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Chapter 1
EXECUTIVE SUMMARY

This report presents the results of an investigation of an
inactive landfill (Pit 6) at Lawrence Livermore National
Laboratory's (LLNL) Site 300. The primary objectives of
this investigation were to:

o] Collect and review backqround information pertain-
ing to past waste disposal practices and previous
environmental characterization studies

o Conduct a geophysical survey of the larndfill area
to locate the buried wastes

o Conduct a hydrogeologic investigation to provide
additional data on the rate and direction of ground-
water flow, the extent of any groundwater contamin-
ation, and to investigate the connection, if any,
of the shallow ,roundwater beneath the landfill
with the local drinking water supply

o Conduct a risk assessment to identify the degree
of threat posed by the landfill to the public
health and envircnment

Q Compile a preliminary list of feasible long~term
remedial action alternatives for the landfill

o] Develop a list of recommendations for any interim
measures necessary at the landfill should the long-
term remedial action plan be needed.

Neither the results of the previous investigation (Raber and
Carpenter, 1983 and Carpenter and Piefer, 1983) nor the
results of this investigation clearly identify a significant
threat to public health or an adverse impact on the environ-
ment caused by the contents of Pit 6. The following para-
graphs present a summary of the results obtained during this
investigation.

Containerized wastes from the LLNL, Livermore Site and the
Lawrence Berkeley National Laboratory were buried at Pit 6
between July 1, 1964, and February 20, 1973, A log book
contains records of 55 shipments of wastes that are believed -
to be buried in the landfill., Wastes contained in these
shipments included various construction materials, laboratory
equipment and chemicals, scrap metal, electrical parts, and
biomedical research animals.

Potential sources of hazards to public health and the environ-

ment at Pit 6 are the contents of the landfill which include,
but are not limited to, the following: over 2000 capacitors
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suspected to contain fluids with polychlorinated biphenyls
(PCB's); over 1000 crushed or intact waste drums containing
unknown chemicals; compressed gas cylinders with unknown
sontents; and, wastes potentially contaminated with beryllium
and mercury.

The landfill is completely covered by native soil of unknown
thickness. Erosion of the soil and subsequent exposure of
wastes has occurred in the past and will probably continue
in the future. The landfill is directly underlain by the
Carnegie Fault, alluvial terrace deposits and the Neroly and
Cierbo Formations. The Carpegie Fault underlies the landfill
striking northwestward. Shallow groundwater exists beneath
the landfill in an unconfined aguifer. Groundwater flow in
the shallow aquifer on the north side of the Carnegie Fault
is in a southeasterly diraction, The influence of the
Carnegie Fault on shallow groundwater flow is not completely
understood. Data currently available do not identify the
Carnegie Fault as a barrier to groundwater flow. The direc-
tion of groundwater flow south of the Carnegie Fault is not
available at this time.

Previous surface radiation surveys did not reveal any radia-
tion levels ahove background across Pit 6. Shallow soil
samples taken previously contained low levels of methylene
chloride, toluene, and benzene. Previcus groundwater samples
from both perimeter monitoring wells and the nearest water
supply well have not shown chemicals in concentrations exceed-
ing State or Federal gquidelines.

Results of analyses conducted on groundwater samples col-
lected during the present investigation have shown a sample
from well K6=3 with a low concentration (160 micrograms per
liter (ug/l)) of methylene chloride and samples from wells
Ké~-1 and K6=4 with trace amounts of phthalates, 40 and

78 ug/l, respectively. These organic compounds appear to be
due to laboratory contamination and/or sampling technique
error. Samples from two wells (R6=3 and K6~4) have slightly
elevated levels of iron (2.4 and 4.0 milligrams per

liter (mg/l}, respectively) and manganese (0.31 and 0.62
mg/l, respectively) that, though in excess of federal
drinking water standards, are within limits of natural
groundwater. None of the samples analyzed for radiocactive
indicators have shown any values above background
concentrations.

Recommendations were made in addition to the ongoing ground-
water monitoring program. The recommendations were made to
characterize the Pit & environment, to further evaluate the
potential threat to public health and environment, and to
develop a remedial action plan. The recommendations made
are summarized below.

1-2



SFR89/005

Conduct one-time surface soil sampling (to a maxi-
mum depth of 3 feet) and ambient air quality sampl-
ing investigations to determine whether there are
safety hazards to the people currently using the
site or visitors to the area. If warranted, install
a perimeter fence and/or post, "Hazardous Waste
Site" warning signs at the landfill and re-evaluate
site access restrictions.

Conduct a limited investigation of the unsaturated
zone adjacent to the trench area to substantiate
or negate the presence »f organic compounds previ-
ously detected in the subsurface soils. .

Install an additional monitoring well east of Pit €
in the fault 2one to provide additional information
on water movement along the fault,

After collecting all additiohal information, con-
duct a feasibility study to identify alternatives
and determine the best long-term remedial action
plan.
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Chapter 2
INTRODUCTION

The Lawrence Livermore National Laboratory (LLNL) operates a
field test facility known as Site 300. This facility is
located in the eastern portion of the Altamont Hills, approx-
imately 13 miles southeast of Livermore, California. There
are nine solid waste landfills (two active and seven inactive)
located within Site 300.

This report presents the results of the investigation of an
inactive landfill (Pit 6é) at Site 300. The location of Pit 6
is shown in Figure 2-1, The purposes of the investigation
were: to assess the existing or potential impacts of the
landfill on the surrounding environment; to assess the asso-
ciated risks of these impacts (if any):; and, to provide a
preliminary list of feasible remedial alternatives for the
affected environment (if necessary),

The scope of work for the investigation included:
o Characterizing the waste contained in Pit 6

0 Further characterizing the subsurface geology in
the vicinity of Pit 6

o Installing permanent groundwater monitoring wells
outside the perimeter of Pit 6

[+] Characterizing the water-bearing properties of the
aquifer beneath Pit 6

o Determining the lateral and vertical flow direction
and rates of the shallow groundwater beneath Pit 6

o Further characterizing the chemical quality of the
groundwater beneath Pit 6

o] Assessing the potential exposure associated with
the potential migration of chemicals away from
Pit 6

o Identifying potential remedial actions if needed.

This report is organized into several chapters and appendices
according to the scope of the work outlined above. <Chapter 3
presents a review of the available data including historical
records of the materials buried at Pit 6 and the results of

a previous hydrogeclogic study of the landfills at Site 300
conducted by LLNL staff. Chapter 4 presents the work per-
formed, the methodology followed, and the results obtained
during the field investigation for the current investigation



of Pit 6. Chapter " presents an assessment of the risks to
the environment and public health and safety posed by the
contents of Pit 6. Chapter 6 is composed of a preliminpary
list of remedial action alternatives for Pit 6. Chapter 7
presents conclusions based on the work described in Chapters 3
through 6 and recommendations for future work at Pit 6.
Following Chapter 7 are a list of references and four Appen-
dices (A through p). The appendices contain supporting data
for the investigation.

SFR89/006
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Chapter 3
BACKGROUND

The purposes of the investigation of Pit 6 were to assess

the potential impacts and associated risks of the landfill

to the environment, and, if necessary, to identify potential
remedial alternatives. To this end, available data were
first collected and reviewed. These available data comprise
two categories; the history of the landfill and the environ-
mental setting of the landfill. The follcwing paragraphs
present a summary of the findings.

3.1 LANDFILL HISTORY

Solid, liquid, and gaseous wastes from the Lawrence Livermore
National Laboratory, Livermore Site and the Lawrence Berkeley
National Laboratory were buried at Pit 6 between July 1,

1964 and February 20, 1973. To date, the only known records
of the wastes buried at Pit 6 are a log book and site plan
kept by the landfill operator. The log book contains a brief
description of the origin, type, quantity, and final burial
location within the landfill of 55 shipments of wastes. A
surmary of the contents of this log book is presented in
Appendix A. Historic site plans show the location of

4 trenches within the boundaries of Pit 6. It is believed
that the wastes were originally buried in cells within these
trenches. Copies of the historic site plans of Pit 6 are
presented in Appendix A.

In general, the log book mentioned above contains the follow-
ing information for each shipment:

o] Size of Shipment: Size and number of trucks and
trailers.

o Origin of Wasces: Location of storage area or
building number on the Livermore or Berkeley sites
where the wastes originated.

© Quantity of Wastes: Rough estimates of volume of
wastes (number of containers).

o Radiation Exposure History: History of radiation
exposure for most lab animals and waste products.

0 Disposition of Shipment: Beginning with Shipment
No. 18 in February 24, 1965, a sketch shows the
trench and cell intc which the shipment was placed.

The wastes identified as being contained in Pit 6 can be
grouped into categories based on their use before becoming a



waste, Table 3-1 presents the general waste categories and
examples of the wastes contained in each category.

Although the landfill log book provides information about

the general types and quantities of wastes ~hat may be huried
at Pit 6, specific information needed to assess potential
hazards is missing. Information missing from the Pit 6 log
book are described below.

o Identification of Specific Chemicals. Specific
information about the chemicals contained in the
landfill is, for the most part, unavailzhble. The
log book describes the wastes with such phrases as
*drums of dry waste chemicals,” "red chemical drum,”
and "capacitors*

0 Quantity and Physical State of Chemicals. Although
the log book contains gross volume estimates for
the containers present in each shipment, the con-
tents of the containers are usually not recorded,

o Waste Contamination. The description of the ship-
ments in the log book does not say whether the
wastes had been in contact with hazardous or toxic
substances, and if so, whether they had been suffi~
ciently decontaminated. The log book contains
descriptions such as "one pallet of pumps" and
"one pallet of ducting®.

o Radicactive Materials. Many of the wastes orig-
inated in areas where experiments with radioactive
substances were taking place. The wastes shipped
to Pit 6 were screened to exclude burial of mate-
rials with high levels of radioactivity. Some of
the wastes, however, may have contained low levels
of radiocactivity. In addition, several shipments
of depleted uranium (D-38) were buried in the land-
fill between 1869 and 1971. Although most of the
N=-38 is reported to have heen exhumed in 1971, it
is not clear whether 2ll of the D=38 (such as two
boxes from Shipment 49 on July 2, 1969} was exhumed.

To date, there is no known record that describes the dis-
posal operations at Pit 6. The Pit 6 log book reports that
wastes arrived by truck on pallets. Because the dimensions
of the cells roughly correspond to the numbers and sizes of
truck and trailer loads, the assumption is made that wastes
were off-loaded at the landfill and placed in the cells.
There are no known reports of bulk dumping, liquids disposal,
or burning of waste materials,
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3.2 ENVIRONMENTAL SETTING

Eight of the nine solid waste landfills at Site 300 were the
subject of a recent hazardous waste assessment project by
LLNL staff. The primary objective of the LLNL project was
to assess whether the disposal operations at the landfills
on Site 300 have introduced chemicals into the local ground-
water system. To this end, the initial phase of the LLNL
investigation included reviewing and compiling available
regional and local geologic and hydrogeologic information.
Later phases included supplementing the available data with
field mapping, drilling activities, and airphoto interpreta-
tion. The results of this recent LLNL hazardous waste as-
sessment project are presented in two publications; Raber
and Carpenter (1983) and Carpenter and Peifer (1983). These
two publications provided the background information for the
environmental setting of Pit 6, The following paragraphs
present a brief summary of the environmental setting of Pit 6
described in Raber and Carpenter (1983} and Carpenter and
Peifer (1983).

3.2.1 GEOLOGY

Site 300 is located on the eastern side of the Altamont Hills
in the Coast Range physiographic province. The Coast Range
physiographic province is composed of a series of fault-bounded,
antiformal mountain ranges and synformal valleys that trend
north-northwestward. The bedrock is composed of igneous,
metamorphic, and sedimentary rocks that range in age from
Cretaceous to Pleistocene. This bedrock is locally overlain
by Pleistocene and Holocene unconsolidated sediments. A de-
tailed discussion of the depositional and tectonic history

of the region surrounding Site 300, and the resulting strati-
graphy and structural features is presented in Raber and
Carpenter (1983).

For purposes of this study, the most important aspects of

the regional geology discussed by Raber and Carpenter (1983}
are those aspects that directly effect the shallow hydrogeo-
logic environment beneath Pit 6; the Patterson Anticline,

the Carnegie Fault, the Neroly Formation, and the Terrace
Alluvium. The remainder of the discussion of the geologic
environment thus focuses on these four aspects and their
influence on the subsurface geoclogy beneath Pit 6., Figure 3-1
presents a summary stratigraphic section and geologic cross
section of Pit 6.

The Patterson Anticline is the dominant structural feature
underlying Site 300. This anticline is an east-west trending
anticline which plunges gently to the east. The axis of the
Patterson Anticline roughly bisects Site 300. The bedrock
formations south of the Patterson Anticline dip gently to

the southeast. North of the Patterson Anticline axis bed-
rock formstions generally dip to the northeast, Pit 6 is
located on the southern edge of Site 300. Thus, in the
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vicinity of Pit 6, the bedrock formations dip 10° to 30° to
the southeast.

The Carnegie Fault passes directly beneath Pit € striking
approximately northwestward. As noted by Raber and Carpenter
{1983), the dip of the bedrock units beneath Pit 6 changes

at the Carnegie Fault. On the north side of the fault, the
bedrock units dip 10° to 30° to the southeast as described
above. On the south side of the Carnegie Fault, the bedrock
units are vertical to overturned.

The Neroly Formation is the uppermost bedrock unit beneath

Pit 6. The Neroly Formation is of Miocene and Pliocene age
and comprises a distinctive blue weathering sandstone and
siltstone, a coarse conglomerate, and interbedded tuffacecus
shales. A detailed description of the lithologic units within
the Neroly Formation is presented in Raber and Carpenter 1983.

The terrace alluvium underlying Pit 6 is of Pleistdcene~Holo-
cene age and is composed of sandy silts arnd clays grading

downward to sands and locally coarse cobble-and-boulder-bear-
ing gravels (Raber and Carpenter, 1983). Beneath Pit § these
deposits range from approximately 20 to 55 feet in thickness,

The importance of the four geological aspects discussed above
is in defining the hydrogeologic environment beneath Pit 6.
aAs noted by Raber and Carpenter (1983), the direction of
groundwater flow beneath Site 300, and specifically beneath
Pit 6, is probably controlled primarily by geologic structure
and secondarily by horizontal and vertical heterogeneities
within the saturated materials. Thus, southeasterly and
vertical dip of the bedding planes resulting from the
Patterson Anticline and the Carnegie Fault, respectively,
exert the greatest influence on groundwater flow beneath

Pit 6. The lithologic character of the Neroly sandstone and
the terrace alluvium may provide for some local variations

on this regional flow pattern and more importantly, on the
local rates of groundwater flow.

3.2.2 BYDROGEOLOGY

Raber and Carpenter (1982) discuss two zones of the hydro-
geologic environment beneath Site 300; the unsaturated zone
and the saturated zone, The unsaturated zone consists of
the water in the soils and rock between the ground surface
and the water table. The saturated zone is composed of the
water contained in soil and rock below the water table. The
unsaturated zone beneath the landfills at Site 300 is a possi-
ble pathway for waste migration. The immediate destination
of any wastes that migrate through this pathway is the water
table. This water table is thus the most likely pathway of
waste migration away from Pit 6. The present investigation
focused on characterizing the saturated zone beneath Pit 6,



Because the scope of the investir_tion did not include char-
acterizing the unsaturated zone, ae following summary of
available data on the hydrogeologic environment beneath Pit 6
is limited to the saturated zone., A discussion of the unsat-
urated zone beneath Site 300 is presented in Raber and Car-
penter (1983).

The saturated zone beneath Site 300 includes at least two
aquifers; a shallow unconfined (water table) aquifer, and a
deeper confined aquifer. The water table aquifer is found

in the Neroly Formation (first bedrock unit) and the confined
aquifer appears to be found beneath the contact between the
Neroly and Cierbo (second bedrock unit) Formations. The
water in these aquifers appears to flow in the fractures of
the bedrock, As noted by Raber and Carpenter (1983), ground-
water flow beneath Site 300 is probably controlled primarily
by geologic structures (anticlines, synclines, and faults}),
and secondarily by horizontal and vertical heterogeneities
within the aquifer material, The geclogic structures and
their influence on the groundwater system beneath Site 300
was discussed in Section 3,2.1.

The results presented by Raber and Carpenter (1983) indicate
that there is a shallow water table aquifer beneath Pit 6.
The groundwater in this aquifer appears to exist in fractured
portions of the bedrock at depths between approximately 20
and 60 feet below ground sutface. Raber and Carpenter (1983)
calculated a water table gradient of 0.00757 foot/foot (ft/ft)
in a S15°E direction. The water table surface intersects

the land surface approximately 300 feet south of Pit 6.

This intersection results in a perennial spring.

SFR99/011
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Chemicals

varnish
Dry Chemicals

Gas Cylinders

Source:

SFR99/011/6

Table 3-1

General Categories of Wastes Believed to be Buried at Pit 6

Laboratory
Equipment

Tanks

Metal Parts
Tank Trailer
Glove Boxes
Hoods

Shell Furnace
Degreaser
Pumps
Manifold
Tables
Benches

Doors

Pit 6 log book

WASTE CATEGORY

Laboratory Construction
Animals Materials
Animal Wastes Lumber
Lab Animals Pipe
Concrete Debris
Ducting
Styrofoam

Contatners

Electrical Parts

Carboys

Cans

Large Pallets
Wocden Box

Drums

Mercury lights
Ignition tubes
Electron tubes
Electrical coils

Capacitors
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Chapter 4
FIELD INVESTIGATION

The field investigation of Pit 6 included both geophysical
and hydrogeological investigations. The geophysical inves-
tigation consisted of terrain conductivity (TC) and ground
penetrative radar (GPR) surveys. The hydrogeologic inves-
tigation consisted of monitoring well drilling and completion,
water level measurements, agquifer testing, and groundwater
sampling. These activities were completed between Septem-
ber 18, 1984 and October 25, 1984, The following paragraphs
describe the methodology followed and results obtained during
the field investigation of Pit 6.

4.1 GECPHYSICAL INVESTIGATION

As part of a previous investigation, a terrain conductivity -
{TC) survey was conducted at Pit 6 (Raber and Carpenter,
1983). The purpose of the Raber and Carpenter survey was to
determine whether there was evidence of the presence of leachate
beneath the landfill. The results of the Raber and Carpenter
survey revealed three zones of apparent low resistivity in
the vicinity of Pit 6 (Figure 4-1). Raber and Carpenter
concluded, however, that the TC data primarily reflected the
effecs of local geology and topography with one exception;
the apparent zone of low resistivity located near the south-
east corner of Pit 6 (Figure 4-1).

A geophysical investigation was conducted for the current
investigaticon by Detection Sciences, Inc. (DSI). The results
of the DSI investigation are presented in their report dated
November 8, 1984. A copy of the DSI report is presented in
Appendix B of this report. The purpose of the DSI geophysical
investigation was twofold: (1) to verify the locations and
contents of the trenches described in the Pit 6 log book and
site plan mentioned previously and, (2) to delineate, if
possible, any leachate emanating from the landfill., The DSI .
investigation consisted of measuring the electrical properties
of the subsurface using TC and ground penetrating radar (GER).

The theory of operation, general procedures and instrumenta-
tion for TC and GPR methods are discussed in the report by
DSI (Appendix B). The report also contains the procedures
their field geophysicist fcllowed to obtain the TC and GPFR
data.

The results of the TC and GPR surveys are shown on Plates 1
through 4 in the DSI report. Plate 1 shows the site plan,
the TC stations, the GPR tracklines, site features such as
berms, paved areas, and the suspected trench locations as
shown on the University of California Radiation Laboratory
drawirng No. PSC-73-300-002EB. Plates 2 and 3 are the



Terrain Conductivity Contour Map and the GPR Tracklines and
Anomaly Locations, respectively. Plate 4 presents a sample
GPR record with anomalies identified.

4.1.1 TERRAIN CONDUCTIVITY RESULTS

In general, the TC data show an area of higher conductivity

(> 60 mm/m) in the eastern portion of the site (Plate 2,
Rppendix B and Figure 4-1), DSI staff have cited three con=-
ditions which could contribute to this zone of higher conducti-
vity: a higher moisture content in the soil; a higher concent-
ration of free ions in the saturated pore water; and/or, a
shallower water table. The water level and quality data
collected from the perimeter wells during the hydrogeologic
investigation (described in Section 4.2) do not indicate
either that the water table is shallower on the edstern side

of Pit 6 or that the groundwater on the eastern side of the
landfil]l has a significantly higher concentration of free

ions., A higher soil moisture content could result from local
infiltration and near surface recharge. The northward =xtens-
ion of the 2one of higher conductivity may represent near
surface recharye from the higher ground and steep slopes
adjacent to the northern perimeter of Pit 6.

4.1.2 GROUND PENETRATING RADAR RESULTS

DSI staff have interpreted three types of anomalies on the
GPR records. (Refer to Plates 3 and 4, Appendix B,) These
ancmalies are designated Type A, Type B, and Type C, and
have been generally interpreted as follows:

Type A: buried object(s)
Type B: disturbed strata
Type C: localized areas of high conductivity.

The GPR records show few Type A anomalies that have distinc-
tive reflections typical of buried metal parts. These images
appear significantly different than the faint Type B anomalies
that may be indicative of animal burrows or simply rough
terrain interferences., The high soil resistivities limit

the depth of penetration to only about 4 to 6 feet. Thus,

the data on deeper burial containers and any leakage being
formed is very limited,

DSI staff reported that the GPR results generally exhibited
limited penetration depth and limited resolution of subsurface
features. The radar anomalies discussed in the DSI report
appear to be, for the most part, weak anamolies that are
randomly distributed over the site with the exception of

three general trends. DSI staff describe the three general
trends of the radar anomalies as follows:



o Type A anomalies are concentrated in the
eastern half of the site

o] A northwest trending alignment of radar anom-
alies exists in the southwest

o Type B anomalies (weak) are concentrated in
the western half of the site.

As shown in Plate 4 of Appendix B, however, the GPR data
appear to become less distinct below 3.5 feet below ground
surface. The historical records of the landfill indicate
that the original soil cover was 4 to 5 feet thick and recent
observations indicate that the soil cover may leccally be
significantly less than 4 feet. Thus, many of the ancmalies
and reported patterns; of anomalies may be due to non~waste
related objects (i.e. animal burrows) in this cover soil.

It is unlikely that the GPR data represent chjects deeper
than 4 feet.

4.1.3 INTERPRETATION

As noted by DSI staff, there appears to be only one very
general correlation between the results of the TC and GPR
surveys; the zone of high conductivity in the eastern porticn
of the site and the zone Type A anomalies concentrated in

the eastern half of the site.

DSI staff offer two possible explanations for this correlation:

{1) The landfill is a single large pit rather
' than distinct trenches as described in the
landfill log book

{2) There is a conductive leachate present between
trenches.

No other data are currently available to support either of
these explanations. The results of the hydrogeologic inves-
tigation described in Section 4.2 do not indicate that leach-
ate is escaping from the landfill area. The contents and
map of the Pit 6 log book do not support the presence of a
single burial pit at the landfill. However, because there

is not a detailed description of the disposal operations
currently available, it is possible that the original trenches
depicted in the log bock and map were not as distinct as
shown. Furthermore, there is at least one reference to exca-
vation of wastes from the landfill; the exhuming of the D-38.
Again, a detailed description of the procedures followed for
this excavation is not available and such an operation could
have effected the configquration of the trenches. The results
of the geophysical survey are, at this time, inconclusive.



B more extensive records search as described in our recom-
mendations (Chapter 7) may reveal more information on land-

fill operationms.

4,2 HYDROGEOLOGIC INVESTIGATION

Results of an initi:\ investigation of the hydrogeologic
environment beneath the landfills at Site 300 are presented
in Raber and Carpenter (1983) and Carpenter and Peifer (1983},
This initial investigation did not address two components of
the groundwater system beneath Pit 6:

o The vertical hydraulic gradient

o The effect of the Carnegie Fault on the rate and
direction of groundwater movement.

The results of the Raber and Carpenter investigation did not
indicate that organic compounds were presert in the shallow
groundwater beneath Pit 6,

The focus of the current hydrogeologic investigation was to
provide information on the vertical hydraulic gradient, on
the effect of the Carnegie Fault on local groundwater flow,
and to further document the absence of organic compounds in
the groundwater beneath Pit 6. The following paragraphs
present a summary of the field work performed and results
obtained to address these issues.

4.2.1 MONITORING WELL INSTALLATION AND DEVELOPMENT

Five boreholes were drilled and four monitoring wells were
installed outside the perimeter of Pit 6. The locations of
the borehole (EP6=5) and the four wells (EP6-6, EP6-7, EP6-8,
and EP6-9) are shown in Figqure 4-1, The exploratory borehole,
EP6~5, was initially intended to he a monitoring well. Dif~
ficult drilling conditions were encountered, however, and -
the borehole could not be advanced deeper than 37 feet below
ground surface. The borehole was thus abandoned and grouted
to the surface.

The four monitoring wells were originally located to provide
information on both aquifer hydraulics and water quality.
The wells were to be located to provide the following infor~
mation:

EP6=6: o Water level and quality data in the
shallow unconfined aquifer south of the
Carnegie Fault

0 Information on the low resistivity anom-
aly on the southeastern perimeter of
Pit 6 as described by Raber and Carpenter
(1983)
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EP6-7: "] Water level and guality data in the

deeper aquifer on the north side of the
Carnegie Fault

o Aquifer parameters (transmissivity and
storage) in the deeper confined aquifer
on the north side of the Carnegie Fault

EP6+~B: o Water level and quality data in the

EPé~9

shallow unconfined aquifer north of the
Carnegie Fault

o Aquifer parameters (transmissivity and
storage) in the shallow unconfined aquifer
north of the Carnegie Fault

: o Water Jevel and quality data in the
shallow unconfined aquifer south of the
Carnegie Fault

0 Aquifer parameters (transmissivity and
storage) in the shallow unconfined aquifer
south of the Carnegie Fault.

Some of the information cited above was not obtained from
the monitoring wells. A summary of the data not obtained
and an explanation for not obtaining the information is pro~
vided at the end of this section.

The field

procedures followed for drilling the boreholes and

completing and developing the monitoring wells are summarized

below.

o)

The drill rig and equipment were decontaminated by
steam cleaning.

An B8-1/2-inch diameter borehole was drilled with
an 8-1/2-inch drag bit to a depth of 6 feet.

A section of 8=-inch diameter temporary surface
casing six feet long was placed in the borehole.

A 7-1/2-inch diameter borehole was drilled using a
7-1/2=inch drag bit.

The drill cuttings were logged by a CH2M HILL hydro-
geologist.

Geophysical logs were run in an open borehole in-

cluding natural gamma, spontaneous potential, point
resistivity, and 6~foot lateral resistivity logs.
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o The screened interval was selected based on the
geologic and geophysical logs.

o) The well casing and screen were installed.

o The gravel pack was tremmied to the desired inter-
val with a one-inch diameter tremmie pipe and flow-
ing clean water.

o An annular grout seal was placed from the top of
the gravel pack to the ground surface. The grout
was pumped from the bottom of the annular space up
through a one-inch diameter tremmie pipe.

0 The well was developed by air lifting,

o The well head was completed with a locking steel
cover and a concrete slab hase,

o] The water produced during drilling and develcpment
of the monitoring wells was temporarily stored in
polyethylene tanks onsite.

o] The casing and ground surface elevations of the
monitoring wells surveyed to the nearest 0.01 foot
by LLNL personnel.

A brief summary of well construction details for the four
monitoring wells is presented in Table 4-1. Locations of
the exploratory boring and monitoring wells are shown in

Figure 4-~1. Diagrams summarizing the geologic logs, geo-

physical logs, and well construction details for EP6-5 through

EP6-9 are shown in Figures 4-2 through 4-7.

As shown in Table 4-1, the wells constructed for this inves-
tigation were screened in three different zones. These Zcnes
are different than those originally planned. The following
paragraphs describe the data that is available from the wells
as they were constructed.

Water was not encountered while drilling the borehole for
monitoring well EP6-6. As shown in Figure 4-3, the bedrock
encountered while drilling EP6-6 was claystone. This bore=-
hole was apparently drilled into the same, or a wimjilar,
steeply dipping claystone bed as K6-2 (Raber and Carpenter,
1983). Because no water was encountered, obtaining informa-
tion on water level and quality at that location was not
possible. However, the borehole was completed as a monitor-
ing well, EP6-6, screened between 15 and 35 feei below ground
surface. This monitoring well was designed to provide a
means of evaluating whether the contact between the bedrock
and the overlying alluvium is an intermittent pathway for
groundwater migration.
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As shown in Figure 4-4, the borehole for EP6~7 was drilled
into the deeper confined aquifer to a total depth of 150

feet below ground surface. Monitoring well EP6-7 was not
screened in this deeper aquifer, however, because the amount
of water produced during drilling below 130 feet below ground
surface {approximately 100 gallons per minute (gpm)) was

much greater than expected and containing the water produced
was not practical. EP6-7 was thus completed as a monitoring
well screened in the shallow unconfined aquifer (approximately
108 to 128 feet below ground surface} beneath Pit 6. Thisg
well will provide water level and gquality data for the shallow
unconfined aquifer.

Monitoring wells EP6-8 and EP6=9 were also completed in the
shallow unconfined aquifer (approximately 30 to 70 feet below
ground surface) heneath Pit 6. EP6-8 is located on the north
side of the Carnegie Fault and EP6-9 is located on the south
side of the fault. The locations of these wells will provide
the water level and guality data as originally planned from
the shallow unconfined aguifer.

4,2.2 WATER LEVEL MEASUREMENTS

Static water levels in all of the monitoring wells at Pit 6
were measured with a steel tape periodically throughout the
period of field work. These measurements were made in order
to prepare a water level elevation map and to establish the
horizontal hydraulic gradient magnitude and direction.

Table 4-2 presents a summary of the water level data avail-
able for the Pit 6 area, A water table elevation map for
October 12, 1984 is presented in Figure 4-8,

Water level data are used to calculate horizontal and verti-
cal hydraulic gradients within and between aquifers. Calcu-
lation of a horizontal hydraulic gradient requires water
levels from three wells screened in the same agquifer. Cal-
culation of a vertical hydraulic gradient requires two adja-
cent wells which are screened in different aquifers or dif-
ferent zones within an agquifer.

At Pit 6 the shallow, unconfined (water table) aquifer is
under investigation. All of the monitoring wells at Pit &
are screened in this shallow aquifer. The exact influence
of the Carnegie Fault on shallow groundwater flow is not
known at this time. Water level elevation data are thus not
contoured and a horizontal hydraulic gradient is not calcu-
lated across this feature. Rather, an average horizontal
hydraulic gradient of 0.002 foot/foot (ft/ft) in a § 35°E
direction is calculated for the north side of the fault using
water level data from monitoring wells Ké-4, K6-3, EP6-7,
and EP6-8.
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As shown in Pigures 4-4 and 4-5, monitoring wells EP6-7 and
EP6-8 are screened in differemt zones of the shallow
unconfined aquifer. Based on the water level data from
monitoring wells EP6-7 and EP6-8, there does not appear to
be a vertical hydraulic gradient within the shallow aquifer
on the north side of the Carnegie Fault. The difference in
water level elevation between the two wells ranges from less
than 0.1 foot to 0.45 foot (Table 4-2). This small
difference in elevation may he due to field measurement
error,

The southeasterly horizontal gradient on the north side of
the Carnegie Fault is supported by the geology known to exist
beneath Pit 6 (Chapter 3). On the north side of the Carnegie
Fault, the dip of the bedrock units are between 10° and 30°
to the southeast. Assuming that the majority of the ground-
water within these beds moves down dip along the bedding
planes, the direction of the horizontal hydraulic gradient
would be southeasterly. It is possible, however, that some
of the water may also move along strike of the bedrock beds
(and the Carnegie Fault) or across the beds. Data are not
available at this time to evaluate the possibilities of ground-
water movement along strike or across-beds in the shallow
aquifer.

On the south side of the Carnegie Fault, the bedrock units
are vertical to overturned. Groundwater contained within
these beds could move down the dip of the beds, along the
strike of the beds, or across the beds. As discussed previ-
ously, water was not encountered while drilling K6-2 and
EP6-6 on the south side of the fault. These boreholes were
apparently drilled into a steeply dipping claystone bed.
Water levels south of the Carnegie Fault do not appear, how-
ever, significantly different than those north of the fault.
Although the Carnegie Fault and the steeply dipping beds
south of the fault would appear to be barrier to groundwater
flow, available water level data and aquifer test results
(Section 4.2.3) do not confirm this.

An additional possible pathway of shallow groundwater flow
beneath Pit 6 is alony the contact between the bedrock a.d
the alluvium. Figure 4-9 presents the elevation of the top
of the bedrock as determined from the geoclogic logs of the
monitoring wells and exploratory boreholes at Pit 6. Com-
parison of the bedrock elevations with the water level eleva-
tions (Table 4-2 and Figure 4-8) shows that in all of the
perimeter monitoring wells except EF6-6 and K6-3, the water
table is or has been at an elevation equal to or higher than
the contact between the alluvium and the bedrock. Evidence
of at least intermittent groundwater flow along this pathway
is the spring located approximately 300 feet southeast of
Pit 6 (Figure 4-1).
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4.2,3 AQUIFER TESTING

Aquifer tests (constant discharge and recovery) were con~
ducted in two monitoring wells, EP6-7 and EP6-9. A slug

test was conducted in one monitoring well, EP6-8, The pur-
poses of the aquifer and slug tests were to provide estimates
for the hydraulic properties (transmissivity and storage) of
the shallow aquifer beneath Pit 6 and to provide information
on the effect of the Carnegie Fault on the shallow ground-
water flow.

For the constant discharge tests, a generator-powered, 4~inch
diameter submersible pump was lowered into the pumping well
with one-inch diameter PVC pipe. Discharge was controlled
with a gate valve and measured with a flowmeter, bucket, and
stop watch. Water levels in the pumping well and observa-
tion wells were measured with electric sounders calibrated
with a steel tape. Because no previous aquifer test data
were available, only the two monitoring wells closest to the
pumping well were chosen as observation wells. The water
produced during the aquifer tests was contained in polyethy-
lene tanks and temporarily stored onsite.

For the slug test, a slug was lowered and suspended in the
well on polypropylene rope. The water level was recorded
with an electric sounder calibrated with a steel tape. The
slug consisted ¢of a 6-feet long section of 2.5-inch diameter
PVC pipe that was filled with sand and sealed on both ends.

The EP6~7 aquifer test consisted of collecting four hours of
drawdown data at a constant discharge of 20 gallons per min-
ute (gpm) followed by collecting 1.5 hours of recovery data.
During the EP6~7 test, water levels were measured in EP6-7,
EP6-8 and K6-3 during both drawdown and recoverv periods.
The EP6~9 aquifer test consisted of collecting 2.5 hours of
drawdown data at a constant discharge of 15 gpm followed by
collecting one-hour of recovery data. During the EP6-9 test,
water levels were measured in EP6~9, Ké-1, and K6-4 during
the drawdown period and in EP6-% and K&-1 during the recov-
ery period.

The drawdown data from each cbservation well and pumping
well were analyzed, where possible, by the Jacob straight-
line method and the This curve-fitting method (Lohman, 1976).
The recovery data were analyzed by the Theis recovery methed
(Lohman, 1976). The slug test data were analyzed by the
method presented in Bouwer and Rice (1976). The results of
the aquifer tests are summarized in Table 4-3. The raw data,
drawdown graphs, and recovery graphs are organized by aquifer
test and presented in Appendix C.

As shown in Table 4-3, the aquifer tests conducted at moni-
toring wells EP6-7 and EP6-8 provide estimates for transmiss~
ivity and storage in the shallow aquifer on the north side
of the Carnegie Fault. The transmissivity values calculated
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from the EP6-7 and EP6-8 data range from 207 to 1720 square
feet per day (ft2/d). The two low transmissivity values,
207 and 696 ft3/d, are probably not representative of the
transmissivity in the shallow aguifer on the north side of
the Carnegie Fault for the following reasons:

0 The value of 207 ft3/d was based on drawdown data
from EP6-7 while pumping EP6~7

o) The value of 696 fti3/d was based on drawdown data
from EP6-8 while pumping EP=6-7.

Under field conditions the discharge rate during constant
discharge aquifer tests may vary slightly. The efiects of
this slight variation in discharge rate is most apparent in
drawdown data recorded in the pumping well and in observation
wells located very close to the pumping well. In the case
of the aquifer test conducted at EP6-7, the low values cal-
culated for transmissivity (207 and 696 £t3/d) are from the
pumping well and an observation well located adjacent to the
pumping well, The observation well is screened in a zone
approximately 70 feet above the zone screened in the pumping
well. Thus, the calculated low transmissivities are
probably the result of slight variations in the discharge
rate. If the two low transmissivity values are not
considered, a mean and standard deviation of the
transmissivity values for the north side of the Carnegie
Fault can be calculated as 1336 and 257 ft3/d, respectively.
Furthermore, because the storage coefficient of an aquifer
is propertional to the transmissivity, the values for the
storage coefficient calculated from drawdown data from EP6=7
and EPé~8 are probably also not representative. The storage
coefficient for the shallow aquifer on the north side of the
Carnegie Fault thus ranges from 0.001 to 0.003 with a mean
of 0.002 and standard deviation of 0.001.

As shown in Table 4-3, the aquifer test conducted at moni-
toring well EP6-8 provides estimates for the transmissivity
and storage of the shallew aquifer on the south side of the
Carnegie Fault. The calculated transmissivity values range
from 189 to 238 ft3/d. The low value, 189 ft2/d, was cal-
culated from drawdown data recorded in EP6-9 during pumping.
As discussed above, this value is probably not a representa-
tive value for the transmissivity of the shallow aquifer on
the south side of the Carnegie Fault. The calculated mean.
transmissivity is thus 234 with a standard deviation of 6..
The storage coefficient on the south side of the Carnegie
Fault ranges from 0.0002 to 0.0003.

An important result of the aquifer tests described above is
the unanswered issue of the exact effect of the Carnegie
Fault on groundwater flow beneath Pit 6. Because the aquifer
tests described above were exploratory in nature, this issue
was not completely resolved. Although the water level in
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K6-4 did not respong while pumping EP6-9, assuming a trans-
missivity of 234 ft /d and a storage coefficient of 0.00025,
the maximum radius of influence for the EP6-9 aquifer test
is approximately equal to the radial distance between EP6-9
and K6-4; 300 feet. Thus, a longer-term aquifer test is
necessary to determine whether Ké~4 would respond while pump-
ing ¥P6-9. Aanother observation that cannot be explained by
available data is that the transmissivity and storage values
of the shallow aquifer”appear to change across the Carnegie
Fault. Thus, the two unanswered questions about the effect
of the Carnegie Fault on groundwater flow are:

) Is groundwater in the beds on the north side of
the Carnegie Fault is hydraulically connected to
groundwater in beds on the south side of the fault

o Does groundwater in the bedrock units on the south
side of the fault flow across beds.

Further investigation to answer the above questicns about
the influence of the Carnegie Fault on groundwater flow
would probably include longer term aquifer tests (3 to §
days) on existing wells on the north and south side of the
Carnegie Pault and installation of a monitoring well in the
fault zone on the east side of Pit §.

4.2.4 GROUNDWATER SAMPLING

Groundwater in the monitoring wells located around the peri-
meter of Pit 6 was sampled to determine whether chemicals
associated with the landfill were present in the groundwater.

Water samples were obtained from EP6~7, EP6-8, EP6-9, Ké-1,
K6~3, Ké6-4, and a water supply well located approximately

1000 feet east of the eastern perimeter stake of Pit 6 (herein
called the Ranger Well).

The field procedures followed to obtain water samples from
the monitoring wells are summarized below.

o) All sampling equipment was decontaminated by steam
cleaning.

o A minimum of four casing volumes of water was re-~
moved from the well and temporarily stored in poly=-
ethylene tanks onsite.

o) While evacnating water from the well, field mea-

surements of pH, conductivity, and temperature
were made and observed for stabilization.

4-11



o A water sample was obtained by bailing with a tef-
lon bailer and decanting the water into the appro-
priate laboratory containers.

0 Water samples were then labeled, placed in zip-lock
plastic bags, stored in an ice chest and trans~
ported to the analytical laboratory.

Two methods of evacuating water from the monitoring wells
were used. For monitoring wells EPé6-~7, EP6-8 and EP6€-9, the
same 4-inch diameter submersible pump used during the aquifer
tests was used. For monitoring wells K6-1, K6-3 and R6=4,
water was evacuated from the well by hand with a 2-inch dia-
meter PVC bhailer,

To sample the Ranger Well, the installed pump was turned on
for approximately 15 minutes. The pump is estimated to pump
approximately 20 gpm. A water sample was obtained from a
faucet in the nearby water treatment shed.

Water samples from all the wells were analyzed for pH, elec-
trical conductivity, chloride, the complete priority pollu=-
tant list (including volatile, base-neutral and acid-extract-
able compounds, pesticides, PCB's, and metals), and radioac-
tivity (gross alpha, gross beta and radium). The results of
these analyses and the analytical methods used are presented
in Table 4~4.

As shown in Table 4-4, the groundwater samples from only
four of the monitoring wells sampled contained low levels of
three organic compounds and/or slightly elevated levels of
four metals. Samples from K6-1 and K6~4 contained bis
{2-ethylhexyl) phthalate and benzyl butyl phthalate and sam-
ples from K6-3 contained methylene chloride. Monitoring
wells K6-3 and K6-4 also contain slightly elevated levels of
cadmiuvm, chromium, iron, and manganese. The level of iron
was also slightly elevated in EP6~9. The slightly elevated
metal levels discussed above are, however, within levels
commonly found in groundwater.

Because the results summarized above and shown in Table 4-4
are the results of only one sampling round, there are quest-
ions regarding their representativeness and reliability.

One factor which may have effected the reliability of the
results reported in Table 4-4 is the sampling method. As
noted previcusly, the water in monitoring wells EP6-7, EP6-8,
and EP6~9 was evacuated before sampling with a submersible
pump. Furthermore, a large volume of water (much greater
than four casing volumes} was evacuated from these wells
because the water samples were taken after the aquifer tests.
The water in monitoring wells Ké6-1, K6-3, and K6~4 was removed
with a bailer. The volume of water evacuated from these
vells was much less (between four and five casing volumes as
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necessary for the field measurements of pH, temperature and
conductivity to stabilize).

Further evidence that the data presented in Table 4-4 may

not be representative or reliable are the results of previous
groundwater sampling. Results of previous groundwater anal-
yses are presented in Raber and Carpenter (1983), Carpenter
and peifer (1983), and Table 4-5. The data contained in
Table 4~5 are the results of groundwater samples that have
been analyzed since the Raber and Carpenter (1983) and
Carpenter and Peifer (1983) reports. In none of the previ-
ous groundwater sampling data have organic compounds been
detected.

4,2.5 DISPOSAL OF CUTTINGS AND WATER

The cuttings from the boreholes drilled for the monitoring
wells were spread on the ground surface next to the monitor-
ing wells.

The water produced during drilling, developing, testing, and
sampling of the monitoring wells was temporarily stored in
polyethylene tanks on site. At the end of the field activ-
ities, the water in each of these tanks was sampled. These
water samples were analyzed for volatile organic compounds.
The results of these water samples are presented in Table 4-6.
After discussion with representatives of the Regional Water
Quality Control Board (RWQCB), the stored water was released.

SFR99/012
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Table 4-1
Summary of Monitoring Well Construction Details

Elevation of  Elevation Elevation

Casin Total Screened Top of of Top of of Top

Monitoring L.D. Depth 2 Interval Concrete Pgd PVC Casing  3teel Casing
Vell (inches) (fr, bgs)  (ft bgs) (£t MSL) (fr, MsL) (fr, MSL)

EPS-6 4 45 15-35 686.01 686.56 686,78

EP6-7 4 128 108-128 705,50 706.00 706.40

EPg-8 4 62 4762 706, 38 706.87 707.18°

EP6=% 4 65 565 692,26 692.83 683,39
Notes:

1inner dlameter
feet below ground surface
feet above mean sea levei

SFR99/012
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Table 4-2

Summary of Water Level Data for Monitoring Wells Adjacent to Pit 6

Water Level Elevationa

Well Reference

Number Elevat lon 10/321 12/821 1/831 Z[ZB/BJ.z Z/??{th 6/15/857 1132;232 B/:n,’m.'2 10/12/3h310/15/8h310/17IBA)]D/)B/BA]10/19/84310/1918b210I29/Bh3
Kb-1 698.26 666,70  666.50 666.%0 667,01 666.75 666.9%  666.01  6(5.66 665,64 £65.62  665.34  665.26

Ke-2" 724,62 670.40  670.10 671.40 671.04 667.12 667,56  667.28  £67.07

Ke-t" 706,53 669.80 669.30 671.20 670.11 667.33  667.58 66724

EP&6-7 706.00 666.91 667.29 666.68  666.78

EP6-8 706.87 666.87 667.26 667.21 667.36
EP6-9 692.83 664.15  665.66 665.64

NOTES: All elevations are in feet above mean aea level.
Sources of data include:
>
1
Carpenter and Peifer (1983)
2 C.
HcCun:Ple {1985)
3
Current investigation

4
Wella located upgradient of Pit 6
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Table 4-3
Summary of Results from Aqul!er Tests

rs-7 Aquifer Test EF6-9 Aquifar Teat -9 Slug Test v
Scraened Radial Rradiald N
Intsrval Approzimate Distance Distance

{feat Ground from Storage from

Stotage
Dalow Surface Pusping Tranasisaivity(T) ft [au! Coefficiant (B) hmping Transmigsivity(T) "’Lﬂ Comtfictent {8} Wydraulic
Monitoring Ground Zlevation Hell Semi-log Besi-log Log-Log Besi-Log log-log Well Semi-log Semi-log Log-log Sesi-loy Log-Log cmuuy 'rnn-luhgu
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Ke-1 3563 608,73 - bl - - - - 147 bl . arm 0002 0003 - - ~
K6-3 73-93 723.862 180 1433 - 1226 «001 .003 - - .- - - - - -
Ke-4 4363 706,11 - - - .- - -~ ns . . . . - - -
os-7 m-128 w550 - 207 1720 * ~06 Ll - -a - - - - - -n :
-8 47-62 708.38 19 1258 - [ ] .04 <0k - - - -- -~ e 11 1040
rs-9 33-63% 692,26 - -- - - -~ - . 11} . - . - -- -
Notes:

®dats insdequata to calculate squifer paraneters :
=-watler level not mearured

fest above wean sea level; alevationa are approximate
squate {gel par day

feeti per day .
asypuwe aqulfer thickness 80 (eet

no wedsurable water level change Suring aquifer test

s onTe
.
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Table 4-4 Results of lahoratory Analyses of ' i
Water Sawples from Monitoring Wells near Pit 6 :
(1in smicrograms per liter of solution, ug/l, unless otherviae noted) :

Hell
K6~1 K6-3 K6-4 EP6-7 EP6-8 EP6-8 EP6-9 Ranger

Sample {Duplicate) .
PHRIORITY POLLUTANT Date 10/18/84 10/19/84 10/19/84 10/17/8B4 10/18/84 10/18/84 10/19/84 1G/26/84 '
VOIATITE COMPOURDS 1
acrolein <100. <100. <100. <100. <100. <100, <100. <100.
acrylonitrile <100. <100. <100. <100. <100. <100. <100. <100.
bentene <5. <5. <5. <5. <5. <5, <5, <5.
carbon tetrachloride <5, <5. <5. <5. <5. <5, <5. <5,
chlorobenzens <5. <S. <5. <5. <5. <5, <5. <5.
1,2=aichlorcoethane <5. <5. <5. <5. <5. <5, <5. <S.
1,1,1~trichloroethane <5, <S. <5, <5, <5. <5, <5, <S, X
1,1~8ichloroethane <5, <5. <5. <5. <5, <5, <S, <5. v
1,1,2-trichloroethane <5, <5, <S. <5, <5. <5, <5, <5, .
1,1,2,2=tetrachloroethane <10. <10. <10. <10. <10. <10. <10. <10. 5
chloroethane <10. <10. <10. <10. <10. <10. <10. €10. g
2-chloroethylvinyl ether <10. <10. <10. <10. <10, <10. <10, <10. Y
chlorofors <5. <5. <5. <5, <5. <5, <5. <5.
1,1~dichlorcethene <5, <5, <5, <5. <5, <S. <5. <5. N
trans~1,2-dichleroethene <5, <5. <5. <5. <5. <5, <s, <5, .
1,2-dichloropropane <10, <10. <10, <10. <10. <10. <10. <10. .
1,3-dichlorapropene <5. <5. <5, <5, <5, <5, <5. <5, ‘
ethylbenzene <5. <5. <5. <5. <5, <5, <5. <5.
methylene chloride <5, 160. <5, <S. <S. <5, <5. <5,
chloromethane <10. <T0. <10. <10. <10. <10. <10. <10.
bromomethane <10. <10. <190. <10. <10. <10. <10. <10. -
bromoforw <10. <10. <10. <10. <10. <10. <10. <10. N
bromodichloromethane <5, <5. <5. <5, <5, <5. <5. <5. v
fluorotrichlorosethane <10. <10. <10. <10. <10. <10. <190, <10. B
dichlorodifluorosethane <10. <10. <10. <10. <10. <10. <10. <10.
chiorodibromomethane <5. <5. <5, <5, <5, <S5, <5. <5.
tetrachloroethene <5, <5. <5. «<5. <5. <5. <5, <S5.
toluene <5. <5, <S. <5. <5. <5. <5. <5.
trichiorcethene <5, <S5. <5. <5, <5, <5, <5, <S5. -
vinyl chloride <10. <10. <10. <10. <10. <10. <10. <10. :

NON-PRIORITY POLLUTANT HAZARDOUS
SUBSTANCES LIST COMPOUNDS 1

acatone <s, <s. <5, <5. <5, <5. 5. <5. ’
2-butanone <5. <5. <5. <5, <5. <5. <5. <5. :
carbondisulfide <5. <5. <5. <5. <5. <5, <5. <5.
2=hexanone <5. <5. <5, <5, <S5, <S. <5, <5,
4-sethyl-pentanone <S. <5. <5, <S5, <5. <5. <S. <S.
styrene <5, <5. <S. <5, <5, <5. <5, <5. N
vinyl acetate <5. <S. <5, <5, <5. <5, <5. <5. N
total xylenes <5, <5, <5. <5, <5, <5. <5, <5,
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Table 4-5 Summary of Previous Laboratory Analyses of
Water Samples from Monitoring Wells Near Pit 6
(in micrograms per liter of solution,
ug/1l, unless otherwise noted)

Well

Sample K6-1 K6-3 K6-4
PRIORITY POLLUTANT Date 2/28/84 2/29/84 2/28/84
VOLATILE COMPOUNDS
acrolein <10. <10. {10,
acrylonitrile <10. {10, <10.
benzene 1. <1. {1,
carbon tetrachloride {1. 1. {1.
chlorobenzene <1. . 1.
1,2-dichloroethane {l. <1. {1.
1,1,1-trichloroethane <. <1. {1,
1,1-dichloroethane <1. <1. <1.
1,1,2-trichloroethane {1. <1, <1.
1,1,2,2-tetrachloroethane (1. <1. {1,
chloroethane Q1. 1. {1.
2-chloroethylvinyl ether Q. <. {1.
chloroform (1. <1. <1.
1,1=dichlozoethene {1. 1. {1.
trans-1,2-dichloroethene (1. <1, 1.
1,2-dichloropropane <1. <1. {1.
1,3-dichloropropene {1. <1. <1.
ethylbenzene (1. <1. {1.
methylene chloride Q. Q. (1.
chloromethane {1. <1. {1.
bromomethane <. {1. {1.
bromoform {1. Q. 1.
bromodichloromethane 1. <1. 1.
fluorotrichloromethane (1. Q1. (1.
dichlorodifluoromethane <1. <1. <1.
chlorodibromomethane {1. <1, <1.
tetrachloroethene <1. Q1. <1.
toluene {1. <1. <1.
trichlorcethene {1. 1. <1.
vinyl chloride <1. (1. <1.
BASE/NEUTRAL COMPOUNDS 2
acenaphthene {10, €10. €10.
benzidine €40. <40. <40.
1,2,4-trichlorobenzene <10. <10, {10.
hexachlorobenzene <10. <10. <10.
hexachlorcethane {10. <10. <l10.
bis{2-chloroethyl)ether {10. <10. <10,
2-chloronaphthalene <10. <10. <10.
1,2-dichlorobenzene <10. <10, {10.
1,3-dichlorobenzene {10. <10. <10.



Table 4-5 (Continued)

Sample
BASE NEUTRAL COM- Date
POUNDS (continued)

1,4-dichlorobenzend
3,3'~dichlorobenzidine
2,4-dinitrotoluene
2,6-dinitrotoluene
1,2-diphenylhydrazine
{as azobenezene)
fluoranthene
4-chlorophenyl phenyl ether
4=bromophenyl phenyl ether
bis(2-chloroisopropyl} ether
bis (2-chloroethoxy) methane
hexachlorobutadiene
hexachlorocyclopentadiane
isophorone
naphthalene
nitrobenzene
N-nitrosodiphenylamine
N-nitrosodipropylamine
big(2-ethylhexyl) phthalate
benzyl butyl phthalate
di-n-butyl phthalate
di-n-octyl phthalate
diethyl phthalate
dimethyl phthalate
benzo(a)anthracene
benzo (a)pyrene
benzo (b) fluoranthene
benzo (k) fluoranthene
_ chrysene
acenaphthylene
anthracene
benzo(ghi)perylene
fluorene
phenanthrene
dibenzo{a,h)anthracene
indeno(1, 2, 3~cd)pyrene
pyrene

PRIORITY POLLUTANT
ACID COMPOUNDS

2,4,6=trichlorophenol
p-chloro-m=-cresol
2-chlorophenol
2,4-dichlorophencl
2,4-dimethylphenol

well
X6~1 K6-3 Xb~4
2/28/84 2/29/84 2/28/84
€10. €10, {10.
<10. {1Q. £10.
<10. <10, <10,
<10, <10. <10.
<10. €10, [SLIR
<10, €10. <10.
<10. €10, <10.
<10. €10, <10.
<10. {10. <10.
€10. <10, <19,
<10. <10. {10.
<10. <10. <10.
<10. €10. {10.
<10. 10, £10.
<10. <10. <10.
<10, {10. <10.
<10. <10. {10.
{10. {10, <10.
{10. {10. <10.
<50. <50, <50,
<10. <10. <10.
<10. <10, <1¢0.
{25. (25. <25.
{10, {10. <10.
<10. <10. <10.
{10, €10. {10.
(10. <10. {10.
<10. {10. (10.
{10. {10, <10.
<10. €10, <10.
<10. {10. <10.
<10, €10, {10.
{10. {10. <10.
<10. {10. {10.
{10, €10. {10.
{10. €10. <10.
<10, <10. <10.
<10, {lo. <10.
<10Q. {10. <10.
{10. {10. {10.
<10. {10. {10.
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Table 4-5 (Continued)

Well
PRIORITY POLLUTANT Sample Ké-1 K6-3 K6-4
BCID COMPOUNDE Date 2/28/84 2/29/84 2/28/84
{continued)
2-nitrophenol <20. <20. {20.
4-npitrophenol <25. (25. <25.
2,4-dinitrophenol <25. {25. <25,
4,6-dinitro=-o-crescl <50. <50. <50.
pentachlorophenol <10. €10. {10.
phenol <10. €10. <10.
PRIORITY POLLUTANT
ORGANOCHLORINE
PESTICIDES AND PCB's
lindane £0.05 €0.05 0.08
endrin <0.1 0.1 {0.1
methoxychlor €0.2 <0.2 <0.2
toxaphene 1. (1. (1.
2,4,-D <0.5 0.5 €0.5
2,4,5=TP 0.1 <0.1 <0.1
aroclors 1016-1262 €0.3 <0.3 <0.3
Well
PRIORITY POLLUTANT X6-1 Ké-1 Ké-1 K6-3 K6=4 K6-1
METALS 7/22/83 6/15/B4 2/28/84 2/29/84 2/28/B4 8/31/84
Arsenic 0.033 0.024 0.018
Beryllium <0.01 <€0.01 €0.01 <0.01 €0.01 £0.01
Cadmium <0.01 0.001 <0.01
Chromium €0.02 €0.02 <0.02 €0.02 <0.02
Copper <0.01 {D.01
Lead <0.1 <0.001 <0.001 <0.001 <0.1
Mercury <0.0001 <0.0001 ¢D.0D1
Nickel <0.02 <0.02
Selenium {0.002 <0.0D1 <D.DO2
Silver <0.01 <0.01 <0.01
ADDITIONAL
ELEMENTS 3
Barium €0.1 <0.1 0.1 0.1 <0.1
Iron 0.19 €0.02 €0.02
Manganese 0.0% 0.09 €0.01
vanadium €0.02 <0.02



Table ¢4-5 (Continued)

Well
sample  K6-1 K6-1 K6=1  X6-3  X6-4
Date 2/28/84 6/15/84 8/31/8B4 2/29/B4 2/28/84

Sodium 140. 120. 100.
Fluroide 0.41 0.48 0.49
Chloride 89. 90. 84.
Sulfate 263, 250, 154.
Nitrite (as N) <p.1 <0.01
Nitrate Nitrogen (as N) 0.1 0.1 <0.10 <€0.1 2.6
Ammonia Nitrogen (as N) 0.25 0.1 €0.10 0.37 0.13
Phenol €0.05 <0.05 <0.05
Specific Conductance

{umhos @ 25° C) 1167 1105 900
Specific Conductance

{umhos @ 25° C) 1167 1106 937
Specific Conductance

(umhos @ 25° C) 1191 1130 924
Specific Conductance

(wnhos @ 25° C)4 1156 1105 924
Average 1170 1112 921
Standard Deviation 18 14 7.5
Total Organic Ca::bon1 {5 <5 <5
Total Organic Carl:umz <5 <5 <5
Total Organic Ca::bon3 <5 <5 <5
Total Organic Carbon y <5 <5 {5
Average {5 <5 <5
Standard Deviation 0 1] 0
Total Kjeldahl Nitrogen (as N)j 0.88 0.26 0.13 0.52 6.28
Total Organic Halidesl 0.25 0.40 0.22
Total Organic Halidesz 0.14 0.30 0.21
Total Organic Halide53 0.48 0.44 0,24
Total Organic Hali«:les4 0,27 0.23 0.19
Average 0.28 0.34 0.21
Standard Deviation 0.14 0.09 0.02
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Table 4-5 (Continued)

4 WELL

RADIOCHEMISTRY Sample K6-1 Ké-1 K6-1 K6=1 X6~3 Xé6-4
—_— Date  7/22/83 2/28/84 6/15/84 B/31/84 2/29/84 32/28/84
gross-alpha 012 03 04 022 03 012
gross-beta 1256 2123 1424 10s4 1284 1123
3 0x100 0£1000 01000 0£1000° 0*1000 0+1000
2§BU 0.7£0.2 0.2:0.1 0.5%0.1
235, 020.1 020.1  0:0.1
234, 0.7£0.2 0.1:0.1 0.60.1
Notes:

. o
The source of the data presented in this table is a letter from Bill McConchie
dated 1/7/B5. Blanks indicate that no data are available, The less than
symbol (<) means "not present at or above the indicated value (detection limit).”

1) Samples analyzed by EPA Method 624
2) Samples analyzed by EPA Method 625

3) All values are milligrams per liter (mg/l}
4) Bll values are picocuries/liter (pci/l)

SFR72/113
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Table 4-6 Resulta of Laboratory Aunalyses of
Water Samples from Polyethylene Tanks Containing Water Produced
puring DPrilling, Development, Aquifer Teating, and Sampling of Honitoring Welles
{tn micrograms per liter of solution)

Tank Number

VOLATILE HALOGENATED Sample 619 622 0000 4002 4006 6560

ORGANTIC COMPOLUND Date 10/18/684 10/19/84 10/19/84 10/19/84 10/19/86 10/18/84L
1,1-dichloroethylene §0.5 §0.5 §0.5 §0.5 §0.5 §0.5
1,1-dichloroethane §80.5 §0.5 §0.5 §0.5 §0.5 §0.5
trana-1,2~-dichloroethylene §$0.5 §0.5 §0.5 §0.5 $0.5 §0.5
chloroform : 3.0 §0.5 §0.5 §0.5 §0.5 §0.5
1,1,2-trichtoro-2,2,1-trifluoroethane §0.5 $0.5 §0.5 §0.5 §0.5 §0.5
1,2-dichlorcethsne $0.5 §0.5 §0.5 §0.5 §0.5 §0.5
1,1,t-¢richlorcethane £0.5 §0.5 50.5 §0.95 £0.5 0.5
carbon tetrachloride 2.5 §0.5 §0.5 §0.5 $0.5 §0.5
bromndichloromechane §0.5 §0.5 §0.5 §0.5 §0.5 §0.5
1,2-dichloropropane §0.5 30.5 §50.5 §0.5 §0.5 §0.5
cis-1,3-dichloropropylene §0.5 §0.5 §0.5 §0.5 §0.5 §0.5
trichloroethylene §0.5 §0.5 §0.5 §0.5 §0.5 §0.5
trans-1,3-dichloropropylene §0.5 $0.5 §0.5 §0.5 §0.5 §0.5
1,1,2-trichloroethane §0.5 0.5 §0.5 §0.5 $0.5 §0.5
dibromochloromethane §0.5 $§0.5 £0.5 $0.95 §0.5 §0.5
1,2-dibromoethane §0.5 §0.5 §0.5 80.5 §0.5 §G.5
bromoform §0.5 §0.5 §0.5 $0.5 §0.5 §0.5
tetrachloroethylene §0.5 60,5 §0.5 0.5 §0.5 §0.5
1,1,2,2=tetrachloroethane §0.5 §0.5 §0,5 $0.5 §0.5 §0.5
chlorobenzene §0.5 §0.5 §0.5 §0.5 §0.5 §0.5
Notes:
The less than symbol(§) *not pr t at or above the indicated value (detection 1imit)."

All samples were analyzed by EPA Method 601,

SFR72/105
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Chapter 5
RISX ASSESSMENT

A risk assessment is an evaluation of scientific and tech-
nical data to identify the nature and extent of health hazards
resulting from exposure to environmental contaminants. A
risk assessment provides a review of the physical features

of a site, a summary of contaminants, the environmental fate
and methods of transport of observed contaminants, an assess-
ment of the potential exposed population and an evaluation

of impacts. The following sections identify and evaluate
these issues as they relate to Pit 6,

5.1 ENVIRONMENTAL RELEASE

Source releases of hazardous waste can be caused by a variety
of mechanisms. Such releases can directly or indirectly
impact four environmental media, The following sections
provide a qualitative assessment of the potential release
mechanisms, in their respective environmental media, thst

are present at Pit 6.

5.1.1 AIR

Contaminated materials present at a waste site can be released
to the air through volatilization, fugitive dust generation,
and combustion. This section evaluates the first two of

these processes. No evidence has been discovered that indi-
cates waste combustion may occur at Pit 6.

5.1.1.1 Volatilization

Chemicals with high vapor pressure or low solubility can be
released to the environment through volatilization. Chemi-
cal and physical properties of wastes and site specific fac-
tors such as surface soil contamination, soil porosity, depth
of soil cover, wind speed, and wind access to the wastes are
factors effecting volatilization.

At Pit 6, the possibility of hazardous substances reaching
conditions conducive to volatilization is remote. Mo evi-
dence is available that indicates volatile substances were
dumped on the surface soils. No odors are present at the
site. Air monitoring with an organic vapor detector during
drilling operations for the current investigation did not
detect organic vapors in concentrations above background.
The equipment used for air monitoring during drilling, how-
ever, does not detect organic vapors below 1 part per million
(ppm). Thus, it is not known whether organic vapors below
1 ppm are present in the ambient air above the landfill,



Compressed gas cylinders are believed to be buried at Pit 6,
It is possible that a buried gas cylinder, if pressurized,
could rupture and release its contents to the environment.
No data are presently available, however, that describe the
type, contents or condition of the buried gas cylinders.
Consequently it is not possible to evaluate the hazard posed
by the compressed gas cylinders.

5.1.1,2 Fugitive dust

Any hazardous particulate that becomes entrained in the
atmosphere can be considered a fugitive dust release. Waste
particulates and soil particles onto which hazardous sub-
stances have adhered are the most commeon sources of fugitive
dust. Site specific meteorological conditions, topography,
waste characteristics and on-site traffic are factors affect-
ing the release of fugitive dust.

Sources of fugitive dust at Pit 6 include the surface soil
cover and any shallow deposits of wastes that may have been
exposed during the landfill history. No evidence is avail-
able at this time that suggests fugitive dust is present at
the landfill, Site vehicular activity is largely restricted
to fire trail roads on the perimeter of the landfill.

5.1.2 SURFACE WATER

Release of hazardous substances to surface water results
from overland flow and/or direct discharge. No evidence
exists that suggests such releases from Pit 6 have occurred
to either Corral Hollow Creek or its tributary arroyos.

Overland flow resulting in runoff containing chemicals from
Pit 6 and moving offsite is a potential problem in either of
the following situations.

) During the active period of the landfill the ex-
cavated trenches may have trapped runoff. This
water may have contacted soluble wastez and over-
flowed the trench. The relatively light local
precipitation, the depth of the trench excavations
(approximately 12 feet), the soil porosity of the
terrace deposits, and assuming the cellylar method
of burying containerized wastes, it is unlikely
that such a release occurred.

o] Surface runoff may contact the surface of the land-
fill and then move offsite to Corral Hollow Creek.
Because the landfill has a soil cover, such an
event is considered a hazard only if hazardous
substances are present in the surface soils or in
fugitive dusts. As discussed previously, evidence



does not suggest that either surface soils or dust
at Pit 6 contain chemicals,

5.1.3 SOILS

Soil contamination can result from surface runoff, land appli-
cation of wastes, leakage of wastes and leaching of water
through the wastes. The extent of soil contamination, if
any,-at Pit 6 is unknown. Both surface and subsurface soils
may have been contaminated during the disposal operations,
Disposal practices sucn as temporary storage of leaking con-
tainers on the surface, spills, and handling accidents such
as crushing or puncturing of containers could have contam=
inated surface soils. Buried waste containers may also leak,
corrode, or decompose. Such reactions may lead to failure
of the container and the loss its contents to surrounding

soils.

No direct evidence is available to indicate that disposal
operations or the loss of the integrity of buried containers
have resulted in extensive soil contamination at Pit 6,

Very low levels of volatile organics (toluene, benzene, and
methylene chloride) in subsurface soil samples from the
apparent upgradient monitoring wells K6-3 and K6-4 (Table 4-2},
and the slightly elevated concentrations of iron and manganese
in water samples from monitoring wells K6-3, K6-4 and K6-9
support the need for continued monitoring of groundwater at
Pit 6.

5.1.4 GROUNDWATER

The most likely pathway of chemical migration away from Pit 6
that could potentially impact public health is the shallow
groundwater. Leachate from wastes buried at Pit 6 could
migrate downward through the unsaturated zone to the water
table. There are two pathways whereby the wastes could reach
the unsaturated zone: (1) direct application of the waste

to the soils, and (2) dissolution of wastes by infiltrating
water and subsequent vertical downward migration of the
chemicals to the water table. No available data suggest

that wastes were ever directly applied to the ground surface
at Pit 6.

Infiltration and runoff of rain water may act as a mechanism
for corroding buried waste containers, This water could

then carry any released chemicals downward to the water table.
The landfill was not designed with any measures to prevent
either infiltration or leachate migration. A potential there-
fore exists for this release mechanism to effect the landfill
integrity and subsequently effect public health.

The reported depth of waste burial (12 feet below ground
surface) and the relatively shallow water table {18 to 20



feet below the bottom of the trenches) provide a short
potential pathway for chemicals to enter the groundwater.

The rate of chemical migration is a function of chemical
solubility, mobility, groundwater flow, local soil type, and
contact with recharge water. The results of previous ground-
water analyses and samples analyzed for this study do not
indicate that chemicals have migrated to the water table in
any significant concentration. The types of potential chem-
ical sources also limits the likelihood of significant waste
migration. There are no references to the dispesal of highly
mobile hazardous liquid sludges or other gquantities of solu-
ble solid materials at Pit 6.

5.2 EXPOSURE ASSESSMENT

There are two populations that may be affected by a potential
release of hazardous substances from Pit 6; LLNL personnel

ard subcontractors, and the general public. While the present
risk of exposure to both populatiocns is considered low, the
potential exposures for each population are described below.

o LLNL Personnel and Subcontractors. Security person-
nel using the firing range can contact potentially
hazardous substances through fugitive dusts, volati-
lizing chemicals, escaping gases, and surface soils.

. While these media do not appear to be contaminated
at present, the potential for exposure still exists.

o] General Public. The residents and visitors of the
adjacent Carnegie State Vehicular Recreation Area
and passing motorists on Corral Hollow Road comprise
the general public. Strict security controlled
access prohibits the general public from entering
Pit 6. This system of controlled access effectively
limits the potential exposure of the general public
to potential hazards of Pit 6.

5,3 SUMMARY

Considerable effort has been expended in assessing whether
Pit 6 is an imminent hazard with substantial risk threaten-
ing the local environment and/or public health. After an
extensive investigation of the environmental setting of Pit 6
which inecluded geclogical mapping, geophysical surveys, instal-
lation, testing, and sampling of shallow monitoring wells, a
better understanding of the relationship of the landfill to
the surrounding environment has been developed. Although

the landfill has several features which could pose a threat
to the surrounding environment, no data available to date
suggest that an environmental release has occurred or is
occurring.



Available information about Pit 6 including the physical
features, the potentjal contaminants, the exposure pathways,
and the population at risk suggests that Pit 6 is a poten-
tial threat to the environment, site personnel and general
public. Continued monitoring of the soils and groundwater

is necessary to assess the need for long term remedial actions.

The most likely exposure pathway of hazards from Pit 6 to

the general public is groundwater movement along the Carnegie
Fault. If groundwater moves along the fault, chemicals from
the landfill could be present in water that may be flowing
toward the Ranger Well (Plate 4-1). There are no data cur-
rently available to show that this pathway has been affected.
Long-term pumping test(s) and an additional monitoring well
are recommended for the purpose of improving the groundwater
quality monitoring network and gathering additional data

that will be useful in a feasibility study to determine the
acceptable long-term remedial solution to the potential threat.

Surface soils, fugitive dusts and volatilized wastes are
potential mechanisms for release and subsequent exposure of
LLNL personnel using the firing range at Pit 6., To completely
assess the risk of exposure to LLNL personnel, a limited
amount of additional information about the surface is recom-
mended so that an assessment can be made to determine whether
use of the site may be continued by LLNL personnel security
staff and/or other users.

st pA S
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Chapter 6
REMEDIAL ACTION ALTERNATIVES

The general approach to remedial action alternative selectien
at hazardous waste sites is outlined in Section 300.68 (qgi,
(h), and (i) of the National 0il and Hazardous Substances
Contingency Plan (NCP). The process of identifying, develop~
ing, evaluating, and selecting a remedial action alternative
is stated in the NCP as follows:
(g) Development of Altetqatives. A limited number of alternatives
should be developed for either source control or offsite reme-
dial actions (or both) depending upon the type of response

that has been identified...as being appropriate.

(h) Initial Screening of Alternatives. The alternatives devel~
oped...will be subjected to an initial screening to narrow the
list of potential remedial actions for further detailed analy-

sis.

(1) Detailed Analysis of Altermatives. (1) A more detailed eval-
uvation will be conducted of the limited number alternatives

that remain after the initial screening....

Development, initial screening, and detailed analysis of the
remedial alternatives and evaluation of the findings of the
risk assessment are conducted within a feasibility study.

The feasibility evaluates these potential actions in terms

of cost, engineering feasibility, oublic health, and environ-
mental impacts.

6.1 SOURCE CONTROL REMEDIAL ACTIdNS

Source control remedial actions are designed to mitjgate or
minimize contaminant migration by contreclling the séurce of
contamination at or near the area where the suspect hazardous
substances were originally located. Contaminant sources at
Pit 6 have not been specifically identified. However, a
number of materialsz known to be buried in the landfill (i.e.
capacitors, mercury tubes, or dry chemical drums) could con-
tain sufficient quantities of hazardous substances to pose a
potential threat to the enviromment. Source control remedial
action alternatives considered for Pit 6 would likely include,
in addition to the ongoing groundwater monitoring program,
the following:
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o No action

o] Develop alternative water supply plans for wells
in vicinity of landfill

o Partial removal of materials buried and associated
soils in selected areas of the landfill for treat-
ment or disposal at an approved hazardous waste
disposal facility

o Complete removal of the buried materials and con-
taminated soil (if any) for treatment or disposal
at an approved hazardous waste disposal facility

o Capping of the landfill with low-permeability ma-
terials

o Complete encapsulation of the landfill and contam-
inated soils (if any) with impermeable materials

o Diversion of groundwater flow around the site

o} Installation of an on-site groundwater pumping
system which would prevent the migration of poten-
tially contaminated groundwater away from the site

o aAny feasible combination of alternatives,

6.2 OFFSITE REMEDIAL ACTIONS

Dffsite remedial actions are used to mitigate or minimize
the effects of hazardous substances ithat have migrated away
from the site. At Pit 6 such actions are those considered
for chemicals potentially found outside the perimeter of the
landfill, Results from previous investigations, the ongoing
monitoring program, and the current investigation have not
shown evidence of groundwater quality degradation. With
continued monitoring of the existing wells and installing
one additional well as described in Section 7.2.2, no offsite
remedial actions are warranted until data are available that
indicate potentially hazardous conditions exist offsite. A
list of pbtential offsite remedial actions that would likely
be evaluated in the event of groundwater degradation include
the following:

0 No action

o} Interceptor wells to prevent further migration of
contaminated groundwater.

0 Extraction wells to remove contaminated ground-
water from the aquifer.
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o] Treatment facilities to remove contaminants by air
stripping, activated carbon absorption, evapora-
tion ponds or other methods.

o Development of alternpative drinking water supplies.

4] Grout sealing of private wells at elevations that
prevent contact with, or withdrawal from, contam-
inated aquifers.

o any feasible combination of alternatives,
6.3 SUMMARY

Based on the findings of the current investigation, all of
the alternatives listed in the previous sections are feasible
for Pit 6., A detailed feasibility study is a method for
systematically reviewing all possible alternatives and event-
ually choosing the best remedial action for a specific site.
A feasibility:study would likely require the completion of
the recommended additi-—~al work and continued groundwater
monitoring to provide « “horough data base upon which to
evaluate the potential remedial actions,

SFR72/111
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Chapter 7
CONCLUSIONS AND RECOMMENDATIONS

7.1 CONCLUSIONS

Neither the results of the previous investigation (Raber and
Carpenter, 1983 and Carpenter and Piefer, 1983) nor the re-
sults of this investigation clearly identify a significant
threat to public health or an adverse impact on the environ-
ment caused by the contents of ?it 6.

There are, however, issues from two categories of informa-
tion concerning the landfill that need further clarification
before a final judgement on the possible impact of Pit 6 on
the epvironment can be made. These categories are:

o  Waste characterization
o] Environmental characterization.

The following paragraphs present a summary of the results of
the current investigation and a discussion of the issues
left unresolved by the current investigationm.

The wastes buried at Pit 6 are composed of solid, liquid,

and gaseous containerized wastes from the LLNL, Livermore

and Lawrence Berkeley Laboratory. Most of the information
about these wastes has been obtained from a log book that
was kept by the landfill operator during the active period

of the landfill. The chemicals contained in the wastes des-
cribed in this log book are, for the most part, not identi~
fied. Because specific chemicals contained within the land-
fill have not been identified, a complete assessment of risks
to the environment posed by the landfill is difficult.

Results of a geophysical investigation at Pit 6 raised ques-
tions as to the actual disposal procedures that were followed
at landfill. Further investigation of historic records is
necessary to determine whether the wastes buried at the land-
£ill were disposed of in distinct trenches as described in.
the log book.

Shallow groundwater occurs beneath Pit 6 in an unconfined
aquifer. The water table in the vicinity of Pit 6 lies
between approximately 20 and 60 feet below ground surface.
Groundwater flow in the vicinity of Pit 6 is primarily con-
trolled by two regional structural features; the Patterson
Anticline and the Carnegie Fault, The influence of the
Patterson Anticline is the gently southeastward dipping bed-
rock units in the vicinity of Pit 6 on the north side of the
Carnegie Fault. The dip of these bedrock units changes
abruptly at the Carnegie Fault. The Carnegie Fault passes
beneath Pit 6 striking approximately northwestward. The dip
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of the bedrock units south of the Carnegie Fault is near
vertical to overturned. On the north side of the fault,
groundwater apparently flows southeastward (down-dip) in the
bedrock units within which it cccurs. At the Carnegie Fault
and on the south side of the fault this water may then flow
down the dip of the beds, along the strike of the fault or
across the beds, Sufficient data are currently not available
to determine which of the pathways qroundwater south of the
Carnegie Fault migrates. Water levels do not change signif-
icantly across the Carnegie Fault, Results of drilling and
aquifer testing still do not answer the question whether
groundwater north of the Carnegie Fault is in direct hydraulic
- connection-with the groundwater 'south of the fault,

The results of groundwater sampling completed for previous
and current investigations indicate that the shallow ground-
water beneath Pit 6 does not appear to contain chemicals
associated with the contents of the lapdfill. The organic
chemicals detected in water samples from the current inves=-
tigation appear to be due to laboratory contamination or
field techniques, Slightly elevated levels of metals are
within natural limits.

7.2 RECOMMENDATIONS

As discussed previously, the results of the current inves-
tigation summarized above indicate that there are two cate-
gories of information in which further investigation may
help clarify the potential hazards at Pit 6, The following
paragraphs present a short discussion of the recommendations
fnr each of these categories; waste characterization and
environmental characterization.

7.2.1 WASTE CHARACTERIZATION

As discussed previously, the data reviewed during this inves-
tigation are insufficient to characterize the specific chem-
icals associated with the buried wastes. Additional informat-
ion on the specific chemicals which may be a hazard at Pit 6
may be obtained using the methods discussed below.

[+ Conducting a more extensive records search., 1In
this extended records search more information may
be obtained, for example, on the following topics:
specific projects that were mentioned in the Pit 6
log book and decontamination procedures for radio-
logically and chemically contaminated materials.
Such information would provide further information
on the hazards associated with the materials
believed to be buried at Pit 6.

o Conducting interviews with long-term employees.
In these interviews, further information may be
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obtained on the wastes as generated at their ori-
gins and on disposal practices at the landfill.

7.2.2 ENVIRONMENTAL CHARACTERIZATION

The results of our investigation still leave several guest-
ions about the hydrogeologic environment beneath Pit € unan-
swered., Further investigation at Pit 6 should focus on
answering these questions should the ongoing monitoring
reflect a change in groundwater quality. Future work recom-
mended for Pit 6 might include the following:

o] Unsaturated Zone. Work in the unsaturated zone
should include sampling of the surface soils and
water in the unsaturated zone adjacent to Pit 6.
As discussed previously, the results presented by
Raber and Carpenter (1983) showed that organic
chemicals may be present in the shallow soils on
the perimeter of Pit 6,

Surface soil sampling should be limited to the top
1 - 2 feet of cover material that is easily sam-
pled with a standard hand-held soil sampler. Two
to ten soil cores may be composited to form repre-
sentative area samples or they may be discretely
analyzed. Field screening for the presence of
organic compounds, metals and/or radioactive indi-
cators should be conducted. If contaminants are
detected during field screening, the use of the
site should be permanently restricted until the
hazard is remedied.

Sampling the water of the unsaturated zone may be
accomplished using any of several pore space sampl=-
ing devices that collect samples under suction
{negative pressure), Three common types of samplers
used for unsaturated media are: ceramic-type sam-
plers; hollow filter samplers; and, membrane filter
samplers. Ceramic~type samplers are also known

as suction lysimeters. These lysimeters operate

at variable soil depths depending on the type of
sample withdrawal mechanism, Very simple vacuum
operated devices can be installed in shallow soils
to 6 feet, while pressure-vacuum operated systems
may extract samples from deeper than the suction
lift of water (approximately 25 feet), Several
samplers (3 to 6) should be placed at depths of

10 to 15 feet below the ground surface within the
trench zone and at the downgradient, southeasterly
perimeter of the trench zone to collect pore space
moisture for screening analyses.

7-3
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1f the contents of the landfill are excavated, a
more extensive soil characterization program may
be necessary for those soils beneath the landfill,
This sampling should be done only after the wastes
have been removed. The extent of any sampling
pregram should be based on contaminant levels found
beneath the wastes and any soil clean-up levels
established by regulatory agencies.

Saturated Zone. Work in the saturated zone should
include the following: a water level monitoring
program; a water quality sampling program; instal-
lation of an additional monitering well to provide
more information on the influence of the Carnegie
Fault on groundwater flow direction and rate; and,
additional long-term aquifer tests in one or mere
wells not previously tested and/or in wells previ-
ously tested.

The additional monitoring well should be located
within the Carnegie Fault zone to the east of Pit 6
and screened in the shallow unconfined aguifer.
Exact location of the Carnegie Fault may be more
closely identified using one or more of the follow-
ing techniques: additional local detailed geologic
mapping; trenching in the arroyo adjacent to the
western edge of Pit 6; and/or, geophysical surveys
such as gravity, magnetic, and seismic. Potential
success of the geophysical techniques may be first
tested on the geclogic section exposed approximately
1,000 feet east of Pit 6 near the Ranger Well (see
Raber and Carpenter, 1983 and Carpenter and Peifer,
1983). The borehole for the new monitoring well
should be cored and/or geophysically logged with a
log that measures the dip of the formations
traversed by the borehole,

Air Quality. Ambient air monitoring for volatile
organics should be designed and implemented to
assess whether potential exposure of personnel
currently using the facility to hazardous materials
exists.

The air monitoring programs should be limited to
detection of escaping organics and gases. Several
{4-6) stations should be established along the
suspected burial trench areas as well as at upwind
and downwind perimeter stations to collect ambient
air samples with midgit impingers, charcoal tubes,
silica gel samplers or other adsorping media col-
lection systems. Qualitative analyses may be used
to screen all samples to assess if any differences
in ambient air quality at the near-ground surface
can be detected, If differences are noted, a series
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of potential detection methods for volatile organics,
trace gases and other conventional contaminants

may be employed to quantify the specific compounds
present,

7.2.3  INTERIM MEASURES

o]

SFR89/008

Site Access. Access to Pit 6 should be restricted
to reduce the possibility of exposure to hazardous
substances. The likelihood of volatilization of
wastes or the release of gases from buried cylinders
is an unquantifiable hazard to persons in the imme-
diate area of the landfill.

While site access is restricted to authorized per-
sonnel and visitors, an accidental release or chro-
nic exposure to hazardous substances will remain a
potential hazard to personnel using the landfill
area. As a minimum, restricted access and use of
the area should be implemented until the air gual-
ity and shallow surface soils analyses are com~
pleted. Alternatively, a security fence could be
erected around the pit perimeter and access
restricted.

Additional Soil Cover. As a precautionary measure
to provide additional protection to range users,
the landfill could be covered with one to three
feet of additional soil. The cover soil would
serve as a buffer against contact with landfill
soils.,
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Inventory of Waste Disposal at Pistol Range

Shipment 1, 7/1/&4

1 truck load
misc. dry waste drums, cargo pallets, netal parts
1 metal tank
2 glove bones
2 shell furnaces

Shipment 2, 7/B/&4

1 truck load
1 1Q. glove box
2 sm, glave boxes
1 degreaser
2 pallets of filters
misc. dry waste drums
1 lg. u-shaped ducting and other ducting
waste lumber and metal parts

Ehipment 3, 7/1%/64

1 truck load
B pallets of dry non-rad. wasto
1 metal! tank
2 drums full of varnish
4 pellets of cepacitore
1 pallet electron tubes
{ pallet ron-rad. wasto paper
misc. ducting

Shipment 4, 7/22/64

1 truck load

pallets sewer pipe and concrete
pallot gas bottles

pallet filters

stack old pallets

pallets of waste drums

pallets of S inch piping

N

Shipment S, 7/29/64

1 truck load
3 pallets capacitors {2 sm. and 2 lg.)}
! pallet gas bottles
18 pallets empty 0il drums
2 stacks old pallets

Ehipment &, B/%5/64

1 truck load
24 pallets empty oil drums



|

Shipment 7, B/12/64

1 truck load
24 pallets empty o0il drums

Shipment 8, 8/19/44

1 truck load
1 pallet capacitors
1 pallet waste drums
22 pallets empty ofl drums

Shipment §, B/24/64

1 truck load
22 pallets empty o0il drums

Shipment 10, 9/2/64

1 truck load
22 pallets empty oil drums

Bhipment 1{, 9/9/é4

1 truck load
1 2000-gal. tank
20 pallets of waste drums and waste 0il drums

Shipment 12, 9/14/64

1 truck load
1 B24-gal. tank full of waste paper an¢ green basket waste
8 stacks of 4x4 cargo pallets
2 pallets of capacitors
2 pallets of waste drums

Shipment 13, /23/44

1 truck load

1 2000-gal. tank full of carboys, lard cans (not contaminated)

and misc. parts

2 pallets of wooden boxes of misc, chemicals
pallet with 2 55-gal. waste drums and 2 30-gal. waste drums full of
misc., chemicals
woaden box full of waste paper
pallets waste o0il drums
pallets dry waste drums full of cans, boards, trash and misc. parts)
stacks of 4xd cargo pallets

[
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1 pallst of capacitors
2 sm. glove boxss

Shipment 14, &/30/64

1 truck load
2 2000-gal, tanks full of empty carboys (not hot), empty cans and misc.
parts
B pallets of ampty waste drums (black)
2 stacks of pallsts

Shipment 15, 10/7/44

1 truck load
1 steel tank 4x2x20 (rack)
5 small tanks I1x3x4 (w/lids)
7 stacks cargo pallets
2 pallets misc. parts

Shipment 14, 10/12/&4

1 sm. lowboy trailer
1 glove bow, 10x4x8
2 stacks cargo pallets
! pallet empty S-gal. cans
2 filters
2 pallets of J inch pipe

Shipment 17, 12/15/44

1 truck and 2 trailers

furnaces and hardware

1g. incloser (8xBx5)

glove box (4x8x3) w/vacuum cleaner
metal rack, hood, and table
Ducting .

1 1g. wooden box full of misc. trash

2 pallats of chips (1€ drums)
X pallets empty cil and waste drums
1 pallet of dry chemicals

2 pallete of capacitors

3 AL shelves

1 sink

J filters, 2x2x2

S glove box

2

1

1

1



Shipment 18, 2/24/6%5

1 truck load and 2 trailere
glove boxes

bench

PVC hocd

palliets of ducting
pallets of filters
stacks of old pallets
palliets of capacitors
small furnaces

pallets cf waste drums
1g. mercury contaminated manifold

“ AR NNDWR— =N

Shipment 19, 3/22/65

4 lard can® and 1 pkg. of dead animal waste (rats)

Shipment 20, 5/4/65

1 truck load with 2 trailers
pallets capacitors
pallets of filters
4x4x b6 enclosure

Ix4xT furnace

small glove box

pallets of trash cans
pallet of dollies

— (A re e A

Bhipment 21, &/8/65

1 set of doubles (Bx20x3)
2 pallets of drums
6 pallets capacitors
3 glove bowes
1 shop table
I pallets of pumps
1 pallet of transformers
misc. ducting
3 pallet ducting



Bhipment 22, &/8/45

2 lard cans containing animal wescte

Stipment 23, &/18/46%

S 55-gal. drume of animal waste {(rats, dogs and rabbits)
2 SS-gal. drums of wasto animals (rats'

Bhipment 28, 7/20/65

1 2000 gal. empty truck tanker

Shipment 2%, 7/27/65

1 truck and 2 trailers
1 1g. work table
S pallets Of capacitors
1 smpty S500-gal, water tanker
I pallets of empty drums
1 pallet of filters
20 4x4 pallets

Shipment 26, B/&/65

1 truck and 2 trailers
146 pallets of empty drums
4 pallets of capacitaore

Ehipment 27, 9/17/&5

1 truck and | trailer
& pallets of capacitors
1 pallet of drums
1 pallet of filters
2 pallets of misc. cans
1 pallet of carboys
i pallet of pipe

Bhipment 2B, 10/22/6&%

! truck and 1| trailer
1 19. glove box
3 sm., glove boxes
1 work table
1 pallet of filters and ducting



1 pallet of capacitors
2 1g. boxes
1 pallet drums

Bhipment 29, 2/25/66

1 drum animal waste (ram)

Bhipment 30, 3/1/46

1 truck and ! trailer
S pallets of drums
13 pallets of capacitors
1 lg. wooden box
15 4x4 pallets

Bhipment 31, 3I/28/é4é

1 truck and 1 trailer
2 1q. wooden boxes of trash
1 paliet of pipe and ducting
1 pallet of trash
i {000-gal. portable tank
S pallets of capacitors
3 stacks of pallets

Shipment 32, 4/1%9/66

1 truck and 1 trailer
€ pallets capaciters
3 glove boxes
2 pallets drums
2 pallets misc. and pipe
2 boxes mercury lights

Shipment 33X, §/10/66

3 cows
S bags of lime to cover animals and pit filled with dirt

Shipment 34, &/21/46

1 truck and i trailer
1 1g. wooden box
I pallets of ducting and tubing
4 pallets of 1g, filters
S pallets capacitors
1 pallet misc. metel bracing
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Shipment 3%,

7/1/66

1 truck and | trailer

b

vent hood

3 pallets of capacitors

- 1

glove bpox

10 drums
pallets of filters

- 3

s P pa

pallet fi
pellet mi

lter fittings
sc.

metal stand
pallet piping and duct work

Shipment 36,

1 trailer load
glove boxes

pallets of capacitors

S3-gal. drums

53-gal, drum of small capacitors
pallet assorted misc.

P a = N O

pallet of

Shipment 37,

1 trailer load
1 pallet 7,%5-gal. carboys
1 box capacitors
2 pallete misc.
10 55-gal, drums
1 roll #loering
2 30-qal, waste cans
2 pallets capacitors
2 pallets filters
1 300-gal, gas tank

Shipment 38,

1 trailer

s A B2 GE N AR S S

chemical

/9766

round capacitors

9/28/66

1/13/67

(sink type) lab work benches

pallets ducting

hood vent

tops

1g. fllters
pallety capacitors

pallets m

isc, cans and containers

pallet drums (4)

hoed tops

wooden glove boxes
1g. furnace
pallet metal sheets (sections)



Shipment 39, 1/16/67

3 cows

Ehipment 40, S/10/467

1 trailer
1 pallet sm. plastic pipes
1 pallet Qlasx doors
1 pallet filters
1 pallet lg. plastic pipes
i1 pallet ventilating ducting
2 pallets canvas and pipes
1 1g. pallet filters, motors, pipe
1 box pal capacitors, filters
12 pieces rectangular ducting

Bhipment 41, 5/13/&7

1 cow

Shipment 42, B8/11/67

1 40 ¢oot trailer
1 glove box
6 pallets of lard cans
] 1 1000~gal. tank
: 10 pallets of capacitors
1 box pallet misc. capacitors
1 pallet of red chamical drunms
1 pallet misc. piecez of equipmant
1 pallet of flexible tubing of various sizes
several 1q. (13 ft.) pieces of pipe and ducting

! Shipment 43, 9/1/67

Z cows

Shipment 44, 10/25/67

1 40 ft. trailer
& pallets capacitors
& carboys
2 10 #t, wocden boxes
14 drums misc.
2 pallets filters
2 pallets concrete blpcks
1 3 #t. wooden box
4 lard cans misc., gas bottles



Shipment 45, 11/1/67

4 technically contaminated calves

Bhipment 4&, S/12/48
1 40 ¥t, trailer

pallets capacitors

glove bcx

pallets drums

pallet woodan case filters
pallets wood planks

lg. wood box

pallet styrofoam

pes. aluminium ducting
pallet 1g. electrical coils

o r =t N e s 0O

Bhipment 47, U/24/68B

1 40 ft. trailer

pallets of wood from pit covers
paliets Gf drums

palists of capacitors

pallets of misc. ducting

20 $t, section a)l., ducting
pallet misc. metal (Fe) parts

- NN AR

Bhipment 4B, 9/1%/68

1 80 ¢t, trailer
9 retention tanks, no activity using portable alpa meta, no alpha,
beta readings with qeiger E-400
1 pallet technically contaminated waste (al brackets and cross braces
for storage shulves)

Shipment 4%, 7/2/64%

1 40 ft, trailer
box Ix&x4.5 misc. small junk
boxes approx. 200 sm. capatitors
1g. boxes approx. 50 sm. capacitors
ignition tube filled with Hg
mercury tubes
pallet PVC pipe
7 capacitoers

M=) NN -



i 1g. pallist soil samples

2 boxes depleted U23IB

146 drums, SS5-gal. compressed
1 pallet ef ducting - air

1 mercury lamp

Ehipment 30, B/29/4&9
3 drums of biomed waste (calfi carcass, feces, urine cowi feces,
yrine, milk, blood)
Shipment 31, 9/17/&%9
2B ignition tubes
B lid-filled drums
2 boxes sm. capacitors
25 capacitors
approx. 100 bowes 65.E.D.A.N. dirt
1 filter/D-38
1 drum Hg waste, later exhumed
S boxes/prefilters
19 drums/D-38, later exhumed
1 grum/Mulberry, later exhumed
Shipment 32, 9/24/6%

1 cow

Ehipment 53, 9/1/70

i mercury stripper, angd 34 drums (D-38)
771 capacitors

Shipment 54, 5/28/71

2 cows

Bhipment 55, 2/20/73

S cows and I ram
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[ SUMMARY

A geophysical investigation was performed at the Lawrence Livermore
Laboratory, Site 300, Pit No. € Dlspo§31 Area to explore for buried trenches
containing scrap meta) and laboratory animals. We used ground penetrating
radar and terrain conductivity measuremenis to delineate lateral variations
in the electrical properties of the subsurface as a means of determining the
trench locations. The terrain conductivity data indicate a high
conductivity area covering a large portion of the site. A considerable
number of anomalous radar returns occur in the same area. One
interpretation of this anomalous area is that it represents a single large
pit rather than the expected excavation configuration of several trenches.
This single large pit may also be the result of more than one episode of
excavation. Another interpretation is that the trenches exist in their
expected configuration and that the anomalous area represents an effluent
plume emanating from them. Alternatively, the terrain conductivity
anomalies could be due to local variations in moisture content, clay
content, or depth to groundwater, Similarily, many of the ground
penetrating radar anomalies could be caused by cobbles, boulders, animal

burrows, roots, etc.
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[T INTRODUCTION

This report presents the findings of a geophysical survey performed by
Detection Sciences, Inc. at the University of California, Lawrence Livermore
Laboratory, Site 300, Pit No. 6 Disposal Area near Livermore, California.
The survey is part of an on-going geotechnical fnvestigation being conducted
by CH2M Hill for the University of California. The objective of the
fnvestigation is to locate three large disposal trenches and to map the
aerial extent of any effluent that may have emznated from them.

The geophysical investigation was performed by Detection Sciences, Inc.
Geophysicist William E. Black and Technician James L. Wilder on September 18
and 19, 1984. Mr. Mike Concannon, CHZW HILL, provided logistical support
and furnished the necessary site maps. The geophysical investigation was
authorized under CH2M Hill“Purchase Order No. F248,

A. Site Description

Lawrence Livermore Laboratory, Site 300, is located east of the city of
Livermore, California in Corral Hollow Creek Canyon approximately three
miles west of Interstate 580. The area of investigation, formerly the Pit
No. 6 Disposal Area, is currently being used as a rifle range. The site is
situated on the north side of Corral Hollow Road, on gently sloping terrain,
and at the foot of a very steep row of hills that form the north wall of the
northwest trending canyon.

The site is approximately 300 feet square and is at an elevation of 700
feet. A crescent shaped row of berms approximately 10 feet high occupies

the southeast corner of the site and a paved road, or walkway, extends from

-2-
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the berms o the northwest corner of the site (see Plate 1). The ground
within the site boundaries is generally flat but is hummocky in some areas,
All vegetation was removed from the site by & controlled burn prior to the
start of the geophysical investigatioﬁ.

Reportedly, three large trenches were excavatad on the site and were
used to dispose of scrap metals (Plate 1). It fs our understanding that
these trenches were about 200 feet long, 12 to 20 feet wide and about 12
feet deep. Supposedly, the debris in the trenches were covered with about 5
feet of fill material. In addition, reports ingicate that a number of
smaller treénches were excavated in the northern portion of the site and that

these trenches were used to dispose of laboratory animals.

B. Purpose
The pyrpose of the geophysical investigation is tc determine the

location of the three large disposal trenches and, if possible, the small
animal trenches. An additicnal objective of the investigation is to map
the aerial extent of any effluent from the disposal area. Corroding metal
in the trenches would tend to fonize the effluent making it electrically
conductive and thus visible to geophysical methods that measure variations
in the electrical properties of the subsurface.

It {s our understanding that the findings of the geophysical
investigation will be used by CHZM Hill as & guide in locating test borings

and in evaluating the need for remedial measures.
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{. Previous Work

Previous geophysical work performed at the site Dy others consists of
terrain conductivity meascurements obtained in February and March of 1982,
In the 1982 study the terrain conductivity measurements were obtained over a
larger area than the present area of investigation and with a much lower
station density. However, the {nstrument used then allowed a greater depth

of penetration than that used in the present Study.

D. Scope of Work

To explore for trenches and effluent in the Pit Mo. 6 disposal area we
measured variations in the electrical properties of the subsurface using the
terrain conductivity (TC) and ground penetrating radar (GPR) methods.

We measured terrain conductivities at a total of 240 stations
distributed in a grid pattern covering most of the study area as shown on
Plate 1. GPR data were obt&ined along 14 north-south oriented traverses

comprising 3 total coverage of 4180 lineal feet,

4.
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111 DATA ACQUISITION

The theary of operation, general procedures, and instrumentation for
the two geophysical methods employed in this investigation are discussed in
Appeﬁdix A, Methodology. The specific procedures we followed in applying

these methods to this investigation are discussed below.

A. Terrajn Conductivity

TC measurements were obtained at stations distributed in & grid pattern
as shown on Plate 1. Our procedure was to traverse the site along
north-south profiles oriented parallel to the western boundary of the Site,
On each profile we took TC measurements and flagged each point at 20 foot
Intervals. We proceeded west to east across the site in this manner,
distributing the profiles at 25 foot intervals. The only departure from
this 20-5y-25 foot rectangular grid system is along the southern and eastern
portions of the area where the boundaries are irreqular (see Plate 1}. The
grid marked out by the 7lagging was then used to guide the subsequent GPR

survey.

8. Ground Penetrating Radar

The locations of the GPR traverses are shown on Plate 1. Wherever
possible we traversed the same grid that we used for the T measurements.
The only departure from this was in areas where access was limited by rough
greund or berms.  This resulted in a total of 14 north-south traverses,

distributed on 25-foot intervals and ranging in

5
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length from 255 to 340 feet.

We scanned each traverse using a 120 megahertz antenna, On the five
westernmost traverses, £E0+00 to E1+00, we towed the antenna behind a
four-whee] drive vehicle. On the remaining traverses we towed the antenmna
by hand. In order to establish geodetic controi, event marks were
electrically inscribed on the GPR records at 20 foot intervals along each
traverse. The intervals were determined by flagging that we had placed on

the ground during the TC survey,
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IV DATA ANALYSIS

A. Terrain Conguctivity

The electromagnetic induction instrument we used to obtain IC data
measures conductivity directly in units of millimhos per meter (mmho/m).
The conductivity values recorded in the field were plotted versus their
locations in plan view and then contoured to form the Terrain Conductivity

Map shown on Plate 2,

B. Groung Penetrating Radar

Our analysis of the GPR data consisted of a close inspection of the
graphical records for anomalous reflection patterns. The anomalies we
identified in this manner were plotted in plan view along with the GPR

tracklines as shown on Plate 3.
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v RESULTS

The findings of the geophysical investigation are presented on Plates
1-4, Plate 1 is a site plan showing the locatjons of the TC stations, the
PR tracklines and pertinent site features such .- the berms, the paved
areas and the suspected trench lccations (after University of California
Radiation Laboratory drawing no. P5C-73-300-002EB). Plate 2 is the Terrain
Conductivity Contour Map. Plate 3 shows the location of the GPR tracklines
and the various anoialies we identified. Finally, Plate 4 is a sample GPR

record showing some of the anomaly types depicted on :late 3.

A. Terrain Conductivity

The terrain conductivities vary from a low of 28 to a high of 116
millinhos per meter (mmho/m). However, these are extremes as most values
fall in the range of 40-80 mmho/m. Generally, values at the low end of the
range occur on the berms and are the result of a topographic effect.
Terrain conductivities near the upper end of the range, particularly above
90 mmho/m, occur in isolated areas and are probably due to buried metallic
objects.

The TC cﬁﬁtours shown on Plate 3 depict an area of high conductivity
which occupies a large portion of the site. A conductivity value of 60
mmho/m was arbitrarily chosen as the lower limit of this anomaly because its
contour depicts a more uniform shape and envelops more radar point source
anomalies than higher values. A lower value contour would have covered too
much of the site and could not be considered anomalous. The anomalous area,

which is shaded on the contour map, extends from the north-central site

-8-
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boundary to the southeast corner of the site. The high conductivities in
this area may be due to a higher moisture content in the soil, to a higher
goncentration of free ions in the saturating pore water or to a shallower
depth to ground water. The crescent shaped 2one of low conductivities which
interrupt the high conductivity area corresponds to the berms located in the

southeast quadrant of the site.

B. Ground Penetrating Radar

We identified three basic types of anomalies on the GPR records. These

are described below:

Type A - Point source reflectors. These are small, typically
isolated reflection patterns which usually have a hyperbolic
shape. They are usually caused by buried objects such as
pipelines, drums, cannisters, metallic debris, etc.,
however, they can also be due to natural sources such as
cobbles, boylders, animal burrows, roots, etc.

Type B - Zones of irregular or discontinuous stratigraphic
reflectors, These typically represent disturbed strata
caused by prior excavation, such as in a pit or trench,
however, this type of reflection pattern can also occur
where the antenna is pulled over rough, uneven ground.

Type C - Zones of weak or “washed-out* signal from stratigraphic
reflectors. These anoma)jes are typically due to localized .
areas of high conductivity which could result from increased

- moisture content and/or an increase in the concentration of
free ions in the pore water. Alternatively, the high
conductivity could indicate an increase in the clay content
of the soil. Since these zones tend tc be thin and of
limited extent they do not show up as terrain conductivity
ancmalies.
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Generally, the GPR records exhibit a limited depth of penetration and
limited resolution of subsurface features. This is probably due to a
relatively conductive and electrically homogeneous subsurface. Most of the
anomalies we {dentified are either poorly defined or very faint. The
exceptions are six type A anomalies, one type B anomaly and all of the ‘type
C anomalies. Those anomalies that are distinct are denoted by special
symbols on Plate 3. In addition, an example of two distinct Type A
anomalies and the only distinct Type 6 anomaly are shown on Plate 4.

In general, Plate 3 indicates that radar anomalies tend to be randomly
distributed across the site. However, there are some crude trends that
should be pointed out. For example, most of the Type A anomalies occur in
the east half of the site, specifically from Profile E1450 eastward. In
addition, there js a northeast trending alignment of GPR anomaljes in the
southwest portion of the s;;e. From the south end of Profile £0+00 to
Profile E0+75 this zone is comprised primarily of Type C anomalies.
Continuing northeast from E0+75 the zone is comprised of Type A anomalies.
At £1450 it blends into the 2one of widely scattered Type A anomalies that
occupy the east half of the site. There {s also a poorly defined trend
associated with the type B anomalies; generally they occur primarily in the

west half of the site.

C. Correlation

There is a rough correlation between the high conductivity area shown
on Plate 2 and the 20ne of Type A GPR anomalies which cover much of the
eastern portion of the site {Plate 3). In addition, most of the isolated

conductivity anomalies (» 90 mmho/m) shown on Plate 2 coincide with, or are

-10-
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close to, one or more Type A GPR anomalies. However, there does not appear

to be any correlation between the terrain conductivity contours and any of

the Type B or C anomalies.

-11-
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¥! DISCUSSION

Surprisingly, neither the TC or GPR data give any indication of the
three large scrap metal trenches or the small animal trenches that
reportedly exist on the site. The TC contours do suggest, however, that
there may have been a single large pit as indicated by the high conductivity
area shown on Plate 2. The widespread occurance of most of the Type A GPR
anomalies in the same general area may represent debris buried in this pit.
In addition, there appears to be a southwestward extension of type A and
type C anomalies which could represent a backfilled ramp leading into the
pit from the southwest corner of the site. It is also possible that there
have been several episodes of trenching and disposal to the point where
burjed debris (Type A anomalies) and disturbed strata (Type B and C
anoma)ies) now occupy much of the site. Another factor that weighs against
there beinj three separate scrap metal trenches, or at least that they are
located as shawn on the UCRL drawing (no. P5C-73-300-002EB), is that many of
the isolated conductivity highs shown on Plate 2 and the distinst Type A GPR
anomalies depicted on Plate 3, do not correcpond with the trench locations
shown on the drawings.

An alterﬁétive explanation for the high conductivity area shown on
Plate 2 is that the trenches exist in their expected location and that the
anomalous area represents conductive effluent from the scrap meta{ﬂtrenches.
However, this jnterpretation does not explain the widespread occurance of
Type A anomalies in the same area. Furthermore, it requires that conductive

leachate also emanates from the animal trencl.cs since the “plume" extends

up-gradient from the scrap hetal trenches.

-12-
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4l

METHODOLOGY

The electrical properties of earth materials vary with different
conditions or material types. Also, the earth has electrical properties
that can vary vertically and/or horizontally for a given area or depth in
proportion to the content of water or moisture, dissolved salts or free
fons, or buried conductive foreign objects. Thus, massive rock formations
or dry sand are pcor conductors because they contain very little moisture.
Conversely, fine grained materials are relatively good conductors since they
tend to hold moisture and may at times contain naturally occuring free ions.
The introduction of fluids that have high free fon content or other
conductive materials such as metallic debris can significantly increase the

electrical conductivity of both coarse and fine grained material.

A. Terrain Conductivity

For this survey we used a Geonics Model EM-31 to measure lateral
thanges in terrain conductivity. The EM-31 consists of a transmitting and a
receiving coil that are approximately 12 feet apart. The transmitting coil
induces, at a certain frequency, a circular eddy current loop in the earth
that is directiy proportional to the electrical conductivity of the material
it permeates. This current loop, in turn, gives rise to 3 magnetic field
which 1s proportional to the amount of current flowing within the loop. The
receiving coil detects this magnetic field and generates an output voltage
that is proportional to its intensity. The instrument is calibrated to
display this output voltage, which is linearly related to the terrain

conductivity, directly in units of millimhos per meter (mmho/m).
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Since the EM-31 transmits its signal into the earth through
electromagnetic induction, measurements are taken without direct ground
contact. Typically, the instrument is carried at hip level when used. At
each station the terrain conductivity Is read directly in mmho/m and
recorded for later use. At many stations the instrument may be rotated
about a vertical axis to check for anomalous lateral variations. In cases
where the reading changes significantly as the instrument {s rotated, the
high and low values are observed and the average reading recarded for that
particular station. The effective depth of penetration, which is & function
of the instrument height (about 3 feet) and the inmter-coil separation (12

feet), is approximately 18 feet.

B. Ground Penetrating Radar

Ground Penetrating Rad;r (GPR) is a shallow geophysical survey system
that provides a continuous real-time cross section of the subsurface
conditions. A radar impulse is transmitted into the ground where it is
reflected back at interfaces created by changes in the subsurface materials
ar conditions. The time it takes the impulses to reflect back to the radar
antenna corre;ponds to the depth of the particular interface. By recording
these depth-debendant fmpulses on a scanning time-based graphic¢ chart
recorder, a vertical profile of the ground is generated which shows the
longitudinal distribution of subsurface strata and other features over which
the radar antenna has passed.

At the interface of two materials, the radar impulse typically
undergoes an abrupt change in velocity causing some of the radar energy 10

be reflected back to the antenna on the ground surface. The amount of
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energy that is reflected is dependent on the contrast of the respective
radar velocities of the different materials. All materials with the
exception of metals are relatively transparent to the passage of radar
energy. Metals reflect all of the energy striking it's surface, so that
buried metal objects like pipes, rebar, or metal containers make excellent
targets. Since most materials are relatively transparent, multiple
reflections at various depths transmit back to the surface as the radar
signal propagates downward into the ground, thus revealing various
subsurface strata and/or conditions.

The penetration depth of the radar system depends on the operating
frequency of the radar antenna and the electrical conductivity of the
ground. Dperating frequencies range from 900 Megahertz providing penetration
up to a few feet for very high resolution surveys to 80 Megahertz for deeper
penetration surveys that cop be tens of feet. Other antenna frequencies of
600, 300, and 120 Megahertz are also available. Actual penetration
capabilities of any given antenna will be dependent upon the specific site
ground conductivity. As site conductivities increaase, the penetration
capability of a given antenna decreases. Generally, radar performance is
severely limitgd on sites where resistivities of 20 ohm-meters or less
predominate, 'COnversely. resistivities of several hundred ohm-meters or
more allow for very good radar results.

The radar instrumentation consists of a radar impulse generator and
control unit, transmitting/receiving antenna, analog graphic recorder,
optional magnetic tape recorder, and electrical power converter. Surveys
are conducted by moving the antenna aleng a surface at speeds normally about

one-half to one mile per hour. Depending upon the application, speeds much

A-3
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slower or faster can be used with the appropriate procedures and instrument
settings. The instrumentation can be stationary with 2 roving antenna
attached by a cable 30 to 60 meters long or the instrumentation can be

installed in a vehicle and the antenna towed behind.
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k Colfornio Analytical Laboratores, Inc.
9544 industrial Boulevard ¢ West Socromento, (A 9569 o (916) 3721303

November 28, 1984
Lab No. 19549, 19562
19620

Debbie Wallace

CH2M Hill

2200 Powell Street
Emeryville, CA $4608

Dear Debble:

Please include the following radiochemistry data with our
report of November 13, 1984.

pCi/L

CAL I.D. gross-a gross-b radium (Ra228)
19549-1 1.4 + 2.4 <10 3

-2 3.5 % 2.6 <10 3

-3 2.9 + 2.6 <10 <3

-4 1.4 % 2.4 <10 3
19562-1 3.9 £ 2.7 5.2 + 6.4 <3

-2 2.3 + 2.6 6.5 + 6.5 3

=3 3 <10 &)
19620 <3 <10 <3

Also, I have attached the EPA Method 608 results which we
forgot to include previously.

Sincerely,

Cgarles J. Soderquist, PhD

Vice President

CJS:nc

This report Is for the sols and sxdusive uss of the dient to whom k 5 oddressed.
Sampies not destroyed In testing are retolned © meximum of thirty (30) doys unless othenwise requested.



CRGANCCHLORINE PESTICIDES AND PCB'S

Sample 1.D, KG'I

EPA Method 608

6C Compound
alpha-BHC

gamma-B8HC
beta-BHC
heptachlor
delta-BHC
aldrin
heptachlor epoxidse
endosulfan 1/1I
p,p'-0CE
dielarin

endrin

p,p'-000
p,p'-C0OT

erdrin aldehyde
endosulfan sulfate
chlordane
toxaphene
PCB-1242
PCB-1254
PCa-1221
PCB-1232
PCB-124%

PREFARED 3Y
AFBICVED BY

CAL I1.D,1<)549-|

ug/L)(ppb) or ug/g (ppm)

£0.1

S
T

A

<10
< |

HENN
T

v

oate_f{-2 '}’%“7/

California Analytical Laboratories, Inc.



ORGANOCHLORINE PESTICIDES AND PCB'S
EPA Method 608

sample 1.0, Ké&-+ CAL 1.0.{(95%9-2

0C Compound ug/L)(ppb) or ug/g (ppm)
alpha-BHC <0. |

gamma-8HC
beta-8HC
heptachior
delta-BHC

aldrin

|

heptachlor epoxids
engosulfan I/II
p,p'-D0E

dieldrin

endrin

p,p'-DOD

p,p'-00T

endrin aldehyde

EERERNN

RERRRRRRRER

endosulfan sulfate

chlordane

>

taxaphene
PCB-1242
PCB-1254
PCa-1221
PCB-1232
PCB-1248
PC5-1280
PFC3-1015

A |l

Il

.
|

PREPARED BY

APPRGVED BY DATE ,]—27—'37[

California Analytical Laboratories, Inc.
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ORGANOCHLORINE PESTICIDES AND PCB'S
EPA Method 608

Sample 1.0. Ké&6-8% CAL 1.D. |9549-3

GC Compgund (ug/D {ppt) ar ug/g (ppm)
alpha-BHC <0. |

gamma=-BHL
beta-BHC
heptachlor
gelta-8HC
aldrin

|

heptachlor epoxide
endosulfan I/I1
p,p’'-00E

dieldrin

enorin

p,p'-00C

p,p'-0CT

endrin aldehyde

HNEERENE

endosu.fan sulfate v
chlordane < |
toxaphene (i)
PCB-1242 < |
PCB-1254
PCB-1221
PCB-1232
PCB-1248
PCB-1250
PC3-7316

PREPAREG BY
APPROVED BY DATE (/-27-'&/

California Analytical Laboratoeries, Inc.

J L

NRERR




ORGANOCHLORINE PESTICIDES AND PCB'S
EPA Method 608

Sample 1.0. E P6-8 CAL 1.0.[9549-49
0C_Compound ﬁ;;RD {ppb) or up/g (ppm)
alpha-BHC ~ <o. |
gamma-BHC I
beta-5rC —_—
heptzchlior

delta-BHC

aldrin

heptachlor epoxide
endosulfan 1/11
p.p'-00E

dieldrin

L]

HETTTETTT

enarin

p,p'-000
p,p'-207

endrin aldshydes

L

endosulfan sulfate

thlordane <
toxaphene < 10
PCB-1242 <
PCB-1254
PCB-1221
PCB~1232
PCB-1248
PCB-"250

pCs-1219

|
F

NERR

L]

PREPARED BY

APPRIVED BY_ (] DATE ||-2?’N

California Anclytical Laboratories, Inc.



ORGANOCHLORINE PESTICIDES AND FCB'S
EPA Methad 608

Sampla 1.0. Ké&-3 CAL 1.0.{9562-

0C_Compound ( ug/L) (ppb) or ug/g (ppm)
alpha-BHC _<0.\

gamma-BHC
beta-BHC
heptachlar
delta-BHC
alarin

heptachler epoxide
endosulfan I/II
£.p'-00E

dieldrin

engrin

=,p'-CLD

p.p'-00T

endrin alcehyde

T

gndosulfan sulfate

NAERENEREEE

chlordane
toxaphene < to
PCB-1242
PCB-1254
PCB-1221
PCB-1232
FCB-1248
PCB-1280

ACB-1216

PREFARED 3Y
APPROVED &Y OATE_][-2 3-8Y

California Rnalytical Laboratories, Inc.

L s
THITTT
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ORGANOCHLORINE PESTICIDES AND PCB'S

Sample I.0. [K&-4

EPA Method 608

QC Compound
alpha-8HC

gamma-8HC
beta-BHC
reptachlar
delta-8HC
aldrin
heptachlor epoxide
endosulfan I/I1
p,p'-00E
dieldrin

endarin

p,p'-000
p,p'-0CT

endrin alcdehyde
endosulfan sulfate
chlordane
toxaphene
PCB-1242
PCB-1254
PCB-1221
PCB-1232
PCB-1248
PCB-1280
PC3-1015

PREPARED BY
AFPRGVED BY

CAL I.0. [9562-2

ug/L) (ppb) or ug/g (ppm)

<0. 1

L

-

NEREN
T

.
N

<\
<10
<

|

L
|

\

California Analytical Laboratories, Inc.



ORGANOCHLORINE PESTICIDES AND PCB'S
EFA Method 608

sample 1.0. K 6-9 CAL 1.D. [9562-3

0C Compound {ué/Ll[ggb) or ug/g (ppm)
alpha-BHC <0, |

gamma-BHC
beta-BHC
heptachlor
delta-8BHC
aldrin

1
|

heptachlor epoxide
endosulfan I/I1
p,p'-0CE

dieldrin

L]
T

endrin

p,p'-000
p,p'-00T

endrin aldehyde

endosulfan sulfate A A
chlordane <]
toxapnere <10
PCB-1242 <
PCB-1254 e
PCB-1221 1
PCB-1232 1
PCB-1248 N
PCB-1260 1
PCB-1015 N

PREPARED 3Y

APPROVED Bt { oate /(-2 7 -2’7/

California Analytical Laboratories, Inc.



9544 Industriol Boulevard ¢ West Sooumento, (A 95691 « (916) 378-1393

— November 13, 1984
Lab No. 19459, 19562 &
19620
Received: 10/18, 10/20
&k 10/26/84
Job #F18728.4A0

? Calfornia Anaiytical Laboratories, Inc.

Debbie Wallace

CH2M Hill

2200 Powell Street
Emeryville, CA 94608

Fourteen water samples were received in varicus CAL Lab
containers to be analyzed as indicated below:

CAL I.D. Sample I.D.
19549-1 Ko-1
-2

K6-7
-3 K6-8
-4 EP6-8
-5 B619
-6 B6560
19562-1 K6-3
-2 K6-4
-3 K6-9
-4 B0O0OQO
-5 B4002
-6 B4o08
-7 B622
19620 Ranger

Samples 19549-5, -6 and 19562-4, -5, -6 and -7 vere analyzed
for halogenated volatiles by EPA Method 601. All other samples
were analyzed for organic Priority Pollutants by EPA Methods
608, 624 and 625; for Priority Pollutant metals by ICP and AA;
for pH, EC, and c¢hloride by standard wet chemical techniques;
and for gross-alpha, grogs-beta and total radium radioactivity.

RESULTS:

Results are on the attached data sheets and data table.

This report s for the sois and sxdusiva uss of the diert to whom R &5 oddressed.
Somples not destroyed In tasting ore retoined & maximun of thirty (30) doys uniess otheruiss requested.



PRIORITY POLLUTANT METALS
{EXPANDED LIST)
Data Sheet

SAMPLE ID: K6-1 CAL ID: 19549-1

Results (ppm)

Element mg/Kg or mg/L
Antimony 0.02
Arsenic 0.018
Beryllium <0.005
Cadmium €0.05
Chromium <0.01
Copper <0.05
Lead <0.05
Mercury <0.0005
Nickel <0.05
Selenium <0.005
Silver <0.01
Thallium <0.01
Zinc 0.014

Additional Elements

Aluminum {0.2
Barium <0.1
Boron 1.8
Cobalt <0.05
Iron 0.05
Manganese 0.099
Vanadiug 0.2

Values for solids are based on wet weight,

PREPARED BY
(/ ’( }a;
APPROVED BY DATE

California Analytical Laboratories, Inc.



PRIORITY POLLUTANT METALS
(EXPANDED LIST)

Data Sheet
SAMPLE 1D: K6-3 o CAL ID: 19562-1

Results (ppm)
Element mg/Kg or mg/L
Antlmony €0.02
Arsenic 0.014
Beryllium <0.005
Cadmium 0.089
Chromium 0.017
Copper 0.078
Lead <0.05
Mercury <0.0005
Nickel 0.051
Selenium <0.005
Silver <0.01
Thallium ' 0.0
Zinc 0.99

Additional Elements

Aluminum 5.2
Barium <0.1
Boron 1.2
Cobalt <0.05
'Iron 2.4
Manganese 0.31
Vanadium 0.2

Values for solids are based on wet weight.

PREPARED BY - f?
{t /J
APPROVED BY DATE

California Analytical Laboratories, Inc.



PRIORITY POLLUTANT METALS
(EXPANDED LIST)

Data Sheet
SAMPLE ID: Kb6-4 CAL ID: 19562-2

Results (ppm)
Element ng/Kg or mg/L
Antimony €0.02
Arsenic 0.012
Beryilium <G.005
Cadmium 0.060
Chromium 0.019
Copper 0.093
Lead <0.05
Mercury <0.0005
Nickel <0.05
Selenium <0,005
Silver <0.01
Thallium <0.01
Zinc 0.97

Additional Elements

Aluminum 3.0
Barium 0.10
Boron 1.8
Cobalt <0.05
Iron 4.0
Manganese 0.62
Vanadium 0.2

Values for solids are based on wet weight.

P

PREPARED BY L) .
it/ ¥

APPROVED BY DATE /

California Analytical Laboratories, Inc.



PRIORITY POLLUTANT METALS
(EXPANDED LIST)

Data Sheet
SAMPLE ID: K6-7 CAL ID: 19549-2

Results (ppm)
Element mg/Kg or mg/L
Antimony <0.02
Arsenic 0.015
Boryllium £0.005
Cadmium <0.05
Chromium <0.01
Copper <0.05
Lead <0.05
Mercury <0.0005
Nickel <0.05
Se.eniun <0.005
Silver <0.01
Thalliug <0.01
Zinc <0.01

"Additional Elepents

Aluminum 0.2
Barium <0.1
Boron 1.2
Cobal: <0.05
Ireon 0.064
Manganese - 0.023
Vanadium <0.2

Values for solids are based on wet weight,

PREPARED BY @ ,/ f’l
APPROVED BY ga ; oare (/{3

California Analytical Laboratories, Inc.



PRIORITY POLLUTANT METALS
(EXPANDED LIST)

Data Sheet
SAMPLE ID: K6-8 CAL ID: 19549-3

Results (ppm)
Element ng/Ke or mg/L
Antimony <0.02
Arsenic 0.015
Beryllium <0.005
Cadmium <0.05
Chromium <0.01
Copper .05
Lead <0.05
Mercury <0.0005
Nickel <0.05
Selenium <0.005
Silver 0.0
Thallium <0.0
Zinc 0.016

Additional Elements

Aluminum €0.2
Barium <0.1
Boron 0.93
Cobalt <0.05
Iron <0.05
Manganese 0.015
Vanadium <0.2

Values for solids are based on wet weight.

¢

PREPARED BY
APPROVED BY DATE (! /J, }ﬁé

California Analytical Laboratories, Inc.



PRIORITY POLLUTANT METALS
(EXPANDED LIST)

Data Sheet
SAMPLE ID: EP6-8 CAL ID: 19549-4

Results (ppm)
Element mg/Kg or mg/L
Antimony <0.02
Arsenic 0.013
Beryllium : <0.005
Cadnium <0.05
Chromium <0.01
Copper <0.05
Lead <0.05
Mercury <0.0005
Nickel <0.05
Selenium <0.005
Silver <0.01
Thallium <0.01
Zinc <0.01

Additional Elements

Aluminum <0.2
Barium <0.1
Boron 1.1
Cobalt <0.0%
Iron <0.05
Manganese 0.016
Vanadium 0.2

Values for solids are based on wet weight,

PREPARED BY
g (b
APPROVED BY DATE /

California Analytical Laboratories, Inc.



PRIORITY POLLUTANT METALS
(EXPANDED LIST,

Data Sheet
SAMPLE ID: _K6-9 CAL ID: _19562-3

Results (ppm)
Element mg/Kg or mg/L
Antimony <0.02
Arsenic 0.011
Beryllium <0.005
Cadmiunm <0.05
Chromium 0.011
Copper <0.05
Lead <0.05
Mercury <0.0005
Nickel <0.05
Selenium <0.005
Silver <0.01
Thallium <0.01
Zinc 0.032

Additional Elements

Aluminum 0.26
Barium <0.1
Boron ' 1.8
Cobalt €0.05 .
Iron 0.35
Manganese 0.048
Vanadium 0.2

Values for solids are based on wet weight.

PREPARED BY ¢ , -
' (I/J/ﬁ[
APPROVED BY DATE

California Anclytical Laboratories, Inc.



PRICGRITY POLLUTANT METALS
(EXPANDED LIST)

Data Sheet
/
SAMPLE ID: _ Ranger CAL ID: _19620
Results (ppm)
Element : pg/Kg or mg/L
Antimony <0.02
Arsenic <0.01
Beryllium €0.005
Cadmium <0.05
Chromium <0.01
Copper <0.05
Lead <0.05
Mercury <0.0005
Nickel <0.05
Selenium <0.005
Silver <0.01
Thallium <0.01
Zinc 0.036
Additional Elements
Aluminum <0.2
Barium <0.1
Boron -1.9
Cobalt <0.05
Iron <0.05
Manganese 0.058
Vanadium 0.2

Values for solids are based on wet weight.

PREPARED BY
APPROVED BY DATE

(! /J’ Da}‘

California Analytical Laboratories, Inc.



VOLATILE HALOGENATED ORGANICS
EPA Method 601
Data Sheet

sample 1.0. B41G CAL L.C. 19549

Cfgiib{ppb) or ug/p (ppm)

1,1-0ichlaoroethylene
1,1-0ichloroethane
trans-1,2-0ichlorpoethylene
Chlaroform 3,0
1,1,2-Trichleoro-2,2,1-triflucroethane
1,2-0ichloroethane

1,1,1-Trichloroethane

Carbon tetrachlorice 2 5
Bromodichloromethane

1,2-0ichloropropane

cis-1,3-0ichloreopropylene

Trichloroethylene

trans-1,3-0Oicniorocragylene

1,1,2-Tricrloroethane

Dibromochloromethane

1,2-0ibromoethane

Bromoform

Tetrachlargethylene

1,1,2,2-Tetrachloroethane

Chlorobenzene

DETECTION LIMIT (2 5

PREPARED BY
APPROVED BY DATE -5___*5\7_

California Anolyticol Laborotories, Inc.



VOLATILE HALOGENATED QRGANICS
EPA Metnoag &C*Y

Date Sheet

sampiz 1.0. B6S6O ca 1. 9545 -4

CngZ)(ppb) or ug/g (ppm)

:

1,1-Dichlaroethylene

1,1-Dichlaroethane

trans-1,2-Dichloroethylene
Chloroform
1,1,2-Trichloro-2,2,1-trifluoroethane

1,2-Cichloroethene

AN

il

1,1,1-Tricrloroethane
Carbon tetrachloride

Bromodichloromethane

1,2-0ichlorapropane

cis-1,3-Dichloropropylerne

Trichioroetnylene
trans-1,3-0ichloropropylene
1,1.2-Trichloroethane
Oibromochloromethane
1,2-Dibromgethane

Bromoform

Tetrachloroethylene

1,1,2,2-Tetrachloraethane

Chiorobenzene

s L |
B T

BETECTION LIMIT

APPazVED 2Y_(Pq?) DATE

PREFLARED

(8]

\
Yy

California Analytical Laboratories, Inc.



VOLATILE HALOGENATED ORGANICS
EPA Methoc 601

Data Sneet

Sample I.C. EOQQQ CAL 1.0. {25_6_2-_‘14

Cu%/L hgps] or ug/g (ppm)

[

1,%-Cicnloroethylene
1,%~J:1chloroethane
trens-1,2-0ichlaroethylene
Chloroform

1,1,2-Trichloro-2,2,1-trifluoroethane

1,2-0ichloroethane

1,1,1-Trichloroethane
Carbon tatrachloride
Brompgichloromethane
1,2-0ichloropropane
cis=1,3-Dichloropropylene
Trichlorcethylene
trens-1,3-Cichloropropylene
1,1,2-Trichloroethane
Oibromochloromethane

1,2-Dibromoethane

Bromoform
Tatrachloroethylene

1,1,2,2-1etrachlorcethane

Chlorobenzene

R P

DETECTION LIMIT

PREPARED BY

APPROVED oY OATE ”" F\h%-’l

California Analytical Laboratories, Inc.



VOLATILE HALOGENATED ORGANICS

EPA Megthod BTG

fata Sneet

Semple I.2. PHOORA

1,1-0icnioroethylene
1,1-01cnloroetheane
trans-1,2-0ichloroethylene

Chloraofarm

1,%.,2-Tricnloro-2,2,7-triflugroethane

1,2-0Dichloroetheane
1,1,1-Trichloroethane
Carhon tetrachloride
Bromccicn.oromethane
1,2-Cighizropropene
cis-1,3-DOizhlorcgropyiene
Trichliorpethylere
trans-1,3-0ichlorcpropylere
1,1,2-Trichleocrcethane
Uibromachloromethane
1,2-0ibromoethane
Bromoform
Tetrachloroethylene
1,1,2,2-Tetrachloroethane

Chlorobenzene

CETECTICN LIMIT

PREPAREC 3/_9K
wpercves s (oAt

—_—
—_—
_—
—_—
—_—
—_—
—_

Colifornia Analyticol Loborotories. Inc.



VOLATILE HALDGENATED DRGANICS
EPA Method 601
Data Sheet

ssmple 1.0, PHOCD CAL 1.0. [99h=-4

/L) (ppb) or ug/g {ppm)

. A
1,1-0ichloroethylene MDD
1,1-0xchloroethane
trans-1,2-Cichloroethylene

Chloroform

1,1,2-Trighloro-2,2,1-trifluoroethane
1,2-0ichloroethane I
1,1,1-Trichloroethane
Carbon tetrachloride
Bromoaichloromethane
1,2-Bichloropropane
cis-1,3-Dichloropropylene
Trichloroethylene
trans-1,3-0ichlcropropylene
1,1,2-Trichloroethane
Oibromochloromethane
1,2-Dibromoethane

Bromoform

Tetrachloroethylene ;

1,1,2, Z-Tetrachloroet—‘:gfn_a
Chlorobenzene ’ ] r

: i
DETECTION LINIT © f/ ’ P05
/

PREPARED 3Y_9H)

approven By (B pate /)= & ~

California Anclyticol Laboratories. Inc.



VOLATILE HALODGENATEDQ ORGANICS
EPA Method 601
Data Sheet:

Semple 1.2, sﬁa?\ CAL 1.0, /"2‘552"7

Cg%zp (ppb) or ug/g (opm)

:

1,1-Dizhloroethylene

:

1,1-Cicnloroethane
trans-"1,2-0ichloroethylene

Chliorofarm
1,1,2-Trichloro-2,¢,1-trifluorcethane

T

1,2-Dichlproethane

1,1,%-Trichloroethene

|
1

Carpon tetrachloricge
Bromodiznloromethane
1,2-0ichlorepreopane
cis-1,3-O0ichloropropylere
Triecnlcroethylene
trans-41,3-Cichlerogropy.ene
1,1,2-Trichloroethane

Ditrompchlargmetnane

REEENEE
T

1,2-Dibromoethene

]

gromoftarm
Tetrachloroethylene
1,1,2,2-Tetrachloroethane

i

L

P

Chlorobenzene

S

DETECTION LIMIT

/
/
I
PREPARED 2Y
APPROVED 8Y > pate [{- &

California Analytical Laboratories, Inc.



EPA METHCD 626 (EXPANGED)

Dsta sheet
CLIENT 1D: K6 - Y CAL LAB MO: 19549-1
L] YOLATILES g/t
2v scrolein <100
v scrylonitrile <100
&Y benzere <5
&Y carbon retrachior:ce <§
7V chlorobenzene <
10v 1,2-dichloroethane <S5
1y 1,1,1-trichioroethane 5
13y 1, 1-cichlorosthane S
&V 1,1,2-trichloroethane <
15v 1,1,2,2- tetrachloroethane <10
16v chiorosthane 0
W 2-chlorosthylvimyl ether <10
23V chiorotorm <5
2V 1,1 -dichloroethere <5
30v trans-1,2-dichioroethens &
32v 1,2-dichioropropsne <10
33v 1,3-dichloropropene <5
38v  ethylbenzene <
44V  methylene chioride <5
45V chloramethane 0
45V  bromomethene <10
47y  bromofors <10
A8V bramodichiorometnane <5
49y  fluorotrichloromethane «10
50V dichlorodifluorusethane <10
51V chiorodi bromomethane <5
85V tetrachioroethene <5
8V tolutne <
A7v trichloroethene )
8av vinyl chiorice <0

NON-PRIORITY POLLUTANT MAZARDOUS SUBSTANCES LIST COMPOLMDS

CL13  acetone <5
CL14  2-butanone <5
CL1S carbandisulfide <§
CL156 2-hexanone <§
CL17  &-methyi-2-pentwnone <5
CLI8 styrene <5
CL19  vinyl scetate <5
€120 total aylenes <

The tess-than (<) symbol means ®not present ot of Wove the indicated
value (getection limit)®,

Prepared by: DB
Approved by: /jﬂ Date: /2/

Colifornio Analytical Laboratories, Inc.



EPA METHAD 624 (EXPAMDED)

Dats sheet
CLIENT 10: K6 - 7 CAL LAR WO: 1954%-2
PPe VOLATLLES vl
2V acrolein <100
IV acrylonitrile <100
4V benzant <5
4V carbon tetrachiorice <5
¥ chlorobenzene <5
10v 1,2-dichlaroethane <5
1V 1,9,)-trichloroethene <5
1W 1, 1-dichlorosthane <5
%Y 1,1.2-trichioroethene <5
1S 1,1,2,2-tetrachiorosthans <D
16V  chlorosthene <0
1% 2-chioroethylvinyl ether <§0
8¢ chlgroform <
2N 1, 1-dichloroethene &
30v w1, 2-dichloroethene o
32y +-di chioropropane <10
3V . -dichioropropene <
S8V athylbenzene [+
&LV mathylene chloride <5
45Y chiorasethane <«
46V bromomethane 10
4V bromoform <10
8¢ bromodichloromethsne <5
&9v  flyoratrichioromethane <10
SOV dichtorodifluoromethane <10
51¥  chiorodibromome thare <5
85¥ tetrachloroethene S
B8V roluene <§
8N trichloroethene <&
88V vinyl chlorice <10

BON-PRIORITY POLLUTANT HAZARDCUS SUBSTANCES LIST COMPOUNDS

€L13  acetone S
CL14  2-butancre <
CL1S  carbondisulfide <5
CL1§  2-hexanone &
CLI? 4-wethyi-2-pentanone <5
CL1A  atyrene <5
CL19 vinyl acetate <5
CL20 total xylenes <5

The less-than (<) symbol meens “not present at or sbove the indicared
value (detection limit)~,

Prepared by: ‘E
spproved by: Ml % vate: _H4

Califernia Analytical Laboratories, Inc.



CLIENT ID: K6 - B

i
4
v
&
6v

n
10v
11v
13v
1%y
15v
16v
1%
av
ol
3ov
v
By
i8v
v
45v
hbv
&7V
A8V
3]
Sov
Sty
8y
B6v
B
sy

EPA METHOD 624 (EXPANDED}
Oats sheet

VOLATILES

acrolein

scrylonitrite

banzene

carbon tetrachioride
chlorobenzene
1,2-dichloroethane
1,1,1-trichlorosthane
1,1-dichloroethane
1,1,2-trichioroathane
1,1,2,2  tetrachloroethane
chioroethane
2-chloroethyivinyl ether
chloroform
1,1-dichloroethene
trans 1, 2-dichloroethene
1,2-dichloropr opane
1,3-dichloropropene
ethylbenlene

methylene chioride
chloromethane
bromcmethehe

bromoform
bromodichloramethane
fluorotrichloramethane
dichlorodifluoromethane
chiorodibramomethane
tetrach(oroethene
toluene

trichloroethene

vinyl chloride

CAL LAB NO: 19549-3

wit

<100
<100

5
<
<5

<5

<10
<10
<19

<5
<10
<
<
<
<10
<0
<iD
<5
0
<10
<5
S
<5
S
<10

NON-PAEORITY POLLUTANT MAZARDOMS SUBSTANCES L1ST COMPOUNDS

3
CL14
cLts
CLié
=414
g
cL19
cL20

acetone

2-butanone
carbordisul fide
2-hexsnone
&-methy(-2-pentanone
styrene

vinyl acetate

totsl xylenes

[ e XN e e N e S

The less-than (<) symbol means ®nat present at or above the irdicated

valus (detection Limit)v.

Prepered by:
Appraved by:

i

Date: //é Zf;&

Caolifornia Analytical Laboratories, Inc.



EPA FETHOD 626 (EXPANDED)

Date sheet

CLIENT 1D: EPS - 8

i

v
v
&
&v
n
0ov
1Y
13v
Wy
5v

YOLATILES

sctolein

scrylonitrile

benzere

corbon tetrachiorice
chlorobentene
1,2-dichioroathsne

1,1, 1-trichlorosthane
1,1-dichloroethane
1,1,2-trichloroschane
1,1,2,2-1etrachlorosthanm
chiorosthane
2-chlorosthylvinyl ether
chlorofora

1, 1-dichlorosthene
trans- 1,2-dichiorosthene
1,2-dichioropropane
1,3-dichloropropene
ethylbenzene

ssthylens chloride
chioromethane
bromsomethane

bromatorm

bromodich torame thane
fluorgtrichloromethane
dichlorodi fluoromethane
chlorodibrommethane
tetrachioroethene
toluene

trichloroethene

vimyl chloride

CAL LAB MO: 19549-4

wn

<100
<100

<
<5

<10
<10
<10

<10

<10

HOM-PRIORITY POLLUTANT HAZARDOUS SUBSTANCES LIST COMPOUMDS

CL13
CL4
cLis
CL
cL7
CLi8
cL1e
cL20

acetone

2-butanone
carbondisul fide
2-hexanone
&-mathyl-2-pentancone
styrene

vinyl acetate

total aylenes

<
<5
<5
<5
<5
<5
<5
<5

The Less-then (<) symbol means "not present at or abave the irdicated
valus (cetsction L.mit)®.

Prepared by: m
I

Approved by:

Date: d/ é Zéi

California Analytical Laboratories, inc.



CLIENT 1D: K6 - 4

PPt

v

v

W

v

4l
10V
1y
13y
1%y
15v
16Y
19v
2V
v
3oV
12v
33V
38v
v
WSy
v
&N
[3.4
11,
Sov
51y
L1
85V
sty
88V

EPA METHOD 624 (EXPANDED)

Data sheet

VOLATILES

scrolein

scrylonitrile

benzene

carbon tetrachloride
chlorobenzene
1,2-dichloroethane
1,1,1-trichloroethane
1,1-dichlaoroethane
1,1,2-trichloroethane
1,1,2,2 - tetrachlarosthane
chiorosthane
2-chioroethylvinyl ether
chlorpform
1,1-dichloroethens
trans-1,2-dichlorosthene
1,2-dichLoropropane
1,3-dichloropropene
othy|benzens

methylens chioride
chloromethane
brosomsthane

bromotorm

bramodicht oromethane
fluorotrichloromethane
dichlorodif luorcmethane
chlorodibromomethane
tetrachloroethene
toluene

trichloroethene

vinyl chloride

CAL LAB MO: 19562-2

148

<100
<100
<5
<5
[+3
[+3
<5
<
<5
<10
<10
<10
<
<5
<
<10
<5
<§
<5
<10
«\0
<14
<5
<10
«10
5
<
<5
<5
<10

NON-PRIORITY POLLUTANT HAZARDOUS SUBSTANCES LIST COMPOUIDS

cL13
CLié
[« B H]
[=8].]
7
cL18
cLi9
2o

acetone

2-butanone
carbordisul fide
2-hexanone
&-methyl - 2- pentanone
styrene

vinyl scetate

total xylenes

L)
<
<5
<5
<5
<5
<
<

The (ess-than (<) symbol means ¥not present at or above the indicsted

value {(detection Limit)e.

Prepared by: !é
Approved by: éﬂél

California Analytical Laboratorizs, Inc.



EPA METHGD 624 (EXPANDED)

Oata shest

CLIENT 1D: X6 - 3

pes

4]
v
4V
&v
N
ov
v
13v
v
15v
16v
19V

44V
45v
&y
v
oy
v
S0v
S1v
a5y
sy
s
88y

YOLATILES

scrolein

scrylonitrile

benzene

carbon tetrachioride
chlorobenzene
1,2-dichiorosthane
1,1,1-trichioroethene
1,1-dichloroethae
1,1,2-trichioroethone
1,1,2,2-tstrachloroathane
chloroethane
2+chioroethylvinyl ether
chloroform
{,1-dichloroethene
trans-1,2-dichloroethens
1,2-dich|oropropane
1,3-dichioropropene
sthylbenzene

methylane chioride
chloramethane
bromomethane

bromoforn

bromodi chioromethene
fluorotrichlorome thane
dichlorodifluorome thane
chlorodibromomethane
tetrachloroethens
toluene

trichloroethene

vinyl chicride

CAL LAD NO: 19562-1

WL

<100
<10
<5
<5
<
<5
<5
)
<5
<10
<10
<«\Q
<§
<
<5
(31}
(2]
S
160
<1p
<10
<10
<5
<\0
<D
<5
<5
<3
<5
<10

NON-PREDRITY POLLUTANT HAZARDOUS SUBSTANCES LIST COMPOUNDS

€Ll
LY
s
é
oLy
cL18
@y
[« ¥i}

acetone

2-butanane
carbordisul fide
2-hexsnone

&-methyt - 2- pentanone
styrene

vinyl acetste

total Kylenes

S
<$
<5
<5
<5
<5
S
<5

The Less then (<) sysbol BEans *not present at or above the indicated
value (detection Limit)®,

pis)

Prepared by:
Approved by:

__Hit

Colifornia Analytical Laboratories, Inc.



EPA METHAD 624 (EXPANDED)

Data shent

CLIENT J0: K6 - ¢

pre
P
v
o
o
N
1ov
1y
13v
%
15¢
6%
w
W
b2yl
Jov
v
33y
v

“w
“5v
4oV
N
(.1
oY
S50V
51V
a5
8V
s
aav

YOLATILES

wcrotein

scrylonitrile

benzene

carbon tetrachioride
chiorobenzene
1,2-dichloroethans

1,1,1- trichloroethane
1,1-dichloroathene
1,1,2-trichloroathane
1,1,2,2-retrachioroethane
chloroathane
2-chloroathylvinyl ether
chioroform
1,1-dichloroethena
trers-1,2-dichioroethene
1,2-dichioropropane
1,3-dichioropropene
sthylbenzene

mthylene chioride
chloromstherw

b omoshe t hane

bromoforn

bromodi chlorome thane
fluorotrichioromethane
dichlorodifiuoromethane
chiorodibramome thane
tatrachlorogthene
toluene

trichloroethene

vinyl chloride

CAL LAB NO: 19562-3

g/t
<100

<100

3]

]
<5
S
<5
[}
<10
<10
<10
[$]
<5
[+
<10
<
<5
<5
<10
<10
<10
L+
<10
<10
<5
<5
<5
<5
<10

HON-PRIORITY POLLUTANT HAZARDOUS SUBSTANCES LIST COMPOLMDS

cL13
CLi4
cL1s
cLis
cLy?
cLe
9
cL20

scetone

2-butanone
carbondisul fide
2-hexanone

4-mathyl - 2- pentahcne
styrens

vinyl acetste

total xytenes

<
<5
<5
<
<5
<5
<5
<

The less-than (<) symbol seans "not present at or sbove the indicated
value (detection limit)®,

Prepared by: ’_Dﬁ

Approved by: [%Z’ ﬂ

Date: __ /12 /ﬂ

California Analytical Laboratories, Inc.



CLIENT 1D: RANGER

pee

EPA METHOD 624 (EXPANDED)
Data sheet

YOLATILES

2V scrolein

3v acrylonitriie

4V benzene

&Y cerbon tetrachloride

TV chiorobenzene

10v 1,2-dichloroethane

17v  1,1,1-trichlofoethane
13 1,1-dichioroethane

14y 1,1,2-trichiorosthane
15V 1,1,2,2-tetrachloroathane
16V chiorosthane

19 2-chloroathylviny( ether
23v chloroform

2V 1,t-dichlorosthene

0V trems-1,2-dichioroethern
I2v 1,2-dichioropropene

33y 1,3-dichloropropene

33V ethylbeniene

44y  methylens chloride

45V chioromethane

&4V bromomsthane

¢V brasoform

48y bromodichioramethane
A%V fluorotrichloromethane
50y dichtorodifluoromethane
51y chlorodit fomomethene
85v tetrachlotosthers

8V  tolusne

AN trichloroethene

8%V viryl chloriae

CAL LAB NO: 19620-1

w/L

Lali )]
00
<5
<5
<
L)
<
[+
<5
«0
10
<1}
<
<5
<5
<10
<
[+
(3]
0
g
<L
33
«\0
<10
<5
<«
<
<
<10

NON-PRIORTTY POLLUTAMT HAZARDOUS SUBSTANCES LIST COMPOLNDS

CL13 acetone

CL14  2-butanone

CLY5 carbordisuifide
CL16  2-hexanonse

CLIT &-methyl-2-pentancne
CLI8 styrene

CLI? winyl acetate

€L20 totai xylenes

<5
<
<5
<5
<5
<5
<5
&

The loss-than (¢} symbol means "not present at of shove the indicated

vatue (detection iimit)®.

Prepared by: Qé
Approved by: érﬂ‘Z!

Date: //(/ 2—/!_'1

California Analytical Laboratories, Inc.
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EPA METHD 625 PRIORLTY POLLUTANTS
Data Sheet

CLIENT ID: K& - 1 CAL LAB No: 1954%-1

[aad ACID COMPOLMDS il PP BASE/WEUTRAL (OWGUMDS  ug/t
21A 2,6,6-trichlorophenol <10 408 4-chiorophenyl phenyl ether <10
22A p-chloro-m-cresol <10 519 4-bromophenyl phenyl ether <\
24A 2-chlorophenol «10 429 bis(2-chloroisopropyl) ether <20
31A 2,4-dichlorephenol «g 433 bis(2-chlorosthoxy) mathane 0
JM 2,4~-dissthylphanol <10 528 hexachlorotutadiene <10

A 2- nitrqi\oml 0 538 hexachlorocyclopentadiene <10
5& 4-nitrophanol <50 50 {sophoronm <0
58A 2,4-ainitroghenc! <30 558 naphthalene U
60A 4,6-dinitro-o-cresol 0 568 nitrobsnzene it
bl pmuc.hluqmml <10 628 ¥-nitrosodiphenylemine G
654 pheno! <10 638 #-nicrosodipropylemine <19

668 Din(2-athylheayl)phthalate

s

BASE/MELTRAL CUMPOUNDS 678 beruyl butyl phthalate S0

. 608 di-n-butyl phthalate <10

18 scenaphthene <10 698 di-n-octyl ghthalate <10
56 benzidio w0 TOs diethyl phthalate 0
88 1,2.4-trichlorobenzene <10 718 dimethyl phthalate <10
98 hexschlorobenzene <10 720 berzo(a)anthracene <10
128 hexechlorosthane <10 738 benzo(s)pyrens «20
188 bis(2-chloroethyl)ether <10 743 benzo(b) ! luoranthene <20
208 2-chioronaghthalens <10 758 benzo(k)fluwranthene <20%
254 1,2-dichiorcbanzene <10 768 chrysers <20
268 1,3-dichiorcbentens <10 T78 acenaphthylene «10
278 1,4-dichlorchenzene <10 T8 anthracens <10
2% 3, 3' -dichlorobenzidine <20 798 benzo(ghilperylene <20
158 2,4-dinitrotoluene <0 808 fluorene «10
348 2,6-dinitrotoluene <20 818 phamenthrens <10
n I,Z~dim¢wlhyuruim B28 dibenza(s,h)snthracens <20
(a3 szobenzens) @0 833 indeno(1,2,3-cdipyrene <20

398 fluoranthens <10 849 pyrene «0
1. aldrin <10 8. dieldrin 130}
2. B-BKC <10 9. endosulfan sulfate <20
3. 0-BMC <10 10. endrin eldehyce <20
4. chlordane <100 11. beptachior <10
S. &,&'-000 <10 12. heptachior epaxide <10
b, &,61-D0f <10 13, PC8 <50
7. &,60-00T <10 16, toxsphene <500

* . campounds co-elute - analysed a5 & single cospound
The less-than (<) symbol meahs “not present at of above the indicated vaiue (detection

Limin)®,
DATE: /f/z/?‘i

PREPARED 8Y:
soreoven 81: A

Californic Analyticol Laborotories, inc.



EPA METHOD 625 PRIORITY POLLUTANTS
Dats shest

CLIEWT 1D: K6 - T

PP# ACID COWONDS

214 2,4,6-trichlorophencl
224 p-ehloro-wcrenol
26A 2-chlorophanol

3t 2,4-dichlorophens(
34A 2,4 dimethylpnenol
574 2-nitrophenol

S8A 4-nitrophenct

SOA 2,4-dinitrophenol
80A 4,6-dinitro-o-crasol
6 pentachlorophenol
454 phenol

PASE/NEUTRAL COMPOUNDS

18 acenaphtherw

58 benzidine

8 1,2,4-trichlorobenzent
28 hexachlorobenlerw

128 hexschiorosthane

188 bis({d-chigroathyl ether
208 2-chlororaphthalens
258 1,2-dichlorobenzene
258 1,3-dich(orobenzens
278 1,4 dichlorobenzene
288 3,3*-dichlorohenzidine
358 2,4-dinitrotoluene
368 2,64-dinitrotoluene

378 1,2-aiphenylh-crazine

(as azobenzent )
398 f{uoranthene

{. atdrin
2. B-BHC
3. D-ONC
4. chliordame
5. 4,47-000
&. &,4'-DDE
7. &,40-001

* . compoundt co'elute -

L
PREPARED BY: m
APRROVED BY: /ﬁ-’f

<10
w0
g
«1D
<10
<l
<10
<10
<10
<10
«20
20
<20

<20
<13

<10
<10
<10
<10¢
<10
L3!]
<10

CAL LAB No: 19549-2

pPE RASE/NEUTRAL COMPOLMDS

08 &-chiorophenyl phenyl ether
418 4-bramopheny! phenyl ether
428 bis(2-chloroiscpropyl) ether
438 bis(2-chiorosthoxy) eathere
%28 nexachlorobutediene

538 hexachlorocyclopentadtene
S4p isophorone

SSB naphthal ene

56 nitrcbenzene

628 N-nitrosodipherytsmine

638 H-nitrosodipropylamine

668 bis(2- ethylhexyl)phthalate
678 bentyl butyi phthalste

630 di-n-butyl phthalste

698 di-n-octyl phihslate

704 disthyl phthalete

T18 dimethy! phthatate

728 benzo(a)anthracens

736 benzo(a)pyrens

Te8 benzo(b)flugranthene

T58 benzo(k)f{uoranthene

768 chrysene

778 scenaphthyiene

788 snthracene

798 benzo(ghi)perylene

809 fluorene

818 ghenanthrene

828 dibenzo(a, h)anthracene

238 indeno(1,2,3-cd)pyrene

8B pyrene

8. dieldrin

7. engosul fan sulfste
10, endrin sldehyde
11. teptachior

12. heptachlor epoxide
15. PCB

1. toxaphens

aralysed a3 » single compound
The Less-than (<) symbol means "not present at or above the irdicated vaiue (detection

DATE: ////L/H

California Analytical Laboratories, Inc.

Wil

<10
<10
<20
<20
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<20
<20*
<20*
<20
<10
<10
<20
<10
<10
<20
<20
<)

<10
<20
<20
<10
<10
<50
<500



EPA METHCD 525 PRICRITY POLLUTANTS
Dats Sheer

CLIENT 10: K6 - &

[ad) AC1D CONPOLNDS

214 2,4,6-trighiorophenol
228 p-chioro-m-cresol
24A 2-chlorophenol

3iA 2,4-dichlorophenal
A 2,4 -dimethylpheno(
STA 2-nitrophenol

S8 ¢-nitrophenol

59A 2,4-d1nitrophenol
604 ¢,8-dinitro-a-cresol
GeA pantachlorophenol
&5 ghanol

SASE/NEUTRAL COMPOUNOS

18 eceraghthare

S bentidine

8 1,2,4-trichlorobenzens
8 haaachiorobenzene

128 hexachloroethane

188 bin(2-chloroethyl )ether
208 2-chioronsphthalene
258 1,2-dichiorabenzens
268 1,)-dich{orcbenzene
278 1,4-dichtorobenzene
2848 3,3'-dichlorobenzidine
358 2,4-dinitratoluene
368 2,4-dinitrotoluene
378 1,2-diphenylhydrazine

(a5 szchenzens)

3% fluorenthene

1. aldrin
2. $-84C
3. D-GHC
4. chiordane
S. 4,4'-000
&. &,8'-00E
7. &,4'-DDT

* - compounds co-elute -

10

Q0
<p
<18
<0
<10

<50
<0
<0
<10
<i0

<10
“%{
<0
<«
<10
<10
<10
<10
i
<10
<
<20
<20

<20
<19

<10
<t0
<1g
«100
<10
<10
<10

CAL LAS Mo: 195493

POE BASE/NEUTRAL CONPOLMOS

408 4-chlotaphveryl phenyl ather
419 4-bromopherryl pheny( ether
428 bis(2-chloroizopropyl) ether
438 bis(2-chlorosthoxy) asthane
52 haxach (orotutediene

538 hexachlorocyclopsntadisne
548 isophorore

538 naghthelene

548 Mitrobengane

628 N-nitrosodiphenylamine

638 M-nitrosodipropyl sine

668 bia(2-athy(hexy()phtha(ste
678 benzyl butyl ghthelats

888 di-n-dutyt phinalate

698 di-n-octyl phthalate

708 diethyl phthalaete

e gimethyl phthalate

T28 tenzo(s)enthracene

T38 benzo(v)pyrene

%8 benzo(b)fluoranthene

758 benzo(k)flwrenthens

758 chryssne

778 scenaphthylens

738 anthracene

198 benzotghilperylene

308 tluorens

318 phenanthrene

828 dibenzo(s, hienthracene

833 inceno(1,2,3 cd)pytene

848 pyrers

8. dieldrin

9. erciosul fan sulfate

10. erdrin aldehyse

11. heptachlor

12. heptachior epoxide
2]

14. toxaphens

analysed o8 2 single o

10

<10
<10
«20
<20
1@
<10
<10
<30
<10
<10
<10
«1¢
<10
<10
<10
<10
<10
10
<20
<20
<20*
<0
<D
<10
<0
<10
<10
«20
0
<10

<0
<20
<20
<19
<1
<5¢
<500

ompound
The Lesa-than (<) symbol mesns "nat present at of abave the indicatsd value (detection

Limig)*,
DA
A

PREPMRED BY:

APRROVED BY:

ONSE: Il/ l/f‘f

California Analytical Laboratories, Inc.



EPA METHOD 625 PRIORITY PQLLUTANTS

Oats Sheet

CLIENMT {D: EPS - 8 CAL LAB No: 19549-4
L ACID COMPOUNDS W/t PPE BASE/NEUTRAL COMPOLMDS  wg/L
21A 2,4,6° trichtorophenod <10 408 4-chioropheny! phefiyl ether <10
22A p-chloro-am-cresol <10 419 4-bromophenyl phenyl ether <10
24A 2-chlorophensa! <10 428 bis{2-chior¢isopropyl) ether Q0
31A 2,4-dichiorophenol <10 438 bis{2-chloroathory) methane L¥d)]
34A 2,4-diswthylphenoi <10 528 hexachlorobutadisne <10
57A 2-nitrophenol 0 538 haxachlorocyc iopentadiens <10
SBA 4-nitroghenol <50 548 isophorore <10
S9a 2,4-dinitrophanol <50 550 naphthelene <10
H0a &, 6-dinitro-o-cresol 20 568 nitrobenzens <0
A pantachlorophenal <10 628 N-nitrosodiphenylsuing <10
65A phenol 0 638 ¥-nitrosodiprogyl mmine <10
G50 bis(2-ethylhexyl)phthalste <10
BASE/MEUTRAL COMPOUNDS &78 benzyl butyl phtheiate <10
488 di-n-butyl phthalate <D
16 scenaghthene «10 498 di-n-octyl phthalste <t
58 benzidine “%0 08 diethyl phthelate <\0
88 1,2,4 trichlorcbenzent <10 718 dimethyl ghthalate <10
98 hexachlorobentene <10 728 benzo(ajanthracene <10
128 hexachloroethane <10 736 bento{slpyrene <20
188 bis(2-chloroathyl Yether <10 748 benzo(b)fluoranthene <20°
208 2-chloronapghtheliene <10 758 berzo(k)fluoranthene «20*
258 1,2-dichlarobmmzens <10 T8 chrysene «0
268 1,3-dichlorabmzene <10 778 aceraphthylens <10
278 Y, 4-dichiorobenzene <1 788 anthracene <18
288 3,3'-dichlorobenzidine <20 79 benzo(ghilperylene «20
358 2,4-dinitrotoluene <20 808 fluorene <10
148 2,6 dinitrotoluene <20 B18 phenanthrene <10
378 1,2-diphefylhydrazine 428 dibenzo(a, h)anthracene <20
(as arobenzens) <20 838 indeno(1,2,3-cdlpyrene <20
198 fluoranthene <10 88 pyrene <10
1. aldrin 31} 8. dieldrin <10
¢. B-BKC <0 9. endosul fan sui fate L¥1]
3. D-GHC <10 10. endrin algehyde <20
4, chlordane <100 11. heptachlor <10
S. 4,&'-D0D <10 12. heptachlor epoxice <10
6. &,44-DDE <10 13, PCB <50
7. 4,44-001 <0 4. toxsphene <500

¥ - compounds cotelute - analysed a3 2 single compound
The less-then (<} symbol means "not present at or sbhove the indicated value (detection
Limit)".

PREPARED BY: 1\8
aoRkovED B1: /I OATE: 1/[2/3'{

California Analytical Laboratories, Inc.



EPA METHOD 625 PRICRITY POLLUTANIS
Pats Sheet

CLIENT 1D: X6 - 3

ACID CONPOLNDS

2,4,6-trichiorophenol
pechloro-m-cresol
~chlorophenot
Le-dichlorophenol
L&-diasthyiphanot
nitrophenol
-nitrophenol
L&-gdinitrophenol
4,6-dinftro-o-crasol

1

¥E2 B

L
»

1

13

w
»

e
2
2
A 2
4
2

§5¢

BASE/MEUTRAL COMPOUNDS

18 scenaphthens

59 benzidine

B2 1,2,4-trichlorcbanzens

M hexachlorobenzena

128 hexschiorowthene

188 bis{2-chiorosthyi)ether

208 2-chloronephthalane

258 1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene

288 3,3'-dich(orobenzidine
2,4~dinitrotoluene
2,6-dinitrotoluene
1,2-dipherylhydrazine
(as azobenzete)

1% fluoranthene

r
r
’

. aldrin

. 8-0KC

« D-BHC

. chiordane
. &,b"-D0D
. &,4'-DOE
. 4, 47-00T

SNO AR A s

Wi

<0
<10
<10
<10
<ig
<0
<50
<50
<0
<10
<0

<40
«“0
<10
<0
<10
i
<10
<10
<10
<10
<20
0
<«2f

<20
<t¢

<10
<10
<0
<100
<
<10
<10

CAL LAB Mo 195621

P4 BASE/MEUTRAL COWPOLWOS

408 &-chigrophery! pheryl ether
418 4-bromophenyl phenyl ether
428 bis(2-chloroisopropyl) ether
438 bis(2-chlorosthosy) sethane
528 hexechiorobutadiene

538 haxachiorocyclopantad) ene
¢ {sophorone

550 naphthalens

568 nittobenzens

628 N-nitroscdiphenylsmine

433 W-nitrosodipropylesine

648 bis{2-athylhexy! )phthalate
678 benayl butyl phthslate

588 di-n-butyl pathalate

678 di-n-octy! phthalate

708 diethyl phthalste

718 dimethy! phthelste

TeB benzo(s)anthracene

738 benzo(a)pyrene

748 benzo(b)fluoranthene

758 benzo(k)fluoranthene

768 chrysene

778 acenaghthylens

TES anthracene

798 benzo(ghi Jperylent

%08 fluwrene

818 phenanthrene

A28 dibenzo(a,h)anthracene

88 indeno(1,2,3-cd)pyrene

&&é pyrona

8. dielarin

9. erdosulfan sul fate
10. endrin aidehyds
11, heptachlor

12. heptachtor epoxide
13. PCB

14, toxaphene

4 . compounds co-elute - analysed 85 & single compound

The Less-than (<) symbol means “not pretent at or above the indicated value (detection

Limit)",
eaeaRED av: >
wusoven ar: AN

DATE: //Az/i‘/

Californio Rnalytical Laboratories, Inc.

Wi

<10
<10
<20
<20
<10
<10
<10
<10
<10
<10
<10
<10
<10
<0
<10
<10
<10
<10
<2
<20*
«20"
<20
<1¢
<10
<20
<10
<10
<20
<20
<10

<10
<20
<20
<10
<10
<50
500



EPA METHOD &25 PRIORITY POLLUTANTS

Dats Sheet

CLIENT ID: K6 - & CAL LAB No: 19%82-2
L} ACIO CONPOUNDS wafl  PPE  BASE/WEUTRAL COMPODS  wg/L
21A 2,4, 6-trichioropheanol 0 408 4-chioropheny! phenyl ether <D
22A p-chloro-m-cresol <10 418 4-brosopheryl phenyl ether <0
A 2-chiorophenol <10 428 bis(2-chloroisopropyl) ether <20
31 2,4-dichiorophenci 1D 418 bis(2-chlorosthoxy) methane <0
344 2,4-dimsthylphencl <10 52 haxachlorobutedisne <10
57A 2-nitrophenol <0 538 hexachlorocyc|opsntadiene <10
584 &-nitrophenol <50 548 isophorone <10
59A 2,4-dinitrophenol <50 558 naphthalens <10
60A &,4-dinitroro-cresol <20 568 nitrobsniene <10
64A pentachlorophenol <10 628 N-nitrosodiphenylamine <
65A phenot <10 438 ¥-nitrosodipropylsmine <l
668 bis(2- ethylhanyllphthatate T
BASE/NEUTRAL COMPOUNOS 678 bantyl tutyl phthalate 8
538 di-n-butyl phthalate Y
18 acenaphthene <10 698 di-n-octyl phthalate Iy
58 benzidire <%0 708 disthyl phthalate 31}
B8 1,2,4-trichlorobenzene <10 718 dimethy( phthalate <iQ
8 hexschiorcbenzene <10 728 benzo(a)anthracene <1
128 hexaschlorosthane <10 733 benzo(s)pyrens <y
188 bis(2-chloroethyl)ether <10 748 benzo(b)fluoranthene <20
206 2-chloroneghthalene <10 758 benzo(k)fiuoranthene «20%
258 1,2-dichlorabenzene <10 768 chrysene <20
268 1,3-dichiorobenzens <10 778 acenaphthylens <10
278 1, 4-dichiorobenzene <10 T35 anthracene <10
288 3,3'-dichiorobenzidine <20 794 benzo(phi)perylens <0
158 2,4-dinitrotoluene <20 808 fluorene <10
348 2,4-dinitrotoluene <0 818 phenanthrene <10
378 1,2-diphenylhydrazine 828 dibenzo(s, hjanthrecene <20
(a5 azobenzene) <20 438 indeno(1,2,3-cdlpyrene <20
398 fluoranthene <10 848 pyrene <10
1. aldrin <10 8. dieidrin <10
2. B-8BHC <10 9. endosulfan sulfate <
3. D-8HC <10 10. evdrin sldehyde <20
4. chlordane <100 11. heptachlor <10
S. &,4-DDD <10 12. heptachlior epoxide <10
6. &,41-DDE A0 13, PR <50
T &,41-001 <10 14 toxsphene <500

* - compounxis co-slute - snalysed as & single campound

The tass-than (<) symbol means "not present at or abovs the indicated velue (detection
limit)»,

PREPARED 8Y:

aoweved o: Y] DATE: //AZ/H

California Analytical Laboratories, inc.



EPA KETHOD 625 PRIOR]ITY POLLUTANTS
Dats Sheet

CLIERT [D: K8 - @

pes ACIN COWPOUNS

21A 2,4,6- trichlorapheno{
22A p-chioro-m-cresol
24A 2-chlorophenol

31A 2,4-dichlorophenol
A 2,4 disethytphenat
57A 2-nitrophenol

58 &-nitrophenot

59 2,4-dinitrophenal
60N &4,6-dinitro-p-cresol
644 pentachlorophenol
654 phenol

RASE/MEUTRAL COMPOUNDS

1§ acenaghthens

58 henzidine

88 1,2,4-trich(orobenzene
9% hexachlorobenzens

128 henachiorosthane

188 bis(2-chloroethyl Yether
208 2-chioronaphthalene
258 1,2-gichlorobenzene
268 1,3-dichlorobeniene
278 1,4-dichlorobenzens
288 3,3¢-dichlorobentidine
358 2,4-dinitroto{uene

368 2,4-dinitrotoluene
7% 1,2-diphanylhydrazine

(88 azcbenzens)

IM fluoranthene

sldrin
. B-BHC
. D-BHC
. chlordane
. 4,41-D0D
L &, 40-00E
. 4,41-007

NE Ve

<10
[314]
<10
<10
<10
D
<50
<50
<20
<10
<10

<\0
&0
<10
<0
«10
<10
<10
<10
<10
<10
<20
0
<20

<0
<10

<10
<10
<10
<100
<10
<10
<10

CAL LAB Mo: 19562-3

PPE  BASE/NEUTRAL CONPOMDS

408 4-chioropnenyi phanyl ether
418 ¢ bramophenyl ghenyl ether
428 bis(2-chloroisopropyl) ether
439 bis(2-chiorosthoxy) sethene
520 hexachlorobutadi ene

533 hexachlorocyc)opentadisne
%0B 1sophorone

450 naphthalane

560 nitrobenzere

628 M- nitrosodiphenylasine

638 W-ni trosodipropyl seine

658 bis(2-ethylhenyt jphthatate
679 beny! butyl phthalate

855 di-n-butyl phthaiste

09 di-n-octyl phthalate

708 diathyl phthalate

718 dimethyl phthatate

728 benzola)anthracene

738 benzolalpyrene

748 benzo(b)fluoranthene

758 benzo(k )f{ucranthene

758 chrysene

778 scensphthylene

788 anthracers

758 benzo(ghi)perylene

808 fluorene

2813 phenanthrene

828 dibenzo(s,h)anthrac:ne

838 indeno(1,2,3-cd)pyrzne

348 pyrene

8. gietdrin

9. endosul fan sul fate
10, endrin aldehyde
1. heptachior

12. heptach{or epc de
11. #C8

14, toxaphene

* . compounds co-eiute - shalysed ss 8 single compound

The Less-than (<) symbol seams *not prescnt At or above th: indicated velue (detection

Limig)™,
PREPARED BY: ~DBS

Y. ]

APRRUVED @Y:

IATE: /r/z / £

Colifornia Analytical Laboratories, Inc.

wrk

<10
<10
0
20
<10
«1Q
<10
<10
<10
<10
<10
<10
<10
<10
10
<10
<10
<10
L
<20
<20
<20
<10
<10
«20
<10
g
20
«20
<10

<D
<20
<20
<10
3{
<50
<500



EPA METHCD 625 PRIORITY POLLUTASTS
Rata Sheet

CLIENT (D RANGER

[ ACID COWPOUMDS

2 2,4,6-trichloropheno|
225 prchloro-m-chavol
244 2-chiorophenci

1A 2,4-dichlorophenol
A 2,4-ginathyiphenc]
524 2-ni trophenol

S8A &-nitrophenol

594 2,4-dinitropherol
40k §,6-dinitra-arerasol
844 pentach!oraphans(
854 phenal

BASE/NEUTRAL CONPOUNDS

1§ scenaghthens

58 benziding

88 \,2,4 trichiorcbentens

98 heaachiorobenzsne

128 haxachloroathane

188 bis(2-chloroathyldether

208 2-chioronephthalen

B 1,2-dichiorobenzene

268 1,3-dich{orcbenzens

™ 1, Gdichlorobaniene

8 3,3 -dichlorobenzidine

358 2,4-dinitrotolyens

“a 2,6-dinitrotoluene

IM 1,2 dipheryibydratine
(s ainbenzens)

3N fluorenthens

1. sldrin
2. B-BnC
3 D-iC
b. chtordene
5. &,A'-D00
6. & 41k
7. &,40-007

wul

(30}
(314
0
<19
L1
0
<50
S0

<0
<

ad
«©%p
&g
<10
<\g
<10
«ip
«\0
<
i
<20
<0
<20

s
g

<i¢
<0
<1t
<109
<0
<0
<10

* - comporavds co-elute - anatysed a:

timig)e,
PREPARED BY:

¥
wuove w: Sl

CAL (A3 o 19620+4

i BASE/NEUTRAL CONPOLMDS

408 &-chioropheny! phenyl ethee
A48 A-bromophenyl pharyt ether
428 ble(2-chiloroisopropyl) ether
438 Dis(2-chiocoathary) ssthane
528 Mxachiorotutadiee

538 haxachiorocyclopintadions
548 {scphorone

950 naphthalene

543 nitrobenzene

628 N-nitrosodiphenylmine

639 ¥-nitrosodipropylamine

68 bisi2s ethytheayl)phthalate
678 penzyt tutyt phthalate

688 di-n-tatyl phthatete

&9 di-a-acty{ phtbaiate

708 diethyl phthetate

7i8 dimethyt phthatate

728 perzo(s)anthracene

38 berzo(adpyrere

76l benzo(b)fluorentherw

P56 benzo(k)ftueranthene

TEh chrysene

TR scenaphthylensy

T8E anthracers

TR benzo(ghi dparyiene

508 fluoree

818 phenanthrane

828 JdibsnroCa,h)enthracane

838 indera(1,2,3-c)pyrene

3P pyrene

3, dietdrin

Y. endosulfan sulfate
10, andrin sldehyce
11, heptachior

12. heptachlor sxxite
13, P08

1. toxaphene

singla compound
The lesa-than (<} symbol sesns "not . ciant at o above the indicated value (detection

DATE: /fhfli‘{

L

<10
L]
2
<20
0
Lsl]
<10
<0
aQ
«0
<0
<10
<)
g
[30]
<10
(Y
<10
<9
<20
gt
20
¢
<10
<25
<10
<t
<20
<20
Lal]

L311]
D
<D
<10
(311}
<50
<500



