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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 background information pertain­
ing to past waste disposal practices and previous 
environmental characterization studies 

o Conduct a geophysical survey of the landfill 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 groundwater 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 environment 

o 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 
contents; 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 Carnegie Fault underlies the landfill 
striking northwestward. Shallow groundwater exists beneath 
the landfill in an unconfirmed aquifer. Groundwater flow in 
the shallow aquifer on the north side of the Carnegie Fault 
is in a southeasterly direction. 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 above background across Pit 6. Shallow soil 
samples taken previously contained low levels of methylene 
chloride, toluene, and benzene. Previous groundwater samples 
from both perimeter monitoring wells and the nearest water 
supply well have not shown chemicals in concentrations exceed­
ing State or Federal guidelines. 

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/1)) of methylene chloride and samples from wells 
K6-1 and K6-4 with trace amounts of phthalates, 40 and 
78 ug/1, respectively. These organic compounds appear to be 
due to laboratory contamination and/or sampling technique 
error. Samples from two wells IK6-3 and K6-4) have slightly 
elevated levels of iron (2.4 and 4.0 milligrams per 
liter (mg/1), respectively) and manganese (0.31 and 0.62 
mg/1, respectively) that, though in excess of federal 
drinking water standards, are within limits of natural 
groundwater. None of the samples analyzed for radioactive 
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 6 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. 
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o 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. 

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

o Install an additional monitoring well east of Pit 6 
in the fault 2one to provide additional information 
on water movement along the fault. 

o After collecting all additional information, con­
duct a feasibility study to identify alternatives 

"i and determine the best long-term remedial action 
plan. 

SFR89/005 
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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 Livennore, 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 6) 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 
o Further characterizing the subsurface geology in 

the vicinity of Pit 6 
o Installing permanent groundwater monitoring wells 

outside the perimeter of Pit 6 
o 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 hydrogeologic 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 
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of Pit 6. Chapter 5 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 preliminary 
list of remedial action alternatives for Pit 6. Chapter 7 
presents conclusions based on the work described in Chapters 
through 6 and recommendations for future work at Pit 6. 
Following Chapter 7 are a list of references and four Appen­
dices (A through D). The appendices contain supporting data 
for the investigation. 

SFR89/006 

2-2 



FI87W.A0 



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 following 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 
summary 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 Washes: Location of storage area or 
building number on the Liverntore or Berkeley sites 
where the wastes originated. 

0 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. 

o 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 
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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 Miat may be buried 
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, unavailable. The 
log book describes the wastes with such phrases as 
"drums of dry waste chemicals," "red chemical drum," 
and "capacitors" 

o 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 Radioactive 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 radioactivity. In addition, several shipments 
of depleted uranium (D-38) were buried in the land­
fill between 1969 and 1971. Although most of the 
R-38 is reported to have been exhumed in 1971, it 
is not clear whether all 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 Aitamont 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 geology 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 formations 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 c to 
the southeast. 
The Carnegie Fault passes directly beneath Pit 6 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 tuffaceous 
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 Pleisto"cene-Holo-
cene age and is composed of sandy silts and clays grading 
downward to sands and locally coarse cobble-and-boulder-bear-
ing gravels (Raber and Carpenter, 1983). Beneath Pit 6 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. 
As 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 HYDROGEOLOGY 
Raber and Carpenter (1983) 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. 
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Because the scope of the investigation did not include char­
acterizing the unsaturated zone, ne 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 
aguifers; 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 geologic 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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Table 3-1 
General Categories of Wastes Believed to be Buried at Pit 6 

Chemicals Laboratory 
Equipment 

Laboratory 
Animals 

WASTE CATEGORY 
Construction 
Materials 

Containers Electrical Parts 

Varnish Tanks Animal Wastes Lumber Carboys 
Dry Chemicals Metal Parts Lab Anlma1s Pipe Cans 
Gas Cylinders Tank Trailer Concrete Debris Large Pallets 

1 Glove Boxes Ducting Wooden Box 
at Hoods 

Shell Furnace 
Degreaser 
Pumps 
Manifold 
Tables 
Benches 
Doors 

Styrofoam Drums 

Mercury lights 
Ignition tubes 
Electron tubes 
Electrical coils 
Capacitors 

Source: Pit 6 log book 
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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, aquifer testing, and groundwater 
sampling. These activities were completed between Septem­
ber 18, 1984 and October 29, 1984. The following paragraphs 
describe the methodology followed and results obtained during 
the field investigation of Pit 6. 

4.1 GEOPHYSICAL INVESTIGATION 
As part of a previous investigation, a terrain conductivity -
{TO 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 
effects 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 
investigation 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 fi 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 (GPR). 

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 followed to obtain the TC and GPR 
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 
drawing No. PSC-73-300-002EB. Plates 2 and 3 are the 
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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 CONDOCTIVITY RESULTS 
In general, the TC data show an area of higher conductivity 
(> 60 mm/m) in the eastern portion of the site (Plate 2, 
Appendix 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 eastern side 
of Pit 6 or that the groundwater on the eastern side of the 
landfill has a significantly higher concentration of free 
ions. A higher soil moisture content could result from local 
infiltration and near surface recharge. The northward extens­
ion of the zone of higher conductivity may represent near 
surface recharge from the higher ground and steep slopes 
adjacent to the northern perimeter of Pit 6. 

4.1.2 GROUND PENETRATING RADAR RESOLTS 

DSI staff have interpreted three types of anomalies on the 
GPR records. (Refer to Plates 3 and 4, Appendix B.) These 
anomalies 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 cf 
three general trends. DSI staff describe the three general 
trends of the radar anomalies as follows: 
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o Type A anomalies are concentrated in the 
eastern half of the site 

o A northwest trending alignment of r*dar 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 <eet thick and recent 
observations indicate that the soil covet may locally be 
significantly less than 4 feet. Thus, many of the anomalies 
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 objects 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 portion 
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 book 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 configuration of the trenches. The results 
of the geophysical survey are, at this time, inconclusive. 
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A more extensive records search as described in our recom­
mendations (Chapter 7) may reveal more information on land­
fill operations. 

4,2 HYDROGE0L0GIC INVESTIGATION 
Results of an initio, 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 present 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 Figure 4-1. The exploratory borehole, 
EP6-5, was initially intended to be 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 

o 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: o Water level and quality 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 

EP6~8: o Water level and quality data in the 
shallow unconfined aquifer north of the 
Carnegie Fault 

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

EP6-9: o Water level and quality data in the 
shallow unconfined aquifer south of the 
Carnegie Fault 

o 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. 

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

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

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

o The drill cuttings were logged by a CH2H HILL hydro-
geologist. 

o 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. 

o The well was developed by air lifting. 
o The well head was completed with a locking steel 

cover and a concrete slab base. 

o The water produced during drilling and development 
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 zones 
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 similar, 
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 feel 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. This 
well will provide water level and quality 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) beneath 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 quality data as originally planned from 
the shallow unconfined aquifer. 

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 aquifer. Cal­
culation of a vertical hydraulic gradient requires two adja­
cent wells which are screened in different aquifers or dif­
ferent zones within an aquifer. 

At Pit 6 the shallow, unconfined (water table) aquifer is 
under investigation. All of the monitoring wells at Pit 6 
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 S 35 CE 
direction is calculated for the north side of the fault using 
water level data from monitoring wells K6-4, K6-3, EP6-7, 
and EP6-8. 
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As shown in Figures 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 be 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 along the contact between the bedrock aid 
the alluvium. Figure 4-9 presents the elevation of the top 
of the bedrock as determined from the geologic 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 recovery 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, K6-1, and K6-4 during 
the drawdown period and in EP6-9 and K6-1 during the recov­
ery period. 

The drawdown data from each observation 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 method 
(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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K6-4 did not respond 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 K6-4 would respond while pump­
ing EP6-9. Another 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: 

o 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 questions about 
the influence of the Carnegie Fault on groundwater flow 
would probably include longer term aquifer tests (3 to 5 
days) on existing wells on the north and south side of the 
Carnegie Fault and installation of a monitoring well in the 
fault zone on the east side of Pit 6. 
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, K6-1, 
K6-3, K6-4, 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 evacuating water from the well, field mea­
surements of pH, conductivity, and temperature 
were made and observed for stabilization. 
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o A water sample was obtained by bailing with a tef­
lon bailer and decanting the water into the appro­
priate laboratory containers. 

o 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 EP6-7, 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 K6-4, 
water was evacuated from the well by hand with a 2-inch dia­
meter PVC bailer. 
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 K673 and K6-4 also contain slightly elevated levels of 
cadmium, 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 guest-
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 previously, 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 K6-1, K6-3, and K6-4 was removed 
with a bailer. The volume of water evacuated from these 
wells 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 
Casing 

l.D. 
Total Screened Top of of Top of of lop 

Monitoring 
Casing 

l.D. Depth 
(ft, bis) 

Interval Concrete P»6 
(ft.MSD 

PVC Casing Steel Casing 
Veil (inches) 

Depth 
(ft, bis) (ft .bu) 

Concrete P»6 
(ft.MSD (ft, HSL) (ft . (ISO 

EP8-6 4 45 15-35 666.01 666.56 686.78 
EP6-7 4 128 108-128 705.50 706.00 706.40 
EP6-8 k 62 47-62 706.38 706.87 707.18' 
EP6-9 U 65 35-45 692.26 692.83 683.39 

Notes: 

„ inner dimeter 
'feet belou ground surface 
feet above nean sea level 

SFR99/012 
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T a b l e 4 - 2 

S u m m a r y o f W a t e r L e v e l D a t a f o r M o n i t o r i n g W e l l s A d j a c e n t t o P i t 6 

Water Level Elevat ions 
well Reference 1 1 1 2 2 3 2 2 J 3 3 3 J 2 3 

Number Eleval Ion 10/82 12/B2 1/83 2/2B/B4 2/29/86 6/15/84 7/22.'rt4 B/31/B4 10/12/84 10/16/84 10/17/B4 10/18/84 10/19/84 10/19/84 10/29/81. 

b66.70 666 .50 666.90 667 .01 666 . 75 666 .99 666 .01 6C'j.66 665,64 665.62 665 .34 665.26 

670 .40 670 .10 671 .40 671.04 667 .13 667.54 667 .28 667.07 

669.80 669 .30 671 .20 6 7 0 . 1 1 6 6 7 . 3 3 667 .58 667 .24 

666 .91 667.29 666.6B 666.78 

666 .87 667.26 6 6 7 . 2 1 667 .36 

6 6 4 . 1 5 665 .66 665.64 

NOTES: All e l e v a t i o n s are In feet above mean aea l e v e l . 

Sources of data Include: 

Carpenter and Pe l fer (1983) 

HcConahle (1985) 
A 

Current Inves t igat ion 

4 Wei la located upgradlent of Pit 6 

Kb-1 698 ?6 
4 K6-3 7 24 62 
4 K6-4 706 53 

EP6-7 706 00 

EP6-B 706 87 

EP6-9 692 83 
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Tabl« 4-3 
Summary of R e s u l t s from Aquifer T e s t s 
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Table 4-4 Results of Laboratory Analysea of 
Hater Saaples froa Monitoring Hells near Pit 6 

(In aicrograns per liter of solution, ug/1, unless otherwise not 

Hell 

I 

Sample 
PRIORITY POLLUTANT Date 

K6-1 K6-3 K6-4 EP6-7 EP6-8 
Sample 

PRIORITY POLLUTANT Date 10/18/84 10/19/84 10/19/84 10/17/84 10/18/84 
VOLATILE COMPOUM55 1 ' 

10/18/84 10/19/84 10/19/84 10/17/84 

acrolein <100. <100. <100. <100. <100. 
acrylonltrlle <10O. <lO0. <100. <100. <100. 
benrene <S. <5. <S. <5. <S. 
carbon tetrachloride <5. <5. <s. <5. <5. 
chlorobenzene <5. <S. <5. <5. <5. 
1,2-dlcbloroethane <5. <5. <5. <5. <5. 
1,1,1-trlchloroethane <5. <s. <5. <5. <S. 
1,1-dlcbloroetbane <5. <5. <S. <5. <5. 
1i1,2-trlchloroethane <S. <5. <S. <5. <S. 
1,1,2, 2-tetrachloroethane <10. <10. <10. <10. <10. 
chloroetnane <J0- <10. <10. <10. <10. 
2-chloroethylvlnyl ether <10. <10. <10. <10. <10. 
chlorofora <5. <5. <s. <5. <s. 1,1-dlchloroethene <5. <5. <5. <5. <5. 
trans-1,2-dlchloroethene <5. <5. <5. <5. <5. 
1,2-dlchloropropane <10. <10. <10. <10. <io. 
1,3-dlehloropropene <5. <5. <s. <5. <5. 
ethylbentene <5. <5. <5. <5. <S. 
Methylene chloride <5. 160. <S. <S. <5. 
chloroaethane <io. <T07 <10. <10. <10. 
brownethane <10. <10. <10. <10. <10. 
broaofora <10. <10. <10. <10. <10. 
broaodlchloroaethane <5. <5. <5. <5. <5-
fluorotrlchloroaethana <10. <10. <10. <10. <10. 
dlchlorodlfluoroaethane <10. <10- <10. <10. <10. 
chlorodlbroaoaethane <5. <s. <5. <5. <5. 
tetrachloroethene <5. <s. <5. <5. <5. 
toluene <5. <s. <5. <5. <5. 
trlchloroethene <S. <s. <S. <5. <5. 
vinyl chloride <10. <10. <10. <10. <10. 
NON-PRIORITY POLLUTANT HAZARDOUS 
SUbSfAMCES LIST COMPOUNDS l 
acetone <5. <s. <5. <5. <5. 
2-butanone <5. <5. <5. <5. <S. 
carbondlsulflde <5. <S. <5. <S. <5. 
2-hexanone <5. <5. <5. <5. *5. 
4-aethy1-pentanone <5. <5. <5. <5. <5. 
styrene <5, <5. <S. <5. <S. 
vinyl acetate <5. <S. <s. <S. <5. 
total xylenes <5. <s. <5. <5. <S. 
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EP6-8 
(Dupllcati 
10/18/84 

<100. 
<100. 

<5. 
<5. 
<5. 
<5. 
<5. 
<5. 
<5, 

<10. 
<10. 
<10. 
<5. 
<S. 
<5. 

<10. 
<S. 
<5. 
<S. 

<10. 
<10. 
<10. 
<5. 

<10. 
<10. 
<5. 
<S. 
<5. 
<S. 

<10. 

<5. 
<S. 
<5-
<S. 
<5. 
<S. 
<s. 
<5. 

EP6-9 

<10O. 
<100. 

<S. 
<5. 
<5. 
<S. 
•<S. 
<S. 
<5, 

<10. 
<10. 
<10. 
<5. 
<5. 
<5. 

<10. 
<5. 
<5. 
<5. 

<10. 
<10. 
<10. 
<5. 

<10. 
<10. 
<5. 
<s. 
<5. 
<5. 

<10. 

«5. 
<5. 
<5. 
<S. 
<S. 
<S. 
<5. 
<5. 

Ranger 
10/26/84 

<100. 
<100. 

<5. 
<5. 
<S. 
<5. 
<S. 
<5. 
<5. 
<io. 
<10. 
<10. 
<5. 
<5. 
<5. 

<10. 
<5. 
<S. 
<5. 

<10. 
<10. 
<10. 
<5. 

<10. 
<10. 
<5. 
<5. 
<5. 
<S-

<10. 

<5. 
<5. 
<S. 
<S. 
<S. 
<S. 
<S. 
<5. 
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Table 4-5 Sumnary of Previous Laboratory Analyses of 
Water Samples from Monitoring Wells Near Pit 6 

(in micrograms per liter of solution, 
ug/1, 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. 
1,2-dichloroethane <1. <1. <1. 
1,1,1-trichloroethane <1. <1. <1. 
1,1-dichloroethane <1. <1. <1. 
1,1,2-trichloroethane <1. <1. <1. 
1,1,2,2-tetrachloroethane a. <1. <1. 
chloroethane a. a. a. 
2-chloroethylvinyl ether a. <i. <i. 
chloroform <i. <i. <i. 
1,1-dichloroethene a. <i. <i. 
trans-1,2-dichloroethene a. a. a. 1,2-dichloroprcpane <i. <i. <i. 
1,3-dichloropropene <i. <i. <i. 
ethylbenzene <i. <i. <i. 
methylene chloride <i. <i. <i. 
chloromethane a. <i. a. bromomethane a. <i. <i. 
bromoform <i. <i. <i. 
bromodichloromethane a. <i. <i. 
fluorotrichloronethane <i. <i. <i. 
dichlorodifluoromethane <i. <i. <i. 
chlorodibromomethane <i. <i. <i. 
tetrachloroethene a. <i. <i. 
toluene <i. <i. <i. 
tri chloroethene a. <i. <i. 
vinyl chloride a. <i. <i. 

2 BASE/NEUTRAL COMPOUNDS 

acenaphthene <10. <10. <10. 
benzidine <40. <40. <40. 
1,2,4-trichlorobenzene <10. <10. <10. 
hexachlorobenzene CIO. <10. <10. 
hexachloroethane <10. <10. <10. 
bis(2-chloroethyl)ether <10. <10. <10. 
2-chloronaphthalene <10. <10. <10. 
1,2-dichlorobenzene <10. <10. <10. 
1,3-dichlorobenzene <10. <10. <10. 
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Table 4-5 (Continued) 

well 
Sample X6-1 K6-3 K.6-4 

BASE NEUTRAL COM- Date 2/26/84 2/29/84 2/28/84 
POUNDS (continued) 

1,4-dichlorobenzend <10. <10. <10. 
3,3'-dichlorobenzidine <10. <10. <10. 
2,4-dinitrotoluene (10. <10. <10. 
2,6-dinitrotoluene <10. <10. <10. 
1,2-diphenylhydrazine 
(as azobenezene) <10. <10. <10. 
fluoranthere <10. <10. <10. 
4-chlorophenyl phenyl ether <10. <10. <10. 
4-bromophenyl phenyl ether <10. (10. <10. 
bis(2-chloroisopropyl) ether <10. <10. <10. 
bis(2-chloroethoxy) methane <10. <10. <10. 
hexachlorobutadiene <10. <10. <10. 
hexachlorocyclopentadiene <10. <10. <10. 
isophorone <10. <10. <10. 
naphthalene <10. <10. <10. 
nitrobenzene <10. <10. <10. 
N-nitrosodiphenylamine <10. <10. <10. 
N-nitrosodipropylamine Q0. <10. <10. 
bis(2-ethylhexyl) phthalate <10. <10. <10. 
benzyl butyl phthalate <10. <10. <10. 
di-n-butyl phthalate <50. <50. <50. 
di-n-octyl phthalate <10. <10. <10. 
diethyl phthalete <10. <10. <10. 
dimethyl phthalate <25. <25. <25. 
benzo(a)anthracene <10. <10. <10. 
benzo (a)pyrene <10. <10. <10. 
benzo (b)fluoranthene <10. <10. <10. 
benzo(k)fluoranthene <10. <10. <10. 
chrysene <10. <10. <10. 
acenaphthylene <10. <10. <10. 
anthracene <10. (10. <10. 
ben2o (ghi)perylene <10. <10. <10. 
fluorene <10. ao. <10. 
phenanthrene <10. <10. <10. 
dibenzo(a,h)anthracene <10. <10. <10. 
indeno (1,2,3-cd)pyrene <10. <10. <10. 
pyrene <10. <10. <10. 

PRIORITY POUUT^NT 
ACID COMPOUNDS * 

2,4,6-trichlorophenol 
p-chloro-oi-cresol 
2-chlorophenol 
2,4-dichlorophenol 
2,4-dimethyIphenol 

<10. <10. <10. 
<10. <10. <10. 
<10. CO. <10. 
<10. <10. <10. 
<10. <10. <10. 
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Table 4-5 (Continued) 

well 
PRIORITY POLLUTANT Sample K6-1 K6-3 K6-4 
ACID COMPOUNDS Date 2/28/84 2/29/84 2/28/84 
(continued) 

2-nitrophenol <20. <20. <20. 
4-nitrophenol <25. <25. <25. 
2,4-dinitrophenol <25. <25. <25. 
4,6-dinitro-o-cresol <50. <50. <50. 
pentachlorophenol <10. <10. <10. 
phenol <10. <10. <10. 

PRIORITY POLLUTANT 
ORGANOCHLORINE 
PESTICIDES AND PCB's 

lindane <0.05 <0. ,05 0.05 
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,S-TP <0.1 <o. 1 <0.1 
aroclors 1016-1262 <0.3 <0. 3 <0.3 

Well 
PRIORITY POLLUTANT K6-1 K6-1 K6-1 K6-3 K6-4 K6-1 
METALS 7/22/83 6/15/84 2/2B/84 2/29/84 2/28/84 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 <0.01 
Lead <0.1 <0.001 <0.001 <0.001 <0.1 
Mercury <0.0001 <0.0001 <0.001 
Nickel <0.02 <0.02 
Selenium <0.001 <0.001 <0.001 
Silver <0.01 <0.01 <0.01 

ADDITIONAL 
ELEMENTS 3 

Barium 
Iron 
Manganese 
Vanadium 

<0.1 

<0.02 

<0.1 <0.1 <Q.l 
0.19 <0.02 <0.02 
0.09 0.09 <0.01 

<0.1 

<0.02 
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Table 4-5 (Continued) 
Well 

Sodium 
Fluroide 
Chloride 
Sulfate 
Nitrite (as N) 
Nitrate Nitrogen (as N) 
Ammonia Nitrogen (as N) 
Phenol 
Specific Conductance 
{umhos @ 25° C) 

Specific Conductance 
(umbos @ 25° C> 2 

Specific Conductance 
(umhos e 25° C) 1191 

Specific Conductance 
(umhos @ 25° C) 1156 

Average 1170 
Standard Deviation 18 

Total Organic Carbon <5 
Total Organic Carton <5 
Total Organic Carton <5 
Total Organic Carton <5 
Average <5 

Sample K6-1 K6-1 K6-1 K6-3 K6-4 
Date 2/28/84 6/15/84 8/31/84 2/29/84 2/28/84 

140. 120. 100. 
0.41 0.48 0.49 
89. 90. 84. 

263. 
<0.1 <0.01 

250. 154. 

0.1 <0.1 <0.10 <0.1 2.6 
0.25 <0.1 <0.10 0.37 0.13 
<0.05 <0.05 <0.05 

1167 

1167 

1105 

1106 

900 

937 1106 937 

1130 924 

1105 924 
1112 921 
14 7.5 

<5 <5 
<5 <5 
<5 <5 
<5 <5 
<5 <5 
0 0 Standard Deviation 0 

Total Kjeldahl Nitrogen (as N) 0.88 0.26 0.13 0.52 0.28 
Total Organic Halides 0.25 
Total Organic Halides 0.14 
Total Organic Halides 0.48 
Total Organic Halides 0.27 
Average 0.28 
Standard Deviation 0.14 

0.40 0.22 
0.30 0.21 
0.44 0,24 
0.23 0.19 
0.34 0.21 
0.09 0.02 
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Table 4-5 (Continued) 

HELL 
RAD10CHEMISTRY Sample K6-1 K6-1 K6-1 K6-1 K6-3 K6-4 

Date 7/22/83 2/28/84 6/15/84 8/31/84 2/29/84 2/28/84 

gross-alpha 012 0±3 0+4 0+2 0+3 0+2 
gross-beta 12*6 U±3 14+4 10*4 1244 11±3 
3H 
235J 
234„ 

0+100 0*1000 0+1000 o+iooo- 0+1000 0+1000 3H 
235J 
234„ 

0.7+0.2 0.2+0.1 0.5i0.1 
3H 
235J 
234„ 

0+0.1 0+0.1 0+.0.1 

3H 
235J 
234„ 0.7*0.2 0.1+0.1 0.640.1 

Motes: 

The source of the data presented in this table is a letter from Bill McConchie 
dated 1/7/85. 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) All values are picocuries/liter (pci/1) 

SFB72/113 
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Table 4-6 Results of Laboratory Analyses of 
Water Samples from Polyethylene Tanks Containing Water Produced 

During Drilling, Development, Aquifer Testing, and Sampling of Monitoring Wells 
(tn micrograms per liter of solution) 

I to 

VOLATILE HALOCENATEI1 
ORGANIC COMPOUND 

Sample 
Date 

1,1-dichloroethylene 
1,1-dlchloroethene 
trana-l,2-dlchloroethylene 
chloroform 
l,l,2-trlchloro-2,2,l-trlfluoroethane 
1,2-dlchloroethane 
1,1,1-trlchloroethane 
carbon tetrachloride 
bromndlchloromethane 
1,2-dlchloropropane 
cls-l,3-dlchloropropylene 
trlchloroethylene 
trana-l,3-dlchloropropylene 
1,1,2-trlchloroethane 
dlbromochloramethane 
1,2'dlbronoethane 
bromoform 
tetrachloroethylene 
1,1,2,2-tetrachloroethane 
chlorobenzene 

Tank Number 
619 622 0000 *.002 A 008 6560 

10/18/8*1 i o m / 8 * 1 0 / 1 9 / 8 1 . 1 0 / 1 9 / 8 1 . 1 0 / 1 9 / 8 * 1 0 / 1 8 / 8 1 . 

S0.5 5 0 . 5 SO.S SO.5 5 0 . 5 SO.5 
so.s 5 0 . 5 5 0 . 5 SO.S 5 0 . 5 SO.S 
1 0 . 5 5 0 . 5 SO.5 5 0 . 5 5 0 . 5 SO.S 

3 . 0 SO.5 5 0 . 5 | 0 . 5 5 0 . 5 5 0 . 5 
S0 .5 SO.5 5 0 . 5 SO.S SO.S 5 0 . 5 
S 0 . 5 SO.S SO.5 SO.5 5 0 . 5 SO.5 
S 0 . 5 SO.S 9 0 . 5 5 0 . 5 5 0 . 5 5 0 . 5 

2 . 5 1 0 . 5 5 0 . 5 5 0 . 5 * 0 . 5 5 0 . 5 
S0 .5 5 0 . 5 5 0 . 5 5 0 . 5 5 0 . 5 SO.S 
§ 0 . 5 s 0 . 5 5 0 . 5 5 0 . 5 SO.5 SO.5 
SO.5 5 0 . 5 5 0 . 5 5 0 . 5 SO.S 5 0 . 5 
S 0 . 5 5 0 . 5 SO.S SO.S SO.5 5 0 . 5 
SO.5 SO.S 5 0 . 5 SO.S 5 0 . 5 SO.S 
SO.5 5 0 . 5 5 0 . 5 SO.S i O . S SO.S 
SO.S SO.S SO.5 SO.S SO.5 SO.S 
SO.5 SO.S 5 0 . 5 SO.S 5 0 . 5 SO.S 
SO.5 5 0 . 5 SO.S SO.S SO.S 5 0 . 5 
SO.S SO.S SO.S SO.5 SO.5 SO.S 
SO.5 50 .S SO.S SO.S SO.S 5 0 . 5 
SO.S SO.S SO.5 SO.5 SO.S 5 0 . 5 

The less than symbol(S) means "not present at or above the Indicated value (detection limit). 
All samples were analysed by EPA Method 601. 
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Chapter 5 
RISK 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 yariety 
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, that 
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. No 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. 
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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 common 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. 

o During the active period of the landfill the ex­
cavated trenches may have trapped runoff. This 
water may have contacted soluble wastes 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 cellular 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 
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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 such 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 
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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 disposal of highly 
mobile hazardous liquid sludges or other quantities 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; LINL personnel 
and subcontractors, and the general public. While the present 
risk of exposure to both populations 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 included geological 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. 
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Chapter 6 
REMEDIAL ACTION ALTERNATIVES 

The general approach to remedial act ion a l t e r n a t i v e s e l e c t i o n 
a t hazardous waste s i t e s i s out l ined in Section 300.68 (g) , 
(h) , and (i) of the National Oil and Hazardous Substances 
Contingency Plan (NCP). The process of i den t i fy ing , develop­
ing, eva lua t ing , and s e l e c t i n g a remedial ac t ion a l t e r n a t i v e 
i s s ta ted in the NCP as fol lows: 

lg) Development of Alternatives, ft 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 ini t ial screening to narrow the 
l is t of potential remedial actions for further detailed analy­
s is . 

(i) Detailed Analysis of Alternatives. (1) A more detailed eval­
uation will be conducted of the limited number alternatives 
that remain after the ini t ial screening.... 

Development, i n i t i a l screening , and de ta i l ed ana lys i s of the 
remedial a l t e r n a t i v e s and evaluat ion of the f indings of the 
r i sk assessment are conducted within a f e a s i b i l i t y s tudy . 
The f e a s i b i l i t y eva lua tes these p o t e n t i a l ac t ions in terms 
of cos t , engineering f e a s i b i l i t y , publ ic hea l th , and environ­
mental impacts. 

6.1 SOURCE CONTROL REMEDIAL ACTIONS 

Source control remedial ac t ions are designed to mi t i ga t e or 
minimize contaminant migrat ion by con t ro l l i ng the source of 
contamination a t or near the area where the suspect hazardous 
substances were o r i g i n a l l y loca ted . Contaminant sources a t 
P i t 6 have not been s p e c i f i c a l l y i d e n t i f i e d . However, a 
number of ma te r i a l s known t o be buried in the l a n d f i l l ( i . e . 
c a p a c i t o r s , mercury tubes , or dry chemical drums) could con­
t a in su f f i c i en t q u a n t i t i e s of hazardous substances to pose a 
p o t e n t i a l t h r e a t t o the environment. Source cont ro l remedial 
act ion a l t e r n a t i v e s considered for P i t 6 would l i k e l y include, 
in addi t ion 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 Any feasible combination of alternatives. 

6.2 OFFSITE REMEDIAL ACTIONS 
Offsite remedial actions are used to mitigate or minimize 
the effects of hazardous substances that 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 potential offsite remedial actions that would likely 
be evaluated in the event of groundwater degradation include 
the following: 

o No action 
o Interceptor wells to prevent further migration of 

contaminated groundwater. 
o 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 alternative drinking water supplies. 
o 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 Pit 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 environment 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 investigation. 
The wastes buried at Pit 6 are composed of solid, liquid, 
and gaseous containerized wastes from the LLNL, Livermore 
and Lawrence Berkeley Laboratory. Host 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
fill 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; th« 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 occurs. 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 groundwater 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 guestion 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 landfill. 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 
for 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. 

o Conducting a more extensive records search, in 
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 6 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 lysiraeters 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 



If 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 
program 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 monitoring 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 more 
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 aquifer. 
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 geologic 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 
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 qual­
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 O-F Waste Disposal at Pistol Rang* 

Shipment 1, 7/1/64 

1 truck load 
misc. dry waste drums, cargo pallets, metal parts 
1 distal tank 
2 glove boxes 
2 shall furnaces 

Shipment 2, 7/B/64 

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

Shipment 3, 7/15/64 

1 truck load 
6 pallets of dry non-rad. waste 
1 metal tank 
2 drums f u l l of varnish 
4 pa l le ts of capacitors 
1 pa l le t electron tubes 
1 pa l le t non-rad. wafito paper 
misc. ducting 

Shipment 4, 7/22/64 

1 truck load 
4 pallets sewer pipe and concrete 
1 pal lot gas bottles 
1 pollet -filters 
1 stack old pallets 
4 pallets o-f waste drums 
2 pallets of 5 inch piping 

Shipment 5, 7/29/64 

1 truck load 
3 pal le ts capacitors >'2 sm. and 2 Ig . ) 
1 pa l le t gas bott les 
18 pa l le ts empty o i l drums 
2 stacks old pallets 

Shipment 6, 8/5/64 

1 truck load 
24 pallets empty oil drums 



Shipment 7, 8/12/64 

1 truck load 

24 pallets empty oil drums 

Shipment 8, B/19/64 

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

6hipment <?, B/26/64 

1 truck load 
22 pallets empty oil drums 

Shipment 10, 9/2/64 

1 truck load 
22 pallets empty oil drums 

Shipment 11, 9/9/64 

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

Shipment 12, 9/16/64 

1 truck load 
1 824-gal. tank full of waste paper and green basket waste 
B stacks of 4x4 cargo pallets 
2 pallets of capacitors 
2 pallets of waste drums 

Shipment 13, 9/23/64 

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 
1 pallet with 2 SS-gal. waste drums and 2 30-gal. waste drums full of 
misc. chemicals 

1 wooden box full of waste paper 
4 pallets waste oil drums 
B pallets dry watte drums full of cans, boards, trash and misc. parts) 
2 stacks of 4x4 cargo pallets 



1 pal let of capacitors 
2 sm. glove boxes 

Shipment 14, 9/30/64 

1 truck load 
2 2000-gal. tanks full of empty carboys (not hot), empty cans and mi 
parts 

B pallets of empty waste drums (black) 
2 stacks of pallet* 

Shipment 15, 10/7/64 

1 truck load 
1 steel tank 4x2x20 (rack) 
5 small tanks 1x3x4 (w/lids) 
7 stacks cargo p a l l e t s 
2 pa l l e t s misc. parts 

Shipment 16, 10/12/64 

1 MI. lowboy trai ler 
1 glove box, 10x4x8 
2 stacks cargo p a l l e t s 
1 pal le t empty 3-gal . cans 
2 f i l ters 
2 pallets of 3 inch pipe 

Shipment 17, 12/15/64 

1 truck and 2 trailers 
2 pallets of chips (18" drums) 
3 pallets empty oil and watte drums 
1 pallet of dry chemical* 
2 pallet* of capacitors 
5 AL shelves 
1 sink 
3 filter*, 2x2x2 
5 glove box 
2 furnaces and hardware 
1 lg. inclocer (8x6x5) 
1 glove box (4x4x4) w/vacuum cleaner 
1 metal rack, hood, and table 
Ducting 
1 Ig. wood«n box ful l of misc. trash 



Shipment 16, 2/24/63 
1 truck load and 2 trailer* 

2 glove boxes 
1 bench 
1 PVC hood 
5 pallets of ducting 
6 pall at• of filters 
2 stacks of old pallets 
2 pallets of capacitors 
2 small furnaces 
4 pallets of waste drums 
1 lg, mercury contaminated manifold 

Shipment 19, 3/22/65 
4 lard cans and 1 pkg. of dead animal waste (rats) 

Shipment 20, 5/4/63 

1 truck load with 2 trailers 
5 pallets capacitors 
7 pallets of filters 
1 4x4x6 enclosure 
1 3x4x3 furnace 
1 small glove box 
S pallets of trash cans 
1 pallet of dollies 

Shipment 21, 6/8/65 
1 set of doubles (8x20x3) 

2 pallets of drums 
6 pallets capacitors 
3 glove boxes 
1 shop table 
3 pallets of pumps 
1 pallet of transformers 
misc. ducting 
3 pallet ducting 



Shipment 22, 6/6/65 

2 lard cans containing animal wecte 

Shipment 23, 6/18/65 

5 55-gal. drumt of animal wast* (rats, dogs and rabbits) 
2 55-gal. drums O'f wasto animals <rat»' 

Shipment 24, 7/20/65 

1 2000 gal. empty truck tanker 

Shipment 25, 7/27/6" 

1 truck and 2 trailers 
1 lg. work tabic 
S pallets of capacitor* 
1 empty 500-gal. water tanker 
3 pallets of empty drums 
1 pallet o-F filters 
20 4x4 pallets 

Shipment 26, 8/6/63 

1 truck and 2 trailers 
16 pallets of empty drums 
4 pallets of capacitors 

Shipment 27, 9/17/65 

1 truck and 1 trailer 
6 pallets of capacitors 
1 pallet of drums 
1 pallet of f i l te rs 
2 pa l l e ts of misc. cans 
1 pa l l e t of carboys 
1 p a l l e t of pipe 

Shipment 28, 10/22/65 

1 truck and 1 t r a i l e r 
1 l g . glove box 
3 am. glove boxes 
1 work table 
1 pa l le t of f i l t e r s and ducting 



1 pallet of capacitors 
2 lg . boxes 
1 pallet drums 

Shipment 29, 2/23/66 

1 drum animal waste (ram) 

Shipment 30, 3/1/66 

1 truck and 1 trailer 
3 pallets o-f drums 
13 pallets of capacitors 
1 lg. wooden box 
15 4x4 pallets 

Shipment 31, 3/2S/66 

1 truck and 1 trailer 
2 lg. wooden boxes of trash 
1 pallet o-f pipe and ducting 
1 pallet cf trash 
1 1000-gal. portable tank 
3 pallets of capacitors 
3 stacks of pallets 

Shipment 32, 4/19/66 

1 truck and I trailer 
8 pallets capacitors 
3 glove boxes 
2 pallets drums 
2 pallets misc. and pipe 
2 boxes mercury lights 

Shipment 33, 5/10/66 

3 cows 
5 bags o-f lime to cover animals and pit filled with dirt 

Shipment 34, 6/21/66 

1 truck and 1 trailer 
1 lg. wooden box 
3 pallets of ducting and tubing 
4 pallets of lg. filters 
5 pallets capacitors 
1 pallet misc. metal bracing 



Shipment 35, 7/1/66 

1 ti-uck and 1 trailer 
1 vent hood 
3 pallets of capacitors 
1 glove box 
10 drums 
3 pallets of filters 
1 pallet filter fittings 
1 pallet misc. 
1 metal stand 
1 pallet piping and duct work 

Shipment 36, 9/9/66 

1 trailer load 
5 glove boxes 
6 pa l le ts of capacitors 
2 55-ga l . drums 
1 SS-gal. drum of small capacitors 
1 pa l l e t assorted misc. 
1 p a l l e t of round capacitors 

Shipment 37, 9/2B/66 

1 trailer load 
1 pallet 7.5-gal. carboys 
1 box capacitors 
2 pa l le ts misc. 
10 55-ga l . drums 
1 r o l l f looring 
2 30-gal . Haste cans 
2 pa l le ts capacitors 
2 pa l le ts f i l t e r s 
1 300-gal . gas tank 

Shipment 38, 1/13/67 

1 t r a i l e r 
2 chemical (sink type) lab work benches 
4 pallets ducting 
2 hood vent tops 
3 lg. filters 
2 pallets capacitors 
3 pallets misc. cans and containers 
1 pallet drums (4) 
4 hood tops 
2 wooden glove boxes 
1 lg. furnace 
1 pallet metal sheets (sections) 



Shipment 39, 1/16/67 

3 cow* 

Shipment 40, 5/10/67 

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

Shipment 41, 5/13/67 

1 cow 

Shipment 42, 8/11/67 

1 40 foot 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 chemical drums 
1 pallet misc. pieces of equipment 
1 pallet of flexible tubing of various sizes 
several lg. U S ft.) pieces of pipe and ducting 

Shipment 43, 9/1/67 

2 cows 

Shipment 44, 10/25/67 

1 40 ft. trailer 
6 pallets capacitors 
6 carboys 
2 10 ft, wooden boxes 
14 drums misc. 
2 pallets filters 
2 pa l l e ts concrete blocks 
1 3 f t . wooden box 
4 lard cans misc. gas bottles 



Shipment 43, 11/1/67 

4 technical ly contaminated calves 

Shipment 46, 5/12/66 

1 40 f t . t r a i l e r 
9 p a l l e t s capacitors 
I glove bcx 
4 pallets drums 
1 pallet wooden case filters 
2 pallets wood plank* 
1 Ig. wood bo» 
1 pallet styrofoam 
6 pes. aluminium ducting 
1 pallet lg. electrical coils 

Shipment 47, 3/26/68 

1 40 ft. trailer 
4 pallets of wood from pit covers 
4 pallets of drums 
2 pallets o-f capacitors 
2 pallets of misc. ducting 
1 20 ft, section al. ducting 
i pallet misc. metal (?•' parts 

Shipment 46, 9/19/68 

1 40 ft. trailer 
9 retention tanks, no ac t iv i ty using portable alpa meta, no alpha, 

beta readings with geiger E-400 
1 pa l l e t technical ly contaminated waste (al brackets and cross braces 

for storage shelves) 

Shipment 49, 7/2/69 

I 40 f t . t r a i l e r 
1 box 3x6x4.5 misc. small junk 
2 boxes approx. 200 sm. capacitors 
2 Ig. boxes approx. 50 sm. capacitors 
1 ign i t ion tube f i l l e d with Hg 
3 mercury tubes 
1 pallet PVC pipe 
B7 capacitors 



1 lg. pallet soil samples 
2 boxas depleted U23B 
166 drums, 35-gal. compressed 
1 pallet c-f ducting - air 
1 mercury lamp 

Shipment 30, B/29/69 

3 drums o4 biomed waste (ctlfi carcass, < I C M , urine cowi feces, 
urine, milk, blood) 

Shipment 51, 9/17/69 

28 ignition tubes 
B lid-filled drums 
2 boxes sm. capacitors 
25 capacitors 
approx. 100 boxes 5.E.O.A.N, dirt 
1 * liter/D-3B 
1 drum Hg waste, later exhumed 
3 boxes/pre*liters 
19 drums/D-3B, later exhumed 
1 drum/Mulberry, later exhumed 

Shipment 32, 9/24/69 

1 cow 

Shipment 53, 9/1/70 

1 mercury stripper, and 34 drums (D-38) 
77l capacitors 

Shipment 54, 5/29/71 

2 cows 

Shipment 55, 2/20/73 

S cows and 1 ram 
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I SUftlARY 

A geophysical investigation was performed at the Lawrence Livermore 
Laboratory, Site 300, Pit No. 6 Disposal Area to explore for buried trenches 
containing scrap metal and laboratory animals. He used ground penetrating 
radar and terrain conductivity measurements 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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II 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 investigation being conducted 
by CH2M Hill for the University of California. The objective of the 
investigation is to locate three large disposal trenches and to map the 
aerial extent of any effluent that may have emanated from them. 

The geophysical investigation was performed by Detection Sciences, Inc. 
Geophysicist Hilliam E. Black and Technician James L. Wilder on September 18 
and 19, 1984. Mr. Hike Concannon, CH2H 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 
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the berms to 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 a controlled burn prior to the 
start of the geophysical investigation. 

Reportedly, three large trenches were excavated on the site and were 
used to dispose of scrap metals (Plate 1). It is 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 indicate that a number of 
smaller trenches were excavated in the northern portion of the site and that 
these trenches were used to dispose of laboratory animals. 

B. Purpose 
The purpose of the geophysical investigation is to determine the 

location of the three large disposal trenches and, if possible, the small 
animal trenches. An additional 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 ioni2e the effluent making it electrically 
conductive and thus visible to geophysical methods that measure variations 
in the electrical properties of the subsurface. 

It is our understanding that the findings of the geophysical 
investigation wi'l be used by CH2M Hill as a guide in locating test borings 
and in evaluating the need for remedial measures. 
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C. Previous Work 
Previous geophysical work performed at the site by others consists of 

terrain conductivity measurements 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 instrument used then allowed a greater depth 
of penetration than that used in the present study. 

P. Scope of Work 
To explore for trenches and effluent in the Pit Ho. 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 obtained along 14 north-south oriented traverses 
comprising a total coverage of 4180 lineal feet. 
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Ill DATA ACQUISITION 

The theory of operation, general procedures, and instrumentation for 
the two geophysical methods employed in this investigation are discussed in 
Appendix A, Methodology. The specific procedures we followed in applying 
these methods to this investigation are discussed below. 

A. Terrain Conductivity 
TC measurements were obtained at stations distributed in a 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-by-2S foot rectangular grid system is along the southern and eastern 
portions of the area where the boundaries are irregular (see Plate 1). The 
grid marked out by the flagging was then used to guide the subsequent GPS 
survey. 

B. Sround 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 TC measurements. 
The only departure from this was in areas where access was limited by rough 
ground or berms. This resulted in a total of 14 north-south traverses, 
distributed on 25-foot intervals and ranging in 
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length from 255 to 340 feet. 
We scanned each traverse using a 120 megahertz antenna. On the five 

westernmost traverses, £0+00 to £1+00, we towed the antenna behind a 
four-wheel drive vehicle. On the remaining traverses we towed the antenna 
by hand. In order to establish geodetic control, 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 Conductivity 
The electromagnetic induction instrument we used to obtain TC 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. Ground 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 
track]ines 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 locations of the TC stations, the 
GPR tracklines and pertinent site features such >• the berms, the paved 
areas and the suspected trench locations (after University of California 
Radiation Laboratory drawing no. P5C-73-3QO-002EB). Plate 2 is the Terrain 
Conductivity Contour Hap. Plate 3 shows the location of the GPR tracklines 
and the various anomalies we identified. Finally, Plate 4 is a sample GPR 
record showing some of the anomaly types depicted on ilate 3. 

A. Terrain Conductivity 
The terrain conductivities vary from a low of 28 to a high of 116 

millimhos 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 mnho/in, occur in isolated areas and are probably due to buried metallic 
objects. 

The TC contours shown on Plate 3 depict an area of high conductivity 
which occupies a large portion of the site. A conductivity value of 60 
ranho/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 
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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 
concentration of free ions in the saturating pore water or to a shallower 
depth to ground water. The crescent shaped zone of low conductivities which 
interrupt the high conductivity area corresponds to the bernis 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, boglders, 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 - 2ones of weak or "washed-out" signal from stratigraphic 
reflectors. These anomalies 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 to be thin and of 
limited extent they do not show up as terrain conductivity 
anomalies. 
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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. Host of the 
anomalies we identified 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 B 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 El+50 eastward. In 
addition, there is a northeast trending alignment of GPR anomalies in the 
southwest portion of the site. From the south end of Profile EO+00 to 
Profile EO+75 this zone is comprised primarily of Type C anomalies. 
Continuing northeast from EO+75 the zone is comprised of Type A anomalies. 
At EW50 it blends into the zone of widely scattered Type A anomalies that 
occupy the east half of the site. There is 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 2one 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 irniho/m) shown on Plate 2 coincide with, or are 
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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. 
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VI 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 
buried debris (Type A anomalies) and disturbed strata (Type B and C 
anomalies} now occupy much.of the site. Another factor that weighs against 
there being three separate scrap metal trenches, or at least that they are 
located as shown on the UCRL drawing (no. P5C-73-300-002EB), is that many of 
the isolated conductivity highs shown on Plate 2 and the distinct Type A GPR 
anomalies depicted on Plate 3, do not correspond with the trench locations 
shown on the drawings. 

An alternative 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 metal trenches. 
However, this interpretation 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 t r e n d s since the "plume" extends 
up-gradient from the scrap metal trenches. 
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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 
ions, or buried conductive foreign objects. Thus, massive rock formations 
or dry sand are poor 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 ion 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 

changes 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 directly proportional to the electrical conductivity of the material 
it permeates. This current loop, in turn, gives rise to a magnetic field 
which is 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/fli 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 is rotated, the 
high and low values are observed and the average reading recorded for that 
particular station. The effective depth of penetration, wMch is a function 
of the instrument height (about 3 feet) and the inter-coil separation (12 
feet), is approximately 18 feet. 

B. Ground Penetrating Radar 
Ground Penetrating Radar (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 
or conditions. The time it takes the impulses to reflect back to the radar 
antenna corresponds to the depth of the particular interface. By recording 
these depth-dependant impulses 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 to 
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. Operating 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 Coji be lens 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 increase, the penetration 
capability of a given antenna decreases. Generally, radar performance is 
severely limited 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 along a surface at speeds normally about 
one-half to one mile per hour. Depending upon the application, speeds much 
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slower or faster can be used with the appropriate procedures and instrument 
settings. The instrumentation can be stationary with a 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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CH2MBHILL IMPING TEST DATA 
WELL 

TYPE of PUMPING TEST. 
HOW 0 MEASURED UtfO^ AAUXMS ffi \txtui i j^jflkM, 
MOW WL I MEASURED 

PUMPED WELL NO. Slt'l 

RADIUS erf PUMPED WELL _ £ _ 

DISTANCE 1mm PUMPED WELL 

/JLUJYIL /)0uJUt4-~ 

PUMPING I: 

PAGE- / 

JIF 
Uolhy) 

M P for WL 
DEPTH or PUMP/AIRLINE 

% SUBMERGENCE ' inilul 

PUMP ON > dole 

PUMP OFF 
Mnfp 

pumping. 

tim« 

i . m . _ Z 2 i £ 

TIME 
t = i>< >' = 0 

WATER LEVEL DATA 
CttTV WATM 1 FWFI _ 

WATER 
PRODUCT. COMMENTS 

CLOCK EU"P5ET3TlUr 
1 / 1 READING 

CONVERSIONS 
CORRECTIONS 

WATER 
LEVEL SorS" 0 (NOTE ANY CHANGES IN 

OiSERVFRSl TIME «!Kx i »' 1 / 1 READING 
CONVERSIONS 
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WATER 
LEVEL SorS" 0 (NOTE ANY CHANGES IN 

OiSERVFRSl 
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CH2MBHILL PUMPING TEST DATA 
TYPE »f PUMPING TEST frlttW ^ * 6 * * ^ 

WELL gft-7 
/OBSERVATION WELL 

i/RECOVERY DATA 
OFj! 

HOW 0 MEASURED V*1**'*».**. 6M.I Huiktt Sfe|7hflfo 
for WL'l tySkd-Umtf. , i t „ trf3"?7 

jAffofc tejmA**' DEPTH of PUMP/AIRLINE urt 
^ - 1 

HOW W L I MEASURED 
PUMPED WELL NO 
RADIUS of PUMPED WELL 
DISTANCE from PUMPED WELL. 

2" [4" AilnuH*) 
• initial. % SUBMERGENCE' 

PUMP ON ' dot* 'Qijtfjfc 
PUMP Of F ; duhi . 

pimping. 

WE 
t = 

TIME 
_ a t r' = o 

WATER LEVEL DATA 
STATIC WATFR 1 FVFl Z L £ £ : . 

WATER 
PRODUCT. COMMENTS 

CLOCK 
TIME 

ELAPSED TIME 
f / » READING 

CONVERSIONS 
CORR^aiONS 

WATER 
LEVEL SorS' 0 (NOTE ANY CHANGES IN 

OBSERVERS) 
CLOCK 
TIME £> ( • 

f / » READING 
CONVERSIONS 
CORR^aiONS 

WATER 
LEVEL SorS' 0 (NOTE ANY CHANGES IN 

OBSERVERS) 
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CH2MnHILL PUMPING TEST DATA S ^ 
'-•< V&Dt 5g'J aula/, i'kr u/Kvh 

TTPE of PUMPING TEST. 
HOW 0 MEASURED \2±1 
TOW WL'i MEASURED iMth^C £XU*Av 

PUMPED WELL NO. SPjp'f 
RADIUS «f PUMPED WELL 
DISTANCE from PUMPED WELL. 

J" [&"fa&t*lk+\ 

/OBSERVATION WELL 
Ht05vEWig> 

PAGE I—0F„£ I 

U? , w WL-. -ty*U**f . „ . W,?7 
OEPTH of PUMP/AIRLINE *rt 

% SUBMERGENCE ' initial , pwipng 
PUMP Oh • dolt 'tl'llfi limt ' * V ? >'• '' 
PUMP OFF dot* lllTH . •'757 

TIME 
t« ot t' = 0 

WATER L E V E L DATA 
BTITU: I . .TTP , f y f | * > - f - ^ • f(p ' Ji \Tr 

WATER 
PRODUCT. C O M M E N T S 

CLOCK EUPSE6TIUE 
t / i READIN* 

CONVERSIONS 
CORRECTIONS 

WATER 
LEVEL SITS' 0 (NOTE ANY CHANGES IN 

OBSERVERS! TIME t«^ ([«£ t / i READIN* 
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WATER 
LEVEL SITS' 0 (NOTE ANY CHANGES IN 
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^ Wfo K> eifs »-/.7- 5*I^Bf J t 47-fr 7fi. i i ' 

nft 'o S Wffl 10 i>U 50-9-7 T^T4 ( T l > 

rwj ^ ^5(5 ffl itfi-l 45-U 0'(4 ffi.VV 

nv* ^ <f*fo i l f l TVS « - 2 ^ 4(.« i?*7 

W « K i57» rw fr?4 J5-4.L J1*( 1172- 1 

! f l 'W j r tyo W 5M \t- -H I f lb l o - l 1 • 
'MO 1 1ZL 1K0 "fit <5&l 4> - l-7«f 3110 l "5 i : 

;;<$% K Wo w> 45-1 1c 2.4 %•<{* «.ri ! 
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CH2MBHILL PIPING TEST DATA 
ftnuW. dntktttfi iiMb/tma. »GE TYPE of PUMPING TEST. 

HOW o MEASURED ynk*tukr1 SJ4/ l*uiu.i 
HOW Wl'» MEASURED tktjvit J7SU*JJ*' 

PUMPED WELL NO. 

WELL. 
PUMPING/) 
PgHFtJG/R] 

Kb-l 

OF 

MP for WL ! 
DEPTH of PUMP/AIRLINE. 

% SUBMERGENCE • initial, 

M.ZbA.w. 
wrt 

pumping. 

RAOIUS Of PUMPED WELL 2 

DISTANCE from PUMPED WEU MP 
PUMP ON 

PUMP OF 

• tat 

• dot* . M/ff/fV „-. / 7 5 7 ^ 

TIME 
i » fli i'sf> 

WATER LEVEL DATA 
STATIC WATER LEVEL Z ? J Z" _, , 

WATER 
PRODUCT. 

COMMENTS 

ELAPSEB TIME" 
l / t ' "K9F 

CONVERSIONS 
CORRECTIONS 

WATER 
LEVEL fc?i 0 (NOTE ANY CHANGES IN 

OBSERVERS) TIME ^r I«J tte l / t ' "K9F 
CONVERSIONS 
CORRECTIONS 

WATER 
LEVEL fc?i 0 (NOTE ANY CHANGES IN 

OBSERVERS) 

MO .07 •67 rt^~"~ ~H 
f0> / 3 a . I I T 
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CH2MBHILL PIPING TEST DATA S f 
TYPE of PUMPING TTCT flmsW MtMAIrjt PAGE -

for WL'«—^JLJWZ. 
.i.-L. •_ ^ «il . _ _, - ^ . _ • _ . _ 

ERVflTIO^ WEt 

OF 

HOW 0 MEASURED 

HOW WL'» MEASURED 

PUMPED WELL NO. 

tfuhit fowU+< 
t l K Lei.z/.ff.«S( 

* l < 

0VT j - p 
RADIUS Of PUMPED WELL 2 " H" d*4*UJ(*' ) 

DISTANCE from PUMPED WELL m'-kt 

OEPTH of PUMP/AIRLINE. 

% SUBMERGENCE • miim _ 

PUMP ON • <Jaf« 

PUMP OFF s data lofll/S+ 

i PUIt l» IBJ_ 

him jS l£* i i_ 
.h»t_ai2*£L 

(-I 

TIME 
I * at t' = 0 

WATER LEVEL DATA 
STAT* W11TB 1 PvFl 

WATER 
PRODUCT. COMMENTS 

CLOCK 
TIME 

ELAPSED TIME 
READING 

CONVERSIONS 
CORRECTIONS 

WATER 
LEVEL SorS' 0 (NOTE ANY CHANGES IN 

OBSERVERS) 
CLOCK 
TIME 5»tM i ' t / f READING 

CONVERSIONS 
CORRECTIONS 

WATER 
LEVEL SorS' 0 (NOTE ANY CHANGES IN 

OBSERVERS) 

:)«:» 2 "7 /0 »f0 5./ 7 Z"5 

;2^3o Z i7»JO »/fl fb i . « 
i:2J:S lMo5 vtf f* 2.(5 
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CH2MBHILL PUMPING TEST DATA 
TYPE of PUMPING TT«T Cmlktri fl'ScMai*£-

WELL ffr-y 

HOW 0 MEASURED . 

HOW WL' i MEASURED 

PUMPED WE a NO. 

/Lu,hic 4eLb*JMv 
vc. 

&-1 _ 
RADIUS of PUMPED WELL 2" (4' JjtAHUCr) 

DISTANCE (mm PUMPED WELL i£_ 

M P for WL • -

DEPTH of PUMP/AIRLINE. 

% SUBMERGENCE ' initial _ _ 

PUMP ON •• dot* Mlm— 

• tlt» 1M.&#/4*L 

pumping. 

limt 

l im* . 

T I M E WATER LEVEL OATA 
STATIC WATFR 1 FVFI. 

WATER 
PRODUCT. COMMENTS 

CLOCK 
TIME 

ELAPSTBTIUE 
t / i ' REACH NG 

CONVERSIONS 
CORRECTIONS 

WATER 
LEVEL SorS -

0 (NOTE ANY CHANGES IN 
OBSERVERS) 

CLOCK 
TIME "5*1*1 t r t / i ' REACH NG 

CONVERSIONS 
CORRECTIONS 

WATER 
LEVEL SorS -

0 (NOTE ANY CHANGES IN 
OBSERVERS) 

WM 2 ;rtp 3124 0 

4 M 2 W»f 3U1 0 
i.o/'iT ^ 3*77 fl.Z* 6 
1^5 3 ^ %11 0 

im > U2? 31.2.1 0 
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CH2MBHILL PUMPING TEST DATA 
^Ttjl-

&1.-8 

TYPE of PUMPING TEST. 
HOW 0 MEASURED _ 
HOW WL'i MEASURED 
PUMPED WELL NO. 

MAt*Y\t JMrfJ**' rH ol PUMP/AJRLINE 

PUMPING/QgeRtf i ioN WELL 
PUMPING/ RECOVERY DATA 
PAGE —I— n c 2 " 

fPl-g 

MP 
DEPTH 

% SUBMERGENCE ' initial. 

t i l * -76"? ^ f t MSL 

pumping. 

RADIUS of PUMPED WELL 7 

DISTANCE from PUMPED WEU 

- t ' r ' r f / ( « « i i * ^ ' PUMP ON', do), le/21/gl- Um. nMlV**' 

PUMP OFF data ! • • 

RADIUS of PUMPED WELL 7 

DISTANCE from PUMPED WEU 

T I M E 
t» ol l' = 0 

WATER LEVEL DATA 
STATK WATER LEVEL 

WATER 
PRODUCT. COMMENTS 

CLOCK ELA^EB TiUP 
i / t READING 

CONVERSIONS 
CORRECTIONS 

WATER 
LEVEL S<rS' 0 (NOTE ANY CHANGES IN 

OBSERVERS! TIME 3 * 6 1 t' i / t READING 
CONVERSIONS 
CORRECTIONS 

WATER 
LEVEL S<rS' 0 (NOTE ANY CHANGES IN 

OBSERVERS! 
/ ta 2j £4 /70 
Uo > 7" /.*7 
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CH2MBHILL PUMPING TEST DATA 
TYPE of PUMPING T F C T S«*} Mb C*~ 

WELL. 
PUMPING/ 
PUMPING/* 
P A G E _ £ l 

fr*A 
ERVAJ10N WELL 

Rr DATA 
OF. 

HOW 0 MEASURED 

HOW WL'< MEASURED 

PUMPEO WELL NO. . 

,hsh« A».*AAU^ P/AINLINE 

,3 
i f K 

Zflffi, „ r 

RADIUS of PUMPED WELL ? V 4 kisvjjw ) 

DISTANCE 'mm PUMPED WELL ~Z 

MP for WL 1 
DEPTH of PUMP, 

% SUBMERGENCE ' ' " " " i 

PUMP ON • dot* loftflW \m% 

PUMP OFF • data tint 

l l tv Wit Aw-
. ; pumping — 

V \ 

P* 

It 

^ 

I- O 
z 
a) o 

W "3 

TIME 
1« ot f'- 0 

WATER LEVEL DATA 
STATIC WATER LEVEL 

WATER 
PRODUCT. COMMENTS 

CLOCK 
TIME 

•ETCTSEB T i u r -

f / t ' READING 
CONVERSIONS 
C.QRR'E'CTIONS 

WATER 
LEVEL SOTS' 0 

(NOTE ANY CHANGES IN 
OBSERVERS! 

CLOCK 
TIME una f t' f / t ' READING 

CONVERSIONS 
C.QRR'E'CTIONS 

WATER 
LEVEL SOTS' 0 

(NOTE ANY CHANGES IN 
OBSERVERS! 
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CoJfornio Anolytical laboratories. Inc. 
2544 Industrial Bottevord • UJ«st Sooom«*o. Cfl 95691 • (916)372-1393 

November 28, 1984 
Lab No. 19549, 19562 

19620 

Debbie Wallace 
CH2M Hill 
2200 Powell Street 
Emeryville, CA 94608 

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

pCi/L 
CAL I .D. gross-a gross-b radl urn (Ra228) 

19549-1 
-2 
-3 
-4 

1.4 + 2 . 4 
3.5 7 2.6 
2.9 ~ 2.6 
1.4 T 2.4 

<10 
<10 
<10 
<10 

<3 
<3 
<3 
<3 

19562-1 
-2 
-3 

3.9 + 2.7 
2.3 " 2.6 
<3 

5.2 + 6.4 
6.5 + 6.5 

<10 

<3 
<3 
<3 

19620 <3 <10 <3 
Also, I have attached the EPA Method 608 results which we 
forgot to Include previously. 
Sincerely, 

(Xuw&u^ 
Charles J. Soderquist, PhD 
Vice President 

CJS:nc 

This report Is for the sole and exclusive use of the dent to whom t Is oddressed. 
Samples not destroyed In testing ore retained o moJdmwm of thktu (30) doys unless othenuts* requested. 



ORGANOCHLQRINE PESTICIDES AND PCB'S 
EPA Method 608 

Sample I.D. KGH_ CAL 1.0.1^5^9-1 

PC Compound 
alpha-BHC 
gamma-BHC 
beta-BHC 
heptacnlor 
delta-BHC 
aldrin 
heptachlor epoxide 
endosulfan 1/II 
P.P'-DCE 
dielarin 
endrin 
p,p'-D00 
p,p'-0DT 
endrin sidshyde 
endosulfan sulfate 
shlordane 
toxaphane 
PCB-1242 
PCB-1254 
PC3-1221 
PC8-1232 
PCB-1Z4e 
PC3-126C 
PCS-1J"5 

us/L;(ppb) or uj>/g (ppm) 
— <o .1 

\ r 

<\ 
<\v 
*. 1 

J " 

s f 

P3f_cARtD 3Y_ 
APD:?CvE3 BY Ajj :ifc GATE fl'77 - * / 

California Analytical Laboratories. Inc. 



ORGANOCHUORINE PESTICIDES AND PCB'S 
EPA Method 6DB 

Sample I.Q. <£>' 3" CAL 1 . 0 . ( 9 5 ^ - : . 

DC Compound 
alpha-BHC 
gamma-3HC 
beta-BHC 
heptachlor 
delta-BHC 
aldrin 
heptachlor epoxide 
endosulfan I/II 
p.p'-ODE 
dieldrin 
endrin 
p,p'-0DD 
p.p'-DDT 
endrin aldehyde 
endosulfan sulfate 
chlordane 
toxaphene 
PCB-1242 
PCB-1254 
pca-1221 
PCB-1232 
PCB-1249 
PC5-125Q 
PC3-1J15 

Aig/T)(ppb) or ug/g (ppmj^ 

<l 
< 'D 
< I 

P^EPASEO BY_ 
APP3GVE0 BY DATE \\-t~h *f 

California Analytical Laboratories. Inc. 

file:////-t~h


ORGANOCHLORINE PESTICIDES AND PCB'S 
EPA Method 606 

Sample 1.0. K 6~6> CAL I.D. 1 9 5 4 9 - J 

PC Compound 

alpha-BHC 

gamma-BHC 

heta-BHC 

heptachlor 
aelta-3HC 
aldrin 
heptachlor epoxide 
endosulfan I/II 
p,p'-D0E 
dieldrin 
endrin 
p,p'-DDC 
p,p'-0CT 
endrin aldehyde 
endosulfan sulfate 
chlordans 
toxaphene 
PCB-1242 
PCB-1254 
PCB-1221 
PCB-1232 
PCB-1248 
PCB-125Q 
PCB-TOIB 

u g / l j (ppo) or ug/g (ppm) 
— <o . 1 

V 

< I 
<\0 
c 1 

4, / 

PR 
APPR 
EPAREu BY C M 
PSGVEO BY fHfl/S DATE / / - ? ? • - * / 

Colifornio flnolyticol laboratories, Inc. 



ORGANOCHLQRINE PESTICIDES ANO PCB'S 
EPA Method 608 

Sample I.P. t P6^& CAL I.D. (5515-4 

PC Compound 
alpha-BHC 
gamma-BHC 
beta-BriC 
heptachlor 
delta-BHC 
aldrin 
heptachlor epoxide 
endosul-fan I/II 
p.p'-QDE 
dieldrin 
enarin 
p.p'-DDC 
P,p'-2DT 
e n d m aldshyds 
enaosalfan sulfate 
chlordane 
toxaphene 
PCB-1242 
PCB-1254 
PCB-1221 
PCB-1232 
PCB-1248 
PCB-'.250 
PC=-:;ia 

^jR/lJlppb) or ug/g tppm) 
<0. I 

<\ 
< 'O 
<-1 

\ s 

PREPARED BY 

APPR:VED BY DATE ) | - 7 ^ -1%~*1 

Colifornio flnolytical laboratories. Inc. 



DRGANOCHLORINE PESTICIDES AND PCB'S 
EPA Method 608 

Sample 1.0. K4~3> 

OC Compound 
alpba-BHC 
gamma-BHC 
beta-BHC 
heptachlor 
delta-BHC 
aldrin 
heptachlor epoxide 
endosulfan I/11 
p,p'-0DE 
dieldrin 
endrin 
p.p'-DDD 
p,p'-QQT 
sndrin aldehyde 
sndosjlfan sulfate 
chlordane 
tox^phene 
PCB-1242 
PCB-1254 ' 

PCB-1221 
PCB-1232 
PCB-1243 
PCB-1260 
PCS-1016 

PREPARED 3Y (JA 
APPROVED BY (Qn/b 

CAL I.D.J9.T62-1 

(ug/L)[ppb) or ug/g [ppm) 
^ 7 <Q. \ 

< to 

DATE \\-Z1 V 
California Analytical Loborotories. Inc. 

file:////-Z1


ORGANOCHLDRINE PESTICIDES AND PCB'S 
EPA Nethod B08 

Sample 1.0. Kfc-4~ CAL I.D. hSfc2-2. 

PC Compound 
alpha-BHC 
gamma-BHC 
beta-BHC 
heptachlor 
deita-BHC 
aldrin 
heptachlor epoxide 
endosulfan I/II 
p,p'-DDE 
dieldrin 
endrin 
p,p'-000 
p.p'-DOT 
endrin aldehyde 
endosulfan sulfate 
chlordane 
toxaphene 
PCB-1242 
PCB-1254 
PCB-1221 
PCB-1232 
PCB-1248 
PCB-1260 
PC5-1015 

(ug/l) (ppb] or ug/g [ppm) 
^-^ <o.\ 

<\ 

< 10 

< l 

PREPARED BY 

Ar°SuVED EY (HkO^ m. DATE Jb22=£/ 

Colifornio flnolytkol Loborotories. Inc. 



ORGANOCHLQRINE PESTICIDES AND PCB'S 
EPA Hethod 608 

Sample I .D. K &" J CAL I .D. l^T6l-3 

QC Compound 

alpha-BHC 

gamma-BHC 

beta-BHC 

hoptachlor 

delta-BHC 

aldrin 
heptachlor epoxide 

endosulfan I / I I 

p,p'-0CE 

d i e l d r i n 

endr in 

p,p'-DDD 

p,p'-DDT 

endr in aldehyde 

endosulfan s u l f a t e 

chlordane 

toxapner.e 
PCB-1242 

PCB-1254 

PCB-1221 

PCB-1232 

PC8-124S 

PCB-1260 

PCB-1015 

ug/L j (ppb) or ug/g (ppm) 
**— <o ,1 

V / 

<: 1 

> / 

PREPARES ar 

APPROVED BY DATE If'?? V 

Colifornio Rnalî ticol Laboratories, Inc. 



Colfornio flnolyticol toborotortes, Inc. 
2544 Industrial Boulevard • UJ«st Sooonwrto, Cfl 95691 * (916) 372-1393 

November 13, 1984 
Lab No. 19459. 19562 & 
19620 
Received: 10/18, 10/20 
& 10/26/84 
Job (CF18728.A0 

Debbie Wallace 
CH2M Hill 
2200 Powell Street 
Emeryville, CA 94608 
Fourteen water samples were received in various CAL Lab 
containers to be analyzed as indicated below: 

CAL I.D. Sample I.D. 
19549-1 K6-1 

-2 K6-7 
-3 K6-8 
-4 EP6-8 
-5 B619 
-6 B6560 

19562-1 K6-3 
-2 K6-4 
-3 K6-9 
-4 B0000 
-5 B4002 
-6 E4008 
-7 B622 

19620 Ranger 

Samples l9549-5> -6 and 19562-4, -5,.-6 and -7 were 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 chloride by standard wet chemical techniques; 
and for gross-alpha, gross-beta and total radium radioactivity. 

RESULTS: 
Results are on the attached data sheets and data table. 

This r*port u for * • sol* and uduslvi us* of th* d*nt to u*om I is oddrvssttf. 
Sompta not o*stroy*d In tasting or* ratoJrtad o maximum of thirty (30) doys untes ottwnuts* r*qu*st*d. 



PRIORITY POLLUTANT METALS 
(EXPANDED LIST) 

Data S h e e t 

SAMPLE ID: K6-1 CAL ID: 1 9 5 4 9 - 1 

Element 
Results (ppm) 
nig/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 
Vanadium <0.2 

Values for s o l i d s are based on wet weight. 

PREPARED BY fe 
APPROVED BY DATE 

California Analytico! laboratories. Inc. 



PRIORITY POLLUTANT METALS 
(EXPANDED LIST) 

Data Sheet 

SAMPLE ID: K6-3 CAL ID: 1 

Element 
Results (ppm) 
mg/Kg or mg/L 

Antimony <0.02 
Arsenic 0.014 
Beryllium <0.0O5 
Cadmium 0.069 
Chromium 0.017 
Copper 0.078 
Lead <0.05 
Mercury <0.0005 
Nickel 0.051 
Selenium <0.005 
Silver <0.01 
Thallium <0.01 
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 vet weight. 

PREPARED BY 
APPROVED BY DATE 

Colifornio Analytical Laboratories, Inc, 



PRIORITY POLLUTANT METALS 
(EXPANDED LIST) 

Data Sheet 

K6-4 CAL ID: 19562-2 

Element 
Results (ppm) 
mg/Kg or mg/L 

Antimony <0.02 
Arsenic 0.012 
Beryllium <0.00* 
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 5-0 
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. 

PREPARED BY 
APPROVED BY 

'P m DATE "A/* 
ColiforniQ flnolyticol laboratories, Inc. 



PRIORITY POLLUTANT METALS 
(EXPANDED LIST) 

Data Sheet 

K6-7 CAL ID: I 

Element 
Results (ppm) 
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 
Selenium <0.005 
Silver <0.01 
Thallium <0.01 
Zinc <0.01 

' Additional Elements 
Aluminum <0.2 
Barium <0.1 
Boron 1.2 
Cobal: <0.05 
Iron 0.064 
Manganese •• 0.023 
Vanadium <0.2 

PREPARED BY 
APPROVED BY 

Values for solids are based on wet weight. 

DATE 

ColiforniQ Analytical Laboratories. Inc. 



PRIORITY POLLUTANT METALS 
(EXPANDED LIST) 

Data Sheet 

SAMPLE ID: K6-8 CAL ID: 1 

Element 
Results (ppm) 
mg/Kg or mg/L 

Antimony <0.02 
Arsenic 0.015 
Beryllium <0.005 
Cadmium <0.05 
Chromium <0.01 
Copper <0.05 
Lead <0.05 
Mercury <0.00O5 
Nickel <0.05 
Selenium <0.005 
Silver <0.01 
Thallium <0.01 
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 \flg/~~^ DATE 

Colifornia Analytical Laboratories, Inc. 



PRIORITY POLLUTANT METALS 
(EXPANDED LIST) 

Data Sheet 

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

Element 
Results (ppm) 
mg/Kg or mg/L 

Antimony <0.02 
Arsenic 0.013 
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 <0.01 

Additional Elements 
Aluminum <0.2 
Barium <0.1 
Boron 1.1 
Cobalt <0.05 
Iron <0.05 
Manganese 0.016 
Vanadium <0.2 

Values for solids are based on wet weight. 

PREPARED BY 
APPROVED BY DATE 

ColiforniQ flnolyticol loborotories. Inc. 



PRIORITY POLLUTANT METALS 
(EXPANDED LIST, 

Data Sheet 

SAMPLE ID: K6-9 CAL ID: 1 

Element 
Results (ppm) 
mg/Kg or mg/L 

Antimony <0.02 
Arsenic 0.011 
Beryllium <0.005 
Cadmium <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 

Additional Elements 

0.032 

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 
APPROVED BY DATE 

Colifornio flnolyticol Loborotories, Inc. 



PRIORITY POLLUTANT METALS 
(EXPANDED LIST) 

Data Sheet 

SAMPLE ID: Ranger 

Element 

CAL ID: 19620 Ranger 

Element 
Results (ppm) 
mg/Kg or mp/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 

Additional Elements 

0.036 

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 vet weight. 

PREPARED BY 
APPROVED BY ^ - " ^ D A T E 

Colifornio Analytical Laboratories, Inc. 



VOLATILE HALOGENATEO QRGANICS 
EPA Method 601 

Date Sheet 

Sample I.P. g£l5 CAL I-.D. /<f5¥?'5' 

/ujfAj IppD) or ug/g (ppm) 
1,1-Dichloroethylene 
1,1-Oichloroethane 
trans-1,Z-Dichloroethylene 
Chloroform 3iO 
1,1,2-Trichloro-2,2,1-trifluoroethane 
1,2-0ichloroethane 
1,1,1-Trichloroethane 
Carbon tetrachloride 5 L 5 
Bromodichloromethane 
1,2-Dichloropropane 
cis-1,3-0ichloropropylene 
Trichlaroethyiene 
trans-1,3-Qicniaropracylene 
1,1,2-Trichloroethane 
Dibrorriochlorome thane 
1,2-Oibromaethane 
Bromoform 
Tetrachlaroethylene 
1,1,2,2-Tetrachloroethane 
ChlDrobenzene 

DETECTION LIMIT d.T 

PREPARED BY £ft 
APPROVED BY (hj(h DATE jl-S~^T 

Colifornio flnoJyticol Loborotories, Inc. 



VOLATILE HALQGENATED QRGANICS 

EPA Plet.iod 5C1 

Date Sheet 

Sample 1.0. B&'pbO CA L i.:.ff5f?-& 

1, 1-0icnloroethylene 
1,1-Dichloroethane 
trans-1,2-DichloroethylenE 
Ch lorof orrn 
1,1,2-Trichloro-2,2,1-tri-fluorDethane 
1,2-Dichiaroethane 
1,1,1-Trichloroethane 
Carbon tetrachloride 
Bromodichloromethane 
1,2-Dichloropropane 
cis-1,3-Dichloropropylene 
Trichloroetnylene 
trans-1,3-0ichloropropylene 
1,1,2-Trichloroethane 
•ibromochloromethane 
1,2-Dibromoethane 
Bromoform 
Tetrachloroethylene 
1,1,2,2-Tetrachloroethane 
Chiorobenzene 

DETECTION LIMIT 

g / y (ppb) or uR/g (ppn 

MO. 

V 

A5~ 

APPR^E; gy (^yiSh 0MZ_Jl -y-g/ 

ColiforniQ flnolyticol Loborotories, Inc. 



VOLATILE HALOGENATEO QRGANICS 
EPA Methoc 601 

Data Sneet 

Sample I.C. fjOQOfi 

1,1-Dicnioroethylene 
1,1 - jichloroetnane 
trans-1,2-Dichioroet.iylene 
Chloro-f arm 
1>l,2-Trichloro-2,2,1-trifluoroEthane 
1,2-uichloroethane 
1,1,1-Trichloroethane 
Carbon tetrachloride 
Bromcaicnloromethane 
1,2-QichIoropropane 
cis-1,3-Dichloropropylene 
Trichloroethylene 
trens-1,3-Dichloropropylene 
1,1,2-Trichloroethane 
Dibromochloromethane 
1,2-Dibromoethane 
Bromofonr. 
Tetrachloroethylene 
1,1,2,2-'ietrachloreethane 
Chlorobenzene 

DETECTION LIMIT 

CAL :.G./9562-¥ 

/ u £ / L J(pps) or ug/g tppm) 

< — ' NO 

e 

, 

1 
_A 5" 

PREPARED B 
APPROVED 3 i#Mhy DATE_| / - •?-&/ 

Colifornio flnalyticol Loborotories. Inc. 



VOLATILE HALOGENATED DRGANICS 
EPA Method BC" 

Oats Sneet 

sempie ; . : . ftHOQ'X b * L -•u 

1,1-Dicriioroethy lene 
1,1-Dichloroethane 
trans-1,2-Dichloroethylene 
Chloroform 
1,1,2-TrichlorD-2,2,1-tritluoroethane 
1,2-Qichloroethane 
1,1,1-Trichloroethane 
Carbon tetrachloride 
BromcCicriloromethane 
1,2-Dichlsropropane 
cis-1,3-DiohIoropropyiene 
Trichloroethylene 
trans-1,3-Gichlorcpropylere 
1,1,2-Trichlcrcethane 
Dibromochloranie thane 

1,2-Qibrofnoethane 

Bromoform 

Tetrachioroethylene 
1,1,2,2-Tetrachioroethane 
Chlorobenzene 

DETECTION LIMIT 

• i<i?&3-s 

UR/Jj (ppoi or ug/a (ppn 

ML 
1 

\ 
1 

> 

0,5 

*M-PREPARE: i< 
APPRCVEC ar fHi^C2"^ :AT = / / - ^ - ^ 

Colifornio Anolyticol loborotories, Inc. 



VOLATILE HALDGENATED DRGANICS 
EPA Method 601 

Data Sheet 

Sample fiHDC% CAL l.Q.J^JSbA 

1,1-Dichloroethylene 
1,1-Di^hloroethane 
trans-l,2-D:;hloroethylene 
Chloroform 
1,1,2-TricMaro-2,2,1 -trif luoroe thane 
1,2-Oichloroethane 
1,1,1-Trichloroethane 
Carbon tetrachloride 
Bromoaichloromethane 
1,2-Dichloropropane 
cis-1,3-Dichloropropylene 
Trichloroethylene 
trans-1,3-Qichloropropylene 
1,1,2-Trichloroethane 
Dibromochloromethane 
1,2-Dibromoethane 
Bromoform 
Tetrachloroethylene i'-. 

1, 1,2,2-Tetractiloroetfiae 
Chlorobenzene 

/ L j ( ppb ) or ug/g (ppn 

Jl£L 

l.c 

DETECTION L i n i i 

/ 

3 
^ 

PREPARED BY /$\ 
APPROVED BY ( ^ M ^ a DATE Jh£±/ 

California flnolyticol Loborotories. Inc. 



VOLATILE HALOGENATEO ORGANICS 
EPA Method 501 
Data Sheer 

Sample I.C. 9)taX)\ 

1,1 -D:;hloroethylene 
1,1-Dicnloroethane 
trans-1. ,2-D:chloroethylene 
Chloroform 
1,1,2-Tri^hloro-2,2,1-trifluoroethane 
1,2-Dichloroethane 
1,1,1-Trichloroethane 
CarDon tetrachloride 
BromoPizn1 oromethane 
1, 2-Dichloroprcpane 
cis-1,3-0ichloropropylene 
Tricnlcraethylene 
trans-'. ,3-CichlcropropyIenE 
1,1,2-Trichlcroethane 
Dibromochlorometnane 
1,2-Dihromoethsne 
3romoform 
Tatrachloroethylene 
1,1,2,2-Tetrschloroethane 
Chlorobenzehe 

DETECTION LIMIT 

CAL 1.0. fiSVX-l 

/U (ppb) or ug /g [ppml 

MP 

tit 

PREPARED BY 
APPROVED BY DATE / / " * 3 -r/ 

California Analytical laboratories, Inc. 



EPA METHOD 624 (EXPANDED) 
P i t * tt ittt 

CLIENT ID: (6 ' 1 CAL LAI MO: 

PP» vounus sa 
2V acrolein <100 
3V ecrylonitri le <1W 
4V tafuene <l 
6W carbon tetrachloride <5 
7V chlorobenzene <5 

10V 1,2-dichloroethene <5 
11V 1,1,1-trichloroetnane *5 
I3v 1,1'dichloro«lhane <5 
HV 1,1,2-trichloroethme <5 
15V 1,1,2,2'tttradiloroeihant <10 
16V cntoroathar* «10 
19V 2'£liloro«thylvinyL ether <1Q 
23V diloroforti <5 
29V 1,1'dieMoroethene <5 
JOV t rem - 1 , 2* di ch 1 oroeclten* <i 
32V 1,2'dichtoropropane <10 
33V 1,3'dichloropropene c5 
38V ithylbetutne »5 
44V •ethylene chtortde <•> 45V clilorsarthtne <10 
44V brcanatthene <10 
47V brcmofoni «10 
tsv broaodi cfi (oroaetnane <5 
49V fluorot r ichloronethane «10 
50V dicMorodi * luoroaethane <10 
51V ehlorodibro»x«etnane <5 
65V tatriehloroethene <5 
84V toluene <5 
87V triehloroethene <5 
88V vinyl chloride «10 

19549-1 

ItOH'PtlORlTY POLLUTANT AAiASDOUS SUBSTANCES LIST COMPOUNDS 

CL13 Ketone <5 
C114 2-DUtenone <5 
CL15 carbondisulfide <5 
CL16 2'hemnone <5 
CL17 (••ttliyt'2-ptnEinont <5 
CUB •tyrene <5 
C119 vinyl acetate <5 
C120 total Aylenes <5 

The lets-then (<) tyabot a»ans "not. present i t or ttove the indicited 
value (detection l : » i t ) " . 

Prepared by: 

Approved by: M\ Date: / / A / ^ 

California Analytical laboratories, Inc. 



EPA NETMD 624 (EXPANDED) 
Data tfteet 

CLIEKT 10; to • 7 CAl LAS NO: 19549-2 

PP* VOLATtLES asu 
2V acrolein <1M 
JV aeryleoitr i le ooo 
4V benjane <5 
6V carbon tetrachloride rf 
7V chlorobernene «5 

10V 1,2-dtcMoroethane <5 

nv 1,1,1-tr-icMoroether* <5 
13V 1,1-dictiloro«thane «5 
uv 1,1,2-trieMoroathene <5 
15V 1,1,2,2-tetreehtoroetherie 0 0 
16V chloroethane <10 
19V 2-ehloroethylvinyl t thtr <10 
25V ctilerolot* <i 
29V 1,1-dithloroethene <<; 
30V —ir»-1,2-dichloroethene <5 
32V ^dicMorapropane *1Q 
33V ,. •diehloropropene <i 
S8V aihylbenzene «i 
UV •ethylene chloride <5 
45V chloraM thine <1Q 
UV brcaiaethine *1Q 
*7V oro«ofor» <1Q 
48V broandi ch loroaie t here <5 
*9V f(ugratrichlara«thine <1Q 
SOV die*! 1 ofodi f I uaroaethane <10 
51V chlorodibroaoaethene <s 
85V tetracMoroether* <5 
•AU telutns <5 

Tn trichloroethene <f 
asv vinyL chloride <10 

HOI-PRlOtlTT POLLUTANT HAZARDOUS SUBSTAHCE3 LIST COMPOUNDS 

a « seetone <5 
CL14 2-butwone <S 
0.15 cirbondisulfio* <s 
a 16 2-he«enone <5 
CL1? 4-wChyt -2-peMMorw <5 
CL1» ityrtne <5 
CL19 vinyl acetate <5 
CL20 total xylenes <5 

The le»i-than (<) tyrtwl mm "not preient at or above Che indicated 
value (detection l i « i t ) « . 

Prepared by: 

Approved by: MH\ Date: / / /v /V 

California Analytical Loborotories, Inc. 



EPA H2THC0 62< (EXPANDED) 
data ilwtc 

CLIEHT ID: 16 • t CAL LAI HO: 

PPf VOLATILES y& 

2v acrolein <1O0 
JV aerylonitri le clOO 
4V beniene <5 
6V carbon tetrachloride <5 
TV chlorooeniene <5 

10V 1,2-dichloroetriane <5 
11V 1,1,1-trichloroethane <5 
13V 1,1-dicliloroethane <5 
14V 1,1,2-triehloroettierie <5 
15v 1,l,2,2teerachloroettiane <10 
16V chioroethane <10 
19V 2-chloroethylvinyl ether <10 
23V chlorofon <5 
29V 1,1-dichloroethene <5 
30V trans-1,2-di chloroethene «5 
32V 1,2-dichloroprop»ne <10 
33V 1,3-dicdloroprepene <5 
38V ethylbeniene <5 
uv •ethylene chloride <5 
45V cMoromthene <10 
46V broaoMthine <10 
47V brom>for» <10 
48V bronoduhloronethgne <5 
49V fluorotrichloro»*ttiane <I0 
50V dichlorodifluoroeethane <10 
51V diloradibraMKthtne <5 
85V tetrachloroethene <5 
86V toluene <5 
B7V trichloroethcne <5 
sav vinyl chloride <10 

NOM-PliatlTT POLLUTANT HAZARDOUS SUBSTANCES LIST COMPOUNDS 

a i 3 Ketone <5 
CLU 2-butanone <5 
CL15 carbonditulfide <5 
CL16 2-hexanone <5 
ai r 4-*ethyl -2-pentanone <5 
CL18 atyrene <5 
CL19 vinyl acetate <5 
CL20 total xylenes <5 

The less-then (<) tyabol easns "not present i t or above the indicated 
value (detection l i « u ) " . 

Prepared by: 1 ^ 5 

Approved by: 

Colifornio flnolyticol Loborotories, Inc. 



EPA AETWO 624 (EXPANDED) 
Date t l t t t t 

aiENT ID: EP6 • 6 CAL LAB W : 195*9-4 

PW VDUIILES iSll 

2V acrolein <100 
3v ecryloni t r i le <10O 
4V benzene <5 
6V carbon tetrachloride *5 
TV eMorobenlene <5 

10V 1,2-diehtoroethene <i 
11V 1,1,1-tr icMoroethene <5 
13V 1,1-diehloroethane <b 
14V 1,1,2-trichloroethane <S 
J5V 1,1,2,2-tetreehlorotthem <10 
16V chtoroethane <10 
19V 2-chloroethylvinyl ether <10 
23V dilorofora <S 
29V 1,1-dichtoroethene «S 
30V trer»-l,2-dichloroetfiene *> 
32V 1,2-dicMoropn>pane <10 
33V 1,3-dichloropropene <5 
38V ethylbeniene <5 
44V •ethylene chloride <S 
45V dUorcamhene <1Q 
46V bromMtnme <10 
47V broaoforai <10 
48V Woendieriloroaethene «> 
49V fluorctrichloroKthene <10 
50V diehlorodifluoroBethane <10 
S1V dilorodibrcaoetthane <5 
SSv tetrechloroethene «5 
66V toluene <S 
87V triehloroerhene <S 
SSV vinyl chlor ide <10 

WN-PtlOHITT POLLUTANT HAZARDOUS SUiSTAaCES LIST COMPOUNDS 

CL13 acetone c5 
C114 2-butancne «5 
CL15 eertMOditulf ide <5 
CL16 2-heunone <5 
CL17 4-«ethyl-2-pemanooe <5 
CL1S atyrene <5 
CL19 vinyl acetate <5 
U20 to ta l >ylenet <5 

The l e i i - t h K . (<> tyefcol aeans 'not present at or above the indicated 
value (detection I . a i t ) ' . 

Prepared by: 

Approved by: JUft] Date: /I foffi 

California Analytical Laboratories. Inc. 



EPA METHOD 624 (EXPANDED) 
Dltl Ihnt 

CLIENT 10: 16 • * CAL LAI NO: 

P£f VOLATJLES W 

2V acrolein <100 
3V •crylonitrile <100 
« bwucne <5 
6V urban tetrachloride <5 
TV chloroberaene «5 

10V 1,2'dicMorotth«fte <5 
tlv 1,1,1-trichloroethene <5 
13V 1,1-dtchloroethme <5 
HV 1,1,2-tncMorottfitfie <S 
15V 1,l,2,2-tetr*ditaro(thine <10 
16V eblorotthm* <10 
19V 2-ehloroethytvinyl ether <10 
23V chlorofoni <5 
29V 1,1-dlchlaroethene <5 
30v tr*ftf1,2-dichlorotthtnt <5 
32V 1,2-diehlaropropene <10 
J3V 1,J-dichloropropene <5 
J«v ethylbenitn* <5 
uv •ethylene chloride «5 
*sv chloroMthme <10 
*6V broacaethtne <10 
47V orOBofom <10 
«V broaodichtorcMthane <5 
«9V fluorotrichloroe*thme <10 
50V di chlorodl1luorceetnane <10 
51V chlorodibrofaeethene <S 
B5V tetrKtilorotthcne «5 
S6V toluene <5 
S7V trichloroethene <5 
88V vinyl chloride <10 

NON-PRIORITY POLLUTANT HAZARDOUS SUBSTANCES LIST COMPOUNDS 

0.13 •cttone <5 
CLU 2-butwone <5 
CL15 cirbandisulfide <5 
a io 2-hexanone <5 
CLU *-t»thyl-2-p««t»none <5 
CL18 ityrene <5 
CL19 vinyl ecetite <5 
CL20 t s t i l xylenes <5 

The lew-then (<) »>•£»( Mens "not present Jt or ibave the indicated 
velue (detection l ioj j t )" . 

Prepared by: j D , . 

Approve by: Ml\ O.te: ////l/fl 

California flnolyticol laborotori-js. Inc. 



EPA METHOD 624 (EXPANDED) 
Oat a t h n t 

CLIENT ID: K£ - 3 CAL U l HO: 19562-1 

2! VDUTILES ysi 

2V acrolein <100 
3V acrylonitrile <1G0 
4V benzene <5 
6V carbon tetrachloride <5 
7V ch lorobeiuene <5 

lOv 1,2-dichioroethene <5 
11V 1,1,1-trichloroethiine <5 
13V 1,1-dictilorotthhte <5 
HV 1,1,2-trichloroethme <5 
15V 1,1,2,2- tttrechloroethane <10 
16V ch loroethane <10 
19V 2-chtoroetr.yl vinyl ither <10 
23V chloroform <5 
29V 1,1-dichloroethene <5 
30V tran»-1,2-dichloroethene <5 
32V 1,2-dicMoroprop»ne <10 
33V 1,3-diehloroproptne <5 
38V ethylberuene <5 
44V •ethylene chloride 160 
45V chlorceiethane <1D 
46V broaoaethane <10 
47V broaofarm <10 
48V broaodi eti (oraee t h me <5 
49V fluorotrichloroaethene «10 
50V dichlorodifluorooie thane <10 
51V chlorodibroaoaethifie <5 
85V tetreehloroethene <5 
B6V toluene <5 
»rv trichloroethene <5 
88V vinyl chUride <1D 

IBKPB1WITT POLLUTANT HAZARDOUS SUBSTANCES LIST COMPOUNDS 

CL13 Ketone <S 
Ct.14 2-butenone <5 
CL15 urbondi sulfide <5 
CI 16 2-heuoone <5 
Cll? 4-Bethyl-2-pentanone <5 
0.18 •tyrene <5 
a. 19 vinyl acetate <5 
CL20 total xylenes <5 

The le i i ' th tn (<) «y *» l sews "not present at or above the indicated 
value (detection U n i t ) " . 

Prepared by: 

Approved toy: _ 'vwiw Dale: 

Colifornio flnolyticol Loborotories, Inc. 



EPA METMD 624 (EXPANDED) 
Oati «Jwet 

CLIENT 10: 16 • 9 CAL LAI NO: 

PPJ V0UT1LES W 

JV acrolein <100 
Sv acrylonitrile <100 
4V benrane <5 
6W carbon tetrachloride <5 
TV chlorobenzene <i 

10V 1,2-dichloroethene <5 
nv 1,1,1-trichlorotthtne <5 
13V 1,1-dichloroethene <5 
14V 1,1,2-trichloroethene <5 
15v 1,1,2,2-letractiloroethene <10 
16V cMoroathene <10 
1PV 2-chloroettiylvinyl ether <10 
UV chloroform <5 
29V 1,1-dtehloroethene <5 
30V trar»-1,2-diehloroethene <5 
J2V 1,2-dichloropr opine <10 
JJV 1,3-dichtorcpropene <5 
J*v •thylbeiuent <5 
uv •ethylene chloride *5 
*5v chtoroaethene «10 
4«v brcaoaethene <10 
47V broaofoni <10 
48V broaodi ch loroaethane <5 
4W fluorotricbloroiethane <10 
50V didiUrodifluoroacthene «10 
51V cMerodibro«oaethene <5 
«V tetrecMoroethene <5 
«V toluene <5 
67V triehloroethene <5 
«V vinyl chloride <10 

HON-PtJORtn POLLUTANT HAZARDOUS SUBSTANCES LIST •"POUNDS 

CL13 acetone <5 
ax 2-butanone <5 
CL15 carbondiHjltide <5 
CL16 2-he>enone <5 
CL17 4-«ethyl-2-pent»none <5 
CUB ttyrene <5 
CI 19 vinyl acetate <5 
U20 total itylenes <5 

The teat-than (<) tyabol wans 'not present at or above the indicated 
value (detection l i a i t ) " . 

T& Prepared by: - . 

Approved by: Ml\ Date: Jf/jt'tf 

Colifornio flnolytical loborotories. Inc. 



EM METtWO 624 (EXPANDED) 
D*tl rtttt 

CllENI ID: IAHGER CAL LU KO: 19U0-1 

m VOLATILE! )SU 

2v •crotem ooo 
JV •crytonitrUe (100 
4V btnztne <5 
6V ccrbon tetrachloride «5 
TV cMorobenzcne <5 

10V l,2-dictilcro«th»ne <5 
l l¥ 1,1,1-triehloroethwi* <5 
1SV l,1dichlorotlh»ne <5 
UV l,1,2-trie*ili>ro»th»n* <5 
15V 1,1,2,2- Ittnchlorotthane <1Q 
16V dilorcxtdan* •10 
19V J-etilon>»thylvinyl ether «10 
BV chloroform <5 
» V 1,1-diriiloroethene <5 
uv trt/»-1,2-dtch(oro»tri*n« <5 
J2V t,2-dlriiloroproe»ne «10 
SJV l.J-diehloropropefte <5 
UV •thylbe/uene <S 
uv ••thy1 tot chloride <5 
45* chl oroarthine <10 
46V branoMthtr* «10 
4?V brcaofore <1C 
48V braaodi ch I oroacthene c5 
4»V fluorotrichloroaethine <10 
50V di ch lorodi f luoraaBthefie <10 
51V chlorodilfoaoaethene <5 
S5V tetriehlofoethene <5 
S6V toluene <5 
»7V trichlaroethene <5 
»Sv vinyl chloride <10 

MM-PtKMTT POLLUTANT HAZARDOUS SUBSTAHCES LIST COtPOJtttS 

CL13 K e t o n e <5 
CLK 2-butenor* <5 
CL15 cirtandiiutfide <5 
CL16 2-heienone <5 
CL17 *-aethyl -2-perirenone <5 
CL18 ityrene <5 
a 19 vinyl K t t i t f <5 
CL20 totei «/l«nei <5 

The lew-Own («) lyabol aeem "not preterit et or ebovt the indicated 
value (detection tia.it)". 

Prepared by: 

Acprov* by: M \ Date: / / / ^ / 

California Analytical Laboratories. Inc. 

http://tia.it


EPA METHOD 62i WIMtT t WLIUTAMS 
B»t> Sheet 

alENT ID: tt - 1 CAL LAI No: 19547-1 

ppf ACID COWUOS Ug/L PPf IASE/«eu1Ul CWOUWS aZi 
2 U Z,4,6-tricMorophenol <1Q 401 4-diloropKenyl phenyl ether t10 
22A p-chlaro'B-crnot <10 411 4-tnjBophenyl phenyl ether <1B 
24A 2-chlorophenol <10 421 bt«(2-chl9/-oi«ipropyl> ether <20 
3 U 2,4-didiloroptienol «10 431 bif(2-cMoroerhoxy) e»thene <20 
34A 2,4-di«ethylph*nol <10 521 hejuchlorofcitediene <10 
57A 2-nttrophenol <20 531 hexechlorxyclopentediene <10 
J3A 4-nitrootwnoi <50 541 Itophoront <10 
59A 2,4-dlnitropftenol <5D 5 H nephthelene <1(J 

60A 4,6-dinitro-o-cretol <20 561 nitrobenzene < : ! ( . • 

64A pentecMoroptienot <10 621 1-nitroeodiphenylexne •Vv 
65A phenol <to 631 «-nltroeadipropylee»ne '.yj 

661 bli(2-ethylhexyDphthilett o. 
lASE/*El>7e.AI. CWPOUHDS 671 benzyl butyl phthiUte iC 

, 6SI di-n-butyl phthalite <1C 
11 •cenephthene <10 691 dl-rcoctyl phthel iu <10 
51 beniidine <40 701 diethyl pMhelata <10 
St 1,2,4-tMeMorobeniene <10 718 diwthyl phth i l i t i <10 
91 Itexeehlorobenzene <10 72l befuod (anthracene «10 

121 hexecMoroethene <10 731 benzo(a)pyrene <20 
181 bii(2-chlofoethyl)etr,er <10 74| banio(b)Muoranthene <20' 
206 2-chloraniphthelene <1Q 751 bemoOOfluortnthene <20' 
25l 1,2-diciilorobentene <10 761 ehryiene <20 
266 1,3-dictilorobewene <10 771 acenaphthylene <10 
271 1,4-dfc*torot>eniene <10 TBI anthracene <10 
288 3,3'-dictilorobeniidine <20 791 benzoCghOperylene <20 
351 2,4-dinitroto(uene <20 M fluorene <10 
368 2,6-dinitrotoluene <20 811 phananehrene <10 
371 l,2-diph«nylhydreiir* 821 diberao[e,h)»nihraeene <20 

« i azobeniene) <20 838 1ndenoO,2,J-cd)pyrene <20 
J9l fluorenthene <10 848 pyrene <10 

1. eldrin <10 8. dieldrin <10 
2. 8-BHC <10 9. endotulfin tulfete <20 
3. 0-IKC <10 10. endrin aldehyde <20 
4. chlordane <100 11. heptechlor <10 
5. 4,4'DOO <10 12. heptechlor epoxide • 10 
6. 4 , 4 ' • » £ <10 13. K » <50 
?. 4 , 4 ' M T «10 14. toxaphtne <5D0 

' • compounds co-elute - analysed ts e single coaponj 
Ike let t - thin (<} tyatxil v a r a "not preterit «t or ebove the indicated value (detection 
l i«it)". 

PREPARED 8T: -fog 

ACRROVED BY: /%}l\ DATE: M. Ui*\ 

Coiifornia Anolyticol Loborotories. Inc. 



EPA METHOD 62S fSIOBITT POUUTAMS 
Oat* Sheet 

CLIENT ID: Hi • 7 CAL LAI «o: 19549-2 

p?t ACID COWMOS ug/l M>* IASE/NEUTRAL CWPOWtOS a£L 

2 U 2,4,6-triehlorophenol <10 <M 4-ehlorophenyl phenyl ether OO 
22A pchlora-»-ere»ol <10 <tf 4-braeDphenyl phenyl ether OO 
24A 2-cMoroptienol <10 428 t»is(2'CMoroi>opropyO ether '20 
31A 2,4-dichlorophanol <10 431 biiC2-chlorottho»y) eathane <20 
34A 2,4-diaethylpNnol <10 521 hejtachlorobutadienc <10 
S7A 2-nitrophinol <20 5J8 hejuchlorocycloptniediene OO 
S8A t-nitrophenol <S0 M l itopnorona <1(l 
59A 2,*-dinitrophenol <50 SSI naphthalene OO 
60A 4,6-dini lro-o-ert iol <20 S6I nitrotieniene <10 
MA pentecMorophenol <10 628 N-nitrMMiphtnytaine <10 
45A phenol <10 638 N-nftrMOdtprapylaaint <10 

668 bil(2-ethylhe«yl)phthalate OO 
IASE/NEUUAL COMPOJNOS 671 beniyl butyl phthalete <10 

6 U di-n-butyl phthatate OO 
1> ecenaphthene <10 691 di-n>octyl phthelate <10 
58 benzidine UO m i diethyl phthelate OO 
8a l ,2 ,4- tr ichlofoben«« <10 7TB dinethyl phthelate <10 
98 he*»chloroto*nlene <10 72B btnzoCalanthracene <10 

12B htjiechtoroethene oo 73B benzoCaJpyrer* '20 
tea bU(2-ehloroathyl)ether <10 7<rB benioCb)'luoranthene <20 
208 2-cMorcnapMhiltnt <10 Ti l benzoCk)fluoranthene -20 
25B 1,2'dtchlorobenifne <10 768 chrysene <20 
268 1,3-diehlorotenzene <!0 778 ecenephrhyiene tlO 
27B 1,4-dichlorobenzene <10 788 anthracene oo 
283 3,3'-d>chlorobenzidine <20 798 beraolahuperylene <2D 
35B 2,4-dinitrotoluene <20 806 fluorene <10 
166 2,6-dinitrotoloene <2C 8TB phenanthrene OO 
37B 1,2-diptitnyLh'wiiine 82B d)beraot*.f\)enthracoT* <20 

Ui ezobentenei <20 83B indeno(1,2,3-cd)pyrene <20 
396 fluorenthene <10 54B pyrene <10 

1 . aldrin <10 A. d i t ld r in OC 
2. I-BHC <10 9. tndosulfan sulfate <20 
3. D-1K <10 10. tndrin aldehyde <20 
4. chlordene <100 11. heptechl&r OO 
5. 4 , f -D00 <10 12. heptachlor epoxide OD 
6. 4,4'-0OE •OO 13. PCS <50 
7. *,4'-D0T <10 14. toxaphena <soo 

* - coapourdl co-elute - analysed ai • single coapound 
The let i ' than CO «y»bol aeana "not present at or above the indicated value (detection 

l i l i t )" . 

PREPARED I T : j ) fc3 

APRROVED ST: BATE: / / 
lulfi 

California Rnolyticol Laboratories, Inc. 



EPA NEWS 625 PHICRITT PaiUTAHTS 
Dtte » e e t 

CLIENT ID: fc6 • 8 CAL LAI «o: 19549-J 

PW ACID CCHPOWDS Sit 
<10 

PM 1ASE/«UT*AL COVOJHDS Ug/L 

21A 2,i,6-trie!>lori**!«noL 

Sit 
<10 A0( A-diLorophtnyt phenyl ether <10 

22A p-chloro-B-creicl <10 All A-brtaaphenyt phenyl ether <10 
2AA 2-Oiloroptitnol <10 <2l 6i«<2-ehloroi»oprapyl) ether <20 
31A 2,4-dirtler-ophenol <I0 451 bi»(2-ehloroetho]iy> aether* <20 
J4A 2 (4-die»thylphenol <10 521 hwtdilorabutaditnt <10 
57A 2-nitroptienol <20 53B heAecJiloroevtlopentediene (10 
S8A A-nitrophenol <50 5A1 iiophofone <10 
59A 2,A-dinitrophmol (50 551 nepnthelene *JO 
60A * ,4 - t f ( ( i i t ro*ocr»ol (20 561 nitraMrame <1Q 
64A p»tttChl9fephenol <10 621 »-nHro4odipnenylt»ine <10 
45A phenol <ia 631 »-nftroeodipropyie»ine <10 

661 bU(2-«hylheAyl)phthalele (10 
IASE/KUTML COHCOUNOS 671 btntyl butyl phthalate (10 

iit di-n-butyl phthelete (10 
T( ecenepfHIient ClO 691 di-rvoetyl phthaltte (10 
51 beftfidine <A0 708 diethyl phthilete <10 
88 l.i.A-trleMorobeniene (10 7l> diatrhyl pMhelete <10 
91 htucM«r«fceniine (10 721 betoo(i)enthr»cene <10 

12t hexechlweethene <10 738 bantodlpyrene <20 
l i t bi«(2-chl«ro*thy()«ther <10 ?;B btnzo(b)fluortnthene (20* 
20B 2-ehloranephthelene <10 751 benzol Ofluoranthene <20« 
25t 1 .J-dieMorobenxene <10 761 chry**ne '20 
261 1,3-diefi(orobenzen* <10 77B ecenaphthylene <1D 
271 1,<-dicfc(orobtnzent (10 781 mthricene <10 
281 3,J'-dirfilorobeniidine (20 791 bemo(ghi)p«rytene (20 
35B 2,A-dinitrato(uen» <20 101 fluorene <10 
368 2,6-dinitrotoluene <20 111 phenenthrene <I0 
J7» 1,2-diphenylhydretine 121 dibaniod.fttenaracene (20 

( K uabemene) (20 S3! inaeno(1,2,3>ed>pyi-ene <20 
391 fluorenthen* <10 548 pyrent <10 

J. e ldnn <ia 8. dit ldrin <10 
2. »-MC <to 9. endofuKen u i l f t t e <za 
3. OtHC <10 ID. endrin (Ideftyde <20 
A. dtlortene <ioo 11. hepteehlor <1Q 
5. A.A'-DDO <10 12. heptecMof epoxide <10 
6. 4, i ' -00E <10 13. PQ (50 
7. A.A'-OOT <10 U . touphent (500 

* - coapounds co-eluce • jnetyted «* • (ingle caepound 
The let i - t lwn (<) ty i to l Been* "not preeent i t or above the indicated value (detection 

l i« i t>* . 

PREPttED »1: 1 ) $ 

APWWED IT: )$H\ 
MTE: t(L/lH 

Colifornio Analytical Laboratories, Inc. 



EPA METHOD 625 PIIQR1TT ROUUtJWTS 
O n e Sheet 

U1E«T ID: EP6 S CAL LAB Ho: 19549-4 

PPt *CfD CWPOUHOS UBA PP# 8ASE/MEUTRAI CCMPOJMOS H3A 

21* 2,4,6'triehtofophenol oo ma 4chlorophenyl phtnyl enter <10 
22A p-chloro-a-creed <1Q 41B t-broaopheftyl phenyl ether <10 
HA 2-ehlorophenol <1Q 421 bii<2-chloroi«opropyl) ether <20 
31A 2,4-dichlorophenol <10 4J8 bi»(2-ehloro«thoKy> Mthene «20 
J*A 2,+-die»thylpheno: <10 52* hexechloroibutediene dO 
57* 2-nitrophenol <2Q 5J8 he»eehlorocyclopentediene <to 
56* *-nitri«iienol <50 H I iiophorone <10 
59* 2,1-dinitrophenol <50 558 nephthelene <10 
40* 4,6-dinitro-o-ereiol <2Q J61 nitrobenzene <10 
MA ptntechlorophenol <10 621 1-nitroiodi phenyl » tne <10 
63* phenol <10 631 K-nitrotodipropylHine <10 

661 bi«(2-ethylhe*y()phthelece «10 
1ASE/MUIRAL COHPOUWIS 671 benzyl butyl phthalete dO 

6SS din-butyl phthelete <10 
11 eceruehthene •MO 698 di-n-octyl phthelete €10 
58 benzidine «40 70S diethyl phthtlete 0 0 
U l,2,4triehlorobenzene <10 718 d iwthyl ohthelate <10 
98 hexaehlorobeniene <10 728 Benz&(a)anthr»cene clO 

128 he«echloroethene <10 7J0 btnto(»)pyrene <?0 
1t8 bie(2ehtoroethyDether OO 748 benzo(b}fluor*nihera <20-
208 2-cMoronephthelene «10 758 banwU)<luorenihew <20« 
258 1,2-dichlorobenzene <10 761 chryeene <20 
268 l.J-dichlorobenzent <10 771 acenephthyiane <10 
27B 1,4-dithlorobeniene oo 7B8 anthracene <10 
28B J.J'-dichtwobenzidine <20 791 benio(ghi)perylere <20 
J58 2,4-dinitrotoluene <20 (01 fluorene <10 
168 2,6-dinitrotoluene <20 K18 phenanthrene <10 
17B 1,2-diphenylhydrezine &2B dibenzo<a,h>enthrecene «20 

( i t ezobenzene) <20 838 indeno<1.2,5'Cd)pyrene <20 
19* fluoranthene <10 448 pyrene <10 

1. iLdrin <10 6. dieldrin <10 
2. B-BHC <10 7. encfosulfan sulfite «20 
3. D-8HC <10 10. endnn aldehyde <20 
4. chlordane <100 11. heptechlor <10 
5. 4,4" DM <10 12. heptachlor epoxide <10 
6. 4 J4'(X>e <w 13. PC8 <50 
7. 4,4'-DOT <10 14. toxaphene <500 

* • compounds co-elute - analyted u a single coapound 
The lesi-than (<) >yat»L aeana -not present t t or above the indicated value (detection 
l ie i i t )" . 

PREPARED V: * " M 

APKWVED BT: / ^ ^ DATE: «I,M 

Colifornio flnolyticol Loborotories, Inc. 



EPA KTHOO 625 PUMITT POLLUTANIS 
P i t t SMtl 

a i f K l ID: U 3 CA1 LAS He; 19562-1 

PP# ACID COMPOMtS ug/i PPf M H / W U T M l OMPOJACS «9/ l 

21A 2,4,6-tneM»r«f*>enol <1C IC« 4-chlorophenyi phenyl ether <10 
22A p-chtoro-»-eretol «10 A1B Abronoptimyl phenyl ether oo 
2AA 2-cMorophenol <10 421 blj(2-el>loroi»opropyl) ether "20 
3 U 2,A-didilorophenoL <10 431 bi«<2-cMwoethojy) wthene <20 
3AA 2.A-die»thylpheren <1C 528 hextchlerwutadiene <10 
57A 2-nltropiienol <20 $31 hw*cliloroeyclopem»dier>t <lt> 
MA t-nltroftanol <so 541 Iwphorone <iu 
59A 2,*-dlntiroprieno( <so 551 nephthetene •:10 
60A 4,6-dinUro-o-crtsol <» 561 nitrobeniene <10 
6AA ptnttchtoraphifiol <10 621 t-nitroMdipritnydaine <10 
6SA ptiarttL <10 631 ••n(tro»odipropyle«ine OO 

661 bii(2-ethylhexyl)phthiLete <10 
IASE/M£UTML COMPOUNDS 671 btiurl butyl phthelete «10 

681 di-n-butyl pftihelete <10 
11 icenephthene <10 691 di-n-oetyl ptitfielete <10 
51 beruidln* <40 7M diethyl phthelete <\0 
81 1,2.4-trieh.torobemene <10 711 d ie thy l phthelete <10 
91 heaiichlorcfeeniem <10 721 btmo(i)enthrecene <10 

121 hexechlofoethene <10 7J8 b*nio(e)pyrene <20 
181 ttii(2-cMoro*thyl)ccher <15 741 befuolMfluofenttiene <i0' 
201 2-chlorontfhthelene <10 751 benzodOfluorerichene <20' 
251 1,2-didiloro6en«ra <10 761 chrytent <20 
261 1,3-diehlorobera«ne <10 771 KenifAchylene <io 
271 1>-dtcMofobmz«re <10 781 •nthrecene <10 
281 S.S'-didilorobtiuidine <20 791 benio(9hi)ptrylene <20 
351 2,4-dinitrotoluene <20 Stlt fluorine <10 
361 2,6-dinitrotaLuene <20 811 phenmthrene <10 
37B 1,2-diphenythydriizine 828 dtb«uoCe,h)entriricene <2Q 

(ts uaboutnt ) <2Q 838 indena(1,2,3>cd)pyrene <20 
391 fluorenthene <TJ 841 pyrent <10 

1 . eldrin <10 8. dieldrin <10 
2. I-1HC <10 9. endotulfen sulf i te <20 
3. 0-1HC «10 10. endrin aldehyde <20 
A. e*lordine <ioa 11. heptechlor <1Q 
5. 4,A'-000 <10 12. heptechtor epcutide <10 
6. 4,4'-OOE <10 13. PCI -50 
7. 4,A'-001 «10 K . touphene 4 0 0 

* - uapaundi co-elute - enelyied is t tingle ceapound 
The lett-then <<) lyefcol nine •not preterit it or above the indieitea vilue (detection 
li»it)". 

PIEPARED I t : J ^ 

AMWVED IT: fifty DATE : /f/fi/fij 

Colifornio Rnolyticol loborotories. Inc. 



EPA METHO 62S PtlORlTT POLLUTAHTS 
Date SJiett 

CLIENT ID: (6 • 4 CAL LAB »o: 19562 2 

PM ACIO CWOUHOS Ufl/L »Pt lASE/KtUTUL CCMMUiOS !S& 
21A 2,4,6-trichlorophenol <10 40B 4-ehtorophenyl phenyl ether <1D 
22A p-cMoro-rcrttol 0 0 41B 4-broaophenyl phenyl ether oo 
24A 2-chlorophincl <10 42B bii(2-chloroiMpropyl) ether <?0 
J1A 2,4-dfchlwopiwnol 0 0 431 bi«2-chloroethoxy> •ethane «20 
34A 2,4-diaettiylphenol <10 521 MxechloroUitediene <10 
57A 2-nitrophenol <20 531 MxtcMorccyclapemadiene <10 
S8A 4-nitrophtnol <50 MB isophorone <\0 
59A 2,4-dlnitfophenol <50 551 naphthalene <)0 
ADA 4,6'dfnltro ,o-cre»ol <20 568 nitrobetuene <10 
64A ptntachlorgphaul <10 621 ll-nitro»od<phenyle»ine <1U 
65A phenol •clO 638 ••nitrou>d>propyl«ine < H 1 

66B bil<2-ethylh««yl)phth«lete 7'.. 
USC/NEUTMl COWOUHOS 671 benzyl butyl phthalete 78 

68B di-n-butyl phthalate «lil 
11 acenapMhane <10 698 di-n-octyt phthilate <'U 
5B btnzidint <40 708 diethyl phthalete *10 
BB 1,2,4-trichlorobenzene <10 711 diaethyl phthalete <10 
98 heiedilorcbenzine <10 728 benzo(e)antnricene <10 

128 hutchlorotthwe <10 738 benzo(i)pyren* ^u 
1BB bit<2-ehloroethyl)ether <10 74B benxoCblfluarenthene <20" 
206 2-chloronaphehilene «10 75B benzollOfluorenthene <?0' 
251 1,2-dichlcroberiiene <10 76a chryiane <20 
268 1,J-d>cMorob«uefie <10 77B acenaphthylene <10 
27B 1,4-dicftloroberuene <10 781 anthracene OO 
258 S.S'-dtchloroDenzidine <20 798 benzodthOperylene <20 
35B 2,4-diniiroto(uene *20 808 fluorene <10 
368 2,6-dinitrotoluene <20 918 ptienenthrene <10 
371 1,2-diphenylhydrazin* 821 dibenzo(t,h)enthricene <20 

( u azobenzent) <20 83B indeno(1,2,3-cd)pyrene <20 
391 fluoranthene <10 84B pyrene <10 

1 . tidr'in <10 8. dieldrin <10 
2. I-BHC <10 9. endosuKen sulf ite <2U 
3. D-IHC <10 10. endrin eldehyde <20 
<•. chlordan* <100 11. heptechlor <10 
S. 4,4>-D00 <1D 12. heptechlor epoxide <10 
6. 4,4'-D0E <10 13. PCS <50 
7. 4,4' -OOT <10 14. taxepftene <500 

* - caepomdj co-ilute - analysed as e single compound 
The lei i ' then (<) tyatel aems "not present i t or above the indicated value (detection 
l i » i t ) " . 

PBEPAxED BT: 7 ) ^ 

APftKOVEO BY: 0 h \ DATE: / / Uh 

Colifornio flnolyticol loborotories, Inc. 



EPA METHOD 625 PtlORlTK POLLUFUTS 
Data ShMi 

CLIENT ID: K6 • 9 CAl LM MO: 19542-3 

PPt ACID CMPOUWS 3Zi PP« IASE/*EjTtAl CCHpaUNOS a/i 
21A 2,4,6-trichlOTQ(*i*no< <10 408 4-thtorcpnanyl pinny! ethrr «10 
22A p-chloro ' icr t to l «10 41t 4'brcaa^anyL phtnyt ather 0 0 
24A 2-eMorophanol «10 421 bii(2'ChloroiKXX-°pirl) ather <20 
31A 2,4-diclilorophenol <10 431 bit(2-eMoroatlwxy) aatftaw «20 
34A 2,4-dia»thytphtnot «10 528 hajtachlorobutaditna • 10 
57A 2-nirrop*>tncl <20 53* hukchlorocyclopcnttcliinc <10 
5BA 4-nitrophanol rtO 54> iiopjurona •clO 

59* 2,4-dinitrophtnol <50 551 naphthalan* <10 
60A 4,6-dinitroo-ere§ol <20 561 ni tr-obtnztnt <10 
64A pantachloroplwnol <10 621 N-nitrotadiptitny'ain* <10 
45A ffcanol <10 631 B-n(troaodipfopyla»in« <10 

66B Wt<2-»«iylh*»yt)pAthaC«te <10 
USE/MUTUAL COMPOUNDS 671 bantyl butyl phchi l tu <10 

63B di-n-tatyl phthalata <10 
11 aeanapMhtna <10 691 di-n-octyl phthalatt <10 
SB batuidin* <40 70S diathyl pMhalate <10 
SB 1,2,4-iricfilorobtniene .10 718 diavthyl phthalare <10 
9B htxachlorobaiutna <<0 728 banjotalanthracene <10 

128 hejiachloroathane <10 738 btnto(a)pyr«ne <2U 
1SB bi»(2-eMorotlhyl)ether <10 74Q b«ue>(6)ftuoranthene <i0' 
20B 2-cMoron»f*ithilene <10 75B bamottWueranthtne <20' 
258 1,2-dichlW(*«*«ene <10 768 Oirytene <20 
246 1,J-dicM&robtruw* <10 77B acenaphthylene <10 
27B 1,4-dicMor<**raent <>0 786 anthracent <10 
2&B J.S'-dichi.orobtfttJdin* <20 79B &anK><ohi)p*rylene <20 
35B 2,4-dinitroto(uene «20 BOB fluortne «10 
368 2,6-dinitrotoluene <20 B1B ptiananthran* <10 
37k 1,2-diphinyltiydriline 82B diba»uo(A,h)inthric;rc <20 

( u azobaniam) <20 838 indtno(1,2,3-cd>PYrsnt <20 
J9» fluoranthcnt <ia S4B pyrana <10 

1. i l d f i n <10 8. dieldrin <10 
2. I-BHC <ia 9. andotulfan sulfate <20 
1 . D-BHC <10 10. tndrin tltfchyde «20 
4. ehlordant <100 11. hcptachtor <10 
5. 4,4"-DOO <ia 12. haptacMor apr dt «10 
4. 4,4'-DOE <io 13. PC8 «50 
?. 4,4'-H>r <10 14, taiaphcat c500 

* - coapa/idg co-ttute - analysed is a singl* coapouxl 
Th» l«M-than (<) lyatul atan> "not preient I t or above tft? 
L ia i t )" . 

PKEPASED BT: T f i 

ArtWVED II: Mi'A DAW: A 

indicated v« l i * (detection 

T^if 

Colifornio Analytical Loborotories, Inc. 



tn *rnce «s mmvt naumn 
Pact Stmt 

mm m mm ML U l l » : 19620-1 

Mt ACID CWPOUMOS UBA PMI Mffi/KUTMl aWOMDS 3 & 

i l / l £,«,6'tricM«r«pritnol 00 408 4-tt)tore(rtenyl pbtnyl »th«c <1Q 
8 * p-cMoro-a-cnvol <te 411 4-feraaophanyt pturrft tthrr <10 
24* 2-citior<#>anol <10 42S bUtf-cMoroitcpropyt) •ch«r <20 
3 U 1,4-aieJiloMphanel <10 411 t»<»<2-eM«ro«tvo»y) Mttana <2f> 
S4A 2,W-fli«»ttiyi(*MrwI c»0 521 Mudi(oro6utid<tnt <10 
S?A 2-nitrttitiartot <a 5S| haxadiloreeycLopantadiat* <10 
S&t 4'n(trc0wwi <50 541 (tcftioront <«> m ?,4dl/HtropMre>l <50 SSI na^thaltn* MS 
*J» 4,*-dffiitro-o'er««ol «» 5t t nltrsbmitmt «10 
44* |MntJrcA;«capMno( <10 621 *-nitro»odip»>tnyla*ine <1d 
65* pMnol «w 63l a-nitroaotfipropyianin* <10 

66g bi»(2'»thylht«rl)^th»l«t« <«3 
UH/WU7MI COHfWMS 4?» barayl butyl phthitatt «10 

618 dt-n-buiyl phthaUt* <10 
11 acanaphlhana «10 691 dl-B-oetyi (tithaUta <10 
St b*u>dtn» «4fl mt «JI*thy< ptithalau <I0 
SB 1 ( 2,*-tHishl9r*en*tm <10 711 diaethyl pMbalate •10 
91 htucivtorobcmtna <TC 72H beuo(a)»nrtrace«e <10 

12S htxadileroathai* <1C 73* beuoUSpyran* •cZU 
itt W#«'diletotti>yU*thtr <10 741 b*ruo(b)(tuw«ithtt» <20* 
2011-Moromphthtlv* <10 Ti t hBUo<Ji5ftueranth«ne <2Q* 
2Si l.i-dleiUeroctaraant <10 76i ehryiam 40 
24* J,3-(Jidi(ore6arutnt <1Q 77i acanaphthytam «!C 
27* 1,4-dicJ»(«robartt«nt <10 78B anttiracan* <lff 
281 J.S' -dirt loroifuidin* <J0 TVS b«U9<9M>p*rylen» <2a 35a J,4-dinitr»tolvm» <20 SOS fluorine <10 
34« 2,6-dimtrotolu»n» «20 ! U ptienanthrer* <!tt 
371 1,2-Siph«T|KS>ydfaiir» « 8 dfb*nto(i,(i)anthrac«ne *20 

( M wobanUna) «ao m fn*nn<1,2,J-e<l)pyf«ne *20 
J9I fluerantbtnt «ie S4» pyrin* <10 

1. atdrtn <10 3. dieidrin <1Q 
* . i-»itc <10 9 . andowtfan tulfatc <iD 
3. o-mc <10 1Q. endrin aldehyde <2Q 
4. ehtordana <100 11. hepteehlor <J0 
5. 4 , 4 ' - 0 » <ia 12. heptaehlfir epuit i* «>0 
». 4 , *<-o« <10 13. PCI «50 
7. 4,4'-OOT <10 14. toxaptone <soo 

• - cgaptrjndt co-elute - analysed a> linjli co^powl 
The l e w than (<) ayabol e*M 'net p*etant at or aOovt CM irtficatad yatua (detectioo 
lim"t)». 

OAU; /fltlid 


