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Executive Summary

The Washout Lagoons Soils Supplemental Investigation was performed November 1
through 4, 1991, by Morrison Knudsen Environmental Services (MKES) arid CH2M
HILL to determine the distribution and concentration of contaminants in saoils directly
beneath the lagoons. Four boreholes were drilled, and soils were sampled at predeter-
mined depths in accordance with the Field Sampling Work Plan, Explosive Washout
Lagoons, Site 4, August 1991, Samples were analyzed by Environmental Science and
Engineering, Inc. (ESE), a U.S. Army Toxic and Hazardous Materials Agency (USAT-
HAMA) Contract Laboratory Analyticai Support Services (CLASS) laboratory.

Laboratory results from soil samples taken beneath the lagoons indicated
contamination was essentially limited to explosives and nitrate, although the
concentration of the trace element beryllium (Be) was slightly elevated. At 1-2.5 pg/g,
concentrations of Be were slightly above the background levels measured on Depot
soils. However, they were well within the range of background concentrations
(0.1-40 ug/g) reported in Chemical Equilibria in Soils (Lindsay, 1979). Concentrations
of other organic and inorganic analytes were either below detection or in the range of
background levels.

Concentrations of explosives in soils decreased rapidly from the bottom of the lagoons
to a depth of about 10 feet and then remained in the range of 1-100 pg/g in the
interval from about 10 feet down to the water table. The explosives detected most
frequently and in the greatest concentration were 1,3,5-TNB, 2,4-DNT, 2,4,6-TNT,
HMX, and RDX. Tetryl was not detected; and 1,3-DNB, 2,6-DNT, and NB were
detected in only a few samples and at relatively low concentrations. These findings are
similar to the results of previous investigations conducted outside the lagoons.

Concentrations of explosives did not appear to correlate strongly with lithology on a
large (macro) scale. An increase in siit or sand content in boreholes did not consis-
tently result in an increase or decrease in the concentration of explosives. These re-
sults suggest that the distribution of explosives appears to be more strongly affected by
borehole-specific conditions (micro-scale lithology, permeability, distance from the mov-
able flume, and location relative to the lagoon) than by macro-scale lithology.

Groundwater is the suspected source of soil contamination observed near the water
tabic in boreholes adjacent to the lagoons. Explosives-contaminated seepage has been
flushed from soils and has moved laterally away from the lagoons in the groundwater
system. Contaminants in groundwater appear to have been adsorbed by soils during
fluctuations in the water table. The flushing also accounts for a relative decrease in
concentrations of some contaminan’s in soil samples taken immediately above the wa-
ter table anu directly beneath the lagoons.

Profilas of borings show 2 dramatic difference in concentrations of explosives in areas
outside the lagoons vs. concentrations beneath the lagoons. The results confirm that

ES-1




lateral migration of contaminants above the water table is not significant. Migration
appears to be primarily vertical as a result the relatively high permeability of soils
beneath the lagoons.
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Chapter 1
Introduction

- The U.S. Army Toxic and Hazardous Materials Agency (USATHAMA) at Aberdeen
Proving Ground, Maryland, has requested technical and environmental management
assistance for the Installation Restoration Technology Development Program at the
Umatilla Depot Activity (UMDA) in Hermiston, Oregon (Figure 1-1). Past operations
at UMDA included the demilitarization of conventional munitions using a pressurized
hot water procedure. The washwater was transferred to two lagoons west of the wash-
out facility. Discharge into the lagoons resulted in contamination of underlying soils
and groundwater.

The UMDA Explosive Washout Lagoons were placed on the U.S. Environmental Pro-
tection Agency (EPA) National Priorities List (NPL) in late 1987 because explosive
compounds were detected in the underlying unconfined aquifer. Prior investigations
also showed shallow soils in the bottom of the lagoons and soils collected from bore-
holes adjacent to the lagoons to be contaminated with explosives and nitrate.

An additional field investigation, the Washout Lagoons Soils Supplemental Investigation
(WLSSI), was performed November 1 through 4, 1991, by Morrison Knudsen Environ-
mental Services (MKES) and CH2M HILL to determine the distribution and concen-
tration of contaminants in soils in the area directly beneath the lagoons. The WLSSI
supplements the comprehensive site Remedial Investigation/Feasibility Study (RI/FS),
which is presently being completed by Dames & Moore. Four boreholes were drilled,
and soils were sampled at depth during the WLSSL. All samples were analyzed for a
selected suite of explosives and nitrate/nitrite. Near-surface samples were also analyzed
for target compound list (TCL) volatiles and semivolatiles, trace and major elements,
pesticides, polychlorinated biphenyls (PCBs), total organic carbon (TOC), pH, and
percent moisture.

This document, the WLSSI Draft Report, has been prepared as a deliverable under
Subtask 3.4 of Project Implementation, Phase Il for UMDA Explosive Washout La-
goons Site Support Services. The report includes a description of the two lagoons and
a statement of work identifying sampling activities. Sample locations and depths, hand-
ling, documentation, custody procedures, and analytical parameters are identified.
Discussions and interpretations of laboratory results and field data are presented. The
results of the investigation are summarized, and conclusions are drawn from the
findings.

1.1 Purpose and Scope
In the Risk Assessment for the Explosive Washout Lagoons, Dames & Moore (1991)

concluded that remediation of contaminated soils is necessary to protect human health
and the environment. Field testing at UMDA has shown that composting is a viable

1-1
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remedial alternative for decontaminating soils (Roy F. Weston, Inc., 1991). Composting
and other remedial alternatives, such as incineration, are being evaluated and screened
by CH2M HILL and MKES during the feasibility study (FS), now underway.

Surface sampling within the lagoons has shown that contaminant concentrations are
highly variable. Subsurface investigations adjacent to the lagoons suggest that most of
the contamination is generally restricted to soils near the surface and immediately
above the water table.

The WLSS! was performed to determine the distribution and concentration of ex-
plosives, their breakdown products, and contaminants in soils directly beneath the la-
goons. Prior to the WLSSI, the data were unavailable. The results have been
correlated with data from previous investigations to develop a more complete profile of
subsurface contamination. The findings documented in this report will be used to de-
termine the quantity of soil requiring remediation and to provide a data base for the
evaluation of remedial alternatives.

1.2 Field Sampling Program

The dual-wall reverse air circulation method was used to drill four boreholes through
the Explosive Washout Lagoons. This method had been used during previous investi-
gations at UMDA. Boreholes were advanced to the intersection of the underlying
water table, which occurred at approximately 48 feet below the bottom of the lagoons.

During sampling, a split-barrel sampler was inserted through the hollow drill bit and
driven 18 inches into undisturbed soil. Approximately 14 soil samples were collected
from each borehole at predetermined depths and analyzed for a suite of s~lected chem-
ical constituents. The sample analysis program is discussed in Chapt-

Drilling operations, soil sampling, and disposal of waste materials and cuttings were
performed in accordance with UMDA and USATHAMA procedures and recommen-
dations, the approved field sampling plan (FSP) (CH2M HILL and MKES, 1991), and
the approved overall site remedial investigation/feasibility study (RI/FS) Work Plan and
Field Sampling Plan (FSP) (Dames & Moore, 1990 and 1990b). Exceptions to these
procedures are noted herein.

10020AF6.SEA
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Chapter 2
Background and Physical Setting

2.1 Operational History

Explosive washout operations were conducted in Building 489 (washout plant) at
UMDA between the early 1950s and 1965. During these operations, explosives were
washed from munitions, bombs, and projectiles using pressurized hot water and steam
cleaning. The washout system was normally drained and flushed each week, which
produced approximately 150,000 gallons of wash water. The discharge was transferred
to two lagoons through a m:tal trough equipped with a movable flume. It is sstimated
that a total of 85,000,000 gallons of wash water may have been discharged to the lz-
goons during the operational period. The lagoons were constructed upon relatively
permeable glacial flood gravels and were reportedly rebuilt during the operation
(Dames & Muoore, 1990a and 1990b).

Wash water was discharged to the north or south lagoons on an alternating basis de-
pending on the setting of the movable flume (Figure 2-1). One lagoon was used while
the other was allowed to dry. Wash water was discharged into the active lagoon until
approximately 3.5 feet of liquid had accumulated or until the rate of infiltration was
substantially reduced by sludges. Sludges were periodically removed and transported to

the ammunition demolition area for burning. Discharge to the lagoons from washout
operations ceased in 1965.

2.2 Location and Site Description

The Explosive Washout Lagoons are located in the central part of the UMDA, approx-
imately 3 miles south of the Columbia River. Most of the area near the Columbia
River has poorly developed surface drainage patterns resulting from the high perme-
ability of the glaciofluvial flood sediments that occur at ground surface. No perennial
streams are present within the UMDA.

The UMDA is in a region with a semi-arid, cold desert climate. The surrounding vege-
tation consists of arid grasses and shrubs. Precipitation averages 8 to § inches per year,
and evaporation is high, averaging 32 inches per year.

The average temperature at the UMDA is 75°F during the summer and 35°F during
the winter. A maximum temperature of 113°F and a minimum temperature of -31°F
have been recorded. ‘
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The lagoons were constructed in Coyote Coulee, a linear depression that is the major
surface drainage feature within the UMDA (Figure 2-2). The escarpment above Coy-
ote Coulee apparently is a large sand wave formed during the Pleistocene glacial floods
of the Columbia River. The ground surface slopes southeastward away from the es-
carpment toward the Umatilla River at a gradient of approximately 50 feet per mile

(Dames & Moore, 1990a and 1990b). Rolling hills and small areas of closed drainage
are present west of Coyote Coulee.

The lagoons are west of Rim Road and north of Coyote Road (Figure 1-1) in the cen-
tral portion of UMDA. The dimensions of the north and south lagoons are approx-
imately 39 feet by 80 feet and 27 feet by 80 feet, respectively. Both lagoons are
approximately 6 feet deep and have sandy bottoms and gravelly sides. The north and
south lagoons are separated by a gravel benn that is approximately 15 feet wide. La-
goon sides are sloped at approximately 35 degrees. Soils contaminated with explosives
are composted at a pilot plant adjacent to the lagoons.

2.3 Geology

The geology of UMDA was established during earlier investigations (Table 2-1, Fig-
ures 2-3 and 2-4). Two geologic units—glacial flood gravels and the Columbia River
Basalt—have been identified beneath the lagoons. The WLSSI was conducted within
the glacial flood gravels.

2.3.1 Flood Gravels

Glacial flood sediments, primarily gravels, are exposed at ground surface in the vicinity
of the Explosive Washout Lagoons. The flood gravels consist of rounded lag cobbles at
the surface with coarse to fine sand between the clasts (Farooqui et al., 1981; Dames &
Moore, 1990a and 1990t). The sravels were deposited by floods resulting from the
sudden release of water impounded by glacial ice in western Montana.

The flood gravels are as much as 200 feet thick and reach their greatest thickness near
UMDA. The gravels thin northward from UMDA and are only a few tens of feet thick
near the Columbia River. The flood gravels pinch out southward near an elevation of
750 feet (Norton and Bartholomew, 1984; Dames & Moore, 1990a and 1990b).

The flood gravels form an important aquifer when saturated, and groundwater usually
occurs under unconfined conditions. Groundwater within the gravels may be confined
by locally occurring clay beds. The saturated thickness of the unconfined aquifer varies
according to the elevation of the underlying basalt and the availability of recharge.
Typically, 40 feet of flood gravels are saturated in the vicinity of the lagoons.
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The unconfined aquifer is influenced by irrigation, pumping, and leakage from irrigation
canals. The direction of groundwater flow is uncertain, though springs along the lower
reaches of the Umatilla River indicate the probable discharge area. Discharge to the
Columbia River is also probable.

Groundwater within the unconfined aquifer has been contaminated by explosives (Fig-
ure 2-5) and nitrate/nitrite (Figure 2-6). The contaminants appear to be moving in
both a southerly and southeasterly direction. The shape of the plumes suggests that
groundwater pumpage may be controlling the direction of contaminant migration.

UMDA water supply wells No. 1 and No. 2 are located south of the lagoons. Well
No. 1 apparently produces from the Umatilla Basait, and well No. 2 from the Selah
interbed and the Umatilla and Upper Frenchman Springs Basalts (Table 2-2). The
results of sampling show groundwater contains nitrate at wells No. 1 and 2 (Dames &
Moore, 1990).

Table 2-2
| Well Completion Information: UMDA Water Supply Wells
Well Production Zone Stratigraphic Unit
1 280-327 fecet Umatilia Basalt
2 218-360 feet Selah Interbed

Umatilla Basalt
Upper Frenchman Springs Basalt

3 256-453 feet Umatilla Basalt
Upper Frenchman Springs Basalt
4 430-600 feet Frenchman Springs Basalt
460-618 feet Frenchman Springs Basalt
6 179-710 feet Pomona Basalt

Umatilla Basalt
Upper Frenchman Springs Basalt

7 ?-682 feet Frenchman Springs Basalt
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23.2 Columbia River Basalt

The Coluimbia River Basalt underlies the glacial flood gravels at the UMDA. The
basalt erupted as a series of flood lava flows layered one on top of another. The

source of the lava flows was primarily fracture systems in eastern Washington and
northeastern Oregon.

Individual basalt flows were fluid and covered broad areas. The total maximum thick-
ness of the Columbia River Basalt is unknown. The highest elevation of the top of the
basalt is approximately 490 feet near the southeast corner of the UMDA. The top of
basalt generally slope’ northwestward.

Confined aquifers at UMDA consist primarily of interbeds between unweathered basalt
flows. Geologically, tte uppermost confined aquifer consists of strata interpreted to be
the Selah Interbed (Table 2-1, Figure 2-4). The overlying confining unit is a moder-
ately weathered to unweathered basalt flow, interpreted to be the Pomona Member of
the Saddle Mountain Basalt (Dames & Moore, 1991).

2.4 Previous Investigations

A number of environmental investigations have been conducted at the site. The intent
and results of these investigations are discussed in detail in the Enhanced Preliminary
Assessment for the Umatilla Depot Activity and in the Field Sampling Plan of the
RI/FS (Dames & Moore, 1990a and 1990b) and are only briefly summarized in this
report. Tables 2-3 and 2-4 are summaries of soil analytical results from previous inves-
tigations in the vicinity of the Explosive Washout Lagoons.

As a result of a review of aerial photographs, the EPA determined in 1980 that changes
to the environment had occurred at the site. The Environmental Photographic Inter-
pretation Center (EPIC) compared aerial photographs taken between 1958 and 1970
and characterized the lagoons as a potentially hazardous site (EPA, 1981).

2.4.1 Battelle Environmental Contamination Survey and Assessment

Battelle performed an environmental survey at UMDA (Dawson et al,, 1982). Monitor
wells were constructed, and soil and groundwater samples were collected in the vicinity
of the Explosive Washout Lagoons. Groundwater was sampled from monitor wells 6, 7,
8,9, 21, 22, 23, 24, and 25 (Figure 2-2). Shallow soil samples were collected at undccu-
mented Jocations within the lagoons.

2-11
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Table 2-4
Soil Analytical Results
January 1990
(ng/g)
Field Analysis HPLC
Sample (Depth) 2,4,6-TNT 2,4,6-TNT

Al (0 to 6 inches) NA 15,500

A2 (18 inches) 990 2,250

B1 (0 to 4 inches) 3,377 7,430

B2 (4 to 8 inches) NA 8,350

C1 (0 to 6 inches) 3,068 4,020

C2 (12 inches) 1,686 1,170

D (0 to 6 inches) 4,250 8510

E (0 to 6 inches) 2,438 3,980

F (0 to 6 inches) 78 130

G (0 to 6 inches) NA 1,150

H (6 to 6 inches) 96,078 38,600

I (0 to 6 inches) 6,362 7,680

J (0 to 6 inches) 664 1,290

K (0 to 6 inches) NA 240
’LL (0 to 6 inches) 101 180

See Figure 2-7 for sample locations. —~

NA = Analysis results not available.

HPLC = High-pressure liquid chromatography.

Source: Dames & Moore, 1991a and 1991b; Roy F. Weston, Inc., 1991.
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The Battelle study indicated that soil and groundwater in the vicinity of the washout
lagoons were contaminated with explosives. Analysis of soil samples indicated the pres-
ence of 2,6-DNT, 2,4,6-TNT, RDX, 2,4-DNT, tetryl, and nitrate/nitrite (Table 2-3).
Explosives, including 2,4,6-TNT, 2,4-DNT, 2,6-DNT, RDX, HMX, and nitrate were de-
tected in groundwater samples. The highest concentrations were detecter in wells 9,
21, 22, 23, 24, and 25. The data are reported by Dames & Moore (19902 and 1990b).

2.42 Century Environmental Services and Century West Engineering
Groundwater Monitoring Reports

In March and August 1986, Century Environmental Services (1986a and 1986b) con-
ducted groundwater samnpiing and analysis of the pre-existing Battelle wells. Samples
were analvzed for the following parameters: pH, TNT, DNT, RDX, HMX, tetryl, and
nitrate (Cames & Moore, 1991). In February and August 1987, Century West Engi-
neering Corporation (1987a and 1987b) conducted additional groundwater sampling of
the same wells. Samples were analyzed for the parameters mentioned above.

243 Ana-Lab Corporation Groundwater Monitoring Studies

In August and November 1988, Ana-Lab Corporation (1988) completed groundwater
studies at UMDA. Groundwater samples were analyzed for nitrogen as nitrate + ni-
trite, TNT, DNT, tetryl, RDX, and specific conductivity (Dames & Maore, 1991).

2.4.4 Roy F. Weston, Inc., Investigations

Roy F. Weston, Inc. (Weston), conducted a field investigation in April and May of 1988
that included construction of additional monitor wells, collection of soil samples from
an overflow area (Figure 2-2) and from four boreholes (EWL-1, EWL-2, EWL-3,
and EWL-4) drilled to the water table, and collection of groundwater samples (Roy F.
Weston, Inc., 1989). The borehole locations are shown in Figure 2-7.

Laboratory results of samples collected from boreholes EWL-1, EWL-2, EWL-3, and
EWL-4 (Table 2-3) indicated elevated levels of contamination (1,3,5-TNB, 2,4,6-TNT,
2,4-DNT, HMX, and RDX) in soils adjacent to the lagoons. Contamination was also
identified in sediments immediately above the water table in boreholes more distant
from the lagoons. Explosives and nitrate/nitrite were detected in groundwater samples.

The data suggest that soil contamination outside and adjacent to the lagoons may have
been caused by spillage and possibly by reconstruction of the lagoons. The ground-
water system appears to be a source of contamination for soils immediately above the
water table.
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Weston also sampled surface soils within the lagoons in October 1989. The samples
were analyzed to provide data required for the design of a composting pilot test. Four
soil samples were collected in each of the lagoons. The sample locations (Nos. 1
through 8) are shown on Figure 2-7. The explosives HMX, RDX and 2,4,6-TNT were
detected in the samples (Table 2-3).

Additional soil samples were collected in January 1990 for final design of the pilot test
composting system. These samples were analyzed both in the field and in the labora-
tory (Table 2-4). Analytical results showed variable concentrations of contaminants in
surface soils. Sample locations (A through L) are shown in Figure 2-7.

2.4.5 Dames & Moore Investigations

Dames & Moore evaluated hydrogeologic data and the evidence of contamination from
the lagoons developed in previous investigations and proposed further studies. Based
on their evaluation, nitrate and explosives were determined to be contaminants requir-
ing remediation. Potential exposure pathways and receptors were evaluated, prelimi-
nary remedial action alternatives were identified, and data requirements were
addressed in the report (Dames & Moore, 1990a). They concluded that the vertical
and areal extent of soil contamination in the vicinity of the lagoons needed to be delin-
cated, and recommended additional drilling.

During the subsequent program, eight boreholes, S4-1 through S4-8 (Figure 2-7), were
drilled around the periphery of the lagoons in June 1990 (Dames & Moore, 1991). No
boreholes were drilled within the lagoons. Boreholes S4-6 and S4-8 were drilled to a
depth of 50 feet, and the remaining boreholes were 10 feet deep. Samples were col-
lected at 2-foot intervals between 0 and 10 feet, and at 10-foot intervals below 10 feet.

The greatest concentrations of explosives were detected at and near the ground surface
to the west (S4-1), east (S4-5), and southwest (S4-8) of the lagoons. The contaminants
inciude 2,4,6-TNT, 1,3,5-TNB, and RDX (Table 2-3). Nitrate was also detected in
near-surface soil samples. Highest contaminant levels were detected in borehole S4-5,
which is near the movable flume at the end of the wash water discharge trough. In the
surface sample, 2,4,6-TNT was detected at 3,400 ug/g, and RDX was detected at
450 ug/g (Table 2-3).

In general, concentrations of contaminants decreased with depth below ground surface
but increased near the top of the underlying water table. This distribution of contami-
nants was similar to what was seen in the EWL boreholes drilled in 1988 (Roy F. Wes-
ton, Inc., 1989). In samples taken near the water table, 1,3,5-TNB, 2,4,6-TNT, HMX,
and RDX were detected in concentrations exceeding 10 ug/g in boreholes EWL-2,
EWL-3, $4-6, and S4-8 (Table 2.3, Figures 2-8 and 2-9).
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Chapter 3
Subsurface Investigation

To further characterize soil contamination beneath the UMDA Explosive Washout
Lagoons, the WLSSI was conducted in late 1991. This consisted of drilling, logging, and
sampling of soils from four boreholes. Drilling was terminated at the intersection of
the underlying water table, which was approximately 48 feet below the bottom of the
lagoons. Previous drilling investigations encountered groundwater at depths between
40 and 50 feet.

3.1 Borehole Locations

Four boreholes (S4B-5, -6, -7 and -8) were drilled into the unsaturated zone beneath
the lagoons during the WLSSI. The boreholes were located in the west and east sides
of the lagoons (Figure 3-1) where subsurface data were lacking. Boreholes S4B-5 and
S4B-6 were drilled into the north lagcon, and S4B-7 and S4B-8 were drilled into the
south lagoon. Precise location data provided from a site survey performed on Novem-
ber 15, 1991, are presented in Table 3-1.

3.2 Mobilization

Layne Environmental Services, Inc. (Layne) of Tacoma, Washington, drilled the four
boreholes. A truck was parked immediately adjacent to the rig to supply pipe during
drilling activities. Maneuverability within the lagoons was limited, and UMDA provided
a bulldozer to assist the drill rig with entering and exiting.

Arrangements for access to UMDA were made in advance. Clearance for base access
was obtained at the facility front gate and in the administrative area. Vehicle, equip-
ment, and camera passes were obtained from UMDA, and all vehicles traveling beyond
the administrative area were equipped with fire extinguishers.

~ The UMDA Safety Officer conducted a health and safety orientation for all WLSSI

personnel before drilling began. Hazards and operational constraints were identified
during the orientation.

3.3 Drilling and Sampling Activities

Four boreholes were drilled beneath the lagoons to a depth corresponding to the top of
the underlying water table. Soil samples were collected at depth-specific intervals.
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3.3.1 Drilling Method

A Drill Systems AP-1000 rig and the dual-wall reverse-circulation air rotary method
were used for drilling at the site. This method was successfully used for drilling bore-
holes and for constructing monitor wells during previous investigations at UMDA.
Typically, 50 feet of soils were penetrated, and required samples were taken from each
borehole over a period of approximately 4 hours.

The dual-wall reverse-circulation air rotary method uses a 6-inch-inside-diameter (ID),
double-walled drill pipe that is advanced into the ground by the percussion action of an
above-ground pile hammer. The borehole is simultaneously drilled and temporarily
cased. During drilling, compressed air (750 cfm/350 psi) is forced down the annular
space between the inner and outer pipe. The air emerges through openings in the

bottom of the casing, and cuttings are lifted up the inner pipe in a reverse-circulation
manner.

An air compressor capable of achieving high up-hole velocities was used to remove drill
cuttings. Cuttings were discharged through a cyclone separator assembly mounted on
the drill rig. Return air and downhole vapors were vented from the top of the cyclone
separator. Cuttings fell by gravity from the bottom of the cyclone into 55-galion steel
drums. The filled drums were marked to identify borehole number and depth, and

placed in the storage area adjacent to the open evaporation basins, near the decontam-
ination pad.

Nonsparking beryllium shovels were used to remove surface soils in a 1.5-foot radius
around boreholes to a depth of 1.5 feet prior to the commencement of drilling. The

removed soil was placed in 55-gallon steel drums and grouped separately at the cuttings
and waste storage area.

Measures were taken to prevent soils from being contaminated by drilling-related ma-
terials and to protect wcrkers and the surrounding environment from exposure to po-
tential contaminants. A filter was installed on the compressor to prevent oil and
foreign debris from entering the cuttings recovery system. Nonhydrocarbon-based lubri-
cants were used on the threads of dowmhole drilling equipment. A water mist was
sprayed into the air system while penetrating soils to minimize fugitive dust. Plastic
sheeting was placed beneath the rig before drilling began to minimize the amount of

contact between the workers, rig, tools, and drill pipe and the underlying contaminated
soils.

Wi ter for drilling and decontamination of equipment was obtained from UMDA water
sup ply well No. 3, located near the perimeter of the UMDA on North Patrol Road.
This well is a source of nonchlorinated groundwater from the Columbia River Basalt
aquifer. A tank truck was used to transport water from the well to the lagoons (for

driiling) or to the decontamination area. TDecontamination of drilling equipment is
discussed in Section 3.6.1.
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33.2 Sampling Method

A 2.5-inch by 18-inch split-barrel sampler was used to collect soil samples. The split-
barrel sampler was inserted through the drill bit and driven 18 inches into undisturbed
soil. Approximately 14 soil samples were collected at pre-determined depths from each
borehole. Samples were taken at 2-foot intervals from ground surface to a depth of
10 feet, and at 5-foot intervals from a depth of 10 feet to the water table. Borehole
data including total depth, number of samples taken, and depth to groundwater, are
presented in Table 3-2.

Table 3-2
Borehole Data Obtained from Field Sampling
: "Groundwater' -

S4B-5 51.5 feet 14 47.1 feet

S4B-6 51.5 feet 14 48.0 feet
S4B-7 48.0 feet 13 47.0 feet
S4B-8 51.5 feet 14 48.0 feet

™

'From ground surface.

Split-barrel samplers were placed on clean aluminum foil after retrieval. Soil material
was removed from the sampler using stainless steel trowels. The sample was split
lengthwise and one half was placed into the appropriate container supplied by the
analytical laboratory. The remaining half of the sample was placed into a container
and archived in a storage warehouse at UMDA. Sample recovery using the split-barrel
system was sufficient (67 percent or greater) to preclude the necessity for alternative
collection methods.

3.33 Field Quality Control Samples

Soil samples were collected in accordance with the FSP and the amended Quality As-
surance Project Plan (CH2M HILL and MKES, 1991). Quality control samples were
collected so that the accuracy of reported analytical values could be reviewed, and the
possibility of cross-contamination or contamination of soils by external factors could be
evaluated.
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3.33.1 Blanks

One laboratory-prepared trip blank was included in each shipment of samples desig-
nated for analysis of volatile organic compounds. A total of three trip blanks were
delivered to the laboratory for analysis of TCL volatiles.

3.33.2 Duglicates

Cne duplicate sample was collected for each borehole drilled. Duplicates were taken
at 30.0 feet in S4B-5, 2.0 feet in S4B-6, 45.0 feet in S4B-7, and 15.0 feet in SNB-8. The
samples were identified according to the USATHAMA designation code.

Duplicate samples were taken by placing soils obtained from the split-barrel sampler
into a pile of uniform thickness on clean aluminum sheeting. The pile was quartered
using a stainless-steel trowel. Opposite quarters were sent to the laboratory as the
sample and the duplicate sample. Duplicate samples were analyzed for the same set of

parameters as the original sample. The analysis program is discussed further in Sec-
tion 4.0.

3.3.3.3 Decontamination or Rinsate Blank

Decontamination water was sampled each day during the supplemental investigation.
Also, a water sample was collected following the initial steam cleaning of the bit before
drilling began. Decontamination blanks were taken by pouring organic-frée deionized
water over the drill bit or split-barrel sampler after decontamination by steam-cleaning.
The blanks were analyzed for the total analyte list discussed in Section 4.0.

3.3.3.4 Water Blank .

The drilling and decontamination water pumped from UMDA well No. 3 was sampled
from the water truck. The blank was designated "well-3" and analyzed for the total
analyte list (Section 4.0).

3.4 Sample Handling

Soil samples were placed into appropriate glass containers and packed in coolers sup-
plied by the Environmental Science and Engineering, Inc. (ESE), Laboratory, a
USATHAMA CLASS laboratory. The appropriate preservatives were added to the
containers in the field immediately before the samples were taken. All containers were
immediately placed in coolers and chilled with ice.
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3.4.1 Sample Containers

Soil samples were placed in amber glass jars provided by ESE. Three 0.5-liter amber
glass jars were used for each sample analyzed for explosives. Two jars were sent to
ESE for analysis, and one jar was archived in a warehouse at UMDA for- potential
future analysis. In addition, two 60-ml amber glass vials were required for nonexploswe
parameters from samples taken at 0, 4, and 10 feet from each boring.

Containers for rinsate blanks and the water sample from supply well No. 3 were also
supplied by ESE. Seven 1-liter amber glass jars were required for each sample for the
analysis of explosives, TCL semivolatiles, pesticides, PCBs, and alkalinity. No preserva-
tives were added to the 1-liter jars. Additionally, two, 1-quart cubic containers were
required for the analysis of majcr ions and trace elements. The sample for trace ele-
ments, Fe, and Mn was preserved with nitric acid; and the sample for major ions was
preserved with sulfuric acid. Four 60-ml amber glass vials were used for the sample
analyzed for TCL volatile organic compounds. The samples for volatiles were pre-
served with hydrochloric acid.

3.4.2 Sample Packing

Sample containers were completely filled with soil material. The container was sealed
with an USATHAMA-approved lid. Each sample label was completed with the follow-
ing information:

Date and time of - 1mple collection

Field sample numver :

Borehole site ID

Sample depth or interval

USATHAMA designation (combination of site ID and depth)
Analyte(s)

Preservatives (if any)

Project and task number

Sampler’s initials

The above information was also recorded in the sample logbook.
3.43 Sample Shipment

ESE provided the coolers and packaging materials required for shipment of samples to
the laboratory. Sample containers were carefully packed in the coolers to avoid break-
age and chilled with ice. The coolers were closed and secured with tape. Signed and
dated custody seals were attached in a manner requiring the seal to be broken in order
to open the container.

Two sample shipments were sent to the laboratory. The first shipment was sent on
Saturday, November 2, 1991, and delivery was made on November 4, 1991. The second
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shipment was sent on Monday, November 5, 1991, and was received within 24 hours.

ESE was informed of the shipping schedule so that specified laboratory holding times
would not be exceeded.

3.4.4 Chain-of-Custody Forms

The original chain-of-custody forms were placed in the coolers shipped to the labora-
tory. Sample designation, date and time of collection, sample depth, borehole number,

and type of preservative (if any) were documented on the forms. Copies of the original
forms are in Appendix A.

3.5 Grouting

: After completion of drilling, boreholes were backfilled with a cement-bentonite grout

slurry. The grout consisted of 20 parts cement to 1 part bentonite with a maximum of
8 gallons of water per sack of cement. Grout materials were mixed on site and

‘ pumped through the dual-wall casing beginning at the bottom of a borehole and work-
ing upward. A slurry pump was used for grout placement.

3.6 Decontamination Procedures

Decontamination procedures developed for drilling and sampling equipment and per-
sonne] are discussed below.

3.6.1 Drilling Equipment

, A central decontamination area had previously been constructed northeast of the la-
goons (Figure 1-1). The decontamination pad has a grate-covered water collection
. sump. Water for washing or steam cleaning of equipment was pumped from the col-
< lection sump for disposal in open evaporation basins located approximately 110 feet to
o the east. The dnill rig, cyclone assembly, tools, and equipment were steam-cleaned at
the central decontamination area before drilling began and after completion of the

drilling program.

. During the drilling program, the tires and the back of the rig were steam cleaned on
\ plastic sheets at the edge of the washout lagoons. This procedure was done after the

; completion of each borehole to prevent spreading of contaminated soil beyond the

! perimeter of the lagoons. Wash water was allowed to flow back into the lagoons. In
addition, the back portion of the drill rig, cyclone assembly, tools, and equipment were
steam-cleaned at the central decontamination area after completion of each borehole.

3-8




3.6.2 Sampling Equipment

The split-barrel samplers, trowels, and other sampling equipment were steam-cleaned
at the central decontamination area prior to drilling and after completion of each bore-
hole. This wastewater was discharged to the open evaporation basins located adjacent
to the decontamination pad. Sampling equipment was also decontaminated within the
washout lagoons after collection of each sample by brushing, rinsing (using well No. 3
water), and then triple rinsing with organic-free deionized water. The wash water
(approximately 50 gallons) was contained in drums and later discharged into the la-
goons upon completion of the drilling and sampling program.

3.6.3 Personnel

A decontamination station was established in the contamination reduction zone (CRZ).
All personnel performing drilling and sampling activities exited through the CRZ.

Protective clothing was removed, and boots and gloves were washed whenever person-
nel left the CRZ. A double boot and glove wash and a disposable clothing container .
were utilized within the decontamination station. Additional clean water was available
for washing hands before leaving the site. Used personal protective clothing was
placed in labeled drums that were transferred to the storage area adjacent to the evap-
oration tanks.

'3.7 Demobilization

The drill rig and equipment were steam cleaned following completion of the subsurface
investigation and prior to leaving the UMDA. The berms surrounding the lagoons and
other surficial materials disturted during drilling activities were restored. The decon-
tamination area was cleaned prior to demobilization. Water from the decontamination
area collection sump was pumped into the open evaporation tanks. Access passes and
keys were returned to UMDA personnel upon completion of field activities.

10020B01.SEA
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Chapter 4
Sample Analysis

Prior studies at the Explosive Washout Lagoons have shown that soils and groundwater
are contaminated by explosives and nitrate/nitrite. These contaminants have been
designated as the potential contaminants of concern for the site RI/FS (Dames &
Moore, 1990b).

All samples from the four boreholes were analyzed for the explosives HMX, RDX,
1,3,5-TNB, 1,3-DNB, NB, tetryl, 2,6-DNT, 2,4-DNT. and 2,4,6-TNT, and for nitrate/
nitrite. Samples collected from depths of O feet. 4 feet, and 10 feet were analyzed for
all analytes listed in Table 4-1. In addition to explosives, the list of analjtes includes
various inorganics, organic chemical compounds, percent moisture, pH, and total or-
ganic carbon (TOC).

Water used for deccntamination was also analyzed for the list of analytes in Table 4-1,
as were samples of rinsate water collected to verify the thoroughness of decontamina-
tion. Trip blank water samples were analyzed for TCL volatiles.

Chemical analysis was conducted according to USATHAMA standards and procedures.
The analytical work was administered by USATHAMA, and samples were analyzed by
ESE, a USATHAMA CLASS laboratory.

4.1 Methods of Analysis

Soil samples were analyzed according to procedures developed by USATHAMA as
part of the Quality Assurance program. Detection and quantification limits were set as
specified in the USATHAMA Quality Assurance program.

Explosive ordnance analyses were performed using high-pressure liquid chromatography
coupled with an ultraviolet detector. The method of analysis is similar to EPA
Method 8330 with a modified extraction precedure. Nitrate/nitrite concentraticns were
determined by colorimetric techniques (EPA Method 3532).

Sample alkalinity was determined using a titrametric method. An acid digestion fol-
lowed by an inductively coupled plasma atomic emission spectroscopy (ICP) analysis
was done for most metals (EPA Method 6010). Arsenic, selenium, and lead were ana-
lyzed (EPA Methods 7060, 7740, and 7421, respectively) using graphite furnace atomic
absorption spectrometry (GFAA), and mercury was analyzed (EPA Method 7471) by
cold vapor atomic absorption (AA).




Table 4-1
Analyte List

Explosives

24,6 TNT
24-DNT
2,6-DNT
Tetryl
RDX
HMX
1,3,5-TNB
1,3-DNB
NB

Inorganics

Nitrate/Nitrite

Alkalinity (carbonate, bicarbonate)

Trace Elements (Al, Ba, Be, Cd, Cr, Co, Cu, Sb, As, Pb, Hg, Se, Ag,
V, Ni, T}, Zn)

Major Elements (Ca, Mg, K. Na, Fe, Mn)

Organics

Organochlorine Pesticides
PCBs

TCL Semivolatiles

TCL Volatiles

Others

Percent Moisture
pH
TOC

Note: All soil samples were analyzed for explosives and nitrate/
nitrite. In addition, samples taken from the surface, at 4 feet and at

10 feet were analyzed for inorganics, organics, pH, TOC, and per-
cent moisture.

10020B11.SEA
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Pesticide and PCB analyses of water samples utilized gas chromatography (GC) coup-
led with an clectron capture detector using liquid-liquid extraction (EPA Method 8270).
Semivolatiles were analyzed by liquid-liquid extraction and gas chromatography/mass
spectrometry (GC/MS) using EPA Method 8270. Volatile organics were analyzed by
purge and trap GC/MS (EPA Method 8240). Total organic carbon was determined
using a TOC analyzer with an ultraviolet detector (EPA Method 9060).

10020BOF.SEA
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Chapter 5§
Field and Laboratory Results

The results of field investigations and laboratory analyses conducted during the WLSSI
include detailed physical descriptions of the soil profile and chemical data from labora-
tory analysis of soil samples. Lithologic logs of the four boreholes (S4B-3, S4B-6,
S4B-7, and S4B-8) are presented in Appendix B. The complete set of laboratory data
is in Appendix C.

5.1 Site-Specific Geology

A lithogic profile showing the fluvial depositional environment in the vicinity of the
lagoons is presented in Figure 5-1. The locations of boreholes drilled are shown in
Figure 5-2.

Soils beneath the Explosive Washout Lagoons consist of admixtures of sand and gravel
to the penetrated depth of approximately 50 feet. Sand varies from fine to coarse,
well-graded to poorly graded, and clean to silty. The gravel fraction is typically fine-
grained, having diameters of 1/4 to 1/2 inch and is typically subangular. Minor amounts
of silt were encountered as occasional thin seams ranging from 1 inch to 24 inches thick
and as admixtures with sand and gravel. The water table was encountered at depths of
47 to 48 feet below the bottom of the lagoons.

In boreholes S4B-5, S4B-6, and S4B-8, clean, fine sand was encountered in the upper-
most 5 to 7 feet. Borehole S4B-7 encountered more variability in textures ranging from .
fine to coarse, and clean to silty sand. Soils generally consist of graveily sand below a
depth of 25 to 35 feet.

The sediments underlying the lagoons were deposited in a fluvial environment. The
lack of coarse gravel, cobbles and boulders, and the presence of silt sugzest an area of
quiet deposition as compared to the torrential flood gravels deposited elsewhere at the
UMDA. The complex nature of the fluvial system does not lend to correaiation of sedi-
ments between boreholes. No persistent marker beds were identified.

5.1.1 Lithologic Logs

Cuttings were logged in accordance with the Unified Soil Classification Uystem (Ameri-
can Society for Testing and Materials [ASTM] 1991) by the geologist in charge of drill-
ing activities. Logs describing the lithology of soils from each borzhole are in
Appendix B.




5.2 Laboratory Results of Soil Samples

All soil samples taken from boreholes S4B-5, S4B-6, S4B-7, and S4B-8 were analyzed
for a selected suite of explosives and nitrate/nitrite. In addition, samples taken at
depths of 0, 4, and 10 feet were analyzed for the total list in Table 4-1. The laboratory
results for various analytes are discussed in the following sections, and the complete
data set is in Appendix C. Graphs showing concentrations of explosives and nitrate/
nitrite vs. depth are presented in Appendix D.

5.2.1 Explosives

During the WLSS], soil samples were analyzed for a selected suite of explosives includ-
ing, 1,3,5-TNB, 1,3-DNB, 2,4,6-TNT, 2,4-DNT, 2,6-DNT, HMX, RDX, NB, and tetryl.
The laboratory results for explosives and nitrate/nitrite are summarized in Table 5-1.

The explosives detected most frequently and in greatest concentration were 1,3,5-TNB,
2,4-DNT, 2,4,6TNT, HMX, and RDX. Tetryl was not detected, and 1,3-DNB,
2,6-DNT, and NB were detected in only a few samples and at relatively low concentra-
tions, which is similar to the findings of previous investigations outside the lagoons
(Table 2-3). The following discussions address the contaminants most frequently de-
tected during the WLSSL

52.11 13,5-TNB

Detectable concentrations of 1,3,5-TNB were found in every soil sample taken beneath
the lagoons (Table 5-1). Concentrations ranged from 1.87 to 47.0 pg/g, but most levels
wers between 10 and 40 pg/g. Figure D-1 shows that levels of 1,3,5-TNB in soil sam-
ples generally increased below a depth of 5 feet, remained fairly constant between
5 and 40 feet, and decreased below a depth of 40 feet.

$.2.1.2 2,4,6.TNT

Levels of 2,4,6-TNT ranged from below detection (<0.456 pg/g) to 1,400 ug/g, but most
concentrations were between 5 and 30 pg/g. The highest levels (520 to 1,400 ug/g)
were detected in samples taken at 0 and 2 feet from boreholes S4B-6, S4B-7, and
S4B-8. Concentrations of 2,4,6-TNT vs. depth were plotted on both arithmetic and log
arithmic (log) scales (Figures D-2 and D-3). The log scale allows the display of the full
range of concentrations of 2,4,6-TNT detected in soil samples.

Figures D-2 and D-3 show that levels of 24,6-TNT decrease rapidly between 4 and
10 feet. There was a slight but steady increase in concentrations between 10 and
50 feet below the bottoms of the lagoons (Figure D-3).
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5.2.13 2,4-DNT

Relatively low levels of 2,4-DNT were detected in soil samples taken beneath the la-
goons, and concentrations ranged from below detection (<0.424 pg/g) to 16.2 ug/g.
Table 5-1 shows that 2,4-DNT was detected most frequently in the samples from bore-
holes S4B-7 and S4B-8 (south lagoon), and few cetections were reported in samples
from boreholes S4B-5 and S4B-6 (north lagoon).

Concentrations of 2,4-DNT were below detection in the upper 8 feet of the soil profile
in nearly every sample. Detectable levels were found below 8 feet. The results from
previous investigations outside the lagoons (Table 2-3) showed 2,4-DNT was most com-
monly found in samples taken at or near the water table.

5.2.14 HMX

Concentrations of HMX ranged from below detection (<0.666 pg/g) to 47.0 ug/g
(Table 5-1). The highest concentrations were detected in the near-surface samples
from borehole S4B-6 (47.0 pg’g) and in the sample taken at a depth 15 feet from bore-
hole S4B-7 (47.0 ug/g). Relatively high concentrations of HMX wzre also detected in

the samples takea at depths between 15 and 30 feet from boreholes S4B-5 and S4B-7
(Figure D-5).

Figure D-5 shows a similar distribution of HMX in boreholes S4B-5 and S4B-7. A
similar pattern of the distribution of HMX is also evident for S4B-6 and S4B-8. Bore-’
holes S4B-6 and S4B-8 are at the east ends of the lagoons, and S4B-5 and S4B-7 are at
the west en-s of the lagoons.

5.2.1.5 RDX

Concentrations of RDX detected in soil samples were relatively variable, and the re-
sults were plotted vs. depth un both arithmetic and log scales (Figures D-6 and D-7).
The highest levels of RDX were detected in the near-surface samples from boreholes
S4B-5 and S4B-6 (110 to 1900 ug/g) and in the samples taken tetween 15 and 30 feet
from borehole S4B-7 (30.0 to 93.0 pg/g). Moderate levels of RDX were detected be-

tween 15 and 40 feet, and concentrations decreased below 40 feet in all boreholes (Fig-
ure D-7).

5.2.2 Nitrate/Nitrite

Soil samples were analyzed for the concentration of nitrate + nitrite, and the results
were reported as total nitrogen (N). Nearly all samples showed detectable levels
(>0.60 pg/g) cf nitrate/nitrite (Table 5-1). Concentrations ranged from below detection
in the sample taken at a depth of 6 feet from boring S4B-8, to 100 pg/g in the sample
taken at a depth of 15 feet in boring S4B-7.

5-10




Figure D-8 (Appendix D) shows concentrations of nitrate/nitrite versus depth for sam-
ples taken from the four boreholes. The data indicate that concentrations were gener-
ally higher in the interval between 10 and 40 feet below land surface than in the upper
10 feet of the soil profile. The results for boreholes S4B-6 do not follow this trend.
Nitrate/nitrite concentrations from S4B-6 samples were between 10 and 25 pg/g in the
upper 8 feet of the borehole and generally less than 5 pg/g below a depth of 10 feet.

Data genera‘ed during an ongoing study of soil chemistry at UMDA (Appendix F)
indicate that background concentrations of nitrate/nitrite are generally in the range of
below detection (<0.6 ug/g) to 4 ug/g, although levels as high as 8.4 ug/g have been
detected. Comparison of concentrations of nitrate/nitrite shown in Table 5-1 with back-
ground levels (see Appendix F), indicates that soils beneath the lagoons have been
contaminated by the washout process.

5.23 Trace Elements

Soil samples taken at 0, 4, and 10 feet from each of the four boreholes were analyzed
for a suite of 17 trace elements. The trace elements include Al, Sb, As, Ba, Be, Cd, Cr,
Co, Cu, Pb, Hg, Ni, Se, Ag, T, V, and Zn. The results of analyses for trace elements
and Fe and Mn in soils are presented in Table 5-2.

Concentrations of 4 of the 17 trace elements (Sb, Cd, Hg, and Se) were below
detection limits in all samples. Concentrations of detected trace elements ranged from
less than 10 ug/g for As, Be, Ag, and Pb, to nearly 10,000 ug/g for Al. Levels of V, Zn,
and Ba were in the range of 40 to 140 pg/g. Mn was between 300 and 525 pg/g, and
Fe concentrations ranged from 21,300 to 31,000 ug/g.

Table 5-2 shows that for most trace elements, the concentrations fall within a relatively
narrow range. For example, the concentration cf As ranges from 0.898 to 2.59 pg/g,
and Pb values range from 3.65 to 9.40 ug/g.

The data in Table 5-2 also show a slight increase in concentration with depth in the
results for trace elements from the 0-, 4-, and 1:-foot sample sets. The trend is present
more frequently in the sample sets from borehnles S4B-6 and S4B-7 than from bore-
holes S4B-5 and S4B-8. For example, lead concentrations in the 0-, 4, and 10-foot
samples from S4B-6 were 3.88, 6.43, and 9.40 ug/g, respectively. The trend of increas-
ing concentration with depth is evident in approximately 40 percent of the sample sets
(Table 5-2) where detectable concentrations of trace elements were present, which may
be attributed to the leaching of metals from shallow soils during the washout process.
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WLSSI results were compared to U.S. Geological Survey (USGS) data from north-
eastern Oregon and background data from ongoing investigations at the UMDA (sec
Appendix F) to determine if concentrations of trace elements in soils beneath the
lagoons were elevated as a result of the washout process. Trace elements detected in
soil samples during the WLSSI include Al, As, Ba, Be, Cr, Co, Cu, Ni, Ag, T1, Pb, V,
and Zn.  Fe and Mn were also detected and were included in the background
comparison.

During the USGS investigation (Shacklette and Boerngen, 1984), soil samples were
taken at a depth of approximately 20 cm from locations about 80 km apart throughout
the conterminous United States and were analyzed for their content of elements. The
arithmetic and geometric mean, the geometric deviation, and a histogram showmg fre-
quencies of analytical values were developed for 47 elements.

Data generated during an ongoing background study of soil chemistry at UMDA are in
Appendix F. Ten soil samples were taken from depths of 0, 5, and 9 feet at back-
ground locations and analyzed for a series of 26 trace and major elements. The sam-
pling depths and parameters analyzed were very similar to the approach used in the
WLSSL

The results of the comparisons indicate that levels of Al, As, Ba, Cr, Co, Cu, Ni, Ag, T],
Zn, V, Pb, Fe, and Mn were within the range of concentrations detected in the USGS
and UMDA investigations. Concentrations of these elements in soils were not elevated
by the washout process.

The level of Be in soils beneath the lagoons may have been elevated by the washout
process. The results of the UMDA background study, the USGS investigation, and the
WLSSI for these three elements are summarized in Table G-1 (Appendix G). Be was
detected in 50 percent of the soil samples taken beneath the lagoons at concentrations
ranging from 2.6 to 3.2 ug/g. These levels are at least 2 to 3 times greater than concen-
trations reported by Shacklette and Boerngen (1984) for northeastern Oregon
(Table G-1). The concentration of Be was below detection in all UMDA background
soil samples,

5.2.4 Major Elements

Soil samples taken from depths of 0, 4, and 10 feet were analyzed for major elements,
and the results, except for Fe and Mn, are shown in Table 5-3. The results for Fe and
Mn were discussed with trace elements in Section 5.2.3. The major elements Ca, Mg,
and K are essential plant nutrients. Na is not considered an essential element for plant
growth,

5-13




Concentrations of major elements do not appear to have been elevated by the washout
process. Ca was detected in relatively high concentrations ranging from 3,830 to
24,100 pg/g. Ca typically is the predominating cation in almost all soils (Kabata-
Pendias and Pendias, 1984). Mg concentrations ranged from 3,840 to 8,120 pg/g. Rela-
tively lower levels of K and Na were detected with concentrations ranging between
695 and 1,750 ug/g and between 282 and 510 ug/g, respectively. A trend of increasing
concentration with depth is evident for some sample sets (Table 5-3).

5.2.5 TCL Volatiles and Semivolatiles

Soil samples taken at 0, 4, and 10 feet were also analyzed for TCL volatiles and semi-

volatiles. The results of laboratory analyses (Appendix C) show that no TCL volatiles
were detected in any samples.

TCL semivolatile compounds detected include di-n-butyl phthalate and 2,4-DNT. Di-n-
butyl phthalate was found in the surface sample from borehole S4B-7 at a concentra-

tion of 0.09 pg/g. This compound is associated with plastics and may be a laboratory
artifact. :

The explosive 2,4-DNT was detected during the GC/MS analysis for TCL semivolatiles.
As discussed in Section 5.2.1.3, 24-DNT was also detected in the HPLC analysis for
explosives. Concentrations of 24-DNT detected by GC/MS and by HPLC are pre-
sented in Table 5-4. The results are generally similar, although slightly higher concen-
trations were reported in the HPLC analysis for some samples. Both methods of anal-

ysis indicate concentrations of 2,6-DNT were below the detection limit in all samples
(Table 5-4).

5.2.6 Organochlorine Pesticides

Soil samples were taken at 0, 4, and 10 feet from the four boreholes and analyzed for
organochlorine pesticides. The results of analyses (Appendix C) show that concentra-
tions of these compounds were below detection in all samples.

5.2.7 PCBs

Soil samples were collected from the four boreholes at 0, 4, and 10 feet and analyzed

for PCBs. The results (Appendix C) indicate that concentrations of PCBs were below
detection in all samples.
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5.2.8 Tentatively Identified Compounds (TICs)

A list of tentatively identified compounds (TICs) from the GC/MS analysis of soil sam-
ples taken at 0, 4, and 10 feet is presented in Appendix C. This list includes trini-
trotoluene (TNT), trinitrobenzene (TNB), unknown cyclohexanes, and other organic
compounds. Concentrations of TICs range from 0.311 pg/g chloroform in the surface
sample from borehole S4B-5 to 738 pug/g TNT in the surface sample from bore-
hole S4B-6. Either TNT or TNB was tentatively identified in all samples analyzed by
GC/MS.

Soil samples were also analyzed for TNB and TNT using HPLC (Section 5.2.1). Ta-
ble 5-4 indicates that levels of TNT and TNB determined by GC/MS do not always
compare with results determined by HPLC. TNT and TNB were not detected by
GC/MS when these compounds were positively identified by HPLC.

Some TICs appear to be co-contaminants or degradation products of explosives. The
remaining are relatively low in concentration, generally less than 10 pg/g (Appendix C).

5.29 pH

Soil pH ranged from 7.6 to 8.4 (Table 5-5). The slight to moderate alkalinity is com-
mon for mineral soils in arid regions (Brady, 1974). The soil pH is relatively uniform in
the 0-, 4-, and 10-foot samples, and there is no obvious trend with depth (Table 5-5).

5.2.10 Carbonate Alkalinity

The 0, 4-, 10-foot soil samples taken during the WLSSI were analyzed for total carbon-
ate alkahnity, and the results are presented in Table 5-5. The concentration of total
carbonates ranged from below detection (<25 ug/g) to 194 ug/g.

Calcite 21d dolomite are the principal carbonate minerals present in soil, and most
inorganic carbon is associated with these compounds. Calcite is the most widespread
form of calcium carbonate present, and has a major influence on the pH of soils
(Kabata-Pendias and Pendias, 1984). Comparison of pH and the concentration of total
carbonates (Table 5-5) indicates a close relationship between these two parameters.

5.2.11 Moisture Content

Soil samples collected at depths of 0, 4, and 10 feet from each boring were tested for
moisture content. Moisture content was obtained as a percent of wet weight after
drying. Laboratory results for percent moisture are presented in Table 5-5. Moisture
l=vels are characteristic of unsaturated soils. The sand sample collected from bore-
-ile S4B-t at 10 feet had an anomalously high value of 16.7 percent moisture. The .
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sample taken at 4 feet from borehole S4B-7 had a moisture content of 17.5 percent,
which is consistent for silt as logged.

5.2.12 TOC

Concentrations of TOC determined from the analysis of the 0-, 4-, and 10-foot samples
are presented in Table 5-5. Concentrations ranged from 0.808 to 7.340 g/kg. The high-
est levels were present in the 0- and 4-foot samples from boreholes S48-6 and S4B-7.
TOC appears to be a general indicator of the concentration of total explosives, since
the highest concentrations of RDX and 2,4,6-TNT were detected in the same samples
from these two borings (Table 5-1).

5.3 Laboratory Results of Field QC Samples

Field quality control (QC) samples taken during the WLSSI included th: =2 trip blanks,
three rincate blanks, one water blank from UMDA well No. 3, and four duplicate soil
samples. Laboratory results from field QC samples are presented in Appendix C.

Trip blanks (water samples) were analyzed for TCL volatiles, and all concentrations
were below detection. Rinsate blanks (water samples) werz analyzed for the analytes
listed in Table 4-1, and the results show detections of maior and trace elements, bromo-
dichloromethane (3 detections), chloroform (3 detections), and toluene (2 detections).

Concentrations of bromodichloromethane, chloroform, and toluene ranged from 0.73 to
7.4 pg/L. The chloroform is most likely a laboraiory artifact. Concentrations of bromo-
dichloromethane (0.73, 1.4, and 1.5 pg/L) and toluene (1.06 and 0.73 pg/L) are not
significant and were not detected in soil samples.

The major and trace elements detected in rinsate blanks included Cu, Fe, K, and Na.
Concentrations of these elements are expressed in pg/L (ppb) and are much below
levels detected in soils. The detections are most likely residuals from steam cleaning.
The lack of explosives detected in rinsate blanks demonstrates the effectiveness of the
steam cleaning process in decontaminating the sampling equipment.

The water blank from well No. 3 was also analyzed for the entire list of analytes. The
major and trace elements detected include Ba, Ca, Cu, Fe, K, Mg, Mn, and Na. Con-
centrations of these elements are much below levels detected in soils. No TCL organic
compounds were detected in the water blank.

The analysis of duplicate samples for explosives and nitrate/nitrite (Table 5-1) indicate
that the ability of the laboratory to reproduce results was very good in nearly all cases.
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The relative percent difference (RPD) in concentration of duplicates was generally less
than 10 percent and averaged approximately 6 percent.
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Chapter 6
Interpretation

Results from laboratory analyses of soil samples taken beneath the lagoons indicate
contamination is essentially limited to explosives and nitrate, although the concentra-
ticn of the trace element Be was slightly elevated. At 1-2.5 pg/g, concentrations of Be
were slightly above the background levels measured on Depot soils. However, they
were well within the range of background concentrations (0.1-40 ug/g) reported in
Chemical Equilibria in Soils (Lindsay, 1979). The explosives detected in highest con-
centration during the WLSSI were RDX and 2,4,6-TNT. Elevated levels (>100 pg/g)
of these compounds were limited to soils in the first 2 to 4 feet beneath the bottoms of
the lagoons, although detectable concentrations were present down to the water table
at a depth of 48 feet. Concentrations of other organic and inorganic analytes were
either below detection or in the range of background levels.

A series of lithologic profiles showing concentrations of explosives in soil samples are
presented in Appendix E. The 3-D perspectives allow comparison of explosive concen-
trations in samples to the lithology described by geologists. The data plots show trends
in the concentration of explosives in individual boreholes. Additionally, explosive con-
centrations in samples taken adjacent to the lagoons during previous investigations
were compared with samples taken beneath the lagoons during the WLSSI.

Figure E-1 shows lithology and concentrations of explosives in soils along transect C-C,
which parallels the west side of the lagoons. The lithology along transect D-D’, which
generally follows the east side of the lagoons, is identical in Figures E-2, E-3, E-4,
and E-5. The concentration of explosives (1,3,5-TNB, 2,4,6-TNT, HMX, and RDX)
were illustrated separately on these figures because of space limitations. Figure E-6 is
a borehole location map showing the view perspectives for both transects.

No consistent marker beds were correlated between the lithologic profiles. The profiles
generally show clean, fine sand with gravel in the uppermost 5 to 7 feet in all boreholes
except S4B-7. Soils predominantly consist of sand below a depth of 25 to 35 feet.

Concentrations of explosives do not appear to correlate strongly with lithology on a
large or macro scale. An increase in silt or sand content in boreholes did not consis-
tently result in an increase or decrease in the concentration of explosives.

Groundwater is the suspected source of soil contamination observed near the water
table in boreholes adjacent to the lagoons. Concentrations of explosives in soils slightly
increase immediately above the water table in boreholes EWL-4, EWL-3, EWL-2,
EWL-1, and S4-8 (Figures E-1 through E-5). Explosives-contaminated seepage has
been flushed from soils and has moved laterally away from the lagoons in the ground-
water system. Cortaminants in groundwater appear to have been adsorbed by soils
during fluctuations in the water table. The flushing also accounts for a relative
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decrease in concentration of some contaminants in soil samples taken immediately
above the water table and directly beneath the lagoons.

Distributions of explosive compounds (1,3,5-TNB, 2,4,6-TNT, HMX, and RDX) are
often similar within individual boreholes. Similarities in the distributions of explosives
are evident in boreholes S4B-5 and S4B-7 (Figure E-1). Relatively high concentrations
of explosive were detected at 15 feet in S4B-7. Low concentrations of all explosives
except RDX were found at 20 feet in the same borehole.

Comparison of Figures E-2, E-3, E-4, and E-5 also show similarities in distributions of
explosives with depth in boreholes S4B-8 and S4B-6. The results suggest that the dis-
tribution of explosives appears to be affected by borehole-specific conditions (micro-
scale lithology, permeability, distance from the movable flume, and location relative to
the lagoon) rather than macro-scale lithology.

Similarities in the distribution patterns of explosives occur less frequently from bore-
hole to borehole. The distribution of 2,4-DNT is generally similar for all boreholes
within the lagoons (Figure D-4). A resemblance in the trends for RDX, 1,3,5-TNB,
and 2,4,6-TNT is evident ir boreholes S4B-5 and S4B-6 (Figures D-1, D-2, and D-6),
and for HMX in boreholes S4B-6 and S4B-8 (Figure D-5).

The difference in concentr. .ons for most explosives between boreholes S4-8 and S4B-7
is dramatic. Borehole S4-8 is immediately southwest of the south lagoon, and borehole
S4B-7 is at the west end and inside the south lagoon (Figure 3-1). Concentrations for
most explosives are below detection, except near the surface and near the water table
in borehole S4-8 (Figure E-1). RDX was detected throughout the soil profile, which
shows greater lateral mobility for this compound.

Figures E-2, E-3, E-4, and E-5 follow a transect that incorporates the EWL boreholes
from a previous investigation (Roy . Weston, Inc., 1991). Concentrations of explo-
sives shown on the profiles in areas outside the lagoons are significantly lower than
concentrations beneath the lagoons. The difference is dramatic for all explosives.
Highest concentrations of explosives outside the lagoons are in borehole EWL-2, which
is immediately south of the south lagoon. The results confirm that lateral migration of
contaminants above the water table is not significant. Migration appears to be pri-
marily vertical as a result the relatively high permeability of soils beneath the lagoons.
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Chapter 7
Summary and Conclusions

The WLSSI was performed to determine the distribution and concentration of explo-
sives, their metabolites, and co-contaminants in soils directly beneath the Explosive
Washout Lagoons at UMDA. Field work was done November 1 through 4, 1991. Four
boreholes were drilled, and soils were sampled at pre-determined depths.

All samples were analyzed for a selected suite of explosives and nitrate/nitrite. Near-
surface samples were also analyzed for “CL volatiles and semivolatiles, trace and major
clements, pesticides, PCBs, TOC, pH, and percent moisture. The results have been
correlated with data from previous investigations to develop a more complete under-
standing of the nature and extent of subsurface contamination.

Boreholes were drilled ucing the dual-wall reverse air circulation method. This method
had been used successiully in previous investigations at UMDA. Boreholes were ad-
vanced to the intersection of the underlying water table which occurred at approxi-
mately 50 feet heicw the bottom of the lagoons. Approximately 14 soil samples were
collected from each borehole using a split-barrel sampler.

Soils beneath the lagoens consist of admixtures of sand and gravel. Sand varies from
fine to coarse, well graded to poori; graded, and clean to silty. Minor amounts of silt
were encountered as occasional thin seams and as admixtures with sand and gravel.
Boreholes generally encountered clean. fine sand in the uppermost 5 to 7 feet and fine
to coarse sand below a depth of 25 to 30 fect No persistent marker beds were
identified.

Laboratory analyses of soil sampies taken beneath the lagoons indicate contamination
is essentially limited to explosives and nitrats, although the concentration of the trace
element Be was slightly elevated. At 1-2.5 ug/g, concentrations of Be were slightly
above the background levels measured on Depot soils. However, they were well within
the range of background concentrations (0.1-40 ug/g) reported in Chemical Equilibria in
Soils (Lindsay, 1979). Concentrations of other organic and inorganic analytes were
either below detection or in the range of background levels.

Explosives detected most frequently and in greatest concentration were 1,3,5-TNB,
2,4-DNT, 2,4,6-TNT, HMX, and RDX. Tetryl was not detected, and 1,3-DNB,
2,6-DNT, and NB were detected in only a few samples and at relatively low concentra-
tions, simiiar to previous investigations outside the lagoons.

RDX and 2,4,6-TNT were detected ct high concentrations (110 to 1900 pg/g) in near
surface samples. Relatively high concentrations (30.0 to 93.0 pg/y) of RDX were also
detected between 13 and 30 feet in borehole S4R-7. Moderate levels of 1,3,5-TNB,
2,4.6-TNT, HMX, and RDX were detected throushout the soil profile. Concentrations
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of 2,4-DNT were relatively low, and detections were generally limited to samples taken
below a depth of 8 feei beneath the lagoons.

Nearly all samples showed detectable levels of nitrate/nitrite, and the highest concentra-
tion was 100 pg/g. Concentrations were generally higher in the interval between 10 and
40 feet below the surface than in the upper 10 feet of the sail profile.

Concentrations of explosives do not appear to correlate strongly with lithology on a
large (macro) scale. An increase in silt or sand content in boreholes did not consis-
tently result in an increase or decrease in the concentration of explosives. The results
suggest that the distribution of explosives appears to be more strongly affected by
borehole-specific conditions (micro-scale lithology, permeability, distance from the mov-
able flume, and location relative to the lagoon) rather than by macro-scale lithology.

Groundwater is the suspected source of soil contamination observed near the water
table in boreholes adjacent to the lagoons. Explosives-contaminated seepage has been
flushed from soils and has moved laterally away from the lagoons in the groundwater
system. Contaminants in groundwater appear to have been adsorbed by soils during
fluctuations in the water table. The flushing also accounts for a relative decrease in
concentration of some contaminants in soil samples taken immediately above the water
table and directly beneath the lagoons.

The difference in concentration of explosives in soils from areas outside the lagoons
versus concentrations beneath the lagoons is dramatic. The results confirm that lateral
migration of contaminants above the water table is not significant. Migration appears

to be primarily vertical, a result of the relatively high permeability of soils beneath the
lagoons.
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Appendix B
Borghole Logs




MORRISON KNUDSEN CORPORATION Sheet10f 2
MK-ENVIRONMENT AL SERVICES GROUP n\o.aa:lmm
BOREHOLE LOG 04
VELL NAEER
S4B-5
PROJELT: LOCATIOK
EMO-UMATILLA ARMY DEPOT NORTH EXPLOSIVE WASHOUT LAGOON
COROD TES DRILLING CONTRACTOR:
N790205.87 £227300133 LAYNE ENVIRONMENTAL SERVICES
DATLL KAKE AND MOCEL: BEDRX ELEY: DEPTH LISDG AM0 SIZES:
lomu. SYSTEAS AP-1000 DUAL WALL REVERSE CIRCULATION N/A it 65/8 n 00
6S ELEV: 0 BLEY: BOREIE ANGLE T0TA, DTt HOLE SZE
F 53455 ft. N/A 1t N/A 515 ft. n
VATON LEYEL/OATE, FUAD M0 ALLTIVES DATE STAAT: DATE F MG ToGEER
AT WATER MIST 1-03-91 1+~03-91 A BENFER
sunLE ST SOIL OESCRIPTION
PENETRATION
. TEST
= RESIATS ] . . " . L
x| g TYPE AND NMEER S NAYE, Gradation cr Piasticity, Particle Size Distribution,
= = [NTERVAL o Color, Moisture Content, Refative Density or Consistency,
= z RECOVERY g P g Soi Structure, Mineralogy, USCS &roup Symbol
fre} [-%
o | B 3 W &
Butk~1 0.0-2.0' SAND:Fine, clean, dark yellowish brown
3 0.0-2.0' (10yr4/4), molst, medium dense,SP. ]
i 20 §-12-18 2.0-3.5" SAND: As avove, siit ' ]
[ 23-23 5 {28) pockets at 3.5". 1
i T 10-14-18 4.0-5.5° SAND; As above, dense, minor ]
m_" ss-3 (32) interbegded medlum to coarse sand. .
- . 8.0-7.0' SAND: Fine to medium, clean, as above,
B ;29'5‘5 12-13-14 medium dengse. ]
- SS~-4 29 'Cii 7.0-7.5 GRAVEL: Fine 1/4* angutar 20% meduim i
! 8.0-7.5° 18-23-27 A 4 to coarse sand, 15X silt, yellowish brown
" 8 (50 cc )4 (10yr5/4), moist, dense to very dense, GM.]
| o 14q] 8.0-9.5" GRAVE| : As above. 4
24— g%—% 5 12-20-21 F-‘cdc 10.0~11.5° GHAVEL: As sbove, dense. .
.0-9. 9
b 18" (“) f.é"c e
L [ ss-e 2e)d ]
L 10.0-11.5 <9 g
. |® il
- ss~7 Eﬂ-n-;g (11d{ 15.0-18.5' GRAVEL: As above, dense, 1" silt seam |
15.0~16.5° (35) 3% at 18.5".
- 15° o QE .
o -
i)
- - 49 -
- iyl -
-1 Ss-8 HI?-I?-IB % 20.5-21.5" GRAVYEL: As above, 10X slit, gense,
20.0-21.5' (32) | GW=-GP~-GM. ]
i 18" Jet) 1
509 — sS-9 2-14-13 25.0-28.5" SAND: Well graged.fine to coarse, 15%
i 25.0-28.5" (an fine 174" gravel, trace of siit, dark 1
L 18" yellowish brown (1Qyr4/3), molst, medium |
L dense, SW. _‘
10 e




Q,‘/
MORRISON KNUOSEN CORPORATION Sheet20f?2
MK—ENVIRONMENT AL SERVICES GROUP o]
BOREHOLE LOG 843
VELL NOGER
S48-5
PROJLT. LOCA TION
EMO-UMATILLA ARXY DEPOT NURTH EXPLOSIVE WASHOUT LAGOON
SRLE J—— SORL OESCRIPTION
PENETRATION
TEST
F § TYPE ANC NMEER RESWLTS § NAME, Eradation or Plasticity, Particle Size Distridution,
= = INTERVAL o Color, Mosture Content, Relative Density or Consistency,
= = RECOVERY E g 2 Soi Structure, Mneralogy, USCS Growp Synbot
wi (-
a | % % by 3
i SS-10 12-14-15 5] 30.0-31.5' SANQ: As above, dense, SW. )
30.0-31.5 (an X
- 18" 3 - ]
L % i
35 - -
w- $S-1 EI9-20-2| +a| 35.0-30.5° SAND: As above. dense, 20% siit from |
35.0-36.5° 142) ., 38.0-38.5".
- 18" o .
R 39 J
LR 2
N -‘..;o 4
» o i
84 ~ SS~12 18-18~19 o] 40.0-41.5 SAND: As above, ctean, dense, finer
1 30.0-41.5° an ce grained 40.0-40.5". T
. et o 1
R Y g
Ve e
L I J
o
- 45 [0 45.0-46.5" SAND: As above, very dense. 4" siit -
e SS-13 !20-25—3! b.o layer 46.0-46.3", ight gray (2.5yr7/2), )
45.0~40.5° (58} L molst, ML.
- 15" boo| ¥ Water level 47.1° 1
i ;‘...T': b
. IR p
b ..o
-2 L+ 7] 50.0-51.5' SANQ: Clean, well graded, as above, ~
84~ SS~14 l g-14-18 o ele wet, medium dense to dense, 4
50.0-51.5' (30) 28] e eeeccmecoceccecccaccammeancccemeceacaennn
- 13" T.0. 51.8 1
5 d
o e
e &8 .
as— 4
[ 4
[ i 1
-G -
e ]
] .

B-2




MORRISON KNUOSEN CORPORATION Sheet 1 0f.2
MK-ENVIRONMENTAL SERVICES GROUP . ma;v NUEER
BOREHOLE LOG 3843
VELL NNEER
548-6
PROJECT LNCATION
EMO-UMATILLA ARMY DEPOT NORTH EXPLOSIVE WASHOUT LAGOON
CORCIMTES DRLLING CONTRACTOR
N790179.74 £2273064.41 ' LAYNE ENVIRONMENTAL SERVICES
ORILL KAE AND NOCEL BEDAX ELEY: DEPTH CASD AND SZES:
ORILL SYSTEMS AP-1000 OUAL WALL REYERSE CIRCULATION N/A it 65/86n00
63 ELEY. ToC BEY: BOREFOLE APGLE TOTA DEPTH WOE SZE
54527 1t N/A 1t N/A 515 ft. 7n
VATER LEVEL/DATE: FUD AMC A0 OATE START: OATE FDGH LOGGER
NOT MEASURED ft. WATER MIST 1+-03-9 1+04-91 A BENFER
SAMLE STANGARD SOTL DESCRIPTION
PENETRATION
TEST
= RESIATS . - . . .
z 2 TYPE AND NMBER NAME, Gradation or Piasticity, Particle Size Distrbution,
=2 = INTERVAL Color, Moisture Content, Relative Density or Consistency,
|z RECOVERY W T Soil Structure, Mineraiogy, USCS Grouwp Synbol
215 - (h
w W
X Buik~1 0.0~2.0° SAND: Well graded.fine, 10% fine to
0.0-2.0° crs subanguiar to rounded gravel 1/4-1/2",7
- 2.0 dk brn (7.5yr4/4), moist, medium dense, SW.4
X 15-20~31 2.0-3.5° SAND; As above, 2" Interbedded lense of |
ss-2 (s ciean fine sand, 1" very siity lense; very
L 2.9—3.5 dense. <
g -5 18 6-10-12 4.0-5.5" SAND; Poorly graded, fine, clean,
| SsS-3 (22 yellowish brown (10yr5/4), moist, medium |
4.0-5.5° 1-12-13 dense, SP, ]
- 17 8.0-7.5 SILT T A T ity Bt alve Brewm T
(25) . 5° SILT: Low plasticity, light olive brown
- ssS- (2.5yr5/4), moist, very stiff (pp=2.5), ML. -
L 8.0-7.5 -15-18 Eo ST R AND. Pemrle crmded. fine eloan qork _
7" (33 8.0-9.5" SAND: Poorly graded, fine, clean, dark
v yellowish brown (10yr4/2), moist, dense, _
SS-§ 10~13~15 SP. very slity 9.0-9.5°, SM. |
‘87-9'9 s° (28) 10.0-11.5' SAND: As above, clean, medium dense.
- SS-8 cemesmecreeanan B e S il
N 10.0-11.5 .
18"
50-’—5 . -
X sSs-7 14-16-18 15.0-18.5° SANN: Coarse, 10% subangular grave!
16.0-18.5 (32) 1/4"=1/2", §X slit, dark yellowlsh brown 7
- 18" (10yr4/4), molst, dense, SW. 4
: J
95 {8 . . . .
i 55-8 18-23-17 20.5-21.5° SAND: As sbove, 1" siit lense at 20.0".
20.0-21.5 {40) 1
- 15" 1
- d
0% . -
N SS-3 17-24-14 25.0-28.5" SANQD. Coarse, clean, well graded
[' 25.0-28.5° - {38) subanguiar, 10% gravet 1/4"~=1/2", dark b
- 17" yelowish brown (10yrd4/4), moist, dense,
SW.
L ;:: i
. B ]

B-3




MORRISON KNUOSEN CORPORATION Sheet 2 of 2
MX-ENVIRONMENT AL SERVICES GROUP . ?ﬁfi' ICIEER
BOREHOLE LOG
VELL NOER
548-8
PROJECT. TOCATION
EMO-UMATILLA ARMY DEPOT NOATH EXPLOSIVE WASHOUT LAGOON
SUALE STANARD SOLL DESCRIPTION
PENETRATION
TEST
z| 2| meuowea TS NAME, Gradation or PRasticity, Particle Size Distrdution,
21| = [NTERVAL Color, Moisture Content, Relative Density or Consistency,
= | = FRECOVERY W - Soi Structure, Mineralogy, USCS Group Synbdl
[l % o
@ | A P
L §S-10 14-24-25 30.0-31.5" SAND: As above, dense.
30.0-31.5° (49) :
- 15" -
-
L
m__L;s -
5 sS-1t 20_25,15 35.0-308.5' SANQ. As above, dense.
35.0-38.5° (40)
- 18"
m__n--n . —
SS-12 13-18-21 40.0-41.5" SAND: As above, dense, grave! to
3 40.0—41.5° (39 11/2", very siity at 40.0".
- 18"
s % .
X SS-13 13-18-22 45.0-48.5' SAND: As above, dense.
45.0-48.5° (40}
=3 ’50!
-
o % 50.0-51.5" SAND: As above, dense, wet.
I Ss-14 I:a—lg—ze
$50.0-51.8 MR (45) 9 [ acacccacmacseea- B
- 43} T.0. 51.5°
Prog ot
L
»s %
=3
I
b
-85

B4




MORRISON KNUDSEN CORPORATION Sheetfof 2
MK-ENVIRONMENT AL SERVICES GROUP PROJECT NUMBER
BOREHOLE LOG 3843
VELL NONEER:
S48-7
PROJCT. LOCATIOR
EMO-UMATILLA ARMY DEPOT SOUTH EXPLOSIVE WASHOUT LAGOON
CORODU TES OAILLING CONTRACTOR,
N790148.80 52272980 85 LAYNE ENVIRONMENTAL SERVICES
DAL NAKE ANO BEDAX ELEY: DEFTH CASDG ANO SIZES:
DRILL SYSTEMS AP {000 DUAL WALL REVERSE CIRCULATION N/A ft. 65/8in0D0.
GS ELEY. T0C BLEV: BOREHOLE ANGLE TOTA DEPTH HOLE SIZE
544.% ft. N/A 1t N/A 43.0 ft, 7n.
VATER LEEL/OATE: FLED ANO ADDTTIVES: CATE STAAT, CATE FINGH L0GGER
470 it WATER MIST =091 1+-02-81 A. BENFER
SAMLE STANGARD SOIL DESCHIPTION
PENETRATION
TEST
z | 2| mmevomen rEus 8 NAME, Gradation of Plasticity, Particte Size Distribution,
= = %% » o Color, Moisture Content, Relative Density or Consistency,
5 ;:5_ 5 .. _g‘.l P § Soi Structure, Mineralogy, USCS Group Symbol
c | & &
i Bulk—1 "%+ 0.0-2.0' SAND: Well graded, fine to coarse, 10-
0.0-2.0° oo 15% rounded gravei 1/4"-1/2", dark grayish
= 2.0° e 2.? brown (10yr4/2), molst, loose, minor 4
| Hf siit clumps, SW. R
$s-2 | ves 2.0-3.0° SAND; Fine silty, 10%
L 2.0-3.5 L. rounded gravel, dark grayish brown -
- 14" ) {toyr4/2), moist, medium stiff, SM.
88— Sss-3 [T]| 3-0-5.0" SANQ: wWeil gradeq. fine to coarse. dark
- 4.0-5.5° grayish brown (10yr4/2), moist, dense, SW. 1
R ,3 : §.0-8.0" S1L.I: Non plastic, fine sandy, dark
grayish brown (10yr4/2), moist, medium
o SS-4 ¥ Ta dense, thinly laminated, ML. N
2 8.0-7.5’ }iGe| 8.0-8.0" SAND: Poorly graded, fine to medium, dark
12+ 4 {49 grayish brown (10yr4/2), medium dense, SP,
ks M (P CF 9 7.5-8.0" siity.
I 8.0-9.5° KH$| 8.0-10.0° GRAVEL. SAND and SLT: Interbedded.
il K | 1 Gravel fine to coarse, ciean, rounded to
o 15 b
'Jq} angular, up to 1. Silty fine sand, fine 7
- sSs-8 ‘i‘¢< sandy siit, clean fine sand, dk yetiowish
5 10.0~11.5 ALl brown (10yr4/4), molist, dense to hard,
17" 144 GW, SM. ML, SP.
o9 15 14 10.0-11.5° GRAVEL: Angular to subrounded 1/8" to —
L Ss-7 18-18-16 % 174", 15% siit, 20% sand, dark yellowish .
15.0~18.5* (30) K] {Jd brown (iOyr4/4), moist, dense, GM.
i 13 149! 15.0-18.5° GRAYEL: Very siity, angular to rounded
- c4> 1/8"=1/2", yeillow brown (10yr5/8), moist, A
i 4 :c medium dense to dense, 30% siit i
aq ® and thin silt seams, GM.
420 149 -
2 I Ss-8 E;g-zs-go 'tc", 20.5-21.5" GRAVEL; As above, predominantly fine
20.0-21.5" (45) 4 149 gravel <3/8", dense. h
b 17" ac @ -
. “c
of T ittt ittt b it dtdedebeddel b
i 414 ]
2 1
g L | —
5 I $5-9 Ego-m-g 1% ‘E 25.0-28.5" GRAYEL: Fine 1/8"-1/4", 26% sand
25.0-28.5" (28) s 10% siit, dark grayish brown {iQyr4a/2),
- 13 L d’c moist, medium dense, GP, B
I S ¢g Jd
- 43 :
1 d 11 _




MORRISON KNUOSEN CORPORATION Sheet 2 0f 2
MX-ENVIRONMENTAL SERVICES GROUP MOJL] MIEER
BOREHOLE LOG 324
VELL NOER
. S48-7
CELT. LocaTion
EMO~UMATILLA ARMY DEPOT SOUTH EXPLOSIVE WASHOUT LAGOON
SRLE J—— SOIL CESCRIPTION
PENETRATION
TEST
z| 3| mesowes ek - NAVE, Gracation or Plasticity, Particle Size Distrutin,
= = g% w o Color, Moisture Content, Refative Density or Consistency,
M;J ‘E- § P _g l_,. ; Sol Structure, Mneralogy, USCS Group Synbol
e} & & ]
SS-10 1§-17-21 3| 30.0-31.5" GRAVEL: As above, minor siit lumps, ]
i 30.0-31.5" (38) 4 149 15X siit, dense, GM,
8 12" sl - .
509 35 =
X SS~13 =|5-,5-" 35.0-36.5° SAND; Clean to siity, fine to coarse, i
35.0-38.5° (35) interbedded, yellow brown {10yr5/8).
- 12" moist, dense, SP, SW, SM. o
504 40 g A". -
SS~-12 I32-24-23 o] 40.0-41.5 SAND: 15% gravel, up to 2", clean,
3 40.0-41.5" (50} b ..o angular to subrounded, dark yellowish ]
- " Ny brown (1Oyra/4), dense to very dense, SW.
- Xury 1
Y g ;‘;5; 45.0-46.5° SAND: Well graded., fine to coarse, 1S% —
R SS-13 l22-24-27 <o fine gravel, clean, dark yeliow brown B
45.0-48.5° (st} o (10yr4/4), very dense, bottom 2" wet, SW.
' 18 ool ¥ water level at 47.0° 1
i T.0.ago T
842 -
89 =5 4
b N -
8480 -
. -
B-6




MORRISON KNUDSEN CORPORATION Sheetlof 2
MK-ENVIRGNMENT AL SERVICES GROUP PROXLT NOGER
BOREHOLE LOG 3843
VELL NMEER
S48-8
PROJELT: LOCATIOR
EMO-UMATILLA ARMY DEPOT SOUTH EXPLOSIVE WASHOUT LAGOON
COCRODUTES DRILLING CONTRACTOR
N790121.36 £2273041.49 lLAYNE ENVIRONMENTAL SERVICES
DRILL MARE AND MOCEL. BEDAX ELEV: 02 TH CISIG AN STES:
ORILL SYSTEMS AP-1000 DUAL WALL REVERSE CIRCULATION N/A 1t 85/8n00.
S ELEY: T BEV: BOREHOLE ANGLE TOTAL DEP T HOLE SZE
§4525 1t N/A 1t N/A §15 it. Tn
VATER LEVEL/OATE FLUD ANQ ADDTTIVES: OATE START: CATEFICH LOGGER:
480 1t NATER MIST -02-81 i+03-91 A, BENFER
SUALE STANGARO SONL DESCPIPTION
PENETRATION
TEST
z | 3| rmerowes ean e NAVE, Bradation or Pasticity, Particle Sze Distrbution,
=2 = INTERVAL o Color, Moisture Content, Relative Density or Consistency,
=z RECOVERY ';&i P g Sod Structure, Mneralogy, UsCS Sroup Synbol
fre) Qu
< | B % n &
Bulk-1 0.0-2.0" SAND: Fine, clean, 10% 1/2"-1" rounded
3 0.0-2.0' gravel, yeliowish brown (10yr8/2), moist,
S 2.0 loose, SP.
8 S5-2 3-5-86 2.0-3.5° SAND: As above, trace gravel, medium
5 2.0-3.5° ) dense.
| s 18" 4-5-8 4.0-5.5" SANQ: As above
5‘0-_ sS-3 (14)
4.0-5.5 1§-18-21 6.0-7.5° SAND: As above, 20% siit at 8.5 to7.5,
g 13 (39) yellowish brown {10yr8/8), dense, SM.
- SsS-4 8.0-9.5° SAND: Fine, §% silt, yellowish brown
| 8.0-7.5" 21-28-31 (10yr8/8), moist, very dense, SP.
| . | 18" (59) - - ~==- _
5 Ss-5 28-131-34 10.0-11.5" SAND; 40%X grave! 1/4" to 1", clean,
3 8.0-8.5° (85) dark yellowish brown 10yr4/4), moist,
= 18" very dense SW.
- sSS-8
& 10.0-11.5
< |
S04 ss-7 24-34-38 15.0-18.5' GRAVEL: Angular, 25% sand, 5% siit,
3 15.0-18.5° (70} brown (10yr5/3), moist, very dense, GP.
- 18"
g% oy . -
5 $S-8 27-20-32 20.5-21.5' GRAVEL: As above.
20.0-21.5° (s2)
- '80'
Q0% . -
| | ss-9 23-27-28 25.0-28.5' GRAVEL: As above, GP, 25% sliit 25.5—
25.0-28.5' £y 26.0°, GM.
5 8-
— 30

B-7

e




MORRISON KNUOSEN CORPORATION
MK -ENVIRON-NT AL SERVICES GROUP

BOREHOLE LOG

Shoer 2 of 2
PROJECT 426 R
pa
VL. 7
€a ¢

MROLCIT.
EMO-UMATILLA ARMY DEPOT

LOCATION
I SOUTH EXPLOSIVE WASHOUT LACOWY'

SWALE STAGARD SOIL DESLRIT I
PENETRATION -
TEST
z § TYPE AND NMBER s g NAME, Gradation or Pasti..ly, Faivzie S et -stidution,
= = INTEPVAL o Covor, Moisture Contont, Ralip2 e’ 'v 2 1 sistency,
<! = RECOVERY g P z Soi Structure, Minerz 7+, ISCT L it % - yweol
ud Qu
d | &8 A M %
SS-10 11-36-38 25l 30.0~31.5" SAND: Well grades, -+ * gravel,
3 30.0-31.5° (74) ‘o sand and gravel ang.. - t3 subrounded, ]
- 17" gravel 1/4”-1/2", pro+«~ (10yra/4), moist, 4
5 very dense, SW. |
;3% . -
| $S-1t 27-30_24 356.0-38.5" SAND. Well graded,Coarse angular,
35.0~38.5" o (s trace gravel, brown (10yrd/4), molst, very ]
- 18° dense, SW. :
- -y
N_L—ﬂ s —
i SS-12 !27_34-38 40.0-41.5' SAND: As above, 10% gravel, very |
40.0-41.5° (r2) dense.
o 18" P
m_'-‘ .. N -
i SS-13 l23-33-47 ] 45.0-48.5" SAND; As above, trace gravel, very i
45.0-48.5° (80} XE dense.
- 18" : 1
- R S 4 Water leve! 48.0° 1
proge | "% 50.0-51.5' SAND; As above, wet, dense. -
X SS-14 I 10-15-21 b .o i
50.0-51.5° 36 20:3] e ccmtaiccmmsemasmeseacmeaascmsae—
B 18" 8 T.D. 51.5° b
w5 -
- -
o % T
. ]
I 85 -

B-8




. Appendix C
. Laboratory Results of
Soil Samples




Mar 19, 1992

SANPLE SAMPLE

OEPIN (ft) DATE
4.0 03-nov- 1991
10.0 03-nov-1991
0.0 03-nov- 1991
0.0 03-nov- 1991
10.0 03-nov- 1991
4.0 03-nov- 1991
10.0 03-nov- 1991
0.0 03-nov- 1991
4.0 03-nuv- 1991
0.0 03-nov- 1991
4.0 03-nov- 1991
10.0 03-nov- 1991
0.0 03-nov- 1991
4.0 03-nov- 1991
10.0 03-nov- 1991
4.0 03-nov- 1991
0.0 03-nov- 1991
10.0 03-nov-1991
10.0 03-nov- 1991
0.0 03-nov- 1991
4.0 03-nov- 1991
0.0 03-nov- 1991
10.0 03-nov- 1991
4.0 03-nov- 1901
0.0 3nov- 1991
4.0 03-nov- 1951
10.0 03-nov- 1991
0.0 03-nov- 1991
4.0 03-nov- 1991
10.0 03-nov- 1991
0.0 03-nov- 1991
4.0 03-nov- 1991
10.0 03-nov- 1991
0.0 03-nov- 1991
4.0 03-nov- 1991
10.0 S-nov- 1991
0.0 03-mov- 1991
4.0 03-nov- 1991
10.0 03-nov-1991
10.0 03-nov- 1991
0.0 C3-nov- 1991
4.0 03-nov- 1991
10.0 03-nov- 1991

Installation: Umatilla AD

Ah.lytical Results for Chemical Soit
From: 3t-o0c2-9 To:

Site: BORE S04BOCS

TEST
METHOD

8883888388¢%

19-mar-92

COMPOUMD  BOOL  CONCENTRATION

ALK
ALK
ALK
PH
PN
Ph
Toc
ToC.
ToC

S8888BBBECCRRRS

L7

L7
8¢
LT

Lt
Lr
LT

LT
LT
L7

2.50e-01
2.50e-01
2.50e-01

4.30¢+00
6.77¢+00
8.22¢+00

1.12e+00
1.26e+00
1.72e+00

7.22¢-01
9.02¢-0?
1.040+00
S.45e~03
5.67e03
6.05e+03
7.86e0 01
9.44e¢01
9.43¢+01
1.640+00
1.75e+00
1.75e+00
3.83¢+03
9.20e+03
9.77e+03
7.U0e-01
7.00e-01
7.00e-01
1.18¢+01
1.240+01
1.33e+01
6.210+00

UNITS

ccase

UGG
UGG
wG

SRERRRERRREORERERERERN EEF B8R EER EEE REE




Mar 19, 1992

SAMPLE SAMPLE

DEPTH (ft) DATE
0.0 03-nov-1991
4.0 03-nov-1991
0.0 03-nov-1991
4.0 03-nov-1991
10.0 03-nov- 1991
10.0 03-nov- 1991
0.0 03-nov- 1991
4.0 03-nav- 1991
10.0 03-nov-1991
4.0 03-nov- 1991
0.0 03-nov- 1991
10.0 03-nov- 1991
0.0 03-nov- 1991
4.0 03-nov-1991
0.9 03-nov-1991
10.0 03-nav- 1991
4.0 03-nov-1991
0.0 03-nov-1991
4.0 03-nov- 1991
10.0 03-nov- 1991
10.¢ 03-nov- 1991
4.0 03-nov- 1991
6.0 03-nov- 1991
0.0 03-nov- 1991
4.0 03-nov- 1991
19.0 03-nov- 1991
10.0 03-nov- 1991
0.0 03-nov- 1991
4.0 33 -nov-1991
0.0 03-mov- 1991
10.0 03-nov- 1991
4.0 03-nov- 1991
10.0 03-nov- 1991
0.0 03-nov- 1991
4.9 03-nov-1991
4.0 03-nov- 1991
43.0 03-nav-1991
$9.0 03-nov-1991
2.0 03-nov- 1991
8.0 03-nov- 1991
0.0 03-nov- 1991
8.0 03-nov- 1991
35.0 03-nov- 1991
40.0 03-mov- 1991
20.0 03-nov- 1991
10.0 03-nov- 1991
2.0 03-nov- 1991

Instatlation: Umatills AD
Analytical Results for Chemical Soil

From: 31-oct-91 To: 19-mar-92

site: BORE S048005 {continued)
TEST
METHOO COMPOUND  BOOL  CONCENTRATION
Js16 = ] 7.76e+00
Jis1é [= ] 8.48e+00
Js1é (=1] 1.13e+01
816 (=1 1.39¢+01
Js1é e]] 1.74e+01
1816 FE 2.13e+04
Js16 FE 2.3e+04
Js16 FE 2.41e004
3516 - K 8.70e+02
816 X 9.05e+02
Js16 X 9.97e+02
JS18 "G 4.27e+03
4516 ] & . hher(3

. FEXT G 5.27e+03
IS16 L] 3.08¢+02
4816 L 3.10e+02
J$18 - 3.81e002
516 ¥A 2.82¢+02
J$16 NA 3.04e¢02
3816 NA 3.60e+02
Js1é [ 1] 5.98e+00
Js16 [ H 8.09e+00
816 L1 9.48¢+00
45816 S8 LT 7. l4e+00
4816 s8 LT 7.14e+00
i$16 S8 184 7.14e+00
816 118 1.60e+01
FLAF 118 1.78e+01
s1é 219 3.10e+01
4516 v 7.08¢¢01
4816 v 7. .khev01
Js1é v 7.802+01
816 4 | 4.21e+01
816 é | 4.71e+01
816 e | §.28e+01
K¥10 nr 1.82¢+00
KF10 T 3.25¢+00
Xf10 (3184 3.54e+00
XF10 L 189 % .20e+0C
KF10 L1a4 $.82e+00
KF1C L 18] 1.10e+01
X£19 nr 1.10e+01
XF10 N1Y 2.70e+01
X£10 Ny 2.70e+01
KF10 L13 3.40e+01
K#10 [ 184 3.70e+01
X110 [ 151 3 .60e+01

C-2

Page 2

WITS
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Mar 19, 1592

SAMPLE SAMPLE

DEPTN (ft) DATE
30.0 33-nov- 1991
308.0 03-nov- 1991
15.0 03-nov- 1991

0.0 03-mav- 1991
4.0 03-nov- 1991
10.0
0.0 03 nov- 1991
4.0 03-nov- 1991
10.0
0.0  03-nov-1991
4.0 03-nov- 1991
10.0 03-nov- 1991
0.0 03-nov- 1991
4.0 03-nov- 1991
03-nov- 1991
03-nov- 1951
03-nov- 1991
03-nov- 1991
03-nov- 1991
03-nov- 1991
03-nov- 1991
03-nov- 1991
03-nov- 1991
03-nov- 1991
03-nov- 1991
03-nav- 1991
03-nov- 1991
03-nov- 1991
03-nrve 1991
03-nov-1991
03-nov- 1991
03-nov- 1991
G3-nov- 1991
03-nov- 1991
03-nov- 1991
03-nov- 1991
03-nov- 1991
03-nov- 1991
03-nov- 1991
03-rov- 1991
03-nov- 1991
03-nov- 1991
03-nov- 1991
03-nov- 1991
03-nov- 1991
03-nov- 1991
03-nov- 1991

-
o
o

-
000000000 0DO0O0DO0D0DOO0OO0O0ODOOQOOOO
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a8 e 4 e s 4 e ®
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[~ 2= I~ 2 ~ A - )

.

-
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)
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tnstatllation: Umatilla AD Page 3

Analytical Results for Chemical Soil .

From: 31-0ct-91 To: 19-mar-92

Site: BORE 3048005 ‘(cont inued)
TEST
METHOD COMPOUND  BOOL  CONCENTRATION uNITS
XF10 [ 184 6.00e+01 UGG
KF10 [ 134 6.30e+01 (1.~
KF16 Ny 9.00e+01 UGG
LH10 ABHC 8 9.07¢-03 uss
Lu10 ASKC LT 9.07¢-03 UGG
LH10 ARHC LT 9.07¢-03 UGG
LH10 AENSLF (§ 6.02¢-03 UGG
LN10 AENSLP LY 6.02¢-03 VGG
LH10 AENSLF LT 6.02¢-03 UGG
LN10 ALDRN Ly 7.29¢-03 (} ~
LN10 ALDRN LT 7.29¢-03 UGGe
LN10 ALORN LT 7.29¢-03 UGG
LM10 88KC L7 2.57«-03 UGS
LH10 S8HC LT 2.57«03 uGs
LN10 | 117 84 2.57¢-03 (V.-
LN BENSLF (84 6.43¢-03 [}~
L0 BENSLP LY 6.63¢-03 UGS
LN10 BENSLP L7 6.63¢-03 [} -
LK10 DBHC LY 5.55¢- 3 1.~
LH10 DBHC (84 5.55-03 uce
Lu10 DBNC (8 5.55q¢-G3 UGG
LK10 oLDRN Lt 6.27¢-03 UGG
L#10 DLORNM LT 6.292-03 UGG
LN10 oLonN LY §.29e-03 (.~
LH10 ENDRN LT 6.57¢-03 uGg
LK10 ENDRN LT 6.57¢-03 UGG
L1 ENDRN LT 6.57e-03 [}~
LN10 ENORNA LT 2.40e-02 UGG
Lu10 ENDRNA 83 2.40e-02 uGg
Lu10 EMORNA LT 2.40e-02 ues
LH10 ENDRMK NO 2.40e-02 1.~
LH10 ENORNK NO 2.40e-02 UGG
LN10 ENDRNK ND 2.40e-02 Y66
LH10 ESFSO4 LT 7.63¢-03 UGG
LW10 ESFSO4 LT 7.63¢-03 UGG
LK10 ESESO4 LY 7.63«-03 5.~
LNt ey LT 6.18¢-03 UGG
L0 WPCL 8 6.18¢-03 ues
Ln10 NPCL L7 6.18¢-03 UGG
LH10 NPCLE LT 4.20e-03 ¥~
LN WPCLE 8 6,20e-03 (!~
Lu10 HPCLE LT 6.20e-03 UGS
LN10 1SOOR LT 4.61e-3 UGG
L¥10 1S00R LT 4.61e-03 UGG
LK10 1scon Ly 4.61¢-03 uGs
LK10 LN LY 6.38¢-03 (.
LN10 Lin LT 6.38¢-03 .1




Mar 19, 1992

SAPLE SAMPLE

DEPTH (ft) DATE
10.0 03-nov- 1991
0.0 03-nov- 1991
4.0 03-nov- 1991
10.0 03-nov- 1991
0.0 Q3-nov- 1991
4.0 a3-nov- 1991
10.0 03-nov- 1991
0.0 03-nov-1991
4.0 03-nov- 1991
10.0 03-nov- 1991
0.0 03-nov- 1991
4.0 03-nov- 1991
10.0 03-nov- 1991
0.0 03-nov- 1991
4.0 03-nov- 1991
10.0 C3-nov- 1991
0.0 03-nov- 1991
4.0 03-nov-1991
10.0 03-nov- 1991
0.0 03-nov- 1991
4.0 03-nov- 1991
10.0 03-nov-1991
0.0 Q3-nov- 1991
4.0 03-nov- 1991
10.0 03-nov-1991
0.0 03-nov- 1991
4.0 03-nov- 1991
10.0 03-nov- 1991
0.0 03-nov- 1991
4.0 03-nov- 1991
10.0 03-nov- 1991
0.0 03-nov- 1991
4.0 03-nov- 1991
10.0 03-nov- 1991
0.0 03-nov- 1991
%.0 03-nov- 1991
10.0 . 93-nmov- 1991
0.0 03-nov- 1991
4.0 03-nov- 1991
10.0 03-nov- 1991
0.0 03-nov- 1991
4.0 G3-nay- 1991
10.0 03-nov- 1991
0.0 03-nov- 1991
4.0 03-nov- 1991
10.0 03-nov- 1991

Iinstallation: Umatilla AD

Page 4

Analytical Resutts for Chemical Soil
from: 31-oct-91 To: 19-mar-92

Site: BORE $048005 (continued)

TEST
METHOD COMPOUND  BOOL
LH10 Lix LT
LN10 MEXCLR LT
LMo MEXCLR LT
Lo KEXCLR LT
LH10 PPODOD LT
LH10 PPO00 19
LK1Q PPDOO LT
LK10 PPODE L7
L¥10 PPOOE 141
LK10 PPDOE LT
LK10 PPOOT 94
LK10 PPOOT LT
LH10 PPDOT LT
LH10 TXPHEN 191
LH10 TXPHEN LT
LH10 TXPHEN 134
LH16 PCB014 AT
LH16 PCE014 LY
K16 PCB014 LY
LH16 pcsa2t L)
LH16 (4= Fra] L
(S]] pLB221 0
LH16 PCB32 w0
LH1S C8232 LY
LN16 pPC8232 N0
LM1é PCB242 L
LN PLB242 NO
LH16 PCB2462 LY
LK16 PLB248 ]
LH1s PCB248 LY
LH16 PCB248 LY
LH1é PCB254 L
LH1é PCR2S4 w0
LH16 PCB254 NO
LN16 PCB250 LT
LH16 PCI260 L7

LH16 PCB260 8

118 1247C8 LT
18 1247C8 LT
L8 1247C8 LT
LM18 120CL8 84
Lm18 120018 84
18 120CL8 LT
Lm1s 120PH L]
Ln1s 120PH N0
LM3 12094 0

C4

CONCENTRATION

7.11e-02
7.1%¢-02
7.11e-02
8.26¢-03
8.26¢-03
8.26e-03
7.65¢-03
7.65¢-03
7.65¢-03
7.07¢-03
7.07¢-03.
7.07¢-03
4. bbe-01
&.44e-01
&, 4be-01

6.66e-02
6.66e-02
6.66e-02
8.20e-02
8.20e-02
8.20e-02
8.20e-02
3.20e-02
8,20e-02
8.20e-02
8.20e-02
8.20e-02
8,20e-02
8.20e-02
8,.20e-02
8.20e-02
8.20e-02
8.20e-02
8.04e-02
8.04e-02
8.0he-02

4,00e-02
4.00e-02
4.00e-02
1.10e-01
1.10e-01
1.10e-01
1.40e-01
1.40e-01
1.40e-01

REGEEES SERERESEEREEEGERENES FEEREREEEEEEEREE!

UNITS

888
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Kar 19, 1992 Instatiation: Umatilla AD Page S
Analytical Results for Chemical 3oil
Froa: 31-oct-9N To: 19-mar-92

s
Site: BORE $048005 (continued)

SANPLE SANPLE TESTY

DEPTH (ft) DATE RETHOO COMPOUND  BOOL  CONCENTRATI