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E_C_IVESUMMARY

A multi-phase field investigation, called the Perimeter Investigation, was accomplished

during a period from December 1987 through January 1989 at the Marine Corps Air

Station (MCAS) E1 Toro, California. The objective of this investigation was to evaluate

whether the trichloroethene (TCE) contamination observed at the three agricultural wells

located on and off station is a result of past waste disposal practices at the station. This

interim report is being provided by James M. Montgomery, Consulting Engineers, Inc.

(JMM) in order to present results of investigations completed to date. A final report will

be prepared following completion of all field and data interpretation efforts related to

the Perimeter Investigation.

The components of the Perimeter Investigation included the installation and sampling of

a cluster of wells designed to identify the physicochemical characteristics and the vertical

extent of any volatile organic chemical (VOC) contamination near the agricultural well

located on station. A total of 8 shallow monitoring wells were also installed and tested

along the southwestern portion of the station in order to evaluate the presence and

characteristics of any contamination leaving the station. These on-station investigations

were conducted concurrently with the field investigations completed off station by the

Orange County Water District (OCWD).

OCWD completed their investigations during February 1989 and issued a report that

described their findings in March 1989. The OCWD report concluded that the TCE

contamination detected in irrigation and monitoring wells located off station is continuous

with the TCE contamination detected in irrigation and monitoring wells located on

MCAS E1 Toro. The OCWD report further concluded that MCAS E1 Toro is the source

of the TCE in the Irvine area.

The detailed interpretation and discussions presented in the Interim Report presented

herein indicate that the conclusions presented in the OCWD report are unfounded. The

data collected and presented by OCWD together with the findings of this study suggest

that multiple VOC plumes exist in the Irvine area and that MCAS E1 Toro is a



contributor to this contamination and not the sole source of contamination. It is noted

here that, for the purpose of this Interim Report, "plume" is defined as groundwater

volumes and areas having VOC concentrations above detection limits imposed by the

instruments the samples analyzed from.

Four areas of VOC contamination were identified. Three of these areas are located

either totally or partially within the surface area of the MCAS E1 Toro. One of the VOC

plumes located on station is surrounded by uncontaminated shallow and deep monitoring

wells, installed and sampled by both OCWD and JMM, indicating that it is not

contiguous with any of the off-station plumes. A second plume composed predominantly

of TCE, is identified in the shallow aquifer near the southwest corner of the east-west

runway. The continuity of this approximately 1500-foot long plume with the TCE plume

located off station can not be established at this time. However, there is some likelihood

that the historical pumping influence of an on-station agricultural well has drawn

contaminated groundwater onto the station from a potential off-station source. A third

plume composed predominantly of TCE and tetrachloroethene (PCE) is identified, also

within the shallow aquifer, near the southwest corner of the north-south runway. Although

the source of this plume has not yet been identified, it is believed that it is not

contiguous with the off station TCE plume. The fourth plume, identified from the data

provided by the OCWD, is located off station. The distribution, type, and relative

concentrations of VOCs in this plume are substantially different than those found in the

plumes located beneath MCAS E1 Toro. Furthermore, the contaminant transport time

calculations using average and conservative estimates of aquifer parameters indicate that

it would take an unrealistically long period of time for the TCE originating on station

to reach the currently defined downgradient extent of this plume. These findings strongly

suggest that other, perhaps multiple, sources of TCE may exist off station, throughout the

Irvine area.

It is recommended that investigations should be initiated by the Navy and MCAS E1

Toro to define the off-station extent of VOC contamination related to the southern

(third) plume believed to be originating from an on-station source. This work should

include on- and off-station soil gas investigations as well as shallow monitoring wells



near MCAS E1 Toro to identify the horizontal extent of the third plume. A two level

cluster well system should also be installed to delineate the vertical extent of VOC

contamination. A similar investigation should be conducted around the second plume to

identify the potential source location(s). Both of these investigations should also be

directed towards gathering necessary data to design and implement a timely and cost-

effective remediation system. The source(s) of the on-station plume should be identified

during implementation of the Plan of Action for individual potential source locations

throughout MCAS E1 Toro.

It is believed that the extent and chemical characteristic of the VOC plume located off

station is fairly well defined. It is strongly recommended that the existing agricultural

wells should not be utilized for the extraction and treatment of this plume. This is

primarily because of the fact that the plume appears to be confined to a relatively small

portion of the more than 400-foot thick aquifer, and that the continuously screened

agricultural wells would likely cause cross-contamination of currently clean aquifer zones,

thereby exacerbating the existing problem.



SECTION 1

INTRODUCTION

1.1 OBJECTIVE AND PURPOSE

The objective of this Interim Report for the Perimeter Investigation is to present results

of field investigations conducted from December 1987 through January 1989, along the

southwest perimeter of Marine Corps Air Station (MCAS) E1 Toro, California. This

Interim Report is being submitted by James M. Montgomery, Consulting Engineers, Inc.

(JMM) as part of Contract No. N62474-85-C-5592, Modification No. P00003, with the

Western Division of the Naval Facilities Engineering Command

(WESTDIVNAVFACENGCOM). The Perimeter Investigation is being performed under

the auspices of the Navy Installation Restoration (IR) Program with technical direction

provided by the Engineer-in-Charge (EIC) at the San Diego Branch of the West Division.

The purpose of the Perimeter Investigation is to identify whether trichloroethlene (TCE)

contamination observed at agricultural production wells owned by The Irvine Company

(TIC) on and near MCAS E1 Toro is a result of past waste generation and/or disposal

actMties on the air station. This report describes remedial investigations being done

concurrently with the investigations conducted off station by the Orange County Water

District (OCWD). In addition to these investigations, a Plan of Action (POA) has been

submitted by JMM to conduct investigations at 22 sites in MCAS E1 Toro as part of the

site inspection activities.

1.2 BACKGROUND

In June of 1985, (OCWD) sampled several agricultural production wells owned by TIC

on and near MCAS E1 Toro. As shown in Figure 1.1, two of the off-station wells

sampled, TIC-35 and TIC-47, had concentrations of TCE that exceeded the California
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Department of Health Services (DOHS) state action level (SAL) for TCE in drinking

water (5/ag/L). TCE was also detected in a third well located on MCAS E1 Toro,

TIC-55, at si_ificantly lower levels.

After the initial discovery of TCE contamination in the three TIC wells, OCWD

commissioned a study by Mills (1985). A summary of the results of that investigation

is given in the following subsection (Section 1.2.1) OCWD is conducting a TCE

investigation concurrently with the Perimeter Investigation. The findings from the Phase

I report of that investigation (OCWD, 1989) are summarized in Section 1.2.2.

1.2.1 Mills Report (1985)

The TCE investigation conducted for OCWD (Mills, 1985) consisted of two components:

(1) a literature review of land use, hydrogeology, and chlorinated hydrocarbon

compounds; and (2) a soil gas survey in the vicinity of MCAS E1 Toro.

) 1.2.1.1 Land Use. The land use survey concluded that the primary land use in the area
in 1985 was irrigated agriculture. The historical citrus and asparagus crops had high

(relative to precipitated) rates of applied water: 2.9 and 3.3 ft per year (ft/yr),

respectively. The primary non-agricultural land uses cited in the survey include the

following:

o . MCAS El Toro (mid-194_to present) _ _h,]

o Orate  nte &uoZRaZZwa09 8 to
Commercial area known as East Irvine, consisting of }
a grocery store, garage, gas station, RV trailer sales j

and an abandoned fruit packing facility.
/

Southern California Edison substation

Mills (1985) also identified several drainage facilities which could potentially transport

contaminants:

1-2



o Aqua Chiron wash

o Bee Canyon wash

o Rifle Range Ditch

o San Diego Creek

1.2.1.2 Hydrogeology. The thickness of the aquifer in the Irvine Basin ranges from a few

hundred to 1500 ft in thickness. The sediments are generally fine-grained and consist

of lenses of clay, silt and sand, although individual units are not areally contiguous.

Groundwater flow velocities were estimated to range from 14 ft/yr to 1500 ft/yr (a

hypothetical clean sand).

1.2.1.3 Chlorinated hydrocarbons. The primary end use of TCE was vapor degreasing,

while PCE is used primarily in the dry-cleaning industry.

1.2.1.4 Soil Gas Survey. Mills (1985) used static soil vapor collectors in a grid pattern

to the northwest and southweast of MCAS E1 Toro. The soil vapor collection device

consisted of a glass container containing a ferro-magnetic wire coated with activated

carbon which acted as a sorbent for volatilizing organic chemicals. Only PCE was

detected in soil gas and was correlated in part with surface drainage washes. PCE was

also detected sporadically in other areas. Mills (1985) found that the two areas with the

greatest concentrations of PCE in soil gas were near the southwest boundary of MCAS

E1 Toro and near the Southern California Edison Substation. Mills (1985) inferred that

the soil gas PCE is unrelated to groundwater TCE contamination. Mills (1985) further

concluded that the probable source of TCE contamination in TIC-35 and TIC-47 is

MCAS E1 Toro, based solely on land use and groundwater flow, although other similar

land uses (i.e., Orange County International Raceway) were identified as being upgradient

of TIC-35 and TIC-47.
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1.2.20CWD Report (1989)

OCWD conducted field investigations of off-base TCE contamination through February

1989 summarized in their Phase I report (OCWD, 1989). OCWD's field work included

the following tasks:

o Installed four multipoint monitoring wells (MCAS-1, MCAS-2 MCAS
-3 and MCAS-4)

o Performed temperature and flowmeter surveys in MCAS-1 and MCAS-3

o Performed aquifer pump tests in MCAS-1 and MCAS-3

o Measured piezometric levels in the multipoint monitoring wells

o Attempted to rehabilitate TIC-68, TIC-74, TIC-83 and TIC-127.

o Collected inorganic and volatile organic chemicals (VOC) samples from
various wells in the vicinity of MCAS E1 Toro.

The interpretation of these data, coupled with the results of the Perimeter Investigation

resulted in different conclusions than those drawn by JMM concerning the potential

sources(s) of contamination, the continuity of the VOC plume(s) and the fate and

transport of contaminants in the Irvine Basin.

1.3 SCOPE OF WORK

To evaluate whether MCAS E1 Toro is a source of TCE contamination in the TIC

irrigation supply wells, an examination of potential sources, both on and off station, and

the behavior of groundwater on MCAS E1 Toro and in the vicinity of the TIC wells was

conducted along the perimeter of the station. The investigative approach included

examination of potential source contaminants and potential transport mechanisms.

The original scope of work proposed a groundwater investigation and a stream recharge

investigation. The specific purpose of the groundwater investigation was to determine
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whether the aquifer is a medium through which contaminants such as TCE or PCE could

be transported. Within the groundwater investigation, the approach included the

following tasks:

o Packer testing of TIC-55

o Source and receptor characterization

o Areal groundwater flow modeling

o Solute transport modeling

o Cross sectional groundwater flow modeling

o Monitoring well installation along the MCAS E1 Toro boundary.

The scope of work proposed for a stream recharge investigation included field inspection

of portions of drainage channels, construction of shallow monitoring wells, and water level

monitoring of these streambed wells. The purpose of this investigation was to examine

how recharge enters the groundwater and travels beyond the MCAS E1 Toro perimeter.

During the course of the groundwater investigation, it was determined necessary to

include additional tasks to characterize the presence and location of contaminants in the

groundwater. The following four tasks were added to the original scope of work:

o Installation and sampling of five cluster wells

o Specific capacity test of each cluster well

o Aquifer pump test of TIC-55

o Soil gas survey along the perimeter of the station.

This Interim Report will present and discuss the results of the groundwater and stream

recharge investigation. A Final Report, to be prepared at the close of the Perimeter

Investigation, will give a more detailed description of field procedures. Results of the

groundwater and solute transport modeling will also be presented in the Final Report.
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The field program for the Perimeter Investigation was initiated in December 1987, and

continued through January 1989. Work accomplished to date has included the following

tasks: 3i_l¢c,,{p 'tO tiP"O"to/" /'_

a_ 4_ 3e_ or, 7
o Depth-Specific sampling and packer testing of TIC-55 f,e.(a/l_ts/a,_
o Installation of streambed wells

o Installation of cluster wells

o Specific capacity testing of cluster wells

o Aquifer testing of TIC-55

o Soil gas sampling

o Installation of perimeter wells

o Groundwater quality sampling

2.1 STREAMBED WELLS

The purpose of installing the streambed wells was to determine if any significant recharge

to the groundwater occur from the major drainage channels leaving the base (Figure 2.1).

A total of seven shallow borings were completed and piezometers were installed in the

borings. The locations were selected adjacent to the three washes that originate off

station, collect runoff from the station, and exit along the southwestern boundary. Two

wells were installed on either side of Borrego Canyon Wash, Aqua Chinon Wash and

Bee Canyon Wash, to depths ranging from 30 to 45 ft. The seventh well was installed

as an upgradient well adjacent to Bee Canyon Wash along the northwestern boundary

of the base. Locations of these wells are show on Figure 2.2.
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TABLE 2.1

STREAMBED WELL CONSTRUCTION SUMMARY

Depth of Depth of Depth of Depth of
Total Depth Screen Filter Bentonite Grout

Boring No. of Boring Interval Interval Material Seal
(ft) (ft) (ft) Interval Interval

(ft) (ft)

SB-1 46.0 21.0 - 41.0 18.8 - 41.0 16.9 - 18.0 0 - 16.4
SB-2 40.3 20.3 - 40.3 17.5 - 40.3 15.3 - 17.5 0 - 15.3
SB-3 45.2 25.2 - 45.2 18.3 - 45.2 16.4 - 18.3 0 - 16.4
SB-4 30.4 10A - 30.4 04.4 - 30.4 03.2 - 04.4 0 - 03.2
SB-5 35.0 15.0 - 35.0 10.0 - 35.0 08.0 - 10.0 0 - 08.0
SB-6 37.5 26.5 - 36.5 26.0 - 37.5 24.0 - 26.0 0 - 24.0
SB-7 45.5 25.5 - 45.5 22.8 - 45.5 20.9 - 22.8 0 - 20.9

Well diameter:. 2 in.
Well riser: Schedule 40 PVCpipe
Well Screen: Schedule 40 PVC pipe, 0.02 in. slots
Filter Pack: Monterey #3 sand
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Soil samples were collected during drilling of each well for lithologic classifications, as

well as geochemical and geotechnical analysis. Samples were analyzed for moisture

content, porosity, grain size distribution and total organic content. Boring logs for the

streambed wells are included in Appendix A. 1.

No apparent soil contamination was observed during drilling of streambed wells. Perched

groundwater was also not encountered during the drilling of any of the streambed wells.

The wells have been monitored periodically throughout 1988, during both wet and dry

seasons, and no water has collected in any of the wells.

2.2 TIC-55 DEPTH-SPECIFIC SAMPLING AND PACKER TESTING

The first task initiated for the Perimeter Investigation was the depth-specific sampling and

packer testing of TIC-55, performed during December of 1987. The overall objective of

the depth-specific sampling and testing of this well was to determine the vertical depth

and extent of TCE contamination in order to assess potential target depths for the

perimeter wells. The purpose of depth-specific sampling was to evaluate the change in

concentration of TCE throughout the saturated depth of the TIC-55. The purpose of the

packer test, on the other hand, was to isolate several aquifer zones in order to assess if

a hydrologic connection existed between them.

Prior to initiation of any work on TIC-55, the submersible pump, along with the drop

pipe and the electrical cable, were removed. A water sample was then collected at the

static water level to check for presence of any floating oil. A minor amount of floating

oil (less than a few inches) was pumped and the well was allowed to stabilize for two

days to allow suspended solids to settle. The well was then surveyed with a color video

camera lowered inside the casing to determine the condition of the casing and location

of the perforations in the well. Due to the heavy crustation along the well casing and

the screen, perforated intervals could not be determined. A wire brush assembly was

lowered into the well and the casing was scoured. After allowing a day for solids to

settle, the interior of the casing was viewed a second time to choose intervals for the
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packer testing. The TV survey indicated that the perforated interval for the well was

from 305 ft to 454 ft below ground surface. The well was also gamma-logged in an

attempt to determine the characteristics of the aquifer material surrounding the well. The

gamma-log was unsuccessful due to heavy crustation of the well casing and the screen.

A groundwater temperature survey was also conducted inside the well casing to evaluate

zones of preferential flow under non-pumping conditions. This survey indicated a steady

increase in water temperature with depth (at approximately 0.7°F per 100 ft) with no

apparent temperature spikes along the perforated interval of the casing.

To evaluate change in contaminant concentration with depth, under non-pumping

conditions, a syringe sampler was used to collect groundwater samples at six discrete

depth intervals. This type of sampling method allows collection of relatively undisturbed

groundwater samples from specific depths without causing aeration losses of the volatile

organic chemicals (VOCs). Samples were collected at depths of 312, 337, 362, 387, 412

and 437 ft below ground surface, and were analyzed for chloroform, PCE, toluene, TCE

and acetone. Analytical results are summarized in Appendix B.1.

TCE was detected in each sample at concentrations ranging from 1.0 to 1.4/_g/L. Other

compounds were measured at least once, at or near instrument detection limits. All

concentrations detected, however, were below action levels set by DOHS for each

compound.

Based on results of the TV survey, three zones were selected for the packer test from

298 to 344 ft, from 340 to 386 ft and from 388 to 434 ft. The packer test was

performed by installing rubber packers above and below the pump suction, at intervals

mentioned above, inflating the packers and then pumping the isolated aquifer zone at

approximately 20 gallons per minute (gpm) for 180 minutes. Groundwater samples were

collected at 30 minute intervals during the pumping of each isolated zone. The sample

collected at the first 30 minute interval from each isolated zone was analyzed for 30

priority pollutant VOCs while all other samples were analyzed for five particular VOCs

(namely, TCE, PCE, benzene, 1,1-DCE, and 1,1,1-TCA).
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Results from samples taken during the packer tests in TIC-55 were similar to the depth

specific samples collected from the syringe samples in that concentrations were measured

at or close to the instrument detection limits and all detected concentrations were below

state action levels. Results from each zone are tabulated in Appendix B.2.

Concentrations TCE, PCE, and benzene were detected near the instrument detection

limit in each isolated zone during the 180 minute test. Toluene was detected in all three

zones at concentrations of 33, 36 and 17 /_g/L, which are below the 100 #g/L state

action level. It is believed that the benzene and toluene detected were due to the

presence of minor floating oil in the well casing which could be completely removed. It

is also possible that the toluene could have also leached into the groundwater samples

from the electrical tape used on submersible pump wiring.

Change in hydrostatic pressure was monitored above and/or below, as well as between,

the zones isolated by the packers to determine if the packer assembly effectively sealed

the interval being tested. Substantial pressure changes above and/or below the packer

isolated zones, combined with the relatively uniform distribution of contaminant

concentrations, suggested that the zones were not successfully isolated. This is believed

to be due primarily to the poor casing condition and the absence of any seals isolating

aquifer zones along the screened interval of the well, as determined from the gamma-

log.

2.3 CLUSTER WELL INSTALLATION

The results of depth-specific sampling and packer testing of the TIC-55 was less than

satisfactory, in that no determination could be made as to the vertical distribution or

extent of TCE contamination. A modification to the original contract was issued by

the Navy, and JMM was authorized to install a well cluster rovide the needed

information on the vertical zones of contamination in the groundwater.

Approximately 740 ft west-northwest of TIC-55, a pilot hole was first drilled to a depth

of 884 ft below ground surface (Figure 2.3). This boring was drilled using direct rotary
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equipment, with bentonite mud drilling fluid used to keep the borehole open. Grab soil

samples were collected at 10 ft intervals to construct a lithologic log of the borehole.

Upon completion of drilling, a suite of geophysical surveys were performed throughout

the depth of the boring for additional lithologic definition. Geophysical surveys were done

to measure changes in electrical resistivity, gamma-ray, and spontaneous potential of the

soil stratum surrounding thes pilot borehole. Following approximately a day of

equilibration after drilling, a temperature log of the fluid in the borehole was completed

in order to evalate potential heat flow gradients throughout the saturated thickness of

the aquifer. The purpose of collecting lithologic and geologic information was to identify

possible zones of more permeable material consisting primarily of sands and gravels,

isolated by less permeable material such as silts and silty clays.

Soils identified during drilling were alluvial sediments consisting mostly of sand, clay, silt,

and gravel. Due to the presence of bentonite mud in the pilot borehole as the drilling

fluid, and due to the selected interval of soil sampling, accurate depths of changes in

lithology were difficult to identify. However, a noticeable change in soil material was
'0

observed at approximately 570 ft below ground surface, where a whitish-tan clay with

trace sand was encountered. Another change in material occurred at 640 ft below

ground surface, where a blue-grey clay was encountered. The sand and shale fragments

in this clay increased with depth. A slight oily residue was observed on the returned

drilling fluid at about 740 ft below ground surface. The off sheen was attributed to the

shale, which had small amounts of naturally-occurring oil and gas. This occurrence of

shale is consistent with logs from other wells in the vicinity of the base. The boring log

constructed from the pilot hole DPH-1 is included in Appendix A.2, which represents the

cluster wells.

Results from the gamma-ray survey also indicated a stratigraphic change at a depth of

approximately 550 ft, where there was an abrupt increase in the natural gamma radiation

being measured. The gamma-ray survey measures naturally-occurring radiation coming

from the silty and clayey formations. Clays and silts contain high concentrations of

potassium that cause a higher response to gamma detection than sands, that are primarily
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composed of silica, which is a relatively stable substance. Other noticeable increases in

the gamma-ray survey occurred at 140, 260, 360 and 460 ft. Decreases in the gamma

radiation occurred at 135, 425, and 480 ft in depth, denoting possible zones of more

permeable, sandy material. These lithologic changes were also confirmed with other

geophysical surveys. Figure 2.4 shows the interpreted lithologic log of the pilot borehole

and the gamma ray survey results. Also shown in the figure are the selected intervals

of cluster well completion depths.

Based on results from the geophysical surveys and from observations made during the

drilling of the pilot borehole, five possible zones of more permeable material were

identified at depths 135, 250, 350, 450 and 540 ft below ground surface. Five separate

borings, each at 8-inches in diameter, were then drilled to these target depths and 4-

inch diameter wells were constructed of PVC or steel casing and screen. All wells-in-

cluster were located within approximately 20 ft of each other.

The hollow stem auger drilling method was used on the most shallow well drilled to 135

ft below ground surface. The remaining four wells were completed using the mud rotary

drilling technique, due to the large depths involved and prior knowledge of the lithology

from the pilot boring. Screened intervals of each well ranged from 20 to 50 ft in length

placed at the bottom of the hole. The screen material installed in DW-135 consisted of

PVC. Wells DW-250, 350 and 450 were constructed with stainless steel screen. Slotted

steel pipe was used for the screen interval in DW-540. Filter pack material consisting

of No. 3 Monterey sand was placed in the well annulus by a tremie pipe, from the

bottom of the borehole to about 4 to 12 ft above the top of the screen. A 2 to 4 ft

bentonite plug was then placed above the sand, and the remaining annulus to the ground

surface was filled with cement grout. Table 2.2 summarizes depths, elevations, well

construction materials, screened intervals, and measured water levels of the completed

cluster wells.

Following drilling and installation, all wells in the cluster were bailed for a minimum of

2 hours to remove drilling fluids and solids from the well casing. Water was then
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TABLE 2.2

CLUSTER WELL CONSTRUCTION SUMMARY

Depth of Depth of Depth of Depth of
Screen Filter Bentonite Grout

Boring No. Total Depth Interval Interval Material Seal
(ft) (ft) (ft) Interval Interval

(ft) (ft)

DW-135 135 115 - 135 111 - 135 109 - 111 0- 109
DW-250 254 215 - 250 209 - 254 205 - 209 0 - 205
DW-350 350 310- 350 305- 353 302- 305 0 - 302
DW-450 454 420 - 450 414 - 454 412 - 414 0 - 412
DW-540 541 490 - 540 479 - 541 479 - 475 0 - 475



airlifted out of each well at approximately 10 gpm, for 4 to 8 hours. All development

water was processed through an on-site portable granular activated carbon (GAC)

treatment plant before its discharge to the washes.

2.4 SPECIFIC CAPACITY TESTS

Upon completion of drilling, installation and development activities, specific capacity tests

were conducted in each well-in-cluster. The purpose of these tests was to measure the

response of the aquifer zones around the screened intervals to pumpage, in order to

develop a better understanding of the hydrogeologic characteristics in the area. These

tests were also used to evaluate the degree of hydraulic connection, ff any, between the

aquifer zones isolated by each well-in-cluster.

With the exception of monitoring well DW-135, each well-in-cluster was pumped over

four continuous time steps where the flowrate was increased and the drawdowns in the

pumped well, as well as in wells completed above and below the pumped well, were

measured. Each of the first three steps in the four deeper wells-in-cluster was

approximately 2 hours, and the fourth step was approximately 18 hours; for a total pump-

out test duration of 24 hours. After the fourth step, the pump was turned off and water

levels were allowed to recover. Water levels were also measured during the recovery

period. Table 2.3 contains a summary of pump rates, time intervals, and observation wells

used during each specific capacity test.

The most shallow well, DW-135, was pumped at a single rate significantly less than the

other wells, because of limited recharge from the water table aquifer to the well. The

test was only conducted over a 6 hour period. The test conducted in DW-450 was

affected by pumping in nearby TIC-55, when it was turned on 110 minutes into the test,

and turned off approximately 1140 minutes later.

Specific capacities were calculated for each aquifer zone represented by the screened

intervals in the cluster wells. The specific capacity is a ratio of the pumping rate and
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TABLE 2.3

CLUSTER WELL SPECIFIC CAPACITY TEST RESULTS

Pumping Step Elapsed Time Observation Wells Q
Well # (minutes) (gpm)

DW-540 0 120 DW-540, DW450 5.0
DW-540 I 1:20 DW-540, DW-.450 9.2
DW-540 2 120 DW-540, DW450 24.5
DW-540 3 1080 DW-540, DW450 32.0
DW-540 4 230 DW-540, DW450 recovery

DW-135 0 360 DW-135,DW-250 1.0
DW-135 1 600 DW-135, DW-250 recovery

DW450 0 120 DW-540, DW-450, DW-250, DW-350 2.9
DW450 1 110 DW-540, DW-450, DW-250, DW-350 7.5
DW450 2 120 DW-540, DW450, DW-250, DW-350 15.7
DW450 3 1,080 DW-540, DW450, DW-250, DW-350 31.8
DW450 4 1,080 DW-540, DW450, DW-250, DW-350 recovery

DW-250 0 130 DW-135, DWag50,DW-250, DW-350 5.0
DW-250 1 130 DW-135, DW450, DW-250, DW-350 0.0
DW-250 2 110 DW-135, DW450, DW-250, DW-350 14.6
DW-250 3 1,080 DW-135, DW450, DW-250, DW-350 33.0
DW-250 4 240 DW-135, DW-450, DW-250, DW-350 recovery

DW-350 0 130 DW-135, DW450, DW-2.50,DW-350 5.0
DW-350 1 100 DW-135, DW450, DW-250, DW-350 10.0
DW-350 2 130 DW-135, DW-450, DW-250, DW-350 19.0
DW-350 3 1,030 DW-135, DW450, DW-250, DW-350 25.4
DW-350 4 2,140 DW-135, DW-450, DW-250, DW-350 recovery



the measured drawdown in the pumped well. Specific capacity results from the final step

of the test are of the most interest because equilibrium was reached by pumping the well

at a constant rate for approximately 18 hours, stressing the aquifer at the particular

screened interval. Time vs. drawdown plots of the specific capacity tests conducted in

monitoring wells DW-135, DW-250, DW-350, DW450, and DW-540 are included as

Figures 2.5 through 2.9.

Although pumping rates for the final step in the four deeper wells varied only from 25.4

to 33.0 gpm, measured drawdowns ranged from 7.09 to 68.6 ft. Consequently, specific

capacity values calculated also varied from 0.4 gpm/ft to 4.5 gpm/ft. Monitoring well

DW-350 had the lowest calculated specific capacity (0.37 gpm/fO while DW-450 had the

largest calculated specific capacity (4.49 gpm/ft).

Specific capacity tests performed in wells DW-135, 250, and 350 did not appear to

influence adjacent wells, because no drawdown was recorded in the other cluster wells

throughout the duration of each test (Figures 2.5, 2.6, and 2.7). Drawdown

measurements taken during the DW-450 test were affected by the unexpected pumping

in TIC-55 (Figure 2.8) and provide only qualitative results regarding specific capacity and

transmissivity. Affected water levels measured in DW-350, DW-540 and DW450 during

this specific capacity test were corrected by using drawdowns meaSured later during the

aquifer testing of TIC-55. The resultant drawdown curves indicated that DW-350 and

DW-540 were both influenced by the pumpage in DW450. Results from the specific

capacity test conducted in DW-540 (Figure 2.9) indicated 11 ft of drawdown in the

pumped well. A total of 2 ft of drawdown was meaSured in DW-450, while only 0.13 ft

of drawdown waS meaSured in DW-350.

The variation of drawdowns in response to pumping in each well suggest that different

aquifers exist in the area. Although hydraulically connected, these aquifers are separated

by soil formations of substantially less vertical hydraulic conductivity.

Aquifer transmissivities were also calculated from the specific capacity tests for each

screened interval. Assuming an average 30 ft aquifer thickness represented by the
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screened interval, transmissivity values calculated ranged from 67 to 1083 ft2/day. Table

2.4 summarizes the calculated specific capacities and transmissivities calculated for the

four deeper wells.

2.5 TIC-55 AQUIFER TEST

An aquifer test was conducted on TIC-55 to determine hydrogeologic characteristics

relating to continuity or discontinuity of the subsurface formations. Aquifer

transmissivities and storage coefficients were also estimated, based on the response of

water levels measured in the cluster wells nearby to pumpage from TIC-55.

Transmissivity (T) represents the capacity of an aquifer to transmit water, and is

primarily dependent upon the size and arrangement of the water-transmitting openings

within the aquifer, and the total thickness of that aquifer. The storage coefficient (S)

is a non-dimensional parameter that represents the volume of water released from or

stored into the aquifer per unit of storage area and change in head.

TIC-55 pump was turned off for 12 hours prior to the initiation of the test to allow for

full recovery of water levels from routine pumping. TIC-55 was pumped at a rate of

approximately 500 gpm over a 72 hour period. This procedure was followed by a 24 hour

recovery period when the well was turned off and the water levels were allowed to

recover. Water levels in TIC-55 were measured throughout the pump-out and the

recovery period of the test. Drawdowns measured in TIC-55 during the pump test

stabilized at approximately 86.5 ft 56 hours into the test (Figure 2.10). Roughly 95

percent of the drawdown measured in the well had occurred within the first nine hours

of the test. When the pump was turned off, TIC-55 recovered almost instantaneously.

During the total 24 hour recovery period, the water level rose to within 0.01 ft of the

initial water level at the beginning of the test. These observations suggest that the

majority of the water pumped came from storage in the aquifer penetrated by the TIC-

55 rather than release from the drainage of the water table.
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TABLE 2.4

SUMMARY OF CLUSTER WELL SPECIFIC CAPACITY TEST RESULTS

Property Cluster Well Denth fit)
250 350 450 a 550

Q (gpm) 33.0 25.4 31.8 32
s(ft) 37.24 68.6 7.09 10.16
Q/s (gpm/fO 0.89 0.37 4.49 3.15
T (ft2/day) 213 89 1,083 760

a Drawdown in DW-450adjusted due to influence of TIC-55pumping during aquifer test.
b Calculated for a 30-foot aquifer thickness around the well.
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The cluster wells were used as observation wells during the aquifer test, to monitor

pressure responses within the different screened zones during pumping of TIC-55.

Drawdown measured in each cluster well is shown graphically in Figure 2.11. Well DW-

350 was most affected by the pumping in TIC-55, with a maximum of 14.26 ft of

drawdown measured at the end of the 72 hour pumping period. The water level in

DW-450 was drawn down by 7.18 ft and in DW-540 by 3.67 ft. Drawdown in DW-250

was approximately I ft. Water levels in DW-135 were not affected by pumping in TIC-
55.

Values for transmissivity and storativity from wells DW-250, 350, 450, and 540 were

calculated using a variety of solutions that could possibly represent the aquifer system at

TIC-55 and the cluster wells. Table 2.5 summarizes values of T and S calculated from

the Theis method that assumes an unconfined aquifer, the Hantush method for confined

aquifers, and the Hantush-Jacob method for non-steady flow also in confined aquifers.

2.6 CLUSTER WELL WATER QUALITY SAMPLING

Cluster wells were sampled twice during 1988 (July and September) and once during

January 1989 as part of an ongoing program to monitor the presence and concentrations

of VOCs in the groundwater on base at different depths. Prior to sample collection,

three to five well volumes of water were removed from the well using a submersible

pump, until pH and electrical conductivity values measured in the discharge water

stabilized. Samples were taken via bladder pumps installed in each well to prevent

sample aeration. Water removed from each well was treated through a portable GAC

treatment unit that effectively removes any organic compounds prior to discharge to a

drainage channel.

Tabulation of all groundwater sample results from cluster wells is included as Appendix

B.3. Figures 2.12, 2.13, and 2.14 show the VOC concentrations detected in the wells.

As shown in these figures, samples collected from the cluster wells during all three

sampling rounds indicated low concentrations of select VOCs, primarily in wells DW-
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T ABLE 2.5

SUMMARY OF SOLUTIONS FOR TRANSMISSIVITY AND STORATIVITY

Cluster Well De.p..th fit) .........
350 450 550

Theis Type Curve (Unconfined Aquifer)
T (ft2/day) 2,837 4,787 7,660
S 2 xl0 _ 4 xl0 -4 3 xl0 -3

Hantush Type Curve (Confined Aquifer)
T (fte/day) 451 3,830 4,255
S 2 xl0-: 3 xl0 -4 2 xl0 -3

Hantush-Jacob Type Curve (Non-steady Flow-Confined Aquifer)
T (rte/day) 2,128 4,506 4,255
S 9.4 xl0 -4 3.2 xl0 -4 2.2 xl0 -3



45O
ND

ND / ,1
, 5

25 0,1
N N
ND
ND
8

STE c- _c---_o(}
ELL _ , _c _j

ND
ND °
ND

GEN
JULY 1988 (UG/L)

3.1 Chioro?orm
40 PC£
78 TC£
E.O CCL4

0 _00 1000 2_0 _ 4_0 FT

I J

klCAS EL TORO, CAUFORNIA CLUSTERWELLS FIGURE
PERIMETERINVESTIGATION JULY 1988 2.12
INTERIMREPORT VOC RESULTS



' 0,2
,1\ /

ND ", 1

25 0,1
N N o
ND
ND
,2

ST r _( '?q
L ( , ,[ -,a

ND
ND °
ND

L END
SEPTEMBER 1988 (UG/L)

3.1 Chlopo?orM
40 PCE
78 TCE
2,0 CCL4

O _ 1000 2000 $_ 48mFT

I i

MCAS EL TORO, CAUFORNIA CLUSTERWELLS FIGURE
PERIMETERINVESTIGATION SEPTEMBER1988 2.15
INTERIM REPORT VOC RESULTS



450
ND

L1 ,'
,¢

ND ,, ,3
,4 N /'

N 5
25 ND
N N
ND
ND
3,

TE _ _---_oq
ELLS _ , _ _o

ND
ND o
ND

GEN
I JANUARY 1989 (UG/L)

3.1 ChLoro¢orm
40 PC£
7B TC£ _ I

2.o CCL4 ) I



135 and DW-250. Concentrations of CC14, chloroform, and TCE present in DW-135

remained consistent over this 7-month period, at maximum levels of 82/_g/L, 14/_g/L,

and 7/_g/L, respectively. CC14 was detected in DW-250 during all sampling rounds. No

VOCs were detected in DW-350, and only low levels (below 1.1 /_g/L) of TCE were

detected in DW-450 and DW-540.

2.7 SOIL GAS SURVEY

A two-phase soil gas survey was conducted near the cluster wells, as well as along the

southwestern boundary of the station to measure VOCs in the soil gas. This technique

allows determination of potential contaminant source locations. In areas away from

potential sources, and under relatively uniform soil conditions within the unsaturated

zone, this technique also allows determination of the potential extent of groundwater

contamination with VOCs. The latter is accomplished by measuring concentrations within

the soil pore gas as the VOCs in groundwater volatilize and migrate upward through the

soil column. The soil gas is a real-time survey of actual field conditions since the analyses

are done in the field immediately following the sample collection.

A soil gas survey was conducted using a system in wide use. Soil gas is collected

through a hollow steel rod that is hydraulically pushed or driven 5 to 7 ft into the soil.

The rod is withdrawn a few inches to disconnect the embedded tip from the rod, and

a small volume of soil gas is extracted from the tygon tube connected to the rod by

means of a syringe. The gas sample is then injected into a gas chromatograph located

on site for analysis. The soil gas samples were analyzed for 11 compounds, consisting

of DCE, DCA, TCA, CC14, TCE, PCE, benzene, toluene, xylenes, total hydrocarbons and

CHC13. These compounds were selected based on their presence in cluster wells as well

as on and off-station TIC wells.

A total of 49 soil gas samples were collected during the 2 sampling phases, over a period

of 3 days. Twenty samples collected in the first phase (points SG-1 through SG-20 in

Figure 2.15) were distributed around the southwest perimeter of the station from the
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cluster wells to Borrego Canyon Wash to develop a general understanding of the possible

VOC soil gas contamination. The remaining 29 samples (Figure 2.16) collected during

the second phase focused on 3 particular areas where earlier results indicated detectable
levels of VOCs.

Results from the soil gas survey indicated that one or more of the TCE, PCE or CC14

were present in soil gas at three separate areas in the southwestern portion of the

station. Figures 2.17 through 2.19 show the soil gas sample locations where TCE, PCE

and CC14 were detected in soil gas above background.

Figure 2.20 shows the estimated extent of three discrete areas where the soil gas

contamination above background levels was observed. Five soil gas samples collected

from an area of approximately 1000 ft in diameter near the cluster wells indicated

concentrations of CC14 ranging 0.4 to 10 #g/L. TCE was also measured in soil gas in

this area, with PCE being detected near background levels. The relative magnitude of

these soil gas VOC concentrations was similar to those observed from the cluster wells.

This suggests that the soil gas survey was successful in determining the presence of these

VOCs in groundwater.

PCE was detected along the southern boundary, generally in two separate areas, at

concentrations below 0.1 #g/L. An exception to this was the soil gas point SG-7, where

PCE was measured at 56/_g/L. TCE was detected in 9 of the 49 soil gas samples at

concentrations less than 0.1 ug/L to more than 10 ug/L. All three areas had TCE soil

gas concentrations 1 ug/L or more.

2.8 PERIMETER WELL INSTALLATION

Based on the results of the soil gas survey, locations for three shallow perimeter wells

(PS-l, PS-2, and PS-3) were selected along the southern portion of the base. The

purpose of these perimeter wells was to determine if (Figure 2.21) that the VOCs existed
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in the shallow groundwater in areas where soil gas samples indicated contamination. The

investigation at this time was limited to the shallow groundwater at the perimeter of the

base, because of the presence of carbon tetrachloride and TCE in DW-135, and the

absence of VOCs in the deeper cluster wells at concentrations above state action levels.

This decision was confirmed by results from MCAS-3, which indicated no detectable

VOCs in the groundwater from several depth specific samples down to approximately 500

ft. The concentrations of CC14 in DW-250 were considered to be localized in the vicinity

of the cluster wells, based on nondetectable VOC concentrations in TIC wells 55, 56 and

111.

Results from the December 1988 groundwater quality sampling of wells PS-l, PS-2, and

PS-3 (Figure 2.22) were similar to results from the soil gas survey in that no VOCs were

detected in PS-2. TCE and PCE were detected in PS-3 33 #g/L, and 24 /_g/L,

respectively. TCE and PCE were both detected by the soil gas survey in the vicinity of

PS-3. Groundwater samples from PS-1 detected TCE at 19 #g/L. Chloroform and CC14

were also detected in PS-3, though at concentrations below 1.0/_g/L. Laboratory results

are included in Appendix B.4.

Based on the water quality results from PS-I, PS-2, and PS-3, and the results of the soil

gas survey, [hree of the remaining five wells, psz_, PS-5, and PS-7, were positioned

between PS-1 and PS-3, to determine if contamination detected in these wells is

continuous along the entire southern boundary. Monitoring wells PS-6 and PS-8 were

located away from the perimeter to identify the extent of contamination to the north of

the base boundary, and to provide static water elevations to more accurately predict

groundwater gradients in this area.

Each well was drilled using hollow stem augers that allowed for collection of relatively

undisturbed soil samples. In the first three wells (PS-l, PS-2 and PS-3), soil was

continuously sampled down to the static water level during drilling so that detailed

lithologic logs could be compiled. Boring logs for all the shallow perimeter wells are

included in Appendix A.3 Four-inch diameter PVC casing and riser were installed in
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each well. All shallow perimeter wells were developed by bailing and pumping following
installation.

Soil samples were collected at various depths during drilling for geotechnical analysis of

moisture content, grain size distribution, and porosity (Appendix C).

All perimeter and cluster wells were sampled in January 1989 and analyzed for priority

pollutant VOCs (Figure 2.23). Results from samples collected in PS-5 and PS-7 showed

no detectable VOCs, with the exception of chloroform detected in PS-7 at the limits of

the analysis. These results confirmed results of the soil gas survey that two separate

plumes exist in this area of the base. PS-4 water quality results were similar in

composition and concentration to PS-3, with both TCE and PCE detected in the range

of 64 to 78 #g/L and 48 to 81/_g/L, respectively. These results indicate the possibility

of a localized plume extending off base. The extent, however, was not investigated or

confirmed during this phase of the perimeter investigation.

In PS-8, TCE was detected at 90/_g/L, but no PCE was measured above the 1 #g/L

detection limit.

Results from PS-6 showed TCE at 11 #g/L, and low levels of other VOCs detected at

concentrations below their action levels.

All perimeter wells and cluster wells were surveyed and water levels were measured prior

to sampling in January 1989 to estimate the groundwater gradient in the southwest corner

of the base. The water levels indicate the direction of groundwater flow to be parallel

to the base boundary, which is consistent with the regional direction of flow in this

vicinity.
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2.9 OCWD WORK ACCOMPLISHED TO DATE

OCWD's work accomplished to date had focused on extensive sampling and testing of

TIC-35 and 47; installation of four multi-level monitoring wells (MCAS-1, MCAS-2,

MCAS-3, and MCAS-7); rehabilitation of TIC 68, TIC 74, TIC 83, and TIC 127; and

groundwater quality testing of wells for VOCs, general minerals and metals.

OCWD field work commenced in February 1988 by testing and sampling the existing

wells TIC-35 and TIC-47 (Figure 2.24). Following a video survey, temperature, gamma,

caliper, and flowmeter surveys were performed on both wells. Depth specific

groundwater samples were also collected under nonpumping and pumping conditions in

each well.

OCWD installed four multi-level monitoring wells (MCAS-1, MCAS-2, MCAS-3, and

MCAS-7) at locations shown in Figure 2.25. Each well is equipped with a multiple-port

sampling system that allows for depth discrete sampling. Results from organic analysis

of samples have indicated the presence of TCE in wells MCAS-1, MCAS-2, and MCAS-

7 at approximately 250 to 500 ft. below ground surface. Maximum concentrations in

MCAS-1, MCAS-2, and MCAS-7 were 45.1, 40.7, and 24.8 #g/L, respectively. No V©Cs

were detected in samples collected from various depths in MCAS-3 during both the

November and the December sampling rounds.

Four unused irrigation wells (TIC 68, TIC-74, TIC-83, and TIC-127) were also

rehabilitated by OCWD (Figure 2.26). All wells were in poor condition due to corrosion.

Sediment that had accumulated in the casing was removed and wells that remained open

were logged for temperature, resistivity, and flow under pumping and nonpumping

conditions. No logging was done in TIC-74 because the casing collapsed at 280 ft. below

ground surface after development, and TIC-127 was not logged because it was too

shallow. TIC wells 68, 74, and 83 were sampled at specific depths using the multiport

sampling tool used in the MCAS wells.
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The results from the rehabilitated TIC wells indicated trace concentrations of TCE in

TIC-68 and TIC-74. TCE was detected in TIC-83 at concentrations ranging from 7.4 to

9.1/_g/L. The results of groundwater analyses for TCE in samples collected from the

MCAS and TIC wells are summarized in Appendix D.
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SECTION 3.0

DISCUSSION OF FINDINGS

The findings of the Perimeter Investigation, along with all other available data are

evaluated and interpreted in this section, which is divided into three principal subsections.

The first two subsections examine the fundamental properties of the aquifer underlying

the site with respect to groundwater flow, and the physico-chemical properties of the

contaminants with respect to their potential environmental fate and transport. The third

subsection discusses solute transport based on contaminant-aquifer interactions.

3.1 AQUIFER CHARACTERISTICS

Physical properties of the aquifer material underlying MCAS E1 Toro were determined

or estimated using a series of aquifer tests, downhole geophysical logging, and

geotechnical analyses. As discussed in Section 2, these tests included an aquifer test at

TIC-55 and specific capacity tests at all of the five wells in the cluster. Resistivity

(single, short normal and long normal), spontaneous potential, and natural gamma ray

logs were conducted within the pilot borehole for the cluster well. Grain size

distribution, porosity, aquifer bulk density, soil organic carbon fraction (foe), and soil

moisture content in the unsaturated-zone were determined with laboratory geotechnical

analyses.

3.1.1 Aquifer Physical Properties

The average aquifer physical properties as developed from field tests, geotechnical

analyses, and preliminary calibration of the groundwater flow model are presented in

Table 3.1.
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TABLE 3.1

AQUIFER PROPERTIES

Property Range of Values Mean Value

Soil Organic Carbon Fraction, fo,: 0.0002 - 0.0032 0.001
Porosity, (percent) 0.25 - 0.36 0.3
EffectivePorosity,(percen0 0.2
Hydraulic Conductivity, K, (ft/day) 30 - 54 --
Aquifer Bulk Density (g/cm3) 1.68 - 1.97 1.81
Groundwater Gradient (ft/ft) 0.002 - 0.013 0.003 a

a Time weighted average value (1936-1987). See Table 3.2.



A number of soil organic carbon fraction, foe, tests were conducted on soil samples

recovered from streambed, cluster, and perimeter monitoring wells. These samples

included soils from both the saturated- and unsaturated-zones, as well as from fine and

coarse-grained soil horizons. The measured foe values ranged over approximately one

order of magnitude, from 0.0002 to 0.0032. The mean value was 0.001, which is fairly

typical of aquifers in southern California groundwater basins. For the purposes of solute

transport calculations, the mean and the lowest values for foe were used in estimating a

typical and conservative range of retardation coefficients.

The range of values from porosity measurements conducted in the laboratory was from

0.25 to 0.36, with a mean value of 0.31. As with samples for foe analyses, these soil

samples were also collected from fine- and coarse-grained materials located within both

the saturated- and the unsaturated-zones. Assuming a specific retention value of about

10 percent, an estimate of 0.2 was used for effective porosity, e, in solute transport

calculations.

The measured values of aquifer bulk density ranged from 1.68 to 1.97 g/cm3, with a

mean value of 1.81 g/cm3, typical of soils encountered during this investigation. These

values are calculated from laboratory measured soil densities and porosities. As with foo,

the mean and low values of aquifer bulk density were used to develop a typical range

of retardation coefficients.

The hydraulic conductivity values for the aquifers are calculated based on the results of

the aquifer pump tests, specific capacity tests, and a weighted average of the hydraulic

conductivities of typical soil material found in the vicinity of MCAS El Toro. Boyle

Engineering (1981) estimated the hydraulic conductivities of the five major types of

aquifer material in the Irvine Basin as follows:
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Aquifer Material Hydraulic Conductivity. (fi/day)

clay 0.13
clayeysand 4
sand 26.7
sandand gravel 53.5
gravel 106

Transmissivity values calculated from specific capacity tests for a 30 ft length of screen

in each of the five monitoring wells in cluster ranged from 67 to 1083 ft2/day. These

values translate into hydraulic conductivities of 2.2 to 36 fi/day. The transmissivity values

calculated from an aquifer test conducted at TIC-55, on the other hand, ranged from a

low of about 1900 ft2/day to a high of about 6400 ft2/day. An average hydraulic

conductivity of about 30 ft/day was then calculated for the most transmissive aquifer zone

in the vicinity of TIC-55.

For the purposes of groundwater and solute transport velocity calculations, a value of 30

ft/day was chosen to be representative of the most transmissive aquifer as a whole

(vertical average of hydraulic conductivities). In addition, a value of 54 fi/day was

chosen to represent a maximum hydraulic conductivity for lenses and layers of

coarse-grained material which can preferentially transmit groundwater containing

contaminants. An examination of boring logs (Appendix A) on and near MCAS E1 Toro

suggest that the values estimated by Boyle Engineering are appropriate, for the

coarse-grained layer which exists typically at 250 to 450 ft below ground level. These soils

consist primarily of fine to coarse sand mixtures that are neither well-sorted nor clean.

Both of these conditions tend to reduce the actual hydraulic conductivity from that

expected for a clean, well-sorted sand (approximately 100 to 130 fi/day).

3.1.2 Groundwater Gradients

Horizontal and vertical groundwater gradients were examined for the MCAS E1 Toro

vicinity. When historical data were available, they were evaluated to determine a time-

weighted average gradient. The horizontal gradients are then used in Section 3.1.3 to

estimate a range of groundwater velocities.
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3.1.2.1 Historical Horizontal Groundwater Gradients. Groundwater flow patterns and

hydraulic gradients southwest of MCAS E1 Toro were examined for the period 1936 to

1988. Historical groundwater contour maps as prepared by OCWD (1989) are included

in Appendix E for the years 1948, 1956, 1972 and 1988. These maps were constructed

by OCWD using static water conditions measured in irrigation wells, and hence, are a

composite of the various aquifer zones screened. The direction of groundwater flow near

the southwest corner of the base, as determined from these maps, has historically been

to the northwest or west, and was generally influenced by TIC-35 and TIC-47. In the

1940s and 1950s, a large pumping depression existed around TIC-35. There is some

indication also of a component of flow that was northerly from off base towards TIC-55,

caused by pumping of this well. It is estimated from the aquifer test that the

radius-of-influence of TIC-55 is about 2000 ft or more. During the initial operational

periods of this well, specific capacity, and hence the radius-of-influence, is expected to

be significantly higher. Thus, operation of this well has probably caused an inflow of

groundwater from off base to on base in a northeast direction.

As agricultural demands decreased and the use of reclaimed and imported supplies

increased in the 1970s and 1980s, water levels have recovered between 50 to 100 ft in

this portion of the Irvine Basin. The hydraulic gradient between the southwest corner

of the base and TIC-35 has increased in the 1980s. This probably was caused by possible

increases in water levels in the Irvine Spectrum 3 area, relative to the TIC-35 area,

because of the more rapid urban development of that area. Therefore, the use of 1988

hydraulic gradients is not appropriate when examining the long-term-average or maximum

potential transport of VOCs over the last few decades. Figure 3.1 represents monthly

hydraulic gradients estimated from the water elevation differences between TIC-56 and

TIC-35. The water levels were recorded under nonpumping conditions (IRWD, 1987).

TIC-56 was used rather than TIC-55 because of the paucity of water level data at TIC-55

between 1950 and 1984. Although there is some variation in the hydraulic gradient on

a monthly basis, the average gradient is approximately 0.003. Also shown in Figure 3.1

are hydraulic gradients estimated from contour maps obtained from OCWD (1989).

These values follow approximately the same trend as that estimated from the water
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elevation differences between TIC-56 and TIC-35. These historical hydraulic gradients

are given in Table 3.2. For calculation of groundwater and contaminant transport

velocities, the time averaged hydraulic gradient of 0.003 estimated from data between

1936 and 1988 were used.

3.1.2.2 Vertical Groundwater Gradients. An examination of the piezometric level

measurements performed by OCWD (1989) indicates that there are no significant vertical

gradients in the aquifer in the immediate vicinity of MCAS E1 Toro. As shown in Figure

3.2, pressure transducer readings indicate a significant downward gradient of

approximately 0.25 between the shallow zone (<200 ft below ground level) and the

deeper zone (200 to 500 ft below ground level) in MCAS-1 and MCAS-7 (approximately

1.5 and 2.5 miles downgradient of MCAS E1 Toro). However, the vertical gradient is

less significant at MCAS-2 (approximately 0.75 miles downgradient of MCAS E1 Toro)

and essentially nonexistent at MCAS-3 (southwest comer of MCAS E1 Toro). Similarly

to MCAS-3, the vertical groundwater gradient near cluster wells is practically non-existent

under static groundwater conditions. These results suggest that no significant natural

vertical gradients may exist east of the southwest comer of the base.

3.1.3 Groundwater Flow Velocities

The seepage velocity or average linear velocity was calculated from Darcy's Law:

V = K.....A
e

where V = seepage velocity of groundwater (ft/yr)
K = hydraulic conductivity (fYyr)
i = hydraulic gradient (ft/ft)
e = effective porosity (percent)

A range of possible groundwater flow velocities was estimated using the range of

hydraulic conductivities described in Section 3.1.1. A value of 30 ft/day for hydraulic

conductivity was chosen to be representative of the dominant main aquifer in the area
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TABLE 3.2

REGIONAL GROUNDWATER GRADIENT IN THE VICINITY OF MCAS - EL TORO

Year Groundwater Gradient

1936 0.0028
1944 0.0028
1956 0.0032
1969 0.0021
1979 0.0022
1980 0.0027
1982 0.0057
1983 0.0072
1985 0.0060
1986 0.0055
1987 0.0057
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(200 to 450 ft below ground level), and a value of 54 f-t/day was chosen to represent

lenses and layers of coarse-grained material which can preferentially transmit

contaminants. Combined with a hydraulic gradient of 0.003 and an effective porosity of

0.2, this resulted in time-averaged (1936 to 1988) seepage velocities of 175 ft/yr for the

main aquifer and 314 ft/yr for the coarse-grained soil lenses which are also dominant in

the 250 to 400 ft below ground level-zone.

3.2 PHYSICO-CHEMICAL PROPERTIES

The four principal areas of groundwater contamination in the vicinity of MCAS E1 Toro

have different suites of chemicals, suggesting that the sources of contamination are

unrelated. A brief outline of chlorinated solvent use is given in the second subsection.

The third subsection discusses the physico-chemical properties of the contaminants that

affect their fate and transport in the groundwater environment.

3.2.1 Nature of Contamination

The contaminated areas within and near MCAS E1 Toro can be separated into four

different areas based on the type of contaminants detected at the monitoring wells

installed by JMM and the OCWD. The first area is located in an area immediately

adjacent to the cluster wells where the predominant contaminant is CC14 (Figure 3.3).

Other contaminants found in this area include chloroform and TCE at significantly less

concentrations. Chloroform may be a degradation product of CCL 4. It should be noted

here that the major contaminant CC14does not exist in this area at elevations below 300

ft below ground level. This suggests that the TCE contamination measured near the

instrument detection limit at elevations below 450 ft is likely not related to the near

surface contamination in the area, and that it may be caused by cross contamination

induced by pumping TIC-55. The zone between approximately 250 ft and 450 ft below

ground level should have residual TCE contamination if the near surface and deep
contamination are related.
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The second area of contamination is located near the perimeter wells PS-1 and PS-6

(Figure 3.3) PS-6 has significant contamination by several solvents including TCE, carbon

tetrachloride and chloroform. There were trace (0.4 #g/L) concentrations of PCE, as

well. This appears to be representative of mixed solvent usage at MCAS E1 Toro and

is seen in the third area of groundwater contamination. PS-I, however, has significant

TCE contamination, but no PCE or CC14. There is also trace concentration of cis-l,2-

dichloroethene, a degradation product of TCE. TCE contamination in this well may be

a result of the pumping influence of TIC-55 which would draw contamination from

potential off-base source(s).

The third area of contamination encompasses PS-3, PS-4 and PS-8 (Figure 3-3). As with

PS-6, this plume has a m/xed suite of solvents including TCE, cis-l,2-dichloroethene, PCE,

chloroform and CC14. Soil gas results from both the perimeter study and from Mills

(1985), and the results of PS-5 and PS-7 indicate that this area of groundwater

contamination is distinct from the second area of contamination.

The fourth area of contamination is located off base (Figure 3.3). This area is bounded

by TIC-68 (below reportable detection limit) to the southeast, by TIC-127 (ND) to the

south, by TIC-78 (ND) and the North Lake well (0.9/,tg/L) to the Northwest, and by

TIC-117 (ND), TIC-74 (below reportable detection limit), MCAS-3 (ND) and PS-2 (ND)

to the northeast. The concentration of TCE increases from the southeast to the

northwest to TIC-35 and then decreases toward the North Lake well. This plume

appears to be virtually a single solvent plume, with only traces of trans-l,2-dichloroethene

or 1,1,1-trichloroethane (1,1,1-TCA) in TIC-35, TIC-68, MCAS-1, MCAS-2. trans-l,2-

Dichloroethene is a degradation product of TCE and 1,1,1-TCA is a solvent that has

replaced TCE, and has not been detected in any on-base wells.

3.2.2 History of Solvent Usage

Large-scale commercialization of chlorinated solvents began in the early 1900s when a

process for liquefying chlorine became viable. The demand for TCE increased in the
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early to mid-1960s because of the growth in the automobile industry. The TCE market

was further bolstered in the mid-1960s because of the aerospace and military demand for

degreasing connected with the Vietnam War effort (Chestnutt, 1988). TCE use reached

a peak around 1969 or 1970 and has declined since because of air pollution legislation

(it was believed to contribute to photochemical smog) and growing concern over TCE's

potential carcinogenicity. In the years following the conversion from TCE use, 1,1,1-TCA

has replaced TCE in metal degreasing applications (Figure 3.4). Historically,

approximately 80 percent of the end use of TCE was metal cleaning, 5 percent was

chemical processing and intermediates, and 15 percent was miscellaneous uses. Ten

percent of the PCE produced was used for metal cleaning, 53 percent for dry cleaning

and textile processing, 28 percent for chemical processing and intermediates, and 9

percent was used for miscellaneous purposes (Chestnutt, 1988).

Metal cleaning consisted of either cold cleaning or vapor degreasing. In cold cleaning,

the solvent is kept below its boiling point and the metal part is dipped into it, usually

in a closed system. Vapor degreasing involves raising the solvent above its boiling point,

passing the metal part through it and collecting the condensate (Wolf and Camm, 1987).

In addition to virgin solvent uses, chlorinated solvents are often used in commercially

available metal degreasing solutions such as carburetor cleaners.

It appears that the period with the highest potential for TCE use by MCAS E1 Toro and

other users in the vicinity of the base was in the mid-1960s to the early 1970s. However,

TCE was still produced as late as 1984 and may have been commercially available after

that point in time.

3.2.3 Chemical Properties

The molecular weights, specific gravity, and solubilities of the trace organic chemicals are

given in Table 3.3. The octanol-water partition coefficient is discussed in Section 3.3.

The biodegradation half-life is discussed in Section 4.3.1. The specific gravities of

benzene and the benzene derivatives are less than 1 g/cm a at 20°C, while the other
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TABLE 3.3

BENCHMARK CHEMICAL PARAMETERS

Specific Solubility log Octanoi. Biodegradation
Molecular Gravity in Water Water Half-life

Contaminant Weight @ 20°C @ 20°C Partition in Soil/
(g/mol) a (g/cra3) a (rog/I) a Coefficient Groundwater

(log Kow) b (days) c

Benzene 78.11 0.8786 1,780 2.12 68 - 110
Carbontetrachloricle 153.82 1.59 800 2.64 14 e
Chloroform 119.38 1.489 8,000 1.97 36 e
1,2-Dichloroethane 99 1.25 8,690 1.48 "long" e
c/s-12-Dichloroethene 96.95 1.28 800 0.7 140
trans-1,2-Dichloroethene 96.95 1.26 600 0.48 139
Ethylbenzene 106.17 0.867 152 3.15 37
Tetrachloroethene (PCE) 165.83 1.626 150 d 2.6 300
Toluene 92.1 0.867 515 2.73 37 - 39
Trichloroethene (TCE) 131.5 1.46 1.1 2.38 300

a Verschueren (1983)
b EPA (1986)
c @ 25oC
d @ 14oC



organics have specific gravities greater than 1 g/cm a. If the organics were present as a

separate immiscible phase, this would indicate the tendency of that phase to "float" on

the top of the aquifer or "sink" to the bottom. However, the results of the groundwater

quality analyses presented both in this Interim Report and the report presented by

OCWD (1989), and the aqueous solubilities of the trace organic chemicals indicate that

a separate phase does not exist and that the trace organics exist as dissolved species in

groundwater. Hence, there is no tendency for the trace organics to migrate downward

within the aquifer, based on density differences.

Vapor pressures and Henry's Law constants for the contaminants are given in Table 3.4.

The Henry's Law constant is a relative measure of the tendency of the contaminant to

volatilize out of aqueous solution.

3.3 TRANSPORT CHARACTERISTICS

The migration of chemicals in soil-water systems is governed by convection-dispersion

processes, which can be divided into three distinct mechanisms: (1) mass flow, or passive

movement of the contaminant with the mass of water in which it is dissolved; (2) liquid

and gaseous diffusion, movement caused by molecular collisions; and (3) chemical

potential gradients in both liquid and vapor phases. A wide variety of biogeochemical

processes influence the actual rate of chemical movement through a dense web of

complicated interactions. These processes are grouped generally into five categories:

o convection

o dispersion

o sorption/desorption

o volatilization

o transformation/(bio)degradation

o plant processes
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TABLE 3.4

VOLATILITY OF CONTAMINANTS

Vapor Pressure Henry's Law
Contaminant @ 20°C Constant

(mm Hg) a (atm.m3/mol) b

Benzene 76 5.59 x 10.3
Carbon tetrachloride 90 2.41 xl0 -2
Chloroform 160 2.87 x 10-3
1,2-Dichloroethane 61 9.78x10-4
cis- 1,2-Dichloroethene 200 e 7.58 x 10-3
trans-1,2-Dichloroethene 200 a 6.56 x 10-3
Ethylbenzene 7 6.43x10-3
Tetrachloroethene(PCE) 14 2.59x10-2
Toluene 22 6.37x10-3
Trichloroethene(TCE) 60 9.1 xl0-3

a Verschueren (1983)
b EPA (1986)
¢ @ 25°C
d @ 14oc



J

Convection is that component of solute transport that accounts for the hydraulic driving

force of the solution that the solute is dissolved in (groundwater flow). Historical

groundwater flow, including direction and hydraulic gradient, are discussed in Sections

3.1.2 and 3.1.3. Longitudinal and lateral dispersion has two components: dispersivity and

a velocity term. Dispersivity is inherently a function of the grain size distribution of the

aquifer material and dispersion increases as a function of increasing solute velocity.

Hence, dispersion tends to decrease the travel time of the leading edge of the

contaminant mass. Dispersion is not considered quantitatively in this Interim Report,

although it is discussed in qualitative terms in Section 4.1.2. The dispersion of the

contaminants will be addressed by the solute transport model in the Final Report.

Sorption and desorption of the solute tends to slow the rate of solute movement in the

aquifer, relative to the rate of groundwater flow. Volatilization is discussed in Section

4.1.1, in terms of soil gas measurements. The transformation of a chemical in the

subsurface environment is more difficult to understand and predict from both a

mechanistic and mathematical framework. It does, however, have implications concerning

the source(s) of contaminants. The relative effects of dispersion, sorption and

degradation on solute transport are illustrated in Figure 3.5.

Sorption/desorption is one of the most important processes influencing the movement or

leaching of a chemical in groundwater and in the unsaturated-zone. It is generally

thought of as a partitioning between a solid (sorbed) phase and the liquid phase (i.e.,

infiltrating water in the unsaturated-zone or groundwater) caused by hydrophobic and

weak electrostatic interactions. This partition is described mathematically by the

distribution coefficient, Ko (Jury 1986):

KD = ug sorbed contaminant/g soil or _uifer material
gg contaminant/misolution
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Not only does sorption/desorption by the solid phase influence chemical movement, the

residence time on the soil surface leads indirectly to increased potential for degradation.

On the other hand, a more highly sorbed chemical would not volatilize as readily as a

nonsorbing chemical (given the same Henry's Law Constant K,) because of reduced

concentrations in the liquid phase. The role of the distribution coefficient in mitigating

chemical migration is given in an approximation of nonuniform flow by using average

values for Ko, effective porosity, dispersion coefficient and groundwater flow velocity

(seepage velocity). This gives the following form of the convection-dispersion equation:

KD _ = D_2_ V_CL + r
& ax2 ax

where KD = distribution coefficient (gl/kg)
Ct, = mass of contaminant per groundwatervolume (gg/l)
D = dispersion coefficient (ft2/day)
t = time(day)
x = distance(ft)
r = reaction rate (mass loss) (mg/day)

The distribution coefficient as defined above assumes that the adsorption isotherm is

linear and that the reactions are reversible (without hysteresis, sorption and desorption

can be described by the same isotherm) and fast (i.e., relative to the time-scale of

groundwater movement). Although curves describing sorption of trace organics onto soils

generally are best fit with the van Bemmelen-Freundlich isotherm equation, an

approximation using a linear isotherm for low concentrations is a good approximation at

low ¢g/L) solution concentrations.

Because of the large variations in KD, a parameter, Koc, is introduced for organic

compounds:

Koe = KD/foe

where foe = soil organic carbon fraction
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Koo is the organic carbon partition coefficient and is defined as the ratio of the

concentration of contaminant associated with the organic fraction of the soil to the

concentration of that contaminant in aqueous solution and is nearly independent of soil

type and particle size. However, Koo is not easily measured in the laboratory and is not

usually reported in literature. The benchmark chemical parameter, octanol-water

partition coefficient (Ko,,) has been correlated statistically to Koo. Kew is the ratio of

concentration in a selected organic phase (octanol) to that in water. I_w has been used

successfully to describe the sorption behavior of trace organic chemicals in aquifers. One

empirical relation between Koc and Kew is given below (Lambert et al., 1982):

Ko_ = 0.63 · Kew

Values of the logarithm of Kew are given in Table 3.3 for the organic chemicals detected

in groundwater during the Perimeter Investigation. The values of Ko_ range three orders

of magnitude. For instance, PCE is relatively less mobile than TCE.

If KD is zero, then the chemical species of concern is unaffected by physico-chemical

reactions and moves with the same velocity as groundwater. If KD is greater than zero,

then the chemical movement is retarded as defined by the retardation coefficient, R:

R -- 1 + 0.bx_K_D= V
e

= 1 + l_.___'c_oc = I + llbx_._w.f__-0.63
e e

where R = retardation factor

Pb = aquifer bulk density (g/cm 3)
KD = soil distribution coefficient (gl/kg)
e = effective porosity (percent)
V = seepage velocity of groundwater (ft/yr)

V£ = macroscopic average velocity of solute (ft/yr)
Koc = organic carbon partition coefficient
Kew = octanol-water partition coefficient
foc = soil organic carbon fraction
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The retardation of dissolved organic compounds is, therefore, dependent on the following

parameters:

o aquifer bulk density

o effective porosity

o soil organic carbon fraction

o organic carbon partition coefficient

The first three parameters were determined through laboratory analyses during the

Perimeter Investigation (results are given in Section 3.1.1), and the last parameter was

estimated from literature values of Kow using the empirical relation given by Lambert et

al. (1982). The mean values and most conservative values for aquifer bulk density and

soil organic carbon fraction were used to estimate a range of retardation coefficients.

The results of this analysis are presented in Section 4.1.2.
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SECTION 4.0

FATE AND TRANSPORT OF CONTAMINANTS

4.1 AREAL EXTENT OF CONTAMINATION

4.1.1 Soil Gas

Soil gas measurements provide an indication of the concentrations of the vapor phase of

VOCs by extracting a known volume of soil gas from shallow subsurface soils and

determining the concentration by gas chromatography (GC). Because trace organic

contaminants in groundwater volatilize and migrate vertically upward, soil gas has been

used successfully at MCAS E1 Toro to delineate the approximate areas of the three small

plumes within the base boundaries. As shown in Figure 4.1, the three soil gas plumes are

distinctly separated and relatively small in areal extent. The soil gas measurements were

confirmed with the groundwater sample results from subsequent shallow perimeter wells.

Mills (1985) used soil gas investigations in an attempt to determine the extent of VOC

contamination in the vicinity of MCAS E1 Toro. Only PCE was detected, and Mills

(1985) concluded that the PCE source was unconnected to the TCE source. However,

because PCE has a much greater Henry's Law Constant (Table 3.4) a comparable

concentration of PCE in groundwater is expected to have a higher concentration in soil

gas than will TCE. In addition, because static soil gas samplers were used in the Mills

study, TCE may not have been collected in the tubes because of its lower volatilization

flux. It should be noted here that these findings are somewhat consistent with both the

soil gas and groundwater results obtained within the southern general area of the base

(e.g. consistently no TCE detected by Mills (1985) adjacent to station boundary and PCE

detected near the area of PCE groundwater contamination). In fact, the soil gas PCE

plume detected by Mills (1985) that was adjacent to MCAS E1 Toro matches in areal

extent the soil gas PCE plume detected during the Perimeter Investigation (Figure 4.1).

Hence, the soil gas results from Mills (1985) are more indicative of isolated PCE
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contamination and, combined with the results from this investigation, delineate a very

distinct, relatively small, and continuous (on and off station) area of soil gas

contamination along the southernmost portion of the station.

4.1.2 Groundwater

The contaminated area within and away from the MCAS El Toro can be separated into

four different areas based on the type of contaminants detected at the monitoring wells

installed by JMM and the OCWD. Figure 4.2 represents a best estimate of the areal

extent of TCE contamination, based on the currently available data, and provides an

interpretation of the location of other VOCs.

The first area is located immediately adjacent to the cluster wells where the predominant

contaminant is CC14. This area is delineated by the two contaminated shallow wells in

the cluster, the shallow uncontaminated perimeter well PS-2, and off-station

uncontaminated wells TIC-56 and TIC-Ill. Hence, it is believed that this plume is not

contiguous with any of the off-station contamination.

The second area of contamination is located immediately south of the first plume where

the predominant contaminant is TCE. This plume is identified by the soil gas

investigations as well as groundwater results from shallow perimeter wells PS-1 and PS-6.

The areal extent of this plume is defined by the uncontaminated downgradient wells PS-2

and MCAS-3, and by upgradient uncontaminated well PS-5. This plume is located close

to the off-station plume discussed below. The continuity of these plumes can not currently

be identified based on the lack of actual off-station groundwater data.

The third area of contamination is located southeast of the second plume where the

predominant contaminants are TCE and PCE. The presence of this plume is confirmed

by the groundwater sample results from shallow monitoring wells PS-3, PS-4, and PS-8.

The downgradient extent of this plume is identified by the shallow perimeter wells PS-5

and PS-7. The upgradient extent of this plume could not currently be delineated based
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on the lack of actual groundwater quality data. The relatively small on-station extent

and low water transmitting capacity of the shallow aquifer suggest that this plume may

not be contiguous with off-station contamination.

The fourth plume is located off station where the predominant contaminant is TCE. This

plume is identified by the presence of contaminants at wells TIC-35, TIC-47, TIC-83,

MCAS-1, MCAS-2, MCAS-7, and the North Lake well. The limits of this plume is

identified by the uncontaminated wells TIC-68, TIC-74, TIC-117, TIC-127, TIC-Il0, and

by TIC-78.

The four plumes identified above are not connected based on both soil gas (this

investigation and Mills, 1985) and groundwater quality results from PS*5 and PS-7.

MCAS-3, TIC-56, TIC-II1, TIC-74, TIC-Il0 and PS-2 are all located to the west or

northwest of the base and all are northwest of the two identified on-base TCE plumes.

Each of these wells contained no detectable concentration of TCE, with the exception

of trace quantities in TIC-74 (0.6 _g/L during March 1988). The off-station well TIC-68

is essentially uncontaminated (trace concentration (below reportable detection limit)

during February 1989, 0.6 /_g/L during May 1988) and is located upgradient of the

off-station TCE plume and downgradient of eastern most plume located on station. Given

the historical direction of groundwater flow (Section 3.1.2.1 and OCWD, 1989), an

on-base source of TCE that is postulated to have reached the North Lake Well would

likely have contaminated these wells as well. The fact that all these wells, especially

MCAS-3 and TIC-117, contained no TCE, and trace levels at TIC-68, !ndicates that the

potential source(s) lie to the south of the base b_ere is some likelihood that _

the historical pumping influence of TIC-55 has drawn contaminated groundwater onto the

base froma potentialoff-basesource.

The approximate solute velocities of the contaminants of interest are given in Table 4.1.

The range of solute velocities represents a range in retardation factors, representing the

mean and the most conservative (least retarded) values. The solute velocity ranges also

represent variations in groundwater velocity between an aquifer-averaged and higher
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TABLE 4.1

ESTIMATED SOLUTE VELOCITIES IN THE VICINITY OF MCAS EL TORO

Contaminant Groundwater Velocity · Retardation Factor b Solute Velocity
(ft/yr) (ft/yr)

Benzene 175 1.75 100
175 1.14 154
314 1.75 179
314 1.14 276

Carbon Tetrachloride 175 3.49 50
175 1.46 120
314 3.49 90
314 1.46 215

Chloroform 175 1.53 114
175 1.10 160
314 1.53 205
314 1.10 286

1,2-Dichloroethane 175 1.17 150
175 1.03 170
314 1.17 268
314 1.03 304

cis- 1,2-Dichloroethene 175 1.03 170
175 1.01 174
314 1.03 305
314 1.01 312

trans-1,2-Dichloroethene 175 1.02 172
175 1.00 175
314 1.02 309
314 1.00 313



TABLE 4.1 (CONTINUED)

ESTIMATED SOLUTE VELOCITIES IN THE VICINITY OF MCAS EL TORO

Contaminant Groundwater Velocity · Retardation Factor b Solute Velocity
(ft/yr) (ft/yr)

Ethylbenzene 175 9.05 19
175 2.50 70
314 9.05 35
314 2.50 126

Tetrachloroethene (PCE) 175 3.27 54
175 1.42 123
314 3.27 96
314 1.42 221

Toluene 175 4.06 43
175 1.57 112
314 4.06 77
314 1.57 200

Trichloroethene (TCE) 175 2.37 74
175 1.25 140
314 2.37 133
314 1.25 251

a Groundwater velocity range is based on a time-weighted average hydraulic gradient in the
MCAS El Toro vicinity, an estimated value of effective porosity and a range of hydraulic
conductivity values. The lower velocity is based on an approximate average value of hydraulic
conductivity for the aquifer, while the higher value is based on the estimated hydraulic gradient
of sand and gravel layers in the MCAS E1Toro area.

b The retardation factor is based on the octanol-water partition coefficient, Kow, of each
contaminant, the estimated effective porosity and mean and extreme (conservative) values of
soil bulk density and fraction of soil organic carbon, fo,:.



velocity associated with the coarse-grained sediments found at a depth of 250 to 400 ft

below ground level. Carbon tetrachloride is highly retarded and is predicted to move at

a rate of approximately 50 to 215 ft/yr. This is one explanation for the relatively

contained CC14plume around TIC-55 shown in Figure 4.2.

TCE is predicted to have a range of solute velocities between 74 and 251 ft/yr. Ignoring

dispersion effects, it would take between 63 and 214 years for TCE to migrate from the

edge of the base to the North Lake Well, approximately 3 miles away. There would

be additional travel time (as much as 10 to 20 years) for the TCE to migrate from the

soil surface to groundwater. MCAS E1 Toro was commissioned in 1947 and TCE solvent

use reached its peak as a vapor degreasing agent in the mid-1960s to mid-1970s. Even

with dispersion, it appears unlikely that TCE was transported from the soil surface at the

base to the North Lake Well in groundwater.

PCE is a major component of two of the VOC plumes detected on base. PCE was

confirmed by soil gas, the shallow perimeter wells, and by the soil gas study by Mills

(1985). PCE is predicted to have a range of solute velocities between 54 and 221 ft/yr.

If PCE were released at approximately the same time as TCE, one would expect to see

the PCE transported 73 to 88 percent as far as TCE, based on their relative solute

velocities. If the postulate that the North Lake TCE contamination originated from

MCAS E1 Toro, than one would expect to see PCE in measurable concentrations

between 2.2 and 2.6 miles from the base.

4.2 VERTICAL EXTENT OF CONTAMINATION

As discussed above, the contaminated area within and away from the MCAS E1 Toro

can be separated into four different areas. The first area, located immediately adjacent

to the cluster wells, shows, some contamination near the water table and very low

contamination at depths. It should be noted here the major contaminant, CC1n, does not

exist in this area at depths greater than 300 ft below ground level. This suggests that

the TCE contamination measured near detection limit at elevations below 450 ft is likely
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not related to the near surface contamination in the area, and that it may be caused by

cross contamination induced by the TIC-55. This is further substantiated with the fact

that the TCE contamination is found (near State Action Levels) at the shallowest well

in cluster and is not detected by the two wells completed at immediately lower
elevations.

No vertically distributed on-station groundwater quality data exists near the second and

third areas of contamination located south and southeast of the first plume.

As indicated above, depth-specific water quality sampling at the cluster well indicates that

TCE concentration is minor (< 0.4 ttg/L) at a depth of 450 to 540 ft below ground

level. Furthermore, no contamination has been found at MCAS-3, which is located

directly downgradient of the MCAS E1 Toro, at any of the depths during any of the three

sampling events accomplished by OCWD (1989). However, TCE contamination at

MCAS-1 and MCAS-2 is significant (maximum concentration over time of 52 and 38

/_g/L, respectively) at a depth of approximately 250 to 400 ft below ground level.

Because this depth zone at the cluster well and MCAS-3 had non-detected to trace

concentrations of TCE, and because there are significant vertical gradients in the vicinity

of TIC-35, there is a strong indication of another source of TCE which lies between

MCAS E1 Toro and TIC-35.

4.3 ENVIRONMENTAL FATE OF CONTAMINANTS

The biodegradation rate of a dissolved organic chemical is dependent on the species and

activity of soil and aquifer microbial population. The active biomass that could degrade

the organic chemicals to potentially innocuous forms varies with depth, as a result of

decreasing soil temperature, oxidation-reduction potential, and organic matter (substrate

for microorganisms). Although significant biodegradation is usually limited to the upper

few feet of soil, there are examples in which the activity of microorganisms in the aquifer

is great enough to degrade trace organics. In addition, the groundwater temperature in

the Irvine Basin increases with depth (Section 2 and OCWD, 1989). There exists also
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a potential organic carbon substrate for microbial activity at depth as seen by visible

hydrocarbon layers in boring logs (Section 2 and OCWD, 1989). Anaerobic bacteria

found in groundwater have been shown to degrade carbon tetrachloride, PCE, TCE and

1,1,1-TCA into the following daughter compounds (Wood et al., 1986, Dragma, 1988):

Carbon tetrachloride --} chloroform -, methylenechloride

cis-l,2-dichloroethene
PCE -* TCE -} trans-l,2-dichloroethene -* vinyl chloride

1,1-dichloroethene

1,1,1-TCA -_ 1,1-dichloroethane -_ chloroethane
1,1-dichloroethene

Biodegradation under anaerobic conditions has been demonstrated under laboratory and

field conditions. In actual aquifer conditions, cis-l,2-dichloroethene is produced over

trans-l,2-dichloroethene by a factor of about 25. The estimated biodegradation half-lives

of the contaminants of interest are shown in Table 3.3. These are taken from field

observations (Dragun, 1988). TCE and PCE are relatively more persistent than the other

contaminants. Wood et al. (1986) found that in chlorinated solvent spills of greater than

15 years, a unique chemical profile developed in which the concentration of the parent

compound (e.g., TCE or PCE) diminished with distance from the source, while the

concentrations of the daughter compounds increased. Only trace concentrations of trans-

1,2-dichloroethene were found in the off-base TCE plume (OCWD did not analyze for

cis-l,2-dichlorothene). Because the concentrations of VOCs in the aquifer are probably

not great enough to inhibit bacterial growth in the aquifer, the TCE spill was probably

too recent for the establishment of a biodegradation profile in the aquifer. If the TCE

spill was on base and migrated to the North Lake well, a period of several decades, one

would expect a biodegradiation profile along the axis of the plume. Only traces of the

daughter products were detected, however.

4-6



SECTION $.0

-)- CONCLUSIONS AND RECOMMENDATIONS

A Perimeter Investigation was conducted to determine whether TCE contamination

observed in agricultural wells on and near MCAS El Toro is a result of past waste

generation and handling and disposal practices at the base. Physical properties of the

aquifer material underlying MCAS E1 Toro were determined or estimated using a series

of aquifer tests, downhole geophysical logging, and geotechnical analyses. The aquifer

tests included a pump test of TIC 55 and specific capacity tests of all five well depths

in the cluster well. Resistivity (single, short normal and long normal), spontaneous

potential, and natural gamma ray logs were conducted on the cluster well. Porosity,

aquifer bulk density, soil organic carbon fraction (foe), and soil moisture content in the

unsaturated-zone were determined with laboratory geotechnical analyses. Groundwater

contour maps for the period of 1930-1988 were examined to determine the historical

directions of flow and hydraulic gradient. These data, along with benchmark chemical

parameters, were used to determine time-weighted average solute velocities for the

contaminants of concern.

Trace organic water quality analyses conducted in the Perimeter Study and results of the

OCWD study (1989) were incorporated to estimate the areal and vertical extent of VOC

contamination in the vicinity of MCAS E1 Toro. The history of chlorinated solvent use

was examined to determine the likelihood of large-scale use by MCAS E1 Toro at an

early enough date that could plausibly account for TCE contamination in the North Lake

well.

Based on the analyses of these results, the following conclusions can be drawn:

o The contaminated area on and near MCAS E1 Toro can be separated into four _,,_ _ r,

different areas based on the type of contaminants detected at the monitoring

wells\installed by JMM and the OCWD. Three of the areas exist within base

boundaries.



o The first area is located immediately adjacent to the cluster wells where the

predominant contaminant is CCI 4. This area is delineated by the two contaminated

shallow wells in the cluster; the shallow, uncontaminated perimeter well PS-2; and
t_,no

the off-station, uncontaminated wells TIC-56 and TIC-111. Hence, it be_ _evg,dp_cust_'
. . . _---'-----Jl _c,_j_,_?,-.._

that this plume is not contiguous with any of the otI-station contamination. [ _n_

o The second area of contamination is located immediately south of the first plume

where the predominant contaminant is TCE. This plume is identified by the soil

gas investigations as well as groundwater results from shallow perimeter wells PS-1

and PS-6. The areal extent of this plume is defined by the uncontaminated

downgradient wells PS-2 and MCAS-3, and by the upgradient uncontaminated well

PS-5. This plume is located close to the off-station plume discussed below. The

continuity of these plumes can not currently be identified based on the lack of

actual off-station groundwater data.

o The third area of contamination is located southeast of the second plume where

-"_ the predominant contaminants are TCE and PCE. Presence of this plume is
./

confirmed by the groundwater sample results from shallow monitoring wells PS-3,

PS-4, and PS-8. The downgradient extent of this plume is identified by the

shallow perimeter wells PS-5 and PS-7. The upgradient extent of this plume could

not currently be delineated based on the lack of actual groundwater data. The

relatively small on-station extent and low water transmitting capacity of the shallow

aquif .-su_that_',_--. J- this plume may not be contiguous with off-station
conmmmaae_

o The fourth plume is located off-station where the predominant contaminant is

TCE. This plume is identified by the presence of contaminants at wells TIC-35,

TIC47, TIC-83, MCAS-1, MCAS-2, MCAS-7, and the North Lake well. The limits

of this plume are identified by the uncontaminated wells TIC-68, TIC-74, TIC-117,

TIC-127, TIC-il0, and by TIC-78.
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---TiC-74, 'isC, ii0, _--_-WPSz2-_-_-_ located t'o-t_e west or northwest of the base

and all are northwest of the two identified on-base TCE plumes. Each of these

wells contained no detectable concentration of TCE, with the exception of trace

quantities in TIC-74 (0.6/_g/L during March 1988). The off-station well TIC-68

is essentially uncontaminated (trace concentration during February 1989, 0.6/_g_ _--,_
/

during May 1988) and is located upgradient of the off-station TCE plume/ant

downgradient of easternmost plume located on station,l_iven the historical- ,'

deire_Ton of groundwater flow, an on-base source of TCE that is postulated to h: _//ached the North Lake Well would likely have contaminated these wells as

The fact that all these wells, especially MCAS-3 and TIC-117, contained no TCE

and trace levels at TIC-68, indicates that the potential source(s) lie to the south

of the base boundaryy/_nere is some likelihoo_d--t-h-_ the historical pumping_ _'_3

_mfluence of TIC-55 has drawn contaminated groundwater onto the base from a? _f¢cc2f:_
C potential off-base source. _ - _'

\

) 'I
o Depth-specific water quality sampling at the cluster well indicates that TCE

concentration is minor (< 0.4/_g/L) at a depth of 450 to 540 ft below ground

level. Furthermore, no contamination has been found at MCAS-3, which is

located directly downgradient of the MCAS E1 Toro, at any depth during any of

the three sampling events. However, the TCE contamination at MCAS-1 and

MCAS-2 is significant (maximum concentration over time of 52 and 38 /_g/L,

respectively) at a depth of approximately 250 to 400 ft below ground level.

Because this depth zone at the cluster well and MCAS-3 had non-detected to trace

concentrations of TCE, and because there are significant vertical gradients in the

vicinity of TIC-35, there is a strong indication of another source of TCE which

_lies between MCAS E1 Toro and TIC-35. J
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o A range of possible groundwater flow velocities was estimated using a range of

)x hydraulic conductivities. A value of 30 fi/day for hydraulic conductivity was

chosen to be representative of the dominant main aquifer in the area (200 to 450

ft below ground surface), and a value of 54 ft/day was chosen to represent lenses

and layers of coarse-grained material which can preferentially transmit

contaminants. Combined with a hydraulic gradient of 0.003 and an effective

porosity of 0.2, this resulted in time-averaged (1936 to 1988) seepage velocities of

175 ft/yr for the main aquifer and 314 ft/yr for the coarse-grained soil lenses

which are also dominant in the 250 to 400 ft. below ground level-zone.

o TCE is predicted to have a range of solute velocities between 74 and 251 ft/yr.

Ignoring dispersion effects, it would take between 63 and 214 years for TCE to

migrate from the edge of the base to the North Lake Well, approximately 3 miles

away. There would be additional travel time (as much as 10 to 20 years) for the

TCE to migrate from the soil surface to groundwater. MCAS El Toro was

commissioned in 194_"_d TCE solvent use reached its peak as a vapor degreasing_

in the mid-1960s to nud-1970s./Even with dispersion, it appears unlikely _agent

/ fthat TCE w as transported from the soil surface at the base to the North Lake i i

\ Well in groundwater, j __ .......i_'':'_/

o The suite of VOCs in the on-base wells has PCE as a predominant component. Of.,

_ The off-base TCE plume has only traces of PCE. Although PCE is retarded to
_S ,'_9%__0. a greater extent than TCE, it should move approximately 73 to 88 percent as fast

., 00 as TCE and would, therefore, be present in off-base wells, unless the on-base

· , 'J,_'!_0_'e < plumes wer ere_-__nL -- ir- 0-_'_e_'l_ t'_'_ '_C_ _S _ ,,_tCe_-.'

O There appears to be lack of expected degradation products in downgradient wells.

Only trace concentrations of cis-l,2-dichloroethene in on-base wells and trans-l,2-

dichloroethene in off-base wells were detected. In other TCE/PCE spills, a

chemical profile of daughter compounds is established after 15 to 20 years. This

indicates that the spill(s) maybe of relatively recent origin.

) -'_ 5-4 :-- _ ' --



o MCAS E1 Toro is not nly user of industrial and agricultural chemicals in the
Irvine Basin. _oOP-

Based on the conclusions n adc above, it is recommended that: O_Ot_ [

t'no_ _JeJ.,
o Field investigations tould be initiated by the Navy and MCAS E1 Toro to define

the off-station exten of VOC contamination related to the southern (third) plume'_ ...............be_ved't'6' iiatmg from an on-statio This work should includ_ IA/tnT

and off-station soft gas investigations as well as shallow_ monito'_ells near D_,_

MCAS E1 Toro to identify the horizontal extent of the third plume. A two level /,oetl.5;

duster well system should also be installed to delineate the vertical extent of VOC
contamination.

o A similar investigation should be conducted around the second plume to identify

the potential source location(s).

'x
2 o All field investigations should be directed towards gathering necessary data to

design and implement a timely and cost-effective remediation system.

o The source(s) of the on-station plume should be identified during implementation

of the Plan of Action for individual potential source locations throughout MCAS

E1 Toro.

o It is believed that the extent and chemical characteristic of the VOC plume

located off station is fairly well defined. It is strongly recommended that the

existing agricultural wells should not be utilized for the extraction and treatment

of this plume. This is primarily because of the fact that the plume appears to be

confined to a relatively small portion of the more than 400-foot thick aquifer, and

that the continuously screened agricultural wells would likely cause cross-

contamination of currently clean aquifer zones, thereby exacerbating the existing

problem.

)
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APPENDIX A

BORING LOGS



A. 1 STREAM BED WELLS



JAMES M.MONTGOMERY

CONSULTING ENGINEERS. INC. PAGE I OF 2
50i LENNONLANE. WALNUTCREEK,CALIFORNIA,94598 / (4i5) 933-2250

BORING/WELL NUMBER $B-1 CLIENT WESDIVNA VFACENGCOM
DATE STARTED i/£5/88 COMPLETED i/£5/88 PROJECT MOAS EL TORO
ELEVATION ft Lqround level) GEOLOGIST P.N. OASEY

,,, c5 z .u_ cn_< GEOLOGICDESCRIPTION COMMENTS

_ ._ Z (.[3 m
z Dj
< z 3c _(."3 _ 0_J _: o(73 em

ulA t 4 ._;'i _ SILTY SAND,It brown, tr small gravel, damp,
- 5 (fill?)

2- SW _ F_MSAND,clean, tr well rounded
gravel clasts, It tan, damp

_ _

-_ -

lililii
10 --

SILTY SAND,med. brown, damp/
8- - most, tr F. gravel

lO- _ - SILTYSAND, tan, damp/moist,tn
_ VI 3 10 ML crs. sand

24

12-_ - SiLT w/v.f, sand, It brown, damp
VI 4 8

- 18 A.a., tan w/tr crse. sand. Fine

_4_ - sandw/silt,tan,damp

-r_ L
_6- VI 5 lo12 ML

- _ e SILT w/v.f, sand, damp/moist, tr crse. sand,

_8- vI 6 8 _ faint blocky structure, w/clean, crse sand20 lens <6 in. thick

20- r7 - V.F.SAND& SILT,damp-moist
7 t0 tan-lt,brown

' 20

22- _ SM F-M SAND& SILT,damp-moist,lt.
VI 8 t0 ' brown tr. c. sand.

' 20

24- SM_

' _ SILT w/v.f, sand, moist, lt. brown

26- vI 9 10 _ v.f. sandy silt, tan to lt. brown,
20 dampto most, tr. crse. sand

-_ _V.f. SAND/SILTw/someclay,lt.

28_ VI iO _0 _ brown,damp/moist,tn finecaliche
14 nodules, tr v.f. mica

METHOD OF DRILLING HOLLOW STEM AUGER WELL COMPLETION DEPTH 4I feet
HOLE DIAMETER 8 Jnches WELL DIAMETER 2 inches
TOTAL DEPTH 46 feet WELL MATERIAL SCHED 40 PVC



JAMES M.MONTGOMERY
CONSULTINGENGINEERS,INC. PAGE2OF2
50! LENNONLANE, WALNUTCREEK,CALIFORNIA,94598 / (4t5) 933-2250

BORING/WELL NUMBER $B-_ CLIENT WESDIVNA VFACENSCON ')
DATE STARTED I/£5/88 COMPLETED 1/£5/88 PROJECT MCAS EL TORO
ELEVATION ft _round level) GEOLOGIST P.N. CASEY

· _ _ _ GEOLOGICDESCRIPTION CONMENTS

U SM A.a., w/large (1-2 in) cazicne9 nodu]es
- 20

32- -

34- -

-_ SILTYv.f.SAND,tan,moist,tr

36- W _2 9 _ small caliche nodules

38- -

40- _ -
_ _ _3 14

28 CL _

42-- SILTY CLAY, med-dark brown, ;-
motsto med. dense

44- SM SILTY SANDw/t-4' thick clean
_ F-M sand lenses, moist, lt. tan to

lt. brown
46- _ _4 i928

48- -

50- -

52- -

54- -

56- -

58- -

LOG OF WELL SB-I (continued)



JAMES M.MONTGOMERY

CONSULTING ENGINEERS. INC. :V_E_ OF2
50tLENNONLANE,WALNUTCREEK.CALIFORNIA.94598/ (4t5)933-2250

BORING/WELL NUMBER _B-£ CLIENT WESTDIYNA YFACENGCOM
DATE STARTED 1/£7/88 COMPLETED t/27/88 PROJECT MCAS EL TORO
ELEVATION ft (around leveJ) GEOLOGIST P,N. CASEY

· _ _ o_ BEOLOGICDESCRIPTION COMMENTS

' 6 III GM SILTY SANDg GRAVEL.Roots and organics, Background HNU:O.27 damp, med. brown

' _ _: SP SAND,clean, tr. fines, lt. tan, damp
F_ 7 >>>

io :!:!:i:

::::::. A.a., w/fines 30Z, med. brown, clasts of

SILTY CLAYw/v.f, sand, hard, compact, damp, -z 14 _ med-dk brown, blocky
27

, A.a,moist

16 - SILTY SAND,fled grained, Lt. brown, damptr.
, c. sand

6 t3
16 A.a. w/Mn stains

!

SAND,tr. to some fines, tr. c. sand
, 7 t3 ML tan, damp.
L t6 --

A.a

k -

) _ SILTY CLAYw tr. to someF sand, damp, med-dk --
8 t8 brown, tr c. sand, blocky

25

24 - Softerdrilling --

A.a., w/l/2'stringer of f. sand, small (t/4'-26 9 10 3/4') caliche nodules, med. brown, fine laminaet6 -

28 -

METHOD OF DRILLING HOLLOW STEW AUGER WELL COMPLETION DEPTH 40.3 feet
HOLE DIAMETER 8 inches WELL DIAMETER £ inches
TOTAL DEPTH 40.3 feet WELL MATERIAL Sched 40 PVC



JAMES M.MONTGOMERY
CONSULTINGENGINEERS.INC. PAGE2OF2
50t LENNONLANE, WALNUTCREEK, CALIFORNIA, 94598 / (4i5) 933-2250

BORING/WELL NUMBER SB-£ CLIENT WESTDIVNAVFACEN6CON )

DATE STARTED 1/27/88 COMPLETED f/27/88 . PROJECT NCAS EL TORO

ELEVATION ft (qround ]eve]) GEOLOGIST P.N. CASEY

· =: _ m GEOLOGICDESCRIPTION COMMENTS i

H

_o lo
- 22 SW - SAND, tr. M-C sand, tan, damp,

32_

iiilii i A'a" selected laminati°ns aresl' cemented34- SM
-_ SILTY SAND, lt. brown, damp, sand f.grained, -

36- _ ii 18 tr. crse. sand20

38- SILYT SAND

40-_
)X[ 12 _8 SILTY CLAY, med-dk brown dense, moist
[.)

18

42- - _-

44- -

46- - i
i

48- - _

50_ -
!

q

52- -

54- -

56- -
58- - -

LOG OF WELL SB-2 (continued)



JAMES M.MONTGOMERY
CONSULTING ·--,._,T,..-,--.-.-,r_NblmrrH_,INC. PAGE I OF 2
501 LENNONLANE, WALNUTCREEK,CALIFORNIA,94598 / (4i5) 933-2250

BORING/NELL NUMBER SB-S CLIENT WESTDIVNA VFACENGCON
DATE STARTED I/£8/88 COMPLETED 1/£8/B8 PROJECT NCAS EL TORO
ELEVATION ft (qround leveJ) GEOLOGIST P.N. CASEY

· z _ _ GEOLOGICDESCRIPTION COMMENTS

FILL, mix of gravel, silt and clay, damp, med. brown Background HNU:0.2! 9
- 15

2-_ ML _ CLAYEYSANDYSILT, damp, med-dk brown, tr
2 6 f. gravel to c. sand, tr. mica.

- 8

-- --

6- 3 _ _//_/ CL22 - SILTY CLAY, med-dk brown, dry-damp, v. dense,
caliche stringers

11 - SANDYCLAY, w/stringers of silty sand,
med-lt brown, damp

10-_ -_ 5 8 SM _
l0 CLAYEYSAND,medbrown, damp

_2- -

14- -

-_ SILTY SAND,tr. clay, tr. gravel, tan, damp

16- l_ 6 20 _25

18- -

20- _7 - SANDw/tr to somesilt/clay, tan, moist, --
_ _ 7 _2 ML _ _-2' stringers of silty, sandy clay

_2

22- -

24- -

' _ SILT w/F to C sand, med.-lt, brown, damp, med

26_ l_ 8 J5 _ dense30

28- -

METHOD OF DRILLING HOLLOW STEW AUGER WELL COMPLETION DEPTH 45.2 feet
HOLE DIAMETER 8 inches WELL DIAMETER 2 inches
TOTAL DEPTH 46 feet NELL MATERIAL Sched. 40 PVC



JAMES M.MONTGOMERY

CONSULTING ENGINEERS, INC. PAGE 2 OF 2
50t LENNONLANE, WALNUTCREEK, CALIFORNIA, 94598 / (415) 933-2250

BORING/NELL NUMBER SB-3 CLIENT WESTD.Z'VNAVFACENGCON L
DATE STARTED t/28/88 COMPLETED IZ'£8/88 PROJECT NCAS EL TORO
ELEVATION ft (qround Jeve]) GEOLOGIST P.N. CASEY

c5 _ o _ 6EOL06ICDESCRIPTION COMMENTS
I'" z _ .j

_ 9 _2
18 ' . SM ' SAND, tan, moist, tr fines

32- .. - -

34- '' - -

_ ,, , SILTY SAND, tan-lt, brown, mois_

36_V_ to lo ....82

i:
38- I . -

40_
· <<' SP SANDYSILT, sand fn grained, medbrown, moist,

1_ _6 ::.:.: tr c. sand30 · ':-:'
>> <

42_ :.:::: - r'

44- ' ':'";:;;.; - SAND,poorly sorted, moist, tan, tr fines
. . <<.

46-- 12 20 I Mi SILTY CLAY, tr f. sand, medbrown, moist/brown30 '--_

48- -

50- -

52- -

54- -

56- -

58- -

] --

LOG OF NELL SB-3 (continued)



JAMES M.MONTGOMERY

CONSULTING ENGINEERS, INC. PAGE_OF2
50t LENNON LANE, WALNUT CREEK, CALIFORNIA, 94598 / (4t5) 933-2250

BORING/WELL NUMBER SB-4 CLIENT REST OIV /VAV FAC ENG COM
DATE STARTED £/I/88 COMPLETED 2/f/88 PROJECT EL TORO
ELEVATION ft (around level) GEOLOGIST C. SCHWYN/P.N. CASEY

z _ GEOLOGICDESCRIPTION COMHENTS

SM : CLAYEYSILTY SAND,10%clay, 20%silt, 55Z fine_ ! 25 sand, 15%med. sand-icm gravel _
Subrounded-angular, dark brown, humic smell, moist

2- - fairsorting.

_ _

-FA CLAYEYSILTY SAND,10Z clay, 15Z silt, 5%lithic -
6-- _j 2 14 _ fragments, 70Z dry, fine sand, subangular. Lt.

24 brown, root tubes, damp.

8-F_ - A.a., no small, damp
_FI 3 22

25

lO-_ - A.a, light humis smell, damp-moist, tr. more --
_ _ 4 i5 lithic sands and gravels, tr. more med. grains

18

_2- -

SILTY SAND,15%silt, sand f-med grained, tr. coar_e-- 5 13 fine gravel. Subangular-subrounded, dark buff
_4_ 18 _ color, light smell, moist, friable.

-_ A.a, 20Z siltand clay. 25%coarse sand.
_6- FI 6 i2t6 -

SILTY SAND,25Z silt, sand med-crs, sub-_8-- 7 8 - angular. Tr. very fine gravel, dark buff, wet
ii

20-n_ CL CLAYEYSILTYSAND,45% siltand
VI 8 6 _ _ clay, sand v. fine, brown, 5%fine mica, wet,

- 9 no smell,tr root tubes.

22- -

A.a., sand v. fine- 9 7

24_ 10 _ A.a, 45[ clay and silt, blocky structure, brown,moist slightly plastic.

-_ A.a, 35-40%silt and clay moist

26-FI lo _o -

28- -

METHOD OF DRILLING HOLLOW STEM AUGER WELL COMPLETION DEPTH 30 4 feet
HOLE DIAMETER 8 inches WELL DIAMETER 2 _nches
TOTAL DEPTH 30.4 feet WELL MATERIAL SCH 40 PVC



JAMES M.MONTGOMERY

CONSULTING ENGINEERS. INC. PAGE2 OF 2
§01LENNON LANE, WALNUTCREEK, CALIFORNIA, g4§gB / (4t5) 933-2250

BORING/HELL NUMBER $S-4 CLIENT WEST OIV NAV FAC £NG COM i

DATE STARTED 2/1/88 COMPLETED £/1/88 PROJECT EL TORO
ELEVATION ft _pound leveJ] GEOLOGIST C.SCHWYN/P.N. CASEY

= o_ _ GEOLOGICDESCRIPTION COMMENTS
J _

_' ._, A.a. 4=, ,,,t an, c,ay trace 0, v,. c0,,$e ,an,

lJ 10 _ damp.20 -

32- -

34_ -

I

36_ -
!

38- -
E

i

40- -
I

42- - ;t

44- - t
46- - -

48- - -

50- - -

52- - -

54- - -

56- -

58_ -

LOG OF WELL SB-4 (continued)



JAMES M.MONTGOMERY
CONSULTING ·-,.,,T,..-.-n,-,tNbiNLt_Hb,INC. PAGE J OF 2
501 LENNONLANE, WALNUTCREEK,CALIFORNIA,94598 / (4t5) 933-8250

BORING/NELL NUMBER Sa-6 CLIENT WESTDIVNA VFACENGCOM
DATE STARTED 2/2/88 COMPLETED 2/2/88 PROJECT MCAS EL TORO
ELEVATION ft _qpound 2eve2) GEOLOGIST C. SCHNYN

_ GEOLOGICDESCRIPTION COMMENTS

· _ _

1 3 SM = CLAYEYSILTY SAND,t0% clay, 25%silt, v. fine-gravel subrounded-angular, organic matter,5 black, moist, humic smell

4w _

-_ CLAYEYSILTYSAND,25% clay & silt,vt. fine

6-- _ 2 6 _ grains-trace of coarse sand, subangular damp
5 light smell, dark brown.

_O--F_ -- SILTY SAND,v. fine sand, t5Z silt, light brown, --
VI 3 4 damp

- 5 -

12- ] -

14- -

-FA sp SILTY SAND,i5Z silt. V. fine-fine grained

16_Vi 4 65 SM--_ traCefriableofmed.-vt, coarse grs, damplight brown,

SILTY SAND,well graded sand, lOX silt._8-- 5 5 SN Angular-fine grains, primarily quartz. Coarse
5 _ lithic frags are subrounded, buff color, loose,

friable

20-_ SM _SiLTY CLAYEYSAND,50X vry fine sand, 25Z clay, -
VI 6 5 _ moderate plasticity, moist, dark brown-black

- 5 root tubes-abundant, moist
22_

A.a. with stringers of vt. fine sand- 7 5 - 1/2-2' thick, moist

24_ 5

26_ B 6 _ crs-fine gravel moist, loose, dark buff root7 SW -- tubes, trace lithic frags.

A.a, 5Z clay, dense, subangular28- 9 5 -
7

METHOD OF DRILLING HOLLOW STEM AUGER WELL COMPLETION DEPTH 37.5 feet
HOLE DIAMETER 8 inches NELL DIAMETER £ inches
TOTAL DEPTH 37.5 feet WELL MATERIAL SCH 40 PVC



JAMES M.MONTGOMERY

CONSULTING ENGINEERS,INC. PAGE2OF2
50t LENNONLANE, WALNUTCREEK,CALIFORNIA,94598 / (415) 933-2250

BORING/WELL NUMBER SB-6 CLIENT WESTDIVNA VFACENGCON )
DATE STARTED 2/2/88 COMPLETED 2/2/88 PROJECT NCAS EL TORO
ELEVATION ft (qpound level) GEOLOGIST C. SCHWYN

_ GEOLOGICDESCRIPTION COMMENTS
· Z O

O _ _

·>>>: SM 51LIY 5ANU, _$ Silt, v. tine-tine sane, graces in:o_ t0 3 :::::::: a silty clayey sand, 35Z silt and clay, root tubes .
3 1::::::: dark brn, damp, angular frgms.

32- ::::::::-

:.:.:.:, SILTY SAND, 10_ silt angular-sub-- tl 4 .:.:.:.: angular, loose 5%crs-fine gravel, moist
34- 5 :::::::: _%...

%- - -

:':':':.... _ A.a, lithicgravel (2Z). No sample taken,

36-- iiiii!i i - moist-wet

..%,.

38-F_y_J i2 12 '/1 CL _ CLAYEYSILTY SAND,45Z silt and clay, dns blocky
20 '_ _ sand is fine grained angular lithic frags., tr.pea gravel, moist

40- -

42- -

44- -

46- -

48- -

50- -

52- -

54- -

56- -

58- -

LOG OF NELL SB-6 (continued)



JAMES M.MONTGOMERY
CONSULTING ENGINEERS. INC. PAGE 1 OF 2
501 LENNONLANE, WALNUTCREEK,CALIFORNIA,94598 / (415) 933-2250

BORING/WELL NUMBER SD-7 CLIENT WESTOIVNA VFACENGCON
DATE STARTED £/2/BB COMPLETED 2/2/'88 PROJECT NCAS EL TORO
ELEVATION ft (ground level} GEOLOGIST C.C. SCHWYN

· z _ _ GEOLOGICDESCRIPTION COMMENTS

SM = SILTY SAND.30%silt, vt. fine-fine sand, trace2 mediumto yr. coarse grains, subrounded organic
- 2 rich,moist lightblack.

2_ _

-_ SILTYSAND, 15%silt,tracecoarse

6-- VI 2 2 _ grains, trace mica, buff, moist, contains layers

3 of organics w/increased silt content and wood

8_ _

10-_ - CLAYEYSILTYSAND,30X clayand silt,moderate -
VI 3 5 plasticity, fine grained trace of coarse grains,

- 5 angular, subrunded trace mica, moist dark green
12- - brown·

14- -

_6-- 4 5 CL CLAYEYSILTYSAND.20% clay30% silt,
tracemed.grainsmoderateplasticityroottubes,

7 -- darkblack,damp.

18- -

20-F_ SM A.a, (only 5%clay)
vi 5 3 Contacts a fine grained silty sand. 20%silt,

- 4 buff color moist, blocky structure.
22- -

24- -

-F_ A.a, subrounded grains tracecoarse grains

26- VI 6 5
7 --

28- I c__L

ML -

METHOD OF DRILLING HOLLOW STEM AUGER WELL COMPLETION DEPTH 45 feet

HOLE DIAMETER 8 inches WELL DIAMETER 2 inches
TOTAL DEPTH 45 feet NELL MATERIAL Sched. 40 PVC



JAMES M.MONTGOMERY
CONSULTINGENGINEERS,INC. PAGE20F8
50i LENNONLANE, WALNUTCREEK, CALIFORNIA, 94598 / (415] 933-2850

BORING/NELL NUMBER SB-7 CLIENT WESTD_VNAVFACENGCON 'l___

DATE STARTED 2/2/88 COMPLETED 2/2/88 PROJECT NCAS EL TORO

ELEVATION ft (qround _evel) GEOLOGIST C.C. SCHWYN

z I _ GEOLOGICDESCRIPTION COMMENTS

M // CL CLAYEY51LIY 5ANU. lU_ clay _U_ silt,
7 5

_'_ MT- trace coarse to fine gravels, dark buff, damp,6 /, moderate plasticity

32- // -

34_ × - -/
/

-_ ¢ CLAYEYSILTY SAND. 15Zciay35Zsilt.36_ 8 5 _ Trace clean fine sand stringers ! ca thick,6 moist
/
/
/

38- .::.:.:sp

..%-'.

','.%'.

40--_ :.:-:-:. -- SAND, v. fine, subrounded and well sorted, light
_ _ 9 5 :::::::: buff, damp, eolian, grades into silty sand trace

7 :::::::: medium grains.

42- ::::::::-

'' SM

44- '' -

-_ SILTY SAND, 15Z silt, poorly sorted yr. fine

46- _ _ sand to gravels lithic frags plus quartz, damp, _
buff loose, ang-subrnded

48- -

50- -

52- -

54- -

56- -

58_ -

i
i

LOG OF WELL SB-7 (continued]



A.2 CLUSTER WELLS



JAMES M.MONTGOMERY

CONSULTINGENGINEERS,INC. PAGEI OF6
50! LENNONLANE, WALNUTCREEK,CALIFORNIA,94598 / (4_5) 933-2250

BORING/WELL NUMBER DPH-I CLIENT WESTDIVNAVFACENGCOM

DATE STARTED 4/%£/88 COMPLETED 4/%4/88 PROJECT NCAS EL TORO
ELEVATION 265 ft (ground level) GEOLOGIST P.N. CASEY

· z _ _ GEOLOGICDESCRIPTION COMMENTS

'151 1
_ < _ _ °

SM

lO- - SAND:med. brown, silty, coarse grained --

20- CLAY:med. brown, silty, tr. sand and fine gravel --CL

30- - A.a

40- - A.a

60-

_/ CL CLAY: med. brown, silty, somesand and fine gravel70-

80-

II1 GM GRAVEL:finegrained' silty' sandy
90- SM SAND:med.brown, fine to coarse grained --

_00- _ 'CL -CLAY: med. brown, trace sand and fine gravel --

- A.a
_10-

_20- SAND:med. to coarse grained, trace silt/clay --SW

_30- Sp SAND:fine grained, trace silt/clay

_40_ SM SILT: sandy (coarse grained), with someclay -

METHOD OF DRILLING DIRECT ROTORY WELL COMPLETION DEPTH n/a feet
HOLE DIAMETER 7 7/8 inches WELL DIAMETER n/a inches
TOTAL DEPTH 884 feet WELL MATERIAL n/a



JAMES M.MONTGOMERY

CONSULTING ENGINEERS, INC. PAGE 2 OF 6
501 LENNONLANE, WALNUTCREEK,CALIFORNIA,94598 / [4t5) 933-2250

BORING/WELL NUMBER DPH-I CLIENT WESTDZVNAVFACENGCON )
DATE STARTED 4/i2/88 COMPLETED 4/t4/88 PROJECT MCAS EL TORO
ELEVATION 265 ft (.qnound 1eve J) GEOLOGIST P.N. CASEY

m GEOLOGICDESCRIPTION C0MMENTS· Z

O I-4 O r._

·"J _ r_
ra _,. ra

'Jr m' c.rJ '"1"'

_ _,_ ._ ......j mr- 0_

· .-I SM _.a, w]tn trace coarse sano/t_ne gravel
"!.I'Z,

160- :I ]: - A.a
I

<->>: SP

:170- ;:!:!:i:i - SAND:fine grained, trace silt/clay
-.%..-
,.%..

...%-

JB0-- :<<<..... -- SAND:coarse grained, trace gravel and fine
:':':':' sand/si]t, subrounded to angular
' · SM

;1BO- i i _%AND: si]fy, coarse grained, trace fine sand

200 .... SAND:coarse grained, trace gravel and silt/clay,
· ' subrounded to sub angular

:': :-: SP
210_ ....

:!:!:i:! --SILT and coarse ,rained SAND

' ' SM

220- Z ] - A.a

230- ;:.:.: Sp SAND:coarse grained, trace gravel and silt/clay
, · - -

· · ...

240_ -.-.'.'.· . SM SILT and coarse grained SAND,trace gravel

250- ' ' -- SILT: sandy (fine grained), trace coarse sand

· '' GP.'..'.

260- :"':""':" _L COBBLES/GRAVEL Drilling f luid/33 seconds/9.1-I
"_' COBBLES:with coarse sand, somefine to medsand, <1%sand

_" CL tracesilt/clay
270-

_'///_/ -_-CLAY: silty, trace coarse sand
/ /

>.2 6P

280- .;. - GRAVEL/COBBLES:with fine to coarse sand,
_ trace silt/clay

· a ·

290- ;:;:. - A.a

,'.' i

f.'._'. _J

LOG OF WELL DPH-1 (continued)



JAMES M.MONTGOMERY

CONSULTING ENGINEERS. INC. PAGE 3 OF 6
50! LENNONLANE, WALNUTCREEK,CALIFORNIA,94598 / (4_5) 933-2250

BORING/WELL NUMBER DPH-I CLIENT WESTDIVNA VFACENGCON
DATE STARTED 4/12/$8 COMPLETED 4/14/88 PROJECT NCAS EL TORO
ELEVATION 265 ft (qround level) GEOLOGIST P.N. OASEY

_ GEOLOGICDESCRIPTION COMMENTS

·' GP ':'. '- A a
im

· ' SM
310- '· . -- SILT: sandy (fine grained), trace clay

:. . and coarse sand

320.... SAND:silty, med. to coarse grained
J,i.

,. -- SAND:silty/clayey, med.to coarse grained,
330- I' i' trace gravel

i:
340- _ CL CLAY: silty, trace fine to med. grained sand

350- i. !. SM SAND:silty, medto coarse grained, trace gravel

:
360- /× gL SILT/CLAY: with fine to coarse grained sand,

//
trace gravel

370- ML SILT: sandy (fine grained), with somemed. --
to coarse gr. sand

380- i. SM SILT: sandy (med. to coarse grained)

390_ -:.::.: Sp SAND:coarse grained, trace to somegravel,
:.:':.:' subrounded to angular, 80%quartz
'.'.' ·

400_ ...-....SM SAND:coarse grained, with fine sandy silt/clay

410_ !·:.:.:.: Sp SAND:Jed.to coarse grained, trace gravel,
:::::::: subrounded to subangu]ar
- · · ",

%...',

420- ...j SM SAND:silty/clayey, med. to coarse grained
· ,j

-:-:-:-:SP
%-'',

430- :::::::: - A.a
%,,,.

%,,,°,.

'%'',

440- :::::::: -- SAND:med. to coarse grained, trace to some
·:.:.:.: subrounded gravel

· ',' '

LOG OF NELL DPH-_ (continued)



JAMES M.MONTGOMERY

CONSULTING ENGINEERS, INC. PAGE 4 OF 6
501 LENNONLANE, WALNUTCREEK,CALIFORNIA,94598 / (415) 933-8250

BORING/WELL NUMBER DPH-I CLIENT WESTDIVNA VFACENGCOM )
DATE STARTED 4/12/88. COMPLETED 4/14/88 PROJECT MCAS EL TORO
ELEVATION 265 ft (qround ]eve J) GEOLOGIST P.N. CASEY

,,, _ J z ._ _.._ GEOLOGICDESCRIPTION COMME_ITS

ML 5iL I/CLAY: sanoy

460- -

470- - A.a

480- .:.:.:.sw
>> <

J..' ·

490- '-' '. -
-o. -.

>> <
.- -

500- I'.-::'J:::::: -- SAND:trace gravel, >80Z quartz, subrounded
· -....

· · · ·

5_0-- ....:::::: - A.a with trace to soJe silt/clay

l-:-: >
520- '.'..' -i...... CLAY:sandy

I' %%.

'x >sc
530- './_/]// _ - A.a with trace gravel

/
/

540- '_ /
'"._._. SC SAND:silty/clayey

':×/>
550_ · :_. SM SAND:with somesilt/clay

x
560-- ..:.:. SW SAND:silty/clayey

,- -.,°-,o . . .

,.. o

· %%°

570- ' '"" SM SAND:yellow/tan, siZty, med. to coarse grained

580-- _, CL CLAY:white/tan, trace sand

590-- _ - A.a L

LOG OF WELL DPH-J (continued)



JAMES M.MONTGOMERY

CONSULTING ENGINEERS, INC. PAGE 5 OF 6
50! LENNON LANE, WALNUT CREEK, CALIFORNIA. 94598 / (4_5) 933-2850

i
BORING/WELL NUMBER pPH-I CLIENT WESTDIVNA VFACENGCOM
DATE STARTED 4/12/88 COMPLETED 4/I4/88 PROJECT MCAS EL TORO
ELEVATION 265 ft (.qr'ound level) GEOLOGIST P.N. CASEY

z oc° _n GEOLOGICDESCRIPTION COMMENTS
_.l (.0 _

cO '-,t-

...J O

_CL CLAY:green/yezlow610-- -- CLAY:grey/white, with some fine to med. --

grained sand
620- _ z2_.,CL SAND:grey/white, clayey

630- _ SC SAND:grey/white, with somesilt/clay

640-
/_ CL CLAY:blue/green, trace sand/

/ /
/

/ /
650- / / -- A.a

/ /
/ /
/ /

660- / / -- CLAY:blue/grey, with trace to somesand
/ /
/ /
/ /

670-- / / -- A.a Drilling fluid/36 seconds/9.4-]/ /
/ / <i/4% sand
/ /

680_ / / - A.a/ /
/ /
/ /

690- / /
_, / --CLAY: blue/grey, gravelly, sandy

//× -/

700- / / -/ CLAY:blue/grey, trace sand

/xxx/
710- / // - A.aomed blue/green

/

/

720- / // - A.a, dark gray 0il film on mud --
/ /
/ / Black oil residue on mud
/ /

730- / / - CLAY: dark blue/grey, trace sand and shale frags. Nat. gas smell from bas bubbl-_.
/ / tn mud
/ /
/ /

740- / / - A.a
/ /
/ /
/ /
/ t

LOG OF WELL DPH-I (continued)



JAMES M.MONTGOMERY

CONSULTING ENGINEERS, INC. PAGE6OF6
501 LENNONLANE, WALNUTCREEK,CALIFORNIA,94598 / (4t5) 933-2250

BORING/HELL NUMBER pPH-I CLIENT WESTDIVNAYFACENGCON )
DATE STARTED 4/t2/88 COMPLETED 4/I4/88 PROJECT NCAS EL TORO
ELEVATION 265 ft (qround Jeve]) GEOLOGIST P.N. CASEY

_ _ _ GEOLOGICDESCRIPTION COMMENTS

CL A.a

760- - A.a

770- - A.a

780- - A.a increasing shale frags

790- - A,a

Slightly harder drilling _
800_ - CLAY: blue/grey, silty, trace sand HNU-PID: t0-15 in pit

and shale frags
Slowdrilling

810-- - A.a increasing sand and shale frags i-

820- - A.a

830-- - A.a with increasing %of sand and shale Angular fragments --
frags, sand is 30%qtz, lt. grey/blue

840- - Shale/slate frags (H>7) with silty clay, 20%ang. Hard drilling --
quartz frags.

850-- -- CLAY:blue/grey, with shale frags --

860- -- A.a Slow drilling --

870- - A.a

880- -- A.a

890- -

i

LOG OF WELL DPH-I (continued)



A.3 PERIMETER WELLS



JAMES M.MONTGOMERY
CONSULTING ENGINEERS, INC. PAGE I OF 8
50i LENNONLANE,WALNUTCREEK,CALIFORNIA,94598 / (4i5) 933-8250

BORING/WELL NUMBER PS-% CLIENT WESTDIVNAVFACENGCON
DATE STARTED I£/5/88COMPLETED 1£/8/88 PROJECT PERIMETER INVESTIGATION MCAS-EL TORO
ELEVATION 24_.7 ft (.qround level) GEOLOGIST GREG RELLER

z _ _ GEOLOGICDESCRIPTION COMMENTS

° }< _ 0

t :::::::: SP SAND:brown, fine, subangular sand w/5Z silt and tr

:::::::: of subangular to subrounded medto cse sand, dry,
::::::::: loose t.5 to _.6: tan dry loose well graded SAND:
:::::::: fine to cse, subangular, v. clean, sharp top and
·.'...' base nonhorizontal.

'I '! SM LSiLTY·i. SAND:darkbrown, 80Z fine to cse sand, 20Z
·I .I brown silt matrix, dry to damp
.i.i

,I.i

'! '

., .

, , __

' ' SILTY SAND:dk.brown, a.a., stiff, rootlets, cse

? i -_ sand decreases from 50X to tr. top to base.
l_

· · SILTY SAND:a.a., no rootlets, med. sand, color
· · change to pale red brown, dendritic white mot-
' ' tling appears at 6.8'.

·'_'-'.'S,,SP,P_,SAND:darkbrown and tan sand, laminated
· . SM _dark layers may be organic rich and are fine

· ' lgrained' lite layers are arkosic, coarse, subang
· . to ang, and mica rich, sharp base

1 .i - SILTY SAND:redbrown, 35Z brown silt w/60Z fine --to med sand, tr cse sand, white rootlets, tan den-
' '1 dritic mottling, dry to damp, sharp base
:! :1
.I.I

:::.:.:. 8P SAND:tan, sli. compact, dry, v. fine to fine sub-
'.''' S"_' ang to subrnd, tr fines and med sand, abundant
:::: mica, damp

· . o .

UN_

SAND:a.a., med sand w/less fine sand, loose, tr

iiitii!i SP cse subang sand

METHOD OF DRILLING _W STEW AUGER WELL COMPLETION DEPTH _££ feet
HOLE DIAMETER 8 inches NELL DIAMETER 4" inches
TOTAL DEPTH I23 feet WELL MATERIAL SCH. 40 PVC



JAMES M.MONTGOMERY

CONSULTINGENGINEERS.INC. PAGE2 OFB
501 LENNONLANE, WALNUTCREEK,CALIFORNIA,94598 / (4t5) 933-2250

BORING/NELL NUMBER PS-I CLIENT WESTDIVNA VFACENGCOM L

DATE STARTED I£/5/88 COMPLETED 1£/8/88 PROJECT MOAS-EL TORO
ELEVATION £41.7 ft (.qpound Jeve2) GEOLOGIST GREG RELLER

·
o _ _ _ GEOLOGICDESCRIPTION COMMENTS

Z _

BP
SW

....... _ SAND:tan, dry, cse, subang, loose, tr pea gravel
UN_

SM SAND:tan, loose, a.a.., w/sharp base above SILLY
SAND:brown, 25Z brown silt matrix containing med
to cse subang to subrnd sand, abundant mica
dry to damp

SILTY SAND:a.a., w/up to 30%silt, 15%cse sand
-- dampto dry, sharp base

__t._..:.iSP SAND:tan, ]oose, damp, medto cse, subang to

E-_':
UNk

i I I SP Interbedded sand (a.a.) and silty sand (a.a.), dry: S_ SAND:tan, loose, dry, fine to cse, subang to sub-
-:-:-:': SW md, arkosic, dampat base:.:<.

:::::: SILTY SAND:brown, 20%brown silt, 75%v fine to
?:::_.:.:GN fine sand, tr cst sand, sli. cohesive

:'_'""t -_-GRAVELLY
o'-'.:.' _ SAND:dry, fine to cse, rnd gravel w/
i._:. fln_fn mpd q,,h=nn==n_m=+._v _.u rnmn=r+

LOG OF WELL PS-1 (continued)



JAMES M.MONTGOMERY
CONSULTING .-.,..T.,.-.-....LNblNr.t_Hb. INC. PAGE 3 OF 8
50! LENNON LANE, WALNUT CREEK, CALIFORNIA, 94598 / (4_5) 933-8850

BORING/HELL NUMBER PS-I CLIENT WESTDYVNAVFACENGCON
DATE STARTED 1£/5/88 COMPLETED I£/8/88 PROJECT NCAS-EL TORO
ELEVATION 241.7 ft (qround ]eve]) GEOLOGIST GREG RELLER

_ GEOL06ICDESCRIPTION COMHENTS

A",<. GH

'"_' " S_

ML
SANDYSILT:brown, dry to damp, 30X to 50Z med

SM sand in silt, loose

· SC CLAYEYSAND:brown,stiff, 40_ madto cse, subang
_-_ _ to subrnd sand, bound in clayey matrix, v stiff,tr madgravel, subvert, dark brown rootlets, red

i' brown mottling to 35', red brown color from 36'to
i. 38'

_ - _
Z

/ '_ CL SANDYCLAY:a.a., dry, red brown, 251 cse sand, v.
/ _ stiff w/blocky fracture from 38 to 41.5, fracture
/_ surfaces are shiny, fine sand increases to 70Z
/_ below 4_.5 and soil is less stiff, tr pea gravel al,-
/ _ pears at 42.5

'5
/
_.! sc
_ s'-'_'- -
X CLAYEYSAND/SANDYCLAY:aa dry, stiff, no blocky
·,. fracture

_ LSANDYCLAY:a.a., dry, blocky fracture, brown, v.
stiff, tr sand, black .5mmto 2mmorganic debrisZ

/Z

Z
/Z

/Z
/Z
/Z
/Z

/Z - -
/ Z CLAYEYSAND:a.a., loose, no blocky fracture, tan
/ _ dendritic mottling effervesces in HC1

LOG OF HELL PS-_. (continued)



JAMES M.MONTGOMERY
CONSULTINGENGINEERS,INC. PAGE4 OF8
50t LENNONLANE, WALNUTCREEK,CALIFORNIA,94598 / (415) 933-8850

BORING/WELL NUMBER PS-I CLIENT NESTDIVNA VFACENGCON
DATE STARTED 1£/5/88 COMPLETED I£/8/88 PROJECT NCAS-EL TORO
ELEVATION £41.7 ft (qround ]eve]) GEOLOGIST GREG RELLER

/ /

C X 0

· SC CLAYEYSAND:brown,dry to damp, 75%fine sand
· S_ w/25%fines, loose

CL CLAY:dkbrown w/tan dendritic mottling, v blocky
M'L fracture along tan mottled zones, tan zones ef-

fervesce in HC1, plastic, cse sand appears at base

SC SAND:red brown, dampto dry, 60Z v fine to fine
_-_ sand and 40X fines, grades downto v stiff CLAYEY

SANDat 58.5 which persits to 53:a.a., tan mot-
- tling not as abundant, sand increases sli to 56

(from 50Z to 70%), with coincident decrease in
stiffness

!

CLAYEYSAND:a.a., brown w/abundant tan to white
mottling, which effervesces in HC1, sand is cse,
ang, arkosic, tr granitic pebbles, stiff

CLAYEYSAND:redbrown, dry to damp, 90%fine to
med sand w/red brown matrix of fines, crumbles
easily, clay increases abruptly at 59.3 and soil

40 is v stiff to 59.8, clay decreases to i5X and soil

53 SILTY SAND:It brown, damp, v fine to cse sand, cse

68 .--.". CLAYEYSAND:a.a., brown, dry, stiff, olive green
_-i._.i- irreg mottling, 75[ med, subrnd sand in brown clay

105

11 - SILTY SAND:brown,dry, 90_ subang to subrnd med
sand w/brown matrix of fines, abundant white sand

29 clasts(feId), olive green mottling

LOG OF WELL PS-_ (continued)



JAMES M.MONTGOMERY
CONSULTINGENGINEERS.INC. PAGE5 OF8
50! LENNONLANE, WALNUTCREEK, CALIFORNIA, 94598 / (4t5) 933-8850

BORING/WELL NUMBER PS-1 CLIENT EESTDIVNA VFACENGCOM
DATE STARTED 12/'5,/88 COMPLETED 1£/'8, ,/88 PROJECT MCAS-E£ TORO

ELEVATION £41.7 ft (.qpound level) GEOLOGIST GREG RELLER

· z co co GEOLOGICDESCRIPTION COMMENTS
. ,,, o _ _
[ CL

¢.3

co 0[3 co co

31 '" SM

33 :: ML
t4 ' ' SILTY SAND:pale red brown, dry, v stiff, 65% v

· ' fine to med subang to subrnd sand bound in a si]t
22 · ·

sharp basal contact

53 ,,_- Sp u matrix'' _ SAND:pale red brown, 90% med to cse subang to

54 ii- I!'" SM - grains(feld),Subrndsand w/tO[muchfineS,qtzandabUndantblackmica,ChalkYlooseWhite

:!:i:!:i sP
· .' '.'

UNH

NO SAMPLESRECOVEREDBETWEEN68 AND 83 FEET

LOG OF WELL PS-I (continued)



JAMES M.MONTGOMERY

CONSULTINGENGINEERS,INC. PAGE6 OF8
50i LENNONLANE,WALNUTCREEK,CALIFORNIA,94598 / (4t5) 933-8850

BORING/WELL NUMBER PS-i CLIENT WESTDIVNAVFACENGCON i
DATE STARTED i£/5/88 COMPLETED 1£/8/88 PROdECT MCAS-EL TORO
ELEVATION 241.7 ft _qround level) GEOLOGIST GREG RELLER

. z _ _ GEOLOGICDESCRIPTION COMMENTS
(:3 _--_ Ct3

= Z (.[3 ._

t'_ .._ _..j
·w' 0 _.4

'< ......J _ 0

UN8

59 SAND:tan, loose, dry to damp, cse subang to
·:':-:-: SP subrnd qtz (65%) feld (25Z) and lithic frags (t0Z),

63 :::::::: clean
· · -...

57 ::::::::
-.-....
°....°%

71 ::::::::

63 . . SM GRAVELLYSAND:tan,a.a.w/20%fineto cse pebbles
· . sharp base

45 .. -__
SILTY SAND:red brown, dry to damp, sand decreases

12 ' ' from 80%to 50[(top to bottom), cse subang arkosic

27 iSP sand bound in siltmatrix, tan dendritic mottling )
__-_ appears at 86, grades down to sand at 86.5

20
SM SAND:tan, damp, loose, 90[ med, subang to subrnd

14 sand, 10%suban9 cse sand, grades down into silty
sand, a.a. at 87,

10 _' !' SM L
SANDYSILT:brown w/tan mottling which effervesces

t7 I' F,. ,. in HC1, 25%v fine sand, sand increases and csens
to fine to med in SILTY SANDat 89: brown, 75%fim

24 :i:i:i:! SP to mediumsand, csens to med to cse arkosic sand
31 :::::::: at 90, dampat top to wet at bottom

· ·... ·

16 .:.:.:-: -- SAND:brown,saturated, gravelly at top to fine
·:-:-:-: to med at base, gravel is fine, sand is subang

29 :::::::: to ang, 1craof clean cse sand at 90.5

t0 :::::::: l
..%°.%

t6 ::::::::
· -.*.%

30 -:-:-:.:
-.-....

17 :.:.:.:, SAND:lt brown, saturated, stratified cse gravelly
:!:!:i:! sand, fine to medsand, silty sand, and silt from

20 :::::::: top to bottom, 9radational contacts, center .2' is
.... sandy silt immedabove cse clean sand which over-29 .:.:.1.:
:.:.:.: lies fine sand csening down to gravelly med sand

3t .:-:-:-:

28 -:-:-:-: -- GRAVELLYSAND:a.a., fines downto uniform fine
·:':':': sand at 95.5, sand is suban9 to subrnd, brown,

30 :::::::: abundant gold mica, saturated
'<<.'

LOG OF WELL PS-1 (continued)



JAMES M.MONTGOMERY
CONSULTING ,-..,,,,..,-,-n,,r_r_blmr.r_Hb, INC. PAGE 7 OF 8
50t LENNONLANE, WALNUTCREEK,CALIFORNIA,94598 / (415) 9:33-2250

BORING/NELL NUMBER PS-I CLIENT WESTDZVNAVFACENGCON
DATE STARTED t£/5/88 COMPLETED 1£/8/88 PROdECT NCAS-EL TORO
ELEVATION £41.7 ft (ground JeveJ) GEOLOGIST GREG RELLER

co GEOLOGICDESCRIPTION 00MMENTS· Z O co
W C:_ _ "-] -C

_ ra co -.r.- .....j

co t-n r'r' r_

6 .:.:.}: SP 5ANU:Saturateo, cse sand w/gravel tines trom to
:.:-:-:. fine sand above sandy silt at 97.! to 97.3, silt

17 ML is damp, below silt is stratified sand: cse and
19 fine sand in subhorizontal ]ayers (.5cm thick),

wet to saturated
21 :-::: SP

· ,' ..

· '.. ',
· .' · '.

UN_

_01- -

- lO ':'1':': SN SAND:brown,saturated, fine to medw/tr of cse
:::::::: sand, mostly sand heave except for bottom, blackt3 .............. selvage of organic material in bottom

16 ::::::::

UNH

_06- -

SP SAND:brown,saturated, v fine to fine, well:.:.:.>
:i:i:i:! sorted, subang, sand heave

..°.%

°.-...-

., - %
· · · %

UN_

111- -

LOG OF NELL PS-I (continued)



JAMES M.MONTGOMERY
CONSULTING ENGINEERS, INC. PAGE8OF8
50_ LENNONLANE, WALNUTCREEK,CALIFORNIA,94598 / (4_5) 933-2250

BORING/WELL NUMBER PS-I CLIENT WESTDIVNAVFACENGCON i
DATE STARTED I£/5/88 COMPLETED i£/8/88 PROdECT NCAS-EL TORO
ELEVATION 241.7 ft (ground level) GEOLOGIST _GRE6 RELLE_R ...............

· z _ _ GEOLOGICDESCRIPTION COMMENTS
W Z

· _ _

o _

UN_

,3 111 ML Twostacked fining upward sequences, fine from

basal med to cse arkosic saturated sands upward toi
26 sandy silt containing fine sand, silts are wet

UN_

_17- - -

- 7 iiiiii i SW SAND:tan, saturated, med to ese, subang to subrnd,20_ fine sand, sharp irregular base i

34 fines, sli plastic, a tube of sand with tan border
6! extends from i18.3 to t18.5

UNF

122- -

·:':':' SW SANDHEAVE:sand is well graded fine to cse, sub-
:-:.:-: ang to subrnd, arkosic, saturated, tr of cse sand
::::::: mostly reedsand
:.:.:.:,,,

:.:.:.:

.:.:.:.

127- -

LOG OF WELL PS-_ (continued)



JAMES M.MONTGOMERY

CONSULTINGENGINEERS,INC. PAGE_OF9
50i LE.NNONLANE, WALNUTCREEK,CALZFORNZA,94598 / (4i5) 933--2E50

BORING/WELL NUMBER PS-£ CLIENT WESTDIVNA YFACENGCON
DATE STARTED I2/9/88 COMPLETED I£/'1_/88 PROJECT PERIMETER INVESTZGATION NCAS-EL TORO
ELEVATION 244.6 ft (qround level) GEOLOGIST GREG RELLER

_ _, _ 6EOLOOIC_SC.IPTION CO..ENTS

g

ML SILT:brown, dry, loose, sand increases from tr to
305 (top to bottom), gradational base

ang to subrnd sand, sand increases to base, root-
lets, 155 voids, dendritic white mottling in lower
0.2' effervesces in HC1

.l'J.' SM SAND:tan, dry, loose, 70Z medsubang sand, 15[ cse
I'1' arkosic sand, sharp base

ML _SANDYSILT:brown, dry, stiff, 20[ medsubang sand,
rootlets, subhorizontai white mottling

SANDYSILT:a.a., dry, fine to medsand increases
to base which is gradational

ililili: Sp SAND:tan, dry, v fine at topto fine w/lOZmed

sand at base, subang to subrnd, tr silt

IIII ME SANDYSILT:a.a., laminated brown silt and redbrown

_'_ SAND:a.a., dry, loose, 15l silt in laminae

I UN_
"'"'"S_jW SAND:tan, dry, loose, 70Z fine sand, 25X arkosic

UN_ medto cse subang to subrnd sand, tr silt

METHOD OF DRILLING HOLLOW STEAl AUGER WELL COMPLETION DEPTH I33. I feet
HOLE DIAMETER 8 inches WELL DIAMETER 4" inches
TOTAL DEPTH 135 feet WELL MATERIAL SCH. 40 PFC



JAMES M.MONTGOMERY
CONSULTING ENGINEERS, INC. PAGE2 OF9
501 LENNONLANE, WALNUTCREEK.CALIFORNIA,94598 / (4151 933-8250

BORING/WELL NUMBER PS-£ CLIENT WESTDIVNA VFACENGCOM )
DATE STARTED 12/9/88 COMPLETED 1£/11/88 PROdECT PERIMETER INVESTIGATION MCAS-EL TORu
ELEVATION 244.6 ft (.qpound level) OEOLOGIST GREG RELLER

· =: _ ,_ GEOLOGICDESCRIPTION COMMENTS

- _ °

UN_

: SW SAND:tan, dry to damp, loose, well graded(fine to
cse) subang to subrnd sand, cse sand is more abun-
dant at top, contains laminated red brown sandy
silt layer(a.a.) w/sharp boundaries

UNH

ML SILT:pale tan and dk brown laminae in upper .J',
below 23.J5 is brown sandy silt w/20[ fine to cse
sand, tr 2mmblack mica flakes, tan subhz mottling
tan areas effervesce in HC1

w

; UNK

I i ,
I

!
m

ML SILT:brown, dry to damp, sli plastic, tan mottling
abundant voids, cse sand(qtz and lithic fragments)
appears at 29 and increases to 15%at 30, sand is
absent from 30 to 30.5 and gradually increases to
3!(fine to reed, subang to subrnd)

I -31 'i SP; SAND:tan, loose, dry to damp, fine to med, subangiiiJ _-rr,,_ to subrnd, arkosic, t5% oranit_c cse sand at base J

LOG OF WELL PS-2 (continued)



JAMES M.MONTGOMERY
CONSULTING ENGINEERS. INC. PAGE3 OF9
50! LENNONLANE, WALNUTCREEK, CALIFORNIA, 94598 / (4t5) 933-2250

BORING/WELL NUMBER ps-£ CLIENT WESTDIVNAVFACENGCOM
DATE STARTED 12/9/88 COMPLETED I2/11/88 PROJECT PERIMETER INVESTIGATION MCAS-ELTORO
ELEVATION 244.6 ft [around level) GEOLOGIST GREG RELLER

· z i _ GEOLOGICDESCRIPTION COMMENTS

o _
Z [_

· CrJ

_ °

SM

-:.1.1-:sP SAND:tan,dry,loose,finetomed,subangtosub-
F:t I'i -- rnd, variable silt up to 20Z, v fine sand at base

ML CLAYEYSILT:a.a., laminae less sharp w/depth

- SANDYSILT:brown, dry, tan mottling, medto cse
sand

SANDYSILT:brown, dry, modstiff, abundantroot-
lets, subvert tubes, cross laminaeof sand, sand
is fine to cse, fine sand increases at base

_-_ fine to medsubangto subrnd arkosic sand, con-
tains laminaeof silt/clay w/sharpcontacts

-:-:-:';SP SAND:tan,dry, clean, fine subangarkosic sand,
:.:.:. hz layering, bottom ._' is cse subangarkosic sand
iiiiiiii s.

J UN__

LOG OF WELL PS-2 (continued)



JAMES M.MONTGOMERY
CONSULTING

·-.,,-T.,,-,-n,-,_mbj.m,_,_MO, INC. PAGE 4 OF 9
50i LENNONLANE, WALNUTCREEl(,CALIFORNIA,94598 / (4t5} 933--8250

BORING/WELL NUMBER pS-£ CLIENT WESTDIVNAVFACENGCOM )
DATE STARTED 1£/9/88 COMPLETED I£/I1/88 PROdECT PERIMETER INVESTIGATION MCAS-EL TORO
ELEVATION. 244.6 ft (qcound leveJ) GEOLOGIST GREG RELLER

Z /

451 v fine sand, abundant mica, gradational base
mod stiff

ML [silt matrix

ii _ SANDYSILT:a.a., containsclay layers andsmall

lenses of v fine sand, abundant rootlets, some
cross laminae of sand below 5_.8, sii plastic

"_ SILTY SAND:redbrown, dry to damp,sand is medto

_ cse, subrnd to subang, increases from 25%to 45%(topto bottom)

i -

I _ SANDYSILT:red brown, dry, subvert rootlet tubes,§8' _-SM--_ plastic' laminaeof fine sandL
SILTY SAND:redbrown, fine sand a.a., 25Z silt,

_ML lsilt increases to base
SANDYSILT/CLAY:red brown, a.a., friable w/shinyfracture surfaces, 40Z med to cse subang sand,/
someslate/shale chips, blocky fracture from 59.5
to 6t.5

/ SILTY/CLAYEYSAND:redbrown, dry, 15%fines, sand
/ csens from fine at top to med at 65, cse gravel
/ present at 65.5, gravel is rnd ss, aplite, basalt
/ whitemat'lcoatinggraveleffervesces in HC1/
/
/
/

I /
63. /

g-ff

LOG OF WELL PS-2 (continued)



JAMES M.MONTGOMERY

CONSULTING ENGINEERS, INC. PAGE 5 OF 9
50t LENNONLANE, NALNUTCREEK,CALIFORNIA,94598 / (4t5) 933-E250

BORING/WELL NUMBER ps-£ CLIENT WESTDIVNA VFACENGCON
DATE STARTED 12/9/88 COMPLETED 12/ii/88 PROJECT PERIMETER INVESTIGATION MCAS-EL TORO
ELEVATION 244.6 ft (qround level) GEOLOGIST GREG RELLER

1_ _ _OLOGICDESCRIPTION COMMENTS

· _

SC

ML

CL SEEBOTTOMOFPREVIOUSPAGE

i_t ! GC

12 I[IIIMI SANDYSILT:brown, dry to damp30%med to cse sub-
['>!':'_SP -_ ang to subrnd sand bound in si]t matrix

28 rnd sand, 20_ fines, gradational base

32 -_-SANDYSILT:a.a., dk brown w/subvert carbonate

UNK filledwhitetubes

32 med subangsand,greenishmottling,subvertcal-

59 --SILTY SAND:brown,dry, matrix bound, 701 fine sand
74 10%medto cse subrnd sand, remainder is fines,

calcite filledwhiterootlettubes
UNK

med subang to subrnd sand, 25%fines, white sub-49 vert zones are partially cementedby calcite
80 -

68
i

LOG OF WELL PS-2 (continued)



JAMES M.MONTGOMERY
CONSULTING ,-...._..,-,-n,-,tmbimrC.b.INC. PAGE 6 OF 9
50! LENNONLANE, WALNUTCREEK,CALIFORNIA,94598 / (4t5) 933-EE50

BORING/HELL NUMBER PS-£ CLIENT WESTDIVNA VFACENGCON )_
DATE STARTED _£/9/88 COMPLETED 1£/ll/88 PROdECT PERZNETER ZNVESTIGA TZON MCAS-EL TORo
ELEVATION 244.6 ft (ground ]eve]) GEOLOGIST GREG RELLER

_ GEOLOGICDESCRIPTION COMMENTS· Z O

UN_

i _2 ML SANDYSILT:brown, dry, stiff, 45[ fine to cee sub-

ang to subrnd sand, base is cross laminated sand
32 - · SM and silt

44 · · '-_-SILTY SAND:brown,dry to damp, loose, 75%fine ar-_

50 ' i kosic sand, silt increases to 35%at 84.5 and soil85- _ · is matrix bound to base, cse sand increases to
UN_ base, tan dendritic zones and matrix effervesce

in HC1

i 19 ML SILT:gray brown, dry, v stiff, contains cross lam-

S0 JJ[ inaeoftansandandfines
6J :::::::: SP SAND:tan, dry to damp, loose, fine subang well

73 SANDYSILT:palered brownw/tandendriticmottling
90-,- and subverttubes(effervescein HC1),sandcsens --

UN_ fromv fineat top to fineto med at base,65_

j silt
I

I
!
I
J

34 '//C_L SAND:tan, damp, loose, bimodal: 80[ fine to med
::i :_:. SP subang sand and t5Z cee subrnd sand, 5Z fines58 · %%.

I_ 55 ..:.:.

· %, ·

77 ::':':..

952 ::':':
i UN_

LOG OF WELL PS-2 (continued)



JAMES M.MONTGOMERY
CONSULTING ENGINEERS, INC. PAGE 7 OF 9
50t LENNON LANE, WALNUT CREEK, CALIFORNIA, 94598 / (4i5) 933-2250

BORING/WELL NUMBER ps-£ CLIENT WESTDIVNA VFACENGCON
DATE STARTED _£/9/88 COMPLETED I2/11/88 PROJECT PERIMETER INVESTISA TION MC_S-EL TORO
ELEVATION 244.6 ft (ground level) GEOLOGIST GREG RE£LER

· _ _, _ GEOLOGICDESCRIPTION COMMENTS
· _ _ _

UN_

16 'i'] SM SILLY SAND:brown, damp to moist(at top}, 40Z silt60% fine to cse sand, silt diminishes to 10[ at
42 '_<<;:....SW 98.5 and pea gravel appears, soil is moist below
52 :i:i:i:! 98.5, tr of silt below lO0, sand is fine to cse

:.:.:.' subang to subrnd, arkosic
53 :::::::.

-:-:.9
UN_

g_Oi- :

- l0 · ' SM SILTY SAND:lt brown, saturated, well graded, fine
. . to cse subang to subrnd sand w/15X silt, silt in-_5 .... creases to base

3! ML _SANDYSILT:brown, saturated, 45Z v fine sand, tr
39 subrnd cse sand, cser clasts are concentrated in

laminae,
_ I'l'S_ M

UN_

_06- -

,I
-- 8

19

26

60

Lil'l S_M SILTY SAND:brown,wet, sli plastic, mod stiff, 85%
UN_ medsubang to subrnd sand bound in silt matrix

_ll- -

LOG OF WELL PS-2 (continued)



JAMES M.MONTGOMERY

CONSULTING ENGINEERS, INC. PAGE 8 OF 9
50! LENNON LANE, WALNUT CREEK, CALIFORNIA, 94598 / (4i5) 933-2250

BORING/WELL NUMBER pS-2 CLIENT WESTDIVNA VFACENGCOM )
DATE STARTED 1£/9/88 COMPLETED I£/1i/88 PROJECT PERIMETER INVESTIGATION MCAS-EL TORO
ELEVATION 244.6 ft (.qround level) GEOLOGIST GREG RELLER

o_ GEOLO$ICDESCRIPTION COMMENTS
O )-4 ..j

C/3 _ U3

UN_

8 ML SANDYSILT:brown, damp, stiff, 40Z fine to cse
sand bound in silt matrix, fines are sli plastic

19

33

46
SILTY SAND:brown,moist, matrix bound, 65X fine

· -' S_S_M/Msand w/tr cse sandUN_

il7- -

- 6 '>:-:': SP

7 :::::::: SAND:tan, saturated, medsubang arkosic sand, tr )
:1:::11: cse sand, fine sand at base w/cse sand19 ..-.-.-.

UN_

122- -

:::::: SW SANDHEAVE:brown,saturated, fine to cse subang.... to subrnd arkosic, IOZ fines
::::::
®eeeee
>:.:..
m-.o. ·

:i:i:i
::::::

UN_

127- -

I _

LOG OF WELL PS-2 (continued)



JAMES M.MONTGOMERY

CONSULTING ENGINEERS, INC. PAGE 9 OF 9
50! LENNONLANE,WALNUTCREEK,CALIFORNIA,94598 / (4t5) 933-2250

BORING/WELL NUMBER pS-£ CLIENT WESTDIVNAVFACENGCOM
DATE STARTED I£/g/88 COMPLETED I2/li/88 PROJECT PERIMETER INVESTIGATION MCAS-EL TORO
ELEVATION 244.6 ft (qround level) GEOLOGIST GREG RELLER

· z _ _ I SEOL06ICDESCRIPTION COMMENTS
I.,_J

._. ...j

UN_ NU_AMFLbHbUUVbHbUUEIWbENl_b ANU1BB
I

133- _ 7 .I.· SM SILTYSAND:red brown,stiff,moist,75% fineto· . medsubang to subrnd arkosic sand, bound in mat-
36 . · rix of red brown fines, tr b]ack organic debris,

57 i i olive green mottling

66 i;"

i-

138- -

143- -

LOG OF WELL PS-2 (continued)



JAMES M.MONTGOMERY

CONSULTING ENGINEERS. INC. PAGE ! OF 8
50! LENNONLANE, WALNUTCREEK,CALIFORNIA,94598 / [4i5) 933-E250

BORING/WELL NUMBER PS-3 CLIENT EESTDIVNA VFACENGCON
DATE STARTED I£/'12/88COMPLETED 1£/I4/88 PROJECT PERIMETER INVESTIGATION MCAS-EL TORO
ELEVATION 206. Ift (qr'ound Jeve]) GEOLOGIST GREG RELLER

GEOL06ICDESCRIPTION COMMENTS

L Fltt:dk brown, compact sandy soil, sharp base

SANDYSILT:brown, dry, modstiff, 20%cse subrnd
sand, matrix bound, manydendritic white rootlets
in upper .i'

tan, dry, 75%med to cse subrnd to subang
sand, 25%fines, sharp top

SILT:Drown, dry, 30%fine to v fine sand in
siltmatrix

SAND:brown,dry, fine to cse subang arkosic
sandbound in 30% to 50% siltmatrix,stiffto
7.2 where silt decreases to <15%and soil is loose

GRAVELLYSAND:tan loose, dry, sand is well graded
v fine to cse, subang to subrnd, and arkosic, 10%
rnd gravel(granitic and volc), 10%fines

SILTY CLAY:brown,plastic, stiff, dry, tr med to
cse sand,tan mottling,containsa laminaeof
clean cse arkosic sand at 13.8, gradational base

SILT:brown, dry, 35X fine to cse subrnd to
subang sand in matrix of fines, tan dendritic mot-
tling, irreg rust orange and olive green mottling,

METHOD OF DRILLING HOLLOW STEM AUGER WELL COMPLETION DEPTH i22 feet
HOLE DIAMETER 8 inches WELL DIAMETER 4" inches
TOTAL DEPTH i£3 feet WELL MATERIAL SCH. 40 PVC



JAMES M.MONTGOMERY

CONSULTING ENGINEERS, INC. PAGE2 OFS
50i LENNONLANE,NALNUTCREEK,CALIFORNIA,94598 / (4t5) 933-2250

BORING/WELL NUMBER PS-3 CLIENT WESTDIVNAVFACENGCOM i
DATE STARTED I2/I£/88COMPLETED I£/'14/'88 PROJECT PERIMETER INVESTIGATION MCAS-EL TORO
ELEVATION 206. Ift (ground 1eve2/ GEOLOGIST GREG RELLER

I c_ I co GEOLOGICDESCRIPTION COMMENTS
· Z I._ co

_J 0

IOZ fine rnd gravel(a.a.) bound in silt matrix,
mottling a.a., tan mottling effervesces in NC1

SILTY SAND:a.a., tan vert zone effervesces in HC1

metamorphicand lithicclasts,20%silt,matrix isi
sli cohesive, sharp base

cse subang to subrnd sand, 15Z silt abundant black
mica, 2t.2-21.8 soildarkens and sand is uniform

_ cse subang w/muchwhite feld, 10Z subang to subrnd
fine pebbles, sharp top and base

'i

23 SM SILTY SAND:brown,dry, 45Z silt, 55Z med to cse

43 arkosic sand, gradational base

43

35 '" GP-.'.-

to 10Z fines, fine layers are damp/cse are dry,
sand in matrix is fine to cse subang to subrnd,
fine to cse gravel is rnd qtz and metamorphic':' "- GP

·_':::: __ clasts, layers have sharp boundaries
.-..:.: SW

l!iltOM SANDYGRAVEL:a.a., tr of silt

damp, stiff, blocky fracture w/shiny surfaces, cse
to fine subang arkosic sand, 35Z silt, tr fine
gravel, sand increases to 75Z at 32.8 and soil is
loose

LOG OF WELL PS-3 (continued)



JAMES M.MONTGOMERY
CONSULTING ENGINEERS, INC. PAGE 3 OF 8
50t LENNON LANE. WALNUT CREEK, CALIFORNTA, 94598 / (4t5) 933-2250

BORING/WELL NUMBER PS-3 CLIENT WESTDIVNA VFACENGCOM
DATE STARTED I£/t2/88COMPLETED 1£/14/88 PROdECT PERIMETER INVESTIGATION klCAS-EL TORO
ELEVATION £06. Ift (qround level) 8EOLOGIST GREG RELLER

· _ _ _ GEOLOGICDESCRIPTION COMMENTS

SM

SILTY SAND:a.a., stiff, silt decreases at 35.7 and
soil is loose, moist, 36.5 to 37 is dry to damp,
w/silt rich layer w/sharp boundaries

J :::::::i UNK

::::::: SW SAND:tan, dampto moist, loose, well graded, tr
:::::::4 fines, grades down to bimodal sand at 39.5: 90Z
......., fine to med, subang to subrnd sand, 10Z subrnd cseooo'

'.'.','; sand, arkosic, muchblack mica in fines, a few hz
'.'.'.'4 laminae

i !i?

li!i!iiUNK j:: SP GRAVELLYSAND:lt brown, dampat top to moist at
base, loose, IOZ pebbles, 90Z med to cse subrnd

J.J'!! SM _to subang sand, tr fines, sharp base
ME' -SILTY SAND:redbrown, damp, modstiff, 65[ fine to

medsubang sand bound in silt matrix, tr cse sand,
black dendritic organic matter, sharp base

I........S_N SAND:tan, dry, loose, cse arkosic sand

J UNK

J --

LOG OF WELL PS-3 (continued)



JAMES M.MONTGOMERY
CONSULTING ENGINEERS, INC. PAGE 4 OF 8
50! LENNON LANE, WALNUT CREEK, CALIFORNIA, 94598 / (415) 933,-2250

BORING/WELL NUMBER pS-3 CLIENT WESTDIVNA VFACENGCOM L

DATE STARTED I£/I£/88COMPLETED 1£/I4/88 PROdECT PERIMETER INVESTIGATION MOAS-EL TOHO
ELEVATION £06.1 ft (qround level) GEOLOGIST GREG RELLER

I_ i _ GEOLOGICDESCRIPTION COMMENTS

· i'] SM
I med to cse sandboundin siltmatrix,gradational

<<<' SW _base-,ooo,o
.oOo-,o

-SAND:tan,dry to damp,loose,fineto cse subrnd
arkosic sand, fines downward

-'.'l SM SILTY SAND:redbrown, dry to damp, modstiff, 75%medto cse subang arkosic sand

I UNK

fine to med sand, tr cse subrnd sand, sharp base
--SAND:tan, damp, loose, medto cse subang to sub-

i!iiiii rndarkosic sand csens topebbles at 55.5, sharp
base above cross laminated v fine and fine sand )
which csens to hz-stratified med to cse arkosic

_??t GP sand at 55.8, finer soils contain more moisture

!i!i!il] SM SILTY SAND:brown,damp,70% ese arkosic sand

I UNK

-]il SM SILTY SAND/SANDYSILT:brown, damp, non-plastic,

i,ii,,,IiiIii V fine to fine sand, black organic debris

SILTY SAND:brown,damp, nearly loose, 75%medto
cse subang to subrnd arkosic sand in silt matrix,
gradational base

<-°_. SP GRAVELLYSAND:lt brown, damp, loose, t0Z fines,

ililil _-_ reedto cse arkosic sand, gravel is mostly gray
basalt, lcm layers of redbrown silt-bound sand at
62.2

SW subang to subrnd arkosic sand, tr fines, rnd to
subang volc med gravel present at 64.5

LOG OF WELL PS-3 (continued)



JAMES M.MONTGOMERY
CONSULTING ENGINEERS, INC. PAGE 5 OF 8
50! LENNON LANE, WALNUT CREEK. CALIFORNXA, 94598 / (4_5) 933-2250

BORING/WELL NUMBER ps-3 CLIENT WESTDIVNAVFACENGCOM _
DATE STARTED i£/I2/88COMPLETED 1£/14/88 PROJECT PERIMETER INVESTIGATION MCAS-EL TORO
ELEVATION £06.1 ft (.qround level) GEOLOGIST GREG RELLER

· _ _ _ OEOLOBICDESCRIPTION COMMENTS

·: :': SW SILTY SAND:brown,damp, silt bound, cse subang to

·:'_: SW subrnd arkosic sand, bottom .5'is cross laminated
.>..._ GP

'.: .>

:l'l: SM
·>:.:.: $p

SAND:tan, damp, loose, grades from fine to cse
(to 71.3), well sorted, tr fines, 65_ qtz 20Z
white feld and lithic fragments, lower .2' are

69. - bimodalsand (fine and cse sand) -

·i-i:i:isP

j UN_
.:_ _ GRAVELLYSAND:brown, dry, loose, medto cse subang

__sand w/t0% fine pebbles, gradational baseH;nl SM
74- J_._J ML SILTY SAND/SANDYSILT:brown, dry, v stiff, 50[+

IzJ L
fines(sli plastic), tan dendritic mottling, olive
green irregular mottling, gradational base

fine to ese subang sand, silt increases to 50Z
below sharp contact at 77-coincident w/increase
in stiffness

ML

SM SILTY SAND:brown, damp, loose, med to cse subang
to subrnd arkosic sand, fine metamorphic pebbles
appear at 79.5, sharp base

79- -

LOG OF WELL PS-3 (continued)



JAMES MoMONTGOMERY

CONSULTINGENGINEERS,INC. PAGE6 OFe
501 LENNON LANE. WALNUT CREEK. CALIFORNIA, 94598 / (4t5) 933-E250

)
BORING/WELL NUMBER ps-3 CLIENT WESTDIVNA VFACENGCOM
DATE STARTED I2/I£/88COMPLETED I£/14/88 PROJECT PERIMETER INVESTIGATION MCAS-EL TORO
ELEVATION £06. Ift (qround level] GEOLOGIST GREG RE£LER

_ _ GEOLOGICDESCRIPTION COMMENTS

J

UN_ NOSAMPLERECOVEREDBETWEEN82 AND88

85- -

32 K//C_L-'SANDY CLAY:green-gray, wet, plastic, 30X medto
42 :i SP cse subang to subrnd sand, sharp base

SAND:tan, wet to saturated, well sorted cse sub-
49 rnd arkosic sand, 75X qtz _5Xwhite feld, 10X
60 black mica and lithic fragments, v clean

90 UN_

I 16 ':'lJ' SP SILTY SAND:lt brown, saturated, similar to sand

and sand is fine, sli plastic grades to fine to
38 SM cse subang to subrnd arkosic sand w/tr gravel in

silt matrix at 93.5, sharp base

47 III][H,._ML +SANDY SILT:brown, dampto moist, sli plastic, 35Z95 I med to cse sand, sharp basel
[ SILTY SAND:a.a., saturated, non-hz base above lam- )

UN_

I inated brown and olive Qreen siltv sand(wet) at
94.9

LOG OF WELL PS-3 (continued)



JAMES M.MONTGOMERY

CONSULTING ENGINEERS. INC. PAGE 7 OF 8
50! LENNONLANE, WALNUTCREEK,CALTFORNIA,94598 / (4t5) 93_F-2250

BORING/WELL NUMBER pS-3 CLIENT WESTDIVNA VFACENSCOM
DATE STARTED 12/I£/88COMPLETED 1£/I4/88 PROJECT PERIMETER INVESTIGATION MCAS-EL TORO
ELEVATION 206. t ft (qround level) GEOLOGIST GREG RELLER

· z _ _ GEOLOGICDESCRIPTION COMMENTS
r-. LLJ _

UNK

fine to ese subang to subrnd sand, gradational
18 base

_._. SC --_-SANDYCLAY:dk brown, damp, plastic, t5[ cse sand25

25 ;/"<'// CL above 99.5, below is 45[ fine to cse sand
UN_

Oz --

NOSAMPLESRECOVEREDBELOWtO0 DUETO SANDHEAVE

OI -

LOG OF WELL PS-3 (continued)



JAMES M.MONTGOMERY
CONSULTING ENGINEERS. INC. PAGE 8 OF 8
50! LENNON LANE. WALNUT CREEK. CALIFORNIA, g4598 / (4L5) 933-2250

BORING/WELL NUMBER PS-3 CLIENT WESTDIVNA VFACENGCON )
DATE STARTED i£/l£/88COMPLETED I2/I4/88 PROJECT PERINETER INVESTIGATION MCAS-EL TORO
ELEVATION 206. I ft (qround leveJ) GEOLOGIST GREG RELLER

_ GEOLOGICDESCRIPTION COMMENTS
·--I ,._

ra _lE "r" ...j

o _ _ o _ '-__ ...J 0

i UNK

I
I

I

i
I
I

NOSAMLESRECOVEREDBELOW100 DUETO SANDHEAVE

117- -

I
I

1
-I

i
1
t

I

122-, - -

I

127- - -

LOG OF WELL PS-3 (continued)



JAMES M.MONTGOMERY

CONSULTINGENGINEERS,INC. PAGE_ OF8
50! LENNONLANE, WALNUTCREEK,CALIFORNIA,94598 / (4_5) 9351--2250

BORING/WELL NUMBER PS-4 CLIENT WESTDIVNA VFACENGCOIV/
DATE STARTED 1/3/89 COMPLETED I/6/89 PROJECT PERIIVlETER _TNVEST_GAT_TONMCAS-EL TORO _
ELEVATION 264.34 ft (.qpound level) GEOLOGIST 6REG RELIER

GEOLOGICDESCRIPTION COMMENTS

FILL:dk. brown silt/clay w/organic debris and sand

SILT:red brown, damp, mod. stiff, sli, plas-
tic, 40Z fine to cse subang to subrnd sand in silt
/clay matrix, rootlets, gradational base

'SILTY SAND:palered brown, A.A.H/652 fine to med
sand and tr. cse sand, sharp base

-SAND:tan, dry, loose, fine to med sand is subang,
cse sand is subrnd (35Z), tr fines, sharp top and
base, base is non-hz

-SILTY SAND:A.A., dry to damp, hz tan lenses appear
at 2.5'

-SAND:lt. brown, damp, loose, fine to cse subang to
subrnd arkosic sand, sharp base, tr to i02 fines

SAND/SANDYSILT:red brown, A.A., contains
laminae of clean medsubang sand to 5', laminated
to 4.4', root]ets, dend vert fractures s/shiny
surfaces, brite red around fractures, somefrac-
tures filled w/tan marl, sand increases to base,
tr ang pea gravel

SILTY SAND:redbrown, damp, sli cohesive, 75[ med
to cse subang to subrnd arkosic sand, sharp base

CLAY:dkbrown, damp, plastic, v stiff, iO[
subang sand, anastomozing fracture pattern w/shiny
surfaces, tr fine pebbles, white vert zone at 9.5
effs in HCl, x-strata of silty sand present from
ii' to _2', tr black organic debris, black layer
at 22.5' has sharp base above red zone, grades
to laminated brown and black clay at 13'

CLAYEYSAND& SANDYCLAY:stratified, sand is tan,
dry to damp, loose, v fine to fine sand w/trace
cse subrnd sand, clay is brown to gray brown, w/up
to 352 sand; sharp contacts

tan dry to damp, loose, x-laminated, v fine
to cse subang sand, gradational base

CLAY:A.A. w/more sand, gradational base

SAND:red brown, fine to cse ang to subrnd
arkosic sand bound in brown matrix, up to lO_ fine
pebbles

METHOD OF DRILLING HOLLOW STEM AUGER NELL COMPLETION DEPTH_ _,f8,5 feet
HOLE DIAMETER 8 inches NELL DIAMETER 4" inches
TOTAL DEPTH 1£3 feet NELL MATERIAL. $CH. 40 PVC



JAMES M.MONTGOMERY
CONSULTING INC. PAGE2OF8
50! LENNONLANE, WALNUTCREEK,CALIFORNIA,94598 / (4_5) 933-8250

BORING/NELL NUMBER ps-4 CLIENT WESTDIYNA YFACEN6CON )
DATE STARTED 1/3/89 .COMPLETED 1/6/89 PROJECT PERINETER INVESTIGATION NCAS-EL TORO _
ELEVATION __ 264.34 ft (qpound 2eve2) GEOLOGIST 6RE6 RELLER

i o' _z _ _ GEOLOBICDESCRIPTION COMMENTS
I _._., SC FORDESCRIPTIONOF SOIL BETWEEN

16' AND18' SEEPREVIOUSPA6E

_-_-_ fine to cse, subang to subrnd sand bound in clay/
silt matrix, gray green mottling, co]or darkens afl
18.5' and shiny fractures appear, slate chips,
gradational base

l!lli! SM SAND:tan, damp, loose and sli cohesive, fine to

medsubang sand, 15[ fines, tr black organic deb-
_ ris, grades to clayey sand at 22.1' and soil is

stratified A.A to 23'

UN_ iI Ill ML SANDYSILT:A.A., tr fine pebbles, tr black or-

SILTY SAND:A.A., sli cohesive, 901 v fine to
fine subang sand, tr cse sand, 10%fines, silt

increases to 30%at 24.5, sharp subhz base

iiiSANDYSILT/CLAY:A.A., v stiff, muchblack organicI
_ debris/rootlets, dk brown clay laminae at 26.2

I UN_ NORECOVERY26.5' TO 27'

v fine sand, tr medto cse sand, black rootlets

i.l'll' SM SILTY SAND:redbrown, stiff, dry to damp, 65%fine

[iiiiill SP tomedsand, tr cse sand, silt is <15%below29.7'_-SAND: tan dry, compact, 90[ v fine subang sand, tr

_/_l CL med to cse sand/fine pebbles, black organic debris

i X___/- is oriented parallel to hz laminations, sharp base
UN_ -SANDYCLAY/SILT:It brown, v stiff, dry, laminated

w/ sand a.a., abundant black organic debris

LOG OF WELL PS-4 (continued)



JAMES M.MONTGOMERY
CONSULTING ·-. .,, .. ..-rr,,,tNbl N__r .b, INC. PA6Ea OF8
50i L_ON LANE., WALNUTCREEK, CALIFORNIA, 9498 / (4i5) 9:a31-2250

BORING/WELL NUMBER PS-4 CLIENT WESTDYVNA VFACENGCOM

DATE STARTED. t/3/89 COMPLETED 1/'6/89 PROJECT PERIMETER INVESTYG4T_ON MCAS-E£ TORO

ELEVATION 254.34 ft (qround 2eveJ) 8EOLOGIST GREG RELLER

._ _ GEOLOGICDESCRIPTION COMMENTS

.-1 0

UN_ NORECOVERY3t' TO 33'

S_ to fine sand, 20[med to cse subang sand, tOZ fines
strata of silty sand at 35.6'(both hz and x), much
black organic debris parallel to laminae, sand is
cleanbet 34.8' and 35.2', gradational base

m,ml,mSILTYSAND:brown, vstiff, dry, 50%medsandbound

lili3iii.,,__,o
SW SAND:lt brown, dry to damp, loose, fine to med

subang to subrnd arkosic sand, tr silt, tr cse sub
rnd sand, uniform, sharp base

)':o_:SP GRAVELLY SAND:pale tan, dry, loose, 20% granules
:-:'.'_ to fine gravel(volc& gr) in a reedto cse subang
:::'_ sand matrix(70Z qtz, 20% white feld, 20% lith

...:..' frags), sharp base

]'._
I.°.lhi SW SAND:AA, damp

UN)
- NORECOVERY42' TO 43'

.:.:.:.ii _SAND:tan dry to damp, v fine to mad subang to sub-

ML rnd arkosic sand, tr fines, cse sand above sharp
_i base

SANDYSILT/CLAY:red brown, stiff, sli plastic dry
- to damp, 30% fine sand to fine pebbles, tr black

organic debris, blocky fracture, gradational base

modto esesubangsandboundinsiltmatrix,grad-
ational base

SP _SAND:brown, dry, loose, fine sand w/tr med to cse
sand, uniform, sharp base

SM _SILTY SAND:greenish brown, dry to damp, stiff,
white lense shaped zones do not eff in HCl

LOG OF WELL PS-4 (continued)



JAMES M.MONTGOMERY
CONSULTINGENGINEERS,INC. PAGE4OF8
50_ LENNONLANE, WALNUTCREEK, CALIFORNIA, 94598 / (4_5) 933-E250

BORING/WELL NUMBER PS-4 CLIENT WESTDYVNA VFACENGCON J

DATE STARTED _/3/89 COMPLETED 1/6/89 PROdECT PERYNETER YNVESTIGATION NCAS-EL TORO

ELEVATION 264.34 ft _qround leveJ) GEOLOGIST GREG RELLER

· z _ _ 8EOLOGICDESCRIPTION COMMENTS

o _

S--M ic sand, 15Xsilt,grsdational base

to cse sand, ext friable w/blocky fracture, grad-

-SAND:lt brown, damp,sli cohesive, 70Z fine to med
subang to subrnd sand, t5[ cse subrnd qtz & feld

'""'" sand, _5[ fines, basal .2' is a clean arkosic sand

ML sharp base

-SILT/CLAY:dk brown, dry, sli plastic, stiff, grad-
ational base

-SANDY SILT/CLAY:stratified, brown, dry to damp
stiff, 15X cse subang to subrnd sand in matrix of

fines, and 20Z fine to reed sand in silt/clay

_ matrix (a.a.)
-SILTY SAND:lt brown, dry, loose, 85I sand-fine to

med at top to fine to cse at base, fine pebble
SM sized flat green slate chips appear at 55', gradat

ionalbase

lili!i!i['>>>isw . SAND:tan, dry, loose, med to cse lithic sand
(60I qtz, 251 lith frags, 15I feld), gradational

::: S_ GRAVELLYSAND:tan, dry, loose, rnd pea gravel in a
cse sand matrix, gravel is volc w/ some gr and qtz

SM _pebbles, sharp base

SILTY SAND:A.A., w/rnd pea gravel

subrnd sand(70Z qtz, 20Z white feld, iO_ lith frag
tr fines, csens downward

p:;_:'.'_SG__<6RAVEL:fine to cse, rnd pebbles in sand aatrix(a.a.)

SILTY SAND:It brown, damp, loose, 851 vfine to fin,
sand, trcser sand, hz tan and brown laminae, grada'-

S'M SAND:tan, dry to damp, loose to mod stiff, fine to

med w/tr cse subang to subrnd sand, variable (tr

I1'11'1SM  sz)s Ztcontent,silt rich strata have sharp

SILTY SAND:brown, stiff, dry to damp, 65I med sand
to fine pebbles bound in silt matrix

SW

LOG OF WELL PS-4 (continued)



JAMES M.MONTGOMERY

CONSULTING ENGINEERS, INC. PAGE 5 OF 8
501 LENNONLANE, WALNUTCREEK,CALIFORNIA,94598 / (4_5) 933--2250

BORING/WELL NUMBER PS-4 CLIENT WESTDIVNA VFACENGCON
DATE STARTED 1/3/'89 COMPLETED 1/6/89 PROJECT PERINETER INVESTIGATION NCAS-EL TORO
ELEVATION 264.34 ft (qround Jevel) GEOLOGIST GREG RELLER

· z _,, _ $EOL06ICDESCRIPTION COMMENTS

_ --..I

·::::::' SW SAND:brown, dry to damp, loose, fine to cse subang
'"'"' to subrnd arkosic sand, tr rnd pebbles, gradation-:.:.:.

.:.:.:, al base

,:'_:'_....GP LGRAVEL:brown, dry to damp, loose, fine to cse rnd&&

·:':':': SP I pebbles in medto cse sand matrix, gradationa]

:::::::: _base%..-...

:.:.:.:. -SAND:A.A., cser, 15X white feld, x-laminae of cse

:iiii!i i.... SW ./sand/granules': . sharp subhz_base·...:.. -SAND as at 64 t, a few x strata fo cser sand a.a.,

· · SM -_ sharp base
· ' _-SILTY SAND:dkbrown, dry to damp, v stiff, 85%
· ' [ fine to cse sand bound in sJ]t matrix, tr rnd pea
'- '? SP |gravel

i ._. G'P'---GRAVELLY! SAND:lt brown, dampto dry, loose to slJ --
:' .- cohesive, hz stratified cse arkosic sand, fine
·.'. '"_. brown subrnd sand, well graded fine to cse sand,
· ;.., and granule/fine pebble layers, sand is genera)ly
:.._ arkosic, clean, some layers have tr silt, tr or-....
· .? ganic debris
· i-q

.' %.

UN_

NORECOVERY72' TO 73'

: ':'_ SP L
·,-._ _ SANDAND6RAVEL:tan, dry, loose, med to cse subang
: i:-, GP to subrnd sand, x-stratified w/cse rnd volc peb-

7 · _ _ bles, somesand strata are 30Z white subang feld _
e. ,.

· .
'm.'!

UN_

NORECOVERY75' TO80'

79- -

LOG OF WELL PS-4 (continued)



JAMES M.MONTGOMERY
CONSULTING ENGINEERS, INC. PAGE6OFB
501LENNONLANE, WALNUTCREEK,CALIFORNIA,94598 / (4i5) 9aa-aa50

BORING/WELL NUMBER PS-4 CLIENT WESTDIVNA VFACENGCOM L
DATE STARTED 1/3/89 COMPLETED I/6/89 PROdECT PERIMETER INVESTIGATION MCAS-EL TORO
ELEVATION £64.34 ft (qround level) OEOLOGIST GREG RELLER

____ $EOLOGICDESCRIPTION C0MM_TS

UNK
NO RECOVERY80' TO 83'

!

I 8':':i]':SP SAND:ltbrown, saturated, loose, medtocsesuban§

:-:-:.:. to subrnd arkosic sand(60% qtz, 20I white & pink
22 .'.'.'.' feld, 20%lith frag), sharp base

28 -SILTY SAND:brown,sli cohesive, wet at top to mois
29 _ J CL at base, silt increases from 10%at top to 30[ at

5 I']t'l --- bass, sand is a.a., sharp subhz base

LCLAY/SiLT:dkbrown,damp,plastic,v stiff,much
UN_ black organic debris at 84.55', laminated, tn sand

sharp base

'SILTY SAND:brown,A.A.,damp, stiff )

6 ':'::::: SW SAND:lt brown, saturated, loose, cse subrnd arkos-?y.. ic sand, sharp subhz base
i5

:i: S.__W
t

LSTRATIFIED SOIL:cse sand(a.a.), brown silty sand,
22 :.: ML and silt/clay, fines are laminated, black organic

27 !ii debris abundant in fines,
saadns are sat, fines

90 ':. are dampto wetUN_

I 8 ' CL SANDYCLAY/SILT:brown, stiff, damP5? dry, plastic,

_ sand decreases from 50%in upper - (cse subrnd),16 > to tr to 20Z in lower i.5'(fine to cse), clay var-
18 / ies from brown to olive greenish brown in sep lam-

/ inae, black organic debris is abundant

28
95 UN_

LOG OF WELL PS-4 (continued)



JAMES M.MONTGOMERY
CONSULTING .-..,,....-r-r,,,tNUZNtr.,_,INC. PAGE7 OFe
50i LE.NNONLANE, WALNUTCREEK°CALIFORNIA,94598 / (455) 933-2850

BORING/WELL NUMBER PS-4 CLIENT WESTDIVNA VFACENGCON
DATE STARTED 1/3/89 COMPLETED %/6/89 PROJECT P£RXMETER ZNVESTYGATZON MOAS-EL TORO
ELEVATION 264.34 ft _gpound leveJ) 8EOLOGIST GREG RELLER

6 _ _ _ $EOLOBICDESCRIPTION COMMENTS
2
0

UNF

8 _/'/ SC SANDYCLAY:gray brown, stiff, sticky, 502 cse sub-
16 /]_'_/_> rnd sand in brown clay matrix, gradational base

CH _CLAY:redbrown,stiffdry to damp,plastic,tr16 sand, laminated, green gray mottling, sand/silt
21 SC increases to gradational base

SANDYCLAY: plastic, sticky, damp, as clay above
UNK w/v fine to fine sand, cse sand sized black or-

ganic debris

lO1- -

ii <<<' SP SAND:tan,loose,wet,v clean,v wellsorted,fine
·:.:.:_ subang arkosic uniform sand, tr fines, 70%qtz,

45 '::::::: 15%white feld, t52 lith frag, cse sand at sharp
·:':':': base

7t '::::::;
.... SILTY SAND:brown,stiff, moist, x-stratified w/

es ]l:i'lls__. somesandier layers, lower .2' contains black or-
Nkk./ ganic chips
UN_

1_06- -

NORECOVERY108' TO i18.5' DUETOSANDHEAVE

_ll- -

LOG OF WELL PS-4 (continued)



JAMES M.MONTGOMERY

CONSULTING ENGINEERS, INC. PAGE 8 OF 8
50t LENNON LANE, WALNUT CREEK, CALIFORNIA, 94598 / (4_5) 933-2250

BORING/WELL NUMBER PS-4 CLIENT WESTDIVNA VFACENGCOM )
BATE STARTED, i/3/B9 COMPLETED 1/6/89 PROJECT PERIMETER INVESTIGATION MCAS-EL TORO
ELEVATION 264.34 ft (ground level) OEOLOGIST GREG RELLER

;Z: (.Oo _ 6EOL06ICDESCRIPTION COMMENTS
LU C) '_ .,C

UN_

il7- -

122- -

140RECOVERY:118.5' TO :125' DUETO SANDHEAVE

127- -

-,4

LOG OF WELL PS-4 (continued)



JAMES M.MONTGOMERY
CONSULTINGENGINEERS,INC. PAGE1 OF8
501 LENNONLANE, WALNUTCREEK,CALIFORNIA,94598 / (4t5) 933-2250

BORING/WELL NUMBER PS-5 CLIENT EESTDIVNA VFACENGCOM
DATE STARTED. 1/5/89 COMPLETED I/7/89 PROJECT PERIMETER INVESTIGATION MCAS-EL TORO
ELEVATION 255.14 ft (.qround level] GEOLOGIST GREG RELLER _ JENNIFER GOODELL

_ GEOL06ICDESCRIPTION COMMENTS

UN_

- t3 ML SANDYSILT/SILTY SAND:dk brown, dampto dry, mod
-- stiff (crumbles easily), sub vert tubes, rootlets

5- 9 SM - (esp at top), between 30 _ 65Z, fine to cse, sub-
l0 ang to subrnd sand, tr fine pebbles, vert crack

filled w/arkosic medsand from 4.7' to 5.5'.
i!

UN_

.... upper .2' MARL:tan, powdery, fines (silt & clay)
6 I Y/k._.ML_ tr sand, eff in hcl, dry.

10- 5 .... \C_Lj .
9.7' to 9.8' SAND:tan, loose, dry, cse subang,

7 / ML arkosic sand, sharp base.
J

6 C'_ -9.8' to 1t.5' SANDYSILTY/CLAY: brown, dry to damp
' modstiff, sub hz, dend tan mott. eff in

UND hcl (so does matrix), 30X medsubrnd sand, sli
plastic.

2
SANDYSILT/CLAY: 14.5' to t5', red-brown, a.a., damp

i i_ SM grades down.

15- 6 S'C_-siLTY/CLAYEY SAND:red-brown, cse basalt pebbles
at top, sand increases down, 50_ top to 70Z bottom7
fine to cse subrnd arkosic sand, matrix eff.in hcl

METHOD OF DRILLING HOLLOW STEM AUGER WELL COMPLETION DEPTH I£6.5 feet
HOLE DIAMETER lO inches WELL DIAMETER 4" inches
TOTAL DEPTH 123.8 feet WELL MATERIAL SCH. 40 PVC



JAMES M.MONTGOMERY

CONSULTINGENGINEERS,INC. PAGE20 B
50t LENNONLANE, WALNUTCREEK,CALIFORNIA,94598 / (4t5) 933-8850

BORING/WELL NUMBER PS-5 CLIENT WESTDIVNA VFACENGCON )
DATE STARTED I/5/89 COMPLETED 1/7/'89 PROJECT PERIMETER INVESTIGATION NCAS-EL TOHO
ELEVATION £55. I4 ft (gpound level) GEOLOGIST GREG RELLER _ JENNIFER GOODELL

_ GEOLOGICDESCRIPTION COMMENTS

_ _ O

UNK

3 'Z SM SILTY SAND:a.a., sand 75g, tr rnd qtz peagravel,

4 '_ S'C manydk gray basalt sand clasts.

4 ._, -- --

UN_

7 I. ' SM SILlY/SAND: a.a., stiffer, 151 med to fine subang

16 · G_ pebbles in upper.2' lite brn also, sli eff in hcl75 to 80[ medsubrnd sand below gravel, sand fines
· to bottom (fine to med at base) abrupt color chng

3J '> _SM from red-brown to grayish at 26.3', grayish sand
22 ::: SW - is better sorted.

UNK

SILTY/CLAYEYSAND:a.a., dampto moist, muchtan
6 . _. SM irreg mottling, sharp base at 30' top of

t! i- _ _'_ stratified silty sand a.a. & cleaner cse subrndsands, x-strata at base of sample, strata have1-
13 r _ sharp contacts, clean layers are loose & moist,,
16 i' _ - somesiltier strata contain black organic mat'l· _ (rootlets) sand in cse clean zones is subrnd & 88X

qtz, color change from It brown to red-brown at
UNK 30.7'. i

LOG OF WELL PS-5 (continued)



JAMES M.MONTGOMERY

CONSULTING ENGINEERS, INC. PAGE 3 OF B
50i LENNON LANE, WALNUT CREEK, CALIFORNIA, 94598 / (4i5) 933--8850

BORING/WELL NUMBER PS-5 CLIENT WESTDIVNAVFACENGCOM
DATE STARTED. i/5/89 COMPLETED 1/7/89 PROJECT PERIMETER INVESTIGATION MCAS-EL TORO
ELEVATION 255. I4 ft (ground level) 8EOLOGIST GREG RELLER _ dENNIFER GOODELL

· z _ _ GEOLOGICDESCRIPTION 0DMNENTS

· _ 'l-

B,
UN_

- _ 5 xyJ CL SANDYCLAY:brown, wet, plastic, 351 fine sand

_/_ SC _in clay matrix,sharp base.
7

L

SAND:brown, fine to med, subrnd to subang arkosic
12 _x CL _sand, 5%black mica, sharp, hz base, saturated.

14 _ MT L SANDYCLAY/SILT: top .5' is black from organic
- ' debris_ remainder is red-brown, mica abundant in

UNh upper .3' 35%med to cse, subang sand in matrix of
37- - fines moist·

' - 7 '// CL SANDYCLAY: red-brown, dampto dry, v. stiff
plastic, blocky to hackly fracture w/ shiny sur-

_6 faces much (3-5%) black organic debris, tr to 30%
20 fines medsand, greenish tan irreg, mot.

8i

UNh
42- -

' - B '// CL SANDYCLAY:a.a., .5mmtan, trellis-like rootlets,
sparse white patches/concretions do not eff in hcl

_4 top appears to be sand free to 44.B', dry.
22

22

UN)
47- -

LOG OF WELL PS-5 (continued)



JAMES M.MONTGOMERY

CONSULTING ENGINEERS, INC. PAGE 4 OF 8
50! LENNONLANE, WALNUTCREEK,CALIFORNIA,94598 / (4i5) 933-2250

BORING/WELL NUMBER PS-5 CLIENT klESTDIVNA VFACENGCON )
DATE STARTED 1/5/89 COMPLETED 1/7/89 PROJECT PERIMETER INVESTIGATION NCAS-EL TORO
ELEVATION 255.14 ft (ground Jeve2) GEOLOGIST GREG RELLER _ JENNIFER GOODELL

GEOLOGICDESCRIPTION COMMENTS

SANDYCLAY: a.a., sand gradually increases to 50.2

CLAYEYSAND:a.a., gradationa! base

SAND:at 5J.2': red-brown, loose, damp, fine to me
subang sand, 5Z black mica.

SANDYCLAY:a.a., tan sub-vert zones (often
coincide w/black rootlets) eff in hcl tr cse rnd
qtz sand

SILT/CLAY: brown, tr sand, damp, plastic, sand
increases towards base, green-gray mort, grad-
ational base at 60'

SANDYSILT/CLAY: brown, damp, plastic, sand is
fine to med & increases to base, tan dendritic
tubes eff in hcl (rootlet casts?) tan mett is in
hz discontinuous lenses at 6t' to 6i.2', sharp
base

SAND:tan, dry, loose fine to medw/trace of cse,
subang to subrnd, arkosic sand-uniform, laminated
green caliche(?) at base.

LOG OF WELL PS-5 (continued)



JAMES M.MONTGOMERY

CONSULTINGENGINEERS,INC. PAGE5 OF8
50i LENNONLANE, WALNUTCREEK,CALIFORNIA,94598 / (4i5) 933-EE50

BORING/WELL NUMBER PS-5 CLIENT WESTDIVNA VFACENGCOH

DATE STARTED t/5/89 .COMPLETED i/7/89 PROdECT PERINETER INVESTIGATION NCAS-EL TORO
ELEVATION 255.14 ft _qpound level) GEOLOGIST GREG RELLER _ JENNIFER GOODELL

z6 _c_zl_'_I_ _'__J_< BEOL0$ICDESCRIPTION COMMENTS
UN_

24 SM SILTY SAND:orange-brown, damp, sli cohesive, 75
37 S'C to 90Z fine, subang to subrnd sand w/silt matrix,tan dendritic zones which eff in hcl appear at
47 66', tr of ang to subang cse qtz sand, poorly

developed blocky fracture.
42

UN_

13 SM SILTY SAND:brown to 70', orange-brown to bottom,
color change is & sharp coincides w/ decrease in

24 ST . subrnd sand, finer at top and cse sand increases
to base, uniform, damp, sli cohesive, upper 6' is

30 modstiff/sli plastic.

UNK

medsubang sand in silt matrix, med rnd pebbles at
2t 74.8', tr cse qtz sand, tr black organic debris.
22

21

UN_

m

to -i-i SM

LOG OF WELL PS-5 (continued)



JAMES M.MONTGOMERY
CONSULTING ENGINEERS, INC. PAGE 6 OF 8
50%LENNONLANE, WALNUTCREEK,CALIFORNIA,94598 / (4t5) 933-2250

BORING/NELL NUMBER PS-5 CLIENT WESTDIVNA VFACENGCON )
DATE STARTED I/5/89 COMPLETED_ 1/7/89 PROJECT PERINETER INVESTIGATION NCAS-EL TORO
ELEVATION £55. I4 ft (ground leveJ) GEOLOGIST GREG RELLER _ JENNIFER GOODELL

c_ z _. _ GEOLOGICDESCRIPTION COMI4ENTS
Z /

i ., .I SM SILTY SAND:dk brown, sli plastic, v. fine sand '"

23 -I tr gravel, @80.0-80.5 coarse sand w/ pebbles
· .i (10-15%)lesssilt@ 80.5-8t.5,It brown/tan

3! · 'I mottled,med fine/csesand,med dense.

UNK

14 ML SANDYSILT: Itbrownw/ v.f.sand,sli plastic,
damp.

85- 23 :':i:i; SP _-SILTY SAND: loose, tr silt (15%)sand cse,
33 "'· . SM subang/subrnd, becoming less coarse @80.5, tan,
33 . . reddish-brown, sand poorly graded 80.5'-8t.5'.

UNK

I 13 ML SANDYSILT: brown w/ v.f. sand, sli plastic, damp.90-- 26 .:. SM SILTY SAND:@90.0', silt i0%, sand fine to coarse
well graded, subang/subrnd w/ zones of cse/fine

3i '-' SP.- sand saturated·
42

.-'m!
UNM"

SM SILTY SAND:tr silt (5%)sand medto cse. (sand
95_ " _ heave)

I:
UNI_

LOG OF WELL PS-5 (continued)



JAMES M.MONTGOMERY
CONSULTING ENGINEERS, INC. PAGE 7 OF ,8
50t LF.NNONLANE, WALNUTCREEK,CAL_FORNZA,94,598/ (415) 933-8250

BORING/NELL NUMBER pS-5 CLIENT WESTDIVNAVFACENGCON
DATE STARTED I/5/89 COMPLETED I/7/89 PROJECT PERINETER INVESTIGATION NCAS-EL TORO
ELEVATION £55. I4 ft (ground JeveJ) GEOLOGIST GREG RELLER _ dENNIFER GOODELL

_ GEOLOGICDESCRIPTION COMMENTS

UN_

tl '/,/_ CL SILTY CLAY:dk bm, stiff, damp, plastic, gradat-
'// ional base

9 ML _ SANDYSILT:dk brown, sli plastic, damp, sand 5-
16 10_, mod grained.

101- 23 -

UN_

not sampled - t7' of heaving sand in stem

106- -

t4 ':':':': SP SAND:brown, sat, loose to sli cohesive, medto
'.'.'-'. cse, subrnd qtz sand (lOX white feld, IOZ lith

16 i SM _ frags)
'1 _-SILTY SAND:brown,moist, modstiff, 50-80[ sand

21

_-- 30 '1 -- w/brown silt matrix, tr black organic debris, sand
'1 is fine to cse w/lO[ cse subrnd qtz S tr pebbles

UN_ qtz, tr pebbles.

LOG OF WELL PS-5 (continued)



JAMES M.MONTGOMERY

CONSULTING ENGINEERS. INC. PAGE 8 OF 8
50i LENNON LANE, WALNUT CREEK, CALIFORNIA, 94598 / (4i5) 933-8250

BORING/WELL NUMBER pS-5 CLIENT EESTDIVNA VFACENGCOM
DATE STARTED 1/5/89 COMPLETED 1/7/89 PROJECT PERIMETER INVESTIGATION MCAS-EL TORO
ELEVATION £55.14 ft (qround ]eve2) GEOLOGIST GREG RELLER _ JENNIFER GOODE£L

· z _ -_ GEOL06ICDESCRIPTION COMMENTS
0 I-'1
Z

UN_

t6 ':':':-: SP SAND:It brown, loose, sat, csens downward, fine
:::: to med at top,to med to cse at bottom,subrnd to

16 :i:i:i:i subang sand, tr granules, subang to subrnd in
15 :1;11::: lower t.5, 70_ qtz, 15[ white feld, 15[ lith frags

;:111:1: sharp non-hz base
22 ':':':': SW

:.:.:.>
'/l!hl CL CLAY:brown, plastic, sli sticky, tr fine to cse

J_7- C_- sand, laminated w/ nearly black organic rich _layers.UN_

- _ 4 .:.:.:.: SN SAND:tan, sat, loose, fine, subang arkosic sand,
:-:.:.:. csens to medsubrnd sand at 120.3, medsand is

i2 ::::_::: brown, sat w/15X silt.

19 i i SM _SILTY SAND:brown, moist to wet, modstiff, 30X
86 · · brown silt, 70_ fine to cse qtz sand, tr rnd med

_ · · pebbles, sli plastic, sharp top.
UN_

J22- -

t 7 :i:i:i:i SP SAND:tan, sat to wet, loose, v. fine subang sand,

· .,...

18 :::::::: tr rnd peagravel, up to 5% silt
· .°.,

20 :;:;:;:;
' ,-'.

32 ::::::::
-.' ...°

127- -
i

LOG OF WELL PS-5 (continued)



JAMES M.MONTGOMERY
CONSULTING
50_ LENNONLANE, WALNUTCREEK,CALZFORNZA,94598 / (455) 933-2250

BORING/NELL NUMBER PS-6 CLIENT WESTDIVNA VFACENGCON
DATE STARTED 1/I0/89 COMPLETED I/I4/89 PROdECT PERINETER INVESTIGATZON NCAS-EL TORO
ELEVATION 269.18 ft (ground JeveJ) GEOLOGIST GREG RELLER

=. c= o_ GEOLOGICDESCRIPTION COMMENTS

_f) CD U_

UNH

remainder, 65%fine sand w/silt matrix, tr med
4 subang gravel top & bottom, dry, loose

5- 5 -

6

UNF

ii Iii ML SANDYSILT: brown, 45%fine sand, dry, stiff toloose, tan dend mott eff in hcZ, sharp base

lO-- 40 S-_ - at top to fine to cse at base, arkosic, subang to
25 subrnd sand, tr silt, sharp base of cse sand above

sandy silt-a.a, in shoe
UNK

subang arkosic sand tr silt, silt increases
5 gradually to _5Z at base

_5- 7 SM
5

METHOD OF DRILLING HOLLOW STEW AUGER NELL COMPLETION DEPTH _51 feet
HOLE DIAMETER IO" inches WELL DIAMETER 4" inches
TOTAL DEPTH 155 feet NELL MATERIAL SCH. 40 PVC



JAMES M.MONTGOMERY

CONSULTINGENGINEERS,INC. PAGE2OFIO
50! LENNONLANE, WALNUTCREEK,CkLIFORNIA,94598 / (4i5) 933-2250

BORING/WELL NUMBER PS-6 CLIENT WESTDZVNAVFACENGCOM ) _
DATE STARTED 1/10/89 COMPLETED 1/14/89 PROJECT PERINETER INVESTIGATION NCAS-EL TORO
ELEVATION 269.18 ft _round level) GEOLOGIST GREG RELLER

GEOLOGICDESCRIPTION / COMMENTS

l
SAND:a.a. sli more fine sand, sharp base

SILTY SAND:a.a., rootlets along dend zones,
grades to sand a.a. at 19.8', silty sand a.a. in
shoe

SANDYSILT: brown, dry to damp, mod stiff, 35Z
med to cse subrnd to subang sand bound in silt
matrix, gradational base

SILTY SAND:It brown, dry, loose 855 fine to cse
subrnd to subang arkosic sand, sharp base fines
decrease to base.

SANDY SILT: a.a., sli plastic.

SANDYSILT: brown, damp to dry, mod stiff, tr to
20% v. fine to cse sand, mica, sub vert. tubes
(rootlet molds?), sub hz to sub vert tan mott,
zones - eff sli in hcl.

LOG OF WELL PS-6 (continued)



JAMES M.MONTGOMERY

CONSULTINGENGINEERS,INC. PAGE3 OF 10
50i LENNONLANE, WALNUTCREEK,CALIFORNIA,94598 / (4i5) 933-2850

BORING/WELL NUMBER PS-6 CLIENT WESTDIVNA VFACENGCON
DATE STARTED 1/10/89 COMPLETED 1/t4/89 PROdECT PERIMETER INVESTIGATION NCAS-EL TORO
ELEVATION £69. I8 ft (firound JeveJ) GEOLOGIST GREG RELLER

_ GEOLOGICDESCRIPTION COMMENTS· Z

r'_ _

UNK

6 [J ML SILT/CLAY: dk brown, dry to damp, mod stiff, tr

lO ._._.i.!Cx___/-y/ _t° t5% medsand, plastic, sharp base at 34.5'
:-:-:.:- SP --SAND: tan, dry to damp, loose, fine to medsubang

10 :::::::: arkosic sand (70%qtz, t5% white feld, 15%
13 :i:i:i:i lith frags), uniform, tr cse subang sand, mica.

UNK

37- -

5 _, ML SILT/CLAYTOSANDYSILT/CLAY: red-brown, dampto
C'C _ dry, stiff, plastic, tr to 20%sand, sub vert9 / dend tubes, lower .t5' has blocky fractures

coated w/black organic material & tr sand.

18 _ Ch
20 MH

UNK

42- -

7 _ ML SANDYSILT/CLAY: red-brown, dampto dry, plastic,
C'L _ plasticity decreases to base, tr to 35% fine to csl14 /, subang to rnd sand, cser sand is better rndd,

dend black rootlets, blocky fracture is poorlydeveloped, sand increases in lower 9', tan mat'l

replacesmatrix in randompatches
80 UNK
22

47- -

LOG OF WELL PS-6 (continued)



JAMES M.MONTGOMERY
CONSULTINGENGINEERS,INC. PAGE4OF10
50t LENNONLANE, WALNUTCREEl<,CALIFORNIA,94598 / (4t5) 933-8850

BORING/WELL NUMBER PS-6 CLIENT WESTDIVNA VFACENGCON
DATE STARTED 1/i0/89 COMPLETED 1/14/89 PROdECT PERINETER INVESTZGA TION NCAS-EL TORO
ELEVATION £69. I8 ft (.qround ]eve]) 8EOLOGIST GREG RELLER

·o _ o _ GEOLOGICDESCRIPTION COMMENTS

UN_

Il I ML SANDYSILT: a.a., not plastic to sli plastic, no

/ tan patches, hz and vert blocky fracture fairly
i7 well developed
26

28

UNK

5 ML SANDYSILT: a.a., not v. muchorg. mat'1, mod
stiff to nearly loose, dry, lower 1/2 contains i

_! dendritic network of eff mat'l
14

20

UN_

20 M,M_,L_SANDYSILT: a.a. w/40Z medto cse sand, black
"PS _sub vert rootlets w/greenish & rust-orange zones,7O

-m Lsharp base" SM
65 SAND:tan, damp (wet at 60'), loose, cse,
69 subrnd at base, sand clasts are diorite, much

mica & silt at base, soil is silty sand.
UN_

)

LOG OF NELL PS-6 (continued)



JAMES M.MONTGOMERY

CONSULTINGENGINEERS,INC. PAGE5 OFl0
50! LENNONLANE, WALNUTCREEK,CALIFORNTA,94598 / (4_5) 933-8850

BORING/WELL NUMBER PS-6 CLIENT WESTDIVNA VFACENGCOM
DATE STARTED t/I0/89 COMPLETED 1f14/89 PROgECT PERIMETER INVESTIGATION MCAS-EL TORO
ELEVATION 269.18 ft (.qPound 2eve2) GEOLOGIST GREG RELLER

_ GEOLOGICDESCRIPTION COMMENTS

/ / ML SANDYSILT/CLAY: red-brown, dry to damp, stiff,
_' tr to 40%fine to cse subrnd sand (qtz & volc),16 / sand is variable & sample is stratified w/sand

/ free & sand rich strata w/sharp bndrys, a tan34 /
4! / to white coated fracture divides the sample vert

/ is connectedto a dendritictan network,tan mat'1
66 ' eff in hcl.

UN_

t3 /x_ CL SANDYCLAY/SILT: brown, dry to damp, stiff, 35%me
/4 to cse subang to subrnd sand, sharp base.

19.... SP _ SAND:tan, dry to damp, loose, 95%fine subang
- 24 :::::: arkosic sand (75%qtz, 15[ white feld, 15[ mica

:::::: & 11th frags), uniform, 5[ med to cse, laminated25
gray sandy silt layer w/ sharp contacts at 69.5'.· ...

UNF

71

--- 15 LF I SM SILTYSAND:brown,dry, v. stiff, 45%granules &' -- cse subrnd to rnd sand, matrix bound, eff tan

5! i.::.ii i G_GM_/_Gppatches, sharp base.59 ,.-,
_'i:i _' SANDYGRAVEL:brown, fine to cse rnd pebbles(qtzite, gr, slate) in sand matrix, matrix is

6i ;:.;;!: fine to cse, subrnd to rnd qtzose arkosic sand,76 --- UNK orange mott in patches.

_ _ 11 _ ML SANDYSILT/CLAY:brown,dry,stiff,tr to 35% med

t to csesandto granules(rnd)boundinsliplasticJ matrix, sharp base.37 'ilSM

LOG OF WELL PS-6 (continued)



JAMES M.MONTGOMERY
CONSULTING ENGINEERS, INC. PAGE 6 OF l0
50i LENNONLANE. WALNUTCREEK.CALIFORNIA.94598 / (4i5) 933-8250

BORING/WELL NUMBER PS-6 CLIENT WESTDIVNAVFACENGCON )
DATE STARTED 1/10/89 .COMPLETED 1/I4/B9 PROUECT PERINETER _NVESTIGA TZON NCAS-EL TORO
ELEVATION 269._8 ft (ground level) 8EOLOGIST GREG RELLER

_
X 85_ fine to cse subang to subrnd arkosic sand39 l l_/ Ml_ in silt matrix, sharp base above stratified

C_L sandy gray silt/clay w/white non eff top.
UN_

82

lB S'-M 30Z v. fine to fine sand bound in silt matrix,dend black organic mat'l, sparse dend white non
- 26 -- eff patches, sli plastic, greenish gray mott

41
w

UNk

87

- 22 SM SILTY SAND/SANDYSILT: red-brown, dampto dry,
27 M'-L' stiff, 35Z red-brown fines, 65Z fine to csesubang to subrnd sand, tr fine subrnd pebbles,

- 39 -- one tubular pale green ash/met(?) frag, one cse
subrnd pebble at 90', an irreg green gray tube

53 extends from 89.8' to 90.4'

UN_

92

12 SM SAND:it greenish-brown, damp, loose sli
25 _ cohesive, silty-clayey at top to v. fine to fineat base, plastic at top, sharp base above brown

3Ot!i!il! Sp

LOG OF WELL PS-6 (continued)



JAMES M.MONTGOMERY

CONSULTING ENGINEERS, INC. PAGE 7 OF _0
50t LENNON LANE, WALNUT CREEK, CALIFORNIA, 94598 / (4i5) 933-2250

BORING/WELL NUMBER PS-6 CLIENT WESTDIVNA VFACENGCOM
DATE STARTED 1/10/89 COMPLETED_ 1/14/89 PROJECT PERIMETER INVESTIGATION MCAS-EL TORO
ELEVATION 269. I8 ft _qround Jeve2) GEOLOGIST GREG RELLER

_ GEOLOGICDESCRIPTION COMMENTS· Z _

UN_

98

i 9 Y/ ML SANDYSILT/CLAY: brown, dry, stiff, eli plastic,

finetoceesubangtosubrndsand.sharpbase28

37 :¥:¥ SP SAND:tan, dry to damp, loose, fine to medsubang,
:i:i:i:i arkosic at top to v. fine greenish-gray dampsand

36 !:i:i:i: at base, tr black organic mat'l

UN_

_03

48 ':-:-:-: SP _ SAND:It brown, loose, dry to damp, fine to med
:-:.:.:. subang arkosic sand, sharp base

58 -'- SP
-ASH(?): tan chalky mat'l w/some fine to medsand,

63 .'. SM as in other wells, sharp base

76 -SAND: tan, dry, loose, x-stratified, somesilty
_ _ laminae & strata of fine, cee & silty fine to med --

UN_ arkosic sand

_08

- 12 ML SANDYSILT: brown, dampto moist, modstiff,
35%fine sand, i0% cee subrnd qtz sand, cee sand

15 forms a one clast thick, x-laminae at center of
20 sample, vert fine sand filled tubes, in shoe are

tan ripples in v. fine sand & silt.
17

M --

UN_

LOG OF WELL PS-6 (continued)



JAMES M.MONTGOMERY
CONSULTINGENGINEERS,INC. PAGE8 OF _0
50t LENNONLANE, WALNUTCREEK,CALIFORNIA,94598 / (415) 933-8250

BORING/WELL NUMBER PS-6 CLIENT WESTDIVNA VFACENGCON )
DATE STARTED 1/I0/89 COMPLETED _/14/89 PROJECT PERIMETER INVESTIGATION MCAS-EL TORO
ELEVATION 269.18 ft (.qpound level) GEOLOGIST GREG RELIER

6EOL06ICDESCRIPTION COMMENTS

SILTY SAND/SANDYSILT: red-brown, damp, stiff 50%
med to cse subang to subrnd sand (mostly qtz w/
some feld & lith frags), irreg green-gray mott,
tr medsubrnd volc & gr pebbles.

i

SAND:brown, sat, cohesive, 95%fine sand, 5Z cse
subang sand, tr fines, grad base.

SILT: brown, dampto moist, stiff, sli
sii plastic, sharp base.

tan, wet to sat, loose, csens down from
med to cse subang to subrnd arkosic sand (70% qtz
& 15%each feld & lith frags), tr. fine rnd
pebbles, pebbles most abundant at base.

N.R. lO' of sand heave

LOG OF WELL PS-6 (continued)



JAMES M.MONTGOMERY

CONSULTING ENGINEERS, INC. PAGE 9 OF 10
50_ LENNONLANE, WALNUTCREEK,CALIFORNIA,94598 / (4_5) 933-2850

BORING/WELL NUMBER PS-6 CLIENT WESTDIVNA VFACENGCOM
DATE STARTED 1/_0/89 COMPLETED _/14/89 PROJECT PERIMETER INVESTIGATION MCAS-EL TORO
ELEVATION 269.18 ft (_pound leve3) GEOLOGIST GREG RELLER

_ GEOLOGICDESCRIPTION COMMENTS

UNP N.R. due to sand heave

130

_3 -:-:-:': SW SOUPYSAND(upper_'): brown sat flowed out of
:.:.:-> sampler, fine to cse subrnd to subang sand,

22 :i:i:i:i (sand heave)
_35 26

CL _ SANDYCLAY/SILT: greenish-brown, dampto moist,
36 _ MT - stiff sand increases from tr at top to 45X at

base, fine to med, subrnd to subang sand
UN_

N.R. due to sand heave

_40

LOG OF HELL PS-6 (continued)



JAMES M.MONTGOMERY

CONSULTING ENGINEERS, INC. PAGE 10 OF iO
50i LENNONLANE, WALNUTCREEK,CALIFORNIA,94598 / (4_5) 9_-8850

BORING/WELL NUMBER PS-6 CLIENT WESTDIVNA VFACENGCOM )
DATE STARTED 1/10/89 COMPLETED 1/14/89 PROJECT PERIMETER INVESTIGATION MCAS-EI TORO
ELEVATION 269.18 ft (.qround level) GEOLOGIST GREG RELLER

,,, c_ _ __° _,, GEOLOGICDESCRIPTION COMMENTS
'7 .__J

Q" _t_ _ _ _

le _ I--I
O'J <( OI '_[ O

I/ :i:i:!:i SP SAND,upper 1.5': It brown, sat, loose meal
-.-.-.' subang to subrnd arkosic sand, 75%qtz, t5X26 .......
:.:.:.: white feld, 10Z lith frags, tr fines, sharp base

27 <<<.:
..-....

30 '// CL CLAY: brown, dampto dry, plastic, tr cse subrnd
J46 _ '// qtz sand, b]ack organic mat'l

UNN
k-

- _ 8 .:.:.:.: Sp SAND:brown, sat, loose, _0%cse subrnd qtz &
:.:.:.: lithsand, bimodal

_3 :i:i:i:i
...%.

20 ::::::::
-.-°..%

18 ¥:::::
_51-

i56

- - I
LOG OF WELL PS-6 (continued)



JAMES M.MONTGOMERY
CONSULTINGENGINEERS,INC. ?AGEI OFl050%LENNONLANE,NALNUTCREEK,CALZFORNIA.g4598/ (4%5)g33-:_850

BORING/WELL NUMBER PS-8 CLIENT WESTDIVNA VFACENGCOM
DATE STARTED 1/8/89 COMPLETED, I/I2/89 PROdECT PERIMETER INVESTIGATION MOAS-EL TORO
ELEVATION £81.83 ft (.qmound ]eve]) GEOLOGIST GREG RELLER

=' _ m gEOLOgiCDESCRIPTION L'OMNENTS

UN_

3 L ML SANDYSILT/SILTYSAND:brown,30 to 501 v. fine

3 W l to fine sand in brownsilt matrix,sli cohesive,
plastic,damp, rootlets,poorly developedblocky

4 fracture

4 i.
lo

UNK

5 SM SILTY SAND:pale red-brown, dry, crumbles easily,
80%fine to med, subang to subrnd arkosic sand,7 someclay chips, gold mica, white dend zones effio

in hcl as does matrix, rootlets tr pebbles &8 i.
rust-orange mott at top

8 ]
UNK_

3 / OL CLAY/SILT: dk brown, dry to damp, modstiff, tr

7 _ MT to 10%cse subrnd to subang sand, sli plastic,plasticitydecreasesw/depth,tan irregzones
/ eff in hcl

11 /

UNK

METHOD OF DRILLING HOLLOW STEM AUGER WELL COMPLETION DEPTH 145.5 feet
HOLE DIAMETER 8 inches WELL DIAMETER 4" inches
TOTAL DEPTH 145 feet NELL MATERIAL SCH. 40 PVC



JAMES M.MONTGOMERY

CONSULTING ENGINEERS, INC. PAGE 2 OF i0
501 LENNON LANE, WALNUT CREEK, CALIFORNIA, 94598 / (4i5) 933-2250

BORING/WELL NUMBER PS-8 CLIENT IVESTDIVNA VFACENGCON }
DATE STARTED I/8/89 COMPLETED .f/.f£/89 PROJECT PERINETER INVESTIGATION NCAS-EL TO,_O
ELEVATION 2BI.83 ft (ground ]eve2) 8EOLOGIST GREG RELLER

GEOL06ICDESCRIPTION COMMENTS

SILTY SAND:pale red-brown, dry to damp, a.a.,
tan zones thinner than above & not as abundant,
tr cse subrnd sand

!

CLAY/SILT: brown at top to red-brown at 23.5' to
base, dry to damp, stiff, poor blocky fracture
surfaces w/greenish-gray coloration, tr black
organic debris, tr subang cse sand, rootlets
sparse tan zones eff in hcl

CLAY/SILT: a.a., all brown, black organic debris
more abundant, tr volc pebbles at top, no
noticeable blocky fracture, tr fine tan sand
lenses at 28.5'

LOG OF WELL PS-8 (continued)



JAMES M.MONTGOMERY
CONSULTING ENGINEERS, INC. PAE 3 OFt0
50t LENNONLANE, WALNUTCREEK,CALZFORNTA,94598 / (4J,5) 933-2250

BORING/WELL NUMBER PS-8 CLIENT WESTDIVNA VFACENGCOM
DATE STARTED I/8/89 COMPLETED 1/'1£/89 PROdECT PERINETER INVESTIGATION NCAS-EL TORO
ELEVATION 281.83 ft (,qround Jeve]) GEOLOGIST GREG RELLER

GEOLOGICDESCRIPTION COI4MENTS

SANDYSILT: pale red-brown, dry sli plastic v.
stiff, sandy layer at 33.3' to 33.G' has 35Z med
to cse subrfid sand, blocky vert fracture zones,
dendritic green-gray mott, muchblack organic
mat'l, white chalky patches at top don't eff in
hcl

SILTY SAND:It brown, dampto dry, loose sli

) cohesive stratified layers of sand w/_O-_5Z silt
and layers w/25Z silt, color darker in siltier
layers, strata boundries are sharp, sand is fine
to med (tr cse) subang to subrnd, tr black
organic debris.

CLAY:brown, dampto dry, v. stiff, plastic
tr sand at top, sand gradually increases to base
sparse tan mott doesn't eff in hcl, tr medsand

pebbles (one is flat pale greenish-ash or metal

CLAYEYSAND:85%fine subang sand w/20Z fines
dry to damp, loose, sli cohesive, pebble at top,
red-brown

? I

LOG OF WELL PS-8 (continued)



JAMES M.MONTGOMERY
CONSULTINGENGINEERS,INC. PAGE4 OFt0
50! LENNONLANE, WALNUTCREEK,CALXFORNXA,94598 / (415) 93._--L_850

BORING/WELL NUMBER pS-8 CLIENT WESTDIVNAVFACENGCOM )
DATE STARTED I./8,/89 COMPLETED 1/I£/89 PROJECT PERIMETER INVESTIGATION MCAS-EL TORO
ELEVATION £81.83 fi: (qr'ound 1eve.l) 8EOLOGIST GREG RE£LER

GEOLOGICDESCRIPTION COI414ENTS

SANDYSILT: brown, dry, stiff, tr to 50%fine to
med, subang to subrnd sand, gradational base

SAND:red-brown, dampto dry, loose, sli
cohesive, fine subang sand (90%)tr cser sand, tr
black organic mat, tan irreg zones do not eff in
hcl

SANDYSILT: brown, dry to damp, modstiff, tr cse
subrnd sand/granules, sharp base, 30%v. fine sand
sli plastic,sharp base

SAND:palered-brown, dry to damp,looseto
sli cohesive, 85X v. fine to fine sand, black mica
tubes encapsulated in white non-eff mat'l, tr fine
to medsubrnd pebbles at base.

SANDYSILT/CLAY: brown, dry, stiff, 40Z med to cse
subang sand (mostly qtz - somewhite feld), sharp
base

SAND:greenish-gray, dampto dry, modstiff, 90%
v. fine to fine sand, i0% cse subang sand (lith &
qtz) white sub vert zones eff in hcl, hz cse sand
laminaeappearin lower5'.

SAND:as at 58' to 60', sharp base

SANDYCLAY: gray-brown, dampto dry, v stiff,

LOG OF WELL PS-8 (continued)



JAMES M.MONTGOMERY

CONSULTING ENGINEERS, INC. PAGE5 OF lO
50! LF.NNONLANE, WALNUTCREEl(,CALIFORNIA,94598 / (4:[5) 933-2250

BORING/WELL NUMBER ps-8 CLIENT WESTD.Z'VNAVFACENGCOM
DATE STARTED t/8/8,9 COMPLETED 1,/'I2,/8..q PROJECT PERIMETER .Z'NVESTIGAT_TONMCAS-EL TORO
ELEVATION £81.83 ft (.qr'ound level] GEOLOGIST GREG RELLER

GEOLOGICDESCRIPTION COMMENTS

SILTY SAND:red-brown, dry to damp, sli cohesive,
90%medsubang sand (80%qtz, _5%feld, lith &
black mica, i0% silt), tr granules, gradational
base

SANDYCLAY:brown,dry to damp,v. stiff,dend
whitezones

SANDYSILT/SILTY SAND:red-brown, dry to damp,
silt is stiff, sand loose to sli cohesive, sand
is fine to cse, arkosic, cse sand is mostly
subang qtz w/lesser white feld, tan sub vert
tube of white mat.-replaces silt matrix around
sand clasts, eff in hcl.

SAND:red-brown,damp,looseto s]i cohesive,95[
v. fine,subangsand,abundantmica,5% cse subrnd
qtz g lithsand,tr silt,uniform.

SILTYSAND/SANDYSILT:brown,dry to damp,stiff,
50% fineto cse subangto subrndsandboundin
siltmatrix,sli plasticabundantblackrootlets-
someencased by white non-eff min'l, poorly
developed blocky fracture

LOG OF WELL PS-8 (continued)



JAMES M.MONTGOMERY

CONSULTING ENGINEERS, INC. PAGE 6 OF LO
50_ LENNONLANE, WALNUTCREEl(,CALXFORNIAo94598 / (4t5) 933"2250

BORING/NELL NUMBER PS-8 CLIENT WESTDIVNA YFACENGCON
DATE STARTED I/8/89 COMPLETED 1/1£/89 PROJECT PERIMETER INVESTIGATION NCAS-EL TORO
ELEVATION £81.83 ft (.qpound Jevel) GEOLOGIST GREG RELLER

· z _ _ GEOLOGICDESCRIPTION COMMENTS

° }
UNK

I 1! . SM SANDYSILT/CLAY: brown, dry to damp, stiff, tr

27 .i_ _S__med to cee subrnd to subang sand, sharp base
iiiili! SP SAND:red-brown, damp, loose to eli cohesive,

42 ':::::: 90% fine subang sand, 10%cee subrnd sand
46 'i:!:i:i [increases to base], tan mott, tr bZack organic

::::::., mat'1
UNK

I 30 '¥::: SN SAND:tan, dry to damp, Zoose, fine to cee,

subang to subrnd qtzose sand (80[ qtz, lO[ feld,
48 ::!:!:i _0_ lith frags) tr rnd madpebbles, top .25' is®®®,

'.'.'.' white powdery mat'l (ash?) similar to that56 ..-....
'-'-'.' described in other wells (sharp base)

75 ...o..-,

UN_

100

No recovery

LOG OF WELL PS-8 [continued)



JAMES M.MONTGOMERY
CONSULTING ,-. .,,.. .r,-n,,tl4b_li4tt.Ha, INC. PAGE 7 OF _0
50! LF.NNON LANE, NALNUT CREEK, CALZFORNIA, 94598 / (4i5) 933-2250

BORING/WELL NUMBER PS-8 CLIENT WESTDIVNAVFACENGCON
DATE STARTED I/8/89 COMPLETED l/iR/89 PROJECT PERIMETER INVESTIGATION MCAS-E£ TORO
ELEVATION 281 83 ft _mound level) OEOLOGIST GREG RELLER

_ 6EOLOBICDESCRIPTION COMMENTS

UN_

' - 24 '_.J' SC SANDYCLAY:brown, v. stiff, dry, tr of sand at

30 4_l'.x.....S_j_ top to 35%sand at base, sand is cse subang to
:::::::: SP [ subrnd qtz & fled, gradational base

49 :!:i:!:! -SAND: tan, damp, loose, variable silt (tn to i0%),
·.'.'.', 85%fine subang sand, _5%cse suPang sand uniform.4! .......
'...,%
.%..

UN_
lO - -

- 7 F/ ML SANDYSILT/CLAY: greenish-brown, dry, stiff, 15%
K/ ,___ cse subrnd qtz sand, black mica, gradationa[ base.30 B

%_"'-/ L

· SM SILTY SAND:brown, dry to damp, loose, 85%fine
45 · ' to cse subang sand (arkosic), black mica

· ' _ gradational base.34 . .

UNF
 06- -

- - 20 // CL SANDYCLAY/SILT: brown, sticky, wet, plastic, 30%
'// medsubang arkosic sand, sharp base

3! '":-:- SP __SAND:::.:-: brown, sat to wet, sli cohesive, fine to med
· .'o'.

· . subrnd arkosic sand, fine to med rnd pebbles in
shoe, 5cm diam sub vert white tubes - no eff in. ,.,.,

::.:.: HCI
59

_-- 74 -

LOG OF WELL PS-B (continued)



JAMES M.MONTGOMERY

CONSULTING ENGINEERS. INC. PASE8 OFtO
50i LENNONLANE. WALNUTCREEK,CALTFORNI'A,94598 / (4t5) 933-2250

BORING/WELL NUMBER PS-8 CLIENT WESTDIYNA YFACENGCOM )

DATE STARTED 1/8/89 COMPLETED_ 1/i£/89 PROJECT PERIMETER INVESTIGATION MCAS-EL TORO
ELEVATION £81.83 ft (ground level} I_EOLOGIST GREG RE£LER

_ .J_ _ 8E01.06IC_CFIIPTI_ t'0NNEt_TS

-_ _j

UN_

t4 ':':':< 8W SAND: it brown, sat, loose, fine to cse subrnd
:.:.:.:. to subang arkosic sand, sharp base.

20 _ CL _-SANDYCLAY:olive green, sticky (wet), dries to

32 _ moist at base, stiff, plastic, tr to 20Z fine to43 cse sand, cse sand is well rnd to md, mica,
_ '::':': S_NN sparse white molt, black organic rootlets,

UN_ sharp base above sand, a.a.

il7- -

- 13 '" SP SAND:It brown, sat, loose, medto cse subrnd to l

28 :.: _-_ rnd qtz rich sand, tr to 10[ fines, sharp base
.. SANDYSILT/CLAY: brown, sticky wet to damp,
'1 laminated, someblack organic laminae, tr to 40_ -_

41 I / ML fine to cse subang to subrnd sand, sand strata
37 I _ _ w/sharp boundaries are sat, black mica oriented

_ i / parallelto laminae
UNh

i22-

22 :::::::: SW SAND:brown, wet to sat, cohesive, v. fine to meal,
22 :::::::, subang to subrnd arkosic sand (75Z qtz, 15Z white

.:.:.:., feld, i0Z )ith frags) tr to 5Z silt, tr fine
'.'-'-' subrnd volc pebbles, uniform.

27 !i!i!ii:
42 :.:.:.:

_ .:-:-:-
UN_

i27-

]
LOG OF NELL PS-B (continued)



JAMES M.MONTGOMERY

CONSULTING '-'"''"'-'-_'"tr_bzNtmH_,INC. PAGE9 OF_0
50i LENNONLANE, WALNUTCREEK,CALIFORNIA,94598 / (4i5) 933-2250

BORING/WELL NUMBER PS-8 CLIENT WESTDIVNA VFACENGCOM

DATE STARTED 1/8/89 COMPLETED i/I£/89 PROdECT PERIMETER INVESTIGATION MCAS-EL TORO
ELEVATION_ £81,83 ft (_nound level) GEOLOGIST GREG RELLER

_ 6EOL06ICDESCRIPTION C0_ENTS
_ o.--t

UN_

Il _/x/_/ CL Heave in upper .5', fine to cae sat sand, a.a.

22 _// CLAY: laminated greenish brown & red-brown clay,

abundant black organic mat'1, a i.5cm organic
47 layer in shoe, plastic, tr cse subang to subrnd
56 sand, abundantmica.

UN)

133- -

- 15 CLAY: a.a., 3-icm black organic layers, red-brown
areas are irreg patches33

34 _ CH
37

UN_

i38- -

No recovery - 28' of sand heave

t43- -

No recovery - 20' sand heave in stem

LOG OF WELL PS-8 (continued)



JAMES M.MONTGOMERY
CONSULTING

.-..,,....-r-.,,,r_r.bir_ctH=, INC. PAGE t0 OF t0
50t LENNONLANE, NALNUTCREEK,CALIFORNIA,94598 / (4i5) 933-2250

BORING/WELL NUMBER pS-8 CLIENT WESTDIVNAVFACENGCOM ii
DATE STARTED I/8/89 COMPLETED 1/12/89 PROJECT PERIMETER INVESTIGATION MCAS-EL TORO
ELEVATION 281.83 ft (,qpound level) OEOLOGIST GREG RE£LER

C.O

o' _ o _u_ GEOLOGICDESCRIPTION CONNENTShi

UNF

NO RECOVERYDUE TO HEAVINGSAND

149_ -

154- -

t59- -

LOG OF WELL PS-8 (continued)



APPENDIX B

LABORATORY RESULTS OF

VOLATILE ORGANIC ANALYSIS



B.1 TIC-55 DEPTH-SPECIFIC SAMPLES



#CAS - EL TORO PERINETER INVESTIGATION

'i SUHHARYOF SYRINGE SAHPLE RESULTS
TIC-55

DOHS

Detection Action Concentration ( ug/t )
L i mi t Leve[

Sampte Depths (ft)
COMPOUND (ug/t) (ug/[) 312.0 337.0 362.0 387.0 412.0 437.0

Chtoroform 0.1 0.1 ND ND 0.1 ND ND

PCE 0.1 4 0.3 ND ND ND ND 0.2

Totuene 0.5 100 1.0 NO 2.0 3.0 ND NO

TCE 0.1 5 1.2 1.1 1.0 1.0 1.1 1.4

Acetone 10.0 ND ND ND 10.0 ND ND



B.2 TIC-55 PACKER TEST SAMPLES



T]C- 55 PACKER TEST

ZONE ! 298 - 344 ft depth

DOHSDU CONCENTRAT!ON (micrngrees/[iter)

COMPOUNDS Detection NCL ActionLeve[ Pumping time, in minutes
Limit (mN/t) (uN/l) (uN/L) 30 60 90 120 150 180

VOLATILE PR]ORITY POLLUTANTS:

Acrolein 1.00 ND NA HA HA ND ND
Acry[onitrile 1.00 ND NA gA NA ND ND

Benzene 0.10 5 0.7 0.5 0.4 0.4 0.4 0.3 0.3

Bromoform 0.10 ND NA NA NA NA NA
Carbon Tetrach[oride 0.10 5 5 ND NA NA NA NA NA

Ch[orobenzene 0.10 ND HA HA NA NA NA

Dibromochtoromethane 0.10 ND NA HA HA HA HA

Chtoroethane 1.00 ND HA HA NA HA NA
2-ChJoroethy[vinyJether 1.00 ND HA HA NA HA HA

Chloroform 0.10 ND HA HA NA NA NA

Dichtorobromomethane 0.10 ND NA HA NA NA NA
1,1-Dichloroethane 0.10 20 ND NA NA NA NA NA

1,2-Oichloroethane 0.10 5 1 ND NA NA NA NA NA
1,1-Dich[oroethene 0.10 7 6 ND ND ND ND NO ND

1,1-Dichloropropane 0.10 ND NA HA NA NA NA
Ethytbenzene 0.10 680 2 NA NA NA NA HA
Methyl Bromide 1.00 ND NA NA NA NA NA

Methyl Chloride 1.00 ND NA NA NA NA NA
Methylene Chloride 5.00 40 ND NA NA NA NA NA

1,1,2,2-Tetrachloroethene 0.10 1 ND NA NA NA NA NA
Tetrachtoroethene (PCE) 0.10 4 ND 0.1 0.1 0.1 0.1 0.1

Toluene 0.50 100 33 HA NA NA NA NA

1,1,1-Trich[oroethane 0.10 200 200 ND ND ND NO ND ND

1,1,2-Trich[oroethane 0.10 100 ND NA NA NA NA NA
Trichtoroethene (TCE) 0.10 5 5 0.60 0.7 0.7 0.80 0.80 0.70

Vinyl Chloride 1.00 2 2 ND NA NA NA NA NA
trans-l,3-Dichloropropene 0.10 ND NA NA NA NA NA

cis-l,3-Dich[oropropene 0.10 ND NA NA NA NA NA

trans-l,2-Dichtoroethene 0.10 16 ND NA NA NA HA NA

Trichtoroftuoromethane 1.00 3400 ND NA NA HA HA NA

VOLATILE NON-PRIORITY POLLUTANTS:

Acetone 10.00 ND NA NA NA NA NA
Methylethy[ketone 1.00 ND NA HA NA NA NA
Tetrahydrofuran 1.00 ND NA NA NA NA NA

m,p-Xylenes 0.10 620 7 NA NA NA NA NA
o-xylene 0.10 620 2.2 NA HA NA NA HA

Styrene 0.50 ND NA NA NA NA NA



DOHS DU CONCENTRATION (micrograms/titer)

COMPOUNDS Detection NCL Action Lever Pumping tine, in minutes
Limit (miL) (ug/L) (ug/t) 30 60 90 120 150 180

1,2-Dibromo-3-ch[oropropane 10.00 NA NA NA NA NA NA
cis-l,2-Dich[oroethene 0.10 ND NA NA NA NA NA

PropyLbenzene 1.00 NA NA NA NA NA NA

NON-VOLATILE PRIORITY POLLUTANTS:

1,2-Oichtorobenzene 0.50 130 ND HA NA NA NA NA
1,3-Dich[orobenzene 0.50 130 ND NA NA NA NA NA

1,4-DichLorobenzene 0.50 0.5 ND NA NA NA NA NA
TrJchLorobenzene 1.00 NA NA NA NA NA NA

NaphthaLene 1.00 NA NA NA NA NA NA

ND: Non-DetectabLe

NA: Not Analyzed



TIC - 55 PACKER TEST

ZONE Ii 340 - 386 ft. depth

DOHSDg CONCENTRATION (micrograms/Liter)
COMPOUNDS Detection1 HCL Action Leve[ Pumping tim, in minutes

Limit (mg/t) (ug/t) (ug/[) 30 60 90 120 150 180
VOLATILE PRIORITY POLLUTANTS:

Acrolein 1.00 ND NA NA NA ND ND
Acrylonitri[e 1.00 ND NA NA NA ND ND
Benzene 0.10 5 0.7 ND 0.1 0.1 0.1 0.1 0.1
Bromoform 0.10 ND NA NA NA NA NA
Carbon Tetrachtoride 0.10 5 5 ND NA NA NA NA NA

Chtorobenzene 0.10 NO NA NA NA NA NA
Oibromochtoromethane 0.10 ND NA NA NA NA NA
Chtoroethane 1.00 NO NA HA NA NA NA

2-Chtoroethytvinylether 1.00 ND NA NA NA NA NA
Chloroform 0.10 0.1 NA NA NA NA NA
Dichtorobromomethane 0.10 ND NA NA NA NA NA

1,1-OichLoroethane 0.10 20 ND NA NA NA NA NA

1,2-OichLoroethane 0.10 5 1 ND NA NA NA NA NA
1,1-Dichloroethene 0.10 7 6 NO ND ND ND NO ND
1,1-DichLoropropane 0.10 ND NA NA NA NA HA
Ethytbenzene 0.10 680 0.5 NA NA NA NA NA
Methyl Bromide 1.00 ND NA NA NA NA NA
Methyl Chloride 1.00 ND NA NA NA NA NA
Methylene Chloride 5.00 40 ND NA NA NA NA NA
1,1,2,2-Tetraehloroethene 0.10 1 ND NA NA NA NA NA
Tetrachtoroethene (PCE) 0.10 4 NO 0.1 0.1 0.1 0.1 0.1
Toluene 0.50 100 36 NA NA NA NA NA

1,1,1-TrichLoroethane 0.10 200 200 NO ND ND ND NO NO

1,1,2-Trichtoroethane 0.10 100 NO NA NA NA NA HA
Trichtoroethene (TCE) 0.10 5 5 0.70 0.9 0.6 1.00 0.90 1.00

Vinyl Chloride 1.00 2 2 ND NA NA 1 NA NA
trans-l,3-Dichloropropene 0.10 NO NA NA NA NA NA

cis-l,3-Dichtoropropene 0.10 NO NA NA NA NA NA
trans-l,2-Oichtoroethene 0.10 16 ND NA NA NA NA NA
Trichtorofluoromethane 1.00 3400 NO NA NA NA NA NA

VOLATILE NON-PRIORITY POLLUTANTS:
Acetone 10.00 NO NA NA NA NA NA

Methylethylketone 1.00 ND NA NA NA NA NA
Tetrahydrofuran 1.00 ND NA NA NA NA NA
m,p-Xylenes 0.10 620 1.8 NA NA NA NA NA
o-xytene 0.10 620 0.6 NA NA NA NA NA
Styrene 0.50 ND #A NA NA NA NA
cis-l,2-Dichloroethene 0.10 ND NA NA NA NA NA



DOHS OW CONCENTRATION (micrograms/titer)

COMPOUNDS Detection MCL Action Levet Pcanping time, in minutes
Limit (mg/i) (ug/t) (ug/l) 30 60 90 120 150 180

1,2-Oibromo-3-chioropropane 10.00 NA NA NA NA NA NA
cis-l,2-Oichioroethene 0.10 NO NA NA NA NA NA
Propyibenzene 1.00 NA NA NA HA NA NA

NON-VOLATILE PRIORITY POLLUTANTS:

1,2-Oich[orobenzene 0.50 130 ND NA NA NA NA NA

1,3-Oichiorobenzene 0.50 130 ND NA NA NA NA NA
1,4-DichLorobenzene 0.50 0.5 ND NA NA NA NA NA
Trich[orobenzene 1.00 NA NA NA NA NA NA

NaphthaLene 1.00 NA NA NA NA NA NA

ND: Non-Oetectabte

NA: Not Analyzed



T]C- 55 PACKER TEST

ZONE ]11 390 - 450 ft depth
DOHSDM CONCENTRATION (mJcrogrBms/liter)

COMPOUNDS Detection NCL Action Level (Pumping time, in minutes)

Limit (q/t) (ug/t) (ug/k) 30 30 DUP 60 90 120 150 180
VOLATILE PRIORITY POLLUTANTS:

Acrotein 1.00 ND ND HA NA NA ND ND

kcrylonitrite 1.00 ND ND HA NA NA ND ND
Benzene 0.10 5 0.7 0ol 0.1 ND 0.1 0.1 0.1 0.1

Bromoform 0.10 ND ND HA NA NA NA HA

Carbon TetrachLoride 0.10 5 5 ND ND NA NA NA NA NA
ChLorobenzene 0.10 ND ND HA NA NA NA NA

DibromochLoromethane 0.10 ND ND NA NA NA NA NA

Chkoroethane 1.00 ND ND HA NA NA NA NA

2-ChLoroethytvinylether 1.00 NO ND HA NA NA NA NA
Chloroform 0.10 ND NO HR NA NA NA NA
DichLorobromomethane 0.10 ND ND HA NA HA NA NA

1,1-Dichtoroethane 0.10 20 ND ND HA NA NA NA NA

1,2-Dichloroethane 0.10 5 1 NO ND HA NA NA NA NA

1,1-Dichloroethene 0.10 7 6 ND ND ND ND ND ND ND
1,1-Dich[oropropane 0.10 ND ND HA NA NA NA NA
Ethylbenzene 0.10 680 0.2 0.2 NA NA NA NA HA

Methyl Bromide 1.00 ND ND NA NA NA NA NA

Methyl Chloride 1.00 ND ND NA NA NA NA NA
Methylene Chloride 5.00 40 ND ND NA NA NA NA NA

1,1,2,2-TetrachLoroethene 0.10 1 ND ND NA NA NA NA NA
TetrachLoroethene (PCE) 0.10 4 NO ND 0.2 ND ND ND ND

Toluene 0.50 100 17 15 NA NA HA NA NA

1,1,1-TrichLoroethane 0.10 200 200 ND ND ND NO ND ND ND

1,1,2-Trich[oroethane 0.10 100 ND ND NA NA NA NA NA
Trichloroethene (TCE) 0.10 5 5 1.2 1.3 1.1 1.2 1.2 1.2 1.2

Vinyl Chloride 1.00 2 2 ND ND NA NA NA NA NA

trans-l,3-Dichloropropene 0.10 ND ND NA NA NA NA NA
cis-l,3-OichLoropropene 0.10 ND ND NA NA NA NA NA

trans-l,Z-Dichloroethene 0.10 16 ND ND NA HA NA NA NA
TrichLoroftuoromethane 1.00 3400 NO ND NA HA NA NA NA

VOLATILE NON-PRIORITY POLLUTANTS:

Acetone 10.00 ND ND HA NA NA NA NA

MethyLethylketone 1.00 ND ND NA NA NA NA NA

Tetrahydrofuran 1.00 ND ND NA NA NA NA NA
m,p-Xykenes 0.10 620 1 1 HA NA NA NA NA
o-xyLene 0.10 620 0.2 0.2 NA NA NA NA NA

Styrene 0.50 ND ND NA NA NA NA NA



DOHSDg CONCENTRATION (mJcrograms/tJter)

COMPOUNDS Detection MCL ActJm_ Lever (Pumping time, in minutes)
Limit (mg/[) (ug/[) (ug/[) 30 30 DUP 60 90 120 150 180

1,Z-Oibromo-$-chkoropropane 10.00 NA HA NA NA HA HA HA

cJs-l,2-Dichloroethene 0.10 ND ND NA NA NA NA NA

Propy[benzene 1.00 NA NA NA NA NA NA NA

NON-VOLATILE PRIORITY POLLUTANTS:

1,2-Oichtorobenzene 0.50 130 ND ND NA NA NA NA NA

1,3-DJchlorobenzene 0.50 130 ND ND NA NA NA NA NA

1,4-Dich[orobenzene 0.50 0.5 ND ND NA NA NA NA NA
Trich[orobenzene 1.00 NA NA NA NA NA NA NA

Naphthalene 1.00 NA NA NA NA NA NA NA

NO: Non-Detectabte

NA: Not Anatyzed



B.3 CLUSTER WELL SPECIFIC CAPACITY TEST
SAMPLES



MC&8 - ET. TORO PERIMETER ZNVESTI_TION

GROUNDWATERQUALITY RESULTS FRON SPECIFIC CAPACITY TESTS

CONCENTRATIONS(ug/t)
DOHS DW DUP

CONP(XJIDS Detection MCL Action Level 6/16/88 6/16/88 6/16/88 6/16/88 6/16/88 6/16/88

Limit (u_l) I (u_i/l) (ug/l) 0 hfs 6 hrs 12 h_ 18 hrs 24 hrs 24 hrs
DU-135
Benzene 0.10 5 0.7 NA ND MA MA NA MA

1,1-Oichtoroethc_ (OCE) 0.10 7 6 NA NO NA gA NA NA
Tetrach[oroethn (PCE) 0.10 4 NA ND NA NA NA NA

1,1,1-Trich{oroethane (TCA) 0.10 200 200 NA ND NA NA NA NA
Trichtoroethene (TCE) 0.10 5 5 #A 3.9 #A NA NA
0g-250
Benzene 0.10 5 0.7 ND ND ND NO ND NO

1,1-OichLoroethene 0.10 7 6 ND NO NO ND lid ND
TetrachLoroethene (PCE) 0.10 4 NO ND ND NO NO ND

1,1,1-TrichLoroetha_ 0.10 200 200 ND NO 0.40 NO NO ND
Trichloroether_ (TCE) 0.10 5 5 NO NO NO ND _ mid
DW-350
Benzene 0.10 5 0.7 ND ND ND ND ND ND

1,1-DichLoroethene 0.10 7 6 NO NO NO NO NO ND
TetrachLoroethefle (PCE) 0.10 4 NO ND ND NO NO ND

1,1,1-TrichLoroethene 0.10 200 200 1 NO NO ND ND ND
[richtor_thene (TCE) 0.10 5 5 NO NO NO NO NO NO
_W-450

Benzene 0.10 5 0.7 NO NO MD NO NO NO

1,1-Oich{oroethene 0.10 7 6 ND NO WO NO NO NO
Fetrach{oroethene (PCE) 0.10 & NO NO 0.10 0.10 0.10 0.10

1,1,1-Tr(ch[oroetha_ 0.10 200 200 ND MD MO NO NO #0
rrichioroethene (TCE) 0.10 5 5 0.3 0.6 0.8 0.7 0.7 0.7

Notes:
ND: Nen-Oetectabte
* Concentrations revised clue to error in standard calibration



B.4 CLUSTER WELL SAMPLES



RELL DW-540 NCA8 - EL TORO PERZHETER ZNVESTZG&TZON

GIIOI.JlE)t_TERGUALITYRESULTSFROHSPECIFIC CAPACITYTESTS

DOtlSDY Concentrations (uO/t) D_
COIII_OUmS Detection NCL Action Level 6/16/88 6/16/88 6/16/88 6/16/88 6/16/88 6/16/88

Limit _uiVL ) (ug/l) (ug/i) Time 0 Time 6 Time 12 Time 18 Time 24 Time 24
VOLATILEPRIORITY POLLUTANTS:

_croLein 1.00 ND ND ND ND ND ND
Acryionitrite 1.00 ND ND ND ND ND ND
Benzene 0.10 5 0.7 ND ND ND ND ND ND
Bromoform 0.10 ND ND ND ND ND ND
Carbon TetrachLoride 0.10 5 5 ,0 ND ND NO ND ND
ChLorobenzene 0.10 NO ND ND ND ND ND
DibrcdK_hLoromethane 0.10 ND ND ND ND ND ND
ChLoroethane 1.00 ND ND ND ND ND ND
2-ChLoroethytvinyLether 1.00 ND ND ND NO ND ND
ChLoroform 0.10 ND ND ND ND ND ND
DichLorobromomethane 0.10 ND ND ND ND ND ND
1,1-DichLoroethane 0.10 20 ND ND NO ND NO ND
1,2-Dichioroethane 0.10 5 I ND ND ND NO NO HO
1,1-Dichioroethene 0.10 7 6 ND ND ND ND ND ND
1,1-Dichtoropropane 0.10 ND ND ND ND ND ND
Ethytbenzene 0.10 680 ND ND ND ND ND NO
Methyl Bromide 1.00 ND ND ND ND ND ND
Methyl ChLoride 1.00 ND ND ND ND ND ND
MethyLene ChLoride 5.00 40 ND ND ND ND ND ND
1,1,2,2-TetrachLoroethane 0.10 1 ND ND ND ND ND ND
Tetrachtoroethene (PCE) 0.10 4 ND 0.20 0.20 0.20 0.20 ND
Toluene 0.50 100 ND ND ND ND ND ND
1,1,1-Trichtoroethane 0.10 5 200 ND ND ND ND ND ND
1,1,2-TrichLoroethane 0.10 2 100 ND ND ND ND ND ND
Trichtoroethene (TCE) 0.10 5 ND ND ND ND ND ND
Vinyl Chloride 1.00 2 ND ND ND ND NO ND
trans-l,3-DichLoropropene 0.10 ND ND ND ND NO ND
:is-l,3-DichLoropropene 0.10 ND ND ND ND ND ND
trar_-l,2-DichLoroeth_ 0.10 16 ND ND ND ND ND ND
rrichLoroftuoromethane 1.00 3/,00 ND ND NO ND 2.10 ND

VOLATILENON-PRZC)RITYPOLLUTANTS:
_cetone 10.00 ND ND ND NO ND ND
qethyLethyLketone 1.00 ND ND ND ND ND ND
Tetrahydrofuran 1.00 ND ND ND ND ND ND
u,p-XyLer_s 0.10 620 ND ND ND ND ND MD
o-xyLene 0.10 620 ND ND ND ND ND ND
Styrene 0.50 ND ND ND ND ND NO



MELL DW-540 lqC&8 - EL TORO PERII_TER ZNVEBTZGATZON

GROI.MDUATERQUALITYRESULTSFROMSPECIFIC CAPACITYTESTS

C_-540 DOllS I)W Concentrations (ug/t) DUP
_S Detection NCL ActJenLevet 6/16/88 6/16/88 6/16/88 6/16/88 6/16/88 6/16/88

Limit (uff/i} (uff/t) Cuff/t) Time O Time6 Time 12 Time 18 Time24 Timm24
1,2-DJbromo-3-chtoropropane NA NA NA NA NA NA NA
cis-l,2-Dichtoroethene 0.10 ND ND ND ND ND NO
Propytbenzene MA NA NA NA NA MA NA

NOII-VOLAT[LEPR[OR[TY POLLUTAMT$:
1,2-DichLorobenzene 0.50 130 ND ND ND ND ND ND
1,3-DichLorobenzene 0.50 130 ND ND ND ND ND ND
1,4-DichLorobenzene 0.50 0.5 ND ND ND ND ND ND
Trichtorobenzene NA NA NA NA NA NA NA
NaphthaLene NA NA NA NA NA NA NA

ND: Non-DetectabLe
MA: Not AnaLyzed
* Concentrations revised clue to error in standard calibration



WELL DW-135 MCA8 - EL TORO PERIHETER INVESTIGATION
DOHS DW CONCENTRATION Lug/t)

COIIP_DS Detection NCL Action Level 7/15/88 7/15/88 9/22/88 9/22/88 1/20/89

Limit (U{l/t ) (q/L) (q/L) oup DUP
VOLATILE. PRIORITY POLLUTANTS:
Acrokein 10.00 ND ND ND ND ND

AcrytonitriLe 10.00 NO ND ND NO ND
Benzene 1.00 5 0.7 ND ND ND ND ND
Bromoform 1.00 NO NO NO NO NO
Carbon Tetrachtoride 1.00 5 5 56 82 33* 39* 45

ChLoroloenzene 1.00 ND ND NO NO MO
OibromochLoromethane 1.00 MD ND NO ND ND
Chkoroethane 10.00 NO ND NO ND MO

2-ChLoroethyLvinyiether 10.00 ND ND ND NO MD
ChLoroform 1.00 11 13 8.1' 6.4* 11
DichLorobromomethane 1.00 NO NO ND NO ND

1,1-OichLoroethane 1.00 20 NO NO ND NO NO
1,2-OichLoroethane 1.00 5 1 ND NO NO ND NO
1,1-OichLoroethene (DCE) 1.00 7 6 NO ND ND NO NO
1,1-OichLoropropane 1.00 NO NO NO ND NO

Ethyibenzene 1.00 680 ND ND ND NO ND
Methyl Bromide 10.00 ND ND ND MO ND
Methyl Chloride 10.00 ND NO ND MO ND

Methylene Chloride 50.00 40 NO NO ND NO ND
1,1,2,2-TetrachLoroethane 1.00 1 ND NO ND NO ND
TetrachLoroethene (PCE) 1.00 4 ND NO ND NO ND
Toluene 5.OO 100 NO NO ND NO NO

1,1,1-TrichLoroethane (TCA) 1.00 200 200 NO NO NO NO NO
1,1,2-TrichLoroethane 1.00 100 ND NO NO NO ND
TrichLoroethene (TCE) 1.00 5 5 5 6 3.1* 2.6* 3.4

Vinyl Chloride 10.00 2 2 ND ND ND NO NO
trans-l,3-Dichkoropropene 1.00 ND ND NO ND NO
cis-l,3-OichLoropropene 1.00 ND NO ND ND NO
trans-l,2-OJchLoroethene 1.00 16 NO NO NO NO NO
TrichLorofLuoromethene 10.00 3400 ND ND ND NO ND

VOLATILE MOll-PRIORITY POLLUTANTS:
Acetone 100.00 ND ND ND NO ND

MethyLethyLketone 10.00 ND ND NO NO NO
Tetrahydrofuran 10.00 ND ND NO HO NO
m,p-Xylenes 1.00 620 NO ND ND ND ND
o-xyLene 1.00 620 ND ND ND NO ND

Styrene 5.00 ND ND ND ND NO



DW-135 MOAS - EL TORO PERIMETER INVESTIGATION

DOHS DU CONCENTRATION (ug/L)
COI4POU_S Detection 14CL Action Level 7/15/88 7/15/86 9/22/88 9/22/88 1/20/89

Limit (ug/t) (u_l/t ) (U_ll t ) DUP DUP
1,2-Dibromo-3-chLoropropane )IA NA NA NA NA NA
cis-l,2-DichLoroethene 1.00 ND ND ND ND ND
PropyLbenzene NA NA NA NA NA NA

NON-VOLATILE PRIORITY POLLUTANTS:

1,2-Dich[orobenzene 5.00 130 ND ND ND ND ND

1,3-DichLorobenzone 5.00 130 ND HD ND ND ND
1,4-Dichtorobenzene 5.00 0.5 ND ND ND ND ND
Trichtorobenzene NA NA NA NA NA NA

ND: Non-DetectabLe

NA: Not AnaLyzed
*Concentrations revised 12/88 clue to Laboratory error in standard calibration



WELL DW-250 14CAS - EL TORO PERINETER INVESTIGATION

CONCENTRATION (q/L)
DOHS DU

CONP(XIMDS Detection HCL Action Level 7/15/88 ?/15/88 9121188 9/21/88 1/20/89

Limit Lug/L) (w/L) (q/L) DUP DUI)
VOLATILEPR[OR[TYPOLLUTANTS
AcroLein 1.00 ND ND ND ND MD
AcryLonitriLe 1.00 ND ND NO ND ND
Benzene 0.10 5 0.7 ND ND ND ND ND
Bromoform 0.10 ND ND NO ND ND

Carbon Tetrechtoride 0.10 5 5 8.o ND 8.Z* ND 3.1
Chtorol0enzene 0.10 NO ND ND ND ND
Dibromechioromethane 0.10 ND ND ND ND ND
Chioroethane 1.00 ND ND ND ND ND

2-Chtoroethyivinytether 1.00 ND ND ND ND ND
Chloroform 0.10 ND ND ND ND NO
DichLorobromomethene 0.10 ND ND ND ND ND

1,1-Dichioroethane 0.10 20 ND ND ND NO ND
1,2-Oichloroethane 0.10 5 1 ND ND ND NO ND

1,1-DichLoroethene 0.10 7 6 ND ND ND ND ND

1,1-Dichkor_r_ne 0.10 ND ND ND ND ND

EthyLbenzene 0.10 680 ND ND ND ND NO
Methyl Branide 1.00 ND ND NO NO NO
Methyl Chloride 1.00 ND ND NO NO ND
Methylene Chloride 5.00 40 NO NO ND NO ND
1,1,2,2-TetrachLoroethane 0.10 1 ND NO ND NO ND
TetrechLoroethene (PCE) 0.10 4 ND ND ND NO ND
Toluene 0.50 100 ND NO ND ND ND

1,1,1-TrichLoroethane 0.10 200 200 NO ND NO NO ND
1,1,2-Trichtoroethene 0.10 100 ND NO NO NO ND
TrichLoroethene (TCE) 0.10 5 5 ND ND ND ND ND

Vinyl Chloride 1.00 2 2 ND NO NO NO ND
trans-l,3-OichLoropropene 0.10 NO ND ND ND ND

cis-l,3-OichLoropropene 0.10 NO ND NO NO NO
trans-l,2-DichLoroethene 0.10 16 NO NO NO NO NO
TrichkorofLuoromethane 1.00 3400 ND NO NO ND ND

VOLATILE NON-PRIORITY POLLUTANTS:
Acetone 10.00 NC) NO MO ND 10.0

MethyLethylketone 1.00 ND ND NO ND ND
Tetrahydrofuran 1.00 ND ND ND ND ND
m,p-XyLenes 0.10 620 ND ND ND ND ND
o-xyLene 0.10 620 ND NO ND NO NO
Styrene 0.50 ND NO ND ND ND



WELL DW-250 MC&S - EL TORO PERINETER INVESTIGATION

DOHS DW CONCENTRATION (ug/L)
COll)(XJNOS Detection ICL Action Level 7/15/88 7/15/88 9/21/88 9/21/88 1/20189

Limit (ug/t) (q/L) (ug/L) DUI) DiN)
1,2-Dibromo-3-chLoropropane tlA NA NO NA NA NA
cis-l,2-OichLoroethene 0.10 ND ND ND NO NO

PropyLbenzene NA HA ND HA HA NA

NON-VOI.AT]LE PRIORITYPOLLUTANTS:
1,2-Dichtorobenzerye 0.50 130 ND ND ND ND ND
1,3-DichLorobenzene 0.50 130 ND ND ND ND ND
1,4-DJchLorobenzene 0.50 0.5 ND ND ND ND ND
TrichLorobenzene 1.00 NA ND HA NA NA

NephthaLene 1.00 NA HA NA NA

liD: Non-DetectabLe

NA: Not AnaLyzed
* Concentrations revised due to error in standard calil_q-ation



WELL DW-350 HCAB - EL TORO PERZHETER ZNVESTIGRTION

DOHS DW CONCENTRATIONS (ug/t)
COMPOU_S Detection #CL Action Levet DUP DUP

Limit (U_l/t) (U_l/t) (_/t) 7115/88 7115/88 9/21/88 9/21/88 1/20/89
VOLATILE PRIORITY POLLUTANTS

AcroLein 1.00 ND ND ND ND ND
Acrylonitrite 1.00 ND ND ND ND ND
Benzene 0.10 5 0.7 ND ND ND ND NO
Bromoform 0.10 ND ND ND ND ND
Carbon Tetrachtoride 0.10 5 5 ND ND ND ND ND
Chtorobenzene 0.10 ND ND ND ND ND
Dibromechtoromethane 0.10 ND ND NO NO NO
Chtoroethane 1.00 ND ND ND NO ND
2-ChtoroethytvinyLether 1.00 NO NO NO ND NO
ChLoroform 0.10 ND NO ND ND NO
Dichtorobromomethane 0.10 ND ND ND ND NO
1,1-Dichtoroethane 0.10 20 NO NO ND ND ND

1,2-Dichtoroethane 0.10 5 1 ND ND NO NO NO
1,1-Dichtoroethene 0.10 7 6 ND NO NO NO NO
1,1-Dichtoropropane 0.10 ND ND ND ND NO
Ethytbenzene 0.10 680 ND ND ND ND NO
Methyl Bromide 1.00 ND ND ND ND ND
Methyl Chloride 1.00 ND ND ND NO NO
Methylene Chloride 5.00 40 ND ND ND ND ND
1,1,2,2-TetrachLoroethane 0.10 1 NO NO ND NO NO
Tetrachtoroethene (PCE) 0.10 4 ND ND ND ND ND

ToLuene 0.50 100 ND NO ND ND ND
1,1,1-Trichtoroethane 0.10 200 200 ND NO ND ND ND
1,1,2-TrichLoroethane 0.10 100 NO NO NO NO NO
Trichioroethene (TCE) 0.10 5 5 NO NO NO ND NO

Vinyl ChLoride 1.00 2 2 NO NO ND ND NO
trans-l,3-Oichtoropropene 0.10 NO ND ND ND NO
cis-l,3-Oichtoropropene 0.10 ND ND NO ND ND
trans-l,2-OichLoroethene 0.10 16 ND NO ND ND NO
TrichtorofLuoromethane 1.00 3400 ND ND ND ND ND

VOLATILE NON-PRIORETY POLLUTANTS:
Acetone 10.00 NO ND ND ND NO

MethyLethytketone 1.00 ND NO ND ND NO
Tetrahydrofuran 1.00 ND ND ND ND ND
m,p-Xytenes 0.10 620 NO ND ND NO ND
o-xytene 0.10 620 ND ND ND ND ND
Styrene 0.50 ND ND ND ND NO



NELL DW-350 MCA8 - EL TORO PERIMETER INVESTIGATION

DOHS DU CONCENTRATIONS (ug/t)

_S Detection HCL Action Lever DUP

Limit (u,j/[) (ug/[) (ag/t) 7115/88 7115/88 9121188 9/21/88 1/20/89
1,2-Dibromo-3-ch[oropropane 10.00 ND ND ND ND MD
cis-l,2-Dich[oroethene 0.10 ND MD MD ND ND

Propy[benzene 1.00 ND ND MD ND ND

IK)N-VOLAT[LE PRZOR[TY POLLUTANTS:

1,2-DJch[orobenzene 0.50 130 ND ND ND ND ND
1,3-Dich[orobenzene 0.50 130 ND ND ND ND ND
1,&-Dich[orobenzene 0.50 0.5 ND ND ND ND MD
Trich[orobenzene 1.00 NA ND NA MA HA

Naphtha[_ 1.00 NA NA #A #A

ND: #on-Detectabte

#A: Not AnaLyzed



WELL DW-450 MOAB - EL TORO PERIMETER INVESTIGATION

DOHSDW CONCENTRATION lug/t)
Detection MCL Action Level DUP DUP

Limit (ug/t) (u_/J) (U_l/t ) 7114188 7114188 9121188 1120189 1120189
VOLATILE PRIORITY POLLUTANTS

AcroJein 1.00 ND ND ND ND MD

Acrylonitrile 1.00 ND ND ND NO NO

Benzene 0.10 5 0.7 ND ND ND ND ND
Bromoform 0.10 ND ND ND ND ND
Carbon Tetrachioride 0.10 5 5 NO ND ND ND ND

Chlor_nzene 0.10 ND NO NO ND ND

Dibr_hlorathane 0.10 ND ND ND ND ND

Chlor_thane 1.00 ND ND ND ND ND

2-ChloroethylvinyLether 1.00 ND ND ND ND ND
Chloroform 0.10 ND ND O.Zm ND ND

Dichlor_r_thar_ 0.10 ND ND ND ND ND

l,l-Dichlor_thane 0.10 20 NO ND ND ND ND

lt2-Dichlorc_thane 0.10 5 1 ND NO ND ND ND

1,1-Dichloroethene 0.10 7 6 ND NO ND ND ND

1,1-Dichlor;r_ne 0.10 ND NO NO ND ND

Ethytbenzene 0.10 680 ND NO ND NO NO
Methyl Bromide 1.00 NO ND ND NO NO
Methyl Chloride 1.00 NO NO NO ND NO
Methylene Chloride 5.00 40 NO NO ND NO NO
1,1,2,2-TetrachLoroethane 0.10 1 NO ND NO ND ND
Tetrachloroethene (PCE) 0.10 4 ND ND ND NO ND
Toluene 0.50 100 NO NO ND NO ND

1,1,1-Trichloroethane 0.10 5 200 ND ND ND ND ND
1,1,2-Trichloroethane 0.10 2 100 ND ND NO ND ND
TrichLoroethene (TCE) 0.10 5 0.1 ND 1.1 · 0.20 0.30

Vinyl Chloride 1.00 2 ND ND ND ND ND

trans-l,3-Dichior_r_ 0.10 ND ND ND ND ND

cis-l,3-Oichior_r_ 0.10 ND ND ND ND ND

trans-l,2-Dichlor_thene 0.10 16 ND ND ND ND ND
Trichlorofluoromethane 1.00 3400 ND NO ND ND ND

VOLATILE NON-PRIORITY POLLUTANTS:
Acetone 10.00 NO NO NO ND ND

Hethylethytketone 1.00 NO NO NO NO NO
Tetrahydrofuran 1.00 ND NO NO ND ND
m,p-Xylenes 0.10 620 NO ND NO ND ND
o-xylene 0.10 620 ND NO NO ND ND
Styrene 0.50 ND NO ND NO ND



WELL DW-450 MCAB - EL TORO PERIMETER INVESTIGATION

DW-450 DOHS DW CONCENTRATION (ug/t)
COI4P(X#_ Detection HCL Action Level DUP DUP

Limit (_I/L) (U_l/J) (Ul_/[) 7/14/88 ?/14/88 9/21/88 1120189 1/20189
1,2-Dibromo-3-chJoropropane 10,00 ND ND ND ND ND
cis-J,2-OichLoroethene 0.10 MD ND ND ND ND

PropyJbenzene 1.00 NA ND NA NA HA

NON-VOLATILE PRIORITY POLLUTANTS:

1,2-Dichtorobenzene 0.50 130 ND ND ND ND ND
1,3-DJchtorobenzene 0.50 130 ND ND ND ND ND
1,4-Dichtorobenzene 0.50 0.5 ND ND ND ND ND
TrichLorobenzene 1.00 NA ND NA NA NA

Na_thaL_ 1.00 NA NA NA NA

ND: Non-Detectable

NA: Not Analyzed
* Concentrations revised due to error in standard calibration



WELL DW-S40 MCAS - EL TORO PERIMETER INVESTIGATION

DOllS DW CONCENTRATION (ug/t)
COliPOUNDS Detection MCL Action Level DUP

Limit (ug/[) (u_il L) (ug/[) 7114188 7114188 9/21/88 1/21/89
VOLATILE PRIORITY POLLUTANTS:
AcroLein 1.00 ND ND ND ND

Acrytonitrite 1.00 ND ND ND ND
Benzene 0.10 5 0.7 NO ND NO ND
Bromoform 0.10 ND ND ND NO
Carbon Tetrachloride 0.10 5 5 ND ND ND ND
ChLorobenzene 0.10 ND ND ND ND

DibroenochLoromethane 0.10 ND ND ND ND
ChLoroethene 1.00 ND NO ND ND

2-ChLoroethykvinyLether 1.00 ND ND NO NO
ChLoroform 0.10 0.10 ND ND ND
DichLorobromomethane 0.10 ND NO ND NO

1,1-Oichioroethane 0.10 20 ND ND HD ND
1,2-OichLoroethane 0.10 5 1 ND NO NO ND
1,1-OichLoroethene 0.10 7 6 NO ND NO ND
1,1-DichLoropropane 0.10 NO NO NO NO
EthyLbenzene 0.10 680 NO NO ND NO

Methyl Bromide 1.00 NO NO NO NO
Methyl ChLoride 1.00 NO NO ND NO
MethyLene ChLoride 5.00 40 NO NO NO NO
101o2,2-Tetrachioroethane 0.10 1 ND ND NO ND
TetrachLoroethene (PCE) 0.10 4 ND NO ND NO
ToLuene 0.50 100 NO ND NO NO

1,1,1-TrichLoroethane 0.10 5 200 NO ND ND NO
1,1,2-TrichLoroethane 0.10 2 100 NO NO ND ND
TrichLoroethene (TCE) 0.10 5 0.40 NO 0.20* 0.40

Vinyl ChLoride 1.00 2 ND NO NO ND
trans-l,3-DichLoropropene 0.10 ND ND NO NO
cis-l,3-OichLoropropene 0.10 ND ND ND NO

trans-l,2-OichLoroethene 0.10 16 NO NO ND NO
Trich[orofLuoromethane 1.00 3400 NO NO NO NO

VOLATILE MOtI-PR[ORITY POLLUTANTS:
Acetone 10.00 ND NO ND ND

MethyLethy[ketone 1.00 ND ND ND ND
Tetrahydrofuran 1.00 NO NO ND ND
m,p-XyLenes 0.10 620 NO NO ND ND
o-xyLene 0.10 620 ND ND ND ND
Styrene 0.50 NO ND ND ND



WELL DW-540 MCAB - EL TORO PERIMETER INVEBTIQATION

DOHS Dg CONCENTIL_TZON (m/L)
C(311)CXJIIE)S Detection NCL Action Levei DUP

Limit (u_lt) (ug/t) (U_l/t) 7114188 ?/14/as 9/211as 1121189
1,2-Dibr_-3-chLoropropam_ NA NA NA NA NA
cis-l,2-Dichtoroethene 0.10 ND ND MD ND

Propy[benzene NA NA NA NA NA

#ON-VOLATILE PRiORiTY POLLUTANTS:

1,2-Oichiorobenzene 0.50 130 ND ND ND ND
1,3-DJchiorobenzene 0.50 130 ND ND ND ND
1,4-Dichtorobenzene 0.50 0.5 ND ND go HD
Trich[orobenzene JlA HA ND HA HA

Naphthatene NA NA HA gA

ND: Non-DetectabLe

JlA: Not AnaLyzed
* Concentrations revised due to error in standard calibration



B.5 PERIMETER WELL SAMPLES



WELL PS-1 MCAB - EL TORO PERIMETER INVESTIGATION

DOHSDW CONCENTRATION(ug/[)
COMPOUNDS Detection NCL Action Level

Limit (ug/t) (ug/t) (ug/t) 12/15/88 1122189
VOLATILE PRIORITY POLLUTANTS:
Acrotein 1.00 ND NO

Acrytonitrite 1.00 NO ND
Benzene 0.10 5 0.7 ND NO
Bromoform 0.10 NO ND
Carbon Tetrachtoride 0.10 5 5 0.3 0.4
Chtorobenzene 0.10 0.3 NO
Dibromochtoromethene 0.10 ND ND

Chtoroethane 1.00 ND ND

2-Chtoroethytvinytether 1.00 ND ND
Chtoroform 0.10 ND ND
Oichtorobromomethane 0.10 ND ND

1,1-Oichtoroethane 0.10 20 ND ND
1,2-Oichtoroethane 0.10 5 1 ND ND
1,1-Oichtoroethene (OCE) 0.10 7 6 ND ND
1,1-Oichtoropropane 0.10 ND NO
Ethytbenzene 0.10 660 ND NO
Methyl Bromide 1.00 ND ND

Methyt Chloride 1.00 ND ND
Methylene Chloride 5.00 40 ND NO
1,1,2,2-Tetrachtoroethane 0.10 1 ND ND
Tetrachtoroethene (PCE) 0.10 4 NO ND
Toluene 0.50 100 ND ND

1,1,1-Trichtoroethane (TCA) 0.10 200 200 ND ND
1,1,2-Trichtoroethane 0.10 100 ND NO
Trichtoroethene (TCE) 0.10 5 5 19 17

Vinyl Chloride 1.00 2 2 ND ND
trans-l,3-Oichtoropropene 0.10 ND ND

cis-l,3-Oichtoropropene 0.10 ND NO
trans-l,2-Oichtoroethene 0.10 16 ND NO
Trichtoroftuoromethane 1.00 3400 ND ND

VOLATILE NON-PRIORITY POLLUTANTS:
Acetone 10.00 ND ND

Methytethytketone 1.00 ND NO
Tetrahydrofuran 1.00 ND NO
m,p-Xytenes 0.10 620 ND ND
o-xytene 0.10 620 ND ND
Styrene 0.50 ND ND



WELL PS-1 MCAS - EL TORO PERIMETER INVESTIGATION

DOHSDU CO_CE#TRAT]O,S (ug/L )
_S Detection NCL Action Lever 12/15/88 1/22/89

Limit (u_l/I.) (ug/t) (ug/I.)
1,2-Dibro_ -3-ch Lor_r_r_ NA NA NA

cis-1,2-Dichtor_ther_ 0.10 ND 0.4

Pr_tl_ze_ NA NA NA

NON-VOLATILE PRIORITY POLLUTAIITS:

1,2-Dich [or_nz_ne 0.50 130 ND ND

1,3-Dichlor_nz_ 0.50 130 ND ND

1,4-Dichior_nz_ 0.50 O.5 ND ND
Trich Lor_nzer_ WA NA NA

NO: Non-DetectabLe

JlA: Not Anatyzed



NELL PS-2 MCAS - EL TORO PERIMETER INVESTIGATION

DOHS CONCENTRATION(ug/J)
COMPOUNDS Detection MCL Action Level

Limit (ug/L) (ug/t) (ug/l) 12/16/88 1/22/89
VOLATILE PREORITY POLLUTANTS:
Acrolein 1.00 ND ND

Acrylonitrile 1.00 ND ND
Benzene 0.10 5 0.7 ND ND
Bromoform 0.10 ND ND
Carbon Tetrachloride 0.10 5 5 ND ND

Chlor_nzene 0.10 ND ND

Dibromochloromethane 0.10 ND ND

Chloroethane 1.00 ND ND

2-Chloroethylvin¥lether 1.00 ND ND
Chloroform 0.10 ND 0.2

Dichlorobromomethane 0.10 ND 0.2

1,1-DJchLoroethane 0.10 20 NO ND

1,2-DJchloroethane 0.10 5 1 ND ND

1,1-Dichloroethene (DCE) 0.10 7 6 ND ND

1,1-DJchloropropane 0.10 NO ND
Ethylbenzene 0.10 680 NO ND

Methyl Bromide 1.00 ND ND
Methyl Chloride 1.00 NO NO
Methylene Chloride 5.00 40 ND ND
1,1,2,2-Tetrachloroethane 0.10 1 ND ND
Tetrachloroethene (PCE) 0.10 4 NO ND
Toluene 0.50 100 ND ND

1,1,1-Trichloroethane (TCA) 0.10 200 200 ND NO
1,1,2-Trichloroethane 0.10 100 NO NO
Trichloroethene (TCE) 0.10 5 5 ND NO

Vinyl Chloride 1.00 2 2 NO ND

trans-l,3-Oichloropropene 0.10 NO ND
cis-l,3-Oichloropropene 0.10 ND ND
trans-l,2-Dichloroethene 0.10 16 ND ND
Trichlorofluoromethane 1.00 3400 NO NO

VOLATILE NON-PRIORITY POLLUTANTS:
Acetone 10.00 ND ND

MethyLethylketone 1.00 ND ND
Tetrahydrofuran 1.00 ND ND
m,p-Xylenes 0.10 620 NO ND
o-xylene 0.10 620 NO NO
Styrene 0.50 NO ND



WELL PS-2 MCA8 - EL TORO PERIMETER INVESTIGATION
OOHS DM CONCENTRATIONS(q/i)

COI4P(XJNDS Detection 14CL Action Level 12/16/88 1/22/89

Limit (U_l/[) (ug/L) (u_/[)
1,2-Dibr_- 3-chtor_r_ne NA _ NA

cis-1,2-DichLor_th_ 0.10 ND ND

Pr_[IDenz_ NA HA NA

NON-_TILE PRIORITY POLLUTANTS--

1,2-DichLor_z_ 0.50 130 ND ND

1,3 -D i ch Lorobenzene 0.50 130 ND ND

1,4-0 i ch Lorobenzene 0.50 O.5 ND NO
Tr i ch Lorobenzene NA NA

Iii):Nm-DetectabLe

IIA: Not AnaLyzed



WELL PB-3 MCAS - EL TORO PERIMETER INVESTIGATION

DOHS CONCENTRATION(ug/[)
_DS Detection HCL Action Level

Limit (ug/t) (ug/t) (ug/t) 12113188 1123189
VOLATILE PRIORITY POLLUTANTS:
Acrotein 10.0 ND ND

AcrytonJtrJte 10.0 ND ND
Benzene 1.0 5 0.7 ND ND
Bromoform 1.0 ND ND
Carbon Tet rechlor Jde 1.0 5 5 ND ND

ChLorobenzeq_e 1.0 ND ND
OJbromochloromethane 1.0 ND ND
Chloroethene 10.0 ND ND

2-Chtoroethylvinylether 10.0 NO ND
Chtorofom 1.0 ND 12

Dichlorobr=thane 1.0 ND ND

1,1-Dichtor_thene 1.0 20 ND ND

1,2-Dichtoroethane 1.0 5 1 NO ND

1,1-Dichlorc_ther_ (OCE) 1.0 7 6 ND ND

1,1-Dichtoropropane 1.0 ND ND

EthyUoenzene 1.0 680 ND ND

Methyl Bromide 10.0 ND ND
Methyl Chloride 10.0 ND NO
Methylene Chloride 50.0 40 NO ND

1,1,202-Tetrachtoroethane 1.0 1 NO ND
Tetrachtoroethene (PCE) 1.0 4 24 81
Toluene 5.0 100 NO NO

1,1,1-Trichloroethene (TCA) 1.0 200 200 ND ND
1,1,2-Trichtoroethane 1.0 100 ND ND
Trichtoroethene (TCE) 1.0 5 5 33 64

Vinyl Chloride 10.0 2 2 NO NO
trans-l,3-Oichtoropropene 1.0 NO NO
cis-l,3-Oichtoropropene 1.0 NO NO
trans-l,2-Oichioroethene 1.0 16 NO NO
Trichloroftuoromethane 10.0 3400 ND NO

VOLATILE NON-PRIORITY POLLUTANTS:

Acetone 100.00 ND ND

MethyLethyLketone 10.00 ND ND
Tetrahydrofuran 10.00 ND ND
m,p-Xytenes 1.00 620 NO ND
o-xytene 1.00 620 ND ND
Styrene 5.00 ND ND



NELL PS-3 MC/%8 - EL TORO PERIMETER INVEBTIG/_TION

DOHS DW CONCENTRATION (ug/L)
CONP(X#_S Detection HCL Action Level 12/13/88 1/23/89

Limit Lug/l) Lug/L) Lug/l)
1,2-Dibromo-3-chLoropropane NA NA NA

cis-l,2-Dichtoroethene 1.0 ND 4.8
PropyLbenzene NA NA NA

NON-VOLATILE PRIORITY POLLUTANTS:

1,2-DichLorobenzene 5.0 130 ND ND
1,3-Dichiorobenzene 5.0 130 ND ND
1,4-Oichlorobenzene 5.0 0.5 ND ND
TrichLorobenzene NA ND NA

ND: Non-DetectabLe

NA: Not Analyzed



WELL PB-4 )[CAS - EL TORO PERIMETER INVESTIGATION

DOHS CONCENTRAT! ON

_S Detection MCL Action Level (ug/t)

Limit (u_l/t) (U_l/t ) (ug/i) 1123189
VOLATILE PRIORITY POLLUTANTS:
Acrotein 25.0 ND

Acrytonitrite 25.0 ND
Benzene 2.5 5 0.7 ND
Bronx)form 2.5 ND
Carbon Tetrachtoride 2.5 5 5 ND
Chtorobenzene 2.5 ND

Oibromochtoremethane 2.5 ND
Chtoroethane 25.0 ND

2-chtoroethytvinytether 25.0 NO
ChLoroform 2.5 3.1
Pichtorobromomethane 2.5 ND

1,1-Oichtoroethane 2.5 20 ND
1,2-Dichtoroethane 2.5 5 1 ND
1,1-Dichloroethene (DCE) 2.5 7 6 ND
1,1 -O i ch t oropropane 2.5 ND
Ethytbenzene 2.5 680 ND
Methyl Bromide 25.0 ND

Methyl ChLoride 25.0 NO
MethyLene ChLoride 125.0 40 ND

1,1,2,2-TetrachLoroethane 2.5 1 ND
Tetrachtoroethene (PCE) 2.5 & 48
ToLuene 12.5 100 NO

1,1,1-Trichtoroethane (TCA) 2.5 200 200 ND
1,1,2-Trichtoroethane 2.5 100 ND
Trichtoroethene (TOE) 2.5 5 5 78

Vinyl ChLoride 25.0 2 2 NO
trans-l,3-Oichtoropropene 2.5 ND
cis-l,3-Oichtoropropene 2.5 ND

trans-l,2-Oichtoroethene 2.5 16 NO
Trichtoroftuoromethane 25.0 3400 ND

VOLATILE NON-PRIORITY POLLUTANTS:
Acetone 250.0 NO

Methytethytketone 25.0 ND
Tetrahydrofuran 25.0 ND
m,p-XyLenes 2.5 620 ND
o-xytene 2.5 620 ND
Styrene 12.5 ND



WELL PS-4 MCAS - EL TORO PERIMETER INVESTIGATION

DOHSDW CONCENTRATION

COI_gOUNDS Detection NCL Action Level (ug/t)
Limit (w/t) (ug/t) (w/L) 1/?_3/89

1,2 -Di bronx)-3-ch Lor oprol_ne NA NA
cis-1,2-DichLoroethene Z.5 10
PropyLbenzene NA NA

NON-VOLATILEPRIORITY POLLUTANTS:
1,2-Dich Lorobenzene 12.5 130 NC)
1,3-D ich torobenzene 12.5 130 NC)
1,4-DichLorobenzene 1Z.5 0.5 ND
Tr i chtorobenzene NA NA

ND: Non-Detectable
NA: Not Anatyzed



WELL P8-5 MCAB - EL TORO PERIMETER INVESTIGATION

DOffS CONCENTRAT]ON(q/L)
_S Detection NCC Action Level DUP

Limit (u_l/t) (ug/L) (U_l/k) 1/23/89 1/23/89
VOLATILE PRIORITY POLLUTANTS:
AcroLein 1.00 ND ND

AcryLonitriLe 1.00 ND ND
Benzene 0.10 5 0.7 ND NO
Bronx)form 0.10 ND ND
Carbon TetrachLoride 0.10 5 5 NO ND
ChLorobenzene 0.10 NO ND

DibromochLoromethane 0.10 NO ND
ChLoroethane 1.00 ND ND

2-ChLoroethyLvinyLether 1.00 NO NO
ChLoroform 0.10 ND NO
DichLorobromomethane 0.10 ND ND

1,1-DichLoroethane 0.10 20 NO ND
1,2-DichLoroethane 0.10 5 1 NO NO
1,1-DichLoroethene (DCE) 0.10 7 6 ND ND
1,1-DichLoropropane 0.10 ND ND
EthyLbenzene 0.10 680 ND ND
Methyl Bromide 1.00 ND ND
Methyl ChLoride 1.00 ND NO
MethyLene ChLoride 5.00 40 NO NO

1,1,2,2-TetrachLoroethane 0.10 1 ND NO
TetrachLoroethene (PCE) 0.10 4 ND ND
ToLuene 0.50 100 ND ND

1,1,1-TrichLoroethane (TCA) 0.10 200 200 ND NO
1,1,2-TrichLoroethane 0.10 100 NO NO
Trichioroethene (TCE) 0.10 5 5 NO NO

Vinyl Chloride 1.00 2 2 ND NO
trans-l,3-DichLoropropene 0.10 NO NO
cis-l,3-DichLoropropene 0.10 ND NO

trans-l,Z-Oich[oroethene 0.10 16 NO ND
TrichLorofLuoromethane 1.00 3400 ND NO

VOLATILE NON-PRIORITY POLLUTANTS:
Acetone 10.00 HO NO

MethyLethyLketone 1.00 NO NO
Tetrahydrofuran 1.00 ND NO
m,p-XyLenes 0.10 620 ND NO
o-xyLene 0.10 620 NO NO
Styrene 0.50 NO NO



WELL P8-5 MC&B - EL TORO PERIHETER INVESTIGATION
DOHS DW CONCENTRATION (_j/t)

COMPOUNDS Detection NCL Acti_Levet

Limit (W/t) (ug/[) (uQ/t) 1/22/89 1/22/89
1,2-Dibromo-3-chLoropropane NA NA NA
cis-l,2-Dich[oroethene 0.10 ND ND
PropyLbenzene NA NA NA

NON-VOLATILE PRIORITY POLLUTANTS:

1,2-DichLorobenzene 0.50 130 ND ND
1,3-Dichtorobenzene 0.50 130 ND ND

1,4-Dichtorobenzene 0.50 0.5 ND ND
Trichtorobenzene NA NA NA

NO: Non-Detectable

NA: Not AnaLyzed



WELL PS-6 MCAS - EL TORO PERIMETER INVESTIGATION

DOllS CONCENTRATION(ug/l)
cOMPOUNDS Detection NCL Action Level

Limit (IJ_l/l) (ug/t) (uQ/l) 1122189
VOLATILE PRIORITY POLLUTANTS:
AcroLein 1.00 NO

AcryLonitriLe 1.00 ND
Benzene 0.10 5 0.7 ND
Bronx)form 0.10 ND
Carbon Tetrachloride O.10 5 5 1.3
Chlorobenzene 0.10 ND

Dibrc_hlor_thane 0.10 ND
ChLoroethane 1.00 ND

2-ChLoroethyLvinylether 1.00 ND
Chloroform 0.10 7.7
Dichlorobrommthene 0.10 1

1,1-DichLoroetha_ 0.10 20 ND

1,2-Dichlor_thane 0.10 5 1 ND

1,1-Dichloroethene (DCE) 0.10 7 6 ND

1,1-Dich Lor_r_ne O.10 ND
Ethy[benzene 0.10 680 ND

Methyl Bromide 1.00 ND

Methyl Chloride 1.00 NO

Methylene Chloride 5.00 40 ND

1,1,2,2-Tetrachtoroethane 0.10 1 ND
Tetrachloroethe_ (POE) 0.10 4 0.4
Toluene 0.50 100 ND

1,1,1-Trichloroethane (TCA) 0.10 200 200 ND
1,1,2-Trichloroethane 0.10 100 ND
Trichtoroethene (TOE) 0.10 5 5 11

Vinyl Chloride 1.00 2 2 NO

trans-l,3-Oichloropropene 0.10 ND
cis-l,3-Oichloropropene 0.10 NO
trans-l,2-Oichloroethene 0.10 16 NO
Trichlorofluoromethane 1.00 3400 ND

VOLATILE NON-PR%ORITY POLLUTANTS:
Acetone 100.00 ND

#ethy[ethyLketone 10.00 ND
Tetrahydrofuran 10.00 ND
m,p-XyLenes 1.00 620 ND
o-xyLene 1.00 620 ND
Styrene 5.00 ND



WELL PS-6 MCA8 - EL TORO PERIMETER INVESTIGATION

DOHSDt_

CO#POUNDS Detection #CL Action Level

Limit (U_l/t) (ug/J) (ug/l) 1/22/89
i,2-Dibr_-3-chLor_r_r_ NA NA
cis-l,2-DichLoroether_ 0.10 ND
Pr_il0enze_r_ NA NA

NON-VOLATILEPRIORITY FK)LLUTANTS:

1,2-Dichtor_ze_"_ 0.50 130 ND
1,3-Dichlorobenzene 0.50 130 ND
1,4-DichLorobenzene 0.50 0.5 ND
TrichLorobenzene HA NA

ND: Non-Detectable
NA: Not Analyzed



WELL P8-7 ](CAS - EL TORO PERIMETER INVESTIGATION

DOHS CONCENTRATION(ug/t)
CONPOUNDS Detection MOL Action Level

Lilit (q/L) (up/L) (up/L) 1123189
VOLATILE PRIORITY POLLUTANTS:
Acrotein 1.00 NO

AcryLonitriLe 1.00 ND
Benzene 0.10 5 0.7 NO

Br_for_ 0.10 ND

Carbon TetrachLoride 0.10 5 5 ND

ChLor_zt_ 0.10 ND

Dibr_htor_thsne 0,10 ND

ChLor_ther_ 1.00 ND

2-ChLor_thyLvinyLether 1,00 ND
ChLorofom 0.10 0.1

DichLorolor_thar_ 0.10 ND

1,1-OichLoroethene 0.10 20 NO
1,2-OichLoroethane 0.10 5 1 NO
1,1-OichLoroethene (OCE) 0.10 7 6 ND
1,1-DichLoropropane 0.10 ND
Ethytbenzene 0.10 680 NO
Methyl Bromide 1.00 ND
Methyl Chloride 1.00 NO
Methylene Chloride 5.00 40 ND

1,1,2,2-Tetrachtoroethane 0.10 1 ND
TetrachLoroethene (PCE) 0.10 4 NO
Toluene 0.50 100 NO

1,1,1-TrichLoroethane (TCA) 0.10 200 200 NO
1,1,2-Trichtoroethane 0.10 100 ND
TrichLoroethene (TCE) 0.10 5 5 NO

Vinyl Chloride 1.00 2 2 NO
trans-l,3-OichLoropropene 0.10 NO
cis-l,3-OichLoropropene 0.10 NO
trans-l,2-OichLoroethene 0.10 16 NO
Trichioroftuoromethane 1.00 3400 ND

VOLATILE lION-PRIORITY POLLUTANTS:
Acetone 100.00 ND

MethyLethyLketor_e 10.00 NO

Tetrahydrofuran 10.00 ND

m,p-XyLenes 1.00 620 ND
o-xyLene 1.00 620 ND

Styrene 5.00 ND



WELL PS-7 HCAS - EL TORO PERIMETER INVEBTIGATION
DOHS0g

COII)CXJNOS Detection HCL Action Level CONCENTRATIONLug/l)

Limit Lug/L) (US/L) (us/L) 1122189
1,2-Dibr_-3-chtor_r_ NA NA

cis-l,2-DichLoroeth(_ 0.10 ND

Pr_Ll_z(_ NA NA

NON-_TILE PRIORITY POLLUTANTS:

1,2-DichLorobenzene 0.50 130 ND
1,3-Dichtorobenzene 0.50 130 ND
1,4-Dich[orobenzene 0.50 0.5 ND
TrichLorobenzene NA HA

liD: Non-DetectabLe

IM: Not AnaLyzed



WELL PS-8 MCAS - EL TORO PERIMETER INVESTIGATION

DOHS CONCENTRATION(ug/t)
COIU)OUta)S Detection NCL Action Level

Limit (ug/L) (ug/L) (ug/L) 112.3189
VOLATILE.PRIORITY POLLUTANTS:

AcroLein 10.0 ND

Acryionitrite 10.0 ND
Benzene 1.0 5 0.7 ND
Bromoform 1.0 NO
CarbonTetrachtoride 1.0 5 5 2
Chtorobenzene 1.0 ND

Dibroe_chLoromethane 1.0 ND
Chior_thane 10.0 NO

2-Chioroethyivinytether 10.0 NO

Chloroform 1.0 4
Dichtorobromomethane 1.0 HO

1,1-Dichtoroethane 1.0 20 HO
1,2-Dichtoroethane 1.0 5 1 ND
1,1-Oichloroethene (DCE) 1.0 7 6 ND
1,1-Dichtoropropane 1.0 ND
Ethytbenzene 1.0 680 ND
#ethyl Bromide 10.0 ND
Methyl Chloride 10.0 ND

MethyLene Chtoride 50.0 40 ND

1,1,2,2-Tetrachioroethane 1.0 1 ND
Tetrachtoroethene (PCE) 1.0 4 ND

ToLuene 5.0 100 ND

1,1,1-Trichtoroethane (TCA) 1.0 200 200 ND

1,1,2-Trichtoroethene 1.0 100 ND
Trichtoroethene (TCE) 1.0 5 5 90

Vinyl Chloride 10.0 2 2 ND

trens-l,3-DichLoropropene 1.0 NO

cis-l,3-Oichloropropene 1.0 NO

trens-l,2-Dichtoroethene 1.0 16 NO
TrichLorofiuoromethene 10.0 3400 ND

VOLATILE NON-PI_I(3RITYPOLLUTAIMTS:

Acetone 100.00 ND

NethyLethytketone 10.00 ND

Tetrah_rofuren 10.00 ND

m,p-Xytenes 1.00 620 ND
o-xytene 1.00 620 NO
Styrene 5.00 NO



WELL PS-8 )[CAS - EL TORO PERIMETER INVESTIGATION

DOITS DU

_S Detection #CL Action Level 1/22/89

. Limit (q/L) (q/L) (q/L)
1,2-D ibromo-3- ch koropropane NA NA
cis- 1,2-Dichioroethene 1.0 ND

Propy[ benzene NA NA

NON-VOLATILE PRIORITY POLLUTANTS:

1,2-Dich[orobenzene 5.0 130 ND
1,3-Dichtorobenzene 5.0 130 ND
1,4-Dich [orobenzene 5.0 0.5 ND
Trich[orobenzene NA NA

ND: Non-DetectabLe

NA: Not AnaLyzed



APPENDZX C

LABORATORY RESULTS OF

SOIL SAMPLES



UNIFIED SOIL CLASSIFICATION

GPA VEL SAND

U.S. _ SIZE IN INCHES U.S. STANDARDSIEVENo. HYDROMETER

3 3/4 3/8 4 10 20 40 60 140 ZOO

o80 ' 20

m r_

r.ll _

m 60 40
_ r.l.l

m _

40 60

[.z.l [.r..1

gO

so

0 I 100
,,,,,_ , , , l, Al , i _ i,,, ' ' t '''' ' ' [''$' '_, ' ' I''''_ ' '

l0 s t02 10 1 10 ''l 10 -_ !0 -3

GRAIN SIZE IN MII.T.TMETER

DEPTH
SYMBOL BORING (ft) _I$ _% DESCRIPTION

0 SB-6/12 Cloyey Sand (CL/SC)

[] SB-1/12 Silty Sand (SM)

a SB-2/11 Silty ._3nd (SM)

<_ SB-3/9 Inorg. Silt and Cloys (ML/CL)

GRAIN SIZE DISTRIBUTION

J.M. MONTGOMERY Project No.

Laboratory Tests 88-31-139-01

Converse Consultants Pasadena Figure No.B-1



UNIFIED SOIL CLASSIFICATION

GPA VEL SAND

COBBLES c_ I nN£ _SE I ME_UM I n._ SILT OR CLAY

U.S. SIEVg SIZE IN INCHES U.S. STANDARDSIEVE No. HYDROMETER

3 3/4 3/6 4 10 9-0 40 80 140 200

100 _k___ 080 _,_ 20 E-

E_ _

m 60 \ 4,0_

_ z
m _

40 60

[...1 r.r.j

30 80

0 100
10''I..... 1'6" ' .... 10..... {........ l'&' ..... 10''_-' ...... 10-3

GRAIN SIZE IN MILLIMETER

SYMBOL BORING D_tP_H _ _ DESCRIPTION

O SB-2/11 Silty Sand (SM)

[] SB-6/12 SILTY SAND (SM)

A SB-3/g SILT (ML)

GRAIN SIZE DISTRIBUTION

JAMES Y. MONTGOMERY Project No.
Laboratory Tests 88-31-139-01

Converse Consultants Pasadena Figure No. B-2



POROSITYTEST RESULTS
87-31-107-01
J.M. Montgomery

MOISTURE DRY DENSITY, SPECIFIC
SAMPLE CONTENT,% pcf GRAVITY POROSITY

DP-1 13.9 115 2.62 0.30

DP-2 15.7 117 2.62 0.28

DP-3 16.9 110 2.62 0.33

SP-4 16.7 111 2.63 0.32

PS-5 14.7 114 2.62 0.30

PS-6 16.3 116 2.63 0.30

PS-7 11.8 123 2.63 0.25

PS-8 26.0 105 2.63 0.36



UNIFIED SOIL CLASSIFICATION

CRA YE/, SA.VD

COBBI, ff$ ca_sz I _' ==_ umuu [ r_z SILT OR CLAY

u.s.am_ sm m m_um u.s.m'Jumam_mm _. mmao.mmm,

a 0/4 3/8 4 10 20 40 eo t40_oo

80 20 _ .,

g

_ 4o 8o_
ffi m
M ral

20 _) 80

0 100

' 1'0' '(_10'i .... i ........... 10 1'...... 10'L......... 1 i' lO-a

GRAIN SIZE IN }flLLII/L"TER

SYMBOL BORING D_It __ _ DICSC_ON

0 OP- I 95-95.5

r'l OP-2 ,9-1_.5

GRAIN SIZE DISTRIBUTION

JAMES' M IloITrGOMERY/MCAS EL TORO Project No.
i 228-0320 88-31-107-01

W" '

Converse Consultants Pasadena Drawing No. 1
I



UNIFIED SOIL CLASSIFICATION

COBBLES ¢RAVffL $_D SILT OR CI.tY
co_ I _ cos_ I _o_ I

U.4. JIIIWI tomb IN _ U.IL STANDiRD _ No.

0 s/4 s/8 4 10 eo 40 eo 14o_oo
LO0 ;;- -- 0

eo [_, eo _: .:

60 _ 40

40 , 8o
_ rj

_ ral

)

20 _ 80

100

lO'i ..... '............. ' ...... '....... '......10' 10 I lfi L 10'a l fi I
GRAIN SIZE IN Ylt.I.mETER

_dBOL BORING _ tl_ s__ DESCRIPTION

C) OP-3 93.5.--94

0 SP-4 L_-_.5

GRAIN SIZE DISTRIBUTION

JAMES M. MONTGOMERY/MCAS EL TORO Project No.
, 228-0320 88-31-107-01

Converse Consultants Pasadena Drawing No. 2



ill

UNIFIED SOIL CLASSIFICATION
CRAFEL SAND

COBBI,_$ a_ [ _ _! _ ] _ $1L? OR ClAY
UJL 31BVB m_a IN !JOfil8 U.S. 3rAN1bARDmL'VllNo.

s o/4 s/8 4 to 90 40 eo 140 200

1.00 · __ 0

\\80 20

m 80 40

_ 4O 80

la-' i _

20 _ . 80

0 I 100
10"i ..... 10'.............· 10 1"...... 10A'''_..... l__P_'l.... lff'a

GRAIN SIZE IN RIELIMETER

_&
0 PS--7 9525 -95.75

I'1 1_3--8 Jig-Jig.5

GRAIN SIZE DISTRIBUTION

JAI/ES M. MONTGOMERY/MC/iS EL TORO Project No.
22,8-0320 88-31-107-0 l

Converse Consultants Pasadena Drawing No. 4
I III



. i i

UNIFIED SOIL CLASSIFICATION

GRA VEL SAND

COBBLES _ [ n_ m,_[ _uu [ nNE SILT OR CLAY
U.S. _ .mm IN I_DLI U2L STANDARD _ No.

s s/4 3/s 4 to 2o 4o 8o t4o 200

loo oso _ _o

i 60 40 0

40 ( 60

20 80

'5
0 100

10 a 10 I 10'I ..... 1'_/l' ' ' 10'31_'i_ ..... ,............ i...... ,-
GRAIN SIZE IN H]I.LrUETER

0 PS--5 115.5-116

I'-! ;_--6 145-145..%

/ GRAIN SIZE DISTRIBUTION

JAMES M. MONTGOMERY/i/CAS EL TORO Project No.
226-0320 86-31-107-01

Converse Consultants Pasadena Drawing No. 3



Page No. 1
11/19/36

Global Geochemistry Corooration
Work Order 4249

i_,_-,r_tq,:mlery _a_)s

Gregc, ry Rel let

SAMPLE GGC ID TOC TOC TOC

(weight %) duolicate triolica_:e

PS1-35.1-SC 4249-1 0.05 0.06 0.04

PS2-60.85-CL/ML 4249-2 0.06 0.06 0.05

PS2-103.5-SM 4249-3 0.02 0.03 0.02

PS3-94-SP/BM 4249-4 0.02 0.03 0.02

PS4-12.25-CL 4249-5 0.29 0.29 0.28

PS4-89.5-SM/SW 4249-6 0.04 0.04 0.02

PSS-116.5-CL/CH 4249-7 0. 18 0.19 0.13

PS8-130.5-CL 4249-8 0.33 0.33 0.31



A??ENDIX D

LABORATORY RESULTS FROM
OCWD INVESTIGATION



Page I of 4
NaterSaepleAnalysesShoNingThoseVOCsFoundAboveReportableLiaits

Electrical cis- Carbon Chloro- Dichloro-
Nell Date Conductivity 1CE PCE t-l,2 DCE Chloroforn 1,2-DCE l,l,l TCATetrachloride benzene brononethane
No. Sanpled (unhos/cn) (ug/I) (ug/l) (ug/l) (ug/l) (ug/)) (ug/l) (ug/l) (ug/l) (ug/l)

.................... i ....... i ............. ! ........................................................................................................

TIC35 7-22-85 1294 11.4 IR NO ND HI ND ND ND NO
6-18-66 1725 15.9 ND ND ND NT ND ND ND ND
9-16-86 1385 27.8 NO TR ND NT ND ND ND ND
5-15-87 1392 31.8 ND 0.6 ND NT ND ND HO ND
5-27-88 1511 31.3 ND 0.5 HD NT 0.8 ND HD ND

11C47 6-17-85 NT lO.l TR ND ND HT ND ND HD ND
6-24-85 NT 9.8 ND ND ND NT ND ND HO ND
9-17-85 146l 8.4 ND HO ND 61 ND ND ND ND
9-30-85 1499 7.9 ND ND ND NT ND ND HO NO

10-01-85 1499 8.7 ND ND ND 61 ND ND ND NO
10-24-85 160l 9.0 ND HO ND HI HD ND ND ND
6-18-86 1468 9.5 ND ND ND NT ND ND ND ND
9-16-86 1463 6.7 ND ND ND NT ND HO NO ND
4-13-67 1667 3.8 ND ND NO N! ND NO N0 NO
5-10-88 1376 6.6 ND ND N0 NT ND NO NO HO
8-31-88 1355 5.6 ND ND ND NT ND ND ND HO
9-09-88 1365 7.6 ND ND ND NT ND ND ND 60

TlC 55 7-22-85 ]004 IR TR ND ND HT NO HO ND ND
9-17-85 999 1R HO ND ND lIT ND HO 60 60

10-24-85 1028 IR HO ND ND 61 ND ND ND NO
4-13-87 1002 0.7 ND HO ND N! ND NO HO HO
5-28-87 1020 0.9 ND ND ND H[ ND HO ND ND
8-08-88 1114 IR NO NO ND NI NO HO NO NO

Notes: unhos/cB: Bicromhos/centineter;ug/l : eicrograas/liter
TR: constituent detectedbeloNreportable liBit
ND: Not Detected; NI: Not Tested



Page 2 of 4
Hater SampleAnalysesShowingThoseVOCsFoundAboveReportableLimits

Electrical cms- Carbon Chloro- Dichloro-
Hell Date Conductivity TCE PCE t-l,20CE Chloroform 1,2-DCE 1,1,1 1CA Tetrachloride benzene brotouethane
No. Sampled (umhoslcs} (ug/l} (ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l)

TZC56 7-22-85 2019 ND ND NO ND NT ND ND NO ND

1lC68 5-06-88 612 0.6 ND ND HO NT ND ND 1R ND
2-07-89 [262 TR NO ND NO Hr ND NO NO NO

(at 80 ft)

T[C74 1t-20-86 1170 ND ND ND ND NT ND ND TR ND
12-14-87 1691 TR NO ND HO NT ND ND ND HO
3-29-88 1197 0.6 NO #0 ND NT ND NO ND ND
1-31-89 1176 IR NO NO ND NT ND NO ND NO

(at 280fL)

1]C 78 7-08-85 HI ND ND HO ND NT ND ND ND HO
3-04-87 831 NO ND ND ND NT ND NO NO NO
8-07-87 810 ND NO ND ND NT ND ND HO ND
7-26-88 775 ND ND ND ND NT ND ND ND ND

11-03-88 768 ND ND ND RD NT ND ND ND ND

T[C8Z 2-14-89 1230 9.1 TR NO ND NT NO NO NO NO
(at 210fL)

11C106 7-09-86 668 ND ND ND HD Hl ND ND ND HD
12-30-86 4076 ND HO ND ND HT ND HO NO ND
6-20-88 556 NO NO NO ND NT 0.9 NO NO NO

TIC107 7-22-86 1135 ND ND ND NO NT ND ND NO HO
5-10-88 1087 ND NO ND ND NT ND HO ND ND

Notes: umhos/c,: iicroshos/centiseter; ug/l : micrograms/liter
IR : constituent detectedhelD. reportable limit
NO: Not Detected; HT: Not Tested



Page 3 of 4
Hater SampleAnalysesShoNingThoseVOCsFoundAboveReportableLimits

Electrical cms- Carbon Chloro*Dichloro-

Hell Date Conductivity ICE PCE t-l,2 DCE Chloroform 1,2-DCE 1,1,1 ICA Tetrachloride benzene bromomethane
No. Sampled (uihos/cl) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/]) (ug/l) (ug/l)

...................................................................................................................................................

TIC 108 7-22-86 982 NO NO ND NO NI ND ND ND NO
4-13-87 1070 ND ND ND ND UT ND ND ND ND
6-20-88 1076 ND ND HO HO NT TR HD ND HO

11C110 7-08-85 NT ND ND HD ND NT ND ND ND ND
9-16-86 1640 NO ND ND HO NY KO NO HO NO
8-07-87 1245 HO ND HD NO UT ND HO NO NO
8-3t-88 232_ NO HO HO ND NT HO ND HD HD

11-04-88 HI ND NO fro NO NT NO NO ND HD

TlC 111 7-22-85 J187 ND NO NO HD NT NO NO HO ND
9-16-86 1286 NO ND ND HO NT ND ND HO NO
8-07-87 1902 NO HO ND NO UT ND NO ND HD
7-26-88 1244 ND NO ND NO NT NO ND ND NO

TICIl3 8-11-86 1192 NO ND NO NO NT NO ND HO NO
4-13-87 1028 NO ND NO NO HT NO ND HO NO
5-20-87 1113 NO NO NO ND NT ND ND HO ND

TiC 117 2-07-86 1027 ND NO NO NO HT ND HD NO ND
10-13-87 1997 HO ND NO NO NT ND HO ND NO

TiC 127 3-07-89 1268 NO NO ND ND N! NO HO NO HO
(Pumping)
3-07-89 1234 NO NO HO ND HI NO NO NO HO

(Bailed)

Hotes: umhos/cm:micromhos/centimeter;ug/l: micrograms/liter
IR: coostituent detectedhelD#reportable limit
NO: Not Detected; HI : Not Tested



Page4 of 4
Hater SampleAnalysesShouingThoseVOCsFoundAboveReportableLimits

[lectrical cis- Carbon Chloro- Dichioro-
Nell Oate Conductivity TCE PCE t-l,2 DCE Chloroform 1,2-DCE 1,1,1TCA Tetrachloride benzene bromomethane
Ho. Sampled (umhos/cm) (ug/l) (ug/l) (ug/l) (ug/[) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l)

...................................................................................................................................................

North Lake 7-08-85 N! ND ND ND ND NT HO ND ND ND
(_oodbridge) 9-16-86 1662 ND NO HO HO N[ NO NO NO NO

10-08-87 1581 HO ND ND ND NT ND ND NO NO
11-02-88 1020 0.9 ND ND HO NT ND ND ND NO

P$-I 12-15-88 NT 19 HO NO NO ND HD 0.3 0.3 #D
1-22-89 NT 17 HO NO NO 9.4 NO 0.4 KD NO

PS-2 12-16-B8 HT ND HO ND ND HO HO NO HO NO
1-22-89 NT HO HO HO 0.2 NO NO HO HO 0.2

PS-3 12-13-88 NT 33 24 NO NO HO HO HO NO HO
1-23-89 NT 64 81 HO 12 4.8 ND HO ND HO

PS-4 1-22-89 NT 78 48 NO 3.1 lO ND NO ND NO

PS-5 1-23-89 NT NO ND NO NO NO HO HO HO NO

PS-6 1-23-89 HT il 0.4 NO 7.7 NO NO 1.3 HO ND

P$-7 1-23-89 NT ND ND ND O.l HO ND NO ND ND

PS-8 1-23-89 NT 90 HO HO 4.0 ND HO 2.0 NO HO

HoLes: umhos/cm:aicromhos/centimeter;ug/l : micrograms/liter
TR: constituent detectedbelomreportable limit
ND: Not Oetected; N[: Hot Tested



Page I of 6
Depth*SpecificHaterSampleAnalysesShouingThoseVOCsFoundAboveReportableLimits

Sampling Electrical Carbon Chloro- Ethyl-
Depth Conductivity ICE PCE Chloroform t-I,2DCE 1,1,1 1CA Tetrachloride I_cetone Benzene benzene benzene Toluene
(ft) (umhos/cs) (ug/I) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/i) (ug/l) (ug/]) (u9/l)

................................... .... ..........................................................................................................................

50 NT 15.3 lid ND 1.7 ND ND #T ND ND ND ND
200 NT 14.7 ND HD 1.5 ND NO NT ND ND ND ND
265 NT 5.5 ND lid TR HD ND HT HD RD ND ND
278 NT 9.2 * ND HD 0.9 RD RD NT ND ND HD ND
325 NT 5.6 ND ND TR ND ND NT ND RD HO ND
325 NT 5.6 ND HO tl_ RD HD fit NO HO ND NO
350 NT 3.7 ND ND ND HI) ND NT ND ND HD NO
370 NT 6.3 ND ND ND HD HI) HT HD ND HD NO
400 NT 6.0 HI) NO HD ND RD NT ,D HO HO HO

400 NT 2.5 HO HD ND HO HO N[ HO NO HO NO
485 NT 0.5 NO ND NO NO RD NT ND ND NO ND
550 NT TR ND ND HO ND HD NT HO RD ND ND
650 NT ND HD NO HO ND ND HI HO ND ND RD
750 NT NO ND Hi) HO HD RD HT RD HD NO ND

lO00 NT ND HO RD HO ND HO HT #0 NO HO RD
1400 HT HD HO RD HO HO HD HT RD HD RD RD

47 G 1870 10.0 HO RD HD HD NO NT RD HD IlO HO
48 G 1870 12.4 ND NO NO lid HO NT NO ND NO NO
50G 1870 6.4 ND HD HO NO NO Ht NO HO ND NO
265 1690 26.4 HD HD IR NO RD NT NO HD ND HD
276 1670 31.9 ND HD TR RD HD HI RD HO HD RD
325 1770 46.1 NO HD 0.7 RD HD HT ND HO RD RD
350 1770 45.6 HO HD 0.7 RD HD NT RD HO HD· HD
370 1920 34.1 RD NO O.7 HO KO Hr NO NO NO ND

400-1 1920 17.2 RD RD TR HD HO HI HD IlO RD RD
400-II 1940 31.6 ND HO 0.7 HD RD HT RD ND HO RD
485 2400 HO ND ND HD HI) HO HI HD RD RD RD
550 2280 RD HO HD HO HO HO RT HD RD RD ND

fromHCASHells NereobtainedthroughHPsamplingport.
nicrolhos/centJaeter; ug/l : micrograms/liter

constituent detectedbeloNreportable limit; RD= Not Detected; NT: Hot Tested
sample obtained from bailer



Page2 of 6
Depth-Specific NamerSampleAnalyses ShouingThose VOCsFoundAboveReportable Limits

Sampling Electrical Carbon Chloro- Ethyl-
Nell Date Depth Conductivity ICE PCE Chloroform t-l,2 DCE 1,1,1TCA Tetrachloride Acetone Benzene benzene benzene Toluene
No. Sampled (ft} (unhos/cn) (un/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l)

TlC 68 2-7-89 80 1262 TR NO ND ND ND ND NT ND ND ND ND
Pumping 120 1272 ND ND ND ND ND HD NT ND ND ND ND

(Nelenco) 170 1262 IR ND ND ND 0.5 ND NT ND ND ND ND
220 1262 ND ND ND ND ND ND NT ND ND ND ND
270 1272 ND ND ND ND ND ND NI ND ND ND HO
380 1272 ND ND ND ND ND ND NT ND ND ND ND

TlC 74 1-31-89 220 1354 TR ND ND ND ND ND NT ND ND ND ND
Pumping 255 1186 1R ND ND ND ND ND NT ND ND ND ND

(Nelenco) 280 1176 TR ND ND ND ND ND NV ND ND NO ND

I!C 83 2-14-89 160 1235 8.5 TR ND HD ND ND NT ND ND NT ND
Pumping 210 1230 9.1 TR ND ND ND ND NT ND ND NT ND

(Nelenco) 300 1226 7.4 ND ND ND ND ND NT ND ND NT ND
360 1226 8.1 ND ND ND ND ND NT ND ND NT ND

HCAS-I
After 1+89 65 2191 ND ND 2.0 ND 1R* ND NT ND ND ND TR*
Purging 155 2905 ND ND ND ND TR* ND NT ND ND ND TR*

215 1871 1.8 ND ND ND TR4 ND NT ND ND ND 1R*
275 17i3 4.8 ND TR ND TR* ND NT ND ND ND TN*
335 NT 34.6 ND 1R IR ND ND NT ND ND ND ND
455 1477 45.] ND TR 1.4 NO ND NT ND NO ND ND
545 2550 TR ND 0.7 ND ND ND NT ND TR ND ND

2+89 65 2329 ND ND 2.0 ND ND ND NT ND NO ND ND
155 3050 ND ND ND ND ND ND NT ND ND ND ND
215 1973 1.5 ND HO ND ND ND NT ND ND ND ND

2-7-89 275 1176 5.2 HD IR ND ND ND NT #D ND ND ND
335 NT 39.1 ND 0.5 TR ND ND HI ND ND ND ND

2-6-89 455 1189 51.9 ND 1R 1.8 ND HO NT ND ND ND ND
545 2534 ND ND 0.5 ND ND HD NT HO TR ND ND

Notes : Samplesfrom NCASwells Mereobtained through NPsampling port.
uaho$/ca: nicronhos/centineter; ug/l: micrograms/liter
TR: constituent detectedbeloNreportable limit; ND: Not Deter NT: Not Tested

Dueto lab contamination
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Depth-SpecificMaterSampleAnalysesShowingThoseVOCsFoundAboveReportableLimits.

Sampling Electrical Carbon Chloro- Ethyl-
Depth Conductivity TCE PCE Chloroform t-l,2 I)CE l,l,l ICA Tetrachioride Acetone Benzene benzene benzene Toluene
(ft) (uehoslce) lug11) log/l) (ugli) logit) (ugll) (ugll) (ugll) (ugll) lug11) (uglt) (ugll)

45 2777 ND ND ND ND ND ND NT ND ND ND ND
135 4009 NO ND ND ND ND ND lit lid ND lid fid
205 2748 ND lid D.7 lid ND ND HT ND ND ND ND
375 2787 ND ND 0.7 ND ND ND HT ND HD ND ND
425 2831 ND ltd O.7 ND ND lid HT lid ND lid lid
495 2982 ND ND 0.6 lid ND ND NT HD ND ND HD
555 3667 lid lid lid NE) ND NE) MT ND Tit NO ND
625 3618 ND lid ND ND NO ND NT TR T8 ND HD

45 2752 lid ND ND ND ND ND NT ND HD HD NO
L35 3939 lid ND ND ND KD lid NT HD HD HO NO
205 1699 1.4 ND ND ND ND lid HT ND ND lid lid
375 1280 34.6 ND TR ND ND HD NT HD HD HI) ND
425 J172 38.9 ND lid 0.6 HD ND NT HI) ND HD ND
495 2457 ND ND ND ND lid HD NT HD ND ND NO
S55 3033 ND lid lid lid ND lid ltl TR HD ND D.S
625 2609 ND ND lid lid HD ND Hr 0.6 TR ND 0.9

45 2900 ND ND ND ND ND lid lit ND ND ND ND
135 3943 ND NO ND ND ND lid lit ND ND HO ND
205 18ID 1.8 TR ND ND HO lid lit ND ND ND ND
375 1376 28.5 NO TH HO HO NO HI' HO ND NO lid
425 1256 37.0 ND ND O.S HO ND NT HO ND ND ND
495 2807 lid HD HO HO HO NO NT HO HO ND HO
555 5371 ND ND ND ND ND HO Nl HO NO HO NO
625 2918 HO HO HO HO HO ND HT IR 0.6 0.9 0.6

fromHCASNe!Is wereobtainedthroughHPsamplingport.
aicroBhos/centiaeter; ug/l : micrograBs/liter

constituent detectedbeloNreportable limit; ND: Not Detected; NT: Not Tested
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Depth-SpecificNaterSampleAnalysesShowingThoseVOCsFoundAboveReportableLimits

Sampling Electrical Carbon Chloro- Ethyl-
Nell Date Oepth Conductivity TCE PCE Chloroform t-i,2 DeE l,l,l TCATetrachloride Acetone Benzene benzene benzene Toluene
No. Sampled (ft) (umhos/ce) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l)

HCAS-3
Before 11-21-88 90 2599 ND ND 1.9 ND ND ND NT HO ND ND NO
Purging 165 1743 ND NO 0.6 ND TR NO NT NO ND NO NO

225 1221 NO ND ND ND ND ND NT ND ND HD NO
345 1025 ND NO ND ND ND ND NT ND NO NO ND
425 1465 NO ND TR NO NO ND NT ND ND ND ND
495 !191 ND HO NO ND TR ND NT ND HD ND ND

After 12-6-88 90 2606 ND ND 2.8 ND ND ND NT ND ND ND ND
Purging 165 1929 ND ND 0.7 NO ND ND NT ND ND ND ND

225 1260 ND ND NO NO ND ND NT ND ND ND ND
345 1041 ND HO ND ND TR ND NT ND NO ND ND
425 1203 ND ND ND ND ND HO NT ND HO ND ND
495 1203 ND ND ND ND HO ND NT ND ND NO NO

1-30-89 90 2750 ND ND 2.1 ND ND ND NT ND ND ND ND
165 2036 ND NO TR ND ND ND NT ND NO ND ND
225 1240 NO ND ND ND ND ND NT ND ND ND ND
345 1013 ND ND HO ND ND HO NT HO ND ND ND
425 1013 ND ND ND ND ND ND NT ND ND ND ND
495 1215 NO ND NO ND ND ND NT ND ND ND ND

Notes: SamplesfromHCASwells wereobtainedthroughNPsamplingport.
uahos/cm: microahos/centimeter;u9/1 : micrograms/liter
TR: constituent detectedbelou reportable limit; NO: Hot Detected; NT: Not Tested
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Depth-SpecificWaterSampleAnalysesShowingThoseVOCsFoundAboveReportableLimits

Sampling Electrical Carbon Chloro- Ethyl-
Depth Conductivity iCE PCE Chloroform t-l,2 DCE l,l,l TCAJetrachloride Acetone Benzene benzene benzene Toluene
(ft) (uihos/ci) (ug/l) {ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l)

.................................. _ ........................................................ i ................................... _ i ! I I I I Iil I illt I I I I t .... I ....... !

94 3210 ND ND HO ND HO ND NT ND ND ND lID
194 NT 3.0 ND HD NO NO ND NT lID lID ND ND
354 1195 20.0 lID LID IR lID lID lIT lID lID lID lID
444 1050 19.4 ND ND 4.l ND ND NT ND ND ND ND
514 3000 ND ND ND ND HD ND LIT ND ND ND HD
804 3242 ND 0.6 ND LID ND ND NT ND 0,6 ND 0.8
914 2468 ND 0.8 ND HD ND lID NT lID lID TLI TR
984 3194 NO 0.7 LID ND lID lID ItT ND NO TR 0.9

1104 3049 ND 0.7 LID HD LID HO NT TR ND 0.8 l.O

94 3294 ND ND ND HO LID LID LIT HD ltd liD LID
194 1203 2.6 ND ND ND ND ND NT HI) ND lID ltd
354 1076 24.8 NO LID O.5 NO ND lIT ND ND ND LID
444 1036 19.7 HD ND 4.2 ND liD LIT HD HD ND LID
514 2797 ND ND ND HD TR ND lIT ND lID liD TR
804 3112 ND 0.7 ND LID 0.6 LID lIT TR HO TR 0.7
914 2244 ND 0.8 ND liD TR liD HT TR HO TR 0.6
984 3093 ND 0.6 lID ND TR lID NT liD TR TLI 0.8

1104 2892 lID 0.5 lID lID TR HD lIT TR TR 0.9 0.7

94 3211 LID liD liD liD lID ND NT lID ND ND NO
194 !141 3.2 ND ND lID lID HO NT HO LID lID liD
354 1003 19.8 lID ND IR lID ND liT lID lID HO LID
444 1005 23.6 liD HO 4.1 HD HD NT LID LID lID ND
514 2500 LID HD liD HO HD HO liT HI) liD LID ND
804 2964 HD TR LID liD HO ND NT HD 0.7 ND liD
914 2305 HD IR HO liD liD liD ItT HO ND HD ND
984 2974 lID O.5 HI) lID TR LID lIT lID TR LID IR

1104 2866 ND TR LID LID liD lID HT liD IR 0.7 IR

fromIICASwells wereobtainedthroughLIPsamplingport.
iicroihos/centiieter; ug/l: micrograms/liter

constituent detectedbelowreportable limit; liD: Not Detected; lIT: Not lested
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Depth-SpecificHater SampleAnalysesShowingThoseVOCsFoundAboveReportableLimits

Sampling Electrical Carbon Chloro- Ethyl-
Hell Date Depth Conductivity TCE PCE Chloroform L-l,2 OCE l,l,l TCATetrachloride Acetone Benzene benzene benzene Toluene
No. Sampled (ft) (umhos/cm) (ug/l) (ug/l) (ug/l) (ug/l) (ug/)) (ug/l) (ug/l) (ug/l) (ug/l) [ug/l) (ug/l)

Cluster
Hells
DH-t35 7-15-88 135 NT 5.0 ND l] HO ND 56 ND HD ND ND NO
DH-250 250 NT ND HD ND ND HO 8.0 ND ND HO ND NO
DH-350 350 NT ND ND ND HD ND HD HD ND ND ND HD
DN-450 450 NT O.i ND NO HD HD HD ND ND ND ND ND
DN-540 540 NT 0.4 ND O.l HD HD HD ND ND ND KD HO

D#-13S 9-22-88 135 NT 7,0 NO 14 ND ND 6! ND ND ND ND ND
OW-2SO 250 NT RD HO ND ND ND 15 ND ND ND NO ND
DN-_50 350 NT ND ND ND ND ND ND ND ND ND ND ND
DN-450 450 NT 2.5 ND 0.3 ND ND ND ND ND ND ND ND
DH-540 540 NT 0.3 NO ND ND ND ND ND HO ND ND ND

DN-135 1-20-89 135 N1 3.4 ND Il ND ND 45 ND NO ND ND NO
0#-250 250 NT ND ND ND ND ND 3.l lO.O ND ND NO ND
ON-350 _SO NT NO ND ND ND ND ND ND ND ND ND ND
O#-4SO 450 NT 0.2 ND ND ND HO ND ND ND ND ND ND
DH-S40 l-2l-B9 540 NT 0.4 ND ND ND ND ND ND ND ND ND ND

Notes: SamplesfromHCASwellswereobtainedthroughNPsamplingport.
umhos/ce:micromhos/ceotimeter;ug/l: micrograms/liter
TR: constituentdetectedbelowreportablelimit;ND: NotDetected;NT: NotTested
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