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CONVERSION FACTORS AND VERTICAL DATUM

Multiply inch-pound units By To obtain metric units
inch 25.4 millimeter (mm)
foot 0.3048 meter (m)
mile 1.609 kilometer (km)
square mile 2,590 square kilometer (km?)
gallon (gal) 3.785 liter (L)
micromho per centimeter microsiemen per centi-
at 25 degrees Celsius meter at 25 degrees
{(pmho/cm at 25 °Celsius) Celsius (uS/cm at 25 °C)

Sea Level: In this report "sea level" refers to the National Geodetic
Vertical Datum of 1929 (NGVD of 1929 (--a geodetic datum derived from a general
adjustment of the first-order level nets of both the United States and Canada,
formerly called Sea Level Datum of 1929,

Temperature: To covert degrees Farhrenheit (°F) to degrees Celsius (°C), use
the following equation: °C = 5/9 (°F - 32).

Trade-Name Disclaimer: Use of brands, firms, or trade names in this report is

for identification purposes only and does not constitute endorsement by the
U.S. Geological Survey.

11




Preliminary, Subject to Revisions, 04/10/91

CHANGES BETWEEN 1984 AND 1989 IN THE CONCENTRATION AND
AREAL EXTENT OF GROUND-WATER CONTAMINATION FROM A GASOLINE

AND DIESEL FUEL LEAK AT A SITE IN YAKIMA, WASHINGTON

By Richard J. Wagner and J. C. Ebbert

ABSTRACT

Following discovery in the early 1980’s of a gasoline and diesel-fuel
leak at a service station in Yakima, Washington an unsuccessful attempt was
made to recover the free-floating petroleum product. From 1984 through 1989,
data were collected from observation wells drilled near the site of the leak
and from nearby domestic wells. Between February 1985 and November 1986,
benzene, toluene, xylenes, and other soluble compounds of petroleum origin
were found at relatively large concentrations in all samples from observation
wells within 300 feet of the service station. These same compounds were also
found in some samples and at smaller concentrations in domestic wells as far
as 1,500 feet downgradient of the service station. Ground-water samples
collected in March 1989 indicate concentrations of these soluble compounds had
decreased, and areal extent where they were present was smaller than when

monitoring began in 1984,
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INTRODUCTION

In 1980, 1981, and 1982, the residents of a neighborhood in the northeast
part of Yakima, Washington, complained to the Washington State Department of
Ecology (WDOE) about the odor and taste of gasocline in water from their
domestic or irrigation wells, which are open to a shallow, unconfined ground-
water system. The WDOE investigated the complaints and determined that the
sburce of the gasoline and diesel fuel was leakage near the land surface from
improperly installed pump delivery lines at a service station located on North
First Street (fig. 1). New delivery lines and storage tanks had been
installed at the station in May and June 1979. Leak tests, reported to have
been performed at that time and again in December 1980, did not reveal any
leaks. Additional tests, conducted in September 1982 as a result of the
complaints from private well owners, revealed leaks in the delivery lines,

which were repaired immediately.

An audit of gasoline and diesel fuel inventory records, conducted by
representatives of the service station, indicated that about 5,970 gallons of
leaded gasoline and 1,740 gallons of diesel fuel were lost during the period
from September 1981 through October 1982. This represents an average leakage
rate of 550 gallons of product per month. If the leak began shortly after the
December 1980 test and was constant, then about 12,000 gallons could have been
lost during the 22-month period from the time of the test to the repair of the
leaks, If the December 1980 test was invalid, and the system leaked at
constant rate during the entire 40-month period from the time of installation,

then the product loss could have been as much as 22,000 gallons.
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An insurance company, representing thg service station, initiated an
attempt to recover the lost gasoline and diesel fuel in 1982-83 because of the
potential to further contaminate drinking water. At least 13 observation
wells and two recovery wells were installed on, or adjacent to, the service
station property. Three of the observation wells contained several inches of
free product, pure gasoline or diesel fuel, floating on top of the water. The
recovery operation was discontinued because only 40 gallons of free product
were recovered. All but three of the wells were subsequently destroyed. 1In
the summer of 1985, most homes having affected wells were connected to

alternate water supplies.

Pur n

The purpose of this report is to present and compare current and past
distributions and concentrations of petroleum-related compounds in ground
water near the site of the gasoline and diesel-fuel leak on North First Street
in Yakima, Washington. This report presents data collected from three
separate investigations: a March 1989 single sampling, sample collection
during a 1985 to 1987 study that was part of the Ground-Water Toxics
Substances Hydrology Program, and sample collection from October 1984 through
November 1986 that was part of the insurance company study. Data collected by
the three sampling studies are presented in tables in this report.

Comparisons between studies and changes in time are made by presenting
distributions of selected compounds in maps. Sampling procedures and

laboratory methods that were used by the three studies are also described.
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The City of Yakima is the commercial center for the Yakima River valley,
a major agricultural area within south-central Washington. The service
station on North First Street, where the gasoline and diesel-fuel leak
occurred, is located approximately 2,000 feet southwest of the Yakima River
(fig., 1). ©Land use in the vicinity of the service station consists of some
orchards and vacant lots interspersed among commercial and residential

properties.

The general direction of ground-water flow is eastward from the service
station to the river. The subsurface geologic materials immediately
underlying the area consist predominantly of coarse-grained alluvial deposits,
The water table is approximately 10 feet below land surface. Additional
information on the geohydrology is given in the section "Geohydrologic

Setting".

Annual precipitation in the valley is about 8 inches (U.S. Department of
Commerce, 1987), with more than half of this occurring during the winter
months as snow. Potential evapotranspiration, using a modified Blaney-Criddle
calculation (U.S. Department of Agriculture, 1970), is approximately 38 inches
annually. Consequently, crops require extensive irrigation. Most irrigation
water is diverted surface water, but some is pumped ground water. The main
municipal water supply for the city of Yakima is surface water; however, some

individual residences and small water purveyors rely on ground water.
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The study area in Yakima, Washington is located in the Ahtanum-Moxee
subbasin (fig. 2), which lies along an east-west oriented alluvial valley
between two similarly oriented basalt ridges: Cowiche Mountain and Yakima
Ridge on the north, and Ahtanum Ridge and Rattlesnake Hills on the south. The
valley lies along a broad structural syncline, is approximately 7 miles wide
and 40 miles long, and has a relatively flat alluvial surface that ranges
between 1,000 and 1,500 feet in elevation. The basalt ridges on either side
of the valley were formed by anticlinal upwarp, are much narrower than the
valley, and range between 2,000 and 3,000 feet in elevation. Perennial east-
west oriented streams flow along the valley from both directions toward the
valley center and empty into the perennial north-south, through-flowing Yakima
River. A significant summer inflow of water into the higher parts of the
valley comes by way of irrigation canals fed by dam-regulated flow along the

Yakima River and its tributaries upstream of the study area.

Folded and faulted basalts are exposed along the anticlinal ridges and
are found at depths of 300 to 1,000 feet beneath the synclinal valley (fig.
3). The basalt flows belong to the Columbia River Group (table 1), and they
are interbedded with, and underlie, a thick section of clastic rocks of
debris-flow, lacustrine, and fluvial origin located along the valley axis.

The oldest of these clastic units, the Ellensburg Formation (table 1), is from
100 to perhaps 1,000 feet thick in the valley and is dominated by semi-
consolidated laharic (volcanically generated debris flow) fine to coarse
clastics. Above these beds lie about 100 to 500 feet of Pleistocene

glaciofluvial fine-grained lake, and coarser-grained river-laid clastics.
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Above these, and comprising much of the su;ficial material at and near the
study site, are 50 to 75 feet of Holocene unconsolidated alluvial sands and
gravels laid down beneath the present flood plain by the Yakima River and
beneath adjacent terraces by streams older, and perhaps larger, than the
present Yakima River. The clasts within these two recent alluvial deposits

are dominantly of volcanic (andesitic and basaltic) composition.

The shallow stratigraphy of the study site was determined by descriptive
geologic logs from recent drilling of observation wells (fig. 4). 1In general,
the lithologic descriptions show an upper 15- to 20-foot-thick depositional
unit beneath the present flood plain, with about 5 feet of clay, silt, and
sand at the surface (overbank deposits), and 10 feet of sandy, coarse gravels
and cobbles below the overbank deposits. The lower contact of this upper unit
is indistinct, but it overlies 30 to 50 feet of lower, older gravels and
sands, probably deposited in similar environments. At normal stages of flow,
the Yakima River is flowing within the upper fluvial unit, and perhaps within
the top of the gravel layer of these fluvial deposits. There is a good
permeable connection between the Yakima River and the adjacent water-table
aquifer within these recent fluvial deposits. The ground-water-quality data
at the site indicate that the leaked gasoline and diesel fuel, and the

dispersed dissolved compounds downgradient of the leak, are wholly contained

within the upper and lower Holocene alluvial deposits.

There is upward ground-water flow from the basalts through the Ellensburg
clastics into Holocene alluvium and into the perennial drainages (personal
communication, Henry Bauer, USGS, 1990), including the Yakima River (fig. 4).

Regionally, the ground-water flow is generally eastward (fig. 5) from the leak

17
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site toward tﬂe Yakima River. During the §tudy, the general direction of
local ground-water movement was from west to east-southeast, and the velocity
of ground water was estimated from between 0.2 to 1.2 feet per day, based upon
water-level measurements and interpretation of geologic well logs (written
communication, J. Pankow, OCG, 1986). In general, the water table lies 7 to
12 feet beneath ground level, The upper sand, silt, and clay of the alluvium
is unsaturated, and the lower parts of the coarser-grained alluvium is

saturated.

Continuous hydrographs of two water-table wells document annual
fluctuations of 2 to 3 feet, and there are two unequal annual peaks,
One peak is in late spring, coincident with maximum vertical recharge from
precipitation, and a second peak is in the late summer and early fall,
coincident with upgradient recharge from irrigation returns and canal leakage

(figs. 6 and 7, and table 2),.
11 ion

Three studies have been conducted since the gasoline and diesel fuel
recovery program was discontinued. The first study, under the general
direction of the insurance company, consisted of several phases with different
contractors. Three wells still remained from the original recovery program at
the end of 1984 (M1-82 through M3-82, pl. 1). In October 1984, selected
domestic wells were sampled for the analysis of soluble aromatic compounds in
ground water. In December 1984, 12 new observation wells (M1-85 through M12-
85, pl. 1) were drilled. Beginning in February 1985, water levels were

measured, and selected observation and domestic wells were sampled for the
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insurance-company study at 3-month intervals to determine the direction of
ground-water flow and concentrations of petroleum-related compounds in ground

water,

The second study, which started in 1985, was conducted by the U.S,
Geological Survey (USGS) and the Oregon Graduate Center (OGC) as part of the
U.8. Geological Survey Toxic Substances Hydrology Program, hereafter referred
to as the ground-water toxics study. This study was initiated to determine
the transport and fate of gasoline and diesel fuel in a subsurface
environment. The study was discontinued in 1987, and no data or results were
published. During this study, the USGS and OGC collected ground-water samples
three times, soil-gas samples twice, and samples of aquifer material once.
Soil-gas samples and volatile samples were analyzed by OGC and inorganic
samples were analyzed by the USGS National Water Quality Laboratory (NWQL).

In August 1985, water samples were analyzed for petroleum-related
hydrocarbons. In November 1985, soil-gas samples were collected, using driven
probes, and analyzed for petroleum-related hydrocarbons. From April through
June of 1986, water samples were collected from selected domestic and
observation wells and from temporary wells driven to the water table and
pulled out after sampling. In late summer and early fall of 1986, 32
observation wells and 8 mult;level soil-gas sampling tubes were installed. 1In
November 1986, water samples were collected from the new, larger network of
observation wells. All ground-water samples were analyzed for volatile
hydrocarbons and dissolved oxygen, and selected samples were analyzed for
trace metals and common ions., In November 1986, samples of ground water and
aquifer material were collected from selected observation wells and analyzed

for lead. During the ground-water toxics study, water levels were measured
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monthly from Fébruary 1985 to April 1987. Water-level recorders, which were
installed in M8 and M14, have operated continuously from January 1987 to the

present (1991).

The third study was conducted in cooperation with WDOE to determine the
current distributions and concentrations of petroleum-related compounds in |
ground water. In March 1989, ground-water samples were collected from 27
observation wells and analyzed for volatile hydrocarbons. Samples from six
wells were analyzed for trace metals and common ions., Water levels were

measured at the time the samples were taken.

The results and additional information on the conduct of this, and the
other two sampling programs, are given in the sections "Sampling Studies,
Field Techniques, and Laboratory Procedures," and “"Chemistry of Ground Water,

Soil Gas, and Aquifer Materials",

Pr Aff in he F nd Distri ion of Petrol
Hydrocarbons in a Subsurface Environment

Both gasoline and diesel fuel are refined petroleum products and are
mixtures of numerous organic compounds with different physical and chemical
properties. The fate and distribution of the individual compounds in a

subsurface environment are governed to a large extent by these properties.

For example, the aromatic hydrocarbons are the most water-soluble components
of gasoline and diesel fuel and are relatively easily dissolved and
transported in ground water. Selected properties of some of the major

aromatic compounds in gasoline and diesel fuel are given in table 3.

20



Preliminary, Subject to Revisions, 04/10/91

After the spill or leak of a liquid petroleum product, some of it will
flow through the unsaturated zone to the water table by gravity, and some of
it will be held in the unsaturated zone by surface tension. The petroleum
that reaches the water table will float and spread on top of the water table
because it is less dense than water. The transport of hydrocarbon compounds
by ground water initially will be limited to those which can be dissolved in
ground water at the petroleum-water interface. Once dissolved in ground
water, compounds may be transported by advection and dispersed horizontally

and vertically in the ground water.

Seasonal variations in the water-table elevation can increase dispersion
and dissolution of hydrocarbon compounds in the ground water. When the water
table rises, some of the petroleum will remain trapped in the interstitial
pores by surface tension below the rising interface (Schwille, 1981). When
the water table falls, some water is trapped above the falling interface.
This sequence of events substantially increases the vertical distance over
which the petroleum is dispersed and provides additional surface area for the
dissolution of hydrocarbon compounds into ground water. During periods of
ground-water recharge, downward percolating ground water can dissolve

hydrocarbons from the petroleum trapped in the unsaturated zone.

The relative proportions of various petroleum hydrocarbons_dissolved in
the ground water also are affected by volatilization, biodegradation, and
sorption. The low-molecular-weight hydrocarbon compounds can volatilize from
the petroleum product or from the ground water and diffuse into the
unsaturated zone., The presence of hydrocarbon gases in the unsaturated zone
is sometimes used to indicate the presence of petroleum hydrocarbons in ground
water.
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Some hydrocarbons preferentially sorb to soil particles. These compounds
are not as readily transported as those in the gas phase or the ground water.
Some sediment characteristics that affect sorption are grain size, moisture,

and organic content,

A variety of naturally occurring soil microbes can, under favorable
conditions, degrade hydrocarbon compounds found in gasoline and diesel fuel,
Biodegradation is most efficient under aerobic conditions with sufficient
supplies of nitrogen and phosphorus, a near-neutral pH, and warm soil
temperatures. Under these conditions, some hydrocarbon compounds can be
completely degraded into carbon dioxide and water (Atlas, 198l1). Anaerobic
biodegradation of petroleum hydrocarbons also has been observed, but generally

at lower rates than aerobic biocdegradation (Healy and Daughton, 1986).

Samples collected for the analysis of volatile hydrocarbons during all
three studies were preserved by chilling to 4 °C., It has been observed,
however, that significant bicdegradation can occur if analyses are not

performed within seven days (personal commun., Brooke Connor, USGS, 1989).
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Well-Tdentification System

Wells in this report are referenced by identification numbers that are
listed in table 4. Their locations are shown on plate 1. The table cross-
references these identification numbers with the station name stored in
WATSTORE, the U.S. Geclogical Survey computer data base, and identifiers used
in correspondence and progress reports during previous studies. The
identification numbers in this report are prefixed by an M for observation
wells, D for domestic wells, T for temporary wells installed for the
collection of water samples, SG for multidepth socil-gas wells, and SGT for
temporary wells installed for the collection of soil-gas samples. The
temporary water wells and soil-gas wells were removed immediately after sample

collection.
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SAMPLING STUDIES, FIELD TECHNIQUES, AND LABORATORY PROCEDURES
Field and laboratory methods used during the three studies were, in
general, quite similar, and the methods are detailed for comparative purposes.
Field and laboratory methods are discussed separately, and quality assurance
procedures and results are given in Appendix A.

round-W r mplin

Insurance Company Study

Twelve observation wells were installed using a cable-tool drilling rig.
Wells were constructed with 2-inch-diameter, flush-threaded, PVC (polyvinyl
chloride) casing and 15 feet of PVC screen, 10 feet of which extended below
the water table. Water samples were collected from the wells using bottom-
filling Teflon bailers. A minimum of three casing volumes of water were
pumped from a well before a ground-water sample was collected. Water samples
from domestic wells were collected from cold-water faucets that were allowed
to run at a rate of about 1 gallon per minute for a 30-minute period prior to

sampling. The samples were from untreated sources that were non-filtered and

non-aerated. All samples were preserved on ice and transported to a private

laboratory for analysis,

Ground-Water Toxics Study

The ground-water toxics study included three water-sampling periods with
different objectives. The first sampling was done (August 1985) to determine
the farthest extent of dissolved hydrocarbon movement in the ground water,
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The second sambling (April through June 1986) was done with additiocnal
temporary wells to better delineate the extent of dissolved hydrocarbons and
to determine appropriate sites for 34 additional observation wells. In the
third sampling period (November 1986), samples were collected from some of the

new observation wells,

The additional 34 observation wells were drilled using the air-rotary
method. The wells were constructed of 2-inch PVC casing, with 3- to 5-foot
lengths of 0.10-inch slotted PVC screen at the bottom. Most screens were set
so that the middle part of the screen was close to the surface of the water
table at the time of drilling. Sections of PVC casing were welded together
rather than cemented to prevent contamination by solvents used in the cement.
The annulus around each screen was packed with sand to a depth of several feet
above the screen and then sealed to the surface with bentonite or a bentonite
and cement mix, Several deeper wells that were drilled below the water table
were packed with sand several feet above the screen, backfilled with clean
cuttings, and then surface sealed with a bentonite and cement mix. The wells

were developed by pumping.

In the spring of 1985, staff of the Oregon Graduate Center collected
ground-water samples from 28 temporary wells. The wells were installed by
jackhammering a steel drive tube to a depth 2 feet below the water table and
then removing the tube with a railroad jack. A 3-foot length of 3/8-inch
flexible tubing was attached to the top of a 3/8-inch stainless steel pipe and
lowered down the hole to collect a sample, a vacuum was applied when the pipe
was a few inches below the water table, the flexible tubing was then bent and

clamped, and the pipe was lifted out of the hole. Two 1l4-mL (milliliter)
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sample vials were filled. The sample vials were filled by slowly releasing
the clamp, and the vials were stored on ice for later analysis., Some
modifications to this sample collection procedure were made during the course
of the study. To prevent borehole collapse upon removal of the steel drive
tube, a perforated tip was attached to the end of the tube and the tube was
left in the hole during sample collection. Also, samples were collected by
securing the sample vial at the end of a thin stainless steel rod and lowering
the vial to the water table directly through the driven hollow tube. Aall
downhole tools that were used in this phase were cleaned with a methanol

solution and dried with an electric hair dryer.

Bottom-filling glass bailers were used to collect water samples from
observation wells for the analysis of volatile hydrocarbons. Before each
sample was collected, five casing voiumes were pumped from the well., Prior
to sampling each well, the bailer was rinsed with a 10-percent methanol
solution and an acetone-hexane mixture (60 to 40, by volume). Remaining
solvent residues were then removed from the bailer by baking in an oven, by
heating with an electric hair dryer, or by aspirating with a vacuum pump. The
cleaned sampler was then rinsed by bailing three times from the well. A
sample vial was filled from the fourth bailing and packed in ice until
analysis. The technique used to collect samples from domestic wells was
similar to that used during the insurance company study. All volatile
hydrocarbon water samples collected were analyzed by the staff from the Oregon

Graduate Center.
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1989 Study

The procedure used to sample observation wells in the 1989 study was
nearly identical to that used during the ground-water toxics study. One
difference was that the bailer was rinsed with organic-free water after the
acetone-hexane rinse. Also, the bailer was routinely baked in an oven at
105 °C for 1/2 hour after the organic-free water rinse. Results of tests to

check the adequacy of the cleaning procedure are given in Appendix A.

Samples collected were analyzed by the U.S. Geological Survey National
Water Quality Laboratory (NWQL) in Arvada, Colorade. Field quality-assurance
procedures included duplicate samples, field blanks, and field-spiked samples
with known amounts of target compounds. These procedures are described in

Appendix A.

Ground-Water Analysis Methods

All three studies utilized similar gas-chromatographic techniques for
determining concentrations of volatile hydrocarbons in ground-water samples.
Differences in techniques are noted below and references are given for more
details. Analyses performed by Oregon Graduate Center produced concentrations
that were blank-corrected, as referenced in Appendix A. Analyses performed by

the other studies were not blank-corrected.
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Insurance Company Study

Samples were analyzed for benzene, toluene, and total xylenes (the sum of
the meta, para, and ortho isomers), and a value was calculated for total
hydrocarbons expressed as gasoline. Samples were analyzed using a Tekmar
LSC-2 liquid sample concentrator linked to a Perkin-Elmer Sigma 300 gas
chromatograph with flame ionization detection (FID), on a 6-foot stainless
steel column with SP-1000 100/120 mesh packing. Total xylenes, benzene, and
toluene were identified by retention time and quantified by comparison with
known standards using an SP-4000 data system. Total gasoline concentrations
were calculated by comparison of total peak area to a gasoline standard total

peak area.

Ground-Water Toxics Study

The analytical method utilized by Oregon Graduate Center was purge and
trap with whole-column cryotrapping. This method was employed with fused-
silica, capillary-column gas chromatography (GC), as developed by Pankow and
Rosen (1984) and optimized by Pankow (1986). Both FID and mass spectrometric
(MS) detection were utilized. The purge and trap device used was a Chemical
Data Systems Model 320 concentrator. The GC/MS used was a Hewlett-Packard
5790A GC interfaced to a Finnigan 4000 MS/DS (data system). The carrier flow
from the capillary column exiting the GC was split, approximately half of the
flow directed into the MS source, and the remainder to a FID housed in a

Hewlett-Packard 5700A GC.
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Normally, a 5.0-mL aliquot of sample was loaded into the sparging vessel
and each aliquot was spiked with 10 pL (microliter) of an internal standard
solution in methanol. 1In the case of highly contaminated samples, smaller
sample aliquots were loaded into the sparging vessel and organic-free water
was added to produce 5.0 mL of diluted sample for analysis. Samples were
analyzed for a set of 18 target compounds (table 5) known to be components of
gasoline and diesel fuel. During sample analysis, standards containing known
concentrations of target and internal standards compounds were routinely run.
Replicates of the samples were run back to back, a day apart, and in one case,

6 days apart.

Sample concentrations were computed based on the appropriate sample and
standard peak areas and were blank-corrected using replicate values of blanks,
duplicates, and standards. The internal-standard compounds served to
compensate for any variations in the purging efficiencies and the system
response. The response factors were assumed to be linear over the

concentration range of interest.

1989 Study

The method utilized by the NWQL to analyze samples was purge and trap.
This method was employed with gas chromatography and electron impact mass
spectrometry (GC/MS) as per EPA Method 524.2 (U.S. Environmental Protection
Agency, 1988a), and the list of volatile organic compounds targeted by this
analytical method was mecdified by adding standards for the quantification of
five compounds in addition to those targeted by EPA Method 524.2 (table 5).

The purge and trap device used was a Tekmar LSC 2000 with an ALS 2016 and
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ALS 2032, The 25-mL sample was purged for 11 minutes at ambient temperature
with a gas flow of 40 mL per minute, desorbed at 180 °C for 4 minutes onto a
30 meter x 0.53 mm ID (inside diameter) DB-624 megabore column ané baked at
225 °C for 15 minutes. Temperature of the Finnigan Incos 50 MS/DS was held at
10 °C for 1 minute, then increased to 160 °C at 5 degrees per minute, and held
at 160 °C for 1 minute. The megabore column was coupled directly to the mass
spectrometer, which was set to analyze from 45 to 300 atomic mass units with a
scan time of 1 second. A Hewlett-Packard HP5996A MS/DS was used for those
samples on which a library search was performed. Ten percent of the samples
were run in duplicate, and 10 percent of the less-contaminated samples were
spiked with a solution containing six matrix spike compounds. Additional
quality assurance measures included daily blanks, daily standards, daily

instrument tuning, and quality control check samples,

A library search was performed on selected analyses in an attempt to
identify non-target compounds. Mass spectra from corresponding GC peak maxima
were compared with National Bureau of Standards library reference spectra
using a computer library search. The best library matches were selected
according to a "reliability factor"--a parameter used by the library search
algorithm to quantify the match between the sample and library spectra. The
best computer matches were compared with the sample spectrum manually to

attempt the best possible tentative identification,
Soil Gas

Samples of soil gas, the gas in the pore spaces in the soils and

sediments above the water table, were collected from temporary-driven sampling
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tubes and from permanent wells in which mu;tidepth sampling tubes were
installed. Samples from the temporary-driven wells were taken from locations
with the lowest expected concentrations and then from locations where larger
concentrations were expected. A 6-foot-long, 3/4-inch OD (outside diameter),
1/4-inch ID stainless steel casing tube was driven to a depth of 5.5 feet
below land surface and then backed out a few inches. Then, a 7-foot stainless
steel sampling tube was inserted 1 inch beyond the bottom of the casing tube.
Two hundred mL of soil gas, an amount which was greater than 5 times the
volume of the sampling system, were drawn through the sampling tube with a
vacuum pump, A Tenax-GC sample cartridge was then placed in line and the
system was pumped for about 12 minutes at a rate of about 40 mL per minute.
The sample cartridge was then removed, the ends were capped, and the sample
was stored in an organic-free environment at ambient temperature prior to

analysis.

Sampling techniques and analytical methods for multidepth wells were the
same as for the temporary driven wells. The stainless steel sampling tubes
each extended to a specified depth, were surrounded with sand, and were sealed

from each other with concrete.

Soil-gas analysis was done by adsorption onto a Tenax cartridge followed
by thermal desorption with whole-column cryotrapping on the GC and FID and MS
detection. The Tenax cartridges needed no sample preparation prior to
desorption. The cartridge was placed in the desorption apparatus and purged
for 10 minutes with a backflow of helium to remove the oxygen and most of the
methanol. The Tenax cartridge was desorbed at 250 °C for 10 minutes at 30 psi

and the released compounds were readsorbed onto the GC column, which was held

31




Preliminary, Subject to Revisions, 04/10/91

at a temperature of =80 °C. After desorption, the GC column temperature was
raised rapidly to 0 °C, and then programmed to increase at 10 °C per minute to

250 °C. Additional details are given by Ligocki and Pankow (1985).

Aquifer Materials |

In November 1986, samples of both solid aquifer material and water were
collected from selected observation wells. Concentrations of lead dissolved
in water and lead adsorbed onto the surface of the less-than-63-um
(micrometer) fraction of the aquifer material were determined. Because
samples of aquifer material could not be obtained easily by coring, due to the
cobblely nature of the deposits, samples of fine-grained aquifer materials
that had passed through well screens after installation of the well were
obtained by placing a pump intake near the bottom of the well. Approximately
5 gallons of sediment-laden water were pumped from each undeveloped well and
collected in a clean plastic bucket. The sediment was separated by settling,
dewatered by filtering into a firm cake, placed in a polyethylene bag, and
stored on ice. The firm cake was then processed by mixing with water and wet-
sieving through a 63-pm polypropylene sieve. The less-than-63-um fraction was
filtered to a moist cake, subsampled, and digested with a solution composed of
6% Ultrex nitric acid and 1 molar reagent-grade ammonium acetate. The samples
were then analyzed in the same manner as the filtered ground water (Fish,

1987). After developing the well by pumping at 10 gallons per minute for 20

to 30 minutes, ground-water samples were collected by pumping through acid-
washed Tygon tubing and filtering through acid-washed 0.1 um (pore-size) i

membrane filters into acid-washed polypropylene bottles.
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CHEMISTRY OF GROUND WATER, SOIL GAS, AND AQUIFER MATERIALS

Insurance Company Study

During the insurance company study, at least one of the three target
compounds (benzene, toluene and total xylenes) was detected at least once in
four of the 21 wells (figs. 8 to 12 and table 6). Target compounds were
detected consistently, and at relatively large concentrations, in water from
well M11-85, located about 150 feet from the leak site. Target compounds were
consistently detected in only one domestic well, D10, located about 1,200 feet
downgradient, but concentrations were smaller than in M11-85. Target
compounds were detected in wells M8-85 and M10-85, located about 900 feet
downgradient of the leak site, but the occurrences were sporadic and
concentrations were relatively small. The wells used in this study were too
widely separated to define in detail the distributions of hydrocarbon

compounds in ground water.

Ground-Water Toxics Study

During the ground-water toxics study, ground-water samples were analyzed
for up to 23 aromatic hydrocarbons, primarily alkylated-benzenes (table 5).
All but six of the compounds were identified in ground water. Concentrations
of compounds found during the different sampling periods of this study are

given in table 7. Because of changes in analytical methods during the course
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of the study, not all of the target compounds were analyzed in each of the
sampling periods. Furthermore, the method for reporting analytical results
when concentrations were near background or detection levels differed among

sampling periods.

Data for benzene, toluene, naphthalene, and total xylenes are shown in
figures 8 through 11. These four compounds are some of the more water-soluble
aromatic compounds in gasoline (table 3), and their presence and
concentrations compare well with the presence of other target compounds.
Concentration isopleths of 5 pg/L (micrograms per liter) are estimated and
approximate locations shown for each of the four compounds, and the symbols
identify locations where concentrations are greater or less than 500 pg/L. A
value of 5 png/L was chosen as the isopleth concentration because it is an
order of magnitude greater than the level of detection for most compounds and,
consequently, there is a high certainty of detection at this concentration,
eliminating any doubt of trace detections at or near the detection level. The
isopleth concentration is significant because it is also the drinking water
MCL for benzene (U.S. Environmental Protection Agency, 1988c), An MCL does
not exist for toluene, naphthalene, or total xylenes, but there is a proposed
MCL for toluene of 2,000 pug/L and a secondary MCL for total xylenes of

10,000 pg/L.

During the first sampling period in August 1985, detectable
concentrations of benzene, toluene, naphthalene, and total xylenes were
identified in samples from 5 of 15 insurance company observation wells, 1 of
13 temporary wells, and 2 of 31 domestic wells (table 7). Although petroleum-

related compounds were detected as far as 1,000 feet from the service station,

34




Preliminary, Subject to Revisions, 04/10/91

concentrations of individual compounds exceeded 500 pg/L only in samples from
the three wells closest to the service station (figs. 8 to 11). A petroleum
sheen was noted on samples from two of these three wells (M3-82 and M11-85),

indicating the presence of free product.

During the second sampling, from April through June 1986, detectable
concentrations of benzene, toluene, naphthalene, or total xylenes were found
in the samples from 5 of 6 insurance company observation wells and at all 29
of the temporary wells. Observed concentrations of benzene, toluene,
naphthalene, and total xylenes (figs. 8 to 11) indicate that some of the

dissolved compounds had migrated in an east-north easterly direction.

During the third sampling in November 1986, benzene, toluene,
naphthalene, or total xylenes were detected in samples from 5 of 8 insurance
company observation wells and in 18 of the 23 observation wells installed
during this study (pl. 1 and table 4). Concentrations of some of these four
compounds exceeded 500 pug/L at eight of the observation wells within 400 feet

of the service station (figs. 8 to 11).

The vertical distribution of hydrocarbons dissolved in ground water was
also investigated. Observation wells which penetrated deeper into the

aquifer, M2, M6,1, M7.1, and M13 (pl. 1 and table 4) were sampled in November

1986. Observation wells M6.1 and M7.1 are paired with shallow wells, M6.2 and
M7.2, respectively. Observation wells M6.1 and M6.2 were installed in the

same hole about 1,300 feet downgradient of the service station, with M6.1

extending to 46 feet below land surface and the latter well screened at the

water table. Observation wells M7.1 and M7.2 are a similar pair installed in
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a hole about 500 feet downgradient from the service station. Benzene,
toluene, naphthalene, total xylenes, ethyl benzene, and other alkyl benzenes
were detected in all the deeper observation wells that were sampled.
Concentrations of dissolved hydrocarbons in the ground water from observation
wells M2 and M6.1 were less than 1 Hng/L; whereas, observation well M7.1 had a
concentration of 3.2 pg/L total xylenes. Concentrations of dissolved
hydrocarbons in ground water from observation well M13 ranged from 0.5 to

47 pg/L. The concentrations of dissolved hydrocarbons in ground water from
deeper wells range from one to more than three orders of magnitude smaller in
comparison to the concentrations of hydrocarbons dissolved in ground water
from observation wells at the water-table surface. The major portion of the
leaked gasoline and diesel fuel dissolved in the ground water appears to be
near the surface of the water table. Further, the migration of dissolved
hydrocarbons in the ground water is preferentially in a horizontal

downgradient direction.

1989 Study

Concentrations of volatile organic compounds in ground-water samples
collected in 1989 indicate that there are still dissolved components of
gasoline and diesel fuel in the ground water (table 8, figs. 8 to 11).
Concentrations of benzene, toluene, naphthalene, and total xylenes greater
than the detection limit of 0.2 pg/L were found in ground-water samples from
11 of the 27 sampled wells, Concentrations exceeded 500 pg/L for only total
xylenes at two wells, M3-82 and M16. Significant amounts of toluene or other
alkyl benzenes were also found at these two wells and at M11-85, but

concentrations for all compounds were less than 500 pg/L.
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In March 1989, concentrations of petroleum-related compounds in ground
water were less than in 1985 and 1986 (tables 6 and 7, figs. 8 to 11).
Consequently, the concentrations of petroleum-related products dissolved in
ground water appear to be decreasing, and the area within specific
concentration isopleths also appears to be decreasing. However, one should

note the above conclusion is based on a single sampling in 1989.

The shallow ground water within the leak area is predominantly of the
calcium-magnesium bicarbonate type (see fig. 13 and table 9). Specific
conductance values ranged from 208 to 390 uS/cm (microsiemens per centimeter)
at 25 °C, and values of pH ranged from 6.3 to 6.9. Dissolved-oxygen
concentrations were low, with a median value of 0.6 mg/L (milligrams per
liter). Dissolved-oxygen concentrations upgradient of the leak area at
observation well M1-85 ranged from 6.3 to 6.8 mg/L; whereas the ground water
contained little or no oxygen at sites M2082, M3-82, M11-85, M12, M16 and M18
in the leak area. Concentrations of metals were generally less than 0.10 mg/L
and did not exceed the MCL (Maximum Contaminant Level) for drinking water,
except for dissolved manganese, which exceeded the secondary MCL at 15 sites,
and dissolved iron, which exceeded the secondary MCL at 12 sites (U.S.
Environmental Protection Agency, 1988b). The median concentration of
dissolved organic carbon was 1.9 mg/L, with values ranging from 0.6 to

81 mg/L.
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Small dissolved-oxygen concentrations in ground water caused by the
oxidation of organic compounds in the gasoline and diesel fuel affected
concentrations of iron and manganese as well as the concentrations and
speciation of nitrogen compounds in ground water at the site. Small
concentrations of dissolved oxygen are often indicative of the biological
oxidation of carbon and consumption of oxygen. Under these reducing
conditions, iron and manganese are more soluble and concentrations of iron and
manganese in ground water are generally larger than under oxidizing
conditions. Reduced forms of nitrogen, particularly ammonia, are also found
in anoxic ground water. Samples analyzed during the ground-water toxics study
and the 1989 study show a strong relationship between the detection of
volatile hydrocarbons in the ground water and large concentrations of iron and
manganese, detectable ammonium, and nitrate values at or near the level of
detection. Reduced forms of sulfur were not specifically analyzed, but the
smallest concentrations of sulfate were analyzed in ground water from wells
within the leak area. Samples analyzed for dissolved organic carbon generally
showed a relationship between elevated concentrations of dissolved organic
carbon in the ground water and the detection of volatile hydrocarbons,
Elevated concentrations of dissolved organic carbon from observation wells
M7-85 and M6.2 could be due to contamination during processing and handling,
but these values could also be representative of non-volatile forms of

hydrocarbons.

A sufficient number of samples were analyzed for inorganic constituents
to accurately define the area of reduced conditions during the November 1986
sampling (see fig. 14 and table 9). The differences between the areas of

reducing conditions and oxidizing conditions are clearly defined. In 1989,
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however, the smaller number of samples shows a general picture of reduced
conditions immediately downgradient of the leak area and oxidizing conditions
upgradient and further downgradient of the leak area (fig. 14). There were
exceptions to this relationship in both studies. Samples from observation
well M29 also indicate reduced conditions, but the concentrations of volatiles
were small. During the ground-water toxics study and the 1989 study, results
from observation well M18 indicate reduced conditions, but concentrations of
volatile samples during the 1989 study are much smaller than November 1986,

As the spill products age, non-volatile forms of carbon will prevail and the
oxidation of these species will also cause reduced conditions. During the
ground-water toxics study, samples from observation well M1-82 contained large
concentrations of volatile hydrocarbons and dissolved manganese, but the

concentrations of ammonium, nitrate, and iron were small.

It is quite unlikely that reduced conditions in the leak area are due to
a natural phenomenon. The permeable soils and the relatively large influx of
freshly-oxygenated ground water that flows past the leak area toward the river
are strongly supportive of biodegradation of the spilled diesel and gasoline
as the cause of the reduced conditions of ground water immediately

downgradient of the leak site.

L in Ground W r and Aquifer Material

Concentrations of lead in the filtered ground-water samples ranged from
1.4 to 10.1 pug/L (table 10). These concentrations are less than the EPA
drinking-water MCL of 50 pg/L (U.S. Environmental Protection Agency, 1988c).

Samples of aquifer material contained lead with concentrations 30 to 10,000
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times greater than in ground-water samples on a per weight basis (table 9),
Because of the large affinity of the divalent lead ion for sediment, it is not
unusual to find small concentrations of lead in ground water and large
concentrations of lead in sediments. As a result of this affinity, inorganic

lead is relatively immobile in ground water.

There is little or no correlation between concentrations of lead in soil
and in ground water (correlation coefficient = -0.19). Fish (1987) concluded
that a simple adsorption or ion-exchange model does not explain the
distribﬁtion of lead between the solid and aqueous phases. Calculations
indicated that the observed concentrations of lead in the ground water were

near the limit of solubility for PbCo3. Therefore, precipitation of PbCO3 may

control the concentration of lead in ground water. Because the area with
elevated concentrations of lead in the aquifer materials is similar to the
area with elevated levels of aromatic hydrocarbons dissolved in ground water
(fig 15), the source of the lead is probably lead additives in gasoline,

tetraethyl and tetramethyl lead.

The similarity between spatial distributions of lead in the aquifer
materials and some of the aromatic compounds dissolved in ground water
suggests that some of the lead has moved in approximately the same direction
as some of the aromatic compounds dissclved in the ground water (Fish, 1987).
Consequently, Fish concluded that the lead is, or has been, more mobile than
the retardation factors imply, and that there are several possible modes of
transport. Shortly after the gasoline leak, the lead could have been
transported as part of the free product. It could have been transported by

ground water when in the more soluble alkyl lead phase, which subsequently
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degraded to inbrganic lead that precipitated out of solution. The lead in the
aquifer materials also could have been transported by colloidal-size

particles.

Soil Gas

In November 1985, soil-gas samples were collected from seven temporary
wells, SGT1 through SGT3 and SGT6 through SGT9 (fig. 16). Although plans were
made to collect samples from about 25 wells, problems with frozen ground and
cobblely soil resulted in fewer samples collected than planned. Also, because
of problems with internal standards, concentrations of compounds detected in

the soil-gas samples were qualitative and not quantitative.

In November 1986, soil-gas samples were collected from six multidepth
soil-gas tubes (fig. 16, table 11). Target compounds (table 12) and mixed
alkanes were detected at some depths at three of the six wells, S$G3, SG5, and
SG8 (fig. 16). With the exception of toluene and several alkyl benzenes that
were found at mid-depths of 3 to 6 feet below land surface in SG8, most
compounds were detected only close to the water table at the deepest levels
from which samples were withdrawn (table 11). This is consistent with the
steep concentration gradients of concentrations in soil gas near the water

table that have been found by others (see for example, Hult and Grabbe, 1985).

Target compounds (table 12) were detected in samples from wells SGT2 and
SGT7. Also, chromatographs for samples from wells SGT1, SGT3, and SGT9
contained peaks that are indicative of likely degradation products of aromatic

hydrocarbon compounds (J.R. McPherson, Oregon Graduate Center, Beaverton,
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Oregon, verbal commun., 1989). Soil gas from wells SGT6é and SGT8 did not
contain detectable amounts of hydrocarbon compounds. Although gas samples
were collected from wells SGT4 and SGTS5, difficulties with collection and
analyses of samples from these two wells preclude making any statements about
the presence or absence of hydrocarbon compounds in soil gas at these two

sites., These two wells are not shown in figure 16,
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SUMMARY AND CONCLUSIONS

An estimated 12,000 to 22,000 gallons of gasoline and diesel fuel were
leaked to unsaturated sediments and shallow ground water from an improperly
installed delivery line at a service station in Yakima, Washington. Data
indicate the fuel leak is contained within unconsolidated sediments and

shallow ground water 7 to 12 feet below land surface.

Unsuccessful attempts in 1982-83 at recovery of fuel in the ground were
followed by a study in 1984-85, under the direction of an insurance ‘company,
to monitor the presence of dissolved hydrocarbons in ground water. From
August 1985 through November 1986, in a separate study by the U.S. Geological
Survey, dissolved hydrocarbons and lead were determined in ground water and
soil gas was determined in the unsaturated sediments. Fine-grained sediments
in the aquifer were also analyzed for lead. The gasoline leak in Yakima was
selected to be a part of a national study of ground-water sites contaminated
by toxic compounds, but the study was discontinued before an interpretive
phase was completed. In a follow-up study, data were collected in March 1989
' to determine the concentrations and areal extent of dissolved hydrocarbons in

ground water and to compare results with those of the two previous studies.,

All three studies utilized similar gas-chromatographic techniques for
determining concentrations of benzene, toluene, naphthalene, and total xylenes
in shallow ground water for five sampling periods beginning in 1985. A large
concentration of 600 pg/L toluene and 980 pg/L of total xylenes was found in
one domestic well about 1,200 feet downgradient of the leak, but water in

other domestic wells sampled beginning in 1984 had hydrocarbon concentrations
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that were all less than 500 pg/L. Samples collected from 1985 to 1986
indicate dissolved hydrocarbons in observation wells commonly exceeded
500 pg/L at distances of 150 to 500 feet downgradient from the gasoline leak.
Soil-gas samples taken in November 1986 indicated dissolved hydro;arbons were

detected only close to the water table.

By March 1989, concentrations of dissolved hydrocarbons had decreased and
the areal extent over which they were present in shallow ground water was
smaller. Concentrations of dissolved hydrocarbons were less than 500 pg/L
near the source of the leak and were generally below 5 pug/L at distances more
than 350 feet from the source of the leak. 1In contrast, during the sample
periods of November 1986 and earlier, hydrocarbon concentrations exceeded
5 pg/L at distances of 600 te 1,000 feet from the source of the leak. The
decrease in dissolved hydrocarbons in the shallow ground water between 1984-86

and 1989 could be due to natural dispersal, volatilization, or biodegradation,

Concentrations of dissolved lead in ground water were small for the
sample periods from 1986-89. These concentrations were 1.4 to 10.1 pg/L and
less than the MCL of 50 pg/L for drinking water. Lead has a high affinity for
soils and is relatively immobile in ground water. However, concentrations of
lead in aquifer sediments suggest lead has moved in the aquifer in the same

direction as the dissolved hydrocarbons have moved.

44



Preliminary, Subject to Revisions, 04/10/91
SELECTED REFERENCES

Atlas, R.M., 1981, Microbial degradation of petroleum hydrocarbons--an

environmental perspective: Microbial Reviews, v. 45, no. 1, p. 180-209.

Fish, William, 1987, Subsurface transport of gasoline-derived lead at a
filling-station contamination site in Yakima, Washington: NWWA FOCUS
Conference on Northwestern Ground Water Issues (1987, Portland, Oregon),

p. 557-567.

Freeze, R.A., and Cherry, J.A., 1979, Groundwater: New Jersey, Prentice Hall,

604 p.

Healy, J.B., and Daughton, C.G., 1986, Issues relevant to biodegradation of
energy-related compounds in groundwater--a literature review: Report
UCBSEEARL 86-10, University of California, Berkeley, Sanitary Engineering

Research Laboratory, Berkeley, California, 42 p.

Hult, M.F., and Grabbe, R.R., 1985, Distribution of gases and hydrocarbon
vapors in the unsaturated zone, in ground-water contamination by crude
oil at the Bemidji, Minnesota, research site: U.S. Geological Survey
Open File Report 86-481, Toxic Waste--Ground-Water Contamination Study,
Abstracts of papers presented at the Toxic-Waste Technical Meeting, Cape

Cod, Mass., October 21-25, 1985, p. C-21-C-15,

45



Preliminary, Subject to Revisions, 04/10/91

Ligocki, M.P., and Pankow, J.F., 1985, Assessment of adsorption/solvent
extraction with polyurethane foam and adsorption/thermal desorption with
Tenax-GC for the collection and analysis of ambient organic vapors:

Analytical Chemistry, v. 57, p. 1138-1144,

MacKay, Donald, and Shin, Wan Ying, 1981, A critical review of Henry’s Law
Constants for chemicals of environmental interest: Journal of Physical

and Chemical Reference Data, V-10, No. 4, 1981.

Pankow, J.F., and Rosen, M.E., 1984, The analysis of volatile compounds by
purge and trap with whole column cryotrapping (WCC) on a fused silica
capillary column: Journal of High Resolution Chromatography and

Chromatographic Communications, v. 7, p. 504-508.

Pankow, J.F., 1986, Recent advances in the determination of volatile organic
compounds in ground water, in Proceedings of the NWWA FOCUS conference on
northwestern ground water issues: National Water Well Association,

Dublin, Ohio, 1987, p. 501-504.

Schwille, Friedrich, 1981, Groundwater pollution in porous media by fluids
immiscible with water: The Science of the Total Environment, v. 21, P

173-185.

U.S. Department of Agriculture, 1970, Irrigation water requirements: Soil

Conservation Service, Engineering Division, Technical Releases no. 21

(rev. 2), 79 p.

46



Preliminary, Subject to Revisions, 04/10/91

U.S. Department of Commerce, Climatological data annual summary, Washington

1987, vol. 91, number 13, 35 p.

U.S. Environmental Protection Agency, 1988a, Method 524.2--volatile organic
compounds in water by purge and trap capillary column gas
chromatography/mass spectrometry: Methods for the determination of
organic compounds in drinking water, EPA-600/4-88-039, December 1988,

p. 285-324,

————— ¢ 1988b, Secondary maximum contaminant levels (section 143.3 of part 143,
National secondary drinking-water regulations): U.S. Code of Federal
Regulations, Title 40, Parts 100 to 149, revised as of July 1, 1988,

p. 608.

----- ; 1988c, Maximum contaminant levels (subpart G of part 141, National
interim primary drinking-water regulations): U.S. Code of Federal
Regulations, Title 40, Parts 100 to 149, revised as of July 1, 1988, p.

586-587.

Verschueren, K., 1983, Handbook of environmental data on organic chemicals,

2nd ed.: Van Nostrand Reinhold Co., 1310 p.

Weast, R.C., ed.-in-chief, 1982, CRC handbook of chemistry and physics, 62nd

ed.: Cleveland, Ohio, CRC Press, various pagination.

47



Preliminary, Subject to Revisions, 04/10/91

APPENDIX A: QUALITY ASSURANCE

The quality of the data from all three studies cited in this report
appears to be good. Differences between concentrations in duplicate samples
are within reasonable limits and concentrations of standards, spiked samples,

and blank samples were satisfactory (see tables Al to A6).

Insuran mpan

The quality assurance portion of the insurance company study consisted of
field blanks, lab blanks, and duplicate samples. Concentrations of benzene,
toluene, and total xylenes in field and laboratory blanks were less than the
detection limit of 1 microgram per liter (table Al). Sample results for the
insurance company study were not blank corrected. Replicate analyses of a
sample from observation well M11-85 indicate good reproducibility for all
compounds except toluene. On August 27, 1985, personnel from the insurance
company study and the ground-water toxics study independently collected
samples from four wells and the samples were analyzed by their respective
laboratories (see table A2). The agreement between the two sets of results is
good except for the concentration of benzene in the samples from well M8-85,
and perhaps the concentration of toluene in the samples from M11-85.
Differences between other concentrations can easily be attributed to

variabilities in sample collection and analysis,
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The quality assurance during the ground—wate; toxics study consisted of
collecting duplicate samples, doing replicate analysis, and analyzing trip-
blank samples. Organic-free blank water for trip blanks and sample dilutions
was prepared in the OGC laboratory. The replicate analyses of trip blanks and
duplicate samples were used for the calculation of statistical limits of
detection. Mean and standard deviation of concentrations detected in the trip
blanks for the August 1985 sampling are listed in table A3, Sample results
were correspondingly blank-corrected. Concentrations determined for mixtures
of standard solutions supplied by the U.S. Environmental Protection Agency are

compared with concentrations in the standards (table A4).

1989 Study

Organic Constituents

The quality assurance during the 1989 study consisted of collecting
duplicate samples and equipment-rinse samples, using blank-water samples and
trip-blank samples, and spiking samples with identical concentrations of
target compounds in the field and in the laboratory. The blank water used
during the current program was commercially available, Burdick & Jackson HPLC
water. Equipment-rinse samples consisted of 40 mL of this water that was
passed through the sampler after cleaning. Tests were made to check the
adequacy of the cleaning procedure prior to field sampling and also during the

sampling period.
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Samples of the blank water, blank water from an equipment rinse, and
blank water from an equipment rinse after baking the sampler were analyzed
for volatile hydrocarbon compounds (table A5). The blank water contained
relatively small concentrations of methylene chloride and chloroform.
Compounds tentatively identified using a NBS library search routinely were
hexane and methylcyclopentane. Equipment-rinse blanks contained small
concentrations of benzene, toluene, total xylenes, and larger concentrations
of methylene chloride and chloroform, The equipment-rinse blanks also
contained relatively large concentrations of compounds that were tentatively
identified as hexane, methylcyclopentane, 3-methylpentane, and acetone.
Equipment-rinse blanks that were passed through the sampler after it was
baked at 105 °C contained only small concentrations of chloroform,

bromodichloromethane, chlorodibromomethane, and 1,2-dichloropropane. This

could complicate the identification of bromide or chloride-substituted methane

compounds used as fuel additives, but this poses no problem with the
interpretation of other petroleum-related hydrocarbons in the ground-water

samples.

Trip blanks were collected with the intention of analyzing the samples
only if a problem was suspected in collection or processing techniques.
Because no anomalous results were found, the trip blanks were not analyzed.

Sample results for the 1989 study are not blank-corrected.

One set of replicate samples from observation well M8-85 was spiked in

the field with target compounds to check the effective recovery of compounds

from a field-matrix sample. Supelco VOC Standard Mixture 2, containing target

compounds at a concentration of 2,000 ng/pL (manograms per microliter), was
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diluted at NWQL to 4 ng/pL. One hundred pL of the 4 ng/pL solution were added
to the sample in the field to give a spike‘concentration of 10 mg/L. An extra
sample, un-spiked, also was sent to the laboratory for spiking in the
laboratory (table A5). The difference in recovery between the field spikes
and the lab spikes ranges from +25 to -7 percent, with an average difference
for FS1 of 4 percent and an average of 12 percent for FS2. These differences
are considered to be normal, but differences between some of the field and
laboratory spike values suggest a partial loss of some compounds which may be

due to biodegradation (personal commun,, Brooke Connors).
Inorganic Constituents

Various sums, differences, and ratios, based on aquatic chemistry
principles, were computed for each inorganic sample., These computations check
the consistency between constituent concentrations in a sample and provide a
gross check in the accuracy and completeness of the analysis. Two of the most
useful computations‘are the cation-anion balance and calculated dissolved-

solids concentration, which are defined in the following paragraphs.

The cation-anion balance is the difference, in percent, between the sums
of the concentrations of cations and anions, expressed in milliequivalents,
Ideally, this value is zero, but non-zero values occur when a cation or anion
concentration is in error, or when the concentration of a significant ion
(often a metal) is not determined. The acceptable difference varies with the
total sum of cations and anions. The differences ranged from 0.0 to 5.97

percent.
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Calculated solids is the dissolved-solids concentration determined by
summing the concentrations of cations, anions, silica, and other major
dissolved constituents, This value is theoretically equal to the dissolved-
solids concentration determined in the laboratory by residue upon evaporation.
Differences usually are due to errors in analyses of the various cations or
anions (which may be verified by the cation-anion balance), or errors in the
laboratory-determined dissolved-solids concentration., For analyses at the
study site, differences between the calculated and analyzed dissolved solids

ranged from 2 to 9 percent.

The primary controls on field values of pH, specific conductance,
dissolved oxygen, and temperature are proper instrument calibration and field
procedures. However, pH and specific conductance also are determined in the
laboratory. Differences between laboratory and field specific conductaﬁces

were less than 5 percent in all cases (table A6).

Field and laboratory pH differed by more than 0.2 units for only three
out of 18 samples and none of these differences are more than 0.5 units.
Because pH and specific conductance can change during the time between the
field and laboratory determinations, these comparisons must be considered
approximations at best, but the good agreement generally serves to confirm the

field values.

Field determinations of bicarbonate concentrations were checked by
calculating alkalinities from them and comparing the results to laboratory-
determined alkalinities. Field and laboratory alkalinities differed by more

than 5 percent for only one of six samples.
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Duplicate samples were collected and analyzed for both inorganic and
organic constituents during the 1989 study (table A7). Dissolved zinc is the
only constituent where duplicate sample results do not agree. Results were
verified by reruns of split samples. The differences could be explained by
contamination during handling or natural variability in the water. The ground
water sampled at the site contained particulate matter which could be variable
from one sample to another (see turbidity values, table A6). Upon

acidification, colloidal zinc would be transformed into the dissolved state.
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Table 1.--Major hydrogeologic units in the Ahtanum-Moxee subbasin, Washington

System

Series

Group

Formation

Hydrogeologlc description

Quaternary

Holocene

Alluvium and terrace deposlts conslsting
principally of unconsolidated stream deposits
of silt, sand, and gravel, with cobbles
throughout. Locally lacustrine, paludal, and
eolian deposits occur. Generally, deposit is
a thin mantle less than 50 feet thick, but
known to reach 165 feet thick at one point in
subbasin. Estimates of poroslty range from 15
to 25 percent and from 0.4 to B6 feet per day
hydraullic conductivity,

Pleistocene

Coarse sand and gravel deposits Including
large amounts of cemented mixture of basaltic
gravel, sand, silt, and clay, Locally
contains dlscontinous and unconsolidated
bodles of glacial fluvial and lacustrine
deposits, Up to 500 feet in thickness. In
general unit has low permeability except in
unconsolidated sectiocns.

Tertiary

Ellensburg

A thick sequence of stream- and lake-deposited
silt, sand, and gravel which ls composed
chiefly of volcanic ash, pumice, and
hornblende andesite. Thickness exceeds 1,000
feat in some parts of subbasin. It has
moderate to high porosity and low to medium
permeabllity, and provides a large amount of
effective storage, Permeable strata form
important aquifers. Unit includes all
conformably underlying sediments of similar
lithology that intertongue with flows of the
Columbia River Basalt,

Micocene to Pliocene

Columbia
River
Basalt

Saddle
Mountains

Wanapum

Grande
Ronde

Sequence of dark lava flows which contalins
soma interbedded lake- and stream-deposited
materials, Individual lava flows range from
less than 20 to over 200 feet in thickness.
The maximum thickness of the Columbia River
Basalt exceeds 4,000 feet in the Yakima River
Basin. Water generally moves along the
interflow zones, which are more permeable than
the massive centers of the flood, The
porosity of this formation probably ranges
from 5 to 10 percent, and its permeability
ranges from low to very high, Provides a
large quantity of effective ground-water
storage and lncludes some Important aquifers.
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Table 2.--Observed water levels in observation and domestic wells

[Water levels are in feet below land surface (table 4)]

Well Water Well Water Well Water

iden- Date level iden- Date level iden- Date level
tifier tifier tifer

M1-82 Feb 21, 1985 11.37 M2-82 Feb 21, 1985 11.48 M3-82 Feb 21, 1985 10.05

May 11 10.57 May 11 1055 May 11 9.23

Aug 29 8.84 Aug 29 9.47 Aug 29 8.05

Apr 23, 1986 10.00 Apr 23, 1986 9.88 Apr 23, 1986 8.61

May 14 9.36 May 14 9.12 May 14 7.96

Jun 23 9.00 Jun 23 8.54 Jun 23 7.51

Jul 28 8,91 Jul 28 8.40 Jul 28 7.45

Sep 22 8.69 Sep 22 8.25 Sep 22 TS

Nov 19 11.12 Nov 19 11.01 Nov 19 9.76

Dec 17 11.46 Dec 17 11.40 Dec 17 10.03

Jan 20, 1987 11.67 Jan 20, 1987 11.60 Jan 22, 1987 10.23

Feb 17 11.58 Feb 17 11.46 Feb 17 10.15

Mar 16 11.39 Mar 16 11.32 Mar 16 9.96

Apr 22 11.05 Apr 22 10.86 Apr 22 9.67

Mar 18, 1989 11.65 Mar 18, 1989 10.16

M1-85 Feb 21, 1985 12.9 M2-85 Feb 20, 1985 6.22 M3-85 Feb 20, 1985 7.98

May 10 11.58 21 6.27 21 8.07

Jun 09 9.37 May 10 6.11 May 11 7.60

Aug 02 9.84 Jun 09 5.37 Jun 09 6.64

29 9.95 Aug 02 5.66 Aug 02 7.14

30 9.69 29 5.72 29 7.28

Sep 21 9.68 30 5.58 30 7.04

Oct 16 10.91 Sep 21 5.57 Sep 21 6.98

Nov 15 11.886 Oct 16 5.44 Oct 16 6.51

Dec 13 12.69 Nov 15 6.29 Nov 15 7.20

Jan 24, 1986 12.24 Jan 24, 1986 6.06 Dec 13 8.00

Feb 21 11.99 Feb 21 5.87 Jan 24, 1986 8.10

Mar 20 11.59 Mar 20 5.67 Feb 21 7.88

Apr 23 10.58 Apr 23 5.67 Mar 20 7.76

May 14 9.72 May 14, 1986 5.67 Apr 23 7.40

Jun 23 9.11 Jun 23 6.34 May 14 6.86

Jul 28 9.00 Jul 28 6.60 Jun 23 713

Sep 22 8.96 Sep 22 5.51 Jul 28 7.17

Nov 20 12.48 Nov 20 6.62 Sep 22 6.44

Dec 17 12.85 Dec 18 7.04 Nov 20 8.96

Jan 21, 1987 13.17 Jan 22, 1987 7.18 Dec 17 8.68

Feb 18 13.05 Feb 17 6.64 Jan 22, 1987 8.66

Mar 16 12,75 Mar 16 6.24 Feb 18 8.59

Apr 23 12,25 Apr 23 6.66 Mar 16 8.40

Mar 13, 1989 13.33 Mar 14, 1989 9.14 Apr 23 8.38
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Table 2.--Observed water levels In observation and domestic wells

Well Water Well Water
iden- Date level iden- Date level
tifier tifier
M4-85 Feb 20, 1985 8.95 M5-85 Feb 20, 1985 5.39
21 8.95 21 5.38
May 11 7.91 May 10 517
Jun 09 5.83 Jun 09 4.69
Aug 02 6.12 Aug 02 5.04
29 6.31 29 5.13
30 6.07 30 4.91
Sep 21 6.04 Sep 21 4.89
Oct 16 7.10 Oct 16 4.67
Nov 15 8.09 Nov 15 5423
Dec 13 8.90 Dec 13 5.39
Jan 24, 1986 8.69 Jan 21, 1986 5.05
Feb 21 8.58 Feb 21 4.90
Mar 20 8.15 Mar 20, 1986 4.85
Apr 23 6.96 Apr 23 5.02
May 14 6.07 May 14 4.79
Jun 23 5.40 Jun 23 5.02
Jul 28 5.07 Jul 28 5.10
Sep 22 4.94 Sep 22 4.56
Nov 20 8.55 Nov 20 5.30
Dec 17 8.98 Dec 18 5.49
Jan 21, 1987 9.26 Jan 22, 1987 5.56
Feb 17 9.04 Feb 18 5.48
Mar 16 8.92 Mar 16 5432
Apr 23 8.27 Apr 23 5.46
Mar 13, 1989 5.64
M7-85 Feb 20, 1985 7.40 M8-85 Feb 20, 1985 9.47
21 7.43 21 9.49
May 11 7.13 May 11 8.92
Jun 09 6.09 Jun 09 7.92
Aug 02 6.72 Aug 02 8.43
29 6.79 29 8.50
30 5.63 30 7.33
Sep 21 6.09 Sep 21 7.93
Oct 16 6.40 Oct 16 8.38
Nov 15 7.42 Nov 15 8.99
Dec 13 7.66 Dec 13 9.29
Jan 24, 1986 7.14 Jan 24, 1986 9.17
Feb 21 7.07 Feb 21 9.07
Mar 20 6.89 Mar 20, 1986 8.73
Apr 23 6.83 Apr 23 8.56
May 14 6.13 May 14 8.08
Jun 23 6.40 Jun 23 8.04
Jul 28 6.63 Jul 28 8.04
Sep 22 5.84 Sep 22 7.45
Nov 20 7.40 Nov 20 9.07
Dec 17 7.78 Dec 17 9.31
Jan 22, 1987 7.93 Jan 22, 1987 9.48
Feb 18 7.75 Feb 18 9.42
Mar 16 7.62 Mar 16 9.22
Apr 23 7.65 Apr 23 9.18
Mar 14, 1989 8.05 Mar 14, 1989 9.59

Well Water
iden=- Date level
tifer

M6-85 Feb 20, 1985 155
21 7.55

May 10 7.25
Jun 09 6.61
Aug 02 7.14
29 7.48

30 6.89

Sep 21 6.88
Oct 16 6.66
Nov 15 7.88
Dec 13 8.01
Jan 24, 1986 7.64
Feb 21 7.36
Mar 20 7.25
Apr 23 7.14
May 14 6.70
Jun 23 7.16
Jul 28 7.34
Sep 22 6.37
Nov 20 7.72
Dec 17 8.11
Jan 22, 1987 8.31
Feb 18 8.03
Mar 16 7.87
Apr 23 7.93

Mar 13, 1989 8.52

M9-85 Feb 20, 1985 9
21 9

May 11 9
Jun 09 7
Aug 02 8
29 8

30 8

Sep 21 8
Oct 16 8
Nov 15 9
Dec 13 9
Jan 24, 1986 9
Feb 21 9
Mar 20 9
Apr 23 8
May 14 7
Jun 23 )
Jul 28 7
Sep 22 T
Nov 20 9
Dec 17 9
Jan 20, 1987 10
Feb 17 9
Mar 16 9
Apr 22 9
Mar 15, 1989 10
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.81
.81
.07
.88
22
.32
.11
.02
.43
.19
.50
.65
+52
.18
«+63
.96
« 15
.65
.20
53
.92
12
.98
.86
.58
.37




Table 2.--Observed water levels in observation and domestic wells

Well Water Well Water
iden- Date level iden- Date level
tifier tifier
M10-85 Feb 20, 1985 9.72 M11-85 Feb 20, 1985 10.94 °
21 9.72 21 10.94
May 11 9.09 May 11 9.96
Jun 09 8.06 Jun 09 11.81
Aug 02 8.34 Aug 02 7.83
29 7.93 29 7.56
30 7.24 30 6.72
Sep 21 7.08 Sep 21 6.76
Cct 16 7.72 Cct 16 9.47
Nov 15 8.20 Nov 15 10.27
Dec 13 8.55 Dec 13 10.92
Jan 24, 1986 9.23 Jan 24, 1986 10.65
Feb 21 9.17 Feb 21 10.44
Mar 20 8.83 Mar 20, 1986 9.98
Apr 23 8.68 Apr 23 9.34
May 14 8.22 May 14 8.64
Jun 23 8.05 Jun 23 8.11
Jul 28 8.05 Jul 28 8.01
Sep 22 7.67 Sep 22 7.79
Nov 20 9.34 Nov 19 10.58
Dec 17 9.52 Dec 17 10,92
Jan 22, 1987 9.68 Jan 20, 1987 10.83
Feb 18 9.70 Feb 17 11.01
Mar 16 9.:52 Mar 16 10.81
Apr 22 9.37 Apr 22 10.38
Mar 18, 1989 11.10
M1 Nov 19, 1986 12.01 M2 Nov 20, 1986 10.55
Dec 17 12.69 Dec 17 10.84
Jan 20, 1987 12,72 Jan 20, 1987 11.01
Feb 17 12.55 Feb 17 10.94
Mar 16 12.39 Mar 16 10.786
Apr 22 12.08 Apr 22 10.48
M4 Nov 20, 1986 10.91 M5 Nov 19, 1986 10.94
Dec 17 11.07 Dec 17 11.27
Jan 20, 1987 11.28 Jan 20, 1987 11.50
Feb 17 11.19 Feb 17 11.40
Mar 16 11.01 Mar 16 11.20
Apr 22 10.68 Apr 22 10.72
Mar 17, 1989 11.2

PRELINIMADY g

Well Water

iden- Date level
tifer

M12-85 Feb 20, 1985 11.52

21 11.52

May 10 10.68

Jun 09 9.24

Aug 02 9.82

29 9.73

30 9.61

Sep 21 9.50

Oct 16 10.12

Nov 15 10.86

Dec 13 11.52

Jan 24, 1986 11.15

Feb 21 10.98

Mar 20 10.53

Apr 23 10.13

May 14 9.53

Jun 23 90153

Jul 28 9.08

Sep 22 8.83

Nov 20 11.06

Dec 17 11.30

Jan 20, 1987 11.38

Feb 18 11.50

Mar 16 11.26

Apr 23 11.01

M3 Nov 20, 1986 10.73

Dec 17 11.02

Jan 20, 1987 11.22

Feb 17 11.16

Mar 16 10.96

Apr 22 10.67

M6.1 Nov 20, 1986 10.51

Dec 17 10.89

Jan 20, 1987 11.04

Feb 17 10.95

Mar 16 10.76

Apr 22 10.48
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Table 2.--Observed water levels in observation and domestic wells

Well Water Well Water Well Water
iden- Date level iden- Date level iden- Date level
tifier tifier tifer
M6.2 Nov 20, 1986 10.53 M7.1 Nov 19, 1986 11.16 M7.2 Mar 16, 1987 11.33
Dec 17 10.79 Dec 17 11.42 Apr 22 10,82
Jan 20, 1987 10.98 Jan 20, 1987 11.67
Feb 17 10.89 Feb 17 11,56
Mar 16 10.72 Mar 16 11.38
Apr 22 10.38 Apr 22 10.97

Mar 17, 1989 11.03

M8 Nov 20, 1986 11.32 M9 Nov 20, 1986 11.28 M10 Nov 20, 1986 11.03
Dec 17 11.75 Dec 17 11.62 Dec 17 11.41
Jan 20, 1987 11.92 Jan 20, 1987 11.70 Jan 20, 1987 11.61
Feb 17 11,81 Feb 19 11.71 Feb 17 11.50
18 11.82 Mar 16 11.53 Mar 16 11.32
Mar 16 11.64 Apr 22 11.13 Apr 22 10.95
Apr 22 11.14
M11 Neov 20, 1986 10.89 M12 Nov 19, 1986 11.13 M13 Nov 19, 1986 I1.15
Dec 17 1,23 Dec 17 11.46 Dec 17 11.58
Jan 20, 1987 11.45 Jan 20, 1987 11.63 Jan 20, 1987 11.83
Feb 17 11.35 Feb 17 11.57 Feb 17 11.72
Mar 16 11.19 Mar 16 11.40 Mar 16 11.53
Apr 22 10.87 Apr 22 11,05 Apr 22 11.17
Mar 17, 1989 11.56 Mar 18, 1989 11.69 Mar 16, 1989 11.90
M14 Nov 20, 1986 9.58 Ml6 Nev 19, 1986 10.99 M17 Nov 20, 1986 11.35
Dec 17 9.88 Dec 17 11.42 Dec 17 11.73
Jan 20, 1987 10.09 Jan 20, 1987 11.63 Jan 20, 1987 11.97
Feb 17 9.92 Feb 17 11.52 Feb 17 11.86
18 9.93 Mar 16 11.34 Mar 16 11.64
Mar 16 9.76 Apr 22 10.80 Apr 22 11.12
Apr 22 9.43 Mar 18, 1989 11.59 & Mar 17, 1989 12.02

Mar 16, 1989 10.14

M18 Nov 20, 1986 10.99 M19 Nov 20, 1986 11.38 M20 Nov 20, 1986 11.21
Dec 17 11.36 Dec 17 11.69 Dec 17 11.62
Jan 20, 1987 11.58 Jan 20, 1987 11.90 Jan 20, 1987 11.88
Feb 17 11.46 Feb 17 11.77 Feb 17 11.75
Mar 16 11.26 Mar 16 11.61 Mar 16 11.53
Apr 22 10.84 Apr 22 11.16 Apr 22 10.92
Mar 17, 1989 11.70 Mar 15, 1989 12.08 Mar 17, 1989 12.00
M21 Nov 20, 1986 11.49 M22 Nov 20, 1986 10.79 M23 Nov 20, 1986 10.10
Dec 17 11.88 Dec 17 11.03 Dec 17 10.39
Jan 20, 1987 12.15 Jan 21, 1987 11.33 Jan 22, 1987 10.60
Feb 17 11.90 Feb 17 11.13 Feb 18 10.53
Mar 16 11.71 Mar 16 10.95 Mar 16 10,32
Apr 22 11.31 Apr 22 10.47 Apr 22 10.02

Mar 16, 1989 10.64
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Table 9.--Concentrations of inorganic compounds and dissolved organic carbon

in ground water,

November 1986 and March 1989--Cont.

Manga- Molyb- Stron- Vana- Carbon,
nese, denum, Nickel, Silver, tium, dium, Zine, organic
dis- dis- dis- dis- dis- dis- dis- dis=
Well solved solved solved solved solved solved solved solved
identi- (pg/L (pg/L (Rg/L {ng/L (pg/L (ug/L (ng/L (mg/L
fier as Mn) as Mo) as Ni) as Ag) as Sr) as V) as 2n) as C)
M1-82 1,600 <10 o - 120 <6 5 1.6
M2-82 1,900 <10 i - 140 <6 8 2.1
4.1
M3-82 e - — R - == == TS
M1-85 <1 <10’ - - 95 <6 8 1.2
16 <10 <10 <1 87 <6 130 .9
M5-85 2 <10 <10 <1 110 <6 52 1.0
M6-85 e — s -- == — == +9
M7-85 = == - - == - - 11
M8-85 e = - e b e == .6
M9-85 28 <10 - - 100 <6 <3 1.1
85 <10 <10 <1 100 <6 100 1.1
M10-85 <1 <10 ke ) 120 <6 <3 1.2
M11-85 2,400 <10 - == 110 <6 6 2.9
1,900 <10 <10 <1 130 <6 5 2.8
M4 3,400 <10 - -— 140 <6 7 2.3
M6, 2 e B B = - —— - 81
M7.2 2,300 <10 - == 150 <6 10 3.4
M8 3 <10 e -— 100 <6 10 1.2
M9 1,300 <10 == - 120 <6 10 1.6
M1l 4,700 <10 - - 140 <6 11 1.8
1.7
M12 2,500 <10 -— - 150 <6 9 3.4
== -- - = - -— - 1.7
M13 = = —= = s = - 2.2
M14 — =y - = - - - 1.5
M16 3,000 <10 - - 170 <6 3.0
2.4
M17 - - - - - - - 5:5
M18 2,300 <10 - - 130 <6 5 2.0
2,800 <10 <10 <1 150 <6 69 1.9
M19 26 <10 - == 100 <6 <3 1.8
0.8
M20 ——— =i - = == - -— 2.4
M23 5,600 <10 - - 200 <6 7 3.7
e e e = m— = s 9.8
M24 3,700 <10 - - 170 <6 4 34
M26 - - == - - -= - 2.8
M27 - - —= - - - -— 2.1 .
M29 1,900 <10 - -- 120 <6 7 12
.9
M30 14 <10 <10 2 120 <6 5 .8
M31 840 <10 - - 110 <6 <3 1.2
M34 - e — e = - - 1.0
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Table 9.--Concentrations of inorganic compounds and dissolved organic carbon
in ground water, November 1986 and March 1989--Cont.

Solids, Solids, Nitro- Nitro- Phos-

Chlo- Fluo- Silica, residue sum of gen, gen, phorus
ride, ride, Bromide, dis- at . consti- NOZ*NOZ,' arpmonia, ortho,
dis~- dis- dis- solved 180 °c, tuents, dis= dis- dis=-
Well solved solved solved (mg/L dis- dis- solved solved solved
identi- (mg/L {mg/L {mg/L as solved solved (mg/L ({mg/L (mg/L
fier as Cl) as F) as Br) Si02) (mg/L) (mg/L) as N) as N) as P)
M1-82 6.2 0.2 0.026 a7 == 190 <0.10 <0.01 0.03
M2-82 6.9 .2 .032 40 - 213 <.10 .09 <.01
M3-82 e e - e - - = £ ==
M1-85 5.4 2 034 26 - 157 68 <.01 02
6.2 Wi - 25 136 145 .91 <.01 .02
M5-85 6.5 .2 — 33 166 176 .64 <.01 .02
M6-85 i = - - - bt == == ez
M7-85 e s LT = [ == = - b
M8-85 =5 == == e - - - o -
M9-85 5.8 .2 .033 33 - 169 .49 <,01 .02
6.7 2 - 32 168 171 .50 <.01 .06
M10-85 8.6 +2 .039 30 - 190 1.8 <.01 .02
M11-85 6.1 2 .039 40 -- 196 <.10 .06 .02
7.1 2 - 36 186 200 .10 .08 .06
M4 7.2 .037 43 - 227 <.10 .15 <,01
M6.2 = == == == e = = . wos
M7.2 7.1 .2 .019 44 —= 242 <.10 .16 <.01
M8 5.6 .2 .034 32 - 170 I | <.01 .02
M9 6.1 2 .027 34 - 190 <.10 .03 <.01
M1l 6.7 . .031 39 -- 210 <.10 +03 .02
M12 6.4 .2 .020 43 = 224 <.10 .13 <.01
M13 e it e == e i = - <
M14 ik = -= - o= == e == =
Ml6 7.9 2 .030 44 - 242 <.10 12 <.01
M17 -- - == = -- -- -- - -
M18 6.0 .2 .026 41 - 208 <.10 i1l <.01
7.0 s - 38 209 221 <.10 .10 05
M19 5.6 V2 .028 32 - 171 1.3 <.01 .04
M20 - o .= i e = - - =
M23 10 2 .029 50 - 274 <.10 .07 <.01
M24 Tad <2 .019 48 - 255 <.10 .18 <.01
M26 e - - = - == = - ==
M27 ) ) == = = e = —= ==
M29 6.3 2 .033 34 - 183 <.10 .01 .02
M30 6.9 .2 - 32 172 188 +93 <.01 .05
M31 6.7 2 .033 32 - 174 .54 <.01 <.01
M34 e e b - e e == - ==
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Table 9.--Concentrations of inerganic compounds and dissolved organic carbon
in ground water, November 1986 and March 1989--Cont.

Magne- Potas-
Calcium, sium, Sodium Sodium sium, Alka- Sulfate,
dis- dis- dis- ad- dis- linity, dis-
Well solved solved solved sorp- solved field solved
denti- ({mg/L (mg/L (mg/L Sodium tion (mg/L (mg/L as {mg/L
fier as Ca) as Mg) as Na) percent ratio as K) CaCO3) as 504}
M1-82 31 10 13 19 0.5 3.3 131 8.5
M2-82 34 11 12 16 5 373 156 5.8
i == = — -- - 160 ==
M3-82 ) == == - = = 206 -
M1-85 26 8.5 11 19 e 2.3 103 12
23 st 12 22 .6 2.4 89 11
M5-85 29 9.5 13 20 .6 2.2 113 12
M6-85 -- = -- = -- -- 117 --
M7-85 esees e - s e —— 122 -
M8-85 == Sl - - W == 109 -
M9-85 27 8.9 12 20 oD 2.6 108 12
27 8.9 12 20 .5 2.5 112 12
M10-85 32 10 14 20 .6 2.6 1le 15
M11-85 217 8.9 11 18 <5 2.7 125 19
31 10 12 18 .5 2,3 140 11
M4 30 9.6 17 24 ] 3.7 151 16
M6.2 b v e e o = 116 ==
M7.2 37 12 13 16 -5 3.4 185 2.3
M8 27 8.9 12 19 5 e 105 13
M9 29 9.6 12 18 .5 32 133 13
M11 33 10 14 19 .6 3.5 148 8.3
e - ke == == B 124 o
M12 35 11 13 17 5 3.5 164 4.0
== - s — —— - 118 -
M13 -= i == = == = 113 e
M14 = == - - e - 115 -
Mle 38 12 14 17 .5 3.8 172 7.6
- - L= C —= o 131 =
M17 - = - == - - 144 -
M18 30 9.8 12 18 .5 3.3 149 Bini
32 11 12 17 &5 2.6 132 34
M19 26 8.7 13 21 .6 2.7 105 14
— - - R - —_ 91 -
M20 -- - S - we - 113 -
M23 45 14 15 16 w5 3.9 193 8.4
e - - s i = 135 -
M24 38 12 15 18 .6 3.7 190 2.9
M26 EL e ] = = e 110 -
M27 e == = st S e 115 -
M29 28 8.8 13 20 .6 3.5 120 14
== == == Co - = 114 -
M30 31 10 13 19 «5 2.7 128 11
M31 28 9.1 12 19 .5 2.6 133 12
M34 s == == L == C 109 -
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Table 9.--Concentrations of inorganic compounds and dissolved organic carbon
in ground water, November 1986 and March 1989

[Data are from ground-water toxics study and 1989 study, analyzed by NWQL; concentrations are in mg/L,

milligrams per liter or pg/L, micrograms per liter, unless otherwise noted: --, not analyzed].
Spe-
cific Hard- Hard-
con= pH Tur- Oxygen, ness ness, non-
Well duct- (stand- Temper-— bid- dis- (mg/L carbonate
identi- ance ard ature ity solved as ({mg/L as
fier Date Time (ps/cm) units) (*c) (NTU) (mg/L) CaCOJ) CaCOJJ
M1-82 11-18-86 1215 280 6.8 15.0 == <0.5 120 0
M2-82 11-18-86 1430 320 6.7 14.0 - < .3 130 0
03-18-89 1630 323 6.8 14.0 i .0 d -—
M3-82 03-18-89 1030 389 6.3 13.5 - .0 - -
M1-85 11-19-86 1230 238 6.7 14.5 o 5.7 100 0
© 03-13-89 1015 208 6.9 11.5 1.7 8.5 a8 0
M5-85 03-13-89 1715 252 6.7 9,5 27 3.1 110 0
M6-85 03-13-89 1500 262 6.7 19,8 - 1.8 - -
M7-85 03-14-89 0930 278 6.7 10.5 - 1.2 - -
M8-85 03-14-89 1500 235 6.6 13.5 - 1.6 - -
M9-85 11-19-86 1130 254 6.5 14.0 - .4 100 0
03-15-89 1515 249 6.5 13.0 5.2 2 100 0
M10-85 11-19-86 1000 298 6.6 14.5 e 2.2 120 5
M11-85 11-17-86 1155 264 6.6 16.0 s .0 100 0
03-18-89 1530 292 6.6 15.0 19 w2 120 0
M4 11-18-86 1110 313 6.6 15.5 old 1.2 110 0
M6.2 03-17-89 1610 258 6.6 13.5 - T2 - -
M7.2 11-17-86 0945 352 6.4 15.5 - .0 140
M8 11-17-86 1450 247 6.6 14.5 i 1.7 100 0
M9 11-17-86 1555 279 6.6 15.0 == .0 110 0
M11 11-18-86 1000 307 6.6 15.0 - 5 120
03-17-89 1330 265 6.6 13.5 = .2 s L
M12 11-18-86 1345 323 6.5 16.0 - .0 130
03-18-89 0900 280 6.4 13.0 - .0 - -
M13 03-16-89 1200 252 6.6 13.5 - 1.2 - --
M14 03-16-89 0915 246 6.6 11.5 = .2 - -
M16 11-17-86 1115 342 6.7 16.0 - .0 140 0
03-18-89 1215 259 6.7 15.0 i .0 == =
M17 03-17-89 1200 282 6.5 13.0 - 1.0 - -
M18 11-18-86 0930 292 6.6 15.0 - W7 120 0
03-17-89 1030 319 6.7 13.0 40 .0 130 0
M19 11-18-86 0805 257 6.6 15.0 - 2.7 100 0
03-15-89 1800 236 6.6 10.5 o= 3.5 e e
M20 03-17-89 0845 : 328 6.5 12.5 5= 3;5 - -
M23 11-18-86 1630 390 6.7 16.0 - .7 170 0
03-16-89 1700 280 6.8 12.0 - .4 = -
M24 11-18-86 1430 365 6.5 15.0 - .0 140 0
M26 03-16-89 1600 268 6.6 12.0 e 2,2 - --
M27 03-16-89 1450 248 6.6 13.0 - .2 -— --
M29 11-19-86 0830 259 6.6 14.5 - i3 110 0
03-15-89 1100 250 6.6 9.5 == 1.1 - -
M30 03-14-89 1730 268 6.6 12.0 .4 .8 120
M31 11-19-86 0930 261 6.5 15.0 — <3 110 0
M34 03-14-89 1130 242 6.7 13.0 - 2.5 i --
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Table 6.--Concentrations of volatile organic compounds in ground water,
October 1984 through June 1986

(Data from the insurance company study, analyzed by a private laboratory;
concentrations are in micrograms per liter; ND, below the detection limit
of 1 microgram per liter unless otherwise indicated; --, not analyzed)

Well Total Total hydrocarbons
identifier Date Benzene Toluene xylenes (as gasoline)

M1-85 2-21-85 ND ND ND ND
5-10-85 ND ND ND ND
M2-85 2-21-85 ND ND ND ND
5-10-85 ND ND ND ND
M3-85 2-21-85 ND ND ND ND
5-11-85 ND ND ND ND
M4-85 2-21-85 ND ND ND ND
5~-11-85 ND ND ND ND
M5-85 2-21-85 ND ND ND ND
5-10-85 ND ND ND ND
M6-85 2-21-85 ND ND ND ND
5-10-85 ND ND ND ND
M7-85 2-21-85 ND ND ND ND
5-11-85 ND ND ND ND
8-27-85 ND ND ND ND
12-16-85 ND ND ND ND
6-20-86 ND ND ND ND
M8-85 2-21-85 ND ND ND ND
5-11-85 ND ND ND ND
8-27-85 96 1 g 230
6-20-86 ND ND ND ND
M9-85 2-21-85 ND ND ND ND
5-11-85 ND ND ND ND
12-16-85 ND ND ND ND
6-20-86 ND ND ND ND
M10-85 2-21-85 ND ND ND ND
5-11-85 ND 2 5 17
8-27-85 ND ND ND ND
12-16-85 ND ND ND ND
6-~20-86 ND ND ND ND
M11-85 2-21-85 1,460 5,300 6,260 23,400
5-11-85 1,240 5,8507 13,9402 33,0002
8-27-85 920 1,100 6,300 12,000
12-16-85 710 1,100 750 28,000
6-20-86 680 7,000 18,000 45,000
M12-85 2-21-85 ND ND ND ND
5-10-85 ND ND ND ND
D3 2-19-85 ND ND ND ND
3-25-85 ND ND ND ND
5-10-85 ND ND ND ND
6-25-85 ND ND ND ND
7-25-85 ND ND ND ND
12-16-85 ND ND ND ND
6-20-86 ND ND ND ND
DS 2-19-85 ND ND ND ND
D6 10-02-84 <0.5 0.5 0.9 -
2-19-85 ND ND ND ND
D10 10-02-84 <0.5 <0.5 <0.,5 -
2-19-85 ND ND 5 14
3-25-85 28 680 980 3,120
5-10-85 ND 1 17
D11 10-02-84 <.5 €5 <.5 -
D12 2-19-85 ND ND ND ND
D13 2-19-85 ND ND ND ND
D14 2-19-85 ND ND ND ND
D15 10-02-84 <0.5 <0.5 <0.5 -
D16 2-19-85 ND ND ND ND
D17 10-02-84 40 70 45 -—
ND ND ND ND

2-19-85

a Average of two values

Pi__IMINARY SUBJECT TO REVISIONS




Table 5.--Target compounds in water analyzed for volatile organic
compounds by the purge and trap method--Continued

Compound

Chemical Abstract Services

Registry Number

1,1-Dichloroethane
1,2-Dichloroethane
1,1-Dichloroethene
cis=1,2-Dichloroethene
trans-1,2-Dichloroethene
1,2-Dichloropropane
1,3-Dichloropropane
2,2-Dichloropropane
1,1-Dichloropropene
Ethylbenzene
Hexachlorobutadiene
Isopropylbenzene

" p-Isopropyltoluene

Methylene chloride
Naphthalene
n-Propylbenzene
Styrene
1,1,1,2-Tetrachloroethane
1,1,2,2-Tetrachlorocethane
Tetrachlorocethene
Toluene
1,2,3-Trichlorobenzene
1,2,4-Trichlorobenzene
1,1,1-Trichloroethane
1,1,2-trichloroethane
Trichloroethene
Trichlorofluoromethane
1,2,3-Trichloropropane
1,2,4-Trimethylbenzene
1,3,5-Trimethylbenzene
Vinyl chloride
o-Xylene

m-Xylene

p-Xylene

1,2,3,5—~Tetramethylbenzenel
1,2,3,4—Tetramethylbenzenel

2—Ethyl—1—methylbenzenel
1,2,3—Trimethylbenzenel

1,4-Dimethyl-2-ethylbenzene

1,2

75-34-3
107-06-2
75-35-14
156-59-4
156-60-5
78-87-5
142-28-9
590-20-7
563-58-6
100-41-4
87-68-3
98-82-8
99-87-6
75-09-2
91-20-3
105-65-1
100-42-5
630-20-6
79-34-5
127-18-4
108-88-3
87-61-6
120-82-1
71-55-6
79-00-5
79-01-6
75-69-4
96-18-4
95-63-6
108-67-8
75-01-4
95-47-6
108-38-3
106-42-3

527-53-7
488-23-3
611-14-3
526-73-8
175-88-89

1

the laboratory procedure of EPA Method 524.2

2

This compound co-elutes with 1,3-Dimethyl-4-ethylbenzene

PRELIMINARY sy

Standards for the quantification of this compound were added to

'CT T0 REVISIONS




Table 5.--Target compounds in water analyzed for volatile organic
compounds by the purge and trap method

Chemical Abstract Services

Compound Registry Number
Ground-water Toxics Study
Benzene 71-43-2
Toluene 108-88-3
Ethylene bromide 106-93-4
Ethylbenzene 100-41-4
m-Xylene 108-38-3
o-Xylene J 95-47-6
p-Xylene 106-42-3
n-Propylbenzene 105-65-1
1,2,3-Trimethylbenzene 526-73-8
1,2,4-Trimethylbenzene 95-63-6
1,3,5-Trimethylbenzene 108-67-8
t=-Butylbenzene 98-06-6
Isobutylbenzene 538-93-2
sec-Butylbenzene 135-98-8
1-Isopropyl-4-methylbenzene 99-87-6
n-Butylbenzene 104-51-8
1,2,3,5-Tetramethylbenzene 527-53-7
1,2,3,4-Tetramethylbenzene 488-23-3
Naphthalene 91-20-3
2-Ethyl-1-methylbenzene 611-14-3
1,4-Dimethyl-2-ethylbenzene 175-88-89
1,3-Dimethyl-4-ethylbenzene 874-41-9
March 1989 Study
Benzene 71-43-2
Bromobenzene 108-43-2
Bromochloromethane 74-97-5
Bromodichloromethane 75-27-4
Bromoform 75-25-2
Bromomethane 74-83-9
n-Butylbenzene 104-51-8
sec-Butylbenzene 135-98-8
tert=-Butylbenzene 98-06-6
Carbon tetrachloride 56-23-5
Chlorobenzene 108-90-7
Chloroethane 75-00-3
Chloroform 67-66-3
Chloromethane 74-87-3
2-Chlorotoluene 95-49-8
4=Chlorotoluene 106-43-4
Chlorodibromomethane 124-48-1
1,2-Dibromo-3-chloropropane 96-12-8
1,2-Dibromoethane 106-93-4
Dibromomethane 74-95-3
1,2-Dichlorobenzene 95-50-1
1,3-Dichlorobenzene 541-73-1
1,4-Dichlorobenzene 106-46-7
Dichloredifluoromethane 75-71-8
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Table 12.--Qbserved water lavala in ohaarvation and domeatic wella

Well Water Wall Water
iden=- Date lavel iden- Date lavel
tifier tifier
M24 Nov 20, 1986 9.11 M25 Nov 20, 1986 9.35
Dec 17 9.40 Dec 17 9.66
Jan 22, 1987 9.66 Jan 22, 1987 9.94
Feb 18 9.58 Feb 18 9.81
Mar 16 9.54 Mar 16 9.58
Apr 22 9.05 Apr 22 9.26
M27 Nov 20, 1986 9,73 M28 Nov 20, 1986 13.69
Dac 17 9.91 Dac 17 14.24
Jan 22, 1987 10.20 18 14.19
Feb 18 10.14 Jan 22, 1987 14.19
Mar 16 9.92 Feb 18 14,13
Apr 22 9.67 Mar 16 13.88
Mar 16, 1989 9.21 Apr 22 13.35
- Mar 15, 1989 13.97
M30 Nov 20, 1986 9.94 M31 Nov 20, 1986 10.74
Dec 17 10.20 Dac 17 10.99
Jan 22, 1987 10.32 Jan 22, 1987 11.19
Feb 18 10.33 Feb 18 11.14
Mar 16 10.23 Mar 16 10.92
Apr 22 9.90 Apr 22 10.65
Mar 14, 1989 10.47 Mar 15, 1989 11.31
M34 Nov 20, 1986 8.19 M35 Nov 20, 1986 11.22
Daec 18 8,37 Dec 17 11.47
Jan 22, 1987 8.51 Jan 22, 1987 11.71
Feb 18 8.52 Feb 18 11.41
Mar 16 8.33 Mar 16 11.44
Apr 23 8.24 Apr 23 11.17
Mar 14, 1989 8.65
M36 May 14, 1986 9.46 M37 May 14, 1986 9.05
Jun 23 9.08 Jun 23 8.78
Jul 28 9.01 Jul 28 8.76
Sep 22 8.71 Sep 22 8.45
~ Nov 19 10.64 Nov 20 11.34
Dec 17 11.17 Dec 17 10.82
18 11.17 Jan 22, 1987 . 10.78
Jan 20, 1987 11.386 Feb 18 10.73
Fab 17 11.29 Mar 16 10.56
Mar 16 12.28 Apr 22 10.35%
Apr 22 11.94
M39 Jan 20, 1987 11.02 Ma0 Jan 21, 1987 12.85
Feb 18 11.07 Feb 18 11.89
Mar 16 10.81 Mar 16 11.73
Apr 23 10.69 Apr 23 11.70

Well Water
iden= Date leval
cifer
M26 Nov 20, 1986 9.38
Dac 17 9.65
Jan 22, 1987 9.91
Feb 18 9.84
Mar 16 9.63
Apr 22 9.33
M29 Nov 20, 1986 10.19
Dec 17 10.37
Jan 22, 1987 10.72
Feb 18 10.65
Mar 16 10.56
Apr 22 10.24
Mar 15, 1989 10.84
M33 Nov 20, 1986 9.15
Dec 18 9.46
Jan 22, 1987 9.64
Feb 18 9.59
Mar 16 9.44
Apr 23 9.27,
D32 Jul 28, 1986 8,15
Seap 22 8.07
Nov 20 11.61
Dec 17 12.04
Jan 21, 1987 12.36
Feb 18 12.23
Mar 16 11.94
Apr 23 9.09
M38 Nov 20, 1986 8.17
Dac 17 9.41
Jan 22, 1987 8.80
Feb 18 9.34
Mar 16 9.13
Apr 23 9.11




Table 1z. -Qbserved water levels in obsarvation and .. ..eatic wells

Well Water Wall Water Well Water
iden= Date lavel iden= Date level iden- Date laval
tifier tifier : tifer
M6.2 Nov 20, 1986 10.53 M7.1 Nov 19, 1986 11.16 M7.2 Mar 16, 1987 11.33
Dac 17 10.79 Dec 17 11.42 Apr 22 10.82
Jan 20, 1987 10.98 Jan 20,- 1987 11.67
Feb 17 10.89 Feb 17 11.56
Mar 16 10.72 Mar 16 11.38
Apr 22 10.38 Apr 22 10.97

Mar 17, 1989 11.02

M8 Nov 20, 1986 11.32 M9 Nov 20, 1986 11.28 M10 Nov 20, 1986 11.03
Dec 17 11.75 Dec 17 11.62 Dac 17 11.41
Jan 20, 1987 11.92 Jan 20, 1987 11.70 Jan 20, 1987 11.61
Feb 17 11.81 Feb 19 11.71 Feb 17 11.50
18 11.82 Mar 16 11,53 Mar 16 11.32
Mar 16 11.64 Apr 22 11.13 Apr 22 10.95
Apr 22 11.14
M11 Nov 20, 1986 10,89 M12 Nov 19, 1986 11.13 M13 Nov 19, 1986 11.15
Dec 17 . 11.23 Dac 17 11.48 Dac 17 11.58
Jan 20, 1987 11.45 Jan 20, 1987 11.63 Jan 20, 1987 11.83
Feb 17 11.35 Feb 17 11.57 Feb 17 11.72
Mar 16 11.19 Mar 16 11.40 Mar 16 11.53
Apr 22 10.87 Apr 22 11.05 Apr 22 11.17
Mar 17, 1989 11.56 Mar 18, 1989 11.69 Mar 16, 1989 11.90
M14 Nov 20, 1986 9.58 M16 Nov 19, 1986 10.99 M17 Nov 20, 1986 11,25
Dec 17 9.88 Dec 17 11.42 Dac 17 11.73
Jan 20, 1987 10.09 Jan 20, 1987 11.63 Jan 20, 1987 11.97
Feb 17 9.92 Feb 17 11.52 Feb 17 11.86
18 9.93 Mar 16 11.34 Mar 16 11.64
Mar 16 9.76 Apr 22 10.80 Apr 22 11,12
Apr 22 9.43 Mar 18, 1989 11.59 Mar 17, 1989 12.02

Mar 16, 1989 10.14

M18 Nov 20, 1986 10.99 M19 Nov 20, 1986 11.38 M20 Nov 20, 1986 11.21
Dac 17 11.36 Dec 17 11.69 Dec 17 11.62
Jan 20, 1987 11.58 Jan 20, 1987 11.90 Jan 20, 1987 11.88
Fab 17 11.46 Feb 17 11.77 Feb 17 11.75
Mar 16 11.26 Mar 16 11.61 Mar 16 11,53
Apr 22 10.84 Apr 22 11.16 Apr 22 10,92
Mar 17, 1989 11.70 Mar 15, 1989 12.08 Mar 17, 1989 12.00
M21 Nov 20, 1986 11.49 M22 Nov 20, 1986 10.79 M23 Nov 20, 1986 10.10
Dec 17 11.88 Dec 17 11.03 Dec 17 10.39
Jan 20, 1987 12.15 Jan 21, 1987 11.33 Jan 22, 1987 10.60
Fab 17 11.90 Feb 17 1133 Feb 18 10.53
Mar 16 11.71 Mar 16 10.95 Mar 16 10.32
Apr 22 11.31 Apr 22 10.47 Apr 22 10.02

Mar 16, 1989 10.64
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Table 12,

-Obaerved water levela in obaasrvation and . .eatic wells

Wall Water
iden=- Date lavael
tifier
M10-85 Feb 20, 1985 9,72
21 9.72
May 11 9.09
Jun 09 8.06
Aug 02 8.34
29 7.93
30 7.24
Sep 21 7.08
Oct 16 7.72
Nov 15 8.20
Dec 13 8.55
Jan 24, 1986 9.23
Feb 21 9.17
Mar 20 8.813
Apr 23 8.68
May 14 8.22
Jun 23 8.05
Jul 28 8.05
Sap 22 7.67
Nov 20 9.34
Dac 17 9.52
Jan 22, 1987 9.68
Feb 18 9.70
Mar 16 9.52
Apr 22 9.37
M1 Nov 19, 1986 12.01
Dec 17 12.69
Jan 20, 1987 12.72
Feb 17 12.55
Mar 16 12.39
Apr 22 12.08
M4 Nov 20, 1986 10.91
Dac 17 11.07
Jan 20, 1987 11.28
Feb 17 11.19
Mar 16 11.01
Apr 22 10.68
Mar 17, 1989 11.2

Well Water Wall Water
iden- Date lavel iden- Date level
tifier tifor
M11-85 Feb 20, 1985 10.94 M12-85 Feb 20, 1985 11.52
21 10.94 21 11.52
May 11 9.96 May 10 10.68
Jun 09 11,81 Jun 09 9.24
Aug 02 7.83 Aug 02 9.82
29 V56 29 9.73
30 6.72 30 9.61
Sep 21 6.76 Sep 21 9.50
Oct 16 9.47 Oct 16 10.12
Nov 15 10.27 Nov 15 10.86
Daec 13 10.92 Dec 13 11.52
Jan 24, 1986 10.65 Jan 24, 1986 11.15
Feb 21 10,44 Feb 21 10.98
Mar 20, 1986 9.98 Mar 20 10.53
Apr 23 9.34 Apr 23 10,13
May 14 8.64 May 14 9.53
Jun 23 8.11 Jun 23 9.13
Jul 28 8.01 Jul 28 9.08
Sep 22 7.79 Sep 22 8.83
Nov 19 10.58 Nov 20 11.06
Dac 17 10.92 Dac 17 11.30
Jan 20, 1987 10.83 Jan 20, 1987 11.38
Feb 17 11.01 Feb 18 11,50
Mar 16 10.81 Mar 16 11.26
Apr 22 10.38 Apr 23 11,01
Mar 18, 1989 11.10
M2 Nov 20, 1986 10.55 M3 Nov 20, 1986 10.73
Dec 17 10.84 Dec 17 11.02
Jan 20, 1987 11.01 Jan 20, 1987 11.22
Feb 17 10.94 Feb 17 11.186
Mar 16 10.76 Mar 16 10.96
Apr 22 10.48 Apr 22 10.67
M5 Nov 19, 1986 10.94 M6.1 Nov 20, 1986 10.51
Dec 17 11.27 Dec 17 10.89
Jan 20, 1987 11.50 Jan 20, 1987 11.04
Feb 17 11.40 Feb 17 10.95
Mar 16 11.20 Mar 16 10.76
Apr 22 10.72 Apr 22 10.48




Table 12.--Observed water lavels in obsarvation and uw.nestic wells '

Hall Water Well Water
iden=- Date level iden- Date lavel
tifier tifier
M4-85 Feb 20, 1985 8.95 M5-85 Feb 20, 1985 5.39
21 8.95 21 5.28
May 11 7.91 May 10 - 5.17
Jun 09 5.83 Jun 09 4.69
Aug 02 6,12 Aug 02 5.04
29 6.31 29 5.13
30 6.07 30 4.91
Sep 21 6.04 Sep 21 4.89
Oct 16 7.10 Oct 16 4.67
Nov 15 8.09 Nov 15 5.23
Dec 13 8.90 Dec 13 5.39
Jan 24, 1986 8.69 Jan 21, 1986 5.05
Fab 21 8.58 Feb 21 4,90
Mar 20 8.15 Mar .20, 1986 4,85
Apr 2] 6.96 Apr 23 5.02
May 14 6.07 May 14 4,79
Jun 23 5.40 Jun 23 5.02
Jul 28 5.07 Jul 28 5.10
Sep 22 4.94 Sep 22 4.56
Nov 20 8.55 Nov 20 5.30
Dec 17 8.98 Dec 18 5.49
Jan 21, 1987 9.26 Jan 22, 1987 5.56
Feb 17 9.04 Feb 18 5.48
Mar 16 8.92 Mar 16 5.32
Apr 23 8.27 Apr 23 5.46
Mar 13, 1989 5.64
M7-85 Feb 20, 1985 7.40 M8-85 Feb 20, 1985 9.47
21 7.43 21 9.49
May 11 7.13 May 11 8,92
Jun 09 6.09 Jun 09 7.92
Aug 02 6.72 Aug 02 8.43
29 6.79 29 8.50
30 5.63 30 7.33
Sep 21 6.09 Sep 21 7.93
Oct 16 6.40 Oct 16 8,38
Nov 15 7.42 Nov 15 8.99
Dec 13 7.66 Dec 13 9.29
Jan 24, 1986 7.14 Jan 24, 1986 9.17
Faeb 21 7.07 Feb 21 9.07
Mar 20 6.89 Mar 20, 1986 8.73
Apr 23 6.83 Apr 23 8.56
May 14 6.13 May 14 8.08
Jun 23 6.40 Jun 23 8.04
Jul 28 6.63 Jul 28 8.04
Sap 22 5.84 Sep 22 7.45
Nov 20 7.40 Nov 20 9.07
Dec 17 7.78 Dec 17 9.31
Jan 22, 1987 7.93 Jan 22, 1987 9.48
Fab 18 7.75 Feb 18 9.42
Mar 16 7.62 Mar 16 9.22
Apr 23 7.65 Apr 23 9.18
Mar 14, 1989 8.05 Mar 14, 1989 9.59

Pa

PIns

12
e
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Weall Water
idan- Date lavel
tifer
M6-85 Feb 20, 1985 7.55
21 7.55
May 10 7.25
Jun 09 6.61
Aug 02 7.14
29 7.48
30 6.89
Sep 21 6.88
Oct 16 6.66
Nov 15 7.88
Dec 13 8.01
Jan 24, 1986 7.64
Feb 21 7.36
Mar 20 7.25
Apr 23 7.14
May 14 6.70
Jun 23 7.16
Jul 28 7.34
Sep 22 6.37
Nov 20 7.72
Dac 17 8.11
Jan 22, 1987 8,31
Feb 18 8.03
Mar 16 7.87
Apr 23 7.93
Mar 13, 1989 8.52
M9-85 Feb 20, 1985 9.81
21 9.81
May 11 9.07..
Jun 09 7.88
Aug 02 8.22
29 8.32
30 8.11
Sep 21 8.02
Oct 16 8.43
Nov 15 9.19
Dec 113 9.50
Jan 24, 1986 9.65
Feb 21 9.52
Mar 20 9.18
Apr 23 8.63
May 14 7.96
Jun 23 T.15
Jul 28 7.65
Sep 22 7.20
Nov 20 9.%3
Dec 17 9.92
Jan 20, 1987 10.12
Feb 17 9.98
Mar 186 9.86
Apr 22 9.58
Mar 15, 1989 10.37
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Table 12,--Observed watar lavels in observation and domeatic weils

[Water levaels are in feat below land surface (table 2)]

HWell Water Hell Water Wall Water

iden- Date lavel iden=- Date lavel iden- Date level
tifier tifier ) : tifer

M1-82 Feb 21, 1985 11.37 M2-82 Feb 21, 1985 11.48 M3-82 Feb 21, 1985 10.05

May 11 © 10,57 May 11 10.55 May 11 9.23

Aug 29 8.84 Aug 29 9.47 Aug 29 8.05

Apr 23, 1986 10.00 Apr 23, 1986 9.88 Apr 23, 1986 8.61

May 14 9.36 May 14 9.12 May 14 7.96

Jun 23 9.00 Jun 23 8.54 Jun 23 7.51

Jul 28 8.91 Jul 28 8.40 Jul 28 7.45

Sap 22 8.69 Sep 22 8.25 Sep 22 7.23

Nov 19 11.12 Nov 19 11.01 Nov 19 9.76

Dac 17 11.46 Dec 17 11.40 Dec 17- 10.03

Jan 20, 1987 11.67 Jan 20, 1987 11.60 Jan 22, 1987 10.23

Feb 17 11.58 Feb 17 11.46 Feb 17 10.15

Mar 16 11,39 Mar 16 11.32 Mar 16 9,96

Apr 22 11.05 Apr 22 10,86 Apr 22 9.67

Mar 18, 1989 11.65 Mar 18, 1989 10.16

M1-85 Feb 21, 1985 12.9 M2-85 Feb 20, 1985 6.22 M3-85 Feb 20, 1985 7.98

May 10 11.58 21 6.27 21 8.07

Jun 09 9.37 May 10 6.11 May 11 7.60

Aug 02 9.84 Jun 09 5.37 Jun 09 6.64

29 9.95 Aug 02 5.66 Aug 02 7.14

30 9.69 29 5.72 29 7.28

Sep 21 9.68 30 5.58 30 7.04

Oct 16 10.91 Sep 21 5.57 Sep 21 6.98

Nov 15 11.86 Oct 16 5.44 Oct 16 6.51

Dac 13 12.69 Nov 15 6.29 Nov 15 7.20

Jan 24, 1986 12.24 Jan 24, 1986 6.06 Dec 13 8,00

Feb 21 11.99 Feb 21 5.87 Jan 24, 1986 8.10

Mar 20 11.59 Mar 20 5.67 Feb 21 7.88

Apr 23 10.58 Apr 23 5.67 Mar 20 1.76

May 14 9.72 May 14, 1986 5.67 Apr 23 7.40

Jun 23 9.11 Jun 23 6.34 May 14 6.86

Jul 28 9.00 Jul 28 6.60 Jun 23 7.13

Sep 22 8.96 Sep 22 5.51 Jul 28 7.17

Nov 20 12.48 Nov 20 6.62 Sep 22 6.44

Dac 17 12,85 Dec 18 7.04 Nov 20 8.96

Jan 21, 1987 13.17 Jan 22, 1987 7.18 Dec 17 8.68

Feb 18 13,05 Feb 17 6.64 Jan 22, 1987 8.66

Mar 16 12,75 Mar 16 6.24 Feb 18 8,59

Apr 23 12.25 Apr 23 ' 6.66 Mar 16 8.40

Mar 13, 1989 13.33 Mar 14, 1989 9.14 Apr 23 8.38

B T LR PO L FAREVI R LS Iy
NRIRTRAE N S UMV RELY aetanonls




Table 2.--Observed water levels in observation and domestic wells

Well Water
iden- Date level
tifier

M24 Nov 20, 1986 9.11
Dec 17 9.40

Jan 22, 1987 9.66

Feb 18 9.58

Mar 16 9.54

Apr 22 9.05

M27 Nov 20, 1986 9.73
Dec 17 9.91

Jan 22, 1987 10.20

Feb 18 10.14

Mar 16 9.92

Apr 22 9.67

Mar 16, 1989 9.21

M30 Nov 20, 1986 9.94
Dec 17 10.20

Jan 22, 1987 10.32

Feb 18 10.33

Mar 16 10.23

Apr 22 9.90

Mar 14, 1989 10.47

M34 Nov 20, 1986 8.19
Dec 18 8.37

Jan 22, 1987 8.51

Feb 18 8.52

Mar 16 8,33

Apr 23 8.24

Mar 14, 1989 8.65

M36 May 14, 1986 9.46
Jun 23 9.08

Jul 28 9.01

Sep 22 8.71

Nov 19 10.64

Dec 17 11.17

18 11.17

Jan 20, 1987 11.36

Feb 17 11.29

Mar 16 12.28

Apr 22 11.94

M39 Jan 20, 1987 11.02
Feb 18 11.07

Mar 16 10.81
Apr 23 10.69

Well Water

iden- Date level
tifier

M25 Nov 20, 1986 9.35

Dec 17 9.66

Jan 22, 1987 9.94

Feb 18 9.81

Mar 16 9,58

Apr 22 9.26

M28 Nov 20, 1986 13.69

Dec 17 14.24

18 14.19

Jan 22, 1987 14.19

Feb 18 14.13

Mar 16 13.88

Apr 22 13.35

Mar 15, 1989 13.97

M31 Nov 20, 1986 10.74

Dec 17 10.99

Jan 22, 1987 11.19

Feb 18 11.14

Mar 16 10.92

Apr 22 10.65

Mar 15, 1989 1.3

M35 Nov 20, 1986 11.22

Dec 17 11.47

Jan 22, 1987 1171

Feb 18 11.41

Mar 16 11.44

Apr 23 11.17

M37 May 14, 1986 9.05

Jun 23 8.78

Jul 28 8.76

Sep 22 8.45

Nev 20 11.34

Dec 17 10.82

Jan 22, 1987 10.78

Feb 18 10.73

Mar 16 10.586

Apr 22 10.35

M40 Jan 21, 1987 12.85

Feb 18 11.89

Mar 16 11.73

Apr 23 11.70

Well Water
iden- Date level
tifer
M26 Nov 20, 1986 9.38
Dec 17 9.65
Jan 22, 1987 9.91
Feb 18 9.84
Mar 16 9.63
Apr 22 9.33
M29 Nov 20, 1986 10.19
Dec 17 10.37
Jan 22, 1987 10.72
Feb 18 10.65
Mar 16 10.56
Apr 22 10.24
Mar 15, 1989 10.84
M33 Nov 20, 1986 9.15
Dec 18 9.46
Jan 22, 1987 9.64
Feb 18 9.59
Mar 16 9.44
Apr 23 9.217
D32 Jul 28, 1986 8.15
Sep 22 8.07
Nov 20 11.61
Dec 17 12.04
Jan 21, 1987 12.36
Feb 18 12.23
Mar 16 11.94
Apr 23 9.09
M38 Nov 20, 1986 8.17
Dec 17 9.41
Jan 22, 1987 8.80
Feb 18 9.34
Mar 16 9,13
Apr 23 9,11
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Table 3,--Physical properties of selected aromatic hydrocarbons

[Solubilities at 20 °C unless otherwise indicated; mg/L,
milligrams per liter; mm, millimeters; (Kow), octanol-

water partition coefficients; --, not available; from Weast,
1982, Verschueren, 1983, and MacKay and Shiu, 1982)

Aqueous Vapor
solubility pressure Log Kow Molecular
Compound (mg/L) {mm of Mercury) weight

Benzene 1,780 76 2,13 78,11
Toluene 515 22 2,69 92.13
o-Xylene 175 5 2.77 106,17
m-Xylene 196 6 3.20 106,17
p-Xylene 198 (at 25 °C) 6.5 3.15 106,17
Ethylbenzene 152 7 3.15 106,17
Naphthalene .34.4 0.05 3.37 128.17
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[

Table 4,-~Wells and well identifiers used durlng this report

N/A, not available; land surface elevation is in feet above sea level; depth, In feet below land surface,
indicates screened interval or bottom depth of an open-ended casing; letters In well identiflers in this
report signify the following: M, observation well; T, temporary well; D, domestic well; SG, multidepth
soll-gas well; SGT, temporary soil-gas well. All domestlic wells were sampled at an outside spigot unless
suffixed with a K (sampled at kltchen sink) or I (irrigation well, sampled at wellhead)]

Site identiflers

Land
surface
This report WATSTORE Other reports elevation Depth Comments

M1-82 13N/18E-12R01 1 1078.06 6.0 - 15.6

M2-82 13N/18E-12R02 2 1077.93 6.6 = 16.1 Identifled as 3-82 (Fish, 1987)
M3-82 13N/18E-12R03 3 1076.86 6.0 - 15.8

M1-85 13N/18E-12R04 1-85, MwW-1 1080, 48 6.0 - 21.0

M2-85 13N/19E-07NO1 2-85, MwW-2 1067.51 3.5 - 18,5

M3-85 13N/19E-07NO2 3-85, MW-3 1072,62 4,1 - 19,1

M4-85 13N/18E=12R05 4-85, MwW-4 1075. 66 4,1 = 19.1

M5-85 13N/19E-07NO3 5-85, MW-S 1069, 66 1.8 - 16.8

M6-85 13N/19E-07NC4 6-85, MwW-6 1071,52 4,3 = 19.4

M7-85 13N/19E-07N05 7-85, MwW-7 1072.48 4.2 - 19.2

M8-85 13N/19E-07NO6 8-85, Mw-8 1075.70 5.0 - 20.0

M9-85 13N/18E-12R06 9-85, MW-9 1075.48 4.8 - 19.8

M10-85 13N/18E-12R07 10-85, MW-1 1076, 37 4.3 - 19.3

M11-85 13N/18E~12R08 11-85, Mw-11 1077.67 5.5 = 20.5

M1l2-85 13N/18E-12R09 12-85, MW-12 1078.,49 6.4 - 21.4

Ml 13N/18E-12R12 Tl 1077.43 55.0 - 58,0

M2 13N/1BE-12R13 T2 1077.65 28.0 - 30,0 SG1 also In same borehole
M3 13N/18E-12R14 T3 1077.65 28,0 - 30.0 SG2 also in same borehole
M4 13N/18BE-12R15 T4 1077.02 3.8 - 12.0

M5 13N/18BE-12R16 TS5 1078.39 13,9 - 15.9 SG3 also in same borehole
M6.1 13N/18E-12R17 T6.1 1077.39 44,6 - 46.6 (Piezometers M6.1 and M6,2

are in the same hole]

M6.2 13N/18E-12R18 T6.2 1077.11 7.6 - 13.6

M7.1 13N/18E-12R19 T7.1 1078.11 30.3 - 32.3 [Plezometers M7.1 and M7.2

are in the same hole]

M7.2 13N/18E-12R20 T7.2 1078.11 7.3 = 13.3

M8 13N/18E-12R21 T8 1078.22 8.4 - 14.4

M9 13N/18E=12R22 T9 1078.07 7.0 - 13.0

M10 13N/18E-12R23 T10 1077.81 8.3 - 14.3

M11 13N/18E-12R24 T11 1077.65 8.4 - 14,2

M12 13N/18E-12R25 T12 1078.09 7.4 - 13.4

M13 13N/18E-12R26 T13 1078.09 30.5 - 32.3 SG4 also in same borehole
M14 13N/18E-12R27 T14 1076.14 6.8 - 12.8

Ml 13N/18E-12R28 T16 1078,09 7.9 — 13,9

M17 13N/18E-12R29 T17 1078. 36 7.7 = 13.7

M18 13N/1BE=12R30 T18 1077.70 7.1 - 13.1

M19 13N/18E-12R31 T19 1078.12 7.8 = 13.8

M20 13N/18E-12R32 T20 1078.26 7.2 - 13.2

M21 13N/18E-12R33 T21 1077.70 56.3 - 58.3

M22 13N/18E-12R34 T22 1077.50 6.7 - 12.7

M23 13N/18E-12R39 Bl 1077.10 6.8 = 12.5

M24 13N/18E~-12R40 B2 1076.16 7.6 - 13.6

M25 13N/18E-12R41 B3 1076,08 30,3 - 32,3 SG6 also in same borehole
M26 13N/18E-12R42 B4 1076.58 8.0 - 14.0

M27 13N/18E-12R43 B5 1076.79 9.0 - 18.0

M28 13N/18E-12R35 s1 1077.03 54,0 - 56.5 SG7 also In same borehole
M29 13N/18E-12R36 52 1076.99 7.7 - 16.8

M30 13N/18E-12R37 s3 1076.89 7.8 - 16.8

M31 13N/18E-12R38 s4 1077.74 8.6 - 17.4

M33 13N/19E-07NOB H1 1075.13 55.0 - 57.0

M34 13N/19E-07NO9 H2 1075.02 8.6 - 14.6
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Table 4,--Wells and well identifiers used during this thls report--Continued

Site identifiers

Land
surface
This report WATSTORE Cther reports elevation Depth Comments

D8 13N/19E-07N25 H3-11-(I) 20

D9 13N/19E-07N26 H4-07 20

D10 13N/19E-07N27 H4-08 80

D11 13N/19E-07N28 H4-11 65

D12 13N/19E=07N29 H6-05 18

D13 13N/19E-07N30 H6-04-(I) 25

D14 13N/19E-07N31 HE=03=(I) N/A

D15 13N/19E-07N32 H6-01 N/A

D16 13N/19E-07N33 H5-06 N/A

D17 13N/19E-07N34 H5-05-(I) 28

;] 13N/19E-07N35 H5-04-(I) 28

D19 13N/19E-07N36 HS5=02 N/A

D20 13N/19E-07NO2 IK6-06-(I) 30

D21 13N/19E-07N37 B2-05 N/A

D22 13N/19E~07N38 B2-03 21

D23 13N/19E-07N39 B2-01 N/A

D24 13N/19E-07N40 B1-04 36

D25 13N/19E-07N41 B1-01 26

D26 13N/19E-07N42 B3-05 N/A

D27 13N/19E-07N43 B3-03 N/A

D28 13N/19E-07N44 B3-01 30

D29 13N/19E-07N45S B4-06 38

D30 13N/19E-07N46 B4-05 N/A

D31 13N/19E-07N47 B4-01 N/A

D32 13N/18E-12R97 Mesa 1079.47 N/A (Water levels only)

5G1 13N/1B8E-12R91 T2 1077.43 Sampling tubes installed
above the well screem M2)

5G2 13N/18E-12R92 T3 1077.65 Sampling tubes installed
above the well screen (M3)

5G3 13N/18E-12R93 T5 1078.02 Sampling tubes installed
above the well screen (MS)

5G4 13N/18E=-12R94 T13 1078.09 Sampling tubes installed
above the well screen (M13)

SGS 13N/18E~12R87 T15 1078.19 Multidepth soll-gas sampler

only

SG6 13N/18E-12R95 B3 1076.08 Sampling tubes installed
above the well screen (M25)

5G7 13N/1BE-12R96 s1 1077.03 Sampling tubes installed
above the well screen (M28)

sG8 13N/18BE-12R88 S5 1077.65 Multidepth soll-gas sampler

only

SGT1 13N/18E-12R81 1-9 5.67

SGT2 13N/1BE-12R8B1 1-7 3.46

SGT3 .13N/1BE-12R79 1-4 3.59

SGT4 13N/18E~-12R78 1-2 4 to 5 (estimated)

SGTS 13N/18E-12RB2 2-5 3.47

SGT6 13N/18BE-12R83 3-2 4,58

SGT7 13N/18BE-12R84 1-6 4.10

SGT8 13N/18E-12R85 4-2 5.35

SGT9 13N/18E-12R86 5-5 4,96
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Table 4.--Wells and well ldentifiers used during thls this report--Continued

Site identifiers

Land
surface
This report WATSTORE Other reports elevation Depth Comments

M35 13N/18E-12R11 WSl 1078.63 57.0 - 59.0
M36 13N/18BE-12R44 T1, Gs1 1077.85 6,0 - 13.0 Estimated screen Interval
M37 13N/18E-12R45 Bl, GS2 1077.53 6.0 - 13.0 Identified as GS1 (Fish, 1987)
M38 13N/19E-07NO7 3/R 1072.58 54,2 - 56,2
M39 13N/18E-12J03 HWY1 1078, 22 N/A
M40 13N/19E-07M01 HWY2 1078.35 N/A
Tl 13N/19E-07M04 8T1-1
T2 13N/19E-07N10 8T1-2
T3 13N/19E-07N11 8T1-3
T4 13N/1BE-12R46 8T1-4
TS5 13N/1BE~12R47 8T1-5
T6 13N/18BE-12R48 8T1-6
T7 13N/19E-07N12 8T2-2
T8 13N/19E-07N13 8T72-3
T9 13N/19E-07N14 BT2-4
T10 13N/19E-07N15 8T2-5
T11 13N/19E-07N16 BT2-6
Tl2 13N/19E-07N17 8T2-17
T13 13N/19E-07N18 8T2-8
T14 13N/18E-12R51 7-5
T15 13N/18E-12R52 8-5
T16 13N/18E-12R53 9-7.5
T17 13N/18E~-12R54 8-4
T18 13N/1BE~-12R55 9-4
T19 13N/18E-12R56 1.5-1,5
T20 13N/1BE-12R57 8-3
T21 13N/1BE-12R58 7-4
T22 13N/18E-12R59 5-3
T23 13N/18E-12R60 5-2
T24 13N/18R-12R61 4-2
T25 13N/18E-12R62 4-3
T26 13N/18E~12R63 3-2
T27 13N/1BE-12R64 3-3
T28 13N/18E-12R65 6=17
T29 13N/18E-12R66 1-8
T30 13N/18E-12R67 1-9
T31 13N/18E-12R68 1-10
T32 13N/18E-12R69 6-8
T33 13N/18E-12R70 6-9
T34 13N/18E-12R71 1-8
T35 13N/18E~12R72 1-9
T36 13N/18E-12R73 11-8.5
T37 13N/18E-12R74 11-9.5
T38 13N/18E-12R75 11-7.5
T39 13N/18E=-12R76 9-8.5
T40 13N/18E-12R77 9-9.5
T41 13N/18E-12R8B9 (1 m noerth of M36) 1078
T42 13N/18E-12R90 (1.3 m south of M36} 1078
D1 13N/19E-07M03 H1-01 25
D2 13N/19E-07N19 H4-03-(I) 20
D3 13N/19E-07N20 H4-06-(K) 28
D4 13N/19E=07N21 H4-06-(I) 13
D5 13N/19E-07N22 H4-01 N/A
D6 13N/19E-07N23 H3-08-(I), H3-07-(I) 70
D7 13N/19E-07N24 H3-10-(I), H3-09-(I) 20
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Table A7.--Concentrations of lnorganic and dissolved-organic carbon quality-assurance samples,
March 1989--Continued '

Beryl- Chro- Manga-
1ium, Cadmium, mium, Cobalt, Copper, Iron, Lead, Lithium, nese,
Sample dis- dis- dis- dis- dis=- dis- dis- dis- dis-
or well solved solved solved solved selved solved solved solved solved
identi- (Hg/L (ug/L (ng/L (ng/L (ng/L (ng/L (ng/L (ng/L (ng/L
fier Date as Be) as Cd) as Cr) as Co) as Cu) as Fe) as Pb) as Li) as Mn)
Mis8 03-17-89 <0.5 <1 <5 4 <10 7,300 <10 6 2,800
M18 (D} 03-17-89 <.5 <1 <5 <3 <10 7,200 <10 5 2,800
ER4 03-15-89 <.5 <1 <5 <3 <10 5 <10 <4 <1
Molyb- Stron- Vana-
denum, Nickel, Silver, tium, dium, Zinec, Carbon,
Sample dis- dis- dis- dis- dis- dis- dissolved
of well solved solved solved solved solved solved organic
identi- (pg/L (pg/L {rg/L (pg/L (pg/L (ng/L {mg/L
fier Date as Mo) as Ni) as Aq) as Sr) as V) as 2n) as C)
M18 03-17-89 <10 <10 <1 150 <6 69 1.9
M18 (D) 03-17-89 <10 <10 <1 150 <6 230 2.0
ER4 03-15-89 <10 <10 <1 <1 <6 <3 .3




Table A7.--Concentrations of inorganic and dissolved-organic carbon quallty-assurance samples,
March 1989

[Data from 1989 study, laboratory data analyzed by NWQL; ER, equipment-rinse blank, de-lonized
water; D, duplicate sample; mg/L, milligrams per liter; or ug/L, milligrams per liter]

Lab
Spe- spe- Hard-
clfic cifle Lab Hard- ness,
Well or con- con- pH pH Temper- Tur- Oxygen, ness non-
sample duct- duct- (stand- (stand- ature bid- dis- {mg/L carbonate
identi- ance ance ard ard water ity solved as (mg/L as
fier Date (us/cm) (us/cm) units) units) (*c) (NTU) (mg/L) CaC0,y) CacCos)
M18 03-17-89 319 307 651 6.9 13.0 40 0.0 130 0
M18 (D) 03-17-89 - 307 -- 6.7 - 33 - 130 0
ER4 03-15-89 - -— - 7.2 -— 3 - 0 0
Magne- Potas- Alka-
Calcium sium, Sodium, Sodium sium, Alka- linity, Sulfate,
Sample dis- dis=- dis- ad- dig= linity, labor- dis-
or well solved solved solved sorp- solved fleld atory solved
ldenti- {mg/L (mg/L (mg/L Sodium tien (mg/L (mg/L as (mg/L as (mg/L
fier Date as Ca) as Mg) as Na}) percent ratlo as K) Cac03) CaCG3) as 504)
M18 03-17-89 32 11 12 17 0.5 2.6 132 113 34
M18 (D) 03-17-89 32 11 12 17 =] 2.6 —= 113 34
ER{ 03-15-89 .03 .05 <.2 - - .1 - 2 <,.2
Solids, Solids, Nitro- Nitro- Phos-
Chlo- Fluc- Silica, resldue sum of gen, gen, phorus
ride, ride, dis- at consti- NO,+NO,, ammonia, ortho, Barlum,
2 3
Sample dis- dis- solved 180 °C tuents, dis- dis- dis- dis-
or well solved solved (mg/L dis- dis- solved solved solved solved
identi- (mg/L (mg/L as solved solved (mg/L (mg/L {mg/L (ng/L
fler Date as Cl) as F) 5102) (mg/L) {mg/L) as N) as N) as P) as Ba
M18 03-17-89 7.0 0.2 38 209 2217 <0.10 ¢.10 0.05 18
M18 (D) 03-17-89 7.0 .2 38 208 227 <.10 .11 .05 19
ER4 03-15-89 L8 § .1 <.01 <1 -- <.10 <,01 <.01 <2




Table A6.--Comparison of field and laboratory determinations of specific conductance,
PpH, and alkallnity, November 1986 and March 1989

[Data from ground-water toxics study and 1989 study, laboratory data analyzed by

NWQL; ps/cm, microsiemens per centimeter; mg/L, milligrams per liter; --, not
analyzed]
Speclflec conductance pH Alkalinity
in ps/cm in standard units in mg/L as (fa(:{l:3
Well
identi-
fler Date Fleld Lab Field Lab Fleld Lab
M1-82 11-18-86 280 279 6.8 6.9 131 -
M2-82 11-18-86 320 303 6.7 6.8 156 -
M1-85 11-19-86 238 239 6.7 6.9 103 -
03-13-89 208 222 6.9 7.0 89 90
M5-85 03-13-89 252 265 6.7 6.8 113 114
M9-85 11-19-86 254 254 6.5 6.9 108 -
03-15-89 249 260 6.6 6.7 112 111
M10-85 11-19-86 298 293 6.6 6.8 116 -
M11-85 11-17-86 264 251 6.6 6.8 125 -=
03-18-89 292 295 6.6 6.8 140 134
M4 11-18-86 313 295 6.6 6.8 151 =
M7.2 11-17-86 352 336 6.4 6.6 185 -
M8 11-17-86 247 245 6.6 6.8 105 -—
M9 11-17-86 279 272 6,6 6.9 133 -
M11 11-18-86 307 298 6.6 6.9 148 -—
M12 11-18-86 323 303 6.5 6.7 164 --
M16 11-17-86 342 329 6.7 6.8 172 -
M18 11-18-86 292 271 6.6 6.8 149 ==
03-17-89 319 307 6.7 6.9 132 113
M19 11-18-86 257 251 6.6 6.9 105 w=
M23 11-18-86 390 385 6.7 6.8 193 =
M24 11-18-86 365 332 6.5 6.7 190 -
M29 11-19-86 259 258 6.6 6.8 120 s
M30 03-14-89 268 284 6.6 6.6 128 122

M31 11-19-86 261 261 6.5 6.8 113 e




Table A5.--Concentratlons of volatile organic compounds In quality-assurance samples, February 23 through
1989--Cont 1nued

March 17,

Di-
Sample chloro- trans= cls- Tri-
or well 1,2-pi- 1,3-Di- 1,4-Di- di- 1,3-Di- 1,3-Di- Vinyl chloro- 1,2-Di-
ldenti- chloro- chloro- chloro- fluoro- chloro- chloro=- Chlo- ethyl- chlero-
fier Date propane benzene benzene methane propene propene ride ene ethene Styrene
M8-85 03-14-89 ND ND ND ND ND ND ND ND ND ND
M8-85 (FS1) 03-14-89 ND ND ND ND ND ND ND ND ND 8.6
M8-85 (FS2) 03-14-89 ND ND ND ND ND ND ND ND ND 7.0 |
M8-85 (LS) 03-14-89 ND ND ND ND ND ND ND ND ND 8.8 |
M18 03=-17-89 ND ND ND ND ND ND ND ND ND ND
M18 (D) 03-17-89 ND ND ND ND ND ND ND ND ND ND
BL1 02-23-89 ND ND ND ND ND ND ND ND ND ND
BL2 02-23-89 ND ND ND ND ND ND ND ND ND ND
BL3 02-23-89 ND ND ND ND ND ND ND ND ND ND
BL4 03-06-89 ND ND ND ND ND ND ND ND ND ND
BLS 03-13-89 0.3 ND ND ND ND ND ND ND ND ND
ER1 02-23-89 ND ND ND ND ND ND ND 0.2 ND ND
ER2 02-23-89 ND ND ND ND ND ND ND 5 ND ND
ER3 02-23-89 ND ND ND ND ND ND ND .2 ND ND
ERB4 03-06-89 ND ND ND ND ND ND ND ND ND ND
ERB5 03-13-89 .3 ND ND ND ND ND ND ND ND ND
Sample 1,1-Di- 2,2-Di- 1,3-Di- 1,2,3= 1,1,1,2- 1,2-
or well chloro chloro= chloro- ortho- para- Tri- Tetra=- Di=-
identi- pro- pro- pro- Chloro- Chloro- chloro- chloro- bromo- Bromo-
fler Date pene pane pane toluene toluene propane ethane ethane benzene
M8-85 03-14-89 ND ND ND ND ND ND ND ND ND
M8-85 (FS1) 03-14-89 ND ND ND ND ND ND ND ND 8.7
M8-85 (Fs2) 03-14-89 ND ND ND ND ND ND ND ND 7.1
M8-85 (LS) 03-14-89 ND ND ND ND ND ND ND ND 7.7
M18 03-17-89 ND ND ND ND ND ND ND ND ND
M18 (D) 03-17-89 ND ND ND ND ND ND ND ND ND
BL1 02-23-89 ND ND ND ND ND ND ND ND ND
BL2 02-23-89 ND ND ND ND ND ND ND ND ND |
BL3 02-23-89 ND ND ND ND ND ND ND ND ND
BL4 03-06-89 ND ND ND ND ND ND ND ND ND
BLS 03-13-89 ND ND ND ND ND ND ND ND ND
ER1 02-23-89 ND ND ND ND ND ND ND ND ND
ER2 02-23-89 ND ND ND ND ND ND ND ND ND
ER3 02-23-89 ND ND ND ND ND ND ND ND ND
ERB4 03-06-89 ND ND ND ND ND ND ND ND ND
ERB5 03-16-89 ND ND ND ND ND ND ND ND ND

—
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Table A4.,--Comparison of means and standard deviations of standard
hydrocarbon compound concentrations, November 1985

[Data from the ground-water toxics study, analyzed by 0GC;
concentrations in micrograms per liter; standard solutions
prepared from materials supplied by the U.S. Environmental
Protection Agency- Environmental Monitoring Services
Laboratory, Cincinati, OH (EPA)]

EPA GWTP
Standard One standard
solution Compound Concentration Concentration deviation
I Benzene 10,000 12,000 +1,800
Toluene 10,000 11,000 + 540
mt+p-Xylene 10,000 9,700 + 680
o-Xylene 5,000 5,100 + 320
It Benzene 10,000 12,000 + 800
o-Xylene 10,000 9,500 + 560
III Toluene 10,000 11,000 + 480
m+p-Xylene 10,000 10,000 + 720
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Table A3.--Mean and standard deviations of trip blanks, August 26-=30 1985

[Data from the ground-water toxics study, analyzed by OGC; n, number of
replicates; concentrations are in micrograms per liter].

1,3,5-Tri-
Ethyl- m+p o- n-Propyl- methyl-
Parameter Benzene Toluene benzene Xylene Xylene benzene benzene
Mean 0.87 0.49 0,032 0.041 0.025 0.0024 0,017
(n = 6)
Standard + 11 #. .30 + .015 + .015 + ,0071 + .0047 + .0096
deviation
1,2,4-~ 1;2,3:5= 1,2,3,4-
Tril— Iso- sec— Tetra- Tetra-
methyl- butyl- Butyl- n-Butyl- methyl- methyl- Naph-
Parameter benzene benzene benzene benzene benzene benzene thalene
Mean 0.053 0.0046 0.006 0.019 0.009 0.014 0.20
(n = 6)
Standard + .017 + .0082 + ,0089 + .011 + .014 + .016 * .29

deviation




Table A2.--Concentrations of volatile organic
compounds 1n quality-assurance samples,
August 27, 1985

[Concentrations are in micrograms per liter; ND, below
the limit of detection of 1 microgram per liter for
the insurance company study (ICS), see text for
discussion of limit of detections for Ground-Water
Toxics Study (GWTS)].

Well Benzene Toluene Total xylenes
identi-

fier ICS GWTS ICS GWTS ICS GWTS
M7-85 ND ND ND ND ND ND
M8-85 96 ND 1 ND 9 ND
M10-85 ND ND ND ND ND ND

M11-85 920 1,000 1,100 3,400 6,300 7,300




Table Al.--Concentrations of volatile organic

[Data from the insurance company study,

compounds in quality-assurance samples,
May 1985 through June 1986

analyzed

by a private laboratory; concentrations are in

micrograms per liter; ND,

below the detection

limit of 1 microgram per liter; D, duplicate sample]

Sample
or well Total
identifier Date Benzene Toluene xylenes
Field blank 5-10-85 ND ND ND
Field blank 5-11-85 ND ND ND
M11-85 5-11-85 1,380 7,700 12,990
M11-85 (D) 5-11-85 1,090 4,000 14,900
Lab blank 12-16-85 ND ND ND
Lab blank 6-27-86 ND ND ND
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Table 9.--Concentrations of inorganic compounds and dissolved organic carbon
in ground water, November 1986 and March 1989--Cont.

Beryl- Chro-
Barium, lium, Cadmium, mium, Cobalt, Copper, Iron, Lead, Lithium,

dis- dis-— dis- dis- dis- dis- dis- dis- dis-

Well solved solved solved solved solved solved solved solved solved

identi- (pg/L (ug/L (ug/L (ng/L (rg/L (ng/L (ng/L (ng/L (ng/L

fier as Ba) as Be) as Cd) as Cr) as Co) as Cu) as Fe) as Pb) as Li)
M1-82 11 <0.5 <1 == <3 <10 65 <10 5
M2-82 16 <.5 <1 - <3 <10 4,000 <10 5
M3-82 -= == o= e = e - s --
M1-85 7 <.5 <1 -- <3 <10 3 <10 5
8 <.5 <1 <5 <3 <10 15 <10 <q
M5-85 9 <.5 <1 <5 <3 <10 14 <10 <4
M6-85 == == e e s -t i == -—
M7-85 e i - -- == baZo = S s
M8-85 = - - o 2 e - s it
M9-85 8 <.5 <1 - <3 <10 <3 <10 5
9 €.5 <1 <5 <3 <10 11 <10 <4
M10-85 10 <.5 <1 - <3 <10 <3 <10 6
M11-85 13 <.5 <1 - <3 <10 3,400 <10 <4
16 <.5 <1 <5 <3 <10 3,700 10 <4
M4 16 <.5 1 - <3 <10 6,200 <10 4
M6.2 = e s — s -= - = v
M7.2 17 <.5 1 -- <3 <10 9,100 <10 5
M8 8 <.5 <1 —= <3 <10 12 <10 q
M9 12 <.5 <1 - <3 <10 1,500 <10 q
M1l 21 €.5 <1 - <3 <10 1,700 <10 q
M12 14 <.5 <1 - <3 <10 6,400 10 5
M13 —— -- e = —— - L bl -
M14 e e e e i e -= el -
Mle 11 e B 1 - <3 <10 7,400 <10 6
M17 e == —= — e i it - -
M18 12 <.5 <1 - <3 <10 8,100 <10 4
18 <.5 <1 <5 4 <10 7,300 <10 6
M19 10 <5 <1 - <3 <10 7 <10 5
M20 hade - e = St e wem e “ien
M23 22 <.5 <1 - <3 <10 5,800 <10 5
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M26 - == e o = - = = -
M27 e e e i - -= == - -
M29 15 <.5 <1 e <3 <10 1,300 <10 4
M30 10 <.5 <1 <5 <3 <10 ki <10 <4
M31 11 <.5 <1 - <3 <10 10 <10 5
M34 -= ot e S e s e i o
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Table 8.--Concentrations of veolatile organic compounds in ground water, March, 1989

[Pata from the 1989 study, analyzed by NWQL; concentrations are in micrograms
per liter; ND, below the detection limit of 0.2 micrograms per liter, unless
otherwlse noted]

1,3,5- 2- 1,2,4- 1,2,3-
Well Tri- Ethyl=1= Tri- Tri-
identi- Ethyl- Total Naph- methyl- methyl- methyl- methyl-
filer Benzene Toluene benzene xylenes thalene benzene benzene benzene benzene
M2-82 ND ND ND ND ND ND 57 ND 1.7
M3-82 17 1.6 ND 1,500 19 280 240 300 200
M1-85 ND ND ND ND ND ND ND ND ND
M5-85 ND ND ND ND .2 ND ND ND .2
M6-85 ND ND ND ND ND ND ND ND ND
M7-85 ND ND ND ND ND ND ND ND ND
MB8-85 ND ND ND ND ND ND ND ND ND
M9-85 . ND ND ND ND ND ND ND ND ND
M11-85 23 ND 3.6 320 62 160 130 150 95
M4 ND ND ND ND ND ND ND ND ND
M6.2 ND ND ND ND ND ND ND ND ND
M1l1 ND ND ND ND ND ND ND ND ND
M12 ND ND ND ND ND ND ND ND ND
M13 ND ND ND ND ND ND ND ND ND
M14 ND ND ND ND .2 ND ND ND ND
M16 68 15 ND 820 130 60 79 49 86
M17 15 .3 ND 5 44 ND 49 5 .3
M18 ND ND . 2 o2 ND ND 3.2 ND .3
M19 ND ND ND ND ND ND ND ND ND
M20 ND ND ND ND .3 ND ND ND ND
M23 .3 ND ND ND ND ND .4 ND ND
M26 ND ND ND ND .2 ND ND ND ND
M27 3 ND ND ND ND ND .4 ND ND
M29 1.0 ND ND ND ND ND ND ND ND
M30 ND ND ND ND ND ND ND ND ND
M31 ND ND ND ND ND ND ND ND ND
M34 ND ND ND ND ND ND ND ND ND
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fuel leak site at Yakima, Washington.
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Table 2.--Weils and well Tdenlifiers used durlng this Lhls report

/A, not avallable; land surface elevation is in feet above sea lewvel; depth, In [ecel below land surface,
ndicates screenced Interval or bottom depth of an open-ended casing; letters in well identifilers in this
eport signify the following: M, observation well; T, temporary well; D, domestlic well; SG, mulll-depth
oll-gas well; SGT, temporary soll-gas well. All domestic wells were sampled at an outside splgot unless
uffixed with a K (sampled at kitchen slnk), er I (irrigation well, sampled at wellhead)].

Site ldentiflers

Land
surface
This report WATSTORE Other reports elevation Depth Comment s
M1-82 13N/18E-12R01 1 1078.06 6.0 - 15.6 |
M2-82 13N/18E-12R02 2 1077.93 6,6 - 16,1 Identified as 3-82 (Fish, 1987) |
M3-82 13N/1BE-12R03 3 1076.86 6.0 - 15.8 |
M1-85 13N/18BE-12R04 1-85, MW-1 1080.,48 6.0 - 21.0
¥2-85 13N/19E-07NO1 2-85, MwW-2 1067, 51 3.5 - 18.5 |
M3-85 13N/19E-07N02 3-85, MW-3 1072.62 4.1 - 19.1 |
M4-85 13N/18E-12R05 4-85, MwW-4 1075.66 4,1 - 19,1 |
M5-85 13N/19E-07NO3 5-85, MW-5 1069.66 1.8 - 16.8
M6-85 13N/19E-07NO4 6-85, MW-6 1071,.52 4.3 - 19.4
M7-85 13N/19E-07NOS5 7-85, MW-7 1072,48 4.2 - 19,2
MB-85 13N/19E-07NO6 8-85, MW-8 1075.70 5.0 - 20.0
M9-85 13N/18E-12R06 9-85, MW-9 1075, 48 4.8 - 19.8
M10-85 13N/18E-12R0O7 10-85, MwW-1 1076.37 4.3 - 19.3
M11-85 13N/18E-12R08B 11-85, MwW-11 1077.67 5.5 - 20.5
M12-85 13N/18E-12R09 12-85, Mw-12 1078.49 6.4 - 21.4
M1 13N/18E~12R12 T1 1077.43 55.0 - 58.0
M2 13N/18E-12R13 T2 1077.65 28.0 - 30.0 5Gl also in same borehole
M2 13N/18E-12R14 T3 1077.65 28.0 - 30.0 8G2 also in same borehole
M4 13N/18E-12R15 T4 1077.02 3.8 - 12.0
M5 13N/18E-12R16 T5 1078.39 13.9 - 15.9 SG3 also in same borehole
M6.1 13N/18E-12R17 T6.1 1077.39 44,6 - 46.6 [Piezometers M6.1 and M6,2
are in the same hole]
M6.2 13N/18E-12R18 T6.2 1077.11 7.6 - 13.6
M7.1 13N/18E-12R19 bt 'S ¢ 1078.11 30.3 - 32.3 [Plezometers M7.1 and M7.2
are in the same hole)
M7.2 13N/18E-12R20 TT 2 1078.11 7.3 = 13.3
M8 13N/18E-12R21 T8 1078.22 B.4 - 14.4
M9 13N/18E-12R22 T9 1078.07 7.0 - 13,0
M10 13N/1BE-12R23 T10 1077.81 8,3 - 14,3
M11 13N/1BE-12R24 T11 1077.65 8.4 - 14.2
M12 13N/1BE-12R25 T12 1078.09 7.4 - 13,14
M13 13N/1BE-12R26 T13 1078.09 30,5 = 32,3 5G4 also in same borehole
M14 13N/18E-12R27 T14 1076.14 6.8 - 12,8
Ml6 13N/18E-12R28 T16 1078.09 7.9 = 13,9
M17 13N/18E-12R29 T17 1078. 36 7.7 - 13.7
M18 13N/18E-12R30 T18 1077.70 T.1 = 13.1
M19 13N/18E-12R31 T19 1078.12 7.8 - 13.8
M20 13N/18E-12R32 T20 1078, 26 7.2 - 13,2
M21 13N/18E-12R33 T21 1077.70 56.3 ~ 58.3
M22 13N/18E-12R34 T22 1077.50 6.7 - 12.7
M23 13N/1BE-12R39 B1 1077.10 5.5 = 12,5
M24 13N/18E-12R40 B2 1076.16 7.6 - 13.6
M25 13N/18E-12R41 B3 1076.08 30.3 - 32.3 566 also in same borehole
M26 13N/1BE-12R42 B4 1076.58 8.0 - 14.0
M27 13N/18E-12R43 BS 1076.79 9.0 - 18.0
M28 13N/18E~12R35 51 1077.03 54,0 - 56.5 SG7 also in same borehole
M29 13N/18BE-12R36 s2 1076.99 7.7 - 16.8 |
M30 13N/18E-12R37 53 1076.89 7.8 - 16.8 l
M31 13N/18E-12R38 sS4 1077.74 8.6 - 17.4
M33 13N/19E-07NO8 H1 1075.13 55.0 - 57.0 |
M34 13N/19E-07NO9 H2 1075.02 8.6 - 14,6
M35 13N/18E-12R11 Ws1 1078.63 57.0 - 59.0 |
M36 13N/18E-12R44 T1l, GS1 1077,.85 6.0 - 13.0 Estimated screen interval
M37 13N/18E-12R45 Bl, GS2 1077.53 6.0 - 13.0 Identified as GS1 (Fish, 1987) |
M38 13N/19E-07NO7 3/R 1072.58 54.2 - 56,2 |
439 13N/18E-12J03 HWY1 1078.22 N/A [
M40 13N/19E-07M01 HWY2 1078.35 N/A
T1 13N/19E-07M04 8T1-1 ]
T2 13N/19E-07N10C 8T1-2 ‘E
T3 13N/19E-07N11 8T1-3 |
T4 13N/18E-12R46 BT1-4 |
TS5 13N/18E-12R47 B8T1-5 |
T6 13N/18E-12R48 BT1-6 |
) 13N/19E-07N12 BT2-2
T8 13N/19E-07N13 8T2-3 |
T9 13N/19E-07N14 8T2-4
T10 13N/19E-07N15 8T2-5 |
T11 13N/19E-07N16 8T2-6
T12 13N/19E-07N17 8T12-7
T13 13N/19E-07N18 8T2-8
T14 13N/18E=12R51 1-5
T15 13N/18E~12R52 8-5
T16 13N/18BE-12R53 9-7.5
T17 13N/18E-12R54 8-4
T18 13N/18E-12R55 9-4
T19 13N/1BE-12R56 1o8=XaS

PRELIMINARY SUBJECT ‘7o REVISIONS



Table 2,--Wells and well ldentiflers used during thls this report--Continued

Site identifiers

Ry, Land
: surface
This report WATSTORE Other reports elevation Depth Comment s

T20 13N/18BE-12R57 8-3

T21 13N/18E-12R58 7-4

T22 13N/18E-12R59 5-3

T23 13N/18E-12R60 5-2

T24 13N/18R-12R61 4-2

T25 13N/18E-12R62 4-3

T26 13N/18E~-12R63 3-2

T27 13N/18BE-12R64 3-3

T28 13N/1BE-12R65 6=7

T29 13N/1BE-12R66 1-8

T30 13N/18E-12R67 1=8

T3k 13N/18E-12R68 1-10

T32 13N/18E-12R69 6-8

Ta3 13N/18E-12R70 6-9

T34 13N/18E-12R71 4-8

T35 13N/18E~-12R72 4-9

T36 13N/18E-12R73 11-8.5

T37 13N/18BE-12R74 11-9.5

T38 13N/18E-12R75 11-7.5

T39 13N/18E-12R76 9-8.5

T40 13N/18E-12R77 9-G.5

T41 13N/18BE-12R89 (1 m north of M36) 1078

T42 13N/18E-12R9%0 (1.3 m south of M36) 1078

D1 13N/19E-07M03 H1-01 25

D2 13N/19E~07N19 H4-03-(I) 20

D3 13N/19E-07N20 H4-06~ (K) 28

D4 13N/19E-07N21 H4-06~ (1) 13

DS 13N/19E-07N22 H4-01 N/A

D6 13N/19E-07N23 H3-08-(I), H3-07-(I) 70

D7 13N/19E=07N24 H3-10-(I), H3-09-(I) 20

D8 13N/19E=07N25 H3-11-(I) 20

D9 13N/19E-0TN26 H4-07 20

D10 13N/19E-07N27 H4-08 80

D11 13N/19E-07N28 H4-11 65

D12 13N/19E-07N29 H6-05 18

D13 13N/19E-07N30 H6-04- (1) 25

D14 13N/19E~07N31 H6-03-(I) N/A

D15 13N/19E-07N32 H6-01 N/A

D16 13N/19E-07N33 H5-06 N/A

D17 13N/19E-07N34 H5-05- (1) 28

D18 13N/19E-07N35 H5-04- (1) 28

D19 13N/19E-07N36 H5-02 N/A

D20 13N/19E-07NO2 IK6~-06-(I) 30

D21 13N/19E-07N37 B2-05 N/A

D22 13N/19E-07N38 B2-03 21

D23 13N/19E-07N39 B2-01 N/A

D24 13N/19E-07N40 B1-04 36

D25 13N/19E-07N41 B1-01 26

D26 13N/19E-07N42 B3-05 N/A

D27 13N/19E-07N43 B3-03 N/A

D28 13N/19E-07N44 B3-01 30

D29 13N/19E-07N45 B4-06 38

D30 13N/19E-07N46 B4-05 N/A

D31 13N/19E-07N47 B4-01 N/A

D32 13N/1BE~12R97 Mesa 1079.47 N/A (Water levels only)

SG1 13N/18E-12R91 T2 1077.43 Sampling tubes installed
above the well screem M2)

5G2 13N/18E-12R92 T3 1077.65 Sampling tubes installed
above the well screen (M3)

5G3 13N/18E-12R93 T5 1078.02 Sampling tubes installed
above the well screen (M5)

864 13N/18E-12R94 T13 1078.09 Sampling tubes installed
above the well screen (M13)

5G5S 13N/18E-12R87 T15 1078.19 Multi-depth soil-gas sampler
only

5G6 13N/18E-12R95 B3 1076,08 Sampling tubes installed
above the well screen (M25)

SG7 13N/1BE-12R96 Ss1 1077.03 Sampling tubes installed
above the well screen (M28)

5GB 13N/18E-12R88 S5 1077.65 Multi-depth soll-gas sampler

only

SGT1 13N/18E-12R81 1-9 5.67

SGT2 13N/18E-12R8B1 1-7 3.46

SGT3 13N/18E-12R79 1-4 359

SGT4 13N/18E~12R78 1-2 4 to 5 (estimated)

SGTS 13N/18E-12RB2 2-5 3.47

SGT6 13N/18E-12R83 3=-2 4,58

SGT7 13N/18BE-12R84 4-6 4,10

SGT8 13N/18E-12RB5 4-2 5.35

SGT9 13N/1BE-12RB6 5-5 1,96

PRELIMINARY SUBJECT TO REVISIONS




APPENDIX 1
BORING LOGS

» \

" SO @XPLORDLION
COMaSy
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; . . JOB NO ]20 ] ?)_li_ VERTICAL STAEE - ® . ¥ _ P, N0 v s
'{';'\:v%g“ PROJECY T‘IGI P '( ” - '1 3 \1\1‘\”'{'\:. ,C l” r D'N e —— ——
%53&%{ m;ﬂ DESC FUPTION OF mramm W E,M.Apll

g RE 1080. 5 OLOLOGIC e COMMENTS

i AL e OGN o | we {Ho [ TYRE

FEET ‘_SUHFA(‘L ELEVATION

SILTY SAND N/A GRAVEL 10 R LIT[LE COARSE
1 GRAVEL, cobbles abcve 4", tbrownish ALLUVIUM
gray, moist to wet : (SM)

T

i L 1{CT
2 ICT
13 i
SAND W/A LITTLE GRAVEL, AND WITH
1 GRAVEL BELOW 19', medium to coarse 3
grained, brown1sh gray, waterbearing
= - 3ET
ﬁ*Drilling slurry ' 1
21 A
End of Boring
INote: Monitoring well installed in [
) boring. See attached
"Installation of Monitoring
i Well" sheet. .
WATER LEVZL MEASUNEMENTS crant__11-17-84 courere _11=18-8
DATE R o o R DAILED DEPTIS WATER | uemop 60C 0-17" e _4:00
11-181 3:001 17! 12 o ga_* CT (Cable Tool) 0-21°
_1}-18 4:14% 211 17! 1o gp*
1-20] 9:00 See Notp 1o
o CREW CHIEF Mason -

o ot SOML E2XPLORABEIOT 51 A M ssie
JE-V-10(84-0)-3 COMme T W



wawa ___120-92995 venmicauscace 1" = 3" pommeno ___ 2-85
PROJECT T1GER OIL #3 - YAKIMA  WASHINGTON _ . ._ S—
DEPTH 7 DESCRIPTION OF MATERIAL v:“ T enmeLe . =
7 | ECLOGKC ey COMBE (o
FEET [ suRrACE ELEVATION 1067.5 s S I A OMMENTS
| SANDY LEAN CLAY W/A LITTLE GRAVEL, | MIXED S
J dark brown {CL) ALLUVIUM |
1 1{CT
O 1CUAVEY SAND W/A LITTLE GRAVEL, i
| dark brown (sC) g v
2|CT
10 L.
SILTY SAND W/A LITTLE GRAVEL,
] brownish gray, wet (SM/SC) " 3ler
12
CLAYEY SAND W/A LITTLE GRAVEL,
] brownish gray with a little reddish 2
brown and green below about 17'
] . (sC) L alcT
20
End of Boring
1 Note: Monitoring well installed in [
] boring. See attached |
"Installation of Monitoring
i Well" sheet. N
WATER LEVEL MEASUREMENTS stant__1-7-85 courcere _1-8-85
DATE Tusg Soerrne | Toeme Berin BAILED DEPTHS WeeEd faemoo 60C 0-19' I@ 8:00
1-4 [°3:00 ] 17" 19" 1o 7' CT (Cable Tool) 0-21"
1-8 | 8:00] 20' 19' o NMR
“T1-8 | 2:00 SEE NOTE » i
ol lo CREW CHIEF Mason

vt SON 2XPLORDLIONT st pauw wn i
pe-v-10(04-B)-2 pueomspey



-

. 190 _19¢ "o oz -
0B NO 3 ‘I‘O 12955 vERTICALSCALE_ 2 = 3" sowneno ___3-0R

— TIGER OTL #3 - YAKIMA, WASHINGTON _

| PROJECT ___ — —2 — e
:;:"m DESCRIPTION OF MATERIAL ) ) SAMPLE T —
ré@T {“sunrAcEELEVAnou 1072.6" ”gﬁﬁﬁ“ N | WL [NO | TYPE -

- LEAN CLAY, dark brown (L) FINE
| ALLUVIUM
L - 11CT

-
\'4
. i
9

CLAYEY SAND W/GRAVEL, brown

(5C) MIXED

ALLUVIUM [ 2 |CT

&
T

o]tk
[
‘@ 15 TSTLTY SAND W/A LITTLE GRAVEL, brownisi| COARSE 3 {cr
- 16 4aray. wet (SH) ALLUVIUM
o SAND W/SILT AND GRAVEL, medium to
|coarse grained, brownish gray, : N
% waterbearing (SP-SM) -
[ 4 |1
ﬁ d !
|,
End of Boring
m TNote: Monitoring well installed in
| boring. See attached I
"Installation of Monitoring
% ] Well" sheet. :

) WATER LEVEL MEASUNEMENTS START 1-9-85 couPLnt_T;lp.:.B_S__ |
M DATE Tag e | S b BAILED DEPTHS whiER Qoo 60C 0-19° l@___g_i)_
’ 1-9  [12:30 [ 16" 16" 0 8 CT (Cable Tool) 0-21"

1-10 1:00 REE NOTE to
% 10 CRALW CHIEF Masnn *

LE-V-18(84-0)-3 w2 cromet vt SO X PLORSLIONM st pauc wh ssiu




SOBND LEw= JEun o veRticaLscate 47 F AT gomngwo 00
PROJECT ________ __T1GER O .!_l,_.___r .‘?__ ;_!_%j&;:"ﬂﬁLﬂGTpﬂ_;-“ — ..,.::_..]’:_;:, —_——— —  ———————
L e “(SCH'P”DTS; ;A;L;H'AL 0EL00K |—5’—i\-”~m~"—- COMMENTS
FEET rsunFACE ELEVAYION — e CRIGIN . N WL [NO LTYPE -
' SANDY LEAN CLAY W/A LITTLE GRAVEL, | MIXED
| dark brown (CL) ALLUVIUM |
- T1CT
4 1CLAYEY SAND W/GRAVEL, brown
- (SC) s
ZIET
7 \SILTY SAND W/A LITILE GRAVEL, | COARSE
| grayish brown, wet (SM) ALLUVIUM  F
] V 3(CT
Y \=SAND W7STLT AND GRAVEL, grayish i
brown, waterbearing (SP-SM)
] L
4 g 41CT
21
End of Boring
1Note: Monitoring well installed in
| boring. See attached i
"Installation of Monitoring
1 Well" sheet. i
VIATER LEVEL MEASUREMENTS START 1-10-85 COMPLETE ._._] '_._.__14"85 :
DATE Thag g ety o iy BAILED DEPTHS woel |momon 6DC 0-20 L@ 8:30
o CT (Cable Tool) 0-21'
o
‘ 1-14 2:00 SLE NOTE 18
. 1) CREW CHIES Mason N
2 ot vran GO EXPLORDTION  $1 P Wy s

gE-v-106(E4-B)-3 TR Erns

TV iim oy e e B T A B e G P AR S TR A e e b e



JOBNO 120']295_5 S ' VERTIC AL SCAL_E,_;!'__I:_*A__, BORING NO _ ,i“;-,:j’_‘rj’,j..k .
poser_ TIGER DIL_#3 - YAKIMA, WASHINGION
DEPTH DESCRIBFION OF HATERIAL S COMMENTS
HI'-.';T ‘_SURFACE ELEVATION 1069./ S Ga}:g&)c WL [NO | TYPE )
| CLAYEY SAND W/A LITTLE GRAVEL, MIXED
brown (SC) ALLUVIUM |
- ¥ LET
4 TSTCTY SAND W/A LITTLE GRAVEL, COARSE
| grayish brown, moist to wet ALLUVIUM L
(SM)
- 2 |CT
10 SILTY SAKD W/GRAVEL, brownish
| gray, wet (SM) .
- 3 |CT
14 TSANDW/SILT AND A LITTLE GRAVEL,
Jmedium to fine grained, grayish 2
brown, waterbearing (SP-SM)
- 4 |CT
!
18
End of Boring v |
Note: Monitoring well installed in L
boring. See attached
"Installation of Monitoring -
Well" sheet.
WATER LEVEL MEASUREMENTS srany___1-14-85 comerere 1-15-85
oare | me | SBERRS | BT | Goen | maweooeems | YRR fuemwoo 60C 0-17 [e2:00
o CT (Cable Tool) 0-18'
T-16 1 9:00 SEE NOTE 10 L —
10 CREw CoiEF Mason )

se-v-10(84-8)-2

wrcromti vt GOR RXFAOABIICINT 1 Pav s sod —
CORTed ™



JOBNO ____

moser______VIGROIL_#3 - YAKIMA, WASHINGION
DEII';JTH OESCNIPT?)ON?{-J]F ljiAlT[Hh\L —— S_ﬁ’-_‘vE‘LE_ [:O},{M{:HTS
FEET rsuﬂrhcs ELEVATION | e s S OGN ] WL [NO | TYPE o )
LEAN CLAY W/A LITTLE GRAVEL, FINE
J dark brown (CL) ALLUVIUM |
. "~ 1 CT
6 TSANDY LEAN CLAY W/A LITILE GRAVEL, | MIXED
1brown (CL/SC) ALLUVIUM L V
f 21 CT
i -
13 SILTY SAND W/A LITTLE GRAVEL, COARSE
Jbrownish gray, wet (SM) ALLUVIUM |
i .
3 1ET
1 [
4 |CT
21
End of Boring
INote: Monitoring well installed in [
boring. See attached
i "Installation of Monitoring
| Well" sheet. i
WATER LEVEL MEASUREMENTS stanr___1-17-85 comrrere 1=18- [
owre | v | rmnee | sne [ ot | seoowmas | vt fucwoo 60C 019" le_10,00 |
to CT (Cable Tool) 0-21°
T1-18 1:0( SEE _NOJE 1o
0 CREW CHIFF Mason i

gE-v-18(84-8)-3

LT e v

- BT At v P Dt h T M {6ty AT B B 3 P IR S Yy ey s S Lo e s A8 A ey rre

wceomt v SO EXPLORSTKON 51 PauL my ssid




Y=

s = E

28 & 5 B B =¥

JOB NO ______lz?_ﬁg_i'i_,__ o VERTICALSCALE __+" T "  womwgNO 1797
taoscr . TIGER 01 #3 - YAYIMA WASHINGTON
pemm— DESCRIPTION OF J:l,'ATl'.llML SAMPLE COMMENTS
},E’ET [ SURFACE ELEVATION 1073-_5 R Hﬂéofgl?iw NN Fo el )
4 CLAYEY SAND W/A LITTLE GRAVEL, HMIXED
1 some cobbles, brownish gray ALLUVIUM |
: - (SC)
1 {CT
) A
2 |CT
1 "2 7STLTY SAND W/GRAVEL, brownish COARSE
i | gray, wet (SM) ALLUVIUM |
- ~ 3 |CT
187 SAND W/SILT AND A LITTLE GRAVEL, [
| medium to fine grained, grayish i a |t
brown, waterbearing (SP-SM)
20
' End of Boring
1 Note: Monitoring well installed in
boring. See attached
) "Installation of Monitoring
| Well" sheet.
WATER LEVEL MEASUREMENTS STAAT 1'21"85 COMUPLETE __1_.__."?.?_:8_5._
) DATR Tiag uotu:TLEta %ﬁ?ﬁ ct:tvvzr-rl:‘ BAILED DEPIWS T:JEF wevwoo H0C 0-18! ]@_LQQ__.
1o CT (Cable Tool) 0-20'
221 3:30 SEE NOT 0
10 CREw CHUEF Mason -

pE-V-10(B4-B)-2

son s P T, TN N AR W RIS s en e s SEEEIL

o cnomti et GOHL E2XFLONIDUKIN 51 PAUL MN st —
COATEQr v




| Josno 120-129 5,5 VERTICAL SCALE 1 = 3" poRING NO _____©709
PROJECY IIGLR—OI L _-{‘_':i"::;‘fh{ K‘Ll‘l‘{\ a L."‘n'SH’] ri{}l(_‘],”_;;_;_‘.,:j;:.:—_,.:;:,:_.: ——
oEPI D“‘"””ﬂ%?%?g?“ML 0CACGIC “~§Aﬁ“E COMMENTS
FEET r‘suur.\cE ELEVATION — ORIGIN N WL |NO | TYPE
CLAYEY SAND W/A LITTLE GRAVEL, | MIXED
|dark brown (SC) ALLUVIUM
" 1 |CT
6 SILTY SAND W/A LITTLE GRAVEL, COARSE
|some cobbles, moist to wet, brownish | ALLUVIUM L
gray (sM/sC) |.
’ i
- E 2 |CT
14 KTLTY SAND W/GRAVEL, a few cobbles,
_prownish gray, wet (SM) N
] - 31 CT
. . - 41 CT || Slight gasoilne
odor
22
End of Boring
1Note: Monitoring well installed in
boring. See attached
A "Tnstallation of Monitoring MWell" sheet. . _
© WHTEN LEVEL MEASUREMENTS START 2-13-85 couomté,:l[}-_as_
DATE Trsg SDerin Berme ety BAILED DEPTHS Tevel  |METioo 60C 0-20" ]@—]—L-QD‘~
o CT (Cable Tool) 0-22'
Z-14 3:00 EE NOTH 1o
10 CHEW CHIEF MC‘ISOI’] &

e oty aiax SO 2XPLORSTIDM 51 PauL My st
IE-V-!‘“".)'. CONTETr R




* S

s ard 3

it "

© gt mad

TR e et ais,

- g

| e e o e i e,
v

e R _‘,'ff{,‘_{{é’i___,_h_ vearicascate_ L = 3" soamemno P82
. H“}J,E.CT.-::_--.‘ l [GLR D]L_.Ij — YAL 1‘ N!‘!C\HI F1DN— i — e
o DESC?‘OP‘;'SO?SO'F MATERIAL ccoroak Sw:iﬁ« COMMENTS
)ET rsunFALE ELEVATION " 7"~ P — ORIGIN N WL |NO 3
[ LEAN CLAY, dark brown (cL) FINE
ALLUVIUM |}
- 11CT
6 TCLAYEY SAND W/GRAVEL, grayish
b (sC) MIXED
J HTa ALLUVIUM F
!ﬁg 21CT
L)12 STLTY SAND W/GRAVEL, brownish COARSE
-/ |ogray, wet (SM) ALLUVIUM
3{er
17 TSAND W/SILT AND GRAVEL, medium
|grained, brownish gray, water- ’
bearing (SP-SM)
4 o 4 CT
21 -
End of Boring
Thote: Monitoring well installed in
] boring. See attached
"Installation of Monitoring
1 Well" sheet.
WATER LEVEL MEASUREMENTS stant_1-23-05 comereve 1-24-85
bare | e | SRENS | Gone | Beenn BAILED DEPTHS vevel Juemon  60C 0-20° I@___1:00
_ to CT (Cable Tool) 0-21°
T-24 | 3:00 SEE_NOTF o -
= o CREW CHIEF Mason
L oot v SO EXELOASYIONT 51 UL My S5
'E -Y= 15(.. B)-3 (CATHUTR

s A he e R ARTEMATi: BTU Ns e cimy Srieme dE

P

AT e s




0
by
L

)

BE-Y-18(04-B)-8

ONTeay wW

JOB NO ____ﬁ___]_:fp_il:’-.?é_@,__ ety VERTICAL SCALE _L'l_=_3 j_________ BORING NO _]_Q'_&[:J.__.
paosect_ TIGFR Ol $3 - YAKINA WASHINGTON .
1oern PELHPTIEN CF MATERIA, . ' lid COMMENTS
.. [ surrace ELEVATION 1076.3"' S N w o [Tvee )
| ctavey sanp w/GRAVEL, COBBLES FILL OR
J AND BOULDERS, brownish gray MIXED -
(may be fill) ' (SC) ALLUVIUM
] i 1 |cT
1 2
? [ SILTY GRAVEL, brownish gray, COARSE
| wet (GM) ALLUVIUM |
k 2 |CT
V4 TSAND W/STLT AND GRAVEL, brownish
| gray, waterbearing (SP-SM) i
] - 3 LET
18 L
SILTY SAND W/A LITTLE GRAVEL,
J brownish gray, wet (SH) - :
4 1cr
21
End of Boring
1 Note: Monitoring well installed in
boring. See attached
4 "Installation of Monitoring [
Well” sheet, i
WATER LEVEL LIEASUREMENTS stant__1-25-85_ couricre _1-28-85
oare | vwe | SRR | GOND | e | e | P2 Lueron BDC 0-20° fe3:00
o CT (Cable Tool) 0-21'
1-29 111:30 SEE_NOTE 1o
10 CRLw CHIEF Ma son
s cromt vt SSONL E2XELORSTON st mau s s !




JOBNO ___ 120-1295 VEATICALSCALE __ % = 2 BORINGNO __ 11702
Gomen | prosec _TIGER OIL  #3 - YAKIMA, WASHINGTON o
%ﬁ] CEPTH - Df.scm‘mlf)r_u of :.uTF.mAL ' — , | saueLe GERINENTS
S . [ SUnFACE ELEVATION LAY A — ORIGIN N | WL NO [TYPE
T%m) STLTY CLAY W/SAND, dark brown FINE
: ) ' (CL-ML) ALLUVIUM
! 1 |CT
| | |
b CLAYEY SAND W/GRAVEL, brownish MIXED
@ | gray (SC/sM) | ALLuvIuM |
ﬁ : i 2 |ICT ||Strong gasoline
odor
; 12
; SILTY SAND W/A LITTLE GRAVEL, COARSE
- ] brownish gray, wet (SM/SP) ALLUVIUM
. & 3 | CT|S1ight gasoline
% pdor
§ -
i .
18 TSAND W/SILT AND A LITILE GRAVEL, |
% | medium grained, brown, water- A
bearing (SP-SM)
L= Gl 'q CT
. 22 .
@ End of Boring
{Note: Monitoring well installed in
boring. See attached
% : "Installation of Monitoring We|l" sheet. [
YATER LEVEL MEASUREMENTS 5ua1’_i‘_2_9._'.&___coup|.n! -30-8h
%) DATE Tk “‘u“ﬁ‘f.‘f’ c;(spr;i'? C&vp[f:qn BAILED DEPTHS “‘L::E{‘ wetmoo 6DC 0-20" l@&_ﬁ .
: 10 CT (Cable Tool) 0-22'
“T-37 [11:00 SEE NOTE 10
m 1o CREw CHIEF Mason »

BE-V-1

et vat GOHL E2XPLORSTIONT 51 eaun s 804
p(s4-0)-23 CLNTewH W




P EBRBREREEFE

.

o S OB 8 E NS =

o 120-12955 VERTICAL SCALE 1" = S BORINGNO __ ‘'79Y
posect  TIGER OIL _#3 - YAKIMA, WASHINGTON = S —
oEpTH DESC”‘%%OE SATERIAL ——— ; e | COMMENTS
FEETY rsunrACE ELEVATION " - ORXUN N [WL [NO | TYPE o
LEAN CLAY, dark brown (CL) FINE
) ALLUVIUM |
11]CT
CLAYEY SAND W/GRAVEL, a few cobbles, | MIXED 2 | CT §Very slight
| brownish gray (sC) ALLUVIUM | gasoline odor
I
3| CT |[Very slight
) gasoline odor
-
V' \STCTY SAND W/GRAVEL, grayish COARSE
{brown, wet (SM) ALLUVIUM |
7 4 | CT
22
End of Boring
INote: Monitoring well installed in
boring. See attached I
i “Installation of Monitoring Welll" sheet.
WATER LEVEL MEASUREMENTS STARY 2-19-85 courrere _2-20-8
oare | tme | M0 | Sne | QN | macooees | YAt [uwovon 60C 0-20° e 1:00
o CT (Cable Tool) 0-22°
“Z2-20 [ 200 FE NOTE 1o -
lo CREw CHIEF Mason

BE-V-1

p(D4-8B)-3

—— ATA L s Mt VASAN TS ETEITTE U T B L TR S (0 oy T e P T T ey e -

r rE e

sty st SOL EXELORSTION  stopaul mn ssid
CONTY=Sr W




APPENDIX VI

‘;) MONITORING WELL CONSTRUCTION SHEETS
SOILeXPrLorRstioN
COMPINTY

TETE LT FESTIUOS T FPNTEDI IUTN 70w PV M TN T s L s gf tw g e e - e B g e
7 Z d P




—

] BARKER HEIGHT

4l

4 GROUND SURFACE £LevATIon 1080.5"  yop of RISER ELevaTion_1080.34"

(With Cap Removed)

A e

D

_0.16' 7

4‘;._._}_ ——

L1

Ty
S,

ey <
L ats7 ‘\H;-i\wﬂ:l‘.‘;?_\

e

(F¥—VvenTenp cap

MANHOLE : "
Diameter And Type 127 steel

"_\1 Depth o'
j- T PROTECTIVE CASING

1]
Diameter and Type 6" steel
| Total Length 2"

Y
1
THICKNESS AND TYPE OF SEAL 4' Grout

2" FT PVC

[

DIAMETER AND TYPE OF RISER PIPE

<}-———————— TYPE OF BACKFILL AROUND RISER Filter Gravel

Z +—— THICKNESS AND TYPE OF SEAL N
/ Y

L3

]
DEPTH TO TOP OF FILTER SAND 4
] 4————— TYPE OF FILTER AROUND SCREEN Filter Grout
7] '
. TYPE OF MONITORING WELL 2' FT _PVC
S SCREEN GAUGE OR SIZE oF openings 110 Stot
; (SLOT hO.)
; 2" X 15!
i DIAMETER AND LENGTH OF SCREEN
21..0"
DEPTH TO BOTTOM OF MONITORING WELL
; 21.0!'
: - DEPTH TO BOTTOM OF FILTER SAND
7
5 THICKKESS AND TYPE OF SEAL None
%,

3

[‘ 6 i

5.80'  Fr
15' FT
' )21' T
ALLATION COMPLETED:
Time

| DIAMETER OF BOREHOLE
MONITORING WELL WATER LEVEL MEASUREMENTS

DATE | TIME | WATER LEVEL (1)] OBSERVATICHS

11-20-84 B:00am | 13.0"

1-7-85 r0:18 17.60"

(1) DEPTH BELOW TOP OF RISER PIPE
SOILexXPLoration

e L e R T

v

- MONITORING WELLNO. . 1=85

COoOmMPany



== INSTALLATION OF MONITORING WELL-

* JOB NO. 120-12955 MONITORING WELL NO. 2-85 o
“)_] MARKER HETGHT &' GROUND SURFACE ELEVATION 105/ 9" 10P OF RISER ELEVATION 10_6_5____98‘_
: : (With Cap Removed)

MAN”OLE m
VENTED CAP Diameter And Type 12" steel

X 7 Depth hHu
g— PROTECTIVE CASING

6" steel

Diameter and Type 57
A Total Length
2.5' Grout

THICKNESS AND TYPE OF SEAL

. n
< DIAMETER AND TYPE OF RISER pIpE 2. 1 PVC

TYPE OF BACKFILL AROUND RISER [ ilter Gravel

i

+——— THICKNESS AND TYPE OF SEAL -

/
—

— DEPTH TO TOP OF FILTER SAND 2.5'
§ 7 {  |+—— TYPE OF FILTER AROUND SCREEN Filter Gravel
A n
" TYPE OF MONITORING WELL 2" FT PVC
' SCREEN GAUGE OR SIZE OF openngs 710 Slot
(SLOT HO.)
L3
] ]
DIAMETER AND LENGTH OF screey 2o X 15
‘ > i
: A DEPTH TO BOTTOM OF MONITORING WELL 1852
. , ’ I
7/ | DEPTH TO EOTTOM OF FILTER Sanp  20.0
///// <—— THICKNESS AND TYPE OF SEAL Nena
| 7
L= —0.52' FT P DIAMETER OF BOREHOLE 6"
Lo 3! T MONITORING WELL WATER LEVEL MEASUREMENTS
2 DATE | TIME | WATER LEVEL (1)] OBSLRVATICHS
) 15! FT 2-21-85  B:10am 5,79
]
L 20.0'
'NSTALII.ATIRQJ COMPLETED: (1) DEPTH BLLOW TOP OF RISER PIPE |

Date

Time ____ 2:00 pm SOIL EXPLORDINION

COMmeanNy




—— = INSTALLATION OF MONITORING WELL

120-12955

OB NO.

= - ]
{ ‘fﬂ MARKER HETGHT 4"

- !
MOM1OMNG“TLLNO_“M”M%?i_____hqum

Lz

Lg

NN

n

—VENTED CAP 2;¢¢V
]

N

" o MANHOLE

PROTECTIVE CASING

Diameter and Type

THICKHESS AND TYPE OF SEAL

) g R )
crouti SURFACE £LevaTion 1072.6"  yop o piser erevarion1072.18"

(With Cap Removed)
. I
Diameter And Type 153 steel
Depth
6" steel
Total Length 2
3' Grout
s" FT PVC

o

o 0.42' FT

3.70'

I

l._r
) ILEN.C

21’ T

"ALLATION COMPLETED:
. _1-10-85

Time

“——— THICKNESS AND TYPE OF SEAL

T 4————— TYPE OF FILTER AROUND SCREEN

< DIAMETER AND LENGTH OF SCREEN

DEPTH TO BOTTOM OF MONITORING WELL

r+— THICKNESS AND TYPE OF SEAL

DIAMETER AND TYPE OF RISER PIPE

TYPE OF BACKFILL AROUND RISER

DEPTH TO TOP OF FILTER SAND

TYPE OF MOMITORIHG WELL

SCREEN GAUGE OR SIZE OF OPENINGS
(SLOT hO.)

DEPTH TO DBOTTOM OF FILTER SAND

DIAMETER OF BORCHOLE

Filter Gravel

3'

Filter Gravel

2" FT PVC

#10 Slot

2" X

15*

19.12!

21.0

None

6l|

MONITORING WELL WATER LEVEL MEASUREMENTS

DATE TIME

WATER LEVEL (])]

OUSCRVATICHS

2-21-85 9:28am

7.69'

10 By exPLORSNOA

(1)oerimee

LOW TOP OF RISER PIPE

COmug Wy




-——————————— [NSTALLATION OF MONITORING WELL"

O
{08 NO, e 12012900 MONITORING WELL NO. 2799 |
j MARKER HETGHT a4 GROUND SURFACE ELEVATION ] 1075 7 ToP OF RISER ELEVATION.1075. 74'
{With Cap Removed)

,._
l

D1ameter And Type N/A

K Depth /A
;— PROTECTIVE CASING 6" steel

s {7
fég 2?4 Diameter and Type -
7 / Total Length 2
[0 N
THICKNESS AND TYPE OF SEAL 3' Grout

DIAMETER AND TYPE OF RISER p1pg & I T PVC

L2

A TYPE OF BACKFILL nRounp misen L ilter Gravel

-

+—— THICKRESS AND TYPE OF SEAL =

<
N\

s 1
4 — DEPTH TO TOP OF FILTER SAND 3
d [ { ]4—— TYPE OF FILTER AROUND SCREEM Filter Gravel
}———— TYPE OF MONKITORING WELL 2" FT _PVC
#10 Slot

-t SCREEN GAUGE OR SIZE OF OPENINGS
y (SLOT ND.)
L3

i DIAMETER AND LENGTH OF SCREEN 2" X 15!

19.94'

DEPTH TO BOTTOM OF MONITORING HWELL

]
DEPTH TO BOTTOM OF FILTER SARD 21.0

e

%/ THICKNESS AND TYPE OF SEAL -
ta———— THICKN 1

% /

%,

. T i

e D0y le— e DraucTeR O coRCHOLE 6
SUREMENTS
o 4,90 FT MONITORING WELL WATER LEVEL MEASUR -
DATE TIME | WATER LEVEL (1) OBGSLERVATICIS
)__15____ FT 2-20-85 [12:00 9,00°
2-21-85 112:00 9,00 |

T L o | I
STALLATION COMPLETED: (1) DERTH BELOW TOP OF RISER PIPE
e —1-14-80 Time 200 5o @xXPLORSION

COMPaNY




e % M Tl LA LNy e iviindltwoniiNg yitoLw 0 & =2 _—'_“"_‘—‘[
a5 E

120-12955 - )
jO5ND, . 120-12956 @ MONITORING WELL NO. _ 5-85
i | — I"“‘""" o s s ———————— ]
. MARKER HEIGHT —4' GROUND SURFACE ELEVATION.1069.7" 1o OF RISER ELEVATION 1069 38"
(With Cap Removed) -

N I %{/////’% TEYE

- %
(—VENTED CAP

——MANHOLE . n
// Diameter And Type 1% steel
% Depth 5

Y T
PROTECTIVE CASING "
5% éj Diameter and Type 6" steel

'/V///‘ % Total Length 2"
THICKNESS AND TYPE OF SEAL 1.0' Grout
2 ]
< DIAMETER AND TYPE OF RISER pipe & I 1 PVC
L2
~f—————— TYPE OF BACKFILL AROUND RISER Filter Gravel
3 ? %—‘r
) Lg é fe——— THICKNESS AND TYPE OF SEAL -
N
o
: é é——— ‘ DEPTH TO TOP OF FILTER SAND 1.0
: 4—— TYPE OF FILTER AROUND SCREEN Filter Gravel
b LI
- TYPE OF MONITORING WELL 2" FT PVC
~b SCREEN GAUGE OR SIZE OF openinGs ©10 Slot
] ; (SLOT no.)
.[ '3
4——————— DIAMETER AND LENGTH OF SCREEN 2" X 15°

DEPTH TO BOTTOM OF MOKITORING WELL 16.82"

‘ !
DEPTH TO BOTTOM OF FILTCR SAND 18.0

£ y

: / re—— THICKNESS AND TYPE OF SEAL lane

: % -
) |

0.32'
Ly o FT L—*l*——— DIAMCTER OF ROREHOLE 6"
MONITORING WELL WATER LEVEL MEASUREMENTS

DATE TIME | WATERLEVEL (1) OBSCRVATIQIIS

' )_1_.5.____.FT 2-20-85 110:18 am 5,11
a8 2-21-85 [ 9:49 | 5.10
L4' FT |
NSTALLATION COMPLETED: (1) DEPTH BELOW TOP OF KISCR PIPE _

Nate —____ Time

SOILeXrioRation

COiNeHNY

e PR o i




wNo, . 120-12955 MONITORING WELLNO. . 6-85

B ——— =

] wegrer HELGHT 4' " GROUKD SURFACE cLovation 10718 1op oF ristr ELevaTion! 020, 7?
) o . (With Cap Removed)
- ?’//,// ATy

B N l V<o MANKOLE
0 1 A . n
(p+—venteo e (P22 Dianeter And Type 1o Steel
‘\i S Depth 9
// ?;_ PROTECTIVE CASING 6" steel
»f f Diameter and Type 5
' / Total Length
7R/
THICKNESS AND TYPE OF SEAL 2' Grout
= ]
« DIAMETER AND TYPE OF RiSER pipg 2. I T PVC
Lz
‘ i Gra
~}—————— TYPE OF BACKFILL AROUND RISER Filter Gravel
7 %ﬁ"
) Lg % % le—— THICKNESS AND TYPE OF SEAL i
an 2
iy [L4— OCPTH TO TOP OF FILTER SAND
i v
4————— TYPE OF FILTER AROUND SCREEN Filter Gravel
« TYPE OF MONITORING WELL 2" FT_PVC
- SCREEN GAUGE OR SIZE OF opEnngs 110 _STot
(SLOT KO.)
L3
1]
e DIAMETER AWD LENGTH OF screen oo X 15!
GEPTH T0 BOTTOM OF MonITORING weLL 1928
5 21.0"
- DEPTH TO BOTTOM OF FILTER SAND
7, - THICKNESS AND TYPE OF SEAL -
7
528 6"
FT fe ol DIAMETCR OF BOREMOLE
4! MONITORING WELL WATER LEVEL MEASUREMENTS
DATE | TIME | WATER LEVEL (1) OCSCRVATICHS
} T 2-20-85 N10:42am| 77
2-21-85 10:07 | 7:17"
12' '
*LM'Q | COMPLETED: (1) DEPTH BELOW TOP OF RISER PIPE
- 18- ) 1:00. .
Time SN exPLoRation

COMmPOHNY




OBNQ.

o TYRER HEIGHT 4

———— Py
s v : }_ ////m e
2N ) I e
i, B oo oy X 4yt~ MANHOL E "
f Wa"‘ﬂVE“TED CA Diameter And Type %% steel
‘ N\ v Depth .
i //Q—T N\_ pROTECTIVE CASING 6" steel
fﬁ Diameter and Type s
7 Total Length 2
é 7
THICKNESS AND TYPE OF SEAL 2' Grout
J—’ DIAMETER AND TYPE OF RISER PIPE 2" FT PVC
L2
o TYPE OF BACKFILL AROURD RISER Filter Gravel
Vi
) Lg / %/}: THICKHESS AND TYPE OF SEAL -
7 ,
é / OEPTH TO TOP OF FILTER SAND 2
T TYPE OF FILTER AROURD SCREEN Filter Gravel
- n
41: TYPE OF MONITORING WELL 2" FT PVC
. 5. SCREEN GAUGE OR SIZE OF OPEKINGS #10 Slot
) (SLOT NO0.)
3
|1} i
1 e o1aueTeR Ao LENGTH OF SCREEN 2" X 15
:.; ;.‘ ]
—L———Jé« DEPTH TO BOTTOM OF MONITORING WELL 19.25".
] ’ 20.0!
a—T——F DEPTH TO BOTTUM OF FILTER SAND
THICKNESS AND TYPL OF SEAL s
0.35' tL 6"
Ly= FT el DIAMETER OF BORCHOLE T
- 3.90'" 1 TONITORING WELL WATCR LEVEL MEASUREMENTS
2 DATE | TIME | WATERLEVEL (1)] OBSCRVATICHS
]
g B L 2.20-85_ [11:17am 7.1 \
s0¢ 7-21-85__110:22 | 7.15° |
ENSTA‘*"'?AZT'QE COMPLETED:  4.50 (1) DEPTH LELOW TOP OF RISER PIPE
Te 1-22-85 e 3220 PEOIL@XPLORSUTT .

FINALY B AV ey v

120-12955

e

MONITORING WELL NO.
GROUND SURFACE rLevaTion 107250 TOP OF RISER coevation 107215
(With Cap Reroved)

7-85

CoOmeany




LNty

120-12995 -

JOBNO.

—“)MARKER WETGHT &'

Ll iy v R e R D

MONITORING WELL NO. ——

GROUND SURFACE ELevaTion. 10756.8"

= =

“—MANHOLE

Diameter And Type'

2

s
“‘—“\kil_ 7 Depth
g— PROTECTIVE CASING

Diameter and Type
Total Length

THICKNESS AND TYPE OF SEAL

La

TR

-/
-

L1‘F E _______
G
T WAV
_—%Eé %2
/
7%,
L2

DIAMETER ARD TYPE OF RISER PIPE

-s}——————— TYPE OF BACKFILL ARQUND RISER

~——— THICKNESS AND TYPE OF SEAL

DEPTH TO TOP OF FILTER SAND

T 1%————— TYPE OF FILTER AROUKD SCREEN

TYPE OF MONITORING WELL

L3

SCREEN GAUGE OR SIZE OF OPENINGS
(SLOT HO.)

[———— DIAMETER AND LENGTH OF SCREEN

DEPTH TO BOTTOM OF MONITORING WELL

[ DEPTH TO BOTTOM OF FILTER SAND

+——— THICKNESS AND TYPE OF SEAL

. 0.14
]
_4.90
2" FT
15.0
5 FT
22.0
4" Fr
STALLATION COMPLETED:
e 2/24/85  Time 3:00 P

- DIAMCTER OF ROREHOLE

8-85

TOP OF RISER ELEVATION_1075.00".
{With Cap Removed)

N/A

N/A

6" steel

21

3' grout

2" FT_PVC

Filter gravel

None

3I

Filter gravel

2" FT _PVC

#10 slot

2" x 15'

20.04"

22,0’

None

6ll

MONITORING WELL WATER LEVEL MEASUREMENTS

DATE TIME

WATER LEVEL (1)

OBSLRVATICHS

2-20-85

11:53

9.51

2-21-85

10:40

9,51

SOILEeXrLoRation

(1) DEPTH BELOW TOP OF RISER PIPE

CeAMPIY




1

S INSTALLATION OF MONITORING WELL — -
2 . L q.R0
JOB NO. 120-12955 MONITORING WELL NO. 985 o
3 ] MARKER HEIGHT 4 GROUKD SURFACE ELfvnTrnn,_lﬁfr 8' _ToP OF RISER EL[vnTiou.jU324m“4B'
B (With Cap Removed)
[T Sy
- /ﬂ/”f’ AR
" - | ’/;/;// Z MANHOLE h
! (Fpe{venmeo cae |7 Disneter And Type LA
; Depth N/A
_—Eéﬁ ;21 PROTECTIVE CASING 6" steel
7 ? Diameter and Type :
/ﬁ? jf I Tatal Length 2
A VA .
THICKNESS AND TYPE OF SEAL N/A
DIAMETER AND TYPE OF RISER plpe 2. F 1 PVC
L2
«————— TYPE OF BACKFILL AROUND Riser  Filter Gravel
) Lg é Z +——— THICKNESS AND TYPE OF SEAL N
a .
A4 1eq DEPTH TO TOP OF FILTER SAND
| ] | 4—————— TYPE OF FILTER AROUND SCREEN Filter Gravel
; TYPE OF MONITORING WELL 2" FT_PVC
| =-f5p———— screen GaUSE OR S1ZE OF openings 10 _Slot
(SLOT HO.)
L3
e~ DIAMETER AND LENGTH OF SCreen 2. X 15'
DEPTH TO BOTTOM OF MCHITORING weLy 1982
DEPTH TO BOTTOM OF FILTER Shnp  21.0"
i f<——— THICKACSS AND TYPE OF SEAL ~
1
! 0.32' =
: Ly= FT |l DimMCTER OF DORENOLE 6"
L= 8.50' oo MONITORING WELL WATER LEVEL MEASUREMENTS
2 DATE | TIME | WATER LLVEL (1)] OGSERVATICIS
1
N JERLIN. 2-20-85_[1:38pm|__ 9.54"
2-21-85 9,54

|L4= 21' v

VINSTALLATION COMPLETED:

LB.‘M wed il i Time

— 300 pisoy @exXerop=ton

11 25and
| |

(1) DEPTH BELOW TUP OF RISER FIPE

COITY Oy



——————————— INSTALLATION OF MONITORING WELL

J qr - - .
josno,  120-12956° MONITORING WELLNO, . 10-85
- jnm:w WEIGHT —_4' GROUKD SURFACE ELEVATION.1076.3"  yop oF RISER FLEVATION.INZA.03"
— (With Cap Removed)
g =
L1
------- . "
‘ (Fp+—venteo cap Diameter And Type oS tee]
4—\( Depth 5"
SUNN M 0 .
% %J' T ~ PROTECTIVE CASING 6"stee]
117/ /1 Diameter and Type :
f / Total Length 2
A
THICKNESS AND TYPE OF SEAL 3' Grout
1]
DIAMETER AND TYPE OF RIser prpe & 11 PYC
L2
<t————— TYPE OF BACKFILL AROUND RISer ' ilter Gravel

é +—— THICKNESS AND TYPE OF SEAL -

</
NN

i i
DEPTH TO TOP OF FILTER SAND 3
/ R :
] { |- TYPE oF FILTER AROUND scReen  Filter Gravel
: E [0
TYPE OF MONITORING WELL 2" FT_Pve
SCREEN GAUGE OR SIZE OF opentgs 10 S10%
(SLOT NO.)
L3
i 2“ X 15l
[4—————— DIAMETER AND LENGTH OF SCREEN
: DEPTH.TO BOTTOM OF MONITORING HELL19'27
G wo 21.0"
7/ = DEPTH TO BOTTOM OF FILTER SAND
/ +—— THICKNESS AND TYPE OF SEAL -
0.27' l //l : 6"
i = = DIAMETER OF BOREHOLE
4! T MONITORING WELL WATER LEVEL MEASUREMENTS

DATE TIME | WATERLEVEL (1)] OLCSLRVATICIS

__ALFT 2-20-85 P:12 pm 9.38'

N 2-21-85 112:45 | 9.8
FT | '

L MP . 1) DEPTH BLLOW TOP OF RISER PIPE
HIRIPILETED: 4y 5p , (
ime - SsOolLexPrLanastiorny o -

COiMeTwW




o 120-1295¢
JOB NO,

INSTALLATION OF MONITORING WELL ~————
955

MONITORING WELL NO. =792 S —

= 1
3 MARKER HEIGHT ..h_ﬂ,ﬁ‘
-

GROUND SURFACE ELEVATIONJO77.7"  top oF miser ELEVATIONL077.21"
(With Cap Removed)

o/
NN

-MANHOLE
—VENTED CAP Diameter And Type -—N/A

7
"‘\: . Depth _ N/A .
] PROTECTIVE CASING

1
3 Diameter and Type 6, steel
g Total Length 4
' THICKNESS AND TYPE OF SeaL 3' grout
. o0 -
-——lH DIAMETER AND TYPE OF RISER PIPE ¢ FT PVC

“[T————— TYPE OF BACKFILL AROUND R]SER Filter gravel

Y

é “——— THICKNESS ANG TYPE OF SEAL None
/ ;

. ]
DEPTH TO TOP OF FILTER SAND 3

"'%F_‘ TYPE OF FILTER AROUND SCREEN

Filter gravel
"
*[————— TYPE OF MONITORING WELL 2" FT pvC
: SCREEN GAUSE OR SIZE OF openings 710 slot
(SLOT NO.)
7 DIAMETER AND LENGTH OF SCREEN 2" x 15!
DEPTH TO BOTTOM OF MONITORING WeLL __20.49"
]
T‘ DEPTH TO BOTTOM OF FILTLR SAND 22.0
' i
‘—\Tmcxrf[ss AND TYPE OF SEAL _.MNone

=
0.49 FT

"
DIAMETER OF BOREHOLE 46

5.0 FT

5.0 b
2.0

.LLATION COMPLETED:

1=31-83 Time _10:00 am _ sonexrPionatior N

— .

MONITORING WELL WATER LEVEL MEASUREMENTS
DATE TIME | WATER LEVEL (1)] OBSERVATICIS
2-20-85 B:12pm | 10.48
2-21-85 B:00pm | 10.48
[ | [ .

(1) DEPTH BELOW TOP OF RISER PipE

COmmony?



e ~INSTALLATION OF MONITORING WELL —————————————

il

5

0B NO, 12012955 MONITORINGWELL NO, __12-85
ﬁ)j MARKER HEIGHT ' GROUND SURFACE ELEVATION1078.6'  vop oF RISER eLevation 078.24"
s ; (With Cap Remoaved)

ZMANHOL E 12"steel
—VENTED CAP ; Diameter And Type py;
Depth 9
PROTECTIVE CASING 6" steel
Diameter and Type :
Total Length 2
. 1
THICKNESS AND TYPE OF SEAL 3' Grout

DIAMETER AND TYPE OF RISER pIpe 2" FT PVC

L2

11 vy |
) /%

<f————— TYPE OF BACKFILL AROUND RISER Filter Gravel

I

T

[*—— THICKKESS AND TYPE OF SEAL

; ]
—1 DEPTH TO TOP OF FILTER SAND 3
] “{ 19— TYPE OF FILTER ARQUND SCREEN Filter Gravel
-~ n
. TYPE OF MONITORING WELL 2" FT _PVC
= SCREEN GAUGE OR SIZE OF opEnings 110 _s1ot
(SLOT NOD.)
L3

n ]
e————— DIAMETER AND LENGTH OF SCREEN 2" X 15

!
PEPTH TO BOTTOM OF MORITORING WELL 21.36

DCPTH TO BOTTOM OF FILTER SAnD 22,0’

2
/ r«——— THICKNESS AND TYPE OF SEAL

T L = i
L= —0:36" ¥y S DIAMETER OF BORCHOLE o

L= 6 - MONITORING WELL WATER LEVEL MEASUREMENTS
2 DATE | TIME | WATER LEVEL (1)] OBSLRVATICHS
Xe 18 2-20-85 | 3:12 10.48"
291 -12-85 3:.00 10,48

L= —221 T
|‘\‘STALLA 10N COMPLETED: ( 1) DEPTH BELOW TOP OF RISER PIRE

(-26;%5 T 2:00 pm e - ;
Date ——~——— _Twme ____° — " SOILEXPrLoration

COMPa W




ELEVATION (FT)

1075.

1070.

1060.

1055,

1450.

CROSS SECTION LOCATIONS SHOWN ON FIGURE #2

BORING
"12-85

CL

—

FINE ALLUVIUM

HIXED fiLLUVIUN

v

/

St

A +«— A’

(&

v

1065. 1070. 107é.
ELEVATION (FT)

-
1080.

105S.

1050.

NOTE: EXCEPT AT BORING LOCATIONS THE GROUND
SURFACE, WATER LEVEL. RND BOUNDARIES
BETHEEN SOIL LAYERS ARE INFERRED.

FIGURE #3

SOIL PROFILE

GASOLINE SPILL INVESTIGRTION
YAKIMA, HASHINGTON
H.0. 120-12955

SOIL EXPLORATION COMPANY

SCALE:  VERT: 1 IN = 5. FT
HORZ: 1 IN = 200, FT

BORING . |
11-85 BORING
4 -85
oL
i cL
. G
. :
3
—_— . A
COWRSE ALLUVIUM
S
sp
e
5p
M
SOYL Ex;’LDQBtIDn

comeEany
'




(FT)J

ELEVRTION

1075,

107C.

1080.

1055.

1050.

ics0.
!

108?.

BORING

CROSS SECTION LOCATIONS SHOWN ON FIGURE #2

1085. 1070. 1075.

ELEVATION (FT)

1080.

1050.

NOTE: EXCEPT AT BORING LOCATIONS THE GROUND
SURFACE. WATER LEVEL, AND BOUNDARIES
BETHEEN SOIL LAYERS ARE INFERRED.

FIGURE #4

SOIL PROFILE

GASOLINE SPILL INVESTIGATION
YAKIMA, WASHINGTON
H.0. 120-12955

SOIL EXPLORATION COMPANY

SCALE: VERT: 1 IN = 5. FT
HORZ: 1 IN = 200. FT

BORING
T
BORING - BORING
. MIXED ALLUVIUN . - 7-85 3-85
# - FINE ALLUVILM -
cL
.
Git T T\ >
CORRSE ALLUYIUM
sp sc
3 .
SH -
s sh
sp
Sp SM
SH
SOIL®) pRation

comeany




.
%j oy
=

BORING
1-85

N

COARSE ALLUYIUN

SP

C ¢——> C'

CROSS SECTION LOGAIIONS SHOWN ON FIGURE #2 -
BORING 8
11-85 S
S BORTIHG
—— 985
ol ) . ) . ) . BORING ¢ 0
N S
FINE ALLUVIUN 3-85 BORING h
\\_,_._ , BORING ) Lg
sc : &
SH \ cL | FINE RLLUVIUM L -85
— sc| \ I
HIXED ALLUVIUH —~ —— ——— . | : —
. . . 3 H T —— —— — 1 L
\‘\ e CL e
—_— -l -
- —— z
N g - — _w| | =
se | ' _ _ . rm(E.u ﬂLLuvx_un » C}_L
SC @ LJ_JI
TH|
i :
5
1l ® . . o _g
SM y
COARSE ALLUYIUM
sC
. 8
FIGURE #5
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& 1ravel al 10-12 " May be coarser
lo e
<S 12‘16' ﬁ—rtyg/lfana/ Some srh‘,brown '
3 Hid in ouH;n-’s beliooen j2-/4' Sano’ﬂna’?ra:/f/ 12-1%
19l Héur g S
A /b-i8' Sand a i’jmve/’_.s‘ome s, /1. Mon=
| Rl San anin previovs (r2-1€")
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| nl FlEwd L5
Location Date .2~ 2-&& Local well number
County Map Scale Lat. Long.
District Project number ARtitude
| Dritter Helper Geologist _—~ E 2 LT
Lithologic Symbols Abbreviations ‘E%r—l—'
| | | [ ] clay ¢ cobbles cob sendy sdy Twep, |—b-]-4-
siit st boulders b fine f N
[ | 1| "] send s clayey cly medium m R __,!_“_,:________
gravel g  silty sty coarss co : 1
- ToP of b . -
el o |8 :53 _ 5 E‘;% Lithologic description Summary log
3 Elg 8 T |0
|§§ Bl6 |6
o el le|l@-6' Silf with seme sand ‘S'/{ISFHJY 0-&
26 —
o -8 " éravel ] sime sand siiFand T
cob 5 leg travel (abé}/ Sa'uq')r 612
0 ¢-1p! _Cobble _ rave/ Some sancz o e o
10-12  Cobbly 7mvfc/ with sand wmds: .
72 -1 Gravel, sand some s 1/t 5,ma’,wJ7mue/, s:/// 12-2:
i /4-16 _San and grave ! some. Sr//
el | | B ]| PR STE S  mTer =
16 ~15" Sand slme:fmre/anc/s:/;/
/8-20" Afawc/a"anc/ some s1/7
- ‘ 20-297 Sand Samejfﬁve/ and's: 77T | Sand Sy grovelly 203
less ‘sand hen j6-18"
N 24-26 _Squ serne small rczw_g/m_qc{:‘u/v‘
25] 2 | PR R R R S PI e S e T
N 26 -30 ()Jﬂd ,Some mve/q s/t (olor
5 Chmzne S‘: *chang fronm brown
J
P 3 30-36 7 _G’f_d"f’/ d”ld-qu?_f 5/_57(—5‘:3;?-18- - Gravel arad 30;:a".517"}' 20-Z-
‘E,i s/t (maybe clay) '
i U | (36 w7 S el black some sand) Gray | S
3 ‘5:-"1‘. G'rave/,cr’{rq;ﬁ My Ze-4
N
Y
i e e o g e .
t:‘ 4o -42° Sﬂr‘lc}'—q;‘d-’(ffl vel (sv/s0) black Sopie | Sind ava grave s ///. 4p oo
: ray s
H2 - 44’ Safd /éJQ'CE Some h:\uc/ C]ra)/ S’anc/,qm.,a//;f 42'4“1
44.015 M 1 ‘ 1
's ] s i g e e s T e e e et oo £ émva/ sf/f/ mna'/ .57
3 [44-50 6rawe/ NQCE Some black sand cof
2 K nd silt. Some larqer
4?05;’ | ’nq/r; [ alss.
i B P B |
. : 50 ~52 :mvef,bmcr ysomie black send, 4ray
: 3 52- 56 Ccmc/ b!dck Some 6"’41/6/ si 1+ Sj""{Jﬂn”'(“/c’//)//("H/’ SeL-5¢
-5 EERE L] = g s e oy e o g e ]
. N R = 5“6 5% Sa c/—bicuk rove] (larqe broken = .
5%.0tf—= “miederial) a? bit of S'r7 sand “(_?‘r?:,‘gggvd;ﬁ”r Sb- 5
)




Lecation Date Local well number
County Map Scale Lat. Long.
N District Project number . Altitude
Driller Helper Geologist _/<en C. La %(
Lithologic Symbols Abbreviations —’ﬁ -
I__J [_] E__J clsy ¢ cobbles cob sandy  sdy Tosp. b—b-d-d-
sit st boulders b fine' # ' | {Sec.
| | | | | | snd s clayey  cy medium m __________'r_____
gravel g iy sty coarse  CO 3
e = N
. - . .
E ° -E %8 _ 3 Lithologic description Summary log
3 K5~ .Sﬁ
0-1" Blacktop and £ 1l i I PTACETINLY & 1 L 0-1
7-2" Q'H_r f;‘r‘l)”’)' fine .fo coarse SGHJ) C/lr& br_ Ba';(:;,’;‘[;‘uc EEiels ‘,’H'T‘/,r {4
, owet . A
5 '_2:_4__ _Sa_ﬂ"-'_e 4% d_éaie L o e e, ST — Cond 0-4'{1/5?“'*"{’-’.’4&}“/}’, 7 g g
Y-b Yedivm To coarse Sand anc(;mve-/(/:rﬂr- sily cliyey .
ments 1o )¢ ¥) qray, Dn// Souonds asif /
. in cobble"gravel, J-frﬂnf drese [ odor.
10 68" 5?.'015 as above. Sopme silferclag |
rock pou}c{;r- bfm.uu!f From hole )
e-10' S'wgrava.._sla ove | Color chenqging o
5 10-12" rae bj;”t‘;a »i';?"ﬁ!ncfl;ca, gra V'C//'ﬁ:lf;,“d,ﬂ!'
l ————————— - - o = mm e —

18.3
BH.

te K r(/r-ﬂ‘ Brows |

A, grayisk brodn g

e e e

aboutts f?’ee/,- ’

16 -18" Swme as afaue

e - - = e e e e e e e e e e e e o . e e ey

S‘ € a) @ 00,2 . J /
4 =14 ’ 52’";]’7{ F;”“ o coarse Sand Ga @;Z,}yg ,’é ]
vra g
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Lecation Date Locs! wetl number
County Map Scale Lst, Long
Dilstrict Project number Ahitude
Driller Helper Geologist Ren € Lane
Lithologic Symbols Abbreviations R_g_r_'_. =
L1 1 ] | | csv e cobbles cob sendy  sdy Tl Lt ofodm
silt st boulders b fine’ f : I {Sec.
| | | B | | sand s clayey ~ cly medium m . _____1'__-___
gravel g slhy sty cosrse €O , ‘¢ |
I By
21, . . :
5] 2 |¢ is _ & Uthologucdgscriptpon Summary log
Jlals” |15
.75 L iack‘ha and Fifl . I'.. Asphall and {1/
2.0+ —t I-Z' '”7 z LJ 'Flﬂl S"‘J 1s 7“”"’/(5'/4) "\fa?rgfr:( l‘f/ﬂ)";},ﬂ”y /- ‘/
b i1 8 rq)/ '
[7 5% 0 TS ) S Q""‘ Same as ab 7 . T 7 ?
—/ = - = = -, - - = — - - Ad a i -
5 4-?r Hd-6 ' Medium Fo Coarre san anr{ qrave il 4 G (cooty /
e Yo " ((ob&/r Fragments y» So me 5/
7.6 = , qnd clay (blows a.wzym wen
o —1 é‘g &Mﬂe as géove e e e e e
Z|sY g -0 fg;tmc as azb:ve y
—{oY 70 =12’ a.s v e ha
S R R ot Ty b
15 ZON- 5 T GIRY o e .
= 12 ~T%7 5.0ty fine -Fcaarre sand and v~
| BT e i i
[P 2 1ele ue r
il 14167 _Sume A athye: ot el |
[6-1% Same as above.
W L
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Location Date Local well number
County Map Scale Lat. Long.
District ject number Ahtltude
Driller Helper Geologist KON Lane
Lithologic Symbols Abbrevlstions i
| | | [ ] oy © cobbles cob sendy sdy Twep. —4+--4-
silt st boulders b  fine f ! 1 {Sec.
[ ] | ] [T | send s clayey ' cy medium m — vy
T
pgrevel g sihy - sty coars  CO \ 3
- —ld
.l . % ol 8 Lithologic description © Summary log
Sls-|5E
Tg’;‘},f'/wo"z 0-1' Black dop and parking lot £l ' seklopcdif! - 0-J
201 1=2' <. H,Y ld“‘/‘:j -F‘ne ga,\A,qrave' 'h,){*: \Bﬁ.ﬂ(f,«ﬁml’)él“)-rcfn)rf_]' r-£
n
5 4251 _2_' &' _S_ame as above S
56, Iu [ 6'r-we _&m&/,‘quments o Ya'"and ~ Geave |, 34nd 5-T6 |
7.-8 oavse ﬁo-n !
-¢! Same as above
10 3 -1p" Same. _
=12 %myc.lff- J:f_")cirdy\s‘h /T4 15 fine
and medivm San mylst\ yown
1o - 12-H Same as a.‘bouc bui soturated
I5 ' ~ ~ateb boutl l
vl Ef |16 srovel (¢ 4" QMYl‘ihar\c’ siH Witk
el (USRI ne 'fo coavee 'sand, brown, Sal- | Saund,siliy ) qravelly b8
BH | 16 jif'_ _f. 4_3ng fl_ﬂ_t__“’(_gfcoa_r‘%ﬁ Sﬁr\d clarL
ro ravel(e ¥ 2\ bmuumsl‘,
<o: waiﬂé, ) 4T
L - = - o e e e e e e e B
ity
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Location Date Local well numbear
County Mep Scake Lat. Long.
_ District Pro_}-ct nurmber Ahtitude
| Driller Helper Geologist __Kon _Lane
Lithologic Symbols . Abbravistions . gle
| | L | | | clay ¢ cobbles ecob sendy sdy Twep. |—4-J-d- |
slit st boulders b fine’ f ' I {Sec. |
[ | { 1] | send s clayey  cy medium m N L .
gravel g ity sty coare  co T
[
5] o é%s_ I Lithologic description ' * Summary log
ﬁ A 5 Eﬁ
Topof | O05 [ o-1"' E‘mk-f of parkin {or-ra d-F-II Rl S Y. S Y S J--' :
e 2.0—«{\956 [=2' S "y :Ir;. e/}-,ﬂne’ " dark brown Sand ;fire (rH/m "(cfnﬂ/ .‘_
g:ﬂ 24" @ eabu _fﬁmfmeu s s Js_ Cobble Qm vel . ; 4
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5 S8t 4-6" Cobble mud_-ﬁi ments 15 2 Telean.” ' ri=enay /7 l
4y 4 9 9 l
7-57-7'-“2":76*8’ tfopper as a.bOUe '..z kb gjnd-"i.r,r{d'ri‘-’(: 7 12
p== . r ] [ '
o o = §310_,_€°%er£€fga"a coa ef%ﬁa/‘jmy s -miﬂ_
x =] 3 men?..‘" Icqﬂ-{ dul
E &10-12"  Same stcz.bo e ,bﬂ‘ wc'f iukq.—a
Mo Te - ST And Soan s B rave flek
,T 1B = i ' i M Sa'era. e HV romr‘Lo O&:F j
ol NATF [14- 16! Sqme as above L
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Lecation Date Local well number
County Mep Scake Lat. Long.
District Project number Ahtitude
| Driller Helper Geologist _DS. Peterson
Lithologic Symbols Abbrevistions ' :
| | [ ] [ | clay c cobbles cob ssndy sdy Tvap. -4 -
silt st boulders b fine f ! |__{Sec.
L] [ | | snd s clayey * cdy medium m T I
gravel g silty sty coarse co : ]
= —
2.2 h i
6l o ? i g |- g Lithologic description Summary log
s [ER
. &sfﬁalrsurfwcr Aiphal? Sviface
Sou /,) r./drl/ ‘Sor,//;r/?/y 6/4/57' e-7 '
g (=87 Siit and gvavel Ffine, dark. ~ ~ ~ )
i Gra va/coarse) )‘atmc{eJ 64!5715 fo IS rnm . Fravel =5
lo' Sand mediow 75’ Coarse, claye br-oam- s ol el il
/0 7 ‘-‘—w’# 7fave/¥l"e’bn&- J-}’) o fof/) 4)’f/}/ {/’
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14— 416" S [ _¢&ow%w.1.‘§"‘ fftac{i,?ne. LZI i
! w a
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- jrecn 75 bac /
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23/ .
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)
7t Y
7 — e P e S P P
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B-S5- Fiery Log

Lecation Dete __ 101 %l Local well numbar
County _ Map Scale Lat. Long.
District Project number Altitude
\Driller Hoatper Geologist __K0n Lane
Lithologic Symbols Abbroviations . .
[ | 1 | | | clay e cobbles cob sendy sdy ' Tvap, L-b_J].1_
siit st boulders b  fine  f ] ! ySec.
[ 1 | B | ®nd s clayey  dy medium m — U L .
gravel g silty sty coarss CO . T
= =k
N §'§s g Lithologic description * Summary log
ﬁ Blé ~ Ej
Tb%;: /‘;—la g(&n o-z"' C!d/c)r sn[{ dark brocom . ' J:I#cfa/e/ o-=
Tl -4 crays. somo aravel (&% ") derk brows: TZ:257 =
IS A0 4-6' _ C=cbles 'nd conrse graye (Cobbles Srave <ol 7 j‘i
L.b-—tn-?u Al &) fradmiendts /;’_"" Some R T
;_r; T S:.‘f:cﬂs codrse san qmy Sana/dar(/?rnvr/ 617
0 10 ng';tgf_ _ [ine ?MJ fa cf_mvc[(-:[f ))_jm_g)_q
— | <
(3.5 =10 -12 F-ﬂe :drfd s f:—aue/ some
T = ﬁr-a,menfs >’ qmy:sh brawt;)
s £ L o o o e e o
2Ry :lZJ ‘lllé’ E::’:a?}i{ ‘ O)I;_e 'ravc/ ra isﬂ
Ié}-oéa’}s = f‘i‘ownd go -?ru, Min ts m?re ,scq Tan e JoCpanG KTy 177
_______ n Qqogve . o e A

f6~(&' =Same asg ngJe_bu'FMtarc
ntwsfo_flus broc(ra me To coars e
|74+ and be
Fo BH Z-ne_to coarse sa %O_m}f'fe_ .
T Fravel;saturat ec?A

e e e e e e me e S e e we e e e Eme e o s
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Lecstion Date Local well number
County Mep Scale Lat. Long.
~ District Projoct number ARltude
‘) Driller Helper Geologist __Kbn lane
' Lithologic Symbols ‘ Abbreviations ™
[ | | | clay © cobbles cob sendy sdy Teap. —L--l-q
slit st boulders b fine o L
l | [ ] | | sd s clayey © cly medium m S—— .._'-.-.'r. —
gravel ¢ silty sty coarm co | 1
= =
2 i
e i réi 2 =§ Lithologic description Summary log
1814 145~ |5
TC 5 | O -] Blackiop and parking J6F #l'. Y _Elac Loy and £7/7 o~/
_ ceml -4 S, Hy c/': /m,: fbfZerm sand and qrave/ \:/: ;f’// sswady gravelly f
2i0 |3 7 7 75t iy psnndy goamly
2 Ry o CTo K ) cark ray .
SERB 14-6" Fine sandan -?ra el (fo 4 "), dark gray. — ~
£ K I (.;/_ — ’? - _./... i e s 3./.-. i JendatlJ?rRVC/ 4-4
N -%' Gravel (retorns = fragments £ )5 *) gra ' .
di ) z% . Prell Siondi af oF :f" Cobble ho/Cj- / G-rm/c/‘.rabé/))ﬁrrcpf 6 -84
o | |8~ Same as d,éa:fe but finer ! Hediom sand
— |7 T T B eagmends” T 07 T T T s s =
—{ S |lo-12’ Same q.:":hw‘
V|12 -’ Same as aboye
1] — i‘z‘:/&"fj %"m‘u lor, but fine 1n_fine 1o coarse .
sl -1l Sand mn?g.falvm'fef. rk brown
Fie 2.7 l, U"“””ﬂ/‘",nﬂ Man]es, Mo odor .
,&,14 _____ 16-R"  Same as dbove . ~
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Location Date Local well numbar
County Map Scale Lat. Long.
District Project number Ahitude
Oriller Helper Gacloghy _ ew Lang
Lithologic Symbols Abbreviations I J—

L |

I

| L

| clay € cobbles cob sandy edy

silt st boulders b fine' f

Twsp. r..t_".l._

| ¥

[ 1 [ 1 [ | sand s clayey  cy medium m R _;____;._N
gravel ¢ sily sty coarm co J |
o
ol Lithologic description Summary log
il -
O
F"‘"V’— 0-2 ' Sand,clayey Silt chrk brown 1 Send,silijclagey o-3°
\
-4 Ql-{)y,ifme 1‘; coarse, sand | Fragments Yo X4 57 —
& ¢ -¢_ ﬁ:ﬂr':_; fj”m;,;fg’,ﬁ'_%‘_?z& most < 3%, Same | Gravel.cobbly E
> - ! ﬂud’w% 1';: oArse 24n me mckdas7? i
: qray - O / sound as ¥ 1n cobbl qrave(
6-8' Same as above : - =
Y §.0' £-107 _ _g./lt,,_ﬁ,le -!_‘og_mr_so__a,_,cj s -7""‘-/'?”’_"’1' Sand anJ7raM’f’ F— 26
" /0.0 wr| T B S‘-fran? qas or diesal odor. 728 a7t -
m , ‘(D'-
_ 10-12 ;Igmﬁ:ie 7 ;’:::se .Sanc{) some fheqdre/s )
2 1 [CEil _ f n 13 . 71-’- !
\ dz2-14° Sil{y_c z:;e__;m_;{ +o_graref fregmenisloZ
L 5.5 __N,ﬂi! Ir‘/(fim .Gas odojdechcnz-m? » +
] q-16" Silty fine sand 1o fine gravel(< ﬁ’v’&ré
b Bl |o 87 sDonl as above_praved b 161 shok _ _
k| ¥ 1&-20" S {r;%ne 4o CoarseSInJ) eru/(Frdfmaf, .
K ’ to K4!) dark brown.
3‘ 20-22 Q|4 fine s coarse Sa.ua’d-n‘«{?.rdv!/
25 9 % - - - "(4;4873 Fo &"")“d?,-k Fromn— 132 ador -
‘ﬁ) < |2zz-2¢4' Sanre as fbavc more $4nc/, fess 7'1!!/6/
) , and s /4. ’
24-26" Same as above .
30 w3 Ll B - - e = == = =
| - ) e r sand and f£i H!/é
A B [ G e S A 4
EL 2¢-30° Same as, ebove Zuf ai 20 distinel -:émﬁ
Jar to hight bmwn;o/or- Fuma‘;n waler a
5] tL == = == Zffond sdor FLDrGanric T A8eay T T T T ,
' 30-32" Sy fine sand P coarse sand gravel Sand ,frre foccarst 3¢ -3%
28.0}—— — (k52" range),dull grayesh brown
4 32-34"_ Seme_as wbord o _ _ L _ _ _ __

&=

2ud-3b Same as &pove

-3§'  F Ts e se sand /1y med,
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Location YA MKIMA /ASH Date Local well number
County _ Msp Scale Lat. Long.
District Project number Altitude
Driller Helper Geologist Ron lane
Litheioge Symbol T gy v
| —I L ] { | cley ¢ cobbles cob sendy edy Twep. |-t-d-4-
siit st boulders b  fine' f : I__{Sec.
| ) L] [ | wnd s cayey cy medium m _..._:-._1'__.__
gravel g silty sty coarw co 1 ]
By
. “ ] F=
5] o rg ﬁ g = § Lithologic description Summary log
Jlals” |5
[ ES 9 0-2 " Park brown claye EYNE S ! Qlﬂ.(h/e/ 0-3
Z"‘—e‘”_ 2-41 <Same as above buf qrave: 7 l*”ﬁuf v I
2 7% Cobble ¢nJc_6¢r:-f 7"‘ Graye |, (nbh ay el e iy 2~9 -
5 ‘;‘_% :_\hl . action. (fbsffé/e ,l‘r "rf //7)_ _ rravel, [f“ ) '/ =
MR 4=¢é Sand , fine Jo coarv e, mu//x rag ments
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o \V 3“3 [ =& == - Z//ﬂf}-ﬂmcubb'/eé S)'/ 7’5;‘ g
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— 10" Sand To & ray an
WP 51" Sl sl il J_Jﬁ.._wzw_f@_
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FiLL F fma,me-nf: kfzm sa/w-u’pd
8.7} — - -l 1e-14 Same at ab dd’( ‘bt fow neEs more
o ?m"f-'/'F—"metnf$ e ]
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and lecs 7m ve/ fm?menu/s
16-17.5" &, /d coarse sand , 9ravel witk freg.
il " S Vet a*’)—dart griy. = T
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| =2 bV ofe Lo
\ tion YA KIMA , WASIHING TLK Daste Local well number
County Map Scale Lat. Long.
District Project number ARitude
Driller Helper Geologist
Lithologic Symbols - Abbreviations O
[ _] | J [ | clay ¢ cobbles cob sendy  sdy Tesp. -4-4-1-
sit st boulders b  fine f ! I_{Sec.
l ] | | | | sand s clayey * cly medium m SIS I L -
gravel g sily gty coarm €O \ i
=3
el . é%s s Lithologic description " Summary log
Fals° |5%
ToP OF8%, 03 &E d 0-2° Z—Ifln" broesn very fine sand and 5./ . ‘Sam/ yery 4o e 2ra sl -
2.9%"‘& E- 2-¢ l:f‘?“rdwn /rn tlna/and,.ﬁ#gme brown c/cy
Wiy = ] G rse sand and rqwc/ \f,,. < . d drdve :
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3 b I i S
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154’ 7m/ Yo ?mrrs.‘ bmwn
_____________________ s
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Locstion Date Local well number
County Map Scale Lat. Long.
District Project number ARitude
)Driller Helper Goologist __ K671 CLane
Lithologic Symbols Abbreviations F@—"——
| | [ ] L ] clay < cobbles cob sendy sdy Twep. |4
st st boulders b fine  f -
0 [0 ] v cwer oy modum m — =
gravel g siky sty coarm  coO : !
TOPOF : -
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Water Resources Diviqéi) .
Pacific Northwest District
Washington Office
1201 pPacific Avenue - Suite 600
Tacoma, Washington 98402

Mr. Peter Kmet, Supervisor

Washington State Department of Ecology
Landfill Site Cleanup Section
Hazardous Waste Investigations and
Cleanup Program

7272 Cleanwater Lane

Olympia, Washington 98501

Dear Pete:

Enclosed is a preliminary copy of a report titled "Contamination of
Ground Water by Gasoline and Diesel Fuel at a Site in Yakima" by R. J. Wagner
and J. C. Ebbert. This is a provisional draft subject to revision and
therefore, the information is not available to the public, pending approval of
the Director of the U.S. Geological Survey. We would like to have someone
from DOE review the report. Recently, Mike Cochran, from your Yakima office,
has expressed interest in the findings in this report. Perhaps he would be an

appropriate person to do the review., Please include all attached forms when

Sinceraly yours,
,;§;%§%££§Z£112§¢?§5;>/’ C2>

Charles H. Swift, III
Acting State Chief

you return the report. Thank you.

Enclosures




Preliminary, Subject to Revisions, 10/24/90

CONTAMINATION OF GROUND WATER BY GASOLINE AND

DIESEL FUEL AT A SITE IN YAKIMA, WASHINGTON

U.S5. GEOLOGICAL SURVEY

Water-Resources Investigations Report _ -

Prepared in cooperation with
STATE OF WASHINGTON DEPARTMENT OF ECOLOGY



Preliminary, Subject to Revisions, 10/24/90

CONTAMINATION OF GROUND WATER BY GASOLINE AND

DIESEL FUEL AT A SITE IN YAKIMA, WASHINGTON

By Richard J. Wagner and J. C. Ebbert

U.S. GEOLCGICAL SURVEY

Water-Resources Investigations Report __ -

Prepared in cooperation with
STATE OF WASHINGTON DEPARTMENT OF ECOLOGY

Tacoma, Washington
1990




Preliminary, Subject to Revisions, 10/24/90

DEPARTMENT OF THE INTERIOR

MANUEL LUJAN,

U.S.

Dallas L,

Secretary

GEOLOGICAL SURVEY

Director

For additional information
write to:

District Chief

U.S. Geological Survey

Section

1201 Pacific Avenue - Suite 600
Tacoma, Washington 98402

Copies of this report can be
purchased from:

U.S. Geological Survey
Books and Open-File Reports

Federal Center, Box 25425
Denver, Colorado 80225




preliminary, Subject to Revisions, 10/24/90

CONTENTS

Page
ABSEPAGE —mmmmmmmmmmnm=mmmSSmSSSSSSSSmsSSmSoSSSomSTIETITTIRETITETTT I~
Lt roduGbLon —mmmmemmmmm=mmSSSSSmSSSSsmSsSSSmosSsoToSSTIITETITETTETTII | 2
purpose and sGope --------=-T=mTSSTTTSTTSmITITTITTTITTITTTIITTIII ?J
bescription of study area —--=-=-sTmTTTTSToTTITITTTIITIEETTTITIEIOOC I
Geohydrologic setting --=---==-=-=smSomTSTTTSTmSTEIEITIETTIEITII L
: 1
Data GolleGtion m=m-=me-mmmmmSSm=mSmS=SomSSmsSoSoSSTERIImTERTEETO
processes affecting the fate and distribution of petroleum
: ; N
hydrocarbons 1n a subsurface environment —-==="-STTTTTTTTTIIITTOON o
- cienoul TS, = m eSS e S SR AR T RN

sampling studies, field techniques, and laboratory procedures —==-==""777

Ground-water sampling

Insurance company study

1989 study --mmm--mm=mm==mo==mSSSSSTSTSoSSSSSSTomTTTITEITTIRO

Ground-water analysis methods

Insurance company study

Ground-water toxics study ----=m=--===sSSSmSSSoSTTSSToTTIETITEOE



Preliminary, Subject to Revisions, 10/24/90

CONTENTS--Continued

Page
'2--.)
Chemistry of ground water, soil gas, and aquifer materials —==----—————e--o =
22
Common constituents and trace metals in ground water ---—-—-m—-—-maaao £
Organic compounds in ground Water —=——=—=m=m== === — - i
Insurance company Study ———=——— == - i
Ground-water toxics study —————-=—mmmmmmmm e o
1989 Study ——======m=mmm————————— e m e m e mma——ae |
E¥S
Lead in ground water and aquifer materials ——-——-=-—omeme cmmmm oo
Soil gas ——————— e mm e 51
: 4l
Summary and ConClusSions === == s e e e
Selected referenCes —————— - mm e — e 43
. . 46
Appendix A. Quality aSSULANCE === === e e



Figure

1=2,

6-7.

rreLinLidry, oJSupject LU REVLILOUI, LU/c4/f IV

ILLUSTRATIONS

Page
Maps showing:
1. Location of the gasoline and diesel-fuel spill site at
Yakima, Washingbon =e=—===———eosscmmeseernomos o om—n———— La
2. Subbasin formed by the Ahtanum and Moxee Valleys,
Washington, ~==e~essmmenmm e eSS SS SRS 14
Diagram showing geologic sections near study site:
a. West-east section A-A! ---—-=----—-so-so-sooo—————==== le
b. South-north section B-Bf -——————=—s==—-————mo-——csososs== ¢
Maps showing:
4. Surficial geology near the study site --=-=—=--==--=-======= o
5. Water-table elevations for July 1986 at the study site - f?
Diagrams showing:
6. Mean daily observed water levels in well M14, water
years 1987 through 1989 --=-------=---=====-=-ooo-o-oo= ,*
7. Percentage of major ions in ground water, November 1986
and March 1989 —-—-—-mmmmmmmmm oo oo mmmm—o oo oo =



preliminary, Subject to Revisions, 10/24/90

ILLUSTRATIONS--Continued

Page
Figure
8-12. Maps showing:
8. Concentrations of benzene in ground water, February 1985
through March 1989 e mmmm e mmmm——mmme—— o 33
9. Concentrations of toluene in ground water, February 1985
23

through March 1989 -----===-==---=-—-=====-0 ====mmmmmmms

10. Concentrations of total xylenes in ground wacter, February

1985 through March 1989 ---===--====---=-----==mmmmoons 33

11. Concentrations of naphthalene in ground water, August 1985
373

thicugh March 1989 —————em—me—ssossoosoemmmsammEmomrT
12. Concentrations of total gasoline in ground water,

February 1985 through May 1986 -----===---===--===7777" &3
13. Concentrations of total-recoverable lead in aquifer

material and dissolved lead in ground water, November

1986 ===—===m=mm==———m=m———————————ooo——SSmoosSSTTmEmeT {
14. Locations of temporary soil-gas samples collected

November 1985 and multi-depth soil-gas samples collected

November 1986 —=m=m==m——s===m==m—mc-sm==—eosoos=sooooos |



[

Plate 1.

PLATES

[Plate in pocket at end of report)

Map showing locations of ground-water and soil-gas sampling sites




Table 1.

10.

11.

12,

Preliminary, Subject to Revisions, 10/24/90

TABLES

Page
Physical properties of selected aromatic hydrocarbons ---=----- AL
Wells and well identifers used during this report =--=--=-==w-—---- R
Major hydrogeologic units in the Ahtanum-Moxee subbasin,
Washington ==-==-==c-cccemc - e
Target compounds in water analyzed for volatile organic
compounds by the purge and trap method ------===== ~m--ueoe——_- ~
Concentrations of inorganic compounds in ground water, November

W
Led

1986 and March, 1988 -———cccmmm s m e e e e e
Concentrations of volatile organic compounds in ground water,
February 1985 through June 1986 -=-=--=------ooem—ceonnnmmnaam 33
Concentrations of volatile organic compounds in ground water,

August 1985 through November 1986 ----------------o—c——e———u— 3‘{
Concentrations of volatile organic compounds in ground water,

MaEch 1988 —or=cat ettt S i o SRR SE S R A SR S S S e e R e S
Concentrations of extractable lead in aquifer materials and

dissolved lead in ground water, November 1986 --=---==-=--- i
Target compounds for the analysis of volatile organic compounds

in soil gas, November 1986 ------—-----———----ooomommooooo————
Concentrations of voclatile organic compounds in soil gas,

November 1986 --------c-co-comm e e s s —— s e m oo

Observed water levels in observation and domestic wells ------- I




Table Al.

A2,

A3,

Ad,

AS,

A6,

A7.

Preliminary, Subject to Revisions, 10/24/90

TABLES--Continued

Page
Concentrations of volatile organic compounds in quality-
assurance samples, August 1985 through June 1986 =-=-===---—-- te
Concentrations of volatile organic compounds in quality-
46
assurance samples, August 27, 1985 ===—-cecememmccmccae e
Mean and standard deviation of volatile organic compounds
_— Yy
detected in trip blanks, August 26-30, 1985 -=--c-ce—meao---

Comparison of mean and standard deviations of standard compound
concentrations, November 1985 -----------c-cmcoomoooon oo 47
Concentrations of volatile organic compounds in quality-
Y
assurance samples, February 23 through March 17, 1989 ------

Concentrations of inorganic and dissolved-organic carbon

quality-assurance samples, March 1989 -----=--c----moemoo—ua 25
Comparison of field and laboratory determinations of
specific conductance, pH, and alkalinity, November 1986
O

and March 1989 ===-----ommom oo e

10




Preliminary, Subject to Revisions, 10/24/90

CONVERSION FACTORS

For the convenience of readers who may prefer to use metric units rather
than the inch-pound units used in this report, values may be converted by
using the following factors:

Multiply inch-pound units By To obtain metric units

inch (in.) 25.4 millimeter (mm)

foot (ft) 0.3048 meter (m)

mile (mi) 1.609 kilometer (km)

square mile (mi’) 2,590 square kilometer (km’)

gallon (gal) 3.785 liter (L)

micromho per centimetex microsiemen per centi-
at 25 degrees Celsius meter at 25 degrees
(umho/cm at 25 °Celsius) Celsius (uS/cm at 25 °C)

Sea Level: In this report "sea level" refers to the National Geodetic
Vertical Datum of 1929 (NGVD of 1929(--a geodetic datum derived from a general
adjustment of the first-order level nets of both the United States and Canada,
formerly called Sea Level Datum of 1929.

Degrees Celsius (°C) °F = 9/5 °C + 32 to Degrees Fahrenheit
(*F)

11
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CONTAMINATION OF GROUND WATER BY GASOLINE AND

DIESEL FUEL AT A SITE IN YAKIMA, WASHINGTON

By Richard J. Wagner and J. C. Ebbert

ABSTRACT

Following the discovery by the Washington State Department of Ecology of
a gasoline and diesel-fuel leak at a service station in Yakima, Washington, an
unsuccessful attempt was made at recovering the petroleum product. Several
studies were designed to monitor the petroleum compounds dissclved in ground
water, and from 1985 through 1989, data were collected from observation wells
that were drilled near the site of the leak. From February 1985 to November
1986, petroleum-related compounds dissolved in ground water were found
consistently, and at relatively large concentrations, in wells near the
service station. Petroleum-related compounds were also found sporadically,
and in smaller concentrations, in domestic wells as far as 1,500 feet down-
gradient of the service station. Sampling results from data collected in
March 1989 indicate that concentrations of petroleum-related compounds

dissolved in ground water have decreased in magnitude and areal extent.
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INTRODUCTION

In 1980, 1981, and 1982, the residents of a neighborhood in the northeast
part of Yakima, Washington, complained to the Washington State Department of
Ecology (WDOE) about the odor and taste of gasoline in water from their
domestic or irrigation wells, which are open to a shallow, unconfined ground-
water system. The WDOE investigated the complaints and determined that the
source of the gasoline and diesel fuel was leakage near the land surface from
improperly installed pump delivery lines at a service station located on North
First Street (fig. 1). New delivery lines and storage tanks had been
installed at the station in May and June 1979. Leak tests, reported to have
been performed at that time and again in December 1980, did not reveal any
leaks. Additional tests, conducted in September 1982 as a result of the
complaints from private well owners, revealed leaks in the delivery lines,

which were repaired immediately.

An audit of gasoline and diesel fuel inventory records, conducted by
representatives of the service station, indicated that about 5,970 gallons of
leaded gasoline and 1,740 gallons of diesel fuel were lost during the period
from September 1981 through October 1982. This represents an average leakage
rate of 550 gallons of product per month. If the leak began shortly after the
December 1980 test, then about 12,000 gallons could have been lost during the
22-month period from the time of the test to the repair of the leaks. If the
December 1980 test was invalid, and the system leaked during the entire
40-month period from the time of installation, then the product loss may have

been as much as 22,000 gallons.
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An insurance company, representing the service station, initiated an
attempt to recover the lost gasoline and diesel fuel in 1982-83 because of the
potential to further contaminate drinking water. At least 13 observation
wells and two recovery wells were installed on, or adjacent to, the service
station property. Three of the observation wells contained several inches of
free product, pure gasoline or diesel fuel, floating on top of the water. The
recovery operation was discontinued because only 40 gallons of free product
were recovered. All but three of the wells were subsequently destroyed. In
the summer of 1985, most homes having affected wells were connected to

alternate water supplies.

The purpose of this report is to present and compare current and past
distributions and concentrations of petroleum-related compounds in ground
water near the site of the gasoline and diesel-fuel leak on North First Street
in Yakima, Washington. This report presents data collected during a March
1989 sampling study, during 1985 to 1987, as a part of the Ground-Water Toxics
Study, and during 1985 through 1986 as a part of the insurance company study.
Data collected by the three sampling studies are presented in tabular form.
Comparisons are made by presenting distributions of selected compounds.in map
formats, Sampling procedures and laboratory methods that were used by the

three studies are also described.
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| obien G e Study 2

The City of Yakima is the commercial center for the Yakima River valley,
a major agricultural area within south-central Washington. The service
station on North First Street where the gasoline and diesel-fuel leak
occurred, is located approximately 2,000 feet southwest of the Yakima River
(fig. 1). Land use in the vificinity of the service station consists of some

orchards and vacant lots interspersed among commercial and residential

properties.

The general direction of ground-water flow is eastward “rom thes service
station to the river. The subsurface geologic materials immediately
underlying the area consist predominantly of coarse-grained alluvial deposits.
The water table is approximately 10 feet below land surface. Additional
information on the geohydrology is given in the section "Geohydrologic

Setting".

Annual precipitation in the valley is about 8 inches (U.S. Department of
Commerce, 1987), with more than half of this occurring during the winter
months as snow. Potential evapotranspiration, using a modified Blaney-Criddle
calculation (U.S. Department of Agriculture, 1970), is approximately 38 inches
annually. Consequently, crops require extensive irrigation. Most irrigation
water is diverted surface water, but some is pumped ground water. The main
muhicipal water supply for the city of Yakima is surface water; however, some

individual residences and small water purveyors rely on ground water.

15
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The study area in Yakima, Washington, is located in the Ahtanum-Moxee
subbasin (fig. 2), which lies along an east-west oriented alluvial valley
between two similarly oriented basalt ridges: Cowiche Mountain and Yakima
Ridge on the north, and Ahtanum Ridge and Rattlesnake Hills on the south. The
valley lies along a broad structural syncline, is approximately 7 miles wide
and 40 miles long, and has a relatively flat alluvial surface that ranges
between 1,000 and 1,500 feet in elevation. The basalt ridges on either side
of the valley were formed by anticlinal upwarp, are much narrower than the
valley, and range between 2,000 and 3,000 feet in elevation. Perennial east-
west oriented streams flow along the valley from both directicns towards the
valley center and empty into the perennial north-south, through-flowing Yakima
River. A significant summer inflow of water into the higher parts of the
valley comes by way of irrigation canals fed by dam-regulated flow along the

Yakima River and its tributaries upstream of the study area.

Folded and faulted basalts are exposed along the anticlinal ridges and
are found at depths of 300 to 1,000 feet beneath the snyclinal valley (fig.
3). The basalt flows belong to the Columbia River Group (table 3), and they
are interbedded with, and underlie, a thick section of clastic rocks of
debris-flow, lacustrine, and fluvial origin located along the valley axis,
The oldest of these clastic units, the Ellensburg Formation (table 3), is from
100 to perhaps 1,000 feet thick in the valley and is dominated by
semiconsolidated laharic (volcanically generated debris flow) fine to coarse
clastics. Above these beds lie about 100 to 500 feet of Pleistocene

glaciofluvial fine-grained lake, and coarser-grained river-laid clastics.
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Above these, and comprising much of the surficial material at and near the
study site, are 50 to 75 feet of Holocene unconsolidated alluvigl sands and
gravels laid down beneath the present flood plain by the Yakima River and

N\
) beneath adjacent terraces by streams older, and perhaps larger, than the

o
ﬁf present Yakima River. The clasts within these two recent alluvial deposits
3 are dominantly of volcanic (andesitic and basaltic) composition.
vy
RN UPCN
3\T§>K The shallow stratigraphy of the study site was determined by descriptive

NV Y P
-;» geologic logs from recent drilling of observation wells (fig. 4). In general,
Alloav e |

g the lithologic descriptions show an upper 15- to 20-Eoot-thicg\depositional
{% \ unit beneath the present flood plain, with about 5 feet of clay, silt, and
2 ! sand at the surface (overbank deposits), and 10 feet of sandy, coarse gravels
jV: and cobbles below the overbang deposits. The lower contact of this upper unit
/ -aq‘\\ is indistinct, but it overlies 30 to 50 feet of lower, older gravels and
sands, probably depcsited in similar environments. At normal stages of flow,
the Yakima River is flowing within the upper fluvial unit, and perhaps within
sy the top of the gravel layer of these fluvial deposits. There is a good
permeable connection between the Yakima River and the adjacent water-table
- aquifer within these recent fluvial deposits. The ground-water-quality data
at the site indicate that the leaked gasoline and diesel fuel, and the
dispersed dissolved compounds downgradient of the leak, are wholly contained
within the upper and lower Holocene alluvial deposits.
There i3 upward ground-water flow from the basalts through the Ellensburg
clastics into Holocene alluvium and into the perennial drainages, including
K the Eakima River (fig. d4). Locally, the ground-water flow is generally
(fig. 5) from the leak site toward the Yakima River. In

i\ eastward flow
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general, the water table lies 7 to 12 feet beneath ground level. The upper
sand, silt, and clay of the alluvium is unsaturated, and the lower parts of

the coarser-grained alluvium is saturated.

Continuous hydrographs of two water-table wells document annual
fluctuations of 2 to 3 feet, and there are two unequal annual peaks.
One peak is in early spring, coincident with maximum vertical recharge from
precipitation, and a second peak is in the late summer and early fall,
coincident with upgradient recharge from irrigation returns and canal leakage

(fig. 6 and table 12).

Three studies have been conducted since the gasoline and diesel fuel
recovery program was discontinued. The first study, under the general
direction of the insurance company, consisted of several phases with different

contractors, Three wells still remained from the original recovery program at

the end of 1984 (M1-82 through M3-82, pl. 1). 1In December 1984, 12 new
observation wells (M1-85 through M12-85, pl. 1) were drilled. Beginning in
February 1985, water levels were measured, and selected observation and
domestic wells were sampled at 3-month intervals to determine the direction of

ground-water flow and concentrations of petroleum-related compounds in ground

water.

The second study, which started in 1985, was conducted by the U.S.
Geological Survey (USGS) and the Oregon Graduate Center (OGC) as part of the

U.S. Geological Survey Toxic Waste--Ground-Water Toxics Study. This study was
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nsport and fate of gasoline and diesel fuel in a
tudy was aborted in 1987, and no data or results
8GS study, ground-water samples were collected
and soil-gas samples and samples of aquifer

me each. In August 1985, water samples were

analyzed for petroleum-related hydrocarbons. In November 1985, soil-gas

samples were collected, using

driven probes, and analyzed for petroleum-

related hydrocarbons. From April through June of 1986, water samples were

collected from selected domestic and observation wells, and from temporary

wells driven to the water table and pulled out after sampling. In late summer

and early fall of 1986, 32 observation wells and 8 multilevel soil-gas

o7 rPcils mesbesed A

AW el TRy AW el ¢ ome ! 7
sampling tubes were installed. In November 1986, water samples were collected Aheve
ey %

Ca aald

3

from the new, larger network of observation wells. All samples were analyzed r gy '
i 4 /

for volatile hydrocarbons and

analyzed for trace metals and

\ R e | e
dissolved oxygen, and selected samples were ’

common ions. In November 1986, samples of

ground water and aquifer material were collected from selected observation

wells and analyzed for lead.

During the Ground-Water Toxics Study, water

levels were measured monthly over the 2-year period from February 1985 to

April 1987. Wwater-level recorders, which were installed in M8 and M14, have

operated continuously from January 1987 to the present (1990) .

The third study was conducted in cooperation with WDOE to determine the

current distributions and con

ground water. In March 1989,

centrations of petroleum-related compounds in

ground-water samples were collected from 27

observation wells and were analyzed for volatile hydrocarbons. Samples from

six wells were analyzed for trace metals and common ions. Water levels were

measured at the time the samples were taken.
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The results and additional information on the conduct of this, and the
other two sampling programs, are given in the sections "Sampling Studies,
Field Techniques, and Laboratory Procedures," and "Chemistry of Ground Water,

Soil Gas, and Aquifer Materials".

Both gasoline and diesel fuel are petroleum products and are mixtures of
numerous organic compounds with different physical and chemical properties.
The fate and distribution of the individual compounds in a subsurface
environment are governed to a large extent by these properties. For example,
the aromatic hydrocarbons are the most water-soluble components of gasoline
and diesel fuel and are relatively easily dissolved and transported in ground
water. Selected properties of some of the major compounds in gasoline and

diesel fuel are given in table 1,

After the spill or leak of a liquid petroleum product, some of it will
flow through the unsaturated zone to the water table by gravity, and some of
it will be held in the unsaturated zone by surface tension. The petroleum
that reaches the water table will float and spread on top of the water table
because it is less dense than water. The transport of hydrocarbon compounds
by ground water initially will be limited to those which can be dissoclved in
ground water at the petroleum-water interface., Once dissolved in ground
water, compounds may be transported by advection and dispersed horizontally

and vertically in the ground water,
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Seasonal variations in the water-table elevation can increase dispersion
and dissolution of hydrocarbon compounds in the ground water. When the water
table rises, some of the petroleum will remain trapped in the interstitial
pores by surface tension below the rising interface (Schwille, 1981). When
the water table falls, some water is trapped above the falling interface.
This sequence of events substantially increases the vertical distance over
which the petroleum is dispersed and provides additional surface area for the
dissolution of hydrocarbon compounds into ground water. During periods of
ground-water recharge, downward percolating ground water can dissolve

hydrocarbons from the petroleum trapped in the unsaturated zone.

The relative proportions of various petroleum hydrocarbons dissolved in
the ground water also are affected by volatilization, biodegradation, and
sorption. The low-molecular-weight hydrocarbon compounds can volatilize from
the petroleum product or from the ground water and diffuse into the
unsaturated zone. The presence of hydrocarbon gases in the unsaturated zone

is sometimes used to indicate the presence of petroleum hydrocarbons in ground

water.

Some hydrocarbons preferentially sorb to soil particles. These compounds
are not as readily transported as those in the gas phase or the ground water.

Some sediment characteristics that affect sorption are grain size and organic

content.

A variety of naturally occurring soil microbes can, under favorable
conditions, degrade hydrocarbon compounds found in gasoline and diesel fuel.

Biodegradation is most efficient under aerobic conditions with sufficient
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supplies of nitrogen and phosphorus, a near-neutral pH, and warm soil

|
temperatures. Under these conditions, some hydrocarbon compounds can be
completely degraded into carbon dioxide and water (Atlas, 198l1). Anaerobic

biodegradation of petroleum hydrocarbons also has been observed, but generally

at lower rates than aerobic biocdegradation (Healy and Daughton, 1986).

Clar Pratt, Alan Newman, and William Meyers of the WDOE provided much
background information about the Yakima site, Dr. James F. Pankow, professor
at the Oregon Graduate Center (OGC) and director of the OGC Water Research
Laboratory in Portland, Oregon, provided technical advice, as well as planning
and executing much of the reconnaissance sampling. J.R. McPherson and Lorne
M. Isabelle of OGC analyzed the volatile organic compounds in the 1985-86
reconnaissance water samples, and William Fish coordinated the program for the
analysis of lead in the aquifer material and in water. Mark S. Mason, of Soil
Exploration Company, St. Paul, Minnesota, provided information about their
drilling program. Michael Schroeder and the staff at the U.S. Geological
Survey National Water Quality Laboratory (NWQL) provided technical advice and
assistance for the 1989 sampling. Brooke Connor and Donna Rose of NWQL
analyzed the volatile organic compounds sampled in 1989. Valuable assistance
for the quality assurance program used during the 1989 reconnaissance was
provided by Mark Sandstrom of the NWQL Methods Research and Development

Section.
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Appreciation also is extended to the many property owners who granted

access to land, private wells, and monitoring wells during the samplings.

Wells in this report are referenced by identification numbers that are
listed in table 2. Their locations are shown on plate 1. The table cross-
references these identification numbers with the station name stored in
WATSTORE, the U.S. Geological Survey computer data base, and identifiers used
in correspondence and progress reports during previous studies. The
identification numbers in this report are prefixed by an M for uée:vation
wells, D for domestic wells, T for temporary wells installed for the
collection of water samples, SG for multidepth soil-gas wells, and SGT for
temporary wells installed for the collection of soil-gas samples. The

temporary water wells and soil-gas wells were removed immediately after sample

collection. . \\; ,
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SAMPLING STUDIES, FIELD TECHNIQUES, AND LABORATORY PROCEDURES

Field and laboratory methods used during the three studies were, in
general, quite similar, and the methods are detailed for comparative purposes.
Field and laboratory methods are discussed separately, and quality assurance

procedures and results are given in Appendix A.

1 s I-SI s ] .
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‘ Insurance Company Study

Twelve observation wells were installed using a cable-tool drilling rigqg.
Wells were constructed with 2-inch diameter, flush-threaded, PVC (polyvinyl
chloride) casing and 15 feet of PVC screen, 10 feet of which extended below

the water table. Water samples were collected from the wells using bottom-

filling Teflon bailers. A minimum of three casing volumes of water are pumped

from a well before a ground-water sample was collected. Water samples from

domestic wells were collected from cold-water faucets that were allowed to run

at a rate of about 1 gallon per minute for a 30-minute period prior to
sampling. The samples were non-filtered and non-aerated. All samples were

preserved on ice and transported into a private laboratory for analysis.
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"Ground-Water Toxics Study

The Ground-Water Toxics Study included three water-sampling periods with
different objectives. The first sampling was done (August 1985) to determine

the farthest extent of dissolved hydrocarbon movement in the ground water.
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The second sampling (April through June 1986) with additional temporary wells
to better delineate the extent of dissolved hydrocarbons and to determine
appropriate sites for 34 additional observation wells. In the third sampling
period (November 1986), samples were collected from some of the new

observation wells. A
—

The additional 34 observation wells were drilled using theiair-rotary

method. The wells were constructed of 2-inch PVC casing, with 3- to S5-foot

lengths of 0.10-inch slotted PVC screen at the bottom. Most screens were set
30 that the middle part of the screen was close to the surface of the water
table at the time of drilling. Sections of PVC casing were welde:! together
rather than cemented to prevent contamination by solvents used in the cement,
The annulus around each screen was packed with sand to a depth of several feet
above the screen and then sealed to the surface with bentonite or a bentonite
and cement mix. Several deeper wells that were drilled below the water table
were packed with sand several feet above the screen, backfilled with clean

S —

cuttings, and then surface sealed with a bentonite and cement mix. The wells

were developed by pumping,

e O O IR S O == 4 | ST R A7 & DR, I s o

In the spring of 1985, staff of the Oregon Graduate Center collected
ground-water samples from 28 temporary wells., The wells Qere installed by
jackhammering a steel drive tube to a depth 2 feet below the water table and
then removing the tube with a railroad jack. A 3-foot length of 3/8-inch
flexible tubing was attached to the top of a 3/8-inch stainless steel pipe and
lowered down the hole to collect a sample, a vacuum was applied when the pipe
was-a few inches below the water table, the flexible tubing was then bent and

clamped, and the pipe was lifted out of the hole., Two l4-mL (milliliter)
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sample vials were filled. The sample vials were filled by slowly geleasing
the clamp, and the vials were stored on ice for later analysis. Some
modifications to this sample collection procedure were made during the course
of the study. To prevent borehole collapse upon removal of the steel drive
tube, a perforated tip was attached to the end of the tube and the tube was
left in the hole during sample collection. Also, samples were collected by
securing the sample vial at the end of a thin stainless steel rod and lowering
the vial to the water table directly through the driven hollow tube. All
downhole tools that were used in this phase were cleaned with a methanol

solution and dried with an electric hair dryer.

Bottom-filling glass bailers were used to collect water samples from
observation wells for the analysis of volatile hydrocarbons. Before each
sample was collected, five casing volumes were pumped from the well, Prior
to sampling each well, the bailer was rinsed with a 10-percent methanol
solution and an acetone-hexane mixture (60 to 40, by volume) . Remaining
solvent residues were then removed from the bailer by baking in an oven, by
heating with an electric hair dryer, or by aspirating with a vacuum pump. The
cleaned sampler was then rinsed by bailing three times from the well. A
sample vial was filled from the fourth bailing and packed in ice until
analysis. The technique used to collect samples from domestic wells was
similar to that used during the insurance company study. All volatile
hydrocarbon water samples collected were analyzed by the staff from the Oregon

Graduate Center.
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1989 Study

The procedure used to sample observation wells in the 1989 study was
nearly identical to that used during the Ground-Water Toxics Study. One
difference was that the bailer was rinsed with organic-free water after the
acetone-hexane rinse. Also, the bailer was routinely baked in an oven at
105 °C for 1/2 hour after the organic-free water rinse. Results of tests to

check the adequacy of the cleaning procedure are given in Appendix A,

Samples collected were analyzed by the U.S, Geological Survey National
Water Quality Laboratory (NWQL) in Arvada, Colorado. Fie quality-assurance
procedures included duplicate samples, field blanks, and field-spiked samples
with known amounts of target compounds. These procedures are described in

Appendix A.

All three studies utilized similar gas-chromatographic techniques for
determining concentrations of volatile hydrocarbons in ground-water samples,
Differences in techniques are noted below and references are given for more
details. Analyses performed by Oregon Graduate Center produced concentrations
that were blank-corrected, as referenced in Appendix A. Analyses performed by

the other studies were not blank-corrected,
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Insurance Company Study

Samples were analyzed for benzene, toluene, and total xylenes (the sum of
the meta, para, and ortho isomers), and a value was calculated for total

hydrocarbons expressed as gasoline, Samples were analyzed using a Tekmar

Lge=at liquid sample concentrator linked to a Perkin-Elmer Sigma 300 gas
chromatograph with flame ionization detection (FID), on a 6-foot stainless
steel column with SP-1000 100/120 mesh packing., Total xylenes, benzene, andg
toluene were identified by retention time and quantified by comparison with
known standards using an SP-4000 data system. Total gasoline concentrations

were calculated by comparison of total peak area to a gasoline standard total

peak area.
Ground-Water Toxics Study

The analytical method utiljized by Oregon Graduate Center was purge and-
trap with whole-column Cryotrapping. This method was employed with fused-
silica, capillary-column gas chromatography (GC), as developed by Pankow and
Rosen (1984) and optimized by Pankow (1986). Both FID and mass spectrometric
(MS) detection were utilized, The purge and trap device used was a Chemical

Data Systems Model 320 concentrator. The GC/MS used was a Hewlett-Packard

lUse of brand, firm, or trade names is for identification purposes only and

does not endorse use of any product by the U.g3. Geological Survey
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5790A GC interfaced to a Finnigan 4000 MS/DS (data system) system. The
carrier flow from the capillary column exiting the GC was split, approximately
half of the flow directed into the MS source, and the remainder to a FID

housed in a Hewlett-Packard 5700A GC.

Normally, a 5.0-mL aliquot of sample was loaded into the sparging vessel
and each aliquot was spiked with 10 pL (microliter) of an internal standard
solution in methanol. In the case of highly contaminated samples, smaller
sample‘aliquots were loaded into the sparging vessel and organic-free water
was added to produce 5.0 mL of diluted sample for analysis. Samples were
analyzed for a set of 18 target compounds (table 4) known to be components of
gasoline and diesel fuel. During sample analysis, standards containing known
concentrations of target and internal standards compounds were routinely run.

Replicates of the samples were run back, a day apart, and in one case, 6 days

apart.

Sample concentrations were computed based on the appropriate sample and
standard peak areas and were blank-corrected using replicate values of blanks,
duplicates, and standards. The internal-standard compounds served to
compensate for any variations in the purging efficiencies and the system

response., The response factors were assumed to be linear over the

concentration range of interest,

1989 Study

The method utilized by the NWQL to analyze samples was purge and trap.
This method was employed with gas chromatography and electron impact mass
spectrometry (GC/MS) as per EPA Method 524.2 (U.S. Environmental Protection
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Agency, 1988a), and the list of volatile organic compounds targeted by this
analytical method was modified by adding standards for the quanFification of
five compounds in addition to those targeted by EPA Method 524.2 (table 4).
The purge and trap device used was a Tekmar LSC 2000 with an ALS 2016 and ALS
2032. The 25-mL sample was purged for 11 minutes at ambient temperature with
a gas flow of 40 mL per minute, desorbed at 180 °C for 4 minutes onto a 30
meter x 0.53 mm ID DB-624 megabore column, and baked at 225 °C for 15 minutes.
The gas chromatograph was a Varian 3400. The temperature program of the GC
was an increase from 10 °C to 160 °C, at a rate of 6 degrees per minute, with
10 °C held for five minutes, and 160 °C held for one minute. The megabore
column was coupled directly to the mass spectrometer, which was set to analyze
from 45 to 300 atomic mass units with a scan time of 1 second. A Finnigan
Incos 50 MS/DS was used to run most of the samples, and a Hewlett-Packard
HP5996A MS/DS was used for those samples on which a library search was
performed. Ten percent of the samples were run in duplicate, and 10 percent
of the less-contaminated samples were spiked with a solution containing the
target compounds. Additional quality assurance measures included daily

blanks, daily instrument tuning, and quality control check samples.

A library search was performed on selected analyses in an attempt to
identify non-target compounds. Spectra corresponding to gas-chromatographic
peak maxima were compared with National Bureau of Standards library reference
spectra usingla computer library search. The best library matches were
selected according to a "reliability factor"--a parameter used by the library
search algorithm to indicate the quality of the match between the sample and
library spectra. The best computer matches were compared with the sample

spectrum manually to attempt the best possible tentative identification.
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Samples of soil gas, the gas in the pore spaces in the soils and
sediments above the water table, were collected from temporary-driven sampling
tubes and from permanent wells in which multidepth sampling tubes were
installed. Samples from the temporary-driven wells were taken from locations
with the lowest expected concentrations and then from locations where larger
concentrations were expected. A 6-foot-long stainless steel casing tube was
driven to a depth of 5.5 feet below land surface and then backed out a few
inches. Then, a 7-foot stainless steel sampling tube was inserted 1 inch
beyond the boétom of the casing tube. Two hundred mL of 30il gas were cdrawn

through the sampling tube with a vacuum pump. A Tenax-GC sample cartridge was

then placed in line and the system was pumped for about 12 minutes at a rate
of about 40 mL per minute. The sample cartridge was then removed, the ends
were capped, and the sample was stored in an organic-free environment prior to

analysis.

Sampling techniques and analytical methods for multidepth wells were the
same as for the temporary driven wells. The stainless steel sampling tubes
each extended to a specified depth, were surrounded with sand, and were sealed

from each other with concrete.

Soil-gas analysis was done by adsorption/thermal desorption with whole-
column cryotrapping, using FID and MS detection. The Tenax-GC cartridges
needed no sample preparation prior to desorption. The cartridge was placed in
the desorption apparatus and purged for 10 minutes with a backflow of helium

to remove the oxygen and most of the methanol. The cartridge was desorbed at
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250 °C for 10 minutes at 30 psi, with the column temperature held at -80 °C,
After desorption, the column temperature was raised rapidly to 0 °C, and then
raised to 250 °C, at 10 °C per minute for the data acquisition. Additicnal

details are given by Ligocki and Pankow (1985).

In November 1986, samples of both solid aquifer material and water were
collected from selected observation wells., Concentrations of lead dissolved
in water, and lead adsorbed onto the surface of the less-than-63-pum
(micrometer) fraction of the aquifer material, were determined. Because
samples of aquifer material could not be obtained easily by coring, due to the
cobblely nature of the deposits, samples of fine-grained aquifer materials
that had passed through well screens after installation of the well were
obtained by placing a pump intake near the bottom of the well. Approximately
5 gallons of sediment-laden water were pumped from each undeveloped well and
collected in a clean plastic bucket. The sediment was separated by settling,
dewatered by filtering into a firm cake, placed in a polyethylene bag, and
stored on ice. The firm cake was then processed by mixing with water and wet-
sieving through a 63-pm polypropylene sieve. The less-than-63-pm fraction was
filtered to a moist cake, subsampled, and digested by a weak method. The
samples were then analyzed in the same manner as the filtered ground water
(Fish, 1987). After developing the well by pumping at 10 gallons per minute
for 20 to 30 minutes, ground-water samples were collected by pumping through
acid-washed Tygon tubing and filtering through acid-washed 0.1 um (pore-size)

membrane filters into acid-washed polypropylene bottles,
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CHEMISTRY OF GROUND WATER, SOIL GAS, AND AQUIFER MATERIALS

common_Constituents and Trace Metala in Ground Water

The shallow ground water near the study site is predominantly of the
calcium-magnesium bicarbonate type (see fig. 7 and table 5). Specific
conductance values ranged from 208 to 390 pS/cm (microsiemens per centimeter)
at 25 °C, and values of pH ranged from 6.3 to 6.9. Dissolved-oxygen

concentrations were low, with a median value of 0.6 mg/L (milligrams per

liter). Dissolved oxygen concentrations upgradient of the spill site (M1-85)
ranged from 6.3 to 6.8 mg/L; whereas the ground water contained little or no
oxygen at sites M2-82, M3-82, M11-85, M12, M16, and Ml§. _cncentrations of

metals were generally less than 0.10 mg/L and did not exceed the MCL (Maximum
Contaminant Level) for drinking water, except for dissolved manganese, which

exceeded the secondary MCL at 15 sites (U.S. Environmental Protection Agency,

1988b) .

Qrganic Compounds in Ground Water

Insurance Company Study

During the insurance company study, at least one of the three target
compounds (benzene, toluene and total xylenes) was detected at least once in
four of the 21 wells (figs. 8 to 12 and table 6). Target compounds were
detected consistently, and at relatively large concentrations, in water from
well M11-85, located about 150 feet from the leak site. Target compounds were

consistently detected in only one domestic well, D10, located about 1,200 feet
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downgradient, but concentrations were smaller than in M11-85. Target
compounds were detected in wells M8-85 and M10-85, located about 900 feet
downgradient of the leak site, but the occurrences were sporadic and
concentrations were relatively small. The wells used in this study were too
widely separated to define in detail the distributions of hydrocarbon

compounds in ground water,

Ground-Water Toxics Study

During the Ground-Water Toxics Study, ground-water samples were analyzed
for up to 23 aromatic hydrocarbons, primarily alkylated-hbenzenes (table 4).
All but six of the compounds were identified in ground water. Concentrations
of compounds found during the different sampling periods of this study are
given in table 7. Because of changes in analytical methods during the course
of the study, not all of the target compounds were analyzed in each of the
sampling periods. Furthermore, the methed for reporting analytical results

when concentrations were near background or detection levels differed among

sampling periocds.

Data for benzene, toluene, naphthalene, and total xylenes are shown in
figures 8 through 11. These four compounds are some of the more water-scluble
aromatic compounds in gasoline (table 1), and their presence and
concentrations compare well with the presence of other target compounds.
Concentration isopleths of 5 pug/L (micrograms per liter) are shown for each of
the four compounds, and the symbols identify locations where concentrations
are greater or less than 500 pg/L. A value of 5 ug/L was chosen as the

isopleth concentration because it is an order of magnitude greater than the
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Environmental Protection Agency, 1988c). An MCL does not exist for toluene,

e
o

naphthalene, or total xylenes, but there is a proposed MCL for tolupe of

e

2,000 pg/L and a secondary MCL for total xylenes of 10,000 pg/L.

During the first sampling period in August 1985, detectable
concentrations of benzene, toluene, naphthalene, and total xylenes were
identified in samples from 5 of 15 insurance company observation wells, 1 of
13 temporary wells, and 2 of 31 domestic wells (table 7). Although petroleum-
related compounds were detected as far as 1,000 feet from the service station,
concentrations of individual compounds exceeded 500 pg/L only in samples from
the three wells closest to the service station (figs. 8 to 11). A petroleum

sheen was noted on samples from two of these three wells (M3-82 and M11-85),

indicating the presence of free product.

During the second sampling, from April through June 1986, detectable
concentrations of benzene, toluene, naphthalene, or total xylenes were found
in the samples from 5 of 6 insurance company observation wells and at all 29
of the temporary wells. Observed concentrations of benzene, toluene,
naphthalene, and total xylenes (figs. 8 to 11) indicate that some of the

dissolved compounds had migrated in an east-north easterly direction.
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During the third sampling in November 1986, benzene, toluene,
naphthalene, or total xylenes were detected in samples from 5 of 8 insurance
company observation wells and in 18 of the 23 observation wells installed
during this study (pl. 1 and table 2). Concentrations of some of these four

compounds exceeded 500 Lg/L at eight of the observation wells within 400 feet
\wa‘e*
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of the service station (figs. 8 to 11). e JVr A rompr
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The vertical distribution of hydrocarbons dissolved ln ground water wasJ

also investigated. Observation wells which penetrated deeper into the
aquifer, M2, M6.1, M7.1, and M13 (pl. 1 and table 2) were sampled in November
1986. Observation wells M6.1 and M7.1 are paired with shallow wells, M6.2 and
M7.2, respectively. Observation wells M6.1 and M6.2 were installed in the
same hole about 1,300 feet downgradient of the service station, with M6.1
extending to 46 feet below land surface and the latter well screened at the
water table. Observation wells M7.1 and M7.2 are a similar pair installed in
a hole about 500 feet downgradient from the service station. Benzene,
toluene, naphthalene, total xylenes, ethyl benzene, and other alkyl benzeneé
were detected in all the deeper observation wells that were sampled.
Concentrations of dissolved hydrocarbons in the ground water from observations
wells M2 and M6.2 were less than 1 pg/L; whereas, observation well M7.1 had a
concentration of 3.2 pg/L total xylenes. Concentrations of dissolved
hydrocarbons in ground water from observation well M13 ranged from 0.5 to

47 pug/L. The concentrations of dissolved hydrocarbons in ground water from
deeper wells range from one to more than three orders of magnitude smaller in
comparison to the concentrations of hydrocarbons dissolved in ground water

from observation wells at the water-table surface. The major portion of the

leaked gasoline a and diesel fuel dlssolved in the ground water appears to be
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near the surface of the water table. Further, the migration of dissolved

hydrocarbons in the ground water is preferentially in a horizontal

downgradient direction.

1989 Study

Concentrations of volatile organic compounds in ground-water samples

collected in 1989 indicate that there are still dissolved components of

8 to 11).

(table 8, figs.

gasoline and diesel fuel in the ground water

toluene, naphthalene, and total xylenes greater

Concentrations of benzene,

than the detection limit of 0.2 pg/L were found in ground-water samples from

11 of the 27 sampled wells. Concentrations exceeded 500 pg/L for only total

xylenes'at two wells, M3-82 and M16. Significant amounts of toluene and other

alkyl benzenes were also found at these two wells and at M11-85, but

concentrations for all compounds were less than 500 pg/L.

In March 1989, concentrations of petroleum-related compounds in ground

Anara ) AU Ay
water were less than in,1985 and.1986 (tables 6 and 7, figs. 8 to 11).

Consequently, the concentrations of petroleum-related products dissolved in

ground water appear to be decreasing, and the area within specific

However, one should

concentration isopleths also appears to be decreasing.

not ignore the fact that concentrations probably change seasonally because of

the seasonal rise and fall of the water-table elevation, and the above

conclusion is based on a single sampling in 1989,
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Concentrations of lead in the filtered ground-water samples ranged from
1.4 to 10.1 pg/L (table 9). These concentrations are less than the EPA
drinking-water MCL of 50 upg/L (U.S. Environmental Protection Agency, 1988c).
Samples of aquifer material contained lead with concentrations 30 to 10,000
times greater than in ground-water samples on a per weight basis (table 9).
Because of the large affinity of the divalent lead ion for sediment, it is not
unusual to find small concentrations of lead in ground water and large
concentrations of lead in sediments. As a result of this affinity, inorganic

lead is relatively immobile in ground water,

There is little or no correlation between concentrations of lead in soil
and in ground water (correlation coefficient = -0.19). Fish (1987) used these
concentrations to calculate apparent distribution coefficients, which were
then used to calculate values of retardation factors. A distribution
coefficient is the equilibrium concentration of a solute sorbed to the aquifer
material and divideq by the concentration in solution; a retardation factor is
the ratio of the average velocity of water to the average velocity of a solute
where movement is retarded by scrption to the soil matrix (see for example,
Freeze and Cherry, 1979, p. 404). Fish (1987) obtained retardation factors
that ranged from 136 to 31,600, Because this variability did not match any
apparent variability in the aquifer materials, he concluded that a simple
adsorption or ion-exchange model does not explain the distribution of lead
between the solid and aqueocus phases. Calculations by Fish (1987) indicate
that the observed concentrations of lead in the ground water were near the

limit of solubility for PbCo,. Therefore, precipitation of PbCO, may control

38




s i (\omo\e to 7/

Preliminary, Subject to Revisions, 10/24/90

the concentration of lead in ground water. Because the area with elevated
concentrations of lead in the aquifer materials is similar to the area with
elevated levels of aromatic hydrocarbons dissolved in groéund water (fig 13),
the source of the lead is probably lead additives in gasoline, tetraethyl and
tetramethyl lead. . AR JJL,i \o l{ i PP
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materials and some of the aromatic compounds dissolved in ground water
suggests that some of the lead has moved in approximately the same direction
as some of the aromatic compounds dissolved in the ground water (Fish, 1987).

Consequently, the lead is, or has been, more mobile than the retardation

factors imply. There are several possible modes of transport. Shortly after

the gasoline leak, the lead could have been transported as part of the free
product. It could have been transported by ground water when in the more

soluble alkyl lead Phase, which subsequently degraded to inorganic lead that
precipitated out of solution. The lead in the aquifer materials also could

have been transported by collodial-size particles (Fish, 1987).

In November 1985, soil-gas samples were collected from seven temporary
wells, SGT1 through SGT3 and SGT6 through SGT9 (fig. 14). Although plans were
made to collect samples from about 25 wells, problems with frozen ground and
cobbly soil resulted in fewer samples collected than planned. Also, because
of problems with internal standards, concentrations of compounds detected in

the soil-gas samples were qualitative and not quantitative.

39



Preliminary, Subject to Revisions, 10/24/90

In November 1986, soil-gas samples were collected from six multidepth
‘IK‘EV soil-gas tubes (fig. 14, table 11). Target compounds (table 10) and mixed
alkanes were detected at some depths at three of the six wells, SG3, SG5, and
SG8 (fig. 14). With the exception of toluene and several alkyl benzenes that
were found at mid-depths of 3 to 6 feet below land surface in SG8, most
compounds were detected only close to the water table, at the deepest levels
from which samples were withdrawn (table 11). This is consistent with the
steep concentration gradients of concentrations in soil gas near the water

table that have been found by others (see for example, Hult and Grabbe, 1985).

QP// Target compounds (table 10) were detected in samples from wells SGT2 and
SGT7. Also, chromatographs for samples from wells SGT1, SGT3, and SGT9
contained peaks that are indicative of likely degradation products of aromatic
hydrocarbon compounds (J.R. McPherson, Oregon Graduate Center, Beverton,
Oregon, verbal commun., 1989). Soil gas from wells SGT6 and SGT8 did not
contain detectable amounts of hydrocarbon compounds. Although gas samples
were collected from wells SGT4 and SGTS, difficulties with collection and
analyses of samples from these two wells preclude making any statements about
the presence or absence of hydrocarbon compounds in soil gas at these two

sites. These two wells are not shown in figure 14,
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SUMMARY AND CONCLUSIONS

An estimated 12,000 to 22,000 gallons of gasoline and diesel fuel were
leaked to unsaturated sediments and shallow ground water from an improperly
installed delivery line at a service station in Yakima, Washington. Data
indicate the fuel leak is contained within unconsolidated sediments and

shallow ground water 7 to 12 feet below land surface.

Unsuccessful attempts in 1982-83 at recovery of fuel in the ground were
followed by a study in 1985, under the direction of an insurance company, to
monitor the presence of dissolved hydrocarbons in ground water. From August
1985 through November 1986, in a separate study by the U.S. Geological Survey,
dissolved hydrocarbons and lead were determined in ground water and soil gas
was determined in the unsaturated sediments. The gasoline leak in Yakima was
selected to be a part of a national study of ground-water sites contaminated
by toxic compounds, but the study was aborted before an interpretive phase was
completed. Fine-grained sediments in the aquifer were also analyzed for lead.
In this study, data were collected in March 1989 to determine the
concentrations and areal extent of dissolved hydrocarbons in ground water, and

results from these two previous studies were compiled and analyzed.

All three studies utilized similar gas—chromatographic techniques for
determining concentrations of volatile hydrocarbons benzene, toluene,
naphthalene, and total xylenes in shallow ground water for five sampling
periods beginning in 1985. A large concentration of 600 pg/L toluene and 980
ug/L of total xylenes was found in one domestic well about 1,200 feet

downgradient of the leak, but water in other domestic wells sampled beginning

41



Preliminary, Subject to Revisions, 10/24/90

in 1985 had hydrocarbon concentrations that were all less than 500 pg/L.
Samples collected from 1985 to 1986 indicate dissolved hydrocarpons in
observation wells commonly exceeded 500 pg/L at distances of 150 to 500 feet
downgradient from the gasoline leak. Soil-gas samples taken in November 1986

indicated dissolved hydrocarbons were detected only close to the water table.

In March 1989, concentrations of dissolved hydrocarbons apparently had
decreased in magnitude and areal extent in shallow ground water near the water
table. Concentrations of dissolved hydrocarbons were less than 500 pg/L and
did not exceed distances of 300 to 750 feet from the source of the leak.
Isopleths of 5 pug/L of each of the four hydrocarbons plotted on areal
distribution maps also support the decrease in dissolved hydrocarbons. In
contrast, during the sample periods of November 1986 and earlier, hydrocarbon
concentrations of 5 ug/L ranged from 600 to 1,000 feet from the source of the
leak. Sampling in March 1989 showed the 5 pg/L isopleth no farther than
350 feet from the original source of the leak. 1In general, however, dissolved
components of gasoline and diesel fuel remained in ground water and about
40 percent of the observation wells sampled had benzene, toluene, and
naphthalene concentrations that were greater than the detection limit of
0.2 ug/L. The decrease in dissolved hydrocarbons in the shallow ground water
since 1985 and 1986 are due to natural dispersal, volatilization, or
biodegradation. Concentrations of dissolved lead in ground water were small
for the five sample periods from 1985-1989. These concentrations were 1.4 to
10.1 pug/L and less than the MCL of 50 pug/L for drinking water. Lead has a
high affinity for soils and is relatively immobile in ground water. However,
concentrations of lead in aquifer sediments suggest lead has moved in the

aquifer in the same direction as the dissolved hydrocarbons have moved.
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APPENDIX A: QUALITY ASSURANCE

The quality of the data from all three studies cited in this report
appears to be good. Differences between concentrations in duplicate samples
are within reasonable limits and concentrations of standards, spiked samples,

and blank samples were satisfactory (see tables Al to A6).

Insurance Company Study

The quality assurance portion of the insurance company study consisted of
field blanks, lab blanks, and duplicate samples. Concentrations of benzene,
toluene, and total xylenes in field and laboratory blanks were less than the
detection limit of 1 microgram per liter (table Al). Replicate analyses of a
sample from observation well M11-85 indicate good reproducibility for all
compounds except toluene. On August 27, 1985, personnel from the insurance
company study and the ground-water toxics study independently collected
samples from four wells and the samples were analyzed by their respective
laboratories (see table A2), The agreement between the two sets of results is
good except for the concentration of benzene in the samples from well M8-
85,and perhaps the concentration of toluene in the samples from M11-85,
Differences between other concentrations can easily be attributed to

variabilities in sample collection and analysis,

The quality assurance during the ground-water toxics study consisted of

collecting duplicate samples, doing replicate analysis, and analyzing trip-
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blank samples. Organic-free blank water for trip blanks and sample dilutions
was prepared in the laboratory. The replicate analyses of trip blanks and
duplicate samples were used for the calculation of statistical limits of
detection. Mean and standard deviation of concentrations detected in the trip
blanks are listed in table A3, Sample results were correspondingly blank-
corrected. Concentrations determined for mixtures of standard solutions
supplied by the U.S. Environmental Protection Agency are compared with

concentrations in the standards (table A4).

Organic Constituents

The quality assurance during the 1989 study consisted of collecting
duplicate samples and equipment-rinse samples, using blank-water samples and
trip-blank samples, and spiking samples with identical concentrations of
target compounds in the field and in the laboratory. The blank water used
during the current program was commercially available, organic-free water.
Equipment-rinse samples consisted of 40 mL of this water that was passed
through the sampler after cleaning. Tests were made to check the adequacy of
the cleaning procedure prior to field sampling and also during the sampling

period.

Samples of the blank water, blank water from an equipment rinse, and
blank water from an equipment rinse after baking the sampler were analyzed for
volatile hydrocarbon compounds (table A5). The blank water contained

relatively small concentrations of methylene chloride and chloroform.
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Compounds tentatively identified using a NBS library search routinely were
hexane and methylcyclopentane. Equipment-rinse blanks contained small
concentrations of benzene, toluene, total xylenes, and larger concentrations
of methylene chloride and chloroform. The equipment-rinse blanks also
contained relatively large concentrations of compounds that were tentatively
identified as hexane, methylcyclopentane, 3-methylpentane, and acetone.
Equipment-rinse blanks that wére passed through the sampler after it was baked
at 105 °C contained only small concentrations of chloroform,
dichlorobromomethane, dibromochloromethane, and 1,2-dichloropropane. This

poses no problem with the interpretation of petroleum-related hydrocarbons in

the ground-water samples.

Trip blanks were collected with the intention of analyzing the samples
only if a problem was suspected in collection or processing techniques.
Because no anomalous results were found, the trip blanks were not analyzed.

Sample results for the 1989 study are not blank-corrected.

One set of replicate samples from observation well M8-85 was spiked in
the field with target compounds to check the effective recovery of compounds
from a field-matrix sample. An extra sample also was sent to the laboratory
for spiking in the laboratory (table AS). The difference in recovery between
the field spikes and the lab spikes ranges from +25 to -7 percent, with an
average difference for FS1 of 4 percent and an average of 12 percent for FS2.

These differences are considered to be normal.
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Inorganic Constituents

Various sums, differences, and ratios, based on aquatic chemistry
principles, were computed for each inorganic sample. These computations check
the consistency between constituent concentrations in a sample and provide a
gross check in the accuracy and completeness of the analysis. Two of the most
useful computations are the cation-anion balance and calculated dissolved—

solids concentration, which are defined in the following paragraphs,

The cation-anion balance is the difference, in percent, between the sums
of the concentrations of cations and anions, expressed in milliequilevants,
Ideally, this value is zero, but non-zero values occur when a cation or anion
concentration is in error, or when the concentration of a significant ion
(often a metal) is not determined. The acceptable difference varies with the
total sum of cations and anions. The differences ranged from 0.0 to 5.97

percent.

Calculated solids is the dissolved-solids concentration determined by
summing the concentrations of cations, anions, silica, and other major
dissolved constituents, This value 1is theoretically equal to the dissolved-
solids concentration determined in the laboratory by residue upon evaporation.
Differences usually are due to errors in analyses of the various cations or
anions (which may be verified by the cation-anion balance), or errors in the
laboratory-determined dissolved-solids concentration. For analyses at the
study site, differences between the calculated and analyzed dissolved solids

ranged from 2 to 9 percent,.
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The primary controls on field values of pH, specific conductance,
dissolved oxygen, and temperature are proper instrument calibration and field
procedures. However, pH and specific conductance also are determined in the
laboratory. Differences between laboratory and field specific conductances

were less than 5 percent in all cases (table A6).

Field and laboratory pH differed by more than 0.2 units for only three
out of 18 samples and none of these differences are more than 0.5 units,
Because pH and specific conductance can change during the time between the
field and laboratory determinations, these comparisons must be considered
approximations at best, but the good agreement generally serves to confirm the

field values.

Field determinations of bicarbonate and carbonate concentrations were
checked by calculating alkalinities from them and comparing the results to
laboratory-determined alkalinities. Field and laboratory alkalinities

differed by more than 5 percent for only one of six samples.

Duplicate samples were collected and analyzed for both inorganic and
organic constituents durin§ the current study (table A7). Dissolved zinc is
the only constituent where duplicate sample results do not agree. The ground
water sampled at the site contained particulate matter which could be variable
from one sample to another (see turbidity values, table A6). Upon

acidification, colloidal zinc would be transformed into the dissolved state.
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Table 1.--physical properties of selected aromatic hvdrocarbons
[Solubilities at 20 °C unless otherwise indicated:; mg/L,
milligrams per liter; mm, millimeters; (Kow), octanol-

water partition coefficlents; --, not available; from Weast,
1982 and Verschueren, 1983]

Aqueous Vapor
solubility pressure Log KOw Molecular
Compound (mg/L) (mm of Mercury) welght
Benzene 1,780 76 2.13 78.11
Toluene 515 22 2,69 92.13
o-Xylene 175 5 2.77 106,17
m=-Xylene - 6 3.20 106.17
p-Xylene 198 (at 25 °C) 6.5 3.15 106,17
Ethylbenzene 152 7 3.15 106.17
Naphthalene 34.4 0.05 337 128,17
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Tab) --flells and well identifiers used during tb eport,

[N/A, not avallable; land surface elevation 1s In feet above sea level; depth, in feet balow land surface,
indicates screened interval or bottom depth of an open-ended casing; letters in well ldentiflers Ln this
report signify the following: M, observation wall; T, temporary well; D, domestic wall; SG, multidepth
soll-gas well; SGT, temporary soil-gas well. All domestic wells wera sampled at an outside spigot unless
suffixed with a K (sampled at kitchen sink) or I (irrigation well, sampled at wellhead) |

Site ldentlflers

Land
surface
This report WATSTORE Other reports elevation Depth Comment s

M1-82 1IN/18E-12R01 1 1078.06 6.0 - 15,6

M2-82 13N/1BE-~12R02 2 1077.93 6.6 - 16,1 Identified as 3-82 (Fish, 1987)
M3-82 13N/18E~12R03 3 1076.86 6.0 - 15.8

M1=-85 13N/18E-12R04 1-85, MW=1 1080.48 6.0 - 21.0

M2-85 13N/19E=07N01 2-85, MW-2 1067.51 3,5 - 18,5

H3-85 13N/19E-07NO2 3-85, MwW=-3 1072.62 4,1 - 19,1

M4-85 13N/18E-12R05 4-85, MW-4 1075.66 4,1 - 15%.1

M5-85 13N/19E-07NO3J 5-85, MW=5 1069.66 1.8 - 16.8

M6-85 1IN/19E=-07NO4 6-85, MW-6 1071.52 1.3 - 19.4

M7-85 13N/19E-07NOS 7-85, MW=7 1072.48 4,2 - 19,2

MB8-85 1IN/19E=Q7NO6 8-85, Mw-8 1075.70 5.0 = 20,0

M9-85 13N/1BE-12R06 9-85, MW-9 1075.48 4.8 - 19,8

M10-85 13N/18E=12R07 10-85, Mw=-1 1076, 37 4.3 - 19.3

M11-85 13N/18E=-12R08B 11-85, Mw-11 1077.67 5.5 - 20.5%

M12-85 13N/18E-12R09 12-85, MW-12 1078.49 6.4 - 21.4

M1 13N/18E-12R12 Tl 1077.43 55.0 - 58,0

M2 1IN/18E-12R13 T2 1077.65 28.0 - 30,0 SG1 also in same borehole
M3 1IN/18E-12R14 T3 1077.,65 28.0 = 30,0 5G2 also In same borehole
M4 1IN/18E-12R15 T4 1077.02 3.8 - 12,0

MS 13N/18E-12R16 TS 1078.39 13.9 - 15,9 SG3 also in same borehole
M6,1 13IN/18E-12R17 T6.1 1077.39 44.6 - 46.6 (Plezometers M6.1 and M6.2

are In the same hole]

M6, 2 13N/18E=12R18 T6.2 1077.11 7.6 = 13.6

M7.1 13N/18E-12R19 T7.1 1078.11 30,3 - 32.3 [Plezometars M7.1 and M7,2

are in the sama hole]

M7.2 1IN/18E-12R20 T7.2 1078.,11 1.3 - 13.3

M8 1IN/18E=12R21 T8 1078, 22 8.4 - 14.4

M9 1IN/18E-12R22 T9 1078.07 7.0 - 13.0

M10 1IN/18E-12R21 T10 1077,81 8.3 - 14,3

M11 1IN/1BE-12R24 T11 1077.65 8.4 - 14,2

M12 13N/1BE-12R25 T12 1078.09 7.4 - 13.4

M13 13N/18E-12R26 T3 1078.09% 30.5 = 32.3 SG4 alsc ln same borehole
M14 13N/18E-12R27 T14 1076,14 6.8 - 12.8

M16 1IN/18E-12R28 T16 1078.09 7.9 - 13,9

M17 1IN/18E-12R29 T17 1078. 36 7.7 = 13,7

M18 1IN/18E=12R30 Ti8 1077.70 7.1 = 13,1

M19 1IN/18E~12R31 T19 1078,12 7.8 - 13,8

M20 1IN/18E-12R32 T20 1078.26 T2 = 13,2

421 13IN/18E-12R131] T21 1077.70 56.3 - 58,3

M22 1IN/18E~12R34 T22 1077,50 6.7 - 12,7

M23 1IN/18E~12R39 Bl 1077.,10 6.5 - 12.5

M24 13N/1BE=-12R40 B2 1076.16 1.6 = 13.6

425 1IN/1BE-12R41 B3 1076.08 30,3 - 32.3 SG6 also In same borehole
M26 13IN/18E-12R42 B4 1076.58 8.0 - 14.0

M27 13IN/18E-12R4) BS 1076.79 9.0 - 18.0

M28 13N/18E-12RJS sl 1077.03 54.0 - 56.5 SG7 also in same borehole
M29 13N/18E-12R36 s2 1076.99 7.7 - 16.8

M0 13N/18E-12R37 $3 1076.89 7.8 - 16.8

M1 13N/18E-12R38 sS4 1077.74 8.6 - 17.4

M13 13N/19E=07N08B H1 1075,13 55,0 - 57.0

M4 13N/19E-07N09 H2 1075.02 8,6 - 14,6
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Table 2.--Wel. and well Identifiers used during this this 1 st--Continued

Site identiflers

Land
surfaca
This report WATSTORE Other reports elevation Dapth Comment s

M35 13N/18E=12R11 WS1 1078.63 57.0 - 59.0

M6 13N/18E-12R44 T1, Gsl1 1077.85% 6.0 - 13,0 Estimated scraen Interval

M37 1IN/1BE~12R45 B1, Gs2 1077.53 6.0 - 13,0 Identified as GS1 (Fish, 1987)

M38 13IN/19E-07NO7 3/R 1072.58 54.2 - 56,2

M39 13N/18E=12J03 HWY1 1078, 22 N/A

M40 13N/19E-07M01 HWY2 1078, 35 N/A

T1 13N/19E~07M04 8T1-1

T2 13N/19E-07N10 8T1=-2

T3 13N/19E-07N11 8T1-3

T4 1IN/18BE-12R46 8T1-4

T5 13N/18E-12R47 8T1-5

Té 13N/18BE-12R48 BT1-6

T 13N/19E-07N12 8T2-2

T8 1IN/19E-07N13 8T2-3

T9 1IN/19E-07N14 8T2-4

T10 13N/19E-07N15 8T2-5

T11 13N/19E-07N16 8T2-6

T12 13IN/19E-07N17 8T2-7

T13 13N/19E-07N18 BT2-8

T4 13N/18E-12R51 7-5

T15 1IN/1BE-12R52 8-5

T16 13N/18E-12RS53 9-17,5

T17 13N/18E-12RS54 8-4

T18 13IN/18E=12R55 9-4

Ti9 13N/18E-12R56 1.5-1.5

T20 13N/18E=-12R57 8=3

T21 13N/18E-12R58 7-4

T22 1IN/1BE-12R59 5-3

T23 13N/18E-12R60 5-2

T24 13N/18R-12R61 4-2

T25 1IN/18E=12R62 4-3

T26 13N/18E-12R63 3-2

T217 13N/18E-12R64 3-3

T28 1IN/1BE-12R65 6-1

T29 1IN/1BE-12R66 1-8

T30 13IN/1BE~12R67 1-9

T 13N/18E=~12R68 1-10

T32 13N/18E-12R69 6-8

T33 13IN/18E-12R70 6-9

T34 1IN/1BE-12R71 4-8

T3S 1IN/1BE=12R72 4=-9

Ti6 13N/18E-12R73 11-8.5

T37 13N/18E-12R74 11-9,%

T8 13IN/18BE-12R75 11-7.5

T39 13N/18E=12RT6 9-8.5

T40 13N/18E~12R77 9-9.5

T41 L13N/18E-12RB9 (1 m north of M36) 1078

T42 1IN/1BE-12R90 (1.3 m south of M36) 1078

D1 1IN/19E-07M03 H1=01 25

D2 13IN/19E-07N19 H4-03=(1) 20

D3l 13N/19E-07N20 H4-06~ (K) 28

D4 13N/19E-07N21 H4-06~-(1) 13

DS 13N/19E=07N22 H4-01 N/A

D6 1IN/19E=0TN23 K3-08-(1), H3=-07-(I) 10

D7 13N/19E-07N24 H3=10-(I), H3-09-(I) 20
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Table 2.--We. 4 and well identiflers used during this thig

. .art=-Contipued

Site ldentiflers

Land
surface
This report WATSTORE Other reports elevation Depth Commant s

o8 13N/19E-07N25 H3-11-(1I) 20

D9 13N/19E-07N26 H4=-07 20

D10 13N/19E-07N27 H4-08 80

D11 13N/19E~07N28 H4-11 65

D12 13N/19E~07N29 H6-05 18

D13 13N/19E-07N30 HE6-04-(1) 25

D14 13N/19E-07N31 H6-03- (I} N/A

D15 13N/19E-07N32 H6=-01 N/A

D16 13N/19E=0T7N13 H5-06 N/A

D17 13IN/19E-07N34 H5-05~-(I) 28

D18 1IN/19E-07NH35 H5=-04-(I) 28

D19 13N/19E-07N36 HS=-02 N/A

D20 13N/19E-07NO2 IK6-06= (1) 30

D21 13N/19E-07N37 B2-05 N/A

D22 13N/19E-07N38 B82-03 21

D23 13N/19E-07N39 B2-01 N/A

D24 13N/19E-07N40 B1-04 36

D25 13N/19E=-07N41 B1-01 26

D26 13N/19E-07N42 83-05 N/A

D27 13N/19E-07N43 83-03 N/A

D28 1IN/19E-07N44 B3-01 30

D29 13N/19E=-07N45S B4-06 k]

D30 1IN/19E-0TN46 B4-05 N/A

D31 13N/19E-07N47 B4-01 N/A

D32 13N/18E-12R97 Haesa 1079.47 N/A (Water levels only)

5G1 13N/18E-12R91 T2 1077,43 Sampling tubes installed
above the well screem M2)

5G2 13N/18E~12R92 T3 1077.65 Sampling tubes installed
above the well scraen (M3)

$Gl 13IN/1BE-12R93 TS 1078.02 Sampling tubes installed
above the well screen (M5)

SG4 1IN/1BE-12R94 T13 1078.09 Sampling tubes installed
above the well screen (M13}

SGS 1IN/1BE-12R87 T15 1078.19 Multldepth soll-gas sampler

only

5G6 1IN/18BE-1-2R95 83 1076.08 Sampling tubes installed
above the well screen (M25)

5G7 13N/18E-12R96 s1 1077.03 Sampling tubes installed
above the well screen (M28)

sGs 13N/18E-12R88 5% 1077.65 Multldepth soll-gas sampler

only

SGT1 13N/18E~12R81 1-9 5.67

SGT2 13N/18E-12R81 1-7 3,46

SGT3 13N/18E-12R79 1-4 3.59

SGTH 1IN/18E-12R78 1=2 4 to 5 (estimated)

SGTS LIN/18BE-12R82 2-5 3.47

SGT6 13N/18E~12R8) 3-2 1.58

SGT7 1IN/18E-12R84 i1-6 1.10

SGT8 13IN/18E=12RBS 4-2 5.35

SGTY 13N/18E-12R86 5-5 4.96 '




Table 3.--Maler hvdrogeologic unlts in the Ahtanum-Moxea subbasin. Hashington

! System Sarles Group Formation Hydrogeologic description

Alluvium and terrace deposits consisting

princlpally of unconsollidated stream deposits
' ) of silt, sand, and gravel, with cobbles

throughout, Locally lacustrine, paludal, and
1 : eollan deposits occur. Generally, deposlt is
a thin mantle less than 50 feet thick, but
xnown to reach 165 feet thick at one point in
subbasin, Estimates of porosity range from 15
i to 25 percent and from 0.4 to 86 feet per day
' hydraulic conductivity.

Holocene

Coarse sand and gravel deposits including
large amounts of cemanted mlxture of basaltlic
qgravel, sand, silt, and clay. Locally
contalns dlscontinous and unconsollidated
bodles of glaclal fluvial and lacustrine
deposits. Up to 500 feet in thickness. In
general unlt has low permeabllity except In
unconsolidated sections,

Quaternary

Plelstocene

! A thick sequence of stream=- and lake-deposited
silt, sand, and gravel which is composed
chiefly of volcanic ash, pumlice, and
hornblende andesite, Thickness exceeds 1,000
feet Lin soma parts of subbasin, It has
moderate to hlgh porosity and low to medium

Ellensburg permeabllity, and provides a large amount of
effective storage, Permeable strata form
important agulfers. Unlt includes all
conformably underlying sediments of similar
litholoqgy that Intertongue with flows of the

' Columbla Rliver Basalct,

Tertiary

Saddla Saquanca of dark lava flows which contains
Mountalns some lnterbedded lake- and stream-doposited
mataerials., Individual lava flows range from
! less than 20 to over 200 feet in thickness,
' The maximum thickness of the Columbia Rlver
i Basalt exceeds 4,000 feat in the Yakima Rlver

Micocene to Pliocene

i Columbla : Wanapum Basln, Water generally moves along tha
River i Interflow zones, which are more permeable than
Basalt : the massive centers of the flocod. The

! porosity of this formatlon probably ranges
from 5 to 10 percent, and lts permeabllity
Granda ranges from low to very hlgh, Provides a
Ronde large quantity of effective ground-water
! storage and lncludes some important aqulfers.
|

+
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Table 4.--
compounds by the purge and trap method

Chemical Abstract Services

Compound Registry Number
Ground-water Toxics Study
Benzene 71-43-2
Toluene 108-88-3
Ethylene bromide 106-93-14
Ethylbenzene 100-41-4
m-Xylene 108-38-3
o=-Xylene 95-47-6
p-Xylene 106-42-3
n-Propylbenzene 105-65~1
1,2,3-Trimethylbenzene 526-173-8
1,2,4-Trimethylbenzene 95-63-6
1,3,5-Trimethylbenzene 108-67-8
t-Butylbenzene 98-06-6
Isobutylbenzene 538-93-2
sec-Butylbenzene 135-98-8
1-Isopropyl-4-methylbenzene 99-87-6
n-Butylbenzene 104-51-8
1,2,3,5-Tetramethylbenzene 527-53=17
1,2,3,4—Tetramethylbenzene 488-23-3
Naphthalene 91-20-3
2-Ethyl-l-methylbenzene 611-14-3
1,4-Dimethyl-Z-ethylbenzene 175-88-89
1, 3-Dimethyl-4-ethylbenzene 874-41-9
March 1989 Study
Benzene 71-43=2
Bromobenzene 108-43-2
Bromochloromethane 74-97-5
Bromodichloromethane 75-27-4
Bromoform 75-25-2
Bromomethane 74-83-9
n-Butylbenzene 104-51-8
sec-Butylbenzene 135-98-8
terct-Butylbenzene 98-06-6
Carbon tetrachloride 56-23-5
Chlorobenzene 108-90=-7
Chloroethane 75-00-3
Chloroform 67-66-3
Chloromethane 74-87-3
2-Chlorotoluene 95-49-8
4-Chlorotoluene 106-43-4
Dibromochloromethane 124-48-1
1, 2-Dibromo-3-chloropropane 96-12-8
1,2-Dibromoethane 106-93-4
Dibromomethane 74-95-3
1,2-Dichlorobenzene 95-50-1
1,3-Dichlorobenzene 541-73-1
1,4-Dichlorcbenzene 106-46-7

Dlchlorodifluoromethane 75-71-8
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Table 4.--Target compouuds in water analvzed for volatile orgauic
compounds by the purge and trap method--Continued

Chemical Abstract Services

Compound Registry Number
1,1-Dichloroethane 75-34-3
1,2-Dichlorcethane 107-06-2
1,1-Dichloroethene 75-35-4
cls=1,2-Dichloroethene 156-59-4
trans-1,2-Dichlorocethene 156=-60-5
1,2-Dichloropropane 78-87-5
1,3-Dichloropropane 142-28-9
2,2=-Dichloropropane 590-20-7
1,1-Dichloropropene 563-58-6
Ethylbenzene 100-41-4
Hexachlorobutadiene 87-68-3
Isopropylbenzene 98-82-8
p-Isopropyltoluene 99-87-6
Methylene chloride 75-09-2
Naphthalene 91-20-3
n=Propylbenzene 105-65-1
Styrene 100-42-5
1,1,1,2-Tetrachlorcethane 630-20-6
1,1,2,2-Tetrachlorcethane 79-34-5
Tetrachloroethene 127-18-4
Toluene 108-88-3
1,2,3-Trichlorobenzene 87-61-6
1,2,4-Trichlorobenzene 120-82-1
1,1,1-Trichloroethane 71-55-6
1,1,2-trichloroethane 79-00-5
Trichloroethene 79-01-6
Trichlorofluoromethane 75-69-4
1,2,3-Trichloropropane 96-18-4
1,2,4-Trimethylbenzene 95-63-6
1,3,5-Trimethylbenzene 108-67-8
Vinyl chloride 75-01-4
o-Xylene 95-47-6
m=-Xylene 108-38-3
p-Xylene 106-42-3
1,2,3,5—Tetramethylbenzene1 527-53-7
1,2,3,4-Tetramethylb@nzenel 488-23-3
2-Ethyl-1-methylbenzene! 611-14-3
1,2,3-Trimethylbenzene1 526-73-8
12

1,4-ODimethyl-2-ethylbenzene 175-88-89

1Standards for the quantification of this compound were added to
the laboratory procedure of EPA Method 524.2

2Thls compound co-elutes with 1,3-Dimethyl-4-ethylbenzene




Table 5.--fonce

(Concentrations are in mg/L, milligrams per liter or pg/L, micrograms per liter, unless otherwise

noted: =-=-, not analyzed].
Spe=-
cific Hard- Hard-
con= pH Tur= Oxygen, ness ness,
Wall duct- (stand- Temper=- bid- dis- (mg/L noncarbonate
identi- ance ard ature ity solved as (mg/L as
fier Date Time (us/cm) units) (*c) (NTU) (mg/L) CaC03) CaCOJ)
M1-82 11-18-86 1215 280 6.8 15.0 -- <0.5 120 0
M2-82 11-18-86 1430 320 6.7 14.0 - <0.3 130 0
M1-85 11-19-86 1230 238 6.7 14.5 - 5.7 100 0
03-13-89 1015 208 6.9 11.5 1.7 8.5 88 0
M5-85 03-13-89 1715 252 6.7 9.5 27 R} 110 0
M9-85 11-19-86 1130 254 6.5 14.0 == 0.4 100 0
03-15-89 1515 249 6.5 13.0 5.2 0.2 100 0
M10-85 11-19-86 1000 298 6.6 14.5 - 2.2 120 5
M11-85 11-17-86 1155 264 6.6 16.0 - 0.0 100 0
03-18-89 1530 292 6.6 15.0 19 0.2 120 0
M4 11-18-86 1110 313 6.6 1555 - 1.2 110 0
M7.2 11-17-86 0945 352 6.4 15.5 - 0.0 140 0
M8 11-17-86 1450 247 6.6 14.5 = 1.7 100 0
M9 11-17-86 1555 279 6.6 15.0 b 0.0 110 0
M1l 11-18-86 1000 307 6.6 15.0 - 0.3 120 0
M12 11-18-86 1345 323 6.5 16.0 - 0.0 130 0
M1l6 11-17-86 1115 342 6.7 16,0 - 0.0 140 0
M18 11-18-86 0930 292 6.6 15.0 -— [ 120 0
03-17-89 1030 319 6.7 13.0 40 0.0 130 0
M19 11-18-86 0805 257 6.6 15.0 -- 2.7 100 0
M23 11-18-86 1630 390 6,7 16.0 -- 0.7 170 0
M24 11-18-86 1430 365 6.5 15.0 -= 0.0 140 0
M29 11-19-86 0830 259 6.6 14.5 = 0.3 110 0
M30 03-14-89 1730 268 6.6 12.0 0.4 0.8 120 Q
M31 11-19-86 0930 261 6.9 15.0 e 0.3 110 0
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Table 5.--Con

Magne- Potas-
Calcium, sium, Sodium Sodium sium, Alka- Sulfate,
dis- dis- dis- ad- dis=~ linicy, dis-

Wall solved solved solved sorp- solved field solved
identi= (mg/L (mg/L (mg/L Sodium tion {mg/L (mg/L as {(mg/L
fler as Ca) as Mqg) as Na) percent ratio as K) CaC03: as 8041
M1-82 31 10 13 19 0.5 3.3 131 8.5
M2-82 34 11 12 16 0.5 3.3 156 5.8
M1-85 26 8.5 11 19 0.5 2.3 103 12

23 TS 12 22 0.6 2.4 89 11
M5-85 29 9.5 13 20 0.6 2,2 113 12
M9-85 27 8.9 12 20 0.5 2.6 108 12

27 8.9 12 20 0.5 2.5 112 12
M10-85 32 10 14 20 0.6 2.6 116 15
M11-85 27 8.9 11 18 0.5 2.7 125 19

kB 10 12 18 0.5 2.3 140 11
M4 30 9.6 17 24 0.7 R 151 16
M7.2 37 12 13 le 0.5 3.4 185 2.3
M8 27 8.9 12 19 0.5 3.3 105 13
M9 29 9.6 12 18 0.5 3.2 133 13
M1l 33 10 14 19 0.6 359 148 8.3
M12 35 11 13 17 0.5 3.5 164 4.0
M16 38 12 14 12 0.5 3.8 172 7.6
M18 30 9.8 12 18 0.5 3.3 149 T

32 11 12 17 0.5 2,6 132 34
M19 26 8.7 13 21 0.6 2.7 105 14
M23 15 14 15 16 0.5 3.9 193 8.4
M24 38 12 15 18 0.6 3T 190 2.9
M29 28 8.8 1 20 0.6 3.5 120 14
M30 31 10 13 19 0.5 2,7 128 11
M3l 28 9l 12 19 0.5 2.6 113 12
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Solids, Nitro- Nitro- Phos-

Silica, sum of gen, gen, phorus

Bromide, dis- consti=- NO,+NO4 ammonia, ortho,

dis- solved tuents, dgs- dis- dis-

Wall solved {mg/L dis~ solved solved solved
identi- (mg/L as solved (mg/L (mg/L {mg/L

fler as Br) s&oz) (mg/L) as N) as N) as P)
Ml-82 6.2 0.2 0.026 37 190 <0.10 <0,01 0.03
M2-82 6.9 0.2 0.032 10 213 <0.10 0.09 <0.01
M1-85 5.4 0.2 0.034 26 157 0.68 <0.01 0.02
6.2 0.2 - 25 145 0.91 <0.01 0.02
M5-85 6.5 0.2 i 33 176 0.64 <0.01 0.02
H9-85 5.8 0.2 0,033 33 169 0.49 <0.01 0.02
6.7 0.2 -— 32 171 0.50 <0.01 0.06
M10-85 8.6 0.2 0,039 30 190 1.8 <0.01 0.02
M11-85 6.1 0.2 0.039 10 196 <0.10 0.06 0.02
7.1 0.2 = 36 200 0.10 0.08 0.06
M4 7.2 0.2 0.037 43 2217 <0.10 0.15 <0.01
M7.2 T 0.2 0.019 14 242 <0.10 0.16 <0.01
M8 5.6 0.2 0.034 32 170 1.1 <0.01 0.02
M9 6.1 0.2 0.027 34 190 <0.10 0.03 <0.01
M11 6.7 0.2 0.031 39 210 <0.10 0.03 0.02
M12 6.4 0.2 0.020 43 224 <0.10 0.13 <0,01
Ml6 7.9 0.2 0.030 14 242 <0.10 0.12 <0.01
M18 6.0 0.2 0.026 11 208 <0.10 0.11 <0.01
7.0 0.2 - 38 2217 <0.10 0.10 0.05

M19 5.6 0.2 0.028 32 171 1.3 <0.01 0.04
M23 0 0.2 0.029 50 274 <0.10 0.07 <0.01
M24 7.7 0.2 0,019 48 255 <0.10 0.18 <0.01
M29 6.3 0.2 0.033 34 183 <0.10 0.01 0.02
M30 6.9 0.2 -- 32 188 0.93 <0.01 0.05
M31 6.7 0.2 0,033 j2 174 0.54 <0.01 <0.01



Beryl- Chro=
Barium, lium, Cadmium, mium, Cobalt, Copper, Iron, Lead, Lithium,

dis- dis=- dis- dis= dis- dis~ dis- dis- dis~

Wall solvad solved solved solved solved solved solved solved solved
identi- (ng/L {ng/L {ug/L {pg/L (ng/L {pg/L (ug/L {ng/L {ng/L

fier as Ba) as Be) as Cd) as Cr) as Co) as Cu) as Fa) as Pb) as Li)
M1-82 11 <0.5 <1 - <3 <10 65 <10 5
M2-82 16 <0.5 <1 - <3 <10 4,000 <10 5
M1-85 7 <0.5 <1 - <3 <10 3 <10 5
8 <0.5 <1 <5 <3 <10 15 <10 <4
M5-85 9 <0.5 <1 <5 <3 <10 14 <10 <q
M9-85 8 <0.5 <1 - <3 <10 <3 <10 5
9 <0.5 <1 <5 <3 <10 11 <10 <4
M10-85 10 <045 <1 - <) <10 <3 <10 6
M11-85 13 <0.5 <1 o <3 <10 3,400 <10 <4
16 <0.5 <1 <5 <3 <10 3,700 10 <q
M4 16 <0.5 1 = <] <10 6,200 <10 q
M7.2 17 <0.5 1 - <3 <10 9,100 <10 )
M8 8 <0.5 <1 - <3 <10 12 <10 q
M9 12 <0.5 <1 - <3 <10 1,500 <10 L]
M11 21 <0.5 <1 - <3 <10 1,700 <10 q
M12 14 <0.5 <1 -- <3 <10 6,400 10 5
M16 11 <0.5 1 -- <3 <10 7,400 <10 6
M18 12 <0.5 <1 -- <3 <10 8,100 <10 4
18 <0.5 <1 <5 L] <10 7,300 <10 6

M19 10 <0.5 <1 -- <3 <10 7 <10 5
M23 22 <0.5 <l -- <3 <10 5,800 <10 5
M24 20 <0.5 <1 s <3 <10 9,700 <10 Y
M29 15 <0.5 <] -- <] <10 1,300 <10 q
M30 10 <0.5 <1 <5 <3 <10 7 <10 <q
M3l 11 <0.5 <1 - <] <10 10 <10 5
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Table 5.--Concentrations of inorganic compounda in ground water November 1986 and March 1989--Cont.

Manga= Molyb- stron- Vana-

nese, denum, MNickel, Silver, ‘tium, dium, zine,

dis- dis- dis- dis- dis=- dis- dis-
Well solved solved solved solved solvad solved solved
identi- (pg/L (pg/L (pg/L (pg/L (ng/L (ng/L (pg/L
fler as Mn) as Mo} as Ni) as Ag) as Sr) as V) as Zn)
‘M1-82 1,600 <10 e = 120 <6 5
M2-82 1,900 <10 - - 140 <6 8
M1-85 <1 <10 = - 95 <6 8
16 <10 <10 <1 87 <6 130

M5-85 2 <10 <10 <1 110 <6 52
M9-85 28 <10 - = 100 <6 <3
85 <10 <10 <1 100 <6 100

M10-85 <1 <10 -- o 120 <6 <3
M11-85 2,400 <10 == == 110 <6 6
1,900 <10 <10 <1 130 <6 5

M4 3,400 <10 == = 140 <6 7
M7.2 2,300 <10 - =i 150 <6 10
M8 3 <10 - L 100 <6 10
M9 1,300 <10 - i 120 <6 10
M11 4,700 <10 =5 == 140 <6 11
M12 2,500 <10 -- -- 150 <6 9
M16 3,000 <10 #3 == 170 <6 6
M18 2,300 <10 - Bt 130 <B 5
2,800 <10 <10 <1 150 <6 69

M19 26 <10 = == 100 <6 <3
M23 5,600 <10 -= - 200 <6 7
M24 3,700 <10 - - 170 <6 4
M29 1,900 <10 - == 120 <6 7
M30 14 <10 <10 2 120 <6 5
M31 840 <10 = - 110 <6 <3
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Table 6.--cnnngnL;£Linns_nJ atlle organic compounds in ground water.
February 1985 through June 1986

[Concantrations are in micrograms per liter; ND, below the detectlion
1imit of 1 microgram per liter].

Well Total Total hydrocarbens
ldentiflar Date Banzene Toluene xylenes (as gasocllne)
M1-85 2-21-85 ND ND ND ND
5-10-85 ND ND ND ND
M2-85 2-21-85 ND ND ND ND
5-10-85 ND ND ND ND
M3-85 2-21-85 ND ND ND ND
5-11-85 ND ND ND HD
M4-85 2-21-85 ND ND ND NOD
5-11-85 ND ND ND ND
M5-85 2-21-85 ND ND ND ND
5-10-85 ND ND ND ND
M6=-85 2-21=-85 ND ND ND ND
5-10-85 ND ND HD ND
M7-85 2-21-85 ND ND ND ND
5-11-85 ND ND ND ND
8-27-85 ND ND ND ND
12-16-85 ND ND ND ND
6=20-86 ND ND ND ND
M8-85 2-21-85 ND ND ND ND
5-11-85 ND ND ND ND
8-27-85 96 1 9 230
6=-20-86 ND ND ND ND
HM9-85 2=-21-85 ND ND ND ND
5-11-85 ND ND ND ND
12-16-85 ND ND ND ND
6-20-86 ND ND ND ND
M10-85 2-21-85 ND ND ND ND
5-11-85 ND 2 5 17
8-27-85 ND ND ND ND
12=-16-85 ND ND ND ND
6-20-86 ND ND ND ND
M11-85 2-21-85 1,460 5,300 6,260 23,400
5-11-85 1,240° 5,850° 13, 940% 33, 000*
8-27-85 920 1,100 6,300 12,000
12-16-85 710 1,100 750 28,000
6-20-86 " 680 7,000 18,000 45,000
M12-85 2-21-85 ND ND ND ND
5-10-85 ND ND ND ND
D3 2-19-85 ND ND ND ND
1-25-85 ND ND ND ND
5-10-85 ND ND ND ND
6=-25-85 ND ND ND ND
7-25-85 ND ND ND NO
12-16=-85 ND ND ND ND
6-20-86 ND ND ND ND
DS 2-19-85 ND ND ND ND
D6 2-19=-85 ND ND ND ND
D10 2-19-85 ND ND 5 14
3-25-85 28 680 980 3,120
5-10-85 ND 1 4 17
cl2 2-19-85 ND ND ND ND
o1l 2-19-85 ND ND ND ND
D14 2-19-85% ND ND ND ND
D16 2-19-85 ND ND HD ND
D17 2-19-85 ND ND ND ND

a Avarage of two values
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Table 7.--Concentrations of volatile organic compounds in grourd water, August 1985 throuch November 1988

[Concentrations are blank-corrected and are in micrograms per liter: ND, concentration is below limit of detection, see text and
table A3; 0 indicates compound detected, but not above blank levels: =--, compound not aspecifically analyzed for; NQ, compound peak
present at proper retention time, but only one or two characteristic ions were present: NAB, concentration not above background

(compound’s characteristic ions were identified, but quantitative level was not greater than the average of travel blanks plus
but less than twice the blank

three standard deviations of the travel blanks): T, concentration is more than twice blank level,

level plus three blank level standard deviations] .

1,2,3- 1,2,4- 1,3,5- 1,2,3,4- 1,2,3.5-
Well Total Trd= Tei- Tri- Tetra- Tetra-
identi- Ethyl- xyl- Naph- methyl- methyl- methyl- methyl- methyl-
fier Date Benzene Toluene benzene lenes thalene benzene benzene benzene benzene benzene
M1-82 08-28-85 ND ND ND ND 2.8 — ND 25 5.6 8.6
11-18-86 170 6.5 530 110 130 13 97 S3 - 28
M2-82 08-27-85 3,300 11,000 910 10,500 400 == 1,500 620 55 130
11-18-86 1100 3200 1700 4400 230 180 830 210 e 65
M3-82 08-28-85 800 2,600 150 8,200 740 - 2,400 930 180 380
05-13-86 280 1,500 240 3,800 280 230 990 310 82 180
M1-85 08-26-85 ND ND ND ND ND e ND ND ND ND
11-19-86 NAB 0.2 NQ NQ ND ND NQ ND == ND
M2-85 08-26-85 ND ND ND ND ND = ND ND ND ND
M3-85 08-26-85 ND ND ND ND ND = ND ND ND ND
M4-85 08-26-85 ND ND ND ND ND - ND ND ND ND
MS5-85 08-27-85 ND ND ND ND ND - ND ND ND ND
M6-85 08-26-85 ND ND ND ND ND - ND ND ND ND
M7-85 08-27-85 ND ND ND ND ND S ND ND ND ND
M8-85 08-27-85 ND ND ND 1.0 3.0 == 0.13 ND 0.2 0.66
06-25-86 0 ND 0 0 ND T ND ND - ND
11-20-86 6. S NAB 0.1 NQ NQ ND ND NQ ] ND
M9-85 08-27-85 ND ND ND ND ND - ND ND ND ND
11-19-86 NAB NAB ND NQ ND ND NQ ND = ND
M10-85 08=-27-85 ND ND ND ND ND - ND ND ND ND
06-25-86 0.4 ND 0 0 ND ND ND ND — ND
11-19-86 NAB NAB ND NAB NAB ND ND NAB - ND
M11-85 08-27-85 1,000 3,400 220 7,300 440 o 1,200 420 46 81
05-13-86 240 5,500 1,600 11,900 950 780 2,500 780 94 150
11-17-86 570 5000 2700 7900 530 320 1,400 330 - [:1:]
M12-85 08-27-85 ND ND ND ND ND e ND ND ND ND
11-20-86 NAB NAB NQ NQ NQ ND NQ ND -- ND
M2 11-20~-86 0.7 NAB NQ NQ NQ NQ 0.1 0.01 - NQ
M4 11-18-86 23 1.0 90 15 32 1.9 17 20 == 7.2
M6.1 11-20-86 NAB NAB NQ NQ 0.8 NQ 0.02 NQ - NQ
M6.2 11-20-86 16 2.9 70 2.5 B.6 0.9 3.4 NQ = 2.1
M7.1 11-20-86 NAB 0.32 NQ 3.2 NQ 0.52 0.1 0.32 e zo.
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Table 7.--Corcerte-arions of yolatile orga=nic compaurnds in ground water, August 1989 through Novesher- 1986--Coarinued

1,2:3= 1,2,4- 1,3,5- 1,2,3,4- 1,2,3,5-

Well Total Tri- Tri- Tei- Tetra- Tetra-
identi- Ethyl- xyl- Naph- methyl- methyl- methyl- methyl- methyl-
fier Date Benzene Toluene benzene lenes thalene benzene benzene benzene benzene benzene
M7.2 11-17-86 1700 7100 3000 8500 480 340 1,600 390 - 110
M8 11-17-86 1.3 NQ 0.1 0.05 0.4 NQ 0.1 NQ s 0.02
M9 11-17-86 130 51 180 500 58 55 190 51 - 18
MI1 11-18-86 100 2.2 190 53 110 4.4 45 20 - 14
M12 11-18-86 380 490 1,500 5,900 550 450 2,100 640 -- 260
M13 11-20-86 34 0.5 47 7.3 7.9 4.1 5.9 0.5 s 1.5
M14 11-20-86 NAB NAB NQ NQ NQ ND ND ND - ND
Mlé 11-17-86 1,500 980 1,400 4,000 180 100 460 100 - 24
M18 11-18-86 150 17 430 500 94 66 320 100 —— 52
M19 11-18-86 0.4 0.02 0.05 0.01 NQ ND 0.02 ND - ND
M22 11-20-86 NAB NAB NQ NQ NQ ND NQ ND - ND
M23 11-18-86 250 17 490 200 160 30 180 33 - 44
M24 11-18-86 1,600 280 3,000 9,600 770 520 2,200 660 -- 220
M18 11-18-86 150 17 430 500 94 66 320 100 -- 52
M19 11-18-86 0.4 0.02 0.05 0.01 NQ ND 0.02 ND - ND
M22 11-20-86 NAB NAB NQ NQ NQ ND NQ ND - ND
M23 11-18-86 250 17 490 200 160 30 180 33 i 44
M24 11-18-86 1,600 280 3,000 9,600 770 520 2,200 660 - 220
M29 11-19-86 NAB 0.1 NQ NQ 1.1 NQ 0.1 NQ - NQ
M30 11-20-86 1.5 NAB NQ NQ NAB ND NQ NQ - ND
M31 11-19-86 0.4 0.1 0.2 0.11 0.5 ND NQ ND -— NQ
M34 11-20-86 NAB NAB NQ NQ ND ND NQ ND - ND
M36 04-30-86 150 210 220 590 - 100 130 260 210 110

06-25-86 370 320 ND 4,800 460 490 1,700 720 i 200
M37 04-30-86 T 6 7 16 — 3 14 5 T T
Tl 08-29-85 ND ND ND ND ND = ND ND ND ND
T2 08-29-85 2.3 ND ND 0.17 ND - ND ND ND ND
T3 08-29-85 ND ND ND ND ND = ND ND ND ND
T4 08-29-85 ND ND ND ND ND - ND ND ND ND
5 08-29-85 ND ND ND ND ND - *  ND ND ND ND
T6 08-29-85 ND ND ND ND ND = ND ND ND ND
7 08-29-85 ND ND ND ND ND - ND ND ND ND
T8 08-30-85 ND ND ND ND ND - ND ND ND ND
T9 08-30-85 ND ND ND ND ND - ND ND ND ND
T10 08-30-85 ND ND ND ND ND - ND ND ND ND
T11 08-30-85 ND ND ND ND ND - ND ND ND ND
T12 08-30-85 ND ND ND ND ND - ND ND ND ND
T13 08-30-85 ND ND ND ND ND - ND ND ND ND
T14 05-13-86 T 0.2 ND 120 13 20 39 59 6.5 14

T15 05-13-86 100 24 78 630 150 67 310 200 27 62




Table 7.--Concentrations of volarile grganic compounds in ground warer, August 1985 through November 1986--Caoptipued
1.2:3~ 1,2,4- 1,3,5-1,2,3,4- 1,2,3,5=
Well Total Tri- Tri- Tri- Tetra- Tetra-
identi- Ethyl- xyl- Naph- methyl- methyl- methyl- methyl- methyl-
fier Date Benzene Toluene benzene lenes thalene benzene benzene benzene benzene benzene
T1l6 06-25-86 1.2 0.06 0.1 T 1.6 T T o] - 0.4
T17 05-13-86 T 0 ND 0 ND ND 0 ND ND ND
T18 05-13-86 T 0 T 0.04 0 ND 0 ND ND ND
T19 04-30-86 15 0.6 T 0.8 e o} 0 0 T 0
T20 05-13-86 T T 0.03 0.12 0 ND T ND ND ND
T21 05-13-86 170 2.8 38 970 300 39 820 420 17 94
T22 04-27-86 670 1,600 260 4,900 - 370 1,600 720 410 330
T23 04-30-86 0 T T T i 0 T T T 0
T24 04-30-86 0 0 0 T - T T T T T
T25 04-30-86 850 2,100 2,200 11,300 e 660 3,800 1400 760 410
T26 04-30-86 0 0 0 T = 0 T T T T
T27 04-30-86 5 q 2 7 - 0 0 8 7 14
T28 06-25-86 0.9 0.05 0.05 T 0.4 0 0 0 - T
T29 06-25-86 1.0 0.1 T 0 0 0 0 0 —— 0
T30 06-25-86 1.5 0.08 T 0 T ND 0 ND - ND
T31 06~-25-86 0 T Q 0 T ND ND ND s ND
T32 06-25-86 3.1 0.2 0.3 0 2.1 0 0 0 - 0.2
T33 06-25-86 31 0.3 0.09 6.2 2 11 11 0.9 == s
T34 06-25-86 240 92 280 4,200 970 820 3,400 1,100 - 930
T35 06-25-86 110 43 13 2,620 770 420 1,900 590 - 230
T36 06-25-86 31 1 8.7 8 63 Tl 49 ND Lo x5
T37 06-25-86 0 0.05 0 0 0 ND ND ND - ND
T38 06-25-86 0.7 T T 0 0 ND 0 ND - ND
T39 06-25-86 120 43 110 420 280 76 350 81 s 97
T40 06-25-86 T 0.2 T T 0 0 0 0 S ND
T4l 06-25-86 30 0.4 0.1 22.2 74 2.4 T Jje == 10
T42 06-25-86 16 0.8 0.6 0.5 66 19 T 0.5 - 0.8
Dl 08-27-85 ND ND ND ND ND o ND ND ND ND
D2 08-27-85 10 ND ND 1.:2 1.0 = 1.4 ND ND 0.26
D3 08-27-85 ND ND ND ND ND - ND ND ND ND
D4 08-27-85 ND ND ND ND ND = ND ND ND ND
DS 08-27-85 ND ND ND ND ND - ND ND ND ND
Dé 08-27-85 26 ND 4.7 3.53 12 - ND ND 0.4 p o«
D7 08-27-85 ND ND ND ND ND - ND ND ND ND
D8 08-27-85 ND ND ND ND ND - ND ND ND ND
jol:] 08-28-85 ND ND ND ND ND - ND ND ND ND
D10 08-27-85 ND ND ND ND ND - ND ND ND ND
D11 08-27-85 ND ND ND ND ND - ND ND ND ND
D12 08-28-85 ND ND ND ND ND == ND ND ND ND
D13 08-27-85 ND ND ND ND ND - ND ND ND ND
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Table 7.--
1,2,3= 1,2,4- 1,3,5- 1,2,3,4- 1,2,3.5

Well Total Tri=- Tri- Tri- Tetra- Tetra-
identi- Ethyl- xyl- Naph- methyl- methyl- methyl- methyl- methyl-
fier Date Benzene Toluene benzene lenes thalene benzene benzene benzene benzene benzene
D14 08-28-85 ND ND ND ND ND e ND ND ND ND
D15 08-27-85 ND ND ND ND ND - ND ND ND ND
D16 08-27-85 ND ND ND ND ND - ND ND ND ND
D17 08-27-85 ND ND ND ND ND — ND ND ND ND
D18 08-27-85 ND ND ND ND ND - ND ND ND ND
D19 08-28-85 ND ND ND ND ND - ND ND ND ND
D20 08-28-85 ND ND ND ND ND —-— ND ND ND ND
D21 08-27-85 ND ND ND ND ND e ND ND ND ND
p22 08-28-85 ND ND ND ND ND - ND ND ND ND
D23 08-28-85 ND ND ND ND ND - ND ND ND ND
D24 08-28-85 ND ND ND ND ND e ND ND ND ND
D25 08-28-85 ND ND ND ND ND s ND ND ND ND
D26 08-28-85 ND ND ND ND ND - ND ND ND ND
D27 08-28-85 ND ND ND ND ND € ND ND ND ND
D28 08-28-85 ND ND ND ND ND e ND ND ND ND
D29 08-28-85 ND ND ND ND ND s ND ND ND ND
D30 08-28-85 ND ND ND ND ND - ND ND ND ND

D31 08-28-85 ND ND ND ND ND = ND ND ND ND



Table 7.--

1-Iso- 1,4-Di- 1,4-Di- 1,3-Di-
Well n- Iso- sec- n=- Ethyl- B~ propyl- 2-Ethyl methyl- methyl- methyl, 4-

identi- Propyl- butyl- Butyl- Butyl- ene- Butyl- 4-methyl- l-methyl- ethyl- 2-ethyl- ethyl-

fier benzene benzene benzene benzene bromide benzene benzene benzene benzene benzene benzene
M1-82 ND ND ND 1.2 ND ND ND -- s - e
- - - - - — - 110 45 - ey
M2-82 130 ND ND ND ND ND ND - pam e e
-- -- - -- -- - -- 190 97 -— --
M3-82 ND ND ND ND ND ND ND -- - -— -
- el - s - - - 250 - 76 -
M1-85 ND ND ND ND ND ND ND -- --= i o
- -- - -- - - -- ND ND - --
M2-85 ND ND ND ND ND ND ND - - - =
M3-85 ND ND ND ND ND ND ND - - s -
M4-85 ND ND ND ND ND ND ND - - - -=
M5-85 ND ND ND ND ND ND ND -- -- - B
M6-85 ND ND ND ND ND ND ND -- -- - --
M7-85 ND ND ND ND ND ND ND - -- - e
MB8-85 ND ND ND ND ND ND ND = == = i
- -- - - -- -- - 0.8 - ND ND

-- - == - - e -- NOQ ND -- --
M9-85 ND ND ND ND ND ND ND - -- - --
- = = - - - - NQ ND - =
M10-85 ND ND ND ND ND ND ND - - e -
- - -- - - - -- ND -- ND ND
-- -- -- - -- - - ND ND == =
M11-85 ND ND ND ND ND ND ND - - - -
L ae e i i s s 680 - 120 o
- --= - -= - - -— 300 120 - --
M12-85 ND ND ND ND ND ND ND - - - -
- - -— - -- - -- ND ND -- --
M2 s -= - - - - -- 0.2 NQ - -
M4 s L) ] == == = = 19 14 - -
M6.1 -- - - - -- - -- NQ NQ - --
M6.2 —— - - - o = i 19 4.4 —-— -
M7.1 - - - - -- -- - 0.44 ND -- -=
M7.2 - - -- - - - -- 340 160 -- --
M8 - - - . - o - 0.05 0.05 - -
M9 - - - - - - - 66 31 - --
M1l - e - -— - s - 56 23 - -
M12 = e - e — -- -- 500 380 = =
M13 -- - -- - - - - 8.7 2.3 - --
M14 - - - - - -— - NQ ND - -
ww_‘.{.. A S SR
N P | e ~ ¢ i




l1-Iso- 1,4-0i- 1,4-Di- 1,3-Di-

Well n- Iso- sec- n- Ethyl- t- propyl- 2-Ethyl methyl- methyl- methyl, 4-

identi- Propyl- butyl- Butyl- Butyl- ene- Butyl- d-methyl- l-methyl- ethyl- 2-ethyl- ethyl-

fier benzene benzene benzene benzene bromide benzene  benzene benzene benzene benzene benzene
M16 - - e e s = e 110 37 = =
M18 -- -- - - - - -- 110 76 - -
M19 -- -- - -- i - -- NQ ND -- -
M22 - - -= -- - - -- ND ND -- --
M23 s = s - - S — 140 59 - -
M24 == == -- - - -- -- 550 280 -- =
M29 = - - == - = = NQ NQ = ==
M30 -- -- -- -- - - -- ND ND -- -
M31 - - -- - - - -- 0.2 ND - -
M34 - - - - - - - ND ND -= --
M36 - = - e - - - 140 —— 60 ==
M36 S - - - - - -- 560 == 130 110
M37 e - == e = - s 3 = T L
T1 ND ND ND ND ND ND ND - - - -
T2 ND ND ND ND ND ND ND o - - i
a3 ND ND ND ND ND ND ND Ly - e -
T4 ND ND ND ND ND ND ND - - - -
TS ND ND ND ND ND ND ND = b = =
T6 ND ND ND ND ND ND ND -- == -= ==
T7 ND ND ND ND ND ND ND = == = -
T8 ND ND ND ND ND ND ND == == - -
T9 ND ND ND ND ND ND ND e = - ==
T10 ND ND ND ND ND ND ND et -= - --
T11 ND ND ND ND ND ND ND - - - --
T1z2 ND ND ND ND ND ND ND - —— - i
T13 ND ND ND ND ND ND ND - -— - -
T14 - - —= i - -= S= 50 ~ 7.8 -
T15 -- -- = == == B == 170 =— 49 e

T16 = = - = e -- - 0.4 - 0.2 0.1
TV e - —— == i - B ND m— ND =
T18 st -- -- == == == = 0.03 e ND -=
T19 -- -- -- - - - -- 18 -- 0 --
T20 m— = - — s - =2 0.03 e ND il
T21 e - e - =& = = 320 — 77 -=
T22 == - e - ~ - i 830 - 120 iid
T23 -- = = = S e — T == 0 ==
T24 == -~ — s e - == 0 e T =
T25 —-— - - =& = - = 1,400 --= 280 =
T26 == - == - o — - 0 == 0 -
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1-Is0- l,4~-Di~ 1,4-Di~- 13 3=-Di-

Well n- Iso- sec- n- Ethyl- E= propyl- 2-Ethyl methyl- methyl- methyl, 4~
identi- Propyl- butyl-  Butyl-  Butyl- ene- Butyl- 4-methyl- l-methyl~- ethyl- 2-ethyl- ethyl-
fier benzene benzene benzene benzene bromide benzene benzene benzene benzene benzene benzene
127 - - - -- -- - - 170 -- 0 -
T28 -- -- -- - - -~ -- T - 0.02 T
T29 — i - — i — — 0 e 0 ND
T30 -- - -- -- - - == 0 -- ND ND
T31 -- - - - - - - ND -- ND ND
T32 - - - -- -- -- -- 2 - ND 0.06
T33 i - - e - -= o 110 - - 36
T34 -- -- -- - - - -- 740 - 510 530
T35 - - -- -- -- -- -- 470 -- 140 130
T36 - -~ -- - - - -- 77 -- 12 4.6
T37 -- - - -- - -- - 0 - ND ND
T38 -- -- - - -- - -- ND -- ND ND
T39 -- -- -- -- - - -- 170 -- 55 39
T40 - -- -- -- -- -- -- 0 -- ND 0
T41 - -- -- -- -- -- -- 56 - 1.8 8.0
T42 - - - - - — e 110 i 0 5.5
D1 ND ND ND ND ND ND ND - - = -
D2 0.11 0.38 0.93 0.29 ND ND ND - - - -
D3 ND ND ND ND ND ND ND - -- - -
D4 ND ND ND ND ND ND ND -- - - aa
D5 ND ND ND ND ND ND ND - -- == ——
De 1.7 0.32 0.70 0.45 ND ND ND o - —_— —
D7 ND ND ND ND ND ND ND -- - - -
[o}:] ND ND ND ND ND ND ND - - - -
D9 ND ND ND ND ND ND ND -- - - -
D10 ND ND ND ND ND ND ND - - — s
D11 ND ND ND ND ND ND ND i 2 s Z
D12 ND ND ND ND ND ND ND - - - -
D13 ND ND ND ND ND ND ND SN - - -
D14 ND ND ND ND ND ND ND -— - - -
D15 ND ND ND ND ND ND ND ] - - -
Dlé ND ND ND ND ND ND ND - - - -
D17 ND ND ND ND ND ND ND - - - -
D18 ND ND ND ND ND ND ND =& - - -
D19 ND ND ND ND ND ND ND —— - -— -
D20 ND ND ND ND ND ND ND - - - -
D21 ND ND ND ND ND ND ND - - - S
D22 ND ND ND ND ND ND ND -— - o o
D23 ND ND ND ND ND ND ND - s= - s
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l1-Iso- 1,4-Di- 1,4-Di- 1,3-Di-

Well n- Iso- sec- n- Ethyl- t- propyl- 2-Ethyl methyl- methyl- methyl, 4~
identi- Propyl- butyl- Butyl- Butyl- ene- Butyl- 4-methyl- 1l-methyl- ethyl- 2-ethyl- ethyl-
fier benzene benzene benzene benzene bromide benzene benzene benzene benzene benzene benzene
D24 ND ND ND ND ND ND ND - - - -
D25 ND ND ND ND ND ND ND - - - -
D2¢ ND ND ND ND ND ND ND - -- - -—
D27 ND ND ND ND ND ND ND - - - --
D28 ND ND ND ND ND ND ND - -— - -
D29 ND ND ND ND ND ND ND == -— - -
D30 ND ND ND ND ND ND ND - -— - -
D31 ND ND ND ND ND ND ND - - wa s
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Table 8.--Concentrations of volatile organic compounds in around water, March, 1989

[ALl concentratlons are in microgram per liter; ND, below the detection limit

0.2 micrograms of 0.2 micrograms per liter, unless otherwise noted]

1,3,5- 2- 1,2,4- 1,2,3-
Well Tri- Ethyl-1- Txi- Tri-
ldentl= Ethyl- Total Naph- methyl=- methyl- methyl- methyl-
fler Benzene Toluene benzene xylenes thalene benzene benzene benzene benzene
M2-82 ND ND ND ND ND ND 547 ND 1.7
M3-82 17 1.6 ND 1500 19 280 240 300 200
M1-85 ND ND ND ND ND ND HD ND ND
M5=85 ND ND ND ND 0.2 ND ND ND 0.2
M6-85 ND ND ND ND ND ND ND ND ND
M7-85 ND ND ND ND ND ND ND ND ND
M8-85 ND ND ND ND ND ND ND ND ND
M9-85 ND ND ND ND ND ND ND ND ND
M11-85 23 ND 3.6 320 62 160 130 150 95
M4 ND ND ND ND ND ND ND ND ND
M6.2 ND ND ND ND ND ND ND HD ND
M11 ND ND ND ND ND ND ND ND ND
M12 ND ND ND ND ND ND ND ND ND
M13 ND ND ND ND ND HD ND ND ND
M14 ND ND ND ND 0.2 ND ND ND ND
M16 68 15 ND 820 130 60 19 49 86
M17 75 0.3 ND 0.5 14 ND 49 0.5 0,3
M18 ND ND 0.2 0.2 ND ND 3.2 ND 0.3
M19 ND ND ND ND ND ND ND ND R
M20 ND ND ND ND 0.3 ND ND ND ND
M23 0.3 ND ND ND ND ND 0.4 ND ND
M26 ND ND ND ND 0.2 ND ND ND ND
M27 0.3 ND ND ND HD ND 0.4 ND ND
M29 1.0 ND ND ND ND ND ND ND ND
M0 ND ND ND ND ND ND ND ND ND
31 ND ND ND N ND ND ND ND ND
M4 ND ND ND ND ND ND ND ND ND
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Table 8.--Concantrations of volatile organic compounds in ground water, March, 1989--Cont,

1,2,3,5- 1,4-Di- 1,2,3,4 Di- Carbon- 1,3-Di-
Well Tetra= methyl- Tetra- p-I1so- Iso- Di- chloro- tetra- Sec~ methyl-
identi~- methyl=- 2-ethyl- methyl=- propyl= propyl- bromo= bromo= chlo=- Butyl- 2-ethyl-
fler banzene benzene benzene toluene benzene methane methane ride banzene benzene
M2-82 ND ND 0.9 ND ND ND ND ND ND 0.8
M3-82 150 100 S8 2,1 ND ND ND ND ND 1,7
M1-85 ND ND ND ND ND ND ND ND ND HD
M5-85 ND ND ND ND ND ND ND ND ND ND
M6-85 ND ND ND ND ND ND ND ND ND ND
M7-85 ND ND ND ND ND ND ND 0.2 ND ND
MB-85 ND ND ND ND ND ND ND 0.3 ND ND
M9=-85 ND ND ND ND ND ND ND ND ND ND
M11-85 140 13 50 11 2.3 ND ND ND 0.8 2.0
M4 ND ND ND ND ND ND ND ND ND ND
M6.,2 ND ND ND ND ND ND HND ND ND ND
M1l ND ND ND ND ND ND ND ND ND ND
M12 ND ND ND ND ND ND ND ND ND ND
M13 ND ND ND ND ND ND ND ND ND ND
M14 ND ND ND ND ND ND ND ND ND ND
M16 36 20 14 3.5 ND ND ND ND ND 1.1
M17 ND 3.1 4.0 0.2 1.5 ND ND ND 1.4 2.0
M18 ND ND ND ND ND ND ND ND ND 0.8
M19 ND ND ND ND ND ND ND ND ND ND
M20 ND ND ND ND ND ND ND ND ND ND
M23 ND ND ND ND ND ND ND ND ND 0.4
M26 ND ND ND ND ND ND ND ND ND ND
M27 ND ND ND ND ND ND ND ND ND 0.3
M29 ND ND NO ND ND ND ND ND ND ND
M30 ND ND ND ND ND ND ND ND ND ND
41 ND ND ND ND ND ND ND ND ND ND

M4 ND ND ND ) ND ND ND ND ND ND ND




Table 8.--Concentrations of volatile organic comoounds in around water, March. 1989--Cone.

Chloro= Methyl-

Wall 1,2-Di- dli- Methyl=- ene n- n-
ldentl- chloro- Bromo- bromo~  Chloro- Chloro- <Chloro- Methyl- chlo- chlo- Propyl- Butyl=
fler ethana form methane form banzene athana bromida ride ride benzene benzene
M2-82 0.7 ND ND ND ND ND ND ND ND ND ND
M3-82 ND ND ND ND ND ND ND ND ND ND ND
M1-85 ND ND ND ND ND ND ND ND ND ND ND
M5-85 ND ND ND ND ND ND ND ND ND ND ND
H46-85 ND . ND ND ND ND ND ND ND ND ND ND
M7-85 ND ND ND 2.5 ND ND ND ND ND ND ND
M8-85 ND ND ND 5] ND ND ND ND ND ND ND
M9-85 ND ND ND 0.8 ND ND ND ND D ND ND
M11-85 ND ND ND ND ND ND ND ND ND ND ND
M4 ND ND ND 82 ND ND ND ND 6.3 ND ND
M6, 2 ND ND ND 27 ND ND ND ND 0.8 ND ND
M1l ND ND ND ND ND ND ND ND ND ND ND
M12 ND ND ND ND ND ND ND ND ND ND ND
M13 ND ND ND 0.2 ND ND ND ND ND ND ND
M14 ND ND ND 0.4 ND ND ND ND ND ND ND
M16 ND ND ND ND ND ND ND ND ND ND ND
M17 0.3 ND ND 4.5 ND ND ND ND ND 0.2 0.5
M18 ND ND ND 0.5 ND ND ND ND ND ND ND
M19 ND ND ND 0.8 ND ND ND ND ND ND ND
M20 ND ND ND 1.4 ND ND ND ND ND ND ND
M23 ND ND ND 1.8 ND ND ND ND ND ND ND
M26 ND ND ND 0.7 ND ND ND ND ND ND ND
M27 ND ND NO 0.4 ND ND HD ND ND ND ND
M29 ND ND ND 1.4 ND ND ND ND ND ND ND
M30 ND ND ND 0.9 ND ND ND ND ND ND HD

H31 ND ND ND 2.4 ND ND ND 0.6 ND ND ND
M34 ND ND ND 2.2 HD HD ND WD NOD HD HND




Table 8.--Congentrations of volatile organic compounds in ground water, March, 1989--Cont.

Tetra= Tri- 1,1-pi- 1,1,1- 1,1,2- 1,1,2,2

Wall chloro- chloro- 1,1-Di- chloro- Tri- Tri=- Taetra- 1,2-Di- 1,2-Di-
ldenti- aethyl- fluore= chloro- athyl= chloro- chloro- chloro- chloro- chloro-
fler aene methane athane ene ethane aethane ethane benzene propane
M2-82 ND ND ND ND ND ND ND ND ND
M3-82 ND ND ND ND ND ND ND ND ND
M1-85 ND ND ND ND ND ND ND ND ND
M5-85 ND ND ND ND ND ND ND ND ND
M6=-85 ND ND ND ND ND ND ND ND ND
M7-85 ND ND ND ND ND ND ND ND ND
M8-85 ND ND ND ND ND ND ND ND ND
M9=-85 ND ND ND ND ND ND ND ND ND
M11-85 ND ND ND ND ND ND ND ND ND
M4 ND ND ND ND ND ND ND ND ND
M6, 2 ND ND ND ND D ND ND ND ND
M11 ND ND ND ND ND ND ND ND ND
M12 NOD ND ND ND ND ND ND ND ND
M13 ND ND ND ND ND ND ND ND ND
M14 ND ND ND ND ND HD ND ND ND
M16 ND- ND ND ND ND ND ND ND ND
M17 ND ND HD ND ND ND ND ND ND
418 ND ND ND ND ND ND ND ND ND
H19 ND ND ND ND ND ND ND ND ND
M20 ND ND ND ND ND HD ND ND ND
M23 ND ND ND ND ND ND ND ND ND
M26 ND ND ND ND ND ND ND ND ND
M27 ND ND ND ND ND ND ND WD ND
429 ND ND ND ND ND ND ND ND ND
M30 ND ND ND ND ND ND ND ND ND
431 ND ND ND ND NO ND ND ND ND
M34 ND ND ND ND ND ND ND ND ND




Table 8.--Concentrations of volatile organic compounds in ground water., March.

1989--Continued

Di-
chloro=- trans=- cis=- Tri=-

HWell 1,3-04- 1,4-Di- di=- 1,3-pi- 1,3-Di- Vinyl chloro=- 1,2-Di-
ldenti- chloro- chloro- fluoro- chloro- chloro- chlo= ethyl- chloro-
fier benzene benzene methane propene propene ride ene ethene Styrene
M2-82 ND ND ND ND ND ND ND ND ND
M3-82 ND ND ND ND ND ND ND ND ND
M1-85 ND ND ND ND ND ND ND ND ND
M5=-85 ND ND ND ND ND ND ND ND ND
M6-85 ND ND ND ND ND ND ND ND ND
M7-85 ND ND HD ND ND ND ND ND ND
MB=-85 ND ND ND ND ND ND ND ND ND
M9-85 ND ND ND ND ND ND ND ND ND
M11-85 ND ND ND ND ND ND ND ND ND
M4 ND ND ND ND ND ND ND ND ND
M6, 2 ND ND D ND ND ND ND ND ND
M11 ND ND ND ND HD ND ND ND ND
M12 ND ND ND ND ND ND ND ND ND
M13 ND ND ND ND ND ND ND ND ND
HM14 ND ND ND ND ND ND ND ND ND
M16 ND ND ND ND ND ND <0,3 ND ND
M17 ND ND ND ND ND ND ND ND ND
M18 ND ND ND ND ND ND ND ND ND
M19 ND ND ND ND ND ND ND ND ND
M20 ND ND ND ND ND ND ND ND ND
M23 ND ND ND ND ND ND ND ND ND
M26 ND ND ND ND ND ND ND ND ND
M27 ND ND ND ND ND ND ND ND ND
429 ND ND ND ND ND ND 0.3 ND ND
M30 ND ND ND ND ND ND ND ND ND
M31 ND ND ND ND ND ND ND ND ND
M34 ND ND ND ND ND ND ND ND ND




Table 8.--Cop

1,1-Di- 2,2-Di- 1,3-Di- 1,2,3- 1,1,1,2- 1,2-<
Wall chloro- chloro- chloro- ortho= para=- Tri- Tetra- Di-
identi- pro- pro=- pro- Chloro- Chloro- chloro- chloro= bromo= Bromo-
fler pena pane pane toluene Loluene propane ethane ethana benzena
M2-82 ND ND ND ND ND ND ND ND ND
M3-82 ND ND ND ND ND ND ND ND ND
M1-85 ND ND ND ND ND ND ND ND ND
M5-85 ND ND ND ND ND ND ND ND ND
ME-85 ND ND ND ND ND ND ND ND ND
M7-85 ND ND ND ND ND ND ND ND ND
M8-85 ND ND ND ND ND ND ND ND ND
M9-85 ND ND ND ND ND ND ND ND ND
M11-85 ND ND ND ND ND ND ND ND ND
M4 ND ND ND ND ND ND ND ND ND
M6.2 ND ND ND ND ND ND ND ND ND
M1l ND ND ND ND ND ND ND ND ND
M12 ND ND ND ND ND ND ND ND ND
M13 ND ND ND ND ND ND ND ND ND
M14 ND ND ND ND ND ND ND ND ND
HM16 ND ND ND ND ND ND ND ND ND
H17 ND ND ND ND ND ND ND ND ND
M18 ND ND ND ND ND ND ND ND ND
M19 ND ND ND ND ND ND ND ND ND
M20 ND ND ND ND ND ND ND ND ND
M23 ND ND ND ND ND ND ND ND D
H26 ND ND ND ND ND ND ND ND ND
M27 ND ND ND ND ND ND ND ND ND
M29 ND ND ND ND ND ND ND ND ND
M30 ND NO ND ND ND ND ND ND ND
M31 ND ND ND ND ND ND ND ND ND
M34 ND ND ND ND ND ND ND ND ND




Table 9.--Concentrations of extractable lead in
aquifer materials and dissolved lead in
ground water, November 1986

(ng/kg, micrograms per kilogram; pg/L, mlcrograms
per liter; soll extracts are for the size fraction
less than 63 micrometers; NS, not sampled] .

Extractable

Dissolved lead in
Well lead in aquifer
{denti- ground water materials
fier (ng/L) (ng/kaq)
M1-82 1.8 310
M2-82 2.8 7,610
M1-85 1.4 270
M9-85 1.8 310
M10-85 1.5 40
M11-85 5.3 590
M4 6,0 410
M7 1.2 6,100
M8 9.3 540
M9 5.3 4,870
M11 1.8 200
M12 3.9 890
M16 3.4 20,270
M18 2.4 6,890
M19 1.4 19,150
M23 9.2 4,360
M24 10.1 340
M29 7.4 520
M31 2.4 330
M37 NS 890
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Table 10.--Target compounds for the analysis of
volatile organic compounds in soll gas,
November 1986

Chemical Abstract Service

Compound registry number
Benzene 71-43-2
Toluene 108-88-3
n-Octane 111-65-9
Ethylbenzene 100-41-4
m-Xylene 108-38-3
o=-Xylene 95-47-6
1,3,5~-Trimethylbenzene 108-67-8
n-Decane 124-18-5
1,2,4-Trimethylbenzene 95-63-6
1,2,3,5-Tetramethylbenzene 527-53-7
1,2,3,4-Tetramethylbenzene 488-23-3
n-Dodecane 112-40-3
Naphthalene 91-20-3




Table 11.--Concentratlons of volatlle organic compounds in soll gas. November 1986

[All concaentratlons are in parts per billlon, by voluma; ND, below limit of detactlon;
NQ, not quantified due to high background noise; L, low concentrations of alkanes, not
quantified; H, high concentrations of alkanes, not quantifled (Lf quantifled, applles

to tarqget compound n-Octane); depth in feet below land surface of soil-gas sample tubes;
water levels are In feet baelow land surface, water lavel from M16 is used for SG5; land-
surface avallable from table 2|,

1,3,5-
Wall Tri-
idenci- Ethyl=- Total Naph- mathyl= Water-
fier Depth Benzene Toluene benzene xylenes thalene benzene laval
5G3 7 ND ND ND ND 6,500 ND 10,94 ‘
8 5,340 4,470 610 9,960 14,600 2,970
SG4 2 ND ND ND ND ND ND 11,18 ‘
4 ND ND ND ND 360 ND
6 ND ND ND ND ND ND
8 110 ND ND 450 750 160
565 1 ND ND ND ND ND ND 10.99
2 ND ND ND ND ND ND
k) ND ND ND ND ND ND
L] ND ND ND ND ND ND
S ND ND HD ND ND ND
6 ND ND ND ND ND ND
7 ND ND ND 210 ND 4130
9 230,000 300,000 83,000 460,000 ND 26,000
SG6& 5 ND ND ND ND HD ND 9.35
5G7 6 ND ND ND ND ND ND 13,69
7 ND ND ND ND ND ND
SG8 1 ND ND ND ND ND ND
2 ND ND ND ND ND ND
3 ND 230 ND ND ND ND
4 540 HND ND ND ND ND
5 ND ND ND ND ND ND
6 ND 570 ND ND ND ND
1 ND ND NO ND ND ND
3 HD ND ND ND ND HD
3 ***(Sample tube clogged/in water)*+**
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Table 11.--Concentratlons of volatile organic compounds in soll gas. MNovember 1986--Cont.

1,2,4- 1,2,3- 1,2,3,5- 1,4-Di- 1,3-Di- Mixed
Wall 2-Ethyl= Tri- Tri- Tatra- methyl-2- methyl,q- alkanes
ldenti- l1-mathyl- methyl- methyl= methyl- ethyl= athyl- (or n-
fler Dapth benzene benzene benzene benzene benzene benzene Octanae)
5G3 7 ND ND ND 580 790 ND ND
8 1,720 7,030 2,470 5,920 8,620 ND 940
5G4 2 ND ND ND ND ND ND ND
4q ND 30 130 750 1,260 ND ND
3 ND ND ND ND ND ND ND
8 ND ND ND ND ND ND ND
5G5S 1 D ND ND ND ND ND ND
2 ND ND ND ND ND ND ND
3 ND ND ND ND ND ND ND
L] ND ND ND ND ND ND ND
5 ND ND ND ND ND ND ND
6 ND ND ND ND ND ND ND
7 ND ND ND ND ND ND ND
9 5,820 56,500 25,200 3,950 9,180 ND NQ
5G6 5 ND ND ND ND ND ND L
5G7 6 ND ND ND ND ND ND ND
7 HD ND ND ND ND ND ND
SG8 1 ND ND ND ND ND ND ND
2 ND ND ND ND ND ND ND
3 ND ND ND 390 320 ND L
4 ND ND ND 120 ND ND H
5 ND ND ND 160 ND ND H
6 ND ND ND 150 ND ND L
7 ND ND ND ND ND ND L
8 ND ND ND ND ND ND L
9 *** (Sample tube clogged/in watar)*e+*
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Table 12.--Qhaazxnd_HA1ﬂ1_lB1Elﬂ—iD—9hﬂ3114L1Qn—ﬂnd—dgmgali£—33114

(Water levals are in feet below land surface (table 2})

Wall Water Well Water

iden- Date lavel iden- Date leval
tifier tifier

M1-82 Feb 21, 1985 11.37 M2-82 Feb 21, 1985 11.48

May 11 10.57 May 11 10,55

Aug 29 8.84 Aug 29 9.47

Apr 23, 1986 10.00 Apr 23, 1986 9.88

May 14 9.36 May 14 9.12

Jun 23 9.00 Jun 23 8.54

Jul 28 8.91 Jul 28 8.40

Sep 22 8.69 Sep 22 8.25

Nov 19 11.12 Nov 19 11.01

Dec 17 11.46 Dec 17 11.40

Jan 20, 1987 11.67 Jan 20, 1987 11.60

Feb 17 11.58 Feb 17 11.46

Mar 16 11.39 Mar 16 11.32

Apr 22 11.05 Apr 22 10.86

Mar 18, 1989 11.65

M1-85 Feb 21, 1985 12.9 M2-85 Feb 20, 1985 6§.22

May 10 11.58 21 6.27

Jun 09 9.37 May 10 6.11

Aug 02 9.84 Jun 09 5.37

29 9.95 Aug 02 5.66

30 9.69 29 5.72

Sep 21 9.68 30 5.58

Oct 16 10.91 Sep 21 5.57

Nov 15 11.86 Oct 16 5.44

Dec 13 12.69 Nov 15 6.29

Jan 24, 1986 12.24 Jan 24, 1986 6.06

Feb 21 11,99 Feb 21 5.87

Mar 20 11.59 Mar 20 5.867

Apr 23] 10.58 Apr 23 5.67

May 14 9.72 May 14, 1986 5.67

Jun 23 9.11 Jun 23 6.34

Jul 28 9.00 Jul 28 6,60

Sep 22 8.96 Sep 22 5.51

Nov 20 12.48 Nov 20 6.62

Dec 17 12.85 Dec 18 7.04

Jan 21, 1987 13.17 Jan 22, 1987 7.18

Feb 18 13.05 Feb 17 6.64

Har 16 12,75 Mar 16 6,24

Apr 23 12.25 Apr 23 6.66

Mar 13, 1989 13.33 Mar 14, 1989 9.14
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Wall Water

iden- Date level
tifer

M3-82 Feb 21, 1985 10.05

May 11 9.23

Aug 29 8.05

Apr 23, 1986 8.61

May 14 7.96

Jun 23 7.51

Jul 28 7.45

Sep 22 1.3

Nov 19 9.786

Dec 17 10,03

Jan 22, 1987 10.23

Feb 17 10.15

Mar 16 9.96

Apr 22 9.867

Mar 18, 1989 10.16

M3-85 Feb 20, 1985 7.98

21 8.07

May 11 7.60

Jun 09 6.64

Aug 02 7.14

29 1.28

30 7.04

Sep 21 6.98

Oct 16 6.51

Nov 15 7.20

Dec 13 8.00

Jan 24, 1986 8.10

Feb 21 7.88

Mar 20 7.76

Apr 23 7.40

May 14 6.86

Jun 23 7.13

Jul 28 117

Sep 22 6.44

Nov 20 8.96

Dec 17 3.68

Jan 22, 1987 8.66

feb 18 8.59

Mar 16 8.40

Apr 23 8.38
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Table 12.--Observed water levels in obaervation and domestic wells

Well Hater Well HWater
iden= Date lavel iden= Date lavel
tifler tifler
M4-85 Feb 20, 1985 8.95 M5-85 Feb 20, 1985 5.39
21 8.95 21 5.38
May 11 7.91 May 10 5.:11
Jun 09 5.83 Jun 09 4.69
Aug 02 6.12 Aug 02 5.04
29 6.31 29 5+13
30 6.07 30 4,91
Sep 21 6.04 Sep 21 4.89
Oct 16 7.10 Oct 16 4.67
Nov 15 8.09 Nov 15 5.23
Dec 13 8.90 Dec 13 5.39
Jan 24, 1986 8.69 Jan 21, 1986 5.05
Feb 21 8.58 Feb 21 4.90
Mar 20 8,15 Mar 20, 1986 4.85
Apr 23 6.96 Apr 23 5.02
May 14 6.07 May 14 4.79
Jun 23 5.40 Jun 23 5.02
Jul 28 5.07 Jul 28 5.10
Sep 22 4,94 Sep 22 41.56
Nov 20 8.55 Nov 20 5.30
Dec 17 8.98 Dec 18 5.49
Jan 21, 1987 9.26 Jan 22, 1987 5.56
Feb 17 9.04 Feb 18 5.48
Mar 16 8,92 Mar 16 5.32
Apr 23 8.27 Apr 23 5.46
Mar 13, 1989 5.64
M7-85 Feb 20, 1985 7.40 M8-85 Feb 20, 1985 9.47
21 7.43 21 9.49
May 11 713 May 11 8,92
Jun 09 6.09 Jun 09 792
Aug 02 6.72 Aug 02 8.43
29 6.79 29 8.50
30 5.63 30 133
Sep 21 6.09 Sep 21 7.93
Cct 16 6.40 Qct 16 8,38
Nov 15 7.42 Nov 15 8.99
Dec 13 7.66 Dec 13 9.29
Jan 24, 1986 7.14 Jan 24, 1986 917
Feb 21 7.07 Feb 21 9.07
Mar 20 6.89 Mar 20, 1986 8.73
Apr 23 6.83 Apr 23 8.56
May 14 6.13 May 14 8.08
Jun 23 6.40 Jun 23 8.04
Jul 28 6,63 Jul 28 8.04
Sep 22 5.84 Sep 22 7.45
Nov 20 7.40 Nov 20 9.07
Dac 17 7.78 Cac 17 9.31
Jan 22, 1987 393 Jan 22, 1987 9,48
Feb 18 T8 Feb 18 9.42
Mar 16 7.62 Mar 16 9,22
Apr 23 7.65 Apr 23 9.18
Mar 14, 1989 8.05 Mar 14, 1989 9.59

Wall Water
iden- Date level
tifer
M6-85 Feb 20, 1985 7.55
21 7.55
May 10 7.25
Jun 09 6.61
Aug 02 7.14
29 7.48
30 6.89
Sep 21 6.88
Oct 16 6.66
Nov 15 7.88
Dec 13 8.01
Jan 24, 1986 7.64
Feb 21 7.386
Mar 20 7.25
Apr 23 7.14
May 14 6.70
Jun 23 7.16
Jul 28 7.34
Saep 22 6.37
Nov 20 7.72
Dec 17 8.11
Jan 22, 1987 8,31
Feb 18 8.03
Mar 16 7.87
Apr 23 7.93
Mar 13, 1989 8,52
M9-85 Feb 20, 1985 9.81
21 9.81
May 11 9.07
Jun 09 7.88
Aug 02 8.22
29 8.32
30 8.11
Sep 21 8.02
Oct 16 8.43
Nov 15 9.19
Dec 13 9.50
Jan 24, 1986 9.65
Feb 21 9.52
Mar 20 9.18
Apr 23] 8.63
May 14 1.96
Jun 23 EAP )
Jul 28 7.65
Sep 22 71.20
Nov 20 9.53
Dec 17 9.92
Jan 20, 1987 10.12
Feb 17 9.98
Mar 16 9.86
Apr 22 9.58
Mar 15, 1989 10.37




Table 12.--Observed water levela in observation and adomestic wells

Well Water
iden= Date lavel
tifier
M10-85 Feb 20, 1985 9.72
21 9.72
May 11 9.09
Jun 09 8.06
Aug 02 8.34
29 7.93
30 7.24
Sep 21 7.08
Oct 16 7.72
Nov 15 8.20
Dec 13 8.55
Jan 24, 1986 9.23
Feb 21 9,17
Mar 20 8.83
Apr 23 8.68
May 14 8.22
Jun 23 8.05
Jul 28 8.05
Sap 22 7.67
Nov 20 9.34
Dec 17 9.52
Jan 22, 1987 9.68
Feb 18 9.70
Mar 16 9.52
Apr 22 9.37
M1l Nov 19, 1986 12.01
Dec 17 12.69
Jan 20, 1987 12.72
Feb 17 12.55
Mar 16 12.39
Apr 22 12.08
M4 Nov 20, 1986 10.91
Dac 17 11.07
Jan 20, 1987 11.28
Fab 17 11.19
Mar 16 11,01
Apr 22 10.68
Mar 17, 1989 11.2

Well Water Well Water
iden- Date level iden- Date lavel
tifier tifer
M11-85 Feb 20, 1985 10.94 M12-85 Feb 20, 1985 11.52
21 10.94 21 11.52
May 11 9.96 May 10 10.68
Jun 09 11.81 Jun 09 9.24
Aug 02 7.83 Aug 02 9.82
29 7.56 29 9.73
30 6.72 30 9.61
Sep 21 6.76 Sep 21 9.50
QOct 16 9.47 Oct 16 10.12
Nov 15 10.27 Nov 15 10.86
Dec 13 10.92 Dec 13 11,52
Jan 24, 1986 10.65 Jan 24, 1986 11.15
Feb 21 . 10.44 Feb 21 10.98
Mar 20, 1986 9.98 Mar 20 10.53
Apr 23 9.34 Apr 23 10.13
May 14 8.64 May 14 9.5)
Jun 23 8.11 Jun 23 9.13
Jul 28 8.01 Jul 28 9.08
Sep 22 7.79 Sep 22 8.83
Nov 19 10.58 Nov 20 11.06
Dec 17 10,92 Dac 17 11.30
Jan 20, 1987 10.83 Jan 20, 1987 11.38
Feb 17 11.01 Feb 18 11.50
Mar 16 10.81 Mar 16 11.26
Apr 22 10.38 Apr 23 11.01
Mar 18, 1989 11.10
M2 Nov 20, 1986 10.55 M3 Nov 20, 1986 10.73
Dec 17 10.84 Dec 17 11.02
Jan 20, 1987 11,01 Jan 20, 1987 11.22
Feb 17 10.94 Feb 17 11.16
Mar 16 10.76 Mar 16 10.96
Apr 22 10.48 Apr 22 10.67
M5 Nov 19, 1986 10.94 M6, 1 Nov 20, 1986 10,51
Dec 17 11279 Dec 17 10,89
Jan 20, 1987 11.50 Jan 20, 1987 11.04
Feb 17 11.40 Feb 17 10.95
Mar 16 11,20 Mar 16 10.76
Apr 22 10.72 Apr 22 10.48




Table 12.--Cbsarved water levels in observation and domestic wells
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Waell Water Wall Water

iden=- Date lavel iden- Date level

tifier tifler

M6.2 Nov 20, 1986 10,53 M7.1 Nov 19, 1986 11.16
Dec 17 10.79 Dec 17 11.42
Jan 20, 1987 10.98 Jan 20, 1987 11.67
Feb 17 10.89 Feb 17 11,56
Mar 16 10.72 Mar 16 11.38
Apr 22 10.38 Apr 22 10.97
Mar 17, 1989 11.03

M8 Nov 20, 1986 11.32 M9 Nov 20, 1986 11.28
Dec 17 11.75 Dec 17 11.862
Jan 20, 1987 11.92 Jan 20, 1987 11.70
Feb 17 11.81 Feb 19 11.71

18 11.82 Mar 16 11.53

Mar 16 11.64 Apr 22 11.13
Apr 22 11.14

M11 Nov 20, 1986 10.89 M12 Nov 19, 1986 11.13
Dec 17 11.23 Dec 17 11.486
Jan 20, 1987 11.45 Jan 20, 1987 11.63
Feb 17 11.35 Fab 17 11,57
Mar 16 11.:19 Mar 16 11.40
Apr 22 10.87 Apr 22 11.05
Mar 17, 1989 11.56 Mar 18, 1989 11.69

M14 Nov 20, 1986 9.58 Ml6 Nov 19, 1986 10.99
Dec 17 9.88 Dec 17 11.42
Jan 20, 1987 10.09 Jan 20, 1987 11,63
Feb 17 9.92 Feb 17 11.52

18 9.93 Mar 16 11,34

Mar 16 9.76 Apr 22 10,80
Apr 22 9.43 Mar 18, 1989 11.59
Mar 16, 1989 10.14

M18 Nov 20, 1986 10.99 M19 Nov 20, 1986 11.38
Dac 17 11.36 Dac 17 11.69
Jan 20, 1987 11.58 Jan 20, 1987 11,90
Feb 17 11.4%6 Feb 17 11.77
Mar 16 11.26 Mar 16 11.61
Apr 22 10,84 Apr 22 11.16
Mar 17, 1989 11.70 Mar 15, 1989 12.08

M21 Nov 20, 1986 11.49 M22 Nov 20, 1986 10.79
Dac 17 11.88 Dec 17 11.03
Jan 20, 1987 12.15 Jan 21, 1987 11,33
Fab 17 11.90 Feb 17 13
Mar 16 11.71 Mar 16 10.95
Apr 22 11.31 Apr 22 10.47

Well Water
iden= Date leval
tifer
M7.2 Mar 16, 1987 11.33
Apr 22 10.82
M10 Nov 20, 1986 11.03
Dac 17 11.41
Jan 20, 1987 11.61
Feb 17 11.50
Mar 16 11.32
Apr 22 10.95
M13 Nov 19, 1986 11.15
Dec 17 11.58
Jan 20, 1987 11.83
Feb 17 11.72
Mar 16 11.53
Apr 22 11.17
Mar 16, 1989 11.90
M17 Nov 20, 1986 11.35
Dac 17 11.73
Jan 20, 1987 11.97
Feb 17 11.86
Mar 16 11.64
Apr 22 11.12
Mar 17, 1989 12.02
M20 Nov 20, 1986 11.21
Dec 17 11.62
Jan 20, 1987 11.88
Feb 17 1175
Mar 16 11.53
Apr 22 10.92
Mar 17, 1989 12.00
M23 Nov 20, 1986 10.10
Dec 17 10.39
Jan 22, 1987 10.60
Feb 18 10,53
Mar 16 10.32
Apr 22 10.02
Mar 16, 1989 10.64




Table 12.--QObserved water levels in observation and aumestic wells

Well Water Well Water
idan~- Date level iden- Date lavel
tifier tifier
M24 Nov 20, 1986 9.11 M25 Nov 20, 1986 9.35
Dec 17 9.40 Dec 17 9.66
Jan 22, 1987 9.66 Jan 22, 1987 9.94
Feb 18 9.58 Feb 18 9,81
Mar 16 9.54 Mar 16 9.58
Apr 22 9.05 Apr 22 9.26
M27 Nov 20, 1986 9.73 M28 Nov 20, 1986 13.69
Dac 17 9.91 Deec 17 14,24
Jan 22, 1987 10.20 18 14.19
Feb 18 10.14 Jan 22, 1987 14.19
Mar 16 9.92 Feb 18 14.13
Apr 22 9.67 Mar 16 13.88
Mar 16, 1989 9.21 Apr 22 13.35
Mar 15, 1989 13.97
M30 Nov 20, 1986 9.94 M3l Nov 20, 1986 10.74
Dec 17 10.20 Dec 17 10.99
Jan 22, 1987 10.32 Jan 22, 1987 11.19
Feb 18 10,33 Feb 18 11.14
Mar 16 10.23 Mar 16 10.92
Apr 22 9.90 Apr 22 10.65
Mar 14, 1989 10.47 Mar 15, 1989 11.31
M34 Hov 20, 1986 8.19 M35 Nov 20, 1986 11,22
Dac 18 8.37 Dec 17 11.47
Jan 22, 1987 8.51 Jan 22, 1987 11.71
Feb 18 8.52 Feb 18 11.41
Mar 16 8.33 Mar 16 11.44
Apr 23 8.24 Apr 23 11.17
Mar 14, 1989 8.65
M36 May 14, 1986 9.46 M37 May 14, 1986 9.05
Jun 23 9.08 Jun 23 8.78
Jul 28 9.01 Jul 28 8.76
Sep 22 8.71 Sep 22 8.45
Nov 19 10.64 Nov 20 11,34
Cec 17 11.17 Dec 17 10.82
18 11.17 Jan 22, 1987 10.78
Jan 20, 1987 11.36 Feb 18 0,73
Feb 17 11.29 Mar 16 10.56
Mar 16 12.28 Apr 22 10,35
Apr 22 11.94
439 Jan 20, 1987 11.02 M40 Jan 21, 1987 12.85
Feb 18 11.07 Feb 18 11.89
Mar 16 10.81 Mar 16 1173
Apr 23 10.69 Apr 23 11.70

Well Water
iden=- Date level
tifer
M26 Nov 20, 1986 9.38
Dac 17 9.65
Jan 22, 1987 9,91
Feb 18 9.84
Mar 16 9.63
Apr 22 9,33
M29 Nov 20, 1986 10.19
Dec 17 10.37
Jan 22, 1987 10.72
Feb 18 10.65
Mar 16 10.56
Apr 22 10.24
Mar 15, 1989 10.84
M33 Nov 20, 1986 9.15
Dec 18 9.46
Jan 22, 1987 9.64
Feb 18 9.59
Mar 16 9.44
Apr 23 9.27
D32 Jul 28, 1986 8.15
Sep 22 8.07
Nov 20 11.61
Dec 17 12.04
Jan 21, 1987 12,36
Feb 18 12,23
Mar 16 11.94
Apr 23 9.09
M38 Nov 20, 1986 8.17
Daec 17 9.41
Jan 22, 1987 8.80
Feb 18 9.34
Mar 16 9.13
Apr 23 9,11




Table Al.--Concentrations of volatile organic
May 1985 through June 1986

[Concentrations are in micrograms per liter; ND,
below the detection limit of 1 microgram per
liter].

Sample

or well Total
identifier Date Benzene Toluene Xylenes
Field blank 5-10~-85 ND ND ND
Field blank 5-11-85 ND ND ND
M11-85 5=11-85 1,380 7,700 12,990
M11-85 5-11-85 1,090 4,000 14,900
Lab blank 12-16-85 ND ND ND
Lab blank 6-27-86 ND ND ND
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Table Az.—-QgnganLxaLigna_gﬁ_xglasile_gzganic

August 27, 1985

[(Concentrations are in micrograms per liter; ND, below
the limit of detection of 1 microgram per liter for
the insurance company study (ICS), see text for
discussion of limit of detections for Ground-Water
Toxics Study (GWTS)).

Well Benzene Toluene Total xvlenes
identi-

fier ICS  GWTS ICS GWTS ICS GWTS
M7-85 ND ND ND ND ND ND
M8-85 96 ND 1 ND 9 ND
M10-85 ND ND ND ND ND ND
M11-85 920 1,000 1,100 3,400 6,300 7,300
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Table

A3.--Mean and standard deviations of trip blanks, August 26-30 1985

(Concentrations are in micrograms per liter].

1,3,5-Tri-
Ethyl- m+p o= n-Propyl- methyl-
Parameter Benzene Toluene benzene Xylene Xylene benzene benzene
Mean 0.87 0.49 0.032 0.041 0.025 0.0024 0.017
Standard 0414 +0.10 10,015 +0.015 +0.0071 +0.,0047 +0,0096
deviation
1,2,4- 1,2,3,5- 1,2,3,4-
Tri- Iso- sec- Tetra- Tetra-
methyl- butyl- Butyl- n-Butyl- methyl- methyl- Naph-
Parameter benzene benzene benzene benzene benzene benzene thalene
Mean 0.053 0.0046 0.006 0.019 0.009 0.014 0.20
Standard +0,017 +0,0082 +0,0089 +0,011 +0,014 10,016 +0.29
deviation
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Table Ad4.--Comparison of means and standard deviations of standaxd.
hydrocarbon compound concentrations, November 1985

(Concentrations in micrograms per liter; standard solutions prepared
from materials supplied by the U.S. Environmental Protection Agency-
Environmental Monitoring Services Laboratory, Cincinati, OH (EPA)]

ERA GWTP
Standard One standard
solution Compound Concentration Concentration deviation
I Benzene 10,000 12,000 +1,800
Toluene 10,000 11,000 + 540
m+p-Xylene 10,000 9,700 + 680
o-Xylene 5,000 5,100 + 320
II Benzene 10,000 12,000 + 800
o-Xylene 10,000 9,500 + 560
111 Toluene 10,000 11,000 + 480
m+p-Xylene 10,000 10,000 + 720
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Table AS5.--

[Equivalent spikes contalning benzene, toluene, ethylbenzene, m-xylene, naphthalens, 1,3, S-trimethylbenzane,
1,2,4-trimethylbenzene, p-isopropyltocluene, 1,2,3=trichlorobanzens, 1,2,4-trichlorobenzena, n-butylbenzene,
styrane, and bromobanzene; FS1 and FS2 are fleld and LS ls laboratory; D, duplicata sample; BL, blank-watar
sample; ER, equipment-rinse sample; ERB, baked-equlpment rinse sample; concantrations are in micrograms per
liter; ND, balow the detection lLimit of 0,2 micrograms per litaer)

Sample 1,3,5- 2- 1,2,3- 1,2,4- 1,2,3,5-
or well Tri- Ethyl-1=- Tri- Tri- Tetra-
{denti- Ethyl- Total Naph= mathyl- methyl- methyl- methyl- methyl-
fler Date Benzene Toluene benzene xylenes thalene benzene benzene benzene benzene benzena
M8-85 03-14-89 ND ND ND ND ND ND ND ND ND ND
MB-85 (FSl) 03-14-89 6.6 6.9 7.6 7.4 9.8 1:7 ND ND 7.6 ND
M8-85 (FS2) 03-14-89 542 5.2 5.9 5.8 9.4 6.5 ND ND 6.4 ND
M8-85 (LS) 03-14-89 B.6 8.2 8.7 8.3 9.4 8.7 ND ND 8.5 ND
M18 03-17-89 ND ND 0.2 0.2 ND ND 3.2 0.3 ND ND
Ml (D) 03-17-89 0.4 ND 0.4 0.3 ND ND 5.4 0.4 ND ND
BL1 02-23-89 ND ND ND ND ND ND ND ND ND ND
BL2 02-23-89 ND ND ND ND ND ND ND ND ND ND
BL3 02-23-29 ND ND ND ND ND ND ND ND ND ND
BL4 03-06-89 ND ND ND ND ND ND ND ND ND ND
BLS 03-13-89 ND ND ND ND ND ND ND ND ND ND
ER1 02-23-89 0.2 0.2 ND 0.1? ND ND ND ND ND ND
ER2 02-23-89 0.4 0.4 ND 0.3 ND ND ND ND ND ND
ER3 02-23-89 0.2 0.2 ND ND ND ND ND ND ND ND
RB4 03-06-89 ND ND ND ND ND ND ND ND ND ND
ERBS 03-13-89 ND ND ND ND ND ND ND ND ND ND
Sample l1,4-D1=- 1,2,3,4- Di- Carbon- 1,2,3- 1,2,4-
or well mathyl- Tetra- p-lso- Iso- Di- chlore= tetra- sac- Tri- Tri-
ldanti- 2-ethyl- mathyl- propyl- propyl- bromo- broma- chlo= Butyl- chloro- chlero
fler Date benzene benzene toluene benzene methana methane rlde benzene benzene benzene
H8-85 03-14-89 ND ND ND ND HD ND 0.3 ND ND ND
M8-85 (FS1) 03-14-89 ND ND 6,6 ND HD ND ND HD 9.4 8.8
M8-85 (FS2) 03-14-89 ND ND 5.8 ND ND ND ND ND 8,2 7.1
M*-8S (LS) 03-14-89 ND NO 1.9 HD ND ND ND HD 8.1 7.9
M18 03-17-89 NOD ND ND HD ND ND ND ND ND ND
M18 (D) 03-17-89 ND ND ND ND HD ND ND 0.2 ND ND
BL1 02-23-89 ND ND ND ND HND ND ND ND HD ND
BL2 02=-23-89 ND ND ND ND ND ND ND ND ND ND
BL3 02-23-89 ND HD ND HD HD NOD ND ND ND ND
BL4 03-06-89 ND ND ND ND HD ND ND ND ND ND
BLS 03-13-89 ND ND HD ND ND 0.5 NO ND ND ND
RB4 03-06-89 ND ND ND ND ND ND ND HD ND ND
ERBS 03-13-89 ND N ND HOD ND ND ND ND ND ND
ND HD HND ND HD ND ND ND ND ND
ND ND ND ND ND ND ND ND ND ND
ND HD ND ND ND 0.5 ND NO ND ND
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Tabla AS.--Concentratlons of volatlle organic compounds in quality-assurance samples. February 23 through

March 17, 1989--Coptinued

Sample 1,3-Di- Chloro~- Mathyl-
or well mathyl-  1,2-0i- di- Methyl- ene
identi- 2-athyl- chloro- Bromo=- bromo- Chloro= Chloro- Chloro- Methyl- chlo- chle-
fier Date benzene ethana form methane form benzene ethane bromlde ride ride
MB-85 03-14-89 ND ND ND ND 5.3 ND ND ND ND ND
M8-85 (FS1) 03-14-89 ND ND ND ND 1.4 ND ND ND ND ND
M8-85 (FS2) 03-14-89 ND ND ND ND 1.4 ND ND ND ND ND
MB8-85 (LS) 03-14-89 ND ND ND ND ND ND ND ND ND ND
M18 03-17-89 0.8 ND ND HND 0.5 ND ND ND ND ND
M18 (D) 03-17-89 0.9 ND ND ND ND ND ND ND ND ND
BL1 02-23-89 ND ND ND ND 1.4 ND ND ND ND 0.4
BL2 02-23-89 ND ND ND ND 1.5 ND ND ND ND 0.6
BL3 02-23-89 ND ND ND ND 1.6 ND ND ND ND 055
BL4 03-06=-89 ND ND ND ND 1.3 ND ND ND ND ND
BLS 03-13-89 ND ND ND 0.2 3.7 ND ND ND ND 0.2
ER] 02-23-89 ND ND ND ND 61 ND ND ND ND 2.6
ER2 02-23-89 HD ND ND ND 148 ND ND ND ND 5.3
ER3 02-23-89 ND ND ND ND 57 ND ND ND ND 257
ERB4 03-06=89 ND ND ND ND 1.3 ND ND D ND ND
ERBS 03-13-89 ND ND ND 0.2 3.2 ND ND ND ND ND
Samplae Tetra~ Tri- 1,1-0i~- 1,1,1- 1,1,2- 1.0 2,2=

or well n- n= chloro- chloro~ 1,1-Di- chloro- Tri- Tri= Tetra- 1,2-Di-
identl- Propyl- Butyl- ethyl- fluoro- chloro- ethyl= chloro- chlero- chloro- chlero-
(ler Date benzene benzene ane met hana ethane ene ethane ethane ethan benzene
M8-85 03-14-89 ND ND ND ND ND ND ND ND ND HD
M8-85 (FS1) 01-14-89 ND 6.2 ND ND ND ND ND ND ND ND
M8-85 (F52) 03-14-89 ND 5.4 ND ND ND ND ND ND ND ND
48-85 (LS) 03=14-89 ND 8.2 HD ND ND ND ND ND ND D
M18 03-17-89 NO ND HD ND ND ND ND ND ND ND
Hls (D) 03-17-89 ND HD ND ND ND ND ND ND ND ND
8Ll 02-23-89 ND ND ND ND HD ND ND ND D ND
BL2 02-23-89 HD NOD ND ND ND ND ND ND ND ND
BL3 02-23-89 HND ND ND HOD ND ND ND ND ND ND
BL4 03-06-89 ND ND ND ND ND ND ND ND ND WD
BLS 03-13-89 HD ND NOD ND ND ND ND ND ND ND
ER1 02-23-89 HD ND ND ND ND ND HD ND ND HD
ER2 02-23-89 ND ND ND ND ND ND ND ND ND HD
£R] 02-23-89 HD ND ND ND HD ND ND ND ND D
ERB4 03-06-89 ND HD ND ND ND ND HD ND ND ND
ERBS 03-13-89 ND ND ND ND ND ND ND ND ND ND
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Tabla AS,.-~

Di-
Sample chloro=- trans- cig= Tri-
or well 1,2-D1- 1,3-p1- 1,4-Di- di- 1,3-Di- 1,3-Di- Vinyl chloreo- 1,2-Di-
ldenti- chloro- chloro- chloro- fluoro- chloro- chloro=- Chlo= ethyl- chloro=
fler Date propane benzene benzena methane propana propene ride ene ethene Styrene
M8-85 03-14-89 ND ND ND ND ND ND ND ND ND ND
MB=-85 (FS1) 03-14-89 ND ND ND ND ND ND ND ND ND 8.6
M8-85 (FS2) 03-14-89 ND ND ND ND ND ND ND ND ND 7.0
MB-85 (LS) 03-14-89 ND ND ND ND ND ND ND ND ND 8.8
M18 03-17-89 ND ND ND ND ND ND ND ND ND ND
M18 (D) 03-17-89 ND ND ND ND ND ND ND ND ND . ND
8Ll 02-23-89 ND ND ND ND ND ND ND ND ND ND
BL2 02-23-89 ND ND ND ND ND ND ND ND ND ND
BL3 02-23-89 ND ND ND ND ND ND ND ND ND ND
BL4 03-06-89 ND ND ND ND ND ND ND ND ND ND
BLS 03-13-89 0.3 ND ND ND ND ND ND ND ND ND
ER1 02-23-89 ND ND ND ND ND ND ND 0.2 ND ND
ER2 02-23-89 ND ND ND ND ND ND ND 0.5 ND ND
ER3 02-23-89 ND ND ND ND ND ND ND 0.2 ND ND
ERB4 03-06-8B9 ND ND ND ND ND ND ND ND ND ND
ERBS 03-13-89 0.3 ND ND ND ND ND ND ND ND ND
Sample 1,1-Dl-  2,2-Di- 1,3-Di- 1,2,3- 1,1,1,2=- 1,2-
or well chloro chloro- chlero- ortho- para- Tri- Tetra- Di=
ldanti~ pro- pro=- pro=- Chloro=- Chlore= chlore- chloro- bromo= Bromo~-
fler Date pena pane pane toluene toluene propane ethane ethane benzene
M8-85 03-14-89 ND ND ND ND ND ND ND ND ND
M8-85 (FS1) 03-14-89 ND ND ND ND ND ND ND ND 8,17
MB=-85 (FS2) 03-14-89 ND ND ND ND ND ND ND ND 7.1
M8=-85 (LS) 03-14-89 ND ND ND ND ND ND ND ND 1.7
M18 03-17-89 HND ND ND ND ND ND ND ND HD
M18 (D) 03-17-89 ND ND ND ND ND ND ND ND ND
BL1 02-23-89 HD ND ND ND ND ND ND ND ND
BL2 02-23-89 ND ND ND ND s ND HD ND D
8L3 02-23-89 ND ND ND ND h ND ND HD ND.
BL4 03-06-89 ND ND ND ND ND ND ND HD ND
8L5 03-13-89 ND ND HD ND ND ND ND ND ND
ER] 02-23-89 ND NOD ND ND ND ND ND ND HND
ER2 02=-23-89 ND ND ND ND ND ND ND ND ND
ER3 02-23-89 ND NO ND ND ND ND ND HD ND
£ER4 03-06-89 ND ND ND ND ND ND ND ND ND
ERBS 03-16-89 MD ND ND ND ND ND ND ND ND
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Sample

or wall Mathyl- 3=

ldenti- cyclo- Methyl-

flar Hexane pentane pentane Acetone
MB8-85 ND ND ND ND
MB8-85 (Fsl) ND ND ND ND
M8-85 (FS52) ND ND ND HND
M8-85 (FS3) ND ND ND ND
M18 ND ND ND ND
M18 (D) ND ND ND ND
BL1 0.7 1a2 ND ND
BL2 1.0 0.9 ND ND
BL3 0.9 1.0 ND ND
BL4 ND ND ND ND
BLS ND ND ND ND
ER1 6 57 2.4 0.5
ER2 18 166 Y ) 0.6
ER3 57 57 2.5 0.7
ERB4 ND ND ND ND
ERBS ND ND ND ND

dlaboratory quantified compound detectlon, even though below the reported detection limit of 0.2

micrograms per liter.

nTenLatlvely identified organlc compound: the reported concentration generally ls accurate to one

order of magnltude.
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Table A6.--Concentrations of inorganic and dissolved-organlc carhon guality-assurance samples,
March 1989,

[ER, equipment-rinse blank, de-lonlzed water; D, dupllcate sample;
mg/L, milligrams per liter; or pg/L, milligrams per liter])

Lab
Spe- spe= Hard=-
cific cific Lab Hard- ness,
Well or con= coen= pH pH Tempar- Tur=- OxYgen, ness non=
sample duct - duct - (stand- (stand- ature bid- dis=- {mg/L carbonate
ldenti- anca ance ard ard water icy solved as (mg/L as
fler Date (ps/cm)  (pus/cm) units) units) ('C) (NTU) (mg/L) CaC0,) CacCoi)
M18 03-17-89 319 307 6.7 6.9 13.0 40 0.0 130 0
M18D 03-17-89 - 307 == 6.7 - 33 -- 130 [¢]
ERY4 03-15-89 - - -- 7.2 - 0.3 -- 0 0
Hagne- Potas~- Alka-
Calcium sium, Sedium, Sodium sium, Alka- linivy, Sulfate,
Sample dis- dis- dis- ad- dis=- linlty, labor- dlis-
or well solved solved solved sorp- solved fleld atory solved
identi- (mg/L (mg/L (mg/L Sodium tion {mg/L (mg/L as (mg/L as (mg/L
fler Date as Ca) as Mg) as Na} percent ratlo as K) CaCOJ) Cac03: as 504)
M18 03-17-89 32 11 12 17 0.5 2,6 132 113 34
M18 (D) 03-17-89 32 11 12 17 0.5 2.6 == 113 34
ER4 03-15-89 0.02 0.05 <0.2 - - 0.1 - 2 <0.2
Sollids, Solids, Nitro- Nitro=- Phos~-
Chlo=- Fluo= Sllica, reslidue sum of gen, gen, phorus
ride, ride, dis- at censti- N02+N03, ammonia, ortho, Barlum,
Sample dis- dis- solved 180 ‘C tuents, dis- dis- dis- dis-
or wall solved solved (mg/L dis- dis- solved solved solved solved
identi- (mg/L (mg/L as solved solvad (mg/L (mg/L (mg/L {ug/L
fler Date as Cl) as F) 51021 (mg/ L) (mg/L) as N) as N) as P) as Ba
M18 03-17-89 7.0 0.2 38 209 227 <0.10 0 0.05 18
M18 (D) 03-17-89 7.0 0,2 l8 208 227 <0.10 .11 0.05 19
ER4 03-15-89 <0.1 0,1 <0,01 <1 -- <0,10 <0,01 <0.01 <2
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Table A6.--Concentrations of inorganic and dissolved=-organic carbon guality-assurance sampleg,

March 1989--Continued
Beryl- Chro- Manga~-
1ium, Cadmium, mlum, Cobalt, Copper, Iron, Lead, Lithium, nese,
Sample dls=- dis- dis- dis- dis- dis- dis- dis- dis-
or wall solved solved solved solved solved solved solved solved solved
identi- (ng/L (ug/L {ng/L (kg/L (ng/L (ng/L (ng/L (ng/L {ng/L
fier Date as Be) as Cd) as Cr) as Co) as Cu) as Fe) as Pb) as Li) as Mn)
Ml8 03-17-89 <0.5 <1 <5 q <10 7,300 <10 6 2,800
M18 (D) 03-17-89 <0.5 <1 <5 <3 <10 7,200 <10 5 2,800
ER4 03-15-89 <0.5 <1 <5 <3 <10 5 <10 <4 <1
Molyb- Stron= Vana=-
denum, MNlckel, Silver, tium, dium, Zinc, Carben,
Sample dlis- dis- dis=- dls=- dis=- dis=- dissolved
of well solved solved solved solved solved solved organic
ldentl- (ng/L (ng/L (Hg/L (kg/L (ng/L (Hg/L (mg/L
fler Date as Mo) as Ni) as Aqg) as Sr) as V) as 2n) as C)
M18 03=-17-89 <10 <10 <1 150 <6 69 1.9
M18 (D) 03-17-89 <10 <10 <1 150 <6 230 2.0
ER4 03-15-89 <10 <10 <1 <1 <6 <3 0.3




Table A7,--Comparison of fleld and laboratory determinations of specific conductance.
pH. and alkalinity, November 1986 and March 1989

[us/cm, microsiemens per centimeter; mg/L, milllgrams per liter; =-=-, not analyzed)

Speclfic conductance pH Alkalinity
in us/cm in standard units LIn mg/L as Ca(:t‘.\..l
Well
identi-
fler Pate Fleld Lab Fleld Lab Fleld Lab
M1-82 11-18-86 280 279 6.8 6.9 131 =
M2-82 11-18-86 320 303 6.7 6.8 156 -
M1=-85 11-19-86 238 239 6.7 6.9 103 -
03-13-89 208 222 6.9 7.0 89 90
M5-85 03-13-89 2582 265 6.7 6.8 113 114
M9-85 11-19-86 254 254 6.5 6.9 108 -
03-15-89 249 260 6.6 6.7 112 111
M10-85 11-19-86 298 293 6.6 6.8 116 -
M11-85 11-17-86 264 251 6.6 6.8 125 -
03-18-89 292 295 6,6 6.8 140 134
M4 11-18-86 313 295 6.6 6.8 151 --
M7.2 11-17-86 352 336 6.4 6.6 185 -—
MB 11-17-86 247 245 6.6 6.8 105 -
M9 11-17-86 279 272 6.6 6.9 133 i
M11 11-18-86 307 298 6.6 6.9 148 --
Ml2 11-18-86 323 303 6.5 6.7 164 -
M16 11-17-86 342 329 6.7 6.8 172 -
M18 11-18-86 292 271 6.6 6.8 '-'—!.49 -
03-17-89 319 307 6.7 5.9 132 113
M19 11-18-86 257 251 6.6 6,9 105 --
M23 11-18-86 390 8s 6.7 6.8 193 --
M24 11-18-86 365 332 6.5 6.7 190 ==
M29 11-19-86 259 258 6.6 6.8 120 i
M30 03-14-89 268 284 6.6 6.6 128 122
M31 11=19-86 261 261 6.5 6.8 113 --
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United States Depart

GEOLOGICAL SURVEY '

Water Resources Division
Pacific Northwest District
Washington Office
1201 Pacific Avenue - Suite 600
Tacoma, Washington 98402

May 5, 1987
-

i

Mr. Clar Pratt

Washington State Department of
Ecology

3601 W, Washington

Yakima, Washington 98902

Dear Mr., Pratt:

I have enclosed the additional materials pertaining to the Yakima Gasoline
study that you requested during our meeting of April 22. Included are the
logs for the observation wells that we installed during September of 1986
and the site and background information that we included in the work plan
for the study.,

Because we are no longer funded to work at the site, we must remove the
observation wells. Please let me know which, if any, of these wells that
you would like left in place. At that time, we will transfer responsibility
for the ultimate removal of wells left in place to the Department of Ecology.
Please call me at (206) 593-6510 if you have any questions,
Sincerely,
e (f'8§§22;16‘11

James C, Ebbert
- Hydrologist

Enclosure




DESCRIPTION OF THE YAKIMA STUDY SITE

Yakima is the commercial center for a major agricultural area within
south-central Washington. The service station on North First Street where
the gasoline and diesel-oil leak occurred is located approximately 2,000
feet southwest of the Yakima River (see fig. 1). Land use in the vicinity
of the service station is mixed commercial, residential, and vacant. The
subsurface zone immediately underlying the gasoline and diesel oil spill
consists of ailuvial deposits. Depth from the ground surface to the water

table is approximately 10 feet.

Background

In 1980, 1981, and 1982, complaints about the odor and taste of gasoline
in water from domestic wells located up to 1,000 feet east of the service
station were reported to the State of Washington Department of Ecology
(WDOE). The WDOE investigated the reports and determined that the source of
contamination was a service station located on North First Street (see fig.
1). More than a dozen households reported contamination of domestic and
irrigation supplies, and starting in 1982, outside sources of drinking water

were provided for some residents.

New storage tanks and product delivery lines were installed at the
station in May and June 1979. Because of improper installation, some of the
delivery lines leaked near the ground surface where the lines connect to the
dispensers. Leak tests were reported to have been performed at that time,

—
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and no leaks were found, In December 1980, an air-pressure test of the
system was conducted as part of routine testing and again no leaks were
reported. As a result of the complaints from private well owners,
hydrostatic pressure tests were conducted in September 1982, These tests

revealed leaks in the delivery lines, which were repaired immediately.

An estimate of the volume of product lost for the period from September
1981 through October 1982 was made from an audit of inventory records. The
audit indicatéd a totallloss of 5,970 gallons of leaded gasoline and 1,740
gallons of diesel oil, or an average combinéd-loss of 550 gallons per month,
If the 1980 air-pressure test was accurate, a potential loss of about 12,000
gallons could have occurred during the 2é-month period from the time of the
pressure test to the correction of the leaks. If the pressure test was
inaccurate, then the product loss may have been as much as 22,000 gallons
during the entire 40-month period from the time of installation of the tanks

and delivery lines to the repair of the lines.

Because of the threat to drinking water, the insurance company
representing the service station made an attempt to recover the gasoline and
diesel oil in 1982-83. At least 13 observation wells and two recovery wells
were installed on or adjacent to the service station property in 1982
(fig. 2). Three of the observation wells contained several inches of free
product. The recovery operation Qas discontinued after 2 months because
only 40 gallons of free product were recovered, at a reported cost of

$100,000. All but three of the wells were subsequently destroyed.

/¢




In 1985, the insurance company began a ground-water monitoring program.

From December 1984 to February 1985, 12 observations wells were added to the
\\\three remaining from 1982 (fig. 3). At 3-month intervals beginning in
' z'//February 1985, water levels were measured and selected wells were sampled to
%Uﬂ determine concentrations of hydrocarbon compounds in ground water. This
monitoring program lasted for about 1 year, and these wells are now used by

the U.S. Geological Survey,.

In the summer of 1985, most homes having affected wells were connected
to city water supplies at a cost to the city of about $i75,000. Because of
the cost of the unsuccessful cleanup effort, and because uncontaminated

drinking water supplies were secured, no further remedial action is

anticipated.
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Results of Reconnaissance Investigations

Reconnalssance Investigations to determine the approximate areal extent
of the gasoline and diesel oil contamination in ground water were conducted
by the U.S. Geological Survey and the Oregon Graduate Center (OGC). Results
indicate that the more water-soluble compounds in gasoline and diesel oil,
the aromatic hydrocarbons, have migrated approximately 1,000 feet from the

station, generally in an east-north easterly direction.

In August 1985, ground-water samples at the water table were collected
from the 15 previously installed observation wells and from 14 temporary
holes. The site numbers for the observation wells and temporary holes have
the prefix letters M and T, respectively, in figure 9. All the observation
wells were constructed with PVG casing and screens. The temporary hoies
were installed by driving a steel rod to the water table using a jackhammer.
Ground-water samples were collected from the temporary holes by bailing
through a stainless steel tube that was inserted after removal of the drive
rod. Additionally, 31 domestic wells, shown with the prefix letter D in
figure 9, were sampled. Typically these extend 10 to 20 feet below the
water table with an open-end steel casing. Therefore, hydrocarbon
concentrations in the domestic wells may not be the same as those at the

water table.

Ground-water samples were analyzed for 17 aromatic hydrocarbons,
primarily alkylated benzenes (table 2). Fourteen of the compounds were

identified in samples from eight of the sampling sites. Of these compounds,

od 2o
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TABLE 2,—Concentrations of aromatic hydrocarbons ccmgom:!s in ground water
sampled during August 1985

[concentrations in micrograms per liter)

Site number

Compound M8-85 M11-85 M1-82 M2-82 M3-82 -1 D=2 D-6
Benzene ND 1,000 ND 3,300 800 2.3 10 26
Toluene ND 3,400 ND 11,000 2,600 ND ND ND
Ethylene bromide ND ND ND ND ND ND ND ND
Ethyl benzene ND 220 ND 910 150 ND ND 4.7
mp-Xylene ND 5,200 ND 7,500 5,700 ND ND .33
o-Xylene 1.0 2,100 ND 3,000 2,500 .17 1.2 3.2
n-Propyl benzene ND ND ND 130 ND ND 11 1.7
1,3,5-Trimethyl benzene ND 420 25 620 930 ND ND ND
1,2,4-Trimethyl benzene .13 1,200 ND 1,500 2,400 ND 1.4 5.9
t-Butyl benzene ND ND ND ND ND ND ND ND
Ischutyl benzene ND ND ND ND ND ND .38 .32
sec-Butyl benzene ND ND ND ND ND ND .93 .70
1-Isopropyl-4-methyl benzene - ND ND ND ND ND ND ND ND
n-Butyl benzene ND ND 1.2 ND ND ND .29 .45
1,2,3,5~Tetramethyl benzene .66 81 8.6 130 380 ND .26 1.5
1,2,3,4-Tetramethyl benzene o2 46 5.6 55 180 ND ND .40
Naphthalene 3.0 440 2.8 400 740 ND 1.0 12

lyells sampled by the U.S. Geological Survey and the Oregon Graduate Center. Only those wells
where campound concentrations were above quantifiable limits appear in the table. ND indicates a
concentration below quantifiable limits. :




%('/(/“/

detectable concentrations of benzene and ﬁéphthalene were found farthest
from the service station, and their concentrations in ground water are shown
in figure 10. Although benzene and naphthalene were detected in water
collected approximately 1,000 feet northeast of the station, concentrations
exceeded 100 ug/L (micrograms per liter) in only the three wells closest to
the service station. A petroleum sheen was noted on samples from two of the
three wells indicating the presence of free product. The migration of
aromatic hydrocarbons in the direction of the Bekins and Safeway properties
(fig. 10) is of interest because these two properties are partially paved.
The pavement may affect the movement and concentrations of volatile organic

compounds in the unsaturated zone under these areas,

In November 1985, the OGC collected and analyzed gas samples from depths
of 3.5 to 5.7 feet in the unsaturated zone. Due to complications, including
a severe snowstorm, only nine samples were collected, and all were on the

Bekins property or on the northwest corner of the Thunderbird property (fig.

\\\ll). Preliminary results indicate the possible presence of volatile organic

compounds in all but two of the samples, and those were collected from the
most southerly locations (fig. 11). These data support the conclusions
dravn from the ground-water data, which indicate that the direction of
migration 1s toward the east-northeast from the service station. This
direction of movement is consistent with the direction of ground-water flow,

as Indicated by the water-level data (fig. 8).

During the period April through June 1986, additional reconnaissance
samples were collected to better define concentrations of aromatic-

hydrocarbon compounds in ground water under the Bekins, Safeway, and
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Thunderbird properties. The data, as represented by concentrations of

benzene and naphthalene (fig. 12), support previous conclusions that some of
the dissolved hydrocarbon compounds are migrating in an east-north easterly
direction, The need to install observation wells on the Bekins and Safeway

properties was also established.
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Installation of observation wells and

Soil-Gas Sampling Devices

In September 1986, 34 observation wells and eight soll-gas sampling
devices were Installed at the Yakima site. The resulting network of
\\observation wells (fig. 13) also includes those previously installed by
‘ \B/t:onsultants. Some of the 34 wells Installed by the U.S. Geological Survey

were screened below the water table to Investigate the downward migration of
hydrocarbon compounds and to determine wvertical head gradients,
The soil-gas sampling devices (fig. 14) were Installed by the Oregon
! ,%>7 Graduate Center for the collection of data to determine fluxes of volatile-
H hydrocarbon compounds, oxygen, carbon dioxide, and methane in the
unsaturated zone. This element of research as well as others are described

in the following sections.

) 5
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N 3= 3| 6-¢' Sand , fi1ne 1 coarse, fra mes‘)/f:r)‘a s 4! Sang g o qredtisidy § -1E7
o \V4 < : —l<]---=-- Br Al 114/ tob&/ef. Swig 1) l)"’.{;’rﬂ 1 ) '
N ESH —|» g blown awgq /
. — &-10! Scznc{ ! 1c coarse dtné my an
W " R ey o et st
+ WATVR 110 =127 "\ 14] sind, fine l6 coarse, frave! with -
FiLl , fragmends /b ﬁ“&rkﬂ;m ) satorated
8.71k— = 12-/4 Sane as absde ‘but fow fimes more
Zn T 9mves Fragmeats. T _ - _

J4-16' Same as déaue.éu'fm;ch more, fines
and less grave/ fragmen¥s

16=17.5" <, /f coarse sand ,oravel witk freg-
C T T T T mEats 8 R ik gty T T

17.5-8.7" 5

,Lq,. o above but lecks fm.g;

m
dark brown, Muck evidence of

e o e e e Ee = S S e em oEm e e e Em e w— e =
-, e m e e e Em e = e Em mme e e ES Ee s w8

- e o e oEm e o e Em S e e e e G S e e e = e

+ ot o




B-2 i Eep Loc

Lecsation Date Local well number

County Map Scale Lat. Long.
District Project number Ahtitude
Driller _ Helper Geologist ___Ron_Lane

-

“Lithologic Symbols Abbreviations :
L1 ] [ ] clay © cobbles cob sendy sdy Toap bi-1-4-

silt st boulders b fine' f

I

L J I_ J [ ] sand 8  clayey cy medium ™ P s
gravel g  silty sty  coarss co
=
o) .2 i i ipti
'_g © E’ﬁ Y Lithologic description Summary log
HER e
X4 0-2 ' Sand, Clayey si/t  rk brown ' f’-“’-s'”/r”‘}“’z" -3
2 —4 /' lg ’-Ifme 1’; caabfse sanc{ fnlfmmf.f ‘ilo ;
o J‘:('_ _Cfv_‘dr\:__r. fjum?;ﬂaegli ?/‘4?2” mas{(}‘.‘ e -‘ Grave f.@bb/- F-¥ B
P fhedlu% +1p warse sczncf;gme Tock dusd ?
. . gray rel] scund as f In cobbl qrave/
z -8’ S‘;refts :{b J 4 /Fm i g d.'«:"? e/ ?-*""'__J
! 100 S ine 1o coarse sapnd To grave menft "« =R
0 10.0"H Wﬁ = = .}n, 54_'1 Clrong Jas or d:esaf’oaor "7;}41'
A 0=zt Sitty fine o Coarse sand ) some fine gresels
s i 3 224!l s cz_a.?:jc.;la_g' to rye_[ £re mﬂ:‘j—fﬁ/‘
"5-5'-—\5"7—‘E rk @< odo.» ecrcai_ ,’
N g -16" S Ity (ﬂe Sdncf To fine ?mv\!/(t q"ﬂc{nré
, 8| (o8 5B as above_prevel b b shrk
’
hjY|@-20 S f;l-/ e Coarse.s‘dna’ frwe,/(Fnr,mesﬁ .
~ & fo K), dark brown,
x 20-22" ¢, H% ne o coarse sand and qrave/
s ola - = = - lefasts o mydarR Srovny Les3 2dor
1‘,’) % |22-24" Sanse as abouc more sano’ less 7‘*-W¢/
) and s
) 24-2¢6" Same as dréaye
20 o3| 4l kB syt T T T T T T T Iy
= T28" " SiHy Gine end and £ e/
32z} 1= ke da/r('i:mf.(“r” ﬁdztsc ‘df{e;e'&m )4'2
328 28-30 ' Same-as above Iu{ at Jo‘drsfmafda zj
JgrL to :.951’ browh color - rol.m on wate~ @ ;
35] Al :-{ron oot 01f3 antc J ----- T O _ e
f 30-32" Silty Fine sand 15 coa,r.resm rave | | Send e foccorme 2T
Bfﬁ.o—— # (kBH" c))dullqrqyrsﬂ brown )
32-34' Seme_as dwz_ o i S R ) B T

Bd-3b Same as apove

BL-38' Fine 7 e¢carse SGnC/ rmas‘fl Mdum
To coars€ Jaad, no qn-#e!) rk‘LM)’A

L e o e Em o Em o e e em e e s == e = =@




-4 riip we

Lecstion Date Local well number

County Msp Scale Lat. Long.

District Project number ARitude

Oriller ' Helper Geologi;t Kon Lane
Lithologic Symbols : Abbreviations

L ] (] [ ] eav c cobbles cob sendy sdy ' Twep.
slit st boulders b fine' f
]

[_ —IL ]I ]'md clsyey  cdy medium m
pgravel ¢ silky sty coarse co

- = __
2 ithologi i
s o r§'§ o|_ s Lithologic description Summary log
Jlals- (58
T.C 15 . O -]’ Blackfop and parkin led AJ7. v Elaoatop and +./. O~/
- ’g [-4' Sy clay, fine nfiemm sand anc/-ymﬂ/ uk(g’,// sandy geavclly £
Z'g :'Hﬁlf ‘_i FC#&H)d":‘f;rQZ/(f /,,) 4 / /1 2/ )‘/ 7
X4~ ne sa an rate o M4 arik gray . . -
5 3 ? ------ (— = 12- - —./— 7 - _74_}/- = 5!4#0/4/'6/?:'4%/ P7aya
Y 8" Gravel (reforns = fragments A i %) ra . :
go K X| ., Drlf sovnds as of jn cobble 2ravel. "y Gra”/-w‘bé'/"!“”‘j/ e /8|
' =y F~10" Same as above but finer. Medivmm quJ
o H ([T T Brtagmendss - - — = = - = - =
—$|10-12" Same as ‘above
S[ V|12 -4’ Same as above

16 Aot Sumular, but fine n_fine Yo coarse
U5 7-16 U San mnye.}'a.#um%ecf. rk brown
Ficl : 054”1/4/?51110 u‘unjcs. Yo odor .

P 16-8'  Same as dbove .
BH.

e e PR

[= = = = s e e e = e e Em e e e e e e e e e - o o




—_

745 r it coG

Lecation Date Local well number
County Map Scale Lat. Long.
District Project number ARitude
Oriller Helper Geologist __~on C. Lane
Lithologic Symbols Abbreviations ﬁw—
l | | | | | clay & cobbles cob sendy sdy Twep. |—4-J-4-
sit st boulders b  fine f J |__{Sec.
[ ] l J r J sand 8 clayey cdy medium wm - __l___.:’_ L
of g silty sty coerse  CoO !
= =%
el o %%8 3 Lithologic description  Summary log W
Jsls- |58
' 6-2" 5 N)’ CJ“ u/V ’rﬁlf,f‘i';;‘//jf"ﬂ Z:&, Siad fine, si 7y ¢/¢)'e/ o-9.5
5 2 - 45 r:;:: ae aJ:ove - — ;
45 9.5 Gravely {myments o lq ] fine'sand, cobbles| rorcliandy bl 40
‘7.5-/0 Fine sand /2 Ve/(>""‘) Tark
o~~~ | | |----- b;owms r.‘l)/j LO—«“-M##IQ TN cand and gravel 78 - /8
10-12" fr/ fine sand 6 45" Grave/, broum - 7
rzoy sm’w—a{e Mo»g Lnsc
a.n 4 é Ceme Cob
IS J2-1L game as aéiuc _b_f— - _-f—— e
1o -187 Same as above butfsome ¥rag-
18.0 —— B ments in 34 o l"Size . 7 =
Tobe Jrmm= == s mm s i e e e i

c -
leted

b,O&d

B .




5""-1. S

Location Date Local well number
County Map Scale Lat. Long.
District Project number Altituce
Driller Helper Geologist __Kon Lane
Lithologic Symbols : Abbrevistions Eg
L | | ]| | cley ¢ cobbles cob sendy sdy Twep. |-4-J-4-
slit st boulders b fine' f ! i {Sec.
B | | HER | tend 8 clayey  cly medium m RN N -
gravel g silty sty coarsg €O 1 T ]
=
<] o —é%g 3 Lithologic description " Summary log
HELLER
Topof | O o0-1" 'Bb.uk‘fop of parking lo+ ﬁnd ,C.// ] D W S Y v
s 20[HY[EY -2 S ey fine Sand,dark brown Sand e .Ir,m.wc'—r)/ ke
U P c bu. -ﬁ'a_fmeu s -fu,‘;_ Cobble qrave! )
g e apoud FriCT Sty San0y 27 |
LY \5,3.#‘,,'.5—4 by Cthrc qmucr-ﬁfnﬁmeufs 15 Vz'rcfean g
75 ol | _‘;—fé g' Upper 4.9 aboue ,z 7?—'1‘3“‘1—-:{-;};’.! 7 7= 2
=& g0 Cowae:.fcmjz“o coa ff 7my sh bruvn
lo N = S mtu?! ! q‘n‘ du.l/, -7
= §[10-12" Same as mbove , butf wc'f‘ darkcimy
P HOHET12-14" S 13 and brown cfimg an a3 mvc//-"i:]
— dray, “satvrated . Hy v—oc_arﬂoon ‘
w8y | 2| ;
s NAT F. 14-16' Same as ahoye )

116 -15' Zame ag above

L e e e e e e mm e e e o = e Ee e e Em e == = e

b = e = = -

e — - o e e e e - e m e e e e e e o E— = e =

T e T T

et g e,




Lecstion Date Loca! well number
County Map Scale Lat. Long
District Project number ARltude
Driller Helper Geologist Kon lane
Lithologic Symbols Abbreviations
| | [ ] [ ] csv < cobbles cob sendy sy Twep. |—4+-J-4-
sit st boulders b  fine f ! Sec.
[ ] [ ] [ wnd s clayey oy medium m — R N
gravel g slhy - sty coarsg  CO } X
3
AP ‘é %3 3 Lithologic description Summary log
Jhas- |5
Top OF O. 1L M= ‘ T
cee 47 O—1' Black dop and parking lot fill kfopc i (7 - (24
2.0 ; [ =2"' <. :ty ClayJ £ine Far\i‘,qra.ve, ‘f'b}4) ‘&n&,ﬁ)ne/.ér.’f:.,c{n’r.] r~-£
. r
5 +2|5] féL—L_Z_—S; _Sgn:e as a.bove -
56 [ 5% 6'ch _‘imz ru]mevd:s -roy;"and Geawe [;59ndy St
71-8 | [« ; oarse san !
=k b-% Same as above '
(6 EE_SZ‘_Q Sdme e sE———
=2 w-172 Cémuul (= }C?_")qmyush 5T+ ts fine
=3 an wm sSan my:sk Yow n
[ 4o -EH— \Z- Sa.me a.s{:;. ove bu soturated
5 * - — G.. a oN
o2 = -\ TFrayel (4" qlm Zishand st witk.
|9I3 | WAT.FILL ne 'c[lo coavee 'Sand, brown. Ca - Shmd & Wy ,7rau¢Hy [T
en 168’ S'. H and Line ‘focoa.r‘st’- sand chrL

‘Sawa.c

. e m m em m e Em e e em e wm A e e = m = e

-— e e o e e o e e e

L - - e e Em e — e e e - - - — — —

n, f{g‘&ve_f (< Vﬁ)qmybmwmsh, .




ey
Lecstion Date Loce! well number
County Msp Scale Lat. Long.
District Project number ARitude
Driller Helper Geologist Porn € Llene
Lithologic Symbols Abbroviations il 2
[ 1 [ )] [ ] cev e cobbles cob sendy sdy Twp. f-b-]-4-
silt st boulders b fine f ! 1 {Sec.
[ ] [ 1 | | send s clayey ~ cy medium m e 3 W LI
gravel g silty sty coare  CO
3
e] o é%? 3 Lithologic description " Summary log
HER AR
0.7 o =77 lac k+ and Fofl. Tl Aphall s a - i
20bd 4 -2 ?":f)' 2-’52!; Fgﬁe s:uncf 1 ?"“"&/(ﬁ%) Warodne Cuyer sildy 1-9
g2 ] 2-4' Sq;ﬁ’e 4fwné‘£oﬁen-?)” - T :
— = F -, - - - - - - - = = - d ana arasliscopt ly i H-17
5 3.5 J-%7 Medium Fo coarre® send anAd qrave/ skl Fa o
s Ao~ 34" (Cobble Froemenys ;, So me s1 I+
R . ) and cldy (blows away 1n wind ),
fo I\ _6-¢_ _Same as above.  _ _ _ __ _ ]
Zisy g-10' fg;zme as ¢Zé:we y
=Y fo —12 e as ve & co/
33}3 Cﬂ}mn?edtfo redd el bro?u;r;:ucf
Is] | S . oy S
z 1Z =TT 5,1ty fine Fo coarse sand and qrav -
gL = e/ 7% };"Jcarkzm/,ﬂ brown
MBH --— = Savdviaded diede/ Fuel odor .

| 14-/6 _Same_as above. _
[6-1% Sawme as above.

— e T e m— = Sm S em ==

—_—— = o = o o =

N S T R

L o . e e e e e e o wm e e e e— Ea Em En e o =




Lecation Dste Local well number
County Map Scale Lat. Long. .
 District Project number ARitude
Orlller Helper Geologist Ron C.lane
Lithologic Symbols Abbreviations . —
L | ] L | clsy ¢ cobbles cob ssndy sdy Twep. [—4-J-4-
silt st bouldars b fine’ f ! i {Sec.
il 1 | 1 | | snd s clayey  cly medium m ______:___1'__”___
gravel g sihy sty coarse co ] 1
”y
o] Q ithologi . . |
el o E‘ i el § Lithologic description Summary o9
3 13 & E'ﬁ
0-1" Blachtop and {1l ‘ jé.""“'-'i““'jfl‘,..- -
1=-2"' gnH‘)« CJQ/C/ fine fo coarse san t/) dark br - ““"a‘?;;"""j"" XU TN & ks
, owr. yey )
s 224 S90% g above. _ _ IRty e
b Hed Fe fana an el(Fuag - i ‘
b S  an g dend ta dF | et ey
17 cobble”gravel, Jirvnf diese/ odor
10 68 5-}!"5 2s above. Sopme 'silterglay |
rock powder blowrﬂr from hole }
?'/0" S\Cumﬂ d!,.-"‘ﬂ fqd( , Color T n'».?-Jo
10"}2-’ Fine #:'::aoicf‘s'dnclb;J?ng/jg’fmpf)q
3] ST W Gk Brows T T T T
JZ"'!¢' < & a)f @ 'dove . a/
!8‘3 /4 =16 4 s",/ ant ¢ coarse Sand (i a J;ﬂ,(J/
BA. | _ A, graysk brown § sateraky
- aboutes Feef
16 18" Sameas above

Lost hole” Prying o “set casing = pednl/
ed. 258 pelscinels Fmriahbd "

i I R T SR ——




N Mt FleLo Lz
Location Date I-EC Local well number .
County Map Scale Lat. Long
District Project number ARitude
Driller Helper Geologist _J L F 2 GL7
Lithologic Symbols Abbreviations I —
I | | | | | clay ¢ cobbles cob sendy sdy Twep. |—b-J-4-
silt st boulders b  fine f ' ! {Sec.
L l [ J |7 ] send § clayey cly medium m A __' N
gravel g silty sty  coarse co : }-
o ToP of ] . ] n
=] o PE’% LA Lithologic description Summary log
a g E g ;; E‘ e’ CY
A5 |6
;':‘ gl ©-6' 511 with seme sand Sl sandy 0w
5 L =7 " Gravel sime sand siiFand
cohb L leg ﬁ‘rtﬂé/(cbi’g}f Sﬂ"a)' &2
i }':—_,rp’_ abéZe m:/e/ Some SdﬂJ
10-12  Cobbly 7mug/ with sand wid s/ 17
12 Y7 Sravel .SdnJ Some 5!/?‘ sand and gravel silfy (2-2
5] ,¢—/_é, _San _a'f:(_fgr_e/ some. s:// AT AR Y
16 15" Sand sz me7mye/ana’ s //
2% /8-20" énzw:/ sand Some s, /7
(20-2¢7 Sand 9f'm€jl'4vc/ and o177 Sand 51l graveily  20-3
lfess ,ﬂma/ nen Jé6-15"'
1%
25 8| [24 26, Sand, 50mne smallgrave Land si/t.
N 26 -30 onnc/ ,Some 7mvz/qn si /Yt (olor
& Ch.mz;? S 7"&&4»7 fronm brown
N
20 ?:' ?‘?0:32 a _G:r—cu/e/ anGI-San/_ 5/-6.1/—-‘5-:91;)5 - Crovel ara sond. {1/.j Zo-z,
& si/f (maybe C/ay) L
Qj
& U | (36 07 G ravel  blaik some sand, qrey ]
D s 14’ VI [ Gravelsandy sty 2 &
%
< >
! 20 -42" Bancrandwa/e—] (ba/bo) “black Sope | Sand ana 7mus.{<,///‘ Gp i
, ) I -
" o - ?“”ﬁ‘“‘ some qravel gy [Sudgrecls _do
§ 44-50 Grave/, 6/4612 Sorme bilack sand f %z ! ‘
LS 2 nd /S.vH.Sbme arger
. 0 a a SG
- 49,0 T:‘ 1—_ . o
N 5652 mee!; blaaf [somie black s“of qray
9 52- 56’ Cand b!dck some gravel, s I+ Sund jqravelly,silty  22%e
/g * ——————————————— - —_— . e
53'62”3|E 56-5¢ Sd.ncf— black ravel(/ar cg'méen = . .
57.0—= mMa erm/)a bt af”::? Sand ‘}'L,db'zﬁ”di””r S




é/ .-2,, oS 2

Location Date Loca w='' number
County Map Scale Lat. Long.
District Project number Altitude
Driller _ Helper Geologist _& L T#JCE

Lithologic Symbols Abbreviations R

|
L1 [ ] ey ¢ cobbles cob sendy sdy Twep, |-4-J-4_

silt st boulders b fine' f

1]

L

|

L

' seond $ clayey ¢y medium m

I {Sec.

e

gravel g silty sty coarse  co ! —'T"
ol ToP OF : ) -
el o -&:E 5 PVC (56 thologmdgscription Summary log
g; E gg ?WE B2 o
A G o Lspb.
05 11 [o-47 o /) browr =i/t Sceme sand T sed/ EITT wARgy o =4
i (#and sond
- I ..__4-_‘6_' _6‘_“13/ some s/t and son brown ——t
- 35 H —6-77 Grave/,cobbiy e IRiE siiFoiaTend T é’"“‘{/f““// silly — 4-n
. N sandy
§ 2-12" Grovel hard deilling (-sb5/s ° )
N 7mvcl al jo-12"' nnaf be 2252
10 SEIET R ot ity Ey e
g 216" rrl:rt/ i‘anc/ Some 5:/7"0,.0%,
s K10 i'n c,uf‘/;n’s belwesn 12-/4" Sand and ¢rave/ 1217
8] 4.6 e e e S
NAT - /b ~/8 ' Sand a Lmqmye/_.ﬁsme =, 14! /Woh—_-
N Al San an in prévievs (12-1C")
18 F--—- Samples ("0/5‘9}




3"‘? -slh LoE
Lecation _ Date _/(0—/0-§b Local well number
County Map Scale Lat. Long
District Project number ARitude
Orlller Helper Geologist __ton Lane
Lithologic Symbols Abbrevistions E#
| 1 L | | | clay ¢ cobbles cob sendy sdy Twep. |-4-J-4-
siit st boulders b  fine f ! | {Ssc. ‘
| ] ] | | snd s clayey cy medium m — A L
gravel g sily sty coarss  cO : T
= =
] . '§* % 2 |- § Lithologic description Summary log
Jle- |5
‘e 0-2" Clayey silfy fine sand, brown. Sand fine cleyey, silly ¢-9
2Hr 12 -4 (:/né 5-,-// 1"“(;;_-/ gguc/anc/ ' FanSY
’ - '
51 [ 4-7_ _Clb,z%t.f AﬂmiﬂﬂJ = 4
) _
e N -/-0 ”%’;J;:a:ggﬂ:q_nc/_} Lﬁ'{ 7:/ o d Swsgna orave! -7 |
w0'-1¢" ‘F‘me to Coarse sand rtzn/c/ 5 4
7rayf14 brown somé c/aya.na? 51/7'
5 76 =24 —SEM_L_é;IEf'_w;;ﬁr?ﬁrs_e; -’";;77747_ A
me s (G
as :fs:ag::e 7/:»'2/,;‘:” c‘fn ”fw/
70 T R T W
24-28" gltme bu*/more send fless cmec/
23 L % & & ERERVCL TSI e o b s
Clayey
2934 S'f/ﬁg Fine T coarse :qna/ ravel
Jo=—t | | 1{] EPE=E= 3 B'ownfsﬁ' IZTErTf“ =
Coarse 7mue dn co b/es
K —""""}"""_J""
36 WCM e SIH ne To coqrse =an ver S»u:r‘-vrﬂ': arse clayey
)"’;. A (7 £ brownish f 4 £ty . o-ad
s __ _ _ _Ho fehfga-/ure /s_/soc, Pr /mf
41,80 an d’rlvm? IS easier
e -
11 | , I&l'GF=--=r--—-==-, - ==-=--—-5—-—=— - - Sand and gravel coblly §§-503
%-Oﬂ 5"444:?344 absve but drilling 15 harder and andlgravel coblly 455
coarse qrave | and cobbles.
? U] | = e e e e e e e — - - - -
- AV
. &
. &- ‘5—4'”'1‘%5 b= = = e e e e e e s e e = e = = = - o=
‘ seaf = 1
7] Ie—_—




T-If F e Los
Lecstion Dete _'2 -6 "%t Local well number
County Map Scale Lat. Long.
District Project number ARitude
Driller Helper Geologist ___Kon C lane
Lithologic Symbols - Abbrevistions P
| | | | | | clay e cobbles cob sendy sdy Twap. |-4-J-4o
sllt st bouldars b fine’ f ‘ | {Sec.
[ ] [ ] [_ J send 8 clayey ' cdy medium m . _1'_“__
gravel g sily sty cosre €O RN
—~
£ Lithologic descripti mmary |
5] o @ﬁs =s -Eogzar’ ogic description Su ry log
SEL R T
: bem| 0-2 7 Sa/‘fy clay fime sam./,d'an(’ brown iy 2Ty sA0ay c-2
%‘i | b 2-4 ' Silly fine fo medivm sand Tan 7o /igh? bown) Sand, fore o medimp, 20
o s 'S?"JG_ thove Zin, with qravel A" srkly, yravedy ‘
] | my .
g(z | | ¥Fle—-¢ ! Ora l)c’/"(fﬁ K:}Trqyl saomre Yan Sand. ‘ér-«rta SruraT 6- f
e E—:: g-fo' silty £ine To coarse Sand, fannish jrey Sand an .7'7.@:-6/ z -l
o SIE| [T T T Tgrevel Witk raimials B ora g, T ‘
‘;: 10-]27 FLine 7o Cc;ar-;e sand o_nc/1,_¢,¢/(7§;‘19
= Frayis browr . "
2 2 12214 Eipe o coarse_sand,, qoavel(To ) braon -
i e - I3k gray . "
14-/6" Fine fr‘r. coarse sand and qhwe/,‘]n;/d
83 F---- brown Safvrated .

bul more reddish

|6 ~/8"_Similar Ao above buf more reddish
especially H20.
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Eit e oo b
Lecation Date Loca! well number
County Map Scale Lat. Long.
District Project number ARitude
Driller __ Helper Geologist
Lithologic Symbols Abbrevistions T
‘ I I | | I clay ¢ cobbles cob sendy sdy Twep. | -4-]-4-
siit st boulders b  fine f : I_{Sec.
[ ] [ 1 [ | send s clayey cdy medium m s R ..
1 T
pgravel g silty sty coarss co .
[
ol @ TOP OF ; P
| o [-? ﬁ el 5 |7 Lithologic description Summary log_
g ‘g - = ﬁ —0.45"
O (=] —
l{ a_,‘ Ellfkf'cp and f// d ‘(’f.iC(/opptc/f.'// 0o -/
2ol /-2 <, H‘y clayey Fine sand, medivm dark brown. .Stlu{-{:ﬂe. ;,/f/’, (_4),{_, / —L
% E’ 2-4' Same as above - ! £ :
£ 533 Mk - s = = - - - - - - - - -
0.z |[E] [C[4-6" Same as aéove /¢ Iy .
- / r L - _,‘fla' . r s ;’f [
14 = |¢ & C"ﬁ’,‘;/"’sﬁ,‘i{’ pm?'foﬁas B e)aiaﬁ ay ino’ and ravel siliy 7
0 a Sl = 16" £ coarse sand ang ?hwe/ (toA"). |
3= ¥ Soeme Gf/f brou-mrsﬁ l?!‘tlr D’r//gquc/g U‘(tf‘{u/au’f
§§ 3 ke cobhlé grave / oper 4
13¢ | =) {/0=127 Fine 4o coarse sand,(Fm mm‘/ﬁ ﬁ/ ) reported
T i rayisk brewn . peill Jounds ind bbleg, —
15 LR - = SStenggasotiae ——--——--‘-
174 12 Wihz-w'S, Ity, fine 4o coarse cand rave ! 110 EA L
18.3 | AVED dprk qray rsh brown . 5‘47? rated and
BH. smn qq;olme smel/

4o above FVFJ;Z 7ra/.'s7: brag

/4‘/“’ il
0/‘ ac& sadfyrad
to charse sand

Ié—/9
- wtg qand st iHWC/

T T T hrown.

Some

/'fn-f;i

e . = e e e wm e Emm e e e E e e = e we o w wf

e ——




T -13 Fifed ros

Location Dote Local weli number
County Map Scale Lat. Long.
District Project number Ahitude
Driller Helper Geologist __Kon C. Llane
Lithologic Symbols Abbreviations e
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Z2-4' C(laye SrN fine sand, dark brown !
5 4-5_ As abore fine -im_d
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I~7—§ . 2'-4' Same v i ;
. 4 Ry /m b Seme _but much moce clay (fomps) |
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sit st boulders b fine f 1]t {Sec.
[ ] | 1 | | send s clayey  cy medium m _____:___;___
gravel g silty sty coerse  CO : N
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