10/05/94 “ ND ND ND ND
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Table 4-2 (continued)

Summary of Geoprobe Soil Vapor Survey Data
' Downtown Casper PCE Investigation

—— )
P e ——————

10/05/94 “ ND

1005-09

1005-10 10/05/94 “ ND ND ND ND
ND = Not Detected

TR = Trace

N§ = No Sample Collected

FP =

nidoc\erviderptl

Free Product in Sample (not quantifiable)
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The west vapor-phase PCE plume is located in the area approximately bounded by West A :
Street, West B Street, North Ash Street and Nichols Avenue. It is approximately 260 feet wide
by 500 feet long. The highest concentrations of PCE within the west plume was found at
geoprobe sample point 1003-4, where the concentration of PCE in the suil vapor sample was
43,500 ppb. - o . : L o

Based on the soil vapor data collected during this investigation, two vapor-phase TCE plumes,
a north plume and a south plume, appear to be present in the subsurface beneath the study area
(Figure 4-6). The highest concentration of TCE within the north plume was found at geoprobe
point BB-6 and was 38,080 ppb. The locations of both vapor-phase TCE plumes coincide with
the up-gradient parts of the east vapor-phase PCE plume.

4.3.1.2 Benzene, Ethylbenzene, Toluene and Xylenes in Soil Vapor

Field screening for vapor-phase benzene, ethylbenzene, toluene and xylenes (BETX) did not
detect benzene, ethylbenzene, toluene or xylenes in any of the soil gas samples screened for the
BETX compounds (Table 4-2).

4.4 Groundwater Coutamination

During the investigation, samples of groundwater were collected from 67 geoprobe locations
using a Model 8-M Geoprobe sampling assembly. Each groundwater sample was analyzed in
the field for either PCE, TCE and 1,1,1-TCA or BETX using a Photovac 105870 portable gas
chromatograph. The field analysis methods are described in the SOP for Portable Gas
Chromatograph Operation (Appendix C). In addition, a second groundwater sample was
collected from each of the geoprobe locations and submitted to the WDEQ laboraiory in
Cheyenne, Wyoming to be analyzed for volatile organic compounds by EPA Method 502.2.
Analytical data for groundwater samples are included in Appendices A and B and are
summarized in Tables 4-3 and 4-4. In some instances, multiple samples were coliected at
different times from approximately the same sampling locations and submitted for laboratory
analysis (C-5.5, AA-5, BB-6, DD-6 and AAA-5). For interpretation purposes only the highest
contaminant concentrations were used. The following discussion of the type, degree and extent
of the groundwater contamination is based on the results generated by the laboratory.

4.4.1 Degree and Extent of Groundwater Contamination by Chlorinated Compounds

Results of the laboratory analyses found only two chlorinated compounds, PCE and TCE, at
levels exceeding their respective quantitation limits. Chlorinated ethenes such as PCE and TCE
are prevalent groundwater contaminants due to their widespread use as cleaning solvents. PCE
and TCE are closely related in that TCE is an intermediate in the formulation of PCE. The two
compounds often occur together as groundwater contaminants due to the fact that TCE is also
a degradation product of PCE. While the occurrence of TCE in the groundwater beneath the
study area lies within the area where the groundwater contains PCE, the degree and extent of
each compound will be discussed separately since each compound has been assigned a maximum
contaminant level (MCL) by the United States Environmental Protection Agency (EPA). In the
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Table 4-3
Summary of Geoprobe Groundwater Data -
Downtown Casper PCE Investigation

A-2 09/28/94 NS NS NS
A-3 09/25/94 NS NS NS
A-3.5 09/28/94 " | ND ND ND
A4 09/25/94 ND ND ND
A-4.5 09/28/94 ND ND 47
A-S 09/24/94 ND ND 77
A-5.5 09/28/94 ND TR 155
A6 | 09/25/94 | ND ND TR
A-6.5 09/27/94 || ND ND ND
A-7 09/25/94 || ND ND ND
B-1 09/28/94 NS NS NS
B-2 09/24/94 ND ND ND
B-3 09/24/94 || ND ND | ND
B-1.5 09/28/94 " ND ND TR
B-4 09/24/94 " ND ND 39
B-5 09/24/94 ND ND 42
B-5.5 09/28/94 ND ND ND
B-6 09125194 FP FP FP
B-6.5 09/27/94 || ND ND ND
C-1 09/24/94 ND ND TR
C-2 09/24/94 ND ND ND
C-3 09/24/94 ND ND ND
C-3.5 09/28/94 | ND TR 683
C-4 09/24/94 " ND ND 177
C-5 09/24/94 ND ND 57
C-5.5 09/27/94 ND ND 1009

ndoclenviderpt 55



Table 4-3 (continued)
Summary of Geoprobe Groundwater Data’
Downtown Casper PCE Investigation

C-6 09/25/94 ND ND 72
C-6.5 09/27/94 ND ND ND
C7 09/25/94 ND ND ND
D4 09/25/94 ND ND ND
D-5 09/25/94 ND ND ND
D-6 09/24/94 ND ND ND
AA4 09/28/94 ND TR 69
AAS 09/27/94 ND ND ND
AA6 09/27/94 ND ND ND
BB-4 09/28/94 ND TR 278
BB-5.5 09/27/94 ” ND ND TR
BB-6 09/27/94 ND ND 1,174
DD-4 09/28/94 || ND ND TR
DD-5 09/27/94 “» ND ND ND
DD-6 09/27/94 ND 23 27
AAA-S 09127194 | ND 40 425
0929-01 09/29/94 ND ND ND
0929-02 09/29/94 ND ND ND
0929-03 09/29/94 I ND ND 18
0929-04 09/29/94 |> ND ND ND
0929-05 09/29/94 I ND ND ND
0929-06 09/29/94 ND ND ND
1003-03 10/03/94 ND ND 692
1003-04 10/03/94 ND ND 3050
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Table 4-3 (continued)
-Summary of Geoprobe Groundwater Data
Downtown Casper PCE Investigation

¢
[

|

0930-01 05/30/94 " 16

0930-02 09/30/94 || ND ND ND ND
0930-03 09/30/94 FP FP FP FP
0930-04 09/30/94 FP FP FP FP
0930-05 09/30/94 25 ND ND ND
0930-06 09/30/94 ND ND ND ND
0930-07 09/30/94 ND ND ND ND
0930-08 09/30/94 FP FP FP FP
1003-01 10/03/94 “ ND ND ND ND
1003-02 10/03/94 ND ND ND ND
1003-03 10/03/94 ND ND ND ND
1003-04 10/03/94 ND ND ND ND
1003-05 10/03/94 ND ND ND ND
1004-01 10/04/94 ND ND ND ND
1004-02 10/04/94 ND ND ND ND
1004-03 10/04/94 176 166 * 133
1004-04 10/04/94 || 32 16 ND ND
1004-05 10/04/94 ND ND ND ND
1004-06 10/04/94 ND ND ND ND
1004-07 10/04/94 " FP FP FP FP
1004-08 10/04/94 18 ND * 51
1005-01 10/05/94 26 ND * > 1000
1005-02 10/05/94 NS NS NS NS
1005-03 10/05/94 NS NS NS NS
1005-04 10/05/94 | NS NS NS NS
1005-05 10/05/94 NS NS NS NS
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Table 4-3 (continued)
Summary of Geoprobe Groundwater Data
Dowrtown Casper PCE Investigation™ - -

1005-06 10/05/94 TR ND * 15
1005-07 10/05/94 TR ND * 22
1005-08 10/05/94 ND ND ND ND
1005-09 10/05/94 ND ND ND ND
1005-10 10/05/94 TR ND * 30

ND = Not Detected

TR = Trace

NS = No Sample Collected

FP = Free Product in Sample (not quantifiable)

* = Ethylbenzene and/or Xylene not discernable due to interference.
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Table 4-4 . _
Concentrations of Compounds Detected In Groundwater Samples Collected in

September and October 1994 From Geoprobe Holes and Monitoring Wells
Downtown Casper PCE Investigation

A2 NS NS NS NS NS NS

A3 NS NS NS NS NS NS

A3.S <1.0 <10 <0.5 <05 <05 <0.5
A-4 <1.0 <10 <0.5 <0.5 <0.5 <0.5
A4S 22.8 <1.0 <05 <0.5 <0.5 <05
A-S 64.0 <1.0 <0.5 <05 <0.5 <0.5
A-S.S I 16.4 <1.0 <0.5 <0.5 <0.5 <0.5
A6 <1.0 <1.0 <05 <0.5 <0.5 <0.5
A-6.5 i <10 <1.0 <0.5 <0.5 <0.5 <0.5
A7 <1.0 <1.0 <0.5 <0.5 <0.5 <0.5
B NS NS NS NS NS NS

B2 <1.0 <1.0 <0.5 <05 <0.5 <0.5
B3 <1.0 <1.0 <0.5 <0.5 <0.5 <0.5
B-3.5 47 <1.0 <0.5 <0.5 <0.5 <0.5
B4 71.4 <1.0 <0.5 <05 <0.5 <0.5
B-5 31.4 <1.0 <0.5 <0.5 <0.5 <0.5
B-5.5 0.7 <1.0 <0.5 <05 <0.5 <0.5
B-6 126 10.5 <50 495 <0.5 5066
B-6.5 60.0 3.0 <0.5 <0.5 <0.5 <0.5
(o] 1.2 <1.0 <0.5 <0.5 <0.5 <0.5
c2 1.4 <10 <0.5 <0.5 <0.5 <0.5
c3 2.5 <1.0 <0.5 <0.5 <0.5 <0.5
c3.5 613 <1.0 <0.5 <0.5 <0.5 <0.5
C-4 173.5 2.6 <0.5 <0.5 <0.5 <0.5
c-5 " 45.0 <1.0 <0.5 <0.5 <0.5 <0.5
cs.5 " 220 6.1 <0.5 <0.5 <0.5 <0.5
C5.5 1.0 <1.0 <05 <0.5 <0.5 <0.5
c-6 145.0 1.2 <05 <0.5 <0.5 <0.5
c-6.5 127.6 <1.0 <05 <05 <0.5 <05
c-7 <1.0 <1.0 <0.5 <0.5 <0.5 <0.5
D-4 <1.0 <1.0 <0.5 <0.5 <0.5 <05
D-5 1.2 <1.0 <0.5 <0.5 <0.5 <0.5
D-6 <10 <i.0 <0.5 <0.5 <0.5 <0.5
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Table 4-4 (continued)
" Concentrations of Compounds Detected In Groundwater Samples Collected in
May and June 1994 From Geoprobe Holes and Monitoring Wells
North Casper PCE Investigation

AA-4 <1.0 <0.5 <0.5 <0.5 <0.5
AA-5 45.0 <0.5 <0.5 <0.5 <0.5
AA-5 <1.0 <0.5 <0.5 <0.5 <0.5
AA-6 <10 <0.5 <0.5 <0.5 <0.5
BB-4 313 <1.0 <0.5 <0.5 <0.5 <0.5
BB-5.5 2.7 <1.0 <0.5 <0.5 <0.5 <0.5
BB-6 200 <1.0 <0.5 <0.5 <0.5 <0.5
BB-6 201 <1.0 <0.5 <0.5 <0.5 <{0.5
BB-6 200 <1.0 <0.5 <0.5 <0.5 <0.5
DpD-4 1.1 <1.0 <0.5 <0.5 <0.5 <0.5
DD-5 <1.0 <1.0 <0.5 <0.5 <0.5 <0.5
DD-6 <1.0 3.0 <0.5 <0.5 <05 <0.5
DD-6 16.4 7.0 <0.5 <0.5 <0.5 <05
AAAS 113 28.0 <0.5 <0.5 <0.5 <0.5
AAA-S 197 30.2 <0.5 <0.5 <0.5 <0.5
929-1 <10 <1.0 <0.5 <0.5 <0.5 <0.5
929-2 <1.0 <1.0 <0.5 <0.5 <0.5 <0.5
929-3 23.1 <1.0 <0.5 <0.5 <0.5 <0.5
929-4 1.3 <1.0 <0.5 <0.5 <0.5 <05
929.5 <1.0 <1.0 <0.5 <0.5 <0.5 <0.5
929-6 <10 <1.0 <0.5 <0.5 <0.5 <0.5
930-1 <1.0 <1.0 1.7 10.5 <0.5 173

930-2 <1.0 <10 <0.5 <0.5 <0.5 <0.5
930-3 145 98,0 <50 9214 187 445

930-4 <1.0 <i.0 52 3258 <50 6700
930-3 4.6 1.1 <0.5 29 <0.5 58.3
930-6 <1.0 <1.0 <0.5 19.2 <0.5 37.4
930-7 <1.0 <1.0 <0.5 14.8 <0.5 37.4
930-8 <1.0 <1.0 9043 746 2219 6276
1003-1 <1.0 <1.0 <0.5 <0.5 <0.5 <0.5
1003-2 <1.0 <1.0 <0.5 <0.5 <0.5 <0.5
1003-3 9.9 <1.0 <0.5 <0.5 <0.5 <0.5
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Table 4-4 (continued)
-Concentrations of Compounds Detected In Groundwater Samples Collected in
May and June 1994 From Geoprobe Holes and Monitoring Wells

o

L

North Casper PCE Investlgatlon

1005-2 NS NS NS NS NS NS
1005-3 NS NS NS NS NS NS

1005-4 NS NS NS NS NS NS

1005-5 { NS NS NS NS NS NS

1005-6 <1.0 <1.0 <0.5 13.7 <0.5 57.3
1005-7 <1.0 <1.0 <0.5 8.0 <0.5 41.5
1005-8 NS NS NS NS NS NS

1005-9 NS NS NS NS NS NS

1005-10 <1.0 <1i.0 <0.5 11.9 <0.5 53.8
1005-10 <1.0 <1.0 <0.5 25.6 <0.5 10.8
Rl 12.2 <1.0 <0.5 <0.5 <0.5 <0.5
RI 1.8 <1.0 <0.5 <0.5 <0.5 <0.5
IM-5 (MW-5) 1.7 <1.0 <0.5 <0.5 <0.5 <0.5
IM-5 (MW-5) 8.1 <1.0 <0.5 <0.5 <0.5 <0.5
IM-6 (MW-6) 13,6 <1.0 <0.5 <0.5 <0.5 <0.5
IM-6 (MW-6) 13.4 <1.0 <0.5 <05 <0.5 <0.5
IM-4 (MW-4) <10 <1.0 <0.5 <0.5 <0.5 <0.5
IM-4 (MW-4) <1.0 <1.0 <0.5 <0.5 <0.5 <0.5
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- following discussion each contaminant plume is assigned a number, ‘with the plume numbers

increasing as one moves west across the study area. . - ;

4:.4.1.1 - PCE in Groundwater

The reported concentrations of PCE in the groundwate'.; samples ‘.ranged'from non-detectable to

613 micrograms per liter (ug/L). Concentrations less than the detection limits are referred to
as non-detectable. For laboratory analyses the detection limit was generally 1 ug/L.

PCE-impacted groundwater was found in four piumes as shown on Figure 4-7. All four plumes
contain groundwater with PCE concentrations exceeding the 5 pg/L drinking water MCL for
PCE. PCE Plume #1 is approximately 1,400 feet wide by at least 1,800 feet long and extends
northeast from near the intersection of South Wolcott Street and East 1st Street to beyond the
northern boundary of the study area. The highest concentrations of PCE within plume #1 were
found in the groundwater samples collected from geoprobe jocations AA-5 (270 pg/L), C3.5
(613 pg/L) and C-5.5 (220 ug/L). Extension of PCE plume #1 to the northeast (the direction
of groundwater flow) links it directly to the up-gradient end of the eastern PCE plume identified
during Huntingdon’s investigation of the north Casper area during May and June of 1994
(Huntingdon, 1994). PCE plume #2 is approximately 280 feet wide by 520 feet long and
extends from East "A" Street between North Ash Street and Nichols Avenue to a point north of
East "B" Street. The highest concentration of PCE within plume #2 was found at geoprobe
sample point 1003-4, where the concentration was 27.2 ug/L. PCE plume #3 is approximately
160 feet wide by 240 feet long and is centered near the intersection of Industrial Avenue and
North David Street. The highest concentration of PCE within plume #3 was found at geoprebe
sample point 930-3, where the concentration was 145 ug/L. PCE plume #4 is located in the
vicinity of Nichols Avenue, between West Yellowstone Highway and West Ist Street.
Insufficient data are available to describe the exact size, shape and orientation of this plume.
The highest concentration of PCE within plume #4 was found at geoprobe sample point 1004-3,
where the concentration was 23.2 ug/L.
rd

4.4.1.2 TCE in Groundwater

The TCE-impacted groundwater occurs in five plumes as shown on Figure 4-8. All five plumes
contain groundwater with TCE concentrations exceeding the 5 ug/L drinking water MCL for
TCE. All five plumes are coincident with parts of the PCE plumes discussed above. TCE
plume #1 is approximately 350 feet wide by 640 feet long and extends northeast from near the
intersection of North Durbin Street and East "A" Street to just northeast of North Beech Street
between Bast "A" Street and FEast "C" Street. The highest concentration of TCE within this
plume was found at geoprobe sample point AA-5, where the concentration was 45 pg/L. TCE
plume #2 is approximately 140 feet wide by 600 feet long and extends northeast from Northi
Wolcott Street between East "A" Strect and East "C" Street to near the intersection of North
Durbin Street and East "C" Street. The highest concentration of TCE within this plume,
10.5 pg/L, was found at geoprobe sample point B-6. TCE plume #3 is approximately 130 feet
wide by 240 feet long and is elongated in a southwest to northeast direction. Plume #3 is
bounded by East 1st Street on the south, by East "A" Street on the north, by South Durbin Street
on the east and by South Wolcott Street on the west. The highest concentration of TCE within
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Huntingdon

. plume #3 was found at geoprobe sample point DD-6, where the concentration was 7 ug/L. TCE -

olume #4 is approximately 220 feet wide by 340 feet long and is centered near the iniersection
of Industrial Avenue and South David Street. .The highest concentration of TCE within plume

. #4 was found at geoprobe sample point 930-3, where the concentration was 98 pg/L. “TCE

plume #S is located in the vicinity of Nichols: Avenue, between West Yellowstone Highway and
West 1st Street. Insufficient data are available to describe the exact size, shape and orientation
of this plume. The highest concentration of TCE within the fifth plume was found at geoprobie
sample point 1004-3. At that location the concentration of TCE in the groundwater sample was
19.2 ug/L.

4.4.2 Degree and Extent of Groundwater Contamination by Petroleum Fuel Related
Compounds

Results of the laboratory analyses found only four petroleum fuel-related compounds, benzene,
ethylbenzene, tcluene and xylenes, at levels exceeding their respective quantitation limits.
Because each of these compounds is a component of petroleum fuels, it is commen to find two
or more of the compounds together in areas where petroleum fuels have impacted groundwater.
Even though the occurrences of these compounds in the groundwater beneath the study area are
generally coincident, the degree and extent of occurrence of each compound will be discussed
separately since each compound has been assigned a MCL by the EPA. In the following
discussion each contaminant plume is assigned a number, with the plume numbers increasing as
one moves west across the study area.

4.4.2.1 Renzene in Groundwater

Benzene-impacted groundwater occurs in two plumes as shown on Figure 4-9. Both plumes
contain groundwater with benzene concentrations exceeding the 5 pg/L drinking water MCL for
benzene. Benzene plume #1 is approximately 300 feet wide by 560 feet long and underlies an
area bounided by West Yellowstone Highway on the south, by Cody Street and West 2nd Street
on the north, by Elm Street on the west and by South David Street on the east. The highest
concentratior: of benzene within plume #1 was found at geoprobe sample point 930-8, where the
concentration was 9043 pg/L. Benzene plume #2 underlies an area approximately bounded by
Nichols Avenue on the east, by Collins Drive on the south and by the North Platie River on the
north. Insufficient data are available to describe the western extent of this plume. The highest
known concentration of benzene within the second plume was found at geoprobe sample point
1004-7. At that location the concentration of benzene in the groundwater sample was
2019 ug/L.

4.4.2.2 Ethylbenzene in Groundwater

Ethylbenzene-impacted groundwater occurs in four plumes as shown on Figure 4-10.
Ethylbenzene concentrations exceeding the 700 pg/L drinking water MCL for ethylbenzene occur
in two of the four plumes (#2 and #4). Ethylbenzene plume #1 is approximately 220 feet wide
by 400 feet long and underlies an area bounded by East "A" Street on the south, by East "C"
Street on the north, by North Durbin Street on the east and by North Wolcott Street on the west.
The highest concentration of ethylbenzene within plume #1 (495 ug/L) was found at geoprobe
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sample-point B-6. Ethylbenzene plume #2 is approximately 800 feet wide by 1400 feet long and - -

underiies an area approximately bounded by West Yellowstone Highway on the south, West "A" -

- Street on the .north, by South Center Street on the east and by Elm Street on the west. The

highest concentration of ethylbenzene within plume #2 (3,258 pg/L) was found at geoprobe.
sample point 930-4. Ethylbenzene plume #3 is located near the intersection of West Midwest
Street and Scuth Ash Street. Insufficient data are available to describe the exact size, shape and
orientation of this plume. The highest known concentration of ethylbenzene within the third
plume (11.9 ug/L) was found at geoprobe sample point 1005-10. Ethylbenzene plume #4
underlies an area approximately bounded by Spruce Street on the east and by the North Platte
River on the north. Insufficient data are available to describe the western and southern extent
of this plume. The highest known concentraticn of ethylbenzene within the fourth plume (1,877
pg/L) was found at geoprobe sample point 1004-7.

4.4.2.3 Toluene in Groundwater

Toluene-impacted groundwater occurs in three plumes as shcwn on Figure 4-11. Toluene
concentrations exceeding the 1,000 pg/L drinking water MCL for toluene occurs only in plume
#2. Toluene plume #1 is located near the intersection of Industrial Avenue and South David
Street. The highest concentration of toluene the first plume (187 pg/L) was found at geoprobe
sample point 30-3. Toluene plume #2 is approximately 250 feet wide by 500 feet long and
underlies an area bounded by West Yellowstone Highway on the south, Cody and West 2nd
Streets on the north, by South Ash Street on the east and by South Eim Street on the west. The
highest concentration of toluene within the second plume (2,219 ug/L) was found at geoprobe
sample point 930-8. Toluene plume #3 underlies an area approximately bounded by Spruce
Street on the east, by Wimborne Street on the south and by the North Platte River on the north.

Insufficient data are available to describe the western extent of this plume. The highest known
concentration of toluene within the third plume was found at geoprobe sample point 1004-7,

where the concentration was 14.3 ug/L.

4.4.2.4 Xylenes in Groundwater

Xylene-impacted groundwater occurs in four plumes as shown on Figure 4-12. Xylenes were
not found in any of the four plumes at concentrations exceeding the 10,000 ug/L drinking water
MCL for xylenes. Xyiene plume #1 is approximately bounded by East "C" Street on the north,
by East "A" Street on the south, by North Durbin Street on the east and by North Wolcott Street
on the east. The highest concentration of xylenes within the first plume was found at geoprobe
sample point B-6, where the concentration was 5,066 pg/L. Xylene plume #2 is approximately
bounded by West "A" Street on the north, by West Midwest Street on the south, by South Oak
Street on the west and by South Center Street on the east. The highest concentration of xylenes
within the second plume was found at geoprobe sample point 930-8, where the concentration was
6,276 pg/L. Xylene plume #3 is located near the intersection of West Midwest Street and South
Ash Street. Insufficient data are available to describe the exact size, shape and orientation of
this plume. The highest known concentration of xylenes within the third plume was found at
geoprobe sample point 1005-10, where the concentration was 53.8 ug/L. Xylene plume #4
underlies an area approximately bounded by South Wolcott Street and Nichols Avenue on the
east and by the North Platte River on the north. Insufficient data are available to describe the
southern and western extent of this plume. The highest known concentration of xylenes within
the fourth plume was found at geoprobe sample point 1004-7, where the concentration was 6,969

pe/L.
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- 5.0 SUMMARY AND CONCLUSIONS

% | Summary

In September and October 1954, Huntingdon Engineering & Environmental, Inc., under the
direction of the Wyoming Department of Environmental Quality (WDEQ), conducted an
investication to describe the extent and degree of contamination due to volatile organic
compounds, including tetrachloroethene (PCE), trichloroethene (TCE), 1,1,1-TCA, benzene,
ethylbenzene, toluene and xylenes, in the subsurface in the downtown Casper area. The area
of investigation is approximately bounded on the east by McKinley Street, on the west by Poplar
Street and the North Platte River, on the south by Collins Drive and East Yellowstone Highway
and on the north by U.S. I-25.

During this investigation, field operations generally proceeded from east to west across the study
area. Invasive actions such as soil and groundwater sampling were confined to public property
in order to minimize any impact on private preperty owners. All field activities were halted at
Poplar Street due to the combined factors of budget and time constraints, large blocks of private

roperty limiting sample density and, to0 a lesser extent, inclement weather. During the past five
years groundwater samples have been collected, on one or more occasions, at 148 different
locations throughout North Casper and downtown Casper and analyzed for volatile organic
compounds (Figure 5-1).

Chlorinated ethenes such as PCE and TCE are prevalent groundwater contaminants due to their
widespread use as cleaning solvents. PCE and TCE are closely related in that TCE is an
intermediate in the formulation of PCE. The two compounds often occur together as
groundwater contaminants due to the fact that TCE is also a degradation product of PCE. BETX
compounds are major components of gasoline and minor components of cther petroleum fuels,
and commonly contaminate soil and groundwatér because of fuel spills and leaks.

Contamination of the soil vapor and shallow groundwater in the area by these compounds had
been documented by earlier studies, but the extent and degree of the contamination had not been
established precisely.

52 Conclusions

Based on the observations made and data generated during this investigation, the following
conclusions are evident:

® The study area is underlain by fluvial terrace deposits which rest unconformably
on bedrock consisting of the Steele Shale member of the Cretaceous Cody Shale.
According to published data, the thickness of the fluvial deposits in this area is
approximately 35 to 40 feet.
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. Groundwater is present under unconfined conditicns within the atluvium at depths

below 6 to 24 feet.  Groundwater flow is to the north and nertheast under a

~ gradient of between 0.0013 and 0.0066. The average groundwater velocity 18-

estimated to.-range from 3.0 to 15.5 feet per day.

Scil vapor is impacted by PCE in two areas and by TCE in two areas. These

areas coincide generally with areas of groundwater impacted by PCE and TCE.

. Concentrations of PCE and TCE as great as 425,630 and 501 ppb, respectively,

were found in the soil vapor during this investigation, The horizontal extent of
hoth vapor-phase TCE plumes fall within the horizontal extent of the east vepor
phase PCE plume.

Based on the available data, the east vapor-phase PCE plume of this investigation
appears to be the up-gradient extension of the east vapor-phase PCE plume
descrived in the North Casper PCE Investigation (Huntingdon Engineering &
Environmentzl, Inc., 1994). The combined plume is approximately 6,500 feet
long by 1,000 feet wide and extends rortheast from near the intersection of South
Wolcott Street and East 1st Street to the North Platte River (Figure 5-2).

Based on the availgble data, neither of the vapor-phase TCE piumes of this
investigation appears 1o be related to the vapor-phase TCE plume describsd in the
North Casper PCE Investigation (Huntingdon Engjneering & Environmental, Iac.,
1994) (Figure 5-3).

PCE-impacted groundwater with PCE concentrations exceeding the 5 ug/l. MCL
occurs in four plumes. PCE plume #1 is approximately 1,400 feet wide by more
than 1,800 feet long and extends northeast from near the intersection of South
Wolcott Sireet and East 1st Street to beyond the northern boundary of the study
area. PCE plume #2 is approximately 280 feet wide by 520 feet long and extends
north from East "A" Street between North Ash Street and Nichols Avenue to a
point north of East "B" Street. PCE plume #3 is approximately 160 feet wide by
240 feet long and is centered near the intersection of Industrial Avenue and North
David Street. PCE plume #4 is located in the vicinity of Nichols Avenue,
between West Yellowstone Highway and West 1st Street. Insufficient data are
available to describe the exact size, shape and orientation of this plume.

Based on the available data, PCE plume #1 of this investigation appears to be the
up-gradient extension of the east PCE plume described in the North Casper PCE
Investigation (Huntingdon Engineering & Environmental, Inc., 1994). The
combined plume is approximately 6,500 feet long by 1,200 feet wide and extends
northeast from near the intersection of South Wolcott Street and East 1st Street
to the North Platte River (Figure 5-4).

TCE-impacted groundwater occurs in five plumes. Groundwater in each plume
contains TCE at concentrations greater than the 5 ug/L MCL. TCE plume #1 is
approximately 350 feet wide by 640 feet long and extends northeast from near the
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intersection of North Durbin Street and East "A" Street to just northeast of North « -

Besch Stree: between East "A" Street and East "C" Street. TCE plume #2 is
approximately 140 feet wide by 600 feet long and extends northeast from North
Wolcott Strest between East "A" Strest and East "C" Strest to near the. .

.intersection of North Durbin Street and East "C" Stieet.  TCE plume #3, is

approximately 130 feet wide by 240 feet loag and is bounded by East st Street
on the south, by East "A" Street on the north, by South Durbin Street on the east
and by South Wolcott Street on the west. TCE plume #4 is approximately 220
feet wide by 340 feet long and is centered near the intersection of Industrial
Avenue and South David Street. TCE piume #5 is located in the vicinity of
Nichols Avenue, between West Yellowstone Highway and West lst Street.
Insufficient data are available to describe the exact size, shape and orientation of
this plume.

Based on the available data, the plumes of TCE-impacted groundwater identified
during this investigation are isolated from the plumes of TCE-impacted
groundwater identified during the North Casper PCE investigation (Figure 5-5).
TCE plumes #1, #2 and #3 of this investigation may be related to the east TCE
plume described in the North Casper PCE Investigation (Huntingdon Engineering
& Environmental, Inc. 1994} since TCE is a degradation product of PCE and all
four TCE plumes occur within the Iimits of the PCE plume #1/east PCE plume.

Inspection of Figures 4-7 and 4-8, shows that the occurrence of TCE in the
groundwater beneath the study area is generally coincident with the areas where
the higher concentrations of PCE occur in the groundwater. This, together with
the fact that TCE is a degradation product of PCE, strongly suggests common
sources for both of these compeounds. Potential sources of PCE and TCE include
any business or industry that might use or store preducts that consist solely of or
contain these compounds. Such businesses and industries include wholesale and
retail fuel distributors, automotive and small engine repair shops, analytical
laboratories, commercial copiers and duplicators, dry cleaners, machine shops,
sheet metal shops, photo finishers and metal plating facilities.

Separate-phase PCE and TCE are not likely to be present in the subsurface in the
area, based on the concentrations of PCE and TCE observed in groundwater
saraples collected during this investigation.

Groundwater impacted by benzene, ethylbenzene, toluene and/or xylenes (BETX)
oceurs in four plumes. Each plume contains one or more of the BETX compounds
at or above its respective MCL.

The benzene-impacted groundwater occurs in two plumes. The first plume is
approximately 300 feet wide by 560 feet long and underlies an area bounded by
West Yellowstone Highway on the south, by Cody Street and West 2nd Streef on
the north, by Elm Street on the west and by South David Street on the east. The
second benzene plume underlies an area approximately bounded by Nichols
Avenue on the east, by Collins Drive on the south and by the North Platte River
on the north. Insufficient data are available to describe the western extent of this
piume.
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Ethylbenzene-impacted groundwidter occurs in four plumes. - Ethylbenzene
plume #1 is approximately 220 feat wide by 400 feet long and underlies an area
hounded by East "A" Street on the south, by East "C" Street on the north, by
North Durbin Street on the east and by North YWoicott Street on the west.
Ethylbenzene plume #2 is zpproximately 800 fect wide by 1400 feet long and
underljes an area approximatety bounded by West Yellowstone Highway on the
south, West "A" Street on the north, by South Center Streat on the east and by
Elm Street on the west. Ethylbenzene plume #3 is located near the intersection
of West Midwest Street and South Ash Street. Insufficient data are available to
describe the exact size, shape and orientation of this plume. Ethylbenzene piume
#4 underlies an area approximately bounded by Spruce Street on the east and by
the North Platte River on the north, Insufficient data are available to describe the
western and southemn extent of this plume.

Toluene-impacted groundwater occurs in three plumes as shown on Figure 4-11.
Toluene plume #1 is located in the vicinity of the intersection of Industrial
Avenue and South David Street. Insufficient data is available to describe the
exact size, shape and orientation of this plume. Toluene plume #2 is
approximately 250 feet wide by 500 feet long and underlies an area bounded oy
West Yellowstone Highway on the south, Cody Street/West 2nd Strest on the
north, by South Ash Street on the east and by Scuth Elm Street on the west.

Toluene plume #3 undetlies an area approximately bounded by Spruce Street on
the east, by Wimbomne Street on the south and by the North Platte River on the
north. Insufficient data are available to describe the western extent of this plume.

Xylene-impacted groundwater occurs in four plumes as shown on Figure 4-12.
Xylene piume #1 is approximately bounded by East "C” Street on the north, by
East "A" Street on the south, by North Durbin Street on the east and by Nerth
Wolcott Street on the east. Xylene plume #2 is approximately bounded by West
"A" Street on the north, by West Midwest Street on the south, by South Cak
Street on the west and by South Center Street on the east. Xylene plume #3 is
Jocated near the intersection of West Midwest Street and South Ash Street.
Insufficient data is available to describe the exact size, shape and orientation of
this plume. Xylene plume #4 underlies an area approximately bounded by Scuth
Wolcott Street and Nichols Avenue on the east and by the North Platte River on
the north. Insufficient data are available to describe the southern and western
extent of this plume. '

Separate-phase accumulations of petroleum fuels may be present at the water tabie
in the study area, based on field observations and the results of the groundwater
and soil vapor analyses.

The occurrence of benzene, ethylbenzene, toluene and xylene in the groundwater
beneath the study area is generally coincident. This, together with the fact that
al} four compounds are components of petroleum fuels, strongly suggests common
sources for all four of these compounds. Potential sources of benzene,
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ethylbenzene, toluene and xylenes include any business or industry that might use
or store products that consist solely of or contain these compounds. Such
businesses and industries include wholesale asnid retail fuel distributors, automotive

-and small .engine repair shops, amalyiical laboratories, machine shops and

petreleum hydrocarbon refineries.

-No conclusions can be made with any certainty regarding the verticzl distribution

of PCE, TCE and BETX in the study arza, because only the s0il vapor above the
water table and the groundwater in the uppermost part of the alluvial aquifer were
sampled in this investigation,

The distribution and migration of the contaminant plumes described in this report

are apparently influenced only by groundwater flow and advective transport of the
contaminants by the groundwater.
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6.0 LIMITATIGNS . S

Huntingdon has endeavored to meet what it believes is the appiicable standard of care for the
services performed and, in doing so, is obliged to advise the WDEQ of pertinent limitations.

The findings and opinions conveyed via this report are based upon information obtained at a
particular date from a variety of sources enumerated herein, and which Huntingdon believes are
reliable. Nonetheless, Huntingdon cannot and doss not warrant the authenticity or reliability of
the information sources it has relied upon.

This report represents Huntingdon’s service to the WDEQ as of the report date. In that regard,
the report constitutes Huntingdon’s final document, and the text of the report may not be altered
in any manner after final issuance of the same. Opinions relative to environmental conditions
given in this report are based upon information derived from the most recent site reconnaissance
date and from other activities described herein. The WDEG is herewith advised that the
conditions observed by Huntingdon are subject to change. Certain indicators of the presence of
hazardous materials may have been latent or not present at the time of the most recent site
reconnaissance and may have subsequently become observatle. In similar manner, the research
effort conducted for this project was limited. Accordingly, it is possible that Huntingdon’s
research, while fully appropriate for this project and in compliance with the scope of service,
may not include other imporiant information sources. Assuming such socurces exist, their
information could not have been considered in the formulation of cur findings and conclusions.

This report is not a comprehensive site characterization or regulatory compliance audit and
should not be construed as such. The opinions presented in this report are based upon findings
derived from site reconnaissance, review of specified records and sources and subsurface
investigations conducted by Huntingdon. Specifically, Huntingdon does not and cannot represent
that the site contains no hazardous or toxic materials, products, or other latent conditions beyond
that observed by Huntingdon during its site assessment. Further, the services herein shall in no
way be construed, designed or intended to be relied upon as legal interpretation or advice.
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Photovac 10570 Portable Gas Chromatograph

North Casper Soil-Gas and Groundwater Survey Results
Huntingdon Engineering & Environmental

Sample [nformation || . Field Screemiz Results (parts per billion)

Tobe Date T Soil—Gas Groundwater
Location Collected |111-TCA| TCE | PCE [111-TCAI TCE PCE
D—6 09/24/94 ad nd nd nd] nd nd
A=5 09/24/94 nd nd nd nd nd 77
C-3 09/24/94 nd nd nd nd nd nd
C—-4 09/24/94 nd nd 67600 nd nd 177
Cc-2 09/24/94 nd nd nd nd ad nd
C-1 09724794 nd nd nd nd nd tr
B-2 09/24/94 nd nd nd nd nd nd
B—-3 09724/94 nd nd nd nd nd nd
B—4 09/24/94 nd nd 133 nd nd 39
B-5 09/24/94 nd nd 777 nd nd 42
C—-5 (09/24/94 nd nd 20194 nd nd 57
C—-6 09/25/94 nd nd| 134370 nd nd 72
B—-6 (09/25/94 nd nd nd p fp fp
A—6 09725/94 nd 501 10720 nd nd tr
A=7 09725/94 nd nd nd nd nd nd
C-7 09/25/94 nd nd nd nd nd nd
D-5 09/25/94 nd nd nd nd nd nd
D—4 09/25/94 nd nd nd nd nd nd
A—4 09/25/94 nd nd nd nd nd nd
A-3 (09/25/94 nd nd nd ns ns ns
AA—6 09/277/94 nd nd 5200 nd nd nd
BB-6 09727794 nd 38080 >100000 nd nd 1174
DD-6 09727/94 nd 413 44270 nd 23 27
DD-3 09/27/94 nd nd 11030 nd nd nd
AA~-S 09/27/94 nd nd 5440 nd nd nd
AAA~-5 09/27/94 nd tr 57480 nd 40 425
C—6.5 09/277/94 nd nd nd nd nd nd
B-6.5 09/27/94 nd nd nd nd nd nd
A—6.5 09/27/94 nd nd nd nd nd nd
C-=-55 09/27/94 nd nd| 425630 nd nd 1009
BB—-5.5 097277194 nd nd 3260 nd nd tr
B-535 09/728/94 nd nd 89 nd nd nd
A-5.5 09/28/94 nd 302 113400 nd tr 155
A~45 09/28/94 nd nd 96 nd nd 47
BB—4 09/28/94 nd nd 41940 nd tr 278
AA-4 09/28/94 nd nd nd nd r 69
DD—-4 09/28/94 nd nd nd ad| nd tr
C-3.5 09/725/94 nd tr 49710 nd tr 633
B-3.5 09728/94 nd nd tr nd nd tr
A-35 09/28/94 nd nd nd nd nd nd
A2 09/28/94 nd nd nd ns ns ns
B—-1 09/28/94 nd nd nd ns ns ns
092901 09/29/94 nd nd nd nd nd nd
0929—-02 09/29/94 nd nd nd nd nd nd
0929-03 09/29/94 nd od nd ndl nd 18
0929—04 09/29/94 nd ndj nd nd| nd nd
0929—-05 09/29/94 nd nd nd| ad| nd nd
092906 09/29/94 ad nd nd| od| nd nd




[Sample Information Field Screenig Results (parts per billion) —
Probe Date Soil—Gas Groundwater
Location  {Collected | B T | E X B | T E X
0930—01 09/30/94 nd nd nd nd 16 and * 8480
0930-—-02 (09/30/94 nd nd nd nd nd nd nd nd
0930-03 09/30/94 nd nd nd nd fp fp fp fp
0930—-04 (9/30/94 nd nd nd nd fp fp ip fp
0930-05 09/30/94 nd nd nd nd 25 nd nd nd
093006 09/30/94 nd nd nd nd nd| nd nd nd
093607 09/30/94 nd nd nd nd nd nd nd nd
093008 09/30/94 fp fp fp fp fp fp fo fp
1003-01 10/03/94 nd nd nd nd nd nd nd nd
1003-02 10/03/94 nd nd nd nd nd nd nd nd
1003-03** | 10/03/94 nd nd 62 nd] nd 692
1003 —-04** | 10/03/94 nd nd 43500 nd| nd 3050
1003-05 10/03/94 nd nd nd nd nd| nd nd nd
100401 10/04/94|  nd nd nd nd nd| nd nd nd
1004—-02 10/04/94 nd nd nd nd ndl nd nd nd
100403 10/04/94 s ns ns T 176 166 * 133
1004—-04 10/04/94 nd nd nd nd 32 16 nd nd
1004—05 10/04/94 nd nd nd nd nd nd nd n
1004—06 10/04/94 nd nd nd nd nd nd nd nd
1004—-07 10/04/94 nd nd nd nd fp fp fp fp
1004—08 10/04/94 nd nd nd nd 18 nd * 51
1005-01 10/05/94 nd nd nd nd 26 nd * 1 >1000
1005-02 10/05/94 nd nd nd nd ns ns ns s
11005-—-03 10/05/94 nd nd nd nd ns ns ns ns
1005--04 10/05/94 nd nd nd nd ns ns ns ik
1005—-05 10/05/94 nd nd nd nd sl ns ns 4
1005-06 10/05/94 nd nd nd nd tr nd * 15
1005—-07 10/05/94 nd nd nd nd t nd * 22
1005—-08 10/05/94 nd nd nd nd nd| nd nd nd
1005—-09 10/05/94 nd nd nd nd nd nd nd nd
1005—-10 10/05/94 nd nd nd nd tr] nd * 30

nd == non—detect

tr = trace

us = no sample collected

fp = free product in sample (not quantifiable)
* — Ethylbenzene and Xylene not discernable due to interference.

** — Approximate PCE concentrations. BTEX concentrations non—detect.




North Casper Soil— Gas and Groundwater Survey Results

Photovac 10S70 Portable Gas Chromatograph
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‘QW‘DND

nd = non—detect

fr = trace

ns = no sample collected

[ Sample information | Field Screenig Results (parts per biliion) |
Grid Probe |[Date Soil—~Gas Groundwater
Location |Number |Collected[111—TCA| TCE | PCE W{11—=TCA| TCE PCE
Dt | 2-1 _ lafilay Bprul nd - : >
A g -2 ; Nk > 772
Jare 2-3 A — : " e el
cy 13-4 BRT:: 769
. |1-5 A i) P >
o=l - Al > Lz
RB-r -7 A [ h A N
B‘ \‘% it g h-’/i . " 4.9 =
-9 |2-9 n A at 1133 4.6 0%.976
-5 | a-j0 = 76.77 /) S ¢
C~5 tz2-1{ v 20197 45 b L
-6 2~ {35 /9y ; 343 6 G Koo ) S 7226
® -6 2. -13 nod = UN R L o
4 -4 4 -ry Tt [l 3| /TN F kil
A-= 205 ned ————— 1" & ;
- 2 (5 ad — A ——d -
>.5 |2~ et y flw-t =
™y -4 L F Nt ——pee 1 s | A4S — ——
Ay [2-19 e I —
A- 170 ) F————— 1 INS TAMPLE CptEe7EY
AA-6 2~ |Yz7/94 5 120 nd -
RRE-6 T2 Ty OF - 45D S D et {173. 8
Db-t | z-2% o3 FSTD=TT| 27 | 17 | 26.%
Db-5 | 2-24 [1o 22 et >
A4-5 225 5937 b7z 80
ANA-5 | 7226 £~ 57974 40,37 41 5.0
C-6.5 | 1-27 Y 3 ([ ——HBIFTF IO
R b3 | 1Ls il ——— — Al —
- 6.5 | 7-24 n A 2y 2.5 )
C-5.9 | -3 H425 630 f ooy 6
BR-5u5 |+ 2 7 & <~ (.35
B- 5-‘5‘ -3 ‘?/15’/4*/ ’83}4’;—:: naﬂ — -7
A-545 | 2733 30T 3 3ay X327 /5 5.3 —
A= 5| 1-34 9 b H7. e
BB-4q |2°37 H( T 2Ty | 275 (
AA ~4 | LY W _— .i& 6.1 8
AR N i s T T
P-4 -2 2 > SYE]
C-235 | 1.-3¢ £, U709 476 | 653 .
3_313—- Y ~C o~ 7 e,
A-%.5 | L-He Y s ——— || L —7
A= i n — || N2 S4MPCE
B~ - T e — 7 N CamiPLE
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| Sample Information | Field Screenig Results (parts per billion) ]
Grid Probe |Date Soll—-Gas T Groundwater T
Location |Number |Collected | 1+H—FeAM—FcE—|_ PCE__ || +++—=TCA—FGE— __PCF
odra | o Y a/sy | »Ll K :
L 4 & > ned —
O A be—t 1775
0"‘/ LLJ\ - ad
0? A A KY Ao~
ol sl L =
oq30 oy “fsy > A eh e T s /8,03 i St Ew g3
e ek e —
o3 e | Tl [Procl —i—
o 7 e e B o ree (Podl —————
L. XS Aok 5
D e o 7
o7 nck —
D ) ekl 5O CRE g TRoDI—
/OO o 4°/2/a | nd > || nd -—>
& — ' 2 [ n & —>
03 ¢/ 7 693
oY Y3995 Y6, =
Q5™ nd — 3 || . — —
e X o { Al —-—-—?-;:él >
o2 B " ~
Ak NS (Sor e 50D j76.c ¥ 166/ ¥ |j32w ¥ P—L>’
O nk — [[BZ.2 * |s6.2x *
o5 e — e N
26 ol - i p A
Dz Ve — [ FRe=fFPRaD —
Y- aed —— 7 — || j17.5¢ 5041
/00 5~ S 1 il N |25 83 >reod
o nd — Vo sammel =
973 nd e N —
o4 e/ L NS E— i
S5 W wd A S — P———— 3
Ob A | &~ 22— | /..
7 "/{ -+ o Dt —bor— || pme
o% Al s . &
o9 gl NS
e ok ——— e TO.070
nd = non—dstect . _
B 0 < X

fr = race

ns = no sampie collected
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Labehatcry Numbey~ , 940764—940774
Labor‘ato:'- Samp|em Tatraen loro- Trich lorg-
Numben In ethylane fthylana
940?’54 D& (1.0 (L.0
40785 AS 64,0 (1.0
F4076g c3 2.5 (1.0
240767 C4 173.5 2.8
940784 Cz 1.4 1.0
340769 Ci1 l.2 (1.0
940770 B2 1.0 (1.9
940774 B3 (1.0 (1.0
240775 B4 1.2 {l.0o
240773 BS 3.4 (.0
S40774 cs 43.0 {l.0
NOTES3., 1. REDDRTING LIMIT = g/1, MpL =
. NALYsIg RESUL g5

---———.—.-..—.-..

B

PCE=g, 5



Departmert Gf Envirormertal Quality
Hatar Quality Division Labaratory

Report of Analys:is

Date of collection: /23794
Collector: L. Fivas

Site: North Caspgr

Laboratory Number: 940775-940782

Laboratory Sample Tetrachloro- Trichloroe— Comments
Numbe IiD ethylenes ethylene

940778 c& 145.Q 1.2

940776 BE 126 10.5

84Q777 AG (1.0 (1.0 -~

S40778 a7 {1.0 {1.0 CHL.OROFORM

340779 - c7 (1.0 {1.90

F40780 ns 1.2 {1.0 CHLOROFDRM

940781 D4 (1.0 (1.0 CHI_OROFORM

240782 A4 (1.0 (1.0 CHLORDFORM

NOTES: 1. REPORTING LIMIT = 1.0 ug/1l, MDL = O.5 ug/l.

2. ANALYSIE RESULTS ARE REPORTED IN ug /L.
3. ALL SAMPLES WERE UNPRESERVED.

4. THE PREGSENCE OF THE THM CHLOROFORM INDICATES

CHLORINATED WATER.

- J
K/A?{«}M d ,'{f'% é

Edward Mock, PhD

Laboratory Supervisor
10/20/94




Repartment or

Environmental Quality

Water Ruality Division Laboratary
- 7131
Report of Analysis ‘T77 7
; Date of collection: 3/27/94

] Collactor: L. Fivas
Site:; Nowvth Casper

| Laboratory Number : 940783-940794

Laboratory Sample Tetrachloro- Trichloro- Comment g
L Number ID ethylene ethylens
E - - - .
‘ 940783 ARG (1.0 1.0 -
— 940784 BB& 200 {1.0 CHLOROFORM
; 340785 DDE (1.0 3.0
f 940786 Dns (1.0 (1.0 CHLOROFORM
940787 AAS 270.0 435.0 CHLORCFORM
DEE=70. &8
340788 AAAS 17.3 28.0 CHLOROFORM
DCE=I2. 2
5 — 940785 £6.53 127. & (1.0 BROMOFIRM
| DICHLORO—
; BENZENES
340790 BG.S 80,0 3.0 CHLOROFORM
g . DCE=E4.5
i 940791 RG.S (1.0 (1.0
— 940732 £6.5 1.07 (1.0
840793 BES. 6 2.7’ (1.0 CHLOROFORM
940794 BBS 201 {1.¢Q CHLOROFORM
x NOTES: 1. RERORTING LIMIT = 1.0 ug/l, MDL = 0.5 ug/1.
f 2.  AMALYSIS RESULTS GRE REPORTED IN ug/L.
3. ALL SAMPLES WERE UNPRESERVED.
4. THE PRESENCE OF THE TMM CHLOROFORM INDICATES
| CHLORINATED WATER. -
(5‘3
| =P Y

Edward H;ck,
Laboratgry Superviscr
1G/30/794



Department Of Environmental Quality
Water Quality Division Laboratory

Repert of RAnalysis

Date of collaectian; S5/28/94
Collector: L. Fivasg

Site: North Casper
Labeoratory Number: 240808-94081¢€

Laboratory Sample Tetrachloro- Trichloro— Comments
Mumber in ethylene ethylene

940808 B-5.35 0.7 {1.0

940809 A-35.5 16.4 (1.0 _

340810 A-4.5 22.8 (1.0

840811 BB-4 313 (1.0

340812 AA—4 43.7 {1.0

940813 DD—4 1.1 (1.0

940814 €-3.9 613 {(i.¢ DCE=8.9

2940815 B—-3.53 4.7 (1.0

940818 A-3.5 (1.0 (1.0

NOTES: 1, REPORTING LIMIT = 1.0 ug/l MBL = 0,5 ug/1.

2. ANALYSIS RESULTS ARE REPORTED IN ug/io.
3. ALL SAMPLES WERE UNPRESERVED.

Fisarcd Pk,

Edwarg Moci, PhD

Laboratory Supervisor
10/20/94




Department O0f Envircrmental Uuality
Water Quality Divisicon Laboratory

Report of Analysis

Date of collection: S9/29/94

Collector: L. Fivas
Site: North Casper

Laboratory Number: S40817-940827

Laboratory Sample
Number ID
S40817 g929-1
40818 929-z
840819 9293
~ 940820 BB-6
-~ 940821 nn-6
~ 340822 AR—-3
- 940823 AAR—-S
940824 C-5.5
940825 9294
40826 o929-5
840827 926

NOTES: {. REPORTINS LIMIT = 1.0 ugs/l MDL = 0.5 ug/l.

Tetrachloro— Trichlora— Comments
ethylena ethylene
{1.0 1.0 PCE=0. &
{1.0 (1.0 -—
23.1 {1.0
200 (1.0
16. 4 7.0
(1.0 {1.0 CHLOROFDORM
137 30.2
220 6.1
1.3 {1.0 CHLOROFORM
{1.0 {1.0 CHI_DROFORM
{1.0 (1.0 CHLOROFORM

2. ANALYSIS RESULTS ARE REPORTED IN ug/L.

3. ALL SAMPLES WERE UNPRESERVED.

4. THE PRESENCE OF THE THM CHLOROFORM INDICATES
: CHLORINATED WATER.

f%,md /W {

Edward Mock, PhD

Laboratory Supervisor
10/20/94




Department ar Envirornmental Buality
Water Quality Division Laboratory

Repert of Aralysis

Date of collection: 9/20/94
Collectar: L. Fivas

Site: North Casper

Laboratory Number: 940828-94083%F

Laboratory Sample Tetrachloro-— Trichloro- Comment s
Number in ethylene ethylene

340828 930-—-1 (1.0 (1.0 CHL_OROFQRM

940829 230-2 {1.0 {l.0 CHLOROFORM

S40830 303 145 98.0 —

940831 930—4 (1.0 (1.0

340832 9303 4.6 1.1

3408323 330-6 (1.0 (1.0

F40834 S30~7 (1.0 {1.0

940835 330-8 {1.0 {1.0

NOTES: 1. REPORTING LIMIT = 1.0 ug/1 MOL = 0.5 ug/l.
2. ANALYSIS RESULTS ARE REPURTED IN ug /L.
3-  ALL SAMPLES WERE LUNPRESERVED.

4. THE PRESENCE OF THE THM CHLOROFORM INDICATES
CHLORINATED WATER.

_@fmd h’i'n ;

Edward Mock, PhD

Laboratory Supervisor
10/20/94




Department GF Environmental Guality
Water Quality Divisien lLaborataory

Report of Aralysis

Date of collertion: 10/3/34
Collectors L. Fivas

Site: Narth Casper

Laboratory Number: 940836-340840

Laboratary Sample Tetrachloro— Trichloro— Comments
Mumber 1D ethylene ethylane

940836 1003-1 {1.0 (1.0

940837 10032 (1.0 (1.0 CHL OROFORM

340838 1003-3 3.9 {1.0 —

940839 100G3—-4 27.2 (1.0

940839 1003-3 {1.0 (1.0

940840 10036 (1.0 (.o 7

NOTES: 1. REPORTING LIMIT = 1.0 g/l MOL = 0.5 ug/1.
2. ANALYSIS RESULTS ARE REPORTED IN ug/L.
3. ALL SAMPLES WERE UNPRESERVED.
4. THE PRESENCE OF THE THM CHLOROFORM INDICATES

CHLORINATED WATER.

(Dot M4
Edward Mock, PhD

Laboratory Supervisar
10/20/94




Department Of Envirormental BQuality
Water Quality Division Laboratory

Report of Analysis

Date of collaction: 1O0/4/94
Collector: L. Fivas

Site: North Casper

Laboratory Number: 940841-3940848

Laboratory Sample Tetrachloro- Trichloro— Commentsg
Number ID ethylene " ethylene '

S4084 1 10041 {1.0 (1.0

240842 10042 {1.0 {1.0

40843 1604~3 23.2 19.2 —

940844 1004—4 1.9 (1.0

940845 10045 .0 (1.0

40846 1004—C (1.0 (1.0

40847 10047 {1.0 (1.0

940848 1004~-8 {1.0 (1.0

NOTES: 1. REPORTING LIMIT = 1.0 ug/1 MDL = 0.5 ug/l.
2. ANALYSIS RESULTS ARE REPORTED IN ug/L.
3. ALL SAMPLES WERE UNPRESERVED.

Siesd oA

Edward Mock, PhD

Laboratory Supervisor
10/720/94




Department OF Environmental Quality
Hat e Quality Division Laboratory

Report of Aralysis

Date of collection: 10/5/94
Collector: L. Fivas

Site: North Casper
Laboratory Number: F40843-940853

Laboratory Sample Tetrachloro— Trichloro— Eommerts
Numbear ID - ethylenea ethylenes

940849 1005-1 {1.0 (1.0 CHI_ORDFORM

940850 1005-6 {1.0 {1.0 CHLOROFORM

2940851 10057 {1.0 {1.0 CHLOROFORM

940852 100510 {1.0 {1.0 CHL_OROFORM

940853 1003-10 (1.0 {1.0 CHLGROFORM

NOTES: 1. REPORTING LIMIT = 1.0 ug/l MDL = 0.5 ug/1.
2. ANALYSIS RESULTS ARE REPORTED IN un/L.
3.  ALL SAMPLES WERE UNPRESERVED.

4.  THE PRESENCE OF THE THM CHILOROFORM INDICATES

THE CHLORINATED WATER.

f§22h7md/j&zv%

Edward Mock, PhD

Laboratory Supervisor
10720794




Department oFf Environmental Quality
Hater Ruality Divigion Labcratory

Report of Aralysis

Date of collection: 9/24-10/5/94
Collector: L. Fivas

Bite: North Casper
Laboratory Number: 940776-340853

LAB Sample ETHYL -
N Ip BEMZENE BENZENE
940776 B& (S0 435
340828 930-1 1.7 10.5
940830 2d0-3 (50 214
S40830 930-4 S2 32358
940832 - gz0-5 0.5 29.0
840833 930-& (0.5 1%.2
F4Q834 F20~7 0.5 14.8
3940835 S930-4 I043 T4
940843 1004-3 (0.5 &5
B40844 1004~4 Q.7 23.2
F40847 I1004-7 2013 1877
940848 1Q04—8 23.5 53. 1
340849 1005-1 l.2 14,0
- 940850 1005——-6 {0.3 13.7
940851 1005-7 {0.8 8.9
940852 1005-10 (0.3 11.9
940853 1005~10D 0.3 23.6

NOTES: 1. REPORTING LIMIT = o.5 ug/1.
€. BANALYSIS RESULTS ARE REPURTED
3. ALl SOMPLES WERE UNPRESERVED.

e e

TOLYUENE XYL_ENE
(0.5 5068
(0.5 173

187 T 445

130 &700
0.8 58. 3
0.3 37. 4
{0.5 37. 4

2219 &e278
12.8 49,8
11.1 1Z.8
14. 3 6969
1.7 133
(0.5 51i.3
{C.5 97. 3
(0.5 41.9
{0.5 23.8
0.5 10.8

IN ugsL.

Aol _Voef

Edward Moek, PhD

Laboratery Supervisor
16/20/94




Departmert orF Erivircornmental Glualazy

Watar Quality Divisieon Laboratoary
Report of FArialveis

Date of collaction: 1Q0/25-257 /394
Collectar: L. Fivas

Site: Narsh Casper

Labocratory Number: 340882-340883

Laboratary Sample Tetrachlaro— Trichlora— Commerts
Number ID ethyliene ethviens
408482 R1 iz2.& {1.0Q
340883 R1 1.8 1.0
940884 MW 7.7 {1.0 -—
540885 MWZE 8.1 (1.0
340886 MZe i3.6 (1.0
S40887 MWZe 13.4 {1.0
940888 Mg (1.0 {1.0 TRACE PCE
240889 M4 (1.0 (1.0 TRACE RCE
NOTES: 1. REPORTING LIMIT = 1.0 ug/i, MDL = 0.5 ug/l.
2. ANALYSIS RESULTS ARE REPORTED IN ug/L.

Wit NUMIERT  CHANGES To

saict Vond o I

Edward Mock, PhD

Laboratory Supervisaor
11/2/94
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STANDARD OPERATING PROCEDURE

GEOPROBE OPERATION AND SAMPLE COLLECTION

General Probing

The system is a conventionally mounted Modei 8-M Geoprobe sampling assembly that uses
a hydraulically-powered percussion hamumer to drive 3-foot long, 1-inch diameter, hollow-
steel rods.

1. Position the vehicle to the desired probing location and take the vehicle out of gear
and engage the parking brake.

2. Using the slow speed on the hydraulic conrrols, foid the probe out of the van making
sure it is level, '

-

3. Lower the foot of the unit so that the vehicle is raised by approximately 6 inches.

4. If probing through surface pavements, use the appropriate carbide-tipped drill steel
with the hammer rotation control activated. Keep the hammer lever fully depressed while
advancing the probe in small increments.

5. If the surface and near-surface conditions are hard and/or rocky (e.g. road-base), it
may be necessary to drive the first one or two rod lengths using the solid poimt. The
hammer rotation control should be deactivated with the hammer anvil in place.

6. Depending on what type of a sample is desired (discussed in more detail below),
artach the appropriate sampling tool to the ead of a rod and position the rod accordingly.
Begin driving the rod by pushing down on the probe control. The rod(s) may be advanced
by the static weight of the van alone. If not, employ the hammer control and keeping it
depressed advance the probe in small increments until the desired sampling depth is reached
or probe refusal is encountered.

7. The rods are also pulled using the Geoprobe system. Lift the latch and remove the
driving anvil from the hammer. Install a puil-cap on the rod string and move the probe
cylinder down untl the latch can be closed over the pull-cap. Rerract the rods by holding
up on the probe control.

Soil-Vapor Sampling

L Attach the retractable point assembly to the lead drive-rod making sure the two ball-
bearings are in place.

2. Drive the rods to the desired depth and pull them up approximately six inches to
allow space for the point to rerract. The point may be extracted manually using the small-
diameter extension rods.

Hunringdon Engineering & Environmental I



-

3. Install the gas-sampling cap on the rods and secure the vacuum tubing to it making
sure all connecrions are tight and leak-free. Using the vacuum, evacuate the rods and
tubing of ambient air. The soil-gas may be sampled by piercing the tubing with a syringe
and extracting or by connecting a direct reading instument with an internal pump directly
to the wbing.

4. After the sample has besn collected, the rods may either be pulled or advanced to
a desper sampling location.

Seil Sampling
1. Attach either the standard or large-bore soil sampler to the lead drive-rod.

2. Drive the sampler to the depth at which you want to begin the sampling mterval and
disengage the piston stop-pin using extension rods.

-

3. Drive the rods the length of the interval you want to sample. The standard sampler
collects a one-foot sample and the large-bore a two-foot sample.

4. Pull the rods.

5. Take apart the sampler and extrude the sample using a piston by hand or with the
probe and the extruder rack.

Groundwater Sampling

1. Use either the mill-slotted rod section or the screen-point sampler as the lead drive-
rod.
2. Drive the rods to the desired depth and sample as follows:

a. When using the scresn-point sampler, the rods must be pulled up 18 to 24

inches before 2 sample can be collected. After this has been done, the rods can no
longer be driven deﬂper without pulling out the earire rod-swring and attaching a mew
disposable drive point to the sampler.

o. If using the mill-slotted rod sectiom, there is mo meed to pull the rods up
before collecting a sample. Additonally, the rods may continued to be driven if
neaded.

3. Groundwarer samples may be collected with the rods in place using 2 check-valve
small-diameter bailer or peris waltic pump equipped with polyethylene wbing.

Decontamination Procedures

All down-hole equipment (Geprobe rods, sampling tps, bailers, erc.) are decontaminated
berwe=n each boring in accordance with HE&E SOP-11.

[ 1%

Hunrngdon Engineering & Environmental



STANDARD OPERATING PROCEDURE

PORTABLE GAS CHROMATOGRAPH OPERATION

FIELD GAS CHROMATOGRAPHY EQUIPMENT

The Photovac 10570 is a portable gas chromatograph (GC) equipped with a photo-ionization
detector (PID), isothermal capillary GC column oven, encapsulated capillary column and
data analysis software that allows the detection and idenmtification of numerous orgamic
compounds. The Photovac 10570 GC produces a chart-recorded chromarogram for each
analysis. Using PC Dandi software

The standard Photovac 10570 GC equipment set-up includes a 10 m long x 0.33 mm i.d.
wide-bore CP-Sil 5 CB capillary column, and a standard photo-ionization source of 10.6 V.
The photo-ionization source can be increased to 11.7 eV to increase the detection

capabilities for compounds that have photo-ionization potentials above 10.6 eV (such as
chloroform)

As a vapor sample travels through the GC capillary column, individual compounds travel
at different rates resulting in specific compounds leaving the capillary column and passing
by the photo-ionizarion detector at different times. These different analysis times are
referred to as retention times. The individual compounds conrained within a given sample
are identified by their characteristic chromatogram peaks and retenton times.

FIELD GAS CHROMATOGRAPHY ANALYSIS PROTOCOL

Daily Start-Up

. Before turming the GC on, check and fill (if necessary) the air tamk with
approximately 1200 psi of zero-grade air only.

2. The GC oven should be turned on with air flowing through the column for at least
30 minutes before any analyses or blanks are rum.

-

3. If a soil or groundwater standard is to be used. they should be prepared using
certified organic-fres warter with ample for them to equilibrare.

4. After turning on the GC, check and set the gain as it will default to 2 whenever it
is turmed off. Also check the library in use and adjust the date and dme accordingly.

5. If using a personnel computer with PCDandi software, setup 2 job-specific direcrory
with daily subdirectories and set up the software to aurostore eici i
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6. Check and change, if necessary, the injection port septa. This should be dome
periodically throughout the day.

7. Initial analyses of pre-calibration ambient air blanks, syringe blanks and carrier-gas
blanks should be performed to ensure that no outside contamination bias the results

8. The isothermal-capillary GC column oven temperature is typically maintained at 50-

degrees centigrade. The carrier-gas flow rate is maintained at a consian: flow rate using an
external flow meter.

Record Keeping

All field gas-chromatography notes and observations shall be logged in indelible ink on the
Field Gas-Chromartograph Analysis Log. Hard copies of 2all chromatograms are to be kept

and used for reporting, etc. For backup, all chromatogram dara is to be stored on the hard
disc drive of a lap-top personal computer.

Field Gas Chromatograph Calibration

Calibration of the Photovac 10570 GC consists of manually injecting a known volume of
calibration standard containing the selected analytes imto the GC. The appropriate
compound name, compound concentration and retenton time is assigned to the observed
chromatogram peaks, and the compound information stored into one of the four GC

analysis libraries. Separate libraries should be used for analyses of different sample matrices
(e.g. soil and groundwater).

Calibration Standard Preparation

Soil-Vapor Standards - Gaseous calibration standards used for analyzing soil-vapor samples

may be obtained from a compressed gas supplier. Some compounds may require up to four
weeks advance notice for the supptier to prepare them. Less accurate soil-vapor standards

may also be prepared in tke field using the method described in the Photovac Technical
Bulledn #21.

Soil and Groundwater Standards - Aqueous calibration standards are used for analyzing soil

and water samples. They are prepared in the feld “om stock solutions prepared by an
analytical laboratory. Each stock solution is composed of known masses of reagent-grade
organic compaounds of concern. The calibrarion standards are prepared by injecting a known
volume (usually one to two microiiter) of stock solurion into a septa-capped, 40-milliliter
sample vial containing 20 milliliters of organic free water. Given the known informatomn,
the concentration of the compounds in water can be calculated. The standard is then
shaken vigorously to maximize volatilization and allowed to equilibrate for a minimum of
30 minures before analyzing.

a
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Field Gas Chromatography Analytical Method

Soil-Vapor_Sammples - Soil-vapor samples are injected directly into the GC. It is

recommended thar at least two runs for each sample is done. The first injection should be
of a comservative volume used as a screening sample so as not to over-saturate the GC
cohumn with contaminant. If no contamination is detected, a larger volume (no greater than
100 times the first) is injected in order to get a lower detection limit. Still greater injection
volumes may be necessary to achieve a lower detection limiz.

Soil Samples - The Photovac 10S70 Portable GC is designed to only accept gas samples.
Consequently, soil and ground-water samples are analyzed for VOCs by analyzing a volume
of the headspace vapors above the sample. Soil samples are prepared by homogenizing and
weighing ourt a specific mass (usually 10 grams) of the sample into a dry, factory cleaned 40-
miliiliter glass vial. Twenrty milliliters of organic-free warter is added and the mixture is
capped and vigorously shaken and allowed to sit for at least 30 minutes before it is analyzed.

Groundwater Samples - Sample preparation of groundwater samples for the headspace-
extraction method consists of transferring approximately 20 milliliters of ground-water
sample into a dry, factory cleaned 40-milliliter glass vial and capping with a septa lid. The
sample is vigorously shaken to maximize volatilization, and allowed to equilibrate for a
mingimum of 30 minutes.

For analysis of both soil and groundwater samples, the septa cap is pierced with a gas-tight
syringe and the desired volume of headspace sample is removed. The extracred sample is
then mamually injected into the Photovac GC for analysis. Prepared headspace samples are
typically analyzed within 1 hour of sample preparation. As with the soil-vapor samples,
initiaily small-volume injections should be done working up to sufficient volumes to achieve

the desired detection level.

Field Gas Chromatography Quality Assurance and Quality Control

As a quality control measure, the feld GC operator shall analyze pre-analysis ambient air
and carrier gas blanks to assure the gas-tight sample syringes, ambient air, and GC
equipment are free of contamination. In addition to the pre-analysis blanks, one ambient
air/syringe blank is to be analyzed for approximately every 10 analytical injections as an
addirional QC measure. If the field samples being analyzed contain no contamination, fewer
blanks between sample analyses are needed. In addidom, muitiple injections of selected
samples are to be analyzed to determine the validity of the field screening results based on
sample collection, injection technique, and reproducabiliry of the data.

Hundngdon Engineering & Environmental



To prevent cross contamination, the operator shall evacuate a minimum of five syringe -
volumes of ambiexnt air from the injection syringes prior to loading the injection syringe with
the vapor sample. Sample syringes and calibration syringes are segregared to further reduce

the potential for cross contamination.

To provide continuous field service and minimize down-time associated with equipment
malfunctions, the operator shall maintain a supply of replacement equipment on-site. This

extra equipment is to include:

. Gastight Syringes with replacement parts,
° PID UV Lamps,

° GC Capillary colummn, and

. Back-up copies of computer software.

The HE&E anélytical laboratory and the Photovac Technical Applications Department can
contacted to provide additional technical support and troubie-shooting capabilities by phone.

Hundngdon Engineering & Environmenzal
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EQUIPMENT DECONTAMINATION

The purpose of this section is to describe general decontamination procedures for fleld
equipment in contact with mine/mill tailings, soil, or water. During field sampling activities,
sampling equipment will become contaminated after it is used. Sampling equipment must
be decontaminated between sample collection points if it is not disposable. Field personnel
must wear disposable latex or vinyl gloves while decontaminating equipmenr at the project
site. Change gloves between every sample. Every precaution must be taken by personzel
to prevent contaminating themselves with the wash water and rinse water used in the
decontamination process.

Table A-1 lists equipment and liquids necessary to decontaminate feld equipment.
The following shall be doge in order to complete thorough decontamination:

1 Set up the decontamination zome upwind or crosswind from the sampling area to
reduce the chances of windborne contamination.

2. Visually inspect sampling equipment for contamination; use stiff brush to remove
visible material.

3. The general decontamination sequence for field equipment includes: wash with
Liquinox or an equivalent degreasing detergent; deionized water rinse; 10% dilute

nitric acid rinse; deionized water rinse; rinse with distilled water three times.

4. Rinse equipment with methanol in place of the nitic rinse if sampling for orgamic
contamination. Follow with a deionized water rinse.

5. Decontaminated equipment that is to be used for sampling orgamics should be
wrapped in aluminum foil if not used immediately.

6. Clean the outside of sample container after filling sample container.

Alternatively, field equipment can be decontaminated by steam cleaning, rinsing with 10%
dilute nimic acid, and rinsing with deionized water.

All disposable items (e.g., paper towels, latex gloves) should be deposited into a garbage bag
and disposed of in a proper manner. Contaminated wash water does not have to be

collected, under most circumstances. ]
Tf vehicles used during sampling become contaminated, wash both inside and outside as

necessary.
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TABILE A-1. EQUIPMENT LIST FOR DECONTAMINATION

5-gallon plastic tubs ' Liguinox (soap)

5-gallon plastic water-container Hard bristle brushes

5-gallon. carboy DI water Garbage bags

1-gallon cube of 109 HNO, Latex gloves

1-gallon container or spray bottle of Squeeze botiles
109 Methanol or pesticide Paper Towels

grade acetone for organics
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GROUNDWATER SAMPLING

EQUIPMENT:
five gallon bucket graduated in gallons pH meter/thermometer
coolers and ice specific conductance meter
sample bottles bailer(s)
preservatives bailer rope or teflon reel
filter apparatus field sampling forms
decontamination equipment & fluids indelible marker
water level probe stop watch

All sampling equipment shall be inspected for damage, and repaired if necessary, prior to
arriving on-site. o

GENERAL PROCEDURE - PURGING

Purging must be performed on all wells prior to sample collection. Depending on the
stability of pH and conductivity readings, three or more borehole volumes of groundwater
in casing and backfill (flter pack) shall be withdrawn prior to sample collection. The
volume of water present in each well shall be computed using the length of water column,
momnitoring well inside diameter, borehole diameter, length of filter pack and porosity
estimate of filter pack. The total volume of water in the well (gallons) can be approximated
using the following formula (depth and water level measurements in feet; borehole diameter
in inches):

(1/25)(Total Depth - Measured Water Level)(Borehole Diameter)® = gallons

Severzl genmeral methods are used for well purging. Well purging may be achieved using
bailers, bladder pumps and submersible pumps. The specific pumping method shall be
chosen. based on depth to groundwater, diameter of well, existing well configuration and
contaminant(s) of concern. In all cases, pH, specific conductance, temperatire, and purge
volume values will be entered on the Field Sampling Forms. If sampling for hydrocarbon
compounds, wells shall be checked for the presence of free product prior to purging and
sampling.

Field parameters will be measured periodically during well purging. The well is ready for
sampling when either or both of the following conditions are met: 1) measured field
parameters stabilize at plus or minus five percent of the reading, over thres successive
readings or, 2) three to five casing volumes have besn evacuated from the well

If the recavery of a low-yield well exceeds two hours after purging, the sample shall be
extracted as soon as sufficient volurme is available in the well for 2 sample to be exmacted.
At 10 time will a monitoring well be pumped dry if the recharge rate causes formaton
water to cascade down the well casing causing an accelerated loss of volatiles and change
in pH.



COLLECTING WATER QUALITY SAMPLES
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Generally, wells shall be sampled from the least contaminated to the most
contaminated, if known. Open well and measure water level (SOP-20).

Decontaminate sampling equipment using the following procedure: scrub with brush

and Liguinox solutiom; rinse with 109 dilute pitric acid;

rinse with merthanol, if

sampling for orgamic compounds; rinse three tmes with deiomized water. Use

disposal latex or vinyl gloves throughout decontaminadon
and new gloves for each sampling point.

Sampling Momnitoring Wells

and sampling procedure

a. To collect a water quality sample, use a decontaminated stainless steel or teflon
bailer and a spool of polypropylene rope or equivalent bailer cord (teflon-coated
stainless steel cable). Tie a bowline knot through the bailer loop to secure.

b. Slowly lower bailer or other sample collection device to the bottom of the well

and remove an additional 5 feet of rope from the spoo
steel well casing or wrist.

1. Secure end of rope to

c. Purge well by bailing or pumping, collecting evacuated water in a graduated 35

gallon bucket to measure the total volume discharged.

d. Collect a sufficient quantity of water using the bailer or pump nto a
decontaminated one gallon sample container to fill all sample bortles.

Sampling Domestic Wells

2 Turn-on household fixture (preferably an outside faucet without a hose connected)
that is on the well-side of any household water conditioning device.

b. tfsing the above equationm, calculate the volume of

water to be evacuated.

Measure the discharge rate from the faucet in a graduated 5 gallon bucket, or
other suitable container, to compute the rate of discharge. Calculate the time

needed to evacuate the predicted volume from the well.
and calculatons on field forms.

Record all measurements

c. Samples should be collected directly from hydrant or faucet. Do not collect

samples through rubber hoses.

Measure pH and specific conductance (SOP-05 and SOP-06). Cjontinue.monitoﬁng
field parameters (pH and specific conductance) periodically during purging process.
The well is ready for sampling when either or both of the following conditions are
met: 1) the purged volume is equal to thres to five casing volumes and/or, 2)

measured field parameters are wirhin pius or minus five p
successive readings.

ercent (+ 5%) over three
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If sampling for dissolved metals, field filter sample according to SOP-04.

Label each sample container with project number, sample locadon, well owner, date,
military time, sampler’s initials, preservative, and analysis required.

Sample well using appropriate sample containers aad preservatives ("Handbook for
Sampling and Sample Preservation of Water and Wastewater', EPA-600/4-82-029;
"Guidelines Establishing Test Procedures for the Analyses of Pollutants Under the
Clean Water Act", 40 CFR 136; and "Test Methods for Evaluating Solid Wastes,"
EPA SW-846). A few common sample preservatives are listed below:

Dissalved Metals Add 3-4 ml. Nitric Acid to 500 ml. sample

Nutrients Refrigerate to 4°C; Add 3-4 ml. Sulfuric Acid to 500 ml. sample
Common Ions Refrigerate to 4°C

Hydrocarbon VOA. Refrigerate to 4°C; Add 3-4 drops HCl

For additional bottling and sample preservaton information, consult the Chen-
Northern laboratory.

For volatile analyses add preservative to sampie vial and fiil vials at the rate of 100
milliliters per minute (24 seconds for 40 milliliter vial); form positive meniscus over
vial brim and cap. After capping, invert vial, gently tap and look for air bubbles. If
‘bubbles are present, un-cap vial, add more water and repeat procedure.

Perform field parameter tests including pH, SC, Ex, and temperature on water
sampled from the well. Record field measurements on fleld forms. :

Complete the necessary shipping and handing paperwork,'and record all pertinent
information on Field Sampiing Form in accordance with SOP-10.
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FIELD QC SAMPLES

Quality Conrrol (QC) samples are submirted along with natural samples to provide
supportng laboratory data to validate laboratory results. QC samples are submitted blind,
and do not have any unique identifying codes that would enable the lab or others to bias
these samples in any way. Usually, the time or sampling location is modified in a way which
will separate blank and standard samples from the rest of the sample train. QC samples are
identified omly on field forms and in field notebooks. The following codes are typically
used:

N - Natural Sample Soil, water, air, or other of interest material from a field site
SP - Split Sample A porton of a natural sample collected for independent
analysis; used in calculating laboratory precision

D - Duplicate Sample Two samples taken from the same media under similar
conditions; also used to calculate precision

FB - Field Blank Deionized water collected in sample bottle; used to detect
contamination sampling containers

BB - Bailer Blank Deionized water run through a mew unused dﬁsﬁosable bailer
and analyzed for factory contamination and deiomized water
contamination

TB - Travel or Trip Blank Tnert material (deionized water or diatomaceous earth)
inciuded in sample cooler; sext by the lab, the sample is
used to determime if conmtaminmaton by volaties is
present during collection-or shipping

In general, selected QC samples will be inserted into the sample train within a group of
twenty samples. . Unless otherwise specified, QC samples will be prepared in the feld.
Deionized water blanks will be collected from carboys and cubitainers used in the field.
One exceptions to field preparation of QC samples inciudes the preparaton of some blind
feld standards. Since the concentration of analytes in the sample is to be mixed according
to specific manufacturer’s instructions, field condidons may not provide the nesded
laboratory atmosphere. This is especially true for volatle organic compounds, which need
to be prepared just before analyzing. Under these circumstances, standards will be shipped
to the laboratory for preparation, keeping the concentration or manufacturer’'s QC Lot
Number as blind as possible.
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Strict custody procedures shail be maintained with the field forms. Field forms shall remain
with the field team at all times, while being used in the field. Upon completion of the field
effort, photocopies of the original feld forms will be made and used as working documents;
original field forms shall be filed in an appropriately secure manner.
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FIELD MEASUREMENT OF GROUND WATER LEVEL

Calibrate well probe to a steel tape prior to and following each data gathering
episode. Note any corrections to well probe measurements o0 field forms.

Check well probe prior to leaving for field for defects by placing probe in water and
testing buzzer of light. Repair as necessary. Make certain the well probe, a tape
measure calibrated to tenths of fest and exira batteries are in the carrying case.

Measure 21l wells (monitoring and domestic) from the top of the well casing on the
north side or from a designated measuring point, as appropriate. Measure and
record distance from measuring point to ground level. Make sure measuring point
is-labeled on well, so future measurements can be made from the same location.

Obtain a depth to water from anuezxsx_u'i:x:té,r point to the nearest hundredth of a foot.
Record data on appropriate field forms. : :

Decontaminate well probe between each measurement by rinsing with deiomized
water. Additonal decontamination, such as liquinox scrubbing, may be required for
certain wells; consult the project work plan.
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FIELD FORMS

All pertinent field investigations and sampling information shall be recorded on 2 field form
during each day of the field efforr and at each sample site. The field crew leader shall be
responsible for ensuring that sufficient detail is recorded on the feld forms. No general
rules can specify the extent of information that must be emtered on the field form.
However, field forms shall contain sufficient information so that someone can reconstruct
all feld activity without relying on the memory of the feld crew. All entries shall be made
in indelible ink weather condifons permitting. Each day’s or site’s enries will be initialed
and dated at the end by the author.
At a minimum, entries on the field sheet or in field notebook shall include:

4 Date and time of starting work and weather conditions.
Names of field crew leader and team members
Project name and type
Description of site conditions and any unusual circumstances.
Location of sample site, including map reference, if relevant

Equipment ID numbers

¢ & ¢ ¢ & o

Details of actual work effort, particularly any deviations from the field work
plan or standard operarng procedures

$ Field observations

A4 Any fleld measurements made (e.g., pH)

For sampling efforts, specific details for each sample should be recorded using Chen-
Northern's standardized field forms. Surface water and groundwater field forms contain fll-
in-the-blank type information in order that all pertinenar information shall be recorded. Inm
addition to the items listed above, the following information is recorded on field forms
during sampling efforts:

Time and date samples were collected
Number and type (natural, duplicate, ga/qc) of samples collected

Amnalysis requested

¢ ¢ ¢ ¢

Sampling method, particularly deviations fTom standard operating procedures
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The minimum number and types of field QA/QC Protocol shall be as follows:

® 109 of all groundwater samples will be duplicates, spikes or replicates
® A trip blank will be prepared for each wip or each day that samples are
collected

e A bailer (equipment rinsate) blank will be prepared for each sample batch
(up to 20 samples) unless disposable equipmen: is used.

Methods for computing data validation statements can be found in EPA documents or
obtained from the Chen-Northern laboratory.
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SAMPLE PACKAGING AND SHIPPING

All envirommental samples collected shall be packaged and shipped using the following

procedures:
PACKAGING
1. Place labeled sample bottles in a high quality cooler containing an adequate amount
of recently frozen blue ice (where applicable), making sure the cooler drain plug is
taped shut.
2. Place the samples in am upright position and surround the samples with
noncombustible, absorbent, cushioning material for stability during transport.
3. Fill out the appropriate shipping forms, and place the paperwork in a ziploc bag and
tape it to the inside lid of the shipping container. Shipping forms usually include: 1)
a chain-of-custody form, documenting the samples included in the shipment; 2) an
analysis request form, specifying the laboratory analyses for each sample.
4, Close and seal the cooler using fiberglass stzapping tape.
5. Secure the shipping label with address, phone mumber, and return address clearly

visible.

 SHIPPING HAZARDOUS MATERIALS /WASTE

Hazardous materiais need to be shipped using procedures specified under Federal Law.
Samples need to be shipped in ziploc bags or paint cans fiiled with vermiculite, depending
on the level of hazard. Spedial package labeling may be needed. Consult the project
manager for specific shipping procedures.
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SAMPLE DOCUMENTATION

Sample documentation is an important step to ensure the laboratory, project manager, and
field personnel are informed on the stams of field samples. Depending on the specifics
required for each project, a number of forms will need to be filled out. Most sample
documentation forms are preprinted carbonless triplicates, enabling copies to be filed or
mailed from labs or offices. The forms will be completed by field personnel, who have
custody of the samples. The office copy will be kept in the project file and subsequent
copies sent to the laboratory, or other designated pardes. The responsibility for the
completion of these forms will be with each field crew leader. It is important the feld crew
leader is certain field personnel are familiar with the completion process for filling out
forms, and the expected information is included.

Documents to be completed for each sample generated include:

L 4 Field Form

L4 Chain-of-Custody Form

4 Sampie Analysis Request Form
¢ Custody Seal

If working on Superfund activities, the following additional forms will also be prepared:

EPA Sample Tags

SAS Packing Lists

Sample Idendfication Matrix Forms
Organic Traffic Report (if applicable)
Inorganic Traffic Report (if applicable)
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