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EXECUTIVE SUMMARY

The United States Air Force, due to its primary mission, has long

been engaged in a wide variety of operations dealing with toxic and

hazardous materials. Federal, state, and local governments have devel-

oped strict regulations to require that disposers identify the locations

and contents of disposal sites and take action to eliminate the hazards

in an environmentally responsible manner. The Department off Defense

(DOD) has issued Defense Environmental Quality Program Policy Memorandum

81-5 which requires the identification and evaluation of past Aazardous

material disposal sites on DOD property, the control of migration of

hazardous contaminants, and the control of hazards to health or welfare

that resulted from these past operations. This program is called the

Installation Restoration Program (IRP). The IRP will serve as a basis

for response actions on Air Force installations under the provisions of

the Comprehensive Environmental Response, Compensation, and Liability

Act (CERCLA) of 1980.

The Installation Restoration Program has been developed as a four-

phased program. These phases are:

"O Phase I - Installation Assessment

"O Phase II - Confirmation

"O Phase III - Technology Base Development

"O Phase IV - Operations

Phase I, completed at Edwards Air Force Base in April 1981, in-

cludes the identification and prioritization of past disposal sites that

may pose a hazard to public health or the environment as a result of

contaminant migration. Phase II involves a comprehensive preliminary

environmental and/or ecological survey to define and quantify the

presence or absence of contamination that may adversely affect public
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health or the environment. During Phase III, a sound data base will be

developed upon which to prepare a comprehensive contaminant control

plan. This contaminant control plan and remedial measures will be im-

plemented in Phase IV.

This report describes the work performed during Phase II of the IRP

at Edwards Air Force Sase, California, including development of recom-

mendations for follow-on actions and future monitoring.

The Phase I study completed in 1981 assessed the potential for

groundwater contamination on Edwards AFB. Twelve active and inactive

waste disposal sites were identified and evaluated in the Phase I report

according to degree of severity for contamination potential.. Based on

the Phase I evaluation, eight of the twelve sites were subsequently in-

vestigated in Phase II. These sites included abandoned drum storage

areas and drum trenches (Sites 1A, iB, and 1D); acid Pits (Site iC); an

abandoned toxic waste disposal site (Site 2); tn abandoned sanitary

landfill 'Site 3); underground waste POL storage tank3 (Site 5);, and an

industrial waste pond for flight line wash water runoff (Site 8). After

completion of the Phase I report, two additional sites were identified

for consideration during Phase II. These included Site 10, where a jet

fuel pipeline leak occurred in the late 1960's, and Site 11 where a fuel

hydrant leak occurred in che mid 1970's. The locations of all sites

investigated during Phase II are illustrated on Figure E. 1.

Prior to development of the field program an extensive riview of

existing information on geologic conditions and aquifer systems was

conducted. The main water supply aquifers in the vicinity of Edwards

AFB are located at depths of 200 feet to 500 feet. Groundwater flow

direction in these aquifers is largely dominated by local pumping,

cxeating groundwater troughs south of the Main Base and near the North

Base. The water supply aquifer systems carry water south-southwesterly

near the Main Base and north-nortlhwest near the North Base.

For each of the ten Phase I1 sites a field program was developed to

determine the magnitude and extent of potential environmental contamina-

tion. The overall program included completion of eight soil borings,

installation of ten grouniwater monitoring wells, collection of surface

soil sansves, and sampling of pond water and bottom sediments. For each

E-2
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soil boring, soil samples were obtained for laboratory analyses and soil

classification. Following soil sampling, the soil borings were aban-

doned through grouting. During drilling of the monitoring wells, soil

samples were obtained for soil classification purposes. Following de-

velopment of the monitorinq wells, groundwater samples were taken for

laboratory analyses. Any holes that did not ancounter water were aban-

doned and grouted.

Laboratory analyses of soil samples taken from borings at Sites 1A,

1B, 1C, and ID indicate that most of the chemical constituents suspected

at each site were not present in detectable amounts. Generally, the

analytical results from each of these sites except IC show the presence

of volatile substances (chloroform and trichlorofluoromethane) within

the soil column; small quantities of other constituents were detected at

various sites and depths. Nitrates in high concentrations were found

throughout the entire soil column sampled at Site IC. At Sites 1A, 1B,

IC, and ID, soil samples from the greatest depths (55 feet to 61 feet)

showed chemical constituents present in detectable concentrations, but

the levels of soil contamination identified at these sites would be

unlikely to constitute an immediate health hazard. Groundwater was not

encountered in any of the soil borings.

At Site 2, chromium and tetraethyllead were detected throughout the

soil column. Contamination of the groundwater from leachates originat-

ing at Site 2 is considered unlikely. Soil samples from Site 3 con-

tained constituents, particularly pesticides, with concentrations higher

than normally would be expected. The concentration levels in the soil

samples were all lower than the established California threshold limit

concentrations. The potential for environmental health hazards from

this site is considered minimal, primarily due to the absence of a

permanent water table under the area. Groundwater sampleA from Pha-e II

monitoring wells installed around Site 5 indicated no contaminants

present in any of the samples; this could be a result of shallow ground-

water flow in a direction different from the expected regional flow

regime.
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Analytic results of the water and sediment samples collecte.d from

Site 8 indicate the presence of metals. However, groundwater contamina-

tion from this site is considered unlikely due to the low permeabilities

of the underlying deposits and the probable impermeability of the bottom

sediment. In the soil borings at Site 10, fuel was found to be present

within the soil colunn. Near Site 11, fuel w~s identified in the

groundwater at one monitoring well, while no fuel was, identified in the

other well. The likelihood of groundwater contamination from the fuel

spill at this site is considered to be low.

Recommended follow-on actions and future monitoring for each site

are summarized in Table R.I.

Ks,______________- - - ~ ~ - - ~ -.- ---
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CHAPTER 1

INTRODUCTION

BACKGROUND

The United States Air Force, due to its primary mission, has long

been engaged in a wide variety of operations dealing with toxic and

hazardous materials. Federal, state, and local governments have de-

veloped strict regulations to require that disposers identify the

locations and contents of disposal sites and take action to eliminate

the hazards in an environmentally responsible manner. The Department of

Defense (DOD) has issued Defense Environmental Quality Program Policy

Memorandum 81-5 which requires the identification and evaluation of past

hazardous material disposal sites on DOD property, the control of migra-

tion of hazardous contaminants, and the control of htzards to health or

welfare that resulted from these past operations. This program is

called the Installation Restoration Program (IRP). The IRP -rill serve

as a basis for response actions on Air Force installations under the

provi'-ions of the Comprehensive Environmental Response, Compensation,

and Liability Act (CERCLA) of 1980.

The Installation Restoration Program has been developed as a four-

phased program. These phases are:

o Phase I - Installation Assessment

o Phase II - Confirmation

o Phase III - Technology Base Development

o Phase IV - Operations

Phase I, completed at Edwards Air Force Base in April 1981, in-

cludes the identification and prioritization of past disposal sites that

may pose a hazard to public health or the environment as a result of

contaminant migration. Phase I1 involves a comprehensive preliminary

1-1



environmental and/or ecological survey to define and quantify the pres-

ence or absence of contamination that may adversely affect public health

or the environment. During Phase III, a sound data base will be devel-

oped upon which to prepare a comprehensive contaminant control plan.

This contaminant control plan and remedial measures will be implemented

in Phase IV.

This report describes the work performed during the Phase II pro-

gram, including development of preliminary recommendations for follow-on

actions and identification of requirements for additional information

necessary prior to the institution of any mitigation measures.

PREVIOUS WORK

The Phase I study completed in 1981 assessed the potential for

groundwater contamination on Edwards AFB, California (Envirodyne Engi-

neers, Inc., 1981). The study provided a general description of the

existing climatological, geological, and hydrological regimes at the

Base and in its immediate vicinity.

Twelve active and inactive waste disposal sites were identified and

evaluated in the report on the basis of site characteristics, potential

for contamination, waste characteristics, and waste management prac-

tices. The evaluation consisted of assigning to each site numerical

values weighted on a subjective scale according to degree of severity

for contamination potential. Based on this evaluation, four of the

twelve sites were subsequently dropped from further consideration; no

Phase II actions are required for these sites at this time.

The final evaluation scores are presented in Table 1.1 for those

sites investigated during the Confirmation phase (see Figure 1.1 for

site locations). The table indicates that the sites determined as

having the highest potential for contamination were Site 1A, Site iC,

Site 10, Site 2, and Site 5. It should be kept in mind, however, that

this rating, as well as the Overall Score Rating, was based on limited

available information, particularly regarding the depth to groundwater

in the area and the permeability of the underlying soils.

1-2
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On the basis of the information contained in the Phase I Report,

the pertinent geological and hydrological information for each site have

been bummarized in Table 1.2. As can be seen, data on the depth to

groundwater are sparse, at best, and the thickness and characteristics

of the subsurface material are unknown. Chapter 3 of this Phase II re-

port, Field Program, elaborates on the site-specific geohydrological

regimes, based on available well logs and data published by various

federal, state, and local agencies as well as other published data on

the Antelope Valley.

SCOPE ,OF WORK

On the basis of the Phase I Assessment of the Potential for Ground-

water Contamination performed in April 1981, the Installation ReZtora-

tion Program, Fhase II Confirmation has been conducted. The purposes of

this program have been to:

" Determine the extent and magnitude of envFironmental contamination

resulting from previous waste disposal- practices at Edw4ards AFB,

california

o Recommend measures to, alleviate impacts for identified contami-

nated P-eas

o Develop environmental monitoring programs to document environ-

mental conditions resulting from past waste disposal activities

at Edwards AFB

To accomplish these tasks the ES work program included the instal-

lation of monitoring wells and completion of soil borings for collection

of water and soil samples as well as the collection of surface soil

samples. This report presents the results of the project, including de-

velopment and implementation of the field program, the sampling proce-

dures utilized to obtain data, data analysis, conclusions, and recommen-

dations for future actions. A copy of the ES Scope of Work has been in-

cluded as Appendix A to this report.
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CHAPTER 2

ENVIRONMENTAL S ETTING

GENERAL GEOLOGIC REGIME

Antelope Valley and the area surrounding Rogers Dry Lake have been

the subject of geohydrological investigations since as early as 1911,

when Harry R. Johnson authored "Water Resources of Antelope Valley" in

U.S. Geological Survey (U.S.G.S.) Water-Supply Paper 278 (Johnson,

1911!. Around the turn of the century it was discovered that the valley

contained large quantities of groundwater that, when extracted through

wells, could be used for irrigation, transforming the valley into pro-

ductive agricultural land.

Hundreds of wells have been installed to tap valuable water re-

sources, which in the early days were thought to be practically inex-
haustible. Somt people, howevir, recognized the fact that even though

"water keeps spouting out from wells developed in areas of artesian

groundwater conditions," the resource was indeed limited. In the 1911

report, Mr. Johnson cautioned that "even though the groundwater appears

to be inexhaustible, it is indeed finite," and the continued unmanaqed

use of the resource could lower the level of the water table and even-

tually dry out the groundwater reservoir.

The same view was presented in the later U.S.G.S. Water-Supply

Paper 578 (Thompson, 1929). That paper advoc,:-Ad conservation of the

water supply if maximum use is to be obtained. However, during the past

70 years extraction of groundwater nas continued at a rapid pace with

resulting declines in water tables and decreases in the areal extont of

artesian conditions. The results, at least on the surface, h-ve boen to

transform the nonirriqated lands from a semiarid grassland to a desert-

lik" environment.
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The overdrafting of the groundwater within Antelope Valley and

specifically around Rogers Dry Lake near the aquifer boundaries has

created unique hydrological conditions, with fluctuating water levels

and continuously changing regimes of confinement, senticonfinement, and

nonconfinement of the groundwater.

Groundwater in the major part of Antelope Valley, including the

southern part of Rogers Dry Lake, occurs under confined conditions, even

though in some cases the confinement is no longer effective to produce

artesian flow due to overdraft. Along the "shoresu of Rogers Dry Lake

and north of the lake bed, groundwater occurs mainly under unconfined

conditions.

The location and extent of water-bearing material is mainly depend-

ent on the geologic history of an area. Antelope Valley is a triangular

closed basin bordered by the active Garlock Fault to the north-northwest

and the active San Andreas Fault to the south. Movement along these two

faults, emplacement of granitic rocks, and regional uplift created the

closed basin that exists today. During and following the uplift of the

mountains, erosional processes were intensified. Precipitation resulted

in runoff; the greater the surface gradient, the higher the velocities

of the runoff, and therefore the higher the erosion potential. Eroded

material from the mountains surrounding Antelope Valley was broughtý to

the basin floor, including the Rogers Dry Lake area, by local streams.

During times of heavy precipitation the eroded material consisted of

mixed gravel and sand; the gravl and sand ldyers that are encountered

today in the subsurface material have a relatively high porosity and

excellent water-bearing capabilities. These layers constitute the main

aquifers. Overlying and interfingering the sand and gravel are silt and

clay lenses and layers which were deposited during times of little

precipitation within the ancient lake that once covered the major part

of Antelope Valley. These finer-greined materials have low porosity (45

to 50 percent) and permeability (0.0001 to 0.1 gallons/day/square foot).

In many places, the clay and silt act as confining layers, preventing

water within the lower-lying sand and gravel layers from rising to its

potentiometric level. Figure 2.1 depicts a conceptual drawing of the

transition zone between lake deposits and bedrock/ alluvium material: as

2-2
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illustrated, recharge to the shallower water-bearing sands could occur

through the *daylighting" layers (U.S.G.S., 1980).

GENERAL HYDROLOGIC REGIME

Water within the groundwater basin is derived from several sources.

Some water is connate water, i.e., water tr3pped within the sediments

from the time of deposition. Other water is provided through recharge

into the water-bearing materials along the basin boundaries where sand

and gravel layers. "daylight"; still another source is from percolation

through the vallk y floor. Figure 2.2 shows the surface geology at

Edwards Air Force Base and in the vicinity of Rogers Dry Lake; as can be

seen, the lake is bordered by a variety of sand, gravel, and silt de-

posits consisting of younger alluvium (yielding water to wells when

saturated), younger fan deposits (primarily located above the water

table, yielding little water to wells), lakeshore deposits (above the

water table), old windblown sand, and dune sand (yielding water locally

to wells from perched water tables).

Groundwater recharge from the valley floor (Rogers Dry Lake) is

quite limited. The lake bed surface consists of playa deposits, silt,

and clay which have low permeabilities, retarding downward migration of

water. Water ponding on the lake surface during the rainy season pri-

marily evaporates; limited seepage may occur through cracks developed

during the summer, but the contribution of rainwater to the aquifer

system should be limited.

Groundwater flow and direction in the main water-producing aquifers

near Edwards AFB are largely dominated by pumping wells, resulting in

changes in the regional gradien,ý from north to south. Figure 2.3 shows

the groundwater table contours as of 1979 (U.S.G.S., 1980). A ground-

water trough was located immediately south of the Main Base as a result

of groundwater pumping; the groundwater table elevation at that time was

estimated to be about 2,200 feet above mean sea level, or 100 to 120

feet below the ground surface. Groundwater in the vicinity of the

trough is moving toward this depression from the north, south, and west;

to the east is the boundary of the valley aquifer systems. It should be

.noted, however, that these groundwater contours are based on water level
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measurements from wells penetrating to depths of 200 feet to 500 feet,

and are therefore not indicative of shallow groundwater conditions

(Moyle, 1982).

Along the northern shores of Rogers Dry Lake by the North Base, the

groundwater movement is in a south-to-north direction; a trough exists

immediately around this part of the Base due to local groundwater ex-

traction. A groundwater barrier exists just north of the Main Base

across the dry lake bed, consisting of a zone of material with low per-

meability; this barrier is possibly the extension of the Muroc Fault

trending in a northwest-southeast direction. The elevation of the

groundwater in the North Base area was about 2,190 feet in 1979.

Groundwater level contours for this area are included on Figure 2.3.
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FIELD PROGRAM

DEVELOPMENT OF FIELD PROGRAM

The potential for contamination of the groundwater resources at

Edwards AFB exists in three distinct areas along the shores of Rogers

Dry Lake. At the North Base, contamination could have occurred as a

result of past waste disposal practices at Sites 1A, IB, iC, and ID (see

Figures 3.1 and 3.2). At the Main Base, contamination of the ground-

water could have occurred from past and current disposal practices at

Sites 2, 8, and 3 (see Figure 1.1). In addition, the groundwater may

have received unknown amounts of jet fuel from a jet fuel pipeline leak

that occurred in the late 1960's at a location designated as Site 10.

An est mated 250,000 gallons of jet fuel leaked from the pipeline just

below t.a ground surface. Possibly 100,000 gallons of fuel may have

been recovered immediately following the spill. Remaining were an

approximate 150,000 gallons of jet fuel, possibly available for seepage

downgradient into the groundwater. A hydrant at the end of the fuel

pipeline leaked about 5,000 gallons of jet fuel onto the ground in the

mid 1970's. This location was designated Site 11. At the South Base, a

leaking underground fuel storage tank at Site 5 may have caused fuel to

migrate into the groundwater and downgradient from the site.

To determine monitoring well and soil sampling locations, ES

reviewed the existing data on geology, aquifer systems, and past and

current disposal practices for the area. This included review of work

performed during Phase I, contained in the 1981 report by Envirodyne

Engineers, Inc., contact with the U.S. Geological Survey, and. literature

search for pertinent publications. The U.S.G.S. maintains a program for

annual water level measurements in the vicinity of Rogers Dry Lake for
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the preparation of groundwater level elevations throughout Antelope

Valley over time.

The following discussion describes the local geohydrological re-

gimes of the North Base and Main and South Bases, respectively, based on

available data. A description of the numbering system for wells dis-

cussed in this chapter is contained in Appendix B. Available well logs

in the vicinity of disposal sites are included in Appendix C.

North Base

Geohydrology

Sites 1A, 1B, IC, and 1D are located along the northern shor. of

Rogers Dry Lake. Site 1A, an abandoned drum storage area, is located

within the geologic unit, Lakeshore Deposits. These deposits are char-

acterized by gravel and sand and some silt and clay (U.S.G.S., 1962).

The ground elevation is approximately 2,106 feet above mean sea level.

Two active water supply wells, 1ON/9W-4DI and 10N/9W-4D2 (North Base

Well 4), completed in 1957 and 1958, respectively, are located less than

une-quarter mile east of the site and one well, 11N/9W-32QI (North Base

Well 3), is less than one-quarter mile northwest of the 1A site. Well

logs for these three wells are included in Appendix C.

The 1ON/9W-4D1 and 4D2 wells were drilled to a depth of 500 feet

(set Table 3.1). Well 4DI has perforations in the casing from 144 to

195 feet and from 200 to 433 feet. Well 4D2 has perforations from 150

to 500 feet. The perforations are usually indicative of the location of

water-beariig materials as perceived during the drilling of the wells.

Well 11N/9W-32QI was drilled to a depth of 450 feet in 1957 with

perforations from 234 to 450 feet. The well was reperforated at a later

date to a shallower depth, but there are no records showing the new in-

tervals. Inspection of the two logs, which are from wells located with-

in a few hundred feet of each other, illustrates the difficulty involved

in establishing the nature of subsurface cond*itions from previously pre-

pared drilling logs. The logs indicate two entirely ýIifferent geologi-

cal environments.
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TABLE 3.1

NORTH BASE WATER WELLS DATA

Water Levels
Base Well Well Depth of Date of

Well Number Number Depth Perforations Depth Measurement
(feet) (feet) (feet)

10N/9W-4D1 No data 500 144-195 117.3 1981

200-433 95.02 1957

10N/9W-4D2 4 a 500 1 5 0 - 5 0 0 b No data No data

11N/9W-32Q1 3 450 234-450 125.8 1981

10N/9W-5B1 5 No data No data 98.5 1981

a Abandoned
b This well was later reperforated to an unknown shallower depth.

Log 1ON/9W-4D1 shows that granite (decomposed) was encountered at a

410-foot depth, while no granite was reported in well 402. It is un-

likely that granite would be encountered at the 401 location, especially

considering that sand, gravel, and clay were identified below the

"granite.* If granite were present at relatively shallow depths, it

would constitute bedrock and would be massive with no underlying water-

bearing sediments. The logs do indicate, however, that the area around

Site 1A is underlain by a sequence of lakeshore-related sediments of

gravel, sand, silt, and clays, and that good water-bearing sands were

probably present at a depth of about 100 feet in 1957 to 1958.

In March 1957, the static water level in 401 was measured by
U.S.G.S. at a depth of 95.02 feet. By April 1981, the static water

level had declined to a depth of 117.63 feet. It should be kept in mind

that the perforations in the well casing commence at a depth of 144

feet; thus, if the well logs correctly describe subsurface conditions,

the static water level reported by U.S.G.S. could indicate a water level

influenced by possibly confined conditions in the deeper-lying water-

bearing sands and gravel. It is unknown whether the sands at 142 to 156

feot still contain water. If this stratum is no longer producing, the

next major sands would supposedly be located below an additional 60 feet

of clay,
3-5



The well log from well 10N/9W-4D2, located only a few hundred feet

northeast of well 401, shows an entirely different geologic substructure

with clays at a depth of 40 to 53 feet underlain by hundreds of feet of

sands. At this well, however, perforations are at the 150 to 500-foot

depth. Inspection of well log 11N/9W-32Q1 presents yet another picture

o! the subsurface conditions near Sites 1A, IB, IC, and 1D that is sub-

stantially different from that presented in the logs for 1ON/9W-4DI and

4D2. The subsurface condition near well 32Q1 is recorded to consist of

sand from the ground surface to a depth cf about 200 feet, underlain by

clays of various thicknesses.

The discussion aDore illustrates that the available information on

the geohydrological subsurface condition at the North Base is tenuous,

at best, with little information on the conditions under which water

occurs and the sedimentary sequences underlying the area. However, it

appears that water-producing strata are present at about a 100-foot

depth and could extend as far down as 500 feet. The well designs of the

North Base wells are unknown; they could be gravel-packed the entire

length or grouted at the top and gravel-packed further down. Gravel

packs around a well provide a conduit for water and contaminants to

potentially reach the water table and contaminate water supplies.

Existing production wells at the North Base consist of North Base

Wells (NBW) 3 and NBW5. Due to poor drinking water quality, NEWI, NBW2,

and NBW4 have been sealed off. but apparently not abandoned through

grouting. Water levels available for the North Base wells are shown on

Table 3.1. The data collected yearly by U.S.G.S. on well water levels

throughout the Base (U.S.G.S., 1980) indicate that in 1979 a groundwater

trough existed immediately north of Sites 1A, I1, IC, and 10, with the

groundwater levels reported at elevation 2,190 feet above mean sea level

(see Figure 2.3).

Field Program

The concern at the North Base centers around the potential for soil

contamination through leakage and/or leaching from the drum sites at IA,

iB, and iD and the three nitric pits that constitute Site IC. To evalu-

ate this possibility, five soil borings were installed which penetrated

50 feet under the center of the disposal areas. The holes were drilled
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at a 30-degree angle from the vertical along the edge of the disposal

areas to reach directly under the center of the sites. The drilling

method selected for the North Base soil borings was hollow stem auger,

with sampling =onducted at five different depths with a driven split-

spoon sampler. Following soil sampling, the soil borings were abandoned

through grouting. The locations of the soil borings are shown on

Figures 3.1 anc 3.2.

Main Base and South Base

Geohydrology

The Main Base is located along the west shore of Rogers Dry Lake at

the terminus of a large deposit of alluvium extending southwesterly

toward Rosamond Dry Lake. It is within this alluvium that most of the

water wells at; the Main Base are located. The alluvium (younger) ex-

tends northward from the South Base to the Main Base and pinches out

north of the Main Base to a width of about one-quarter mile toward the

North Base. The alluvium consists of gravel, sand, silt, and clay

beneath the alluvial plains. This alluvium is largely above the water

table, but where saturated, the alluvium yields water to wells. Border-

ing the alluvium to the west is a narrow band of lakeshore deposits

northward from tho Main Base. These deposits consist of gravel and sand

and some sils and clays, and art located above the water table.

Further westward are younger fan deposits, made up of poorly sorted

gravel, sand, silt, and mudflow debris that is locally derived.. These

deposits are largely above the water table and yield little water to

wells immediately west of the Main Base. The gently sloping hill where

Site 2 is located consists of basement rock of granitic origin (quartz

monzonite). The material is deeply weathered locally resulting in soil

mantle development. The granite-type rocks are fractured and yield some

water from cracks and fissures (see Figure 2.2 for delineation of geo-

logic units).

Perhaps as many as 200 wells have been completed in the past in the

Main Base and South Base areas to provide drinking and irrigation water

for tne now abandoned town of Muroc. Most of these wells have been

sealed off or abandoned as new water supply wells were installed in

other areas. Well logs exist for a limited number of the old wells,
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inspection of the logs allows a general interpretation of the areal and

vertical relationship of the geologic subsurface conditions in the South

Base area. Pertinent existing logs for wells near the Base disposal

sites are included in Appendix B. Figures 3.3 and 3.4 show schematic

geologic cross-sections based on old well logs, as well as on the logs

prepared during the recent installation of monitoring wells. The sec-

tions show the subsurface geology in a north-south direction from the

Main Base to the South Base. The granite hills northwest of the Main

Base continue southward overlain by about 70 feet of lake shore and

alluvial deposits. A sudden drop occurs south of the South Base, where

the granite bedrock is found at a depth of more than 240 feet. The

sediments overlying the granitic basement rock consist of variable

thicknesses of lenticular, interfingering clay, silt, and sand.

In order to define the hydrological regime, geological logs as well

as historical water level data are necessary. Within the Main Base and

South Base areas, this information was available for only two wells.

One well, 9N/9W-6EI, is located on the South Base, and another well,

9N/10W-12R1 (Main Base Well 6), is south of Old Hospital Road (see Fig-

ure 3.5 for location). The geological logs for both wells are part of

the cross-section A-A', presented in Figure 3.3. The original well log

for 9N/10W-12R1 is presented in Figure 3.6. This figure shows a total

drilling depth of 252 feet, with apparent water-beari.ng sands at 169 to

178 feet and at 223 to 248 feet. Perforations in the well casing were

located at these intervals. Sands at shallower depths did not appear to

show dater at the time of well installation in 1944. In 1951 the depth

of the well was recorded as 186.6 feet, a difference of 65.6 feet from

the original depth; this could be due to siltation of the well. There

are no data on the water level immediately following well completion,

but in 1948 the water level was recorded at 11.1 feet below ground sur-

face. At this depth, the well log shows that the subsurface material

consists of clay (non-water-bearing) extending to a depth of 131 feet;

thus the water in the well must have risen from the water-bearing sands

at 169 feet to its recorded depth. This would indicate that the water

was under confined conditions at the time of installation and that the

more than 100 feet of clay acted as a confining layer.
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FIGURE 3.4
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FIGURE 3.5
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FIGURE 3.6

ORIGINAL WELL LOG FROM SOUTH BASE
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The water levels in the 9N/1OW-12R1 well from 1948 to 1981 have

been presented graphically on Figure 3.7. The data show a steadily

declining water level from 11.1 feet in 1948 to 89.65 feet in 1981.

Although monthly readings were discontinued in 1966, monthly records

from the 1960's show an annual seasonal variation in the water levels of

about 7 feet, and an overall yearly decline of about 3 feet. This indi-

cates that following the yearly low water level of August and September,

the water level never recovered to its previous shallower depth. The

1981 water level reading of 89.65 feet appears to indicate that the

water in the well is still under confined conditions since the first

perforations are at a depth of 169 feet, and the massive clay layer

reaches down to a depth of 131 feet.

South Base Well 9N/9W-6E1 was drilled in 1942 to a depth of about

107 feet into bedrock. In 1951, the depth of the well was recorded as

103.7 feet, or 3.3 feet shallower than when completed in 1942; this

could be due to siltation of the well. The original well log presented

on Figure 3.8 indicates that sands should be located at various inter-

vals below 37 feet. The log does not indicate which of these sands were

water bearing at the time of installation. The perforations extend from

35 feet to 96 feet, with the static water level recorded as 36 feet on

the original well log. Available data do not indicate whether the water

was confined or unconfined; however, when a pump test was performed in

1942, 67 feet of drawdown resulted while pumping 254 gallons per minute,

which could be indicative of nonconfining conditions.

Water level data for 9N/9W-6E1 are available from 1942 to date.

The water levels show a continuous downward trend from the initial 36

feet to 51.17 feet in April 1981, a total drop of 15.17 feet in 39

years, or less than 0.5 foot per year. Seasonal water levels generally

appear to vary less than 0.25 foot.

The wells described above are indicative of the geohydrologic en-

vironment existing along the shores of Rogers Dry Lake. The Main Base

and South Base are located in a hydrological transition zone where the

groundwater can be under confined and/or nonconfined conditions. In

this transition zone, the thickness of sediments overlying bedrock vary

dramatically over short distances; the thicknesses of water-bearing
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FIGURE 3.8

ORIGINAL WELL LOG FROM SOUTH BASE
WELL 9N/9W-6E1
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sands and gravels are lenticular and interfingering with clays and

silts, and perched water conditions are distinct possibilities. Here,

different groundwater zones experience different seasonal variations,

and the decline in the water table over time depends on the aquifer

location and characteristics.

Field Program

The investigation of groundwater contamination in the Main and

South Base areas focused on the three source areas described below:

o Site 5: Underground waste POL storage tank leak

Three monitorinc wells were installed downgradient and one well

upgradient from the site to identify potential waste POL migra-

tion into the groundwater.

* Site 10: Jet fuel pipeline break

Two soil borings were installed immediately adjacent to the break

to identify the extent of fuel seepage topographically downgradi-

ent from the site.

Site 11: Fuel hydrant spill

Three groundwater monitoring wells were installed downgradient

from the hydrant spill, one immediately southeast of the site and

two wells less than one-half mile southward.

Also included in the field program were a scil boring, downhill from the

Main Base toxic waste disposal site (Site 2), collection of two surface

soil samples downhill from the abandoned sanitary landfill (Site 3), and

sampling of water and bottom sediments from the industrial waste pond

(Site 8).

The selected drilling method for the monitoring wells and soil

borings was hollow-stem auger, with the possible addition of rotary wash

depending on the nature of subsurface material. To identify whether

suspected problems exist, the focus of the field program at the Main

Base and South Base was to penetri .. to the first water-bearing material

and install the monitoring wells at those depths. At the North Base,

the focus was to determine the presence of potential soil contamination

beneath each past disposal site. During drilling, soil samples were,

3-16



obtained for soil classification purposes and water samples were taken

for laboratory analyses. Any holes that did not encounter water were

abandoned and grouted.

IMPLEMENTATION OF FIELD PROGRAM

North Base

The field program for the North Base was designed to identify po-

tential contamination of soils underlying each disposal site. The

locations of soil borings were shown on Figure 3.1 and 3.2. Table 3.2

delineates the drilling method employed at each site, the depth and size

of each boring, and the date of completion.

TABLE 3.2

DRILLING METHODS
NORTH BASE

Soil Size of Completion
Site Drilling Method Boring Deptn Soil. Boring Date

(feet) (inches)

1A Rotary wash 51.5 4 26 Feb 1982

1B Rotary wash 51.5 4 25 Feb 1982

1C Hollow-stem auger 56.5 8 19 Feb 1982

IDI Hollow-stem auger 61.5 8 24 Feb 1982

ID2 Hollow-stem auger 60.5 8 25 Feb 1982

All soil borings at the North Base were proposed to be compl~eted by

hollow-stem augering. However, due to the nature of the subsurface

materials (in certain cases clay lenses were present), refusals were

encountered with the auger drilling. As a result, soil borings at Sites

1A and 1B were completed with rotary wash. At Site 1B, water was used

as drilling fluid for the rotary wash, and at Site 1A, b~entonite (Red

Devil Gel) was added at a depth of 18 feet to prevent cave-in and to

limit loss of circulation water into a large depoeht of non-water-bear-

ing gravels. No organic additives were added to the drilling fluid.
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All soil borings were grouted to prevent vertical migration of contami-

nants following completion of sampling. The photographs presented on

Figures 3.9 and 3.10 depict typical drilling methods employed at the

North Base.

For each soil boring, soil samples were obtained withi a driven

split-spoon sampler (1.5-inc., diameter) at five different depth inter-

vals. Samples from three depths were analyzed for contaminants, while

remaining samples were retained for potential future analyses. In

addition, soil grab samples were obtained from 20-foot intervals for

soil classification purposes. Table 3.3 indicates the depths at which

samples were obtained, the types of samples collected at each depth, the

samples that were retained by the Base, and those that were analyzed for

contaminants.

Main Base and South Base

The groundwater monitoring wells were installed by a combination of

hollow-stem auger and rotary wash depending on the subsurface material.

A total of ten wells were envisioned with the possibility of some wells

not yielding water due to the geohydrological transition zone underlying

the Base. The aim of the drilling program was to complete the wells

within the first water-bearing zone encouatered, whether perched, con-

fined, or unconfined, and install screened casing at the water-table

level to intercept hydrocarbons that may float on top of the water.

Figure 3.11 shows the locations of soil borings r:id monitoring

wells installed at the Main Base and South Base. Table 3.4 lists the

known Base disposal sites and the soil borings and monitoring wells

associated with each site, as well as the methods of drilling, depths

and sizes of holes, and date of completion. Hollow-stem augers were

used initially for each hole, and at depths where drilling refusal was

encointered, the drilling method was switched to rotary wash if pos-

sible; when necessary, bentonite was added to the hole.

Each monitoring well was completed with a 10-foot, 4-inch, 10-slot

stainless steel screen at the bottom, threaded to 4-inch Schedule 40 PVC

casing for the remaining part of the well. The well was gravel-packed

with 03 kiln-dried Monterey sand around the screens, and overiain by a
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FIGURE 3.9

DRILLING METHODS

NORTH BASE SITES 1 AAND 16B

PHOTO A
k7 Rotary-wash drilling at Site

II ~ 1A

0 4,2

PHOTO B
Rotary-wash drilling at Site 1 B
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FIGURE 3.10
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FIGURE 3.11

INSTALLATION
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TABLE 3.4

DRILLING METHODS
MAIN BASE AND SOUTH BASE

Loca- Drilling Size of Size of Completion
tion Drilling Method Depth Hole Casing Date

(feet) (inches) (inches)

Site 2 Hollow-stem auger 21 8 NAa 27 Feb 1982

Site 3 Surface soil NA NA NA 5 Apr 1982
grab samples

Site 5

ES 6 Hollow-stem auger 0 - 52 8 4 2 Mar 1982
Rotary 52 - 55

ES 7 Hollow-stem auger 0 - 40 8 4 4 Mar 1982
Rotary 40 - 50

ES 8 Hollow-steam auger 0 - 42 8 4 4 Mar 1982
Rotary 42 - 47

ES 9 Hollow-stem auger 0 - 36 8 4 5 Mar 1982
Rotary

Site 10

ES 2 Hollow-stem auger 21 8 NA 26 Feb 1982
ES 3 Hollow-stem auger 11 8 NA 26 Feb 1982

Site 11

ES 4 Hollow-stem auger 33 8 4 5 Mar 1982

ES 5 42 refusal at NA 27 Feb 1982
42 feet

ES 10 Hollow-stem auger 0 - 40 8 4 1 Mar 1982
Rotary 40 - 88

ES 1oX Rotary 55 8 4 7 Apr 1982

a NA - Not applicable

bentonite pellet seal above. The entire well was grouted from the top

of the bentonite qeal to the ground surface and a black iron casing was

installed over the PVC casing aboveground. Development of the wells was

accomplished with a 3-inch submersible pump pumping and surging the well

until the discharged water was clear, an average of one hour. Water had

to be added to some wells to facilitate development and prevent the pump

from running dry and/or becoming silted up by the fine-grained material
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within the well. Figures 3.12, 3.13, and 3.14 show typical drilling

methods and well development methods used for installation of the moni-

toring wells. Appendix D contains the well completion logs for each

monitoring well installed. Soil grab samples were collected for soil

classification purposes at 3-foot intervals during drilling of the

monitoring wells. Following development of the wells, groundwater

samples were retrieved for laboratory analyses.

Samples from Site 8, the industrial waste pond, were collected from

a small rubber raft launched from the shores of the pond. Tvo water

samples and four bottom sediment samples were collected at the locations

shown on Figure 3.15. It should be noted that Site 8 is not a tradi-

tional industrial waste pond, but serves as a collection basin for run-

off from the flight line.

SAMPLING PROCEDURES AND SAMPLE PRESERVATION

Based on speculations concerning the types of materials that may

have been disposed or spilled at the sites identified on the Base (refer

to Figure 1.1), a specific sampling program was developed for each site.

The various types of contaminants suspected !as being contained in mate-

rials disposed or spilled on the Base fall into the categories of acids,

alcohols, heavy metals, pesticides, oils and fuels, and purgeable halo-

carbons. Figure 3.16 summarizes the analytical methods and sampling

equipment generally used for determination of contamination in soil and

water samples. Table 3.5 delineates the constituents suspected to have

been disposed at each site. This list has been based on interviews with

personnel associated with the Base for overý 20 years and on the labels

and signs posted by the sites. Table 3.5 also includes the type of

sample containers used for sampling and the preparation of each sample

container.

Soil boring samples were collected by a split-spoon sampler. The

"spoon" consists of a 1.5-foot long metal cylinder that can be split

into two halves. The photographs in Figure 3.17 show the sampler after

it had been opened, exposing the sample retrieved. The sampler was

driven through the hollow stem of the auger and then into the bottom of

the drilled hole to obtain an undisturbed sample. The photograph in
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FIGURE 3.12

PHOTO A
Adding hollow-stem augers at
the start of drilling at Main
Base.

- t ~. -,

PHOTO B
Adding pipes for rotary at Main Base.
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FIGURE 3.13

PHOTO C
Installation of stainless
steel screen and PVC

- casing at Main Base.

41

'11

% +

PHOTO D
Pouring sand into hole for gravel pack around the screen.
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FIGURE 3.14

-k -

Db

PHOTO E
- Pouring bentonite pellets into hole for seal above gravel pack at Main Base.

PHOTO F
_ •Lowering submersible pump

into well for development at
4 Main Base.
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FIGURE 3.15
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FIGURE 3.10
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COLLECTION OF SPLIT-SPOON SAMPLES
NORTH BASE SITES 1 A AND 1C

V1 ... Open split-spoon containing
sampole obtained from Site 1 A
at a 50-toot depth.

PHOTO B
Split-spoon sample being cot-
lected for acid and pH analysis

Al tram Site 10.,

~A, It -

'9i? . .......... , ,k. . .
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TABLE 3.5

POTENTIAL CONTAMINANTS AND CONTAINERS
USED FOR SAMPLING

I Type of
Material

Site Potential Contaminant Sample Containers8  SampledI

1A Fujl, oils VOA bottles b Soil
So vents

is Ani4line VOA bottles SoilI

Fuel, oils
PCs's

iC Niiric acids 1-liter polyethylene Soil
(low pH) bottles

iDI Aniline VOA bottles Soil
Fuifuryl and ethyl alcohol
Engine cleaner

!trichloroethylen.)
Fuel

ID2 Aniline VOA bottles Soil
Furzfuryl and ethyl alcohol
Engine cleaner

('trichloroethylene)
Fuel
Acids

2 Acids VOA bottles Soil
Tetraethyllead
Fuel
Heavy metals 1-liter polyethylene

bottles

3 Pesticides 1-liter glass jar with Soil
foil-lined screw cap

Heovy metals 1-liter polyethylene
bottle

5 Fuel, oils VOA bottles Water

8 Fuel 1-liter nitric-acid Soil
washed glass bottle and
with foil-lined water
screw cap

Heavy metals 1-liter nitric-acid
washed polyethylene
bottle
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TABLE 3.5 (Continued)

Type of
Material

a
Site Potential Contaminant Sample Containers Sampled

10 Fuel VOA bottles Water
Heavy metals

11 Fuel VOA bottles Water
Heavy metals

a New containers were used for collection of all samples.
b 25-ml glass vial with Teflon screw cap.

Figure 3.17A shows a sample from Site 1A at a depth of 50 feet; the

boring was completed with rotary wash. Since rotary-wash drilling uses

water as a circulation fluid, part of the sample in the, spoon was wet;

all samples collected for laboratory analysis were taken from the dry,

undisturbed part of the split-spoon sample. Figure 3.17B shows collec-

tion of a sample at Site IC from the split-spoon. Following each sam-

pling event, the split-spoon was rinsed with methanol and deionized

water. All samples were immediately refrigerated and shipped either by

air or bus to, the laboratory for analysis.

Groundwater samples were collected after each well had been de-

veloped. A 500-ml plastic bailer was lowered to the water table, the

bailer retrieved, and the sample poured into a glass culture tube after

visual inspection for evidence of oil. All samples were refrigerated

and shipped by air or bus to the laboratory.

Surface grab samples from Site 3, the abandoned sanitary landfill,

were obtained by digging a hole 0.5-foot deep. The collected samples

were refrigerated and air-freighted to the laboratory.

Water and sediment grab samples were obtained from Site 8. After

retrieving each sample, the sampler was rinsed with nitric acid and de-

ionized water. All samples were refrigerated and air-freighted to the

laboratory.
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CHAPTER 4

RESULTS OF FIELD PROGRAM

The Phase II field program at Edwards AFB has focused on investi-

gation of the environmental effects of past and current disposal prac-

tices upon the subsurface soils and shallow groundwater at various North

Base, Main Base, and South Base locations.

NORTH BASE

A total of five soil borings were completed under Sites 1A, iB, IC,

1D1, and 1D2, as shown on Figures 3.1 and 3.2. Soil samples from three

different depths in each boring were analyzed in the laboratory for

potential contamination. The analytical results from each sample are

contained in Appendix F. The appendix lists all analyses performed on

each soil sample. As the dz,.. indicate, most of the chemical constitu-

ents suspected at each site ire not present in detectable amounts. The

constituents for which positive results were obtained are listed on Fig-

ures 4.1 through 4.5. These figures also show the site-specific subsur-

face environment as logged during drilling of each soil boring as well

as air quality observations.

The subsurface conditions at each site show gradational variations.

Generally, the soils of the North Base are all coarse-grained, consist-

ing of gravels and sands with lenses of clays and silts. Sites 101,

102, and IC show larger amounts of fine-grained material, such as clays

and silts, whereas Sites 1A and 1B are underlain by more sandy and

gravelly sediments with little clay except in thin lenses or within sand

and gravel mixtures.

Generally, the results from each site except IC show the pervasive

presence of volatile substances (chloroform and trichlorofluoromethaite)

at nearly every sample depth, even though small quantities of other
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constituents were detected at various sites and depths. Inspection of

Figures 4.1 through 4.5 also indicates that soil contamination is not

limited to areas immediately underlying the disposal sites (IDI and

1D2), but is present in the surficial soils at least 25 feet away from

the actual disposal area. At all North Base sites, soil samples from

the greatest depths (55 feet to 61 feet) showed chemical constituents

present in detectable concentrations. Groundwater was not encountered

in any of the soil borings.

Identification of the potential extent and magnitude of contami-

nation requires an understanding of the transporting mechanisms of the

constituents detected during laboratory analyses. There are a number of

ways that the pervasive trichlorofluoromethane and chloroform may be

transported. These migration mechanisms include:

" unsaturated liquid flow

"o percolating water

" molecular diffusion

If the constituents had been transported through the soil column by

unsaturated flow, they should be present as a "film" within the soil

voids. The void spaces in a clean sandy soil represent approximately 40

percent of the total volume. In general, coarse-grained materials con-

tain larger void volumes than finer-grained materials. If it is assumed

that the North Base is underlain by sandy material (worst-case situ-

ation) and it is assumed that the density of the chemical constituents

is 1.3 g/al, the concentrations of the pervasive organic constituents at

the North Base would be expected to be approximately 2,600 mg/kg. Since

the concentration levels identified are about 100 times smaller, unsatu-

rated liquid flow is an unlikely migration mechanism.

Transport of chemical constituents by percolating water would

require that precipitation penetrate to a depth of at least 60 feet

below ground surface, an unlikely situation at Edwards AFB where the

mean annual rainfall is about 4 inches with a maximum of 11 inches. The

maximum mean monthly rainfall occurs in February with about 0.5 inch in

one day (Envirodyne Engineers, Inc., 1981). In arid climates, evapora-

tion usually occurs from the upper 3 feet of bare soils at a rate of 0.2

inch per day (Dunne and Leopold, 1978). Due to site topography and the
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low permeability of the surface deposits, precipitation falling near the

North Base disposal areas tends to flow rapidly toward the dry lake beds

where it ponds (Envirodyne Engineers, Inc., 1981). Evaporation, topog-

raphy, and low soil permeability account for the assumption that perco-

lating water would not be the. transporting mechanism for identified

chemical constituents in the North Base soil bo-ings.

In order for constituents to be transported by molecular diffusion,

vaporized molecules must be present. The formation of vapor is largely

dependent on the boiling point of a substance. Table 4.1 lists the

boiling points as well as the densities of the organic constituents

found at the North Base.

TABLE 4.1

PHYSICAL PROPERTIES OF CONTAMINANTS
OBSERVED AT NORTH BASE

Constituent Boiling Point Densijy
°C OF (g/cm)

Chloroform 62 143.6 1.498

Trichlorofluoromethane (Freon-11) 24 75.2 1.484

Methylene chloride 40 104 1.326

1,1-Dichloroethane (ethylidene chloride) 58 136.4 1.174

1,1,2,2-Tetrachloroethane 147 296.6 1.600
(acetylene tetrachloride)

Trichloroethylene (TCE) 87 214 1.456

Carbon tetrachloride 77 170.6 1.597

Dichlorodifluoromethane (Freon-12) -30 -22 1.486

Sources: The Merck Index, 1976
Sax, 1979

Table 4.1 reveals that trichlorofluoromethane has a boiling point

of 24 0C. This is within the normal range of temperatures to be expected

in the desert soils. If relatively large quantities of liquids contain-

ing this organic compound were disposed or spilled in the North Base

area, a zone within the soil column would be created where the vapor

from the methane would displace the air present within the voids. This
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would create a concentration gradient producing diffusion. The diffu-

sion would take place in accordance with Fick's law which states that

the rate of diffusion of matter across a plane is proportional to the

concentration gradient of the diffusing substance.

C D [ 2C 2+

where:

C - concentration (or partial pressure) of the diffusing substance

t - time

x,y,z - directional coordinate system

D - diffusivity

If vapor were occupying all the air in the soil void spaces, the

resulting concentration would approximate 1,250 mg/kg. The concentra-

tion levels identified at the North Base (see Figures 4.1 through 4.5)

suggest that the trichlorofluoromethane exists in the gaseous state and

the partial pressure of the substance in the pores is on the order of

0.015 atmosphere (atm).

Chloroform is also very volatile; at the soil temperatures encoun-

tered at the North Base, the partial pressure of chloroform is approxi-

mately 0.3 atm. Based on concentrations identified, it appears that

chloroform may have been disposed in relatively large quantities. The

transport mechanism here is probably also molecular diffusion. Since

chloroform has a high density, it could exist at higher concentrations

near the groundwater interface.

Since the sampling program was not specifically developed to detect

gases, the difference in detected concentration levels could be due to

sampling methods, as some volatiles may escape during sample retrieval.

Dete, ted concentration levels have qualitative value only; no conclu-

sions can be drawn concerning concentration gradients in groundwater

from these data. The only firm conclusion is that the constituents are

present at least at the levels detected.

In the past, many solvents were disposed to the pits on the North

Base. The use of poor techniques while unloading barrels from trucks
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probably could have resulted in ground spills near the pit areas. In

this case, solvents would very likely be detected near the surface. At

Site 1B, 1,1,2,2-tetrachloroethane was found at a 3-foot depth. At

Sites 1D1 and 1D2, methylene chloride and 1,1-dichloroethane were de-

tected at depths of 5 feet; 1,1-dichloroethane was also identified at a

50-foot depth at Site 102. These compounds were not found at any other

locations. The apparent conclusion is that either these substances were

not disposed in quantity or they evaporated to the atmosphere before

dispersing in the soil. The minimal concentrations detected F- .qest

that no potential contamination problems exist for these mater-i.s. At

Site 1D2, trichloroethylene was detected at 5 feet and 60 ret, while

carbon tetrachloride and dichlorodifluoromethane were found at 60 feet.

The reason for the appearance of these substances is unclear, but since

these concentrations are low and their presence was so limited, these

materials are not believed to constitute a potential problem.

Fuel oil was identified within the soi.l column at Site 1A in sam-

ples from depths of 8 and 15 feet. The sample taken from a depth of 55

feet did not show the presence of fuel. During drilling operations,

however, the smell of oil was noticed in the soil to a depth of 35 feet.

At Site 1B, the smell of oil was present in the soil at various depth

intervals to a maximum depth -,f 46 feet. Possible sources of the fuel

oil detected at Site 1A and the oil smell at Site 1B could be hydraulic

fluids or lube oils disposed at these sites in the past. Since fuel oil

was not detected at the bottcm of the soil borings, the potential for

future contamination problems is minimal.

Nitrates were identified throughout the entire soil column sampled

at Site IC. Nitrates may be present at greater depths. During disposal

of the nitric acid, a large but unknown volume of liquid was poured into

the pit; this liquid initially could have mobilized nitrates in a down-

ward direction. Since there is no continuous supply of water for

groundwater recharge, nitrates may migrate downward in "slugs"; some may

have entered the groundwater causing higher than normal nitrate concen-

trations. Assuming an average level of 15,000 mg/kg of nitrates in the

soil, each cubic foot of soil would contain 2 pounds of nitrates.
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While sampling and drilling in the field at Site IC, it was noted

that acid-stained soil was present to the bottom of the soil boring. As

a result, an additional monitoring well was completed downgradient (to

the north) to ascertain the potential for groundwater nitrate contami-

nation. The well was drilled to a total depth of 57 feet on 9 March

1982. Sands and gravel were encountered at a depth of 54 feet, while

groundwater was present at 53 feet. One groundwater sample was obtain-

ed; during shipment to the laboratory, the sample container was broken,

and the sample lost. When subsequently inspected in April, the well was

dry. This indicates that the groundwater encountered initially may have

been a perched water table. To avoid the possibility of drilling into

seasonal water tables, a future field program should be planned for late

summer or fall.

MAIN BASE AND SOUTH BASE

Site 2

Near Site 2, the Main Base toxic waste disposal site, soil samples

were taken downslope from the site inside the fenced area at a distance

of 85 feet north of the south fence. Figure 4.6 displays a generalized

geologic log based on the soil boring. The surficial soil cover is less

than 5 feet thick, consisting of fine sand. Underlying the thin soil,

decomposed granitic bedrock was found to a depth of 21 feet, at which

point hard bedrock was encountered. The results of the laboratory

analyses of soil samples from various depths are indicated on Figure 4.6

for the compounds present in amounts above the detection limits.

Chromium C(otal) and tetraethyllead were detected throughout the

soil column; both of these materials have been identified as having been

disnosed at Site 2 (Envirodyne Engineers, Inc., 1981 ). Since the chrom-

ium was detected from the surface soil to the bedrock it is unlikely

that the transporting medium would have been seasonal rainwater flowing

at the bedrock surface within the decomposed granitic material. If

chromium had been carried by the 'seasonal rainwater, concentrations

within the topsoil would probably have been considerably less than those

observed at depth. It is likely that chromium-containing water used by
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FIGURE 4.1

SITE IlA (ES 1lA)

SITE-SPECIFIC GEOLOGY
AND LEVELS OF CONTAMINATION

IDENTIFIED IN SOIL SAMPLES

Gravelly Sano Chloroform 0.69 mg/kg

10 0 Fuel Oil: Positive
09=

25

Mondr Oil Psiiv

GrvlySan d Grove

300

35 Gravelly San

SnyClayey Gravel

60

Sily SndS 7i>T~i:7 Chloroform 0.35 mg/kg

~ILocation of sp ilt-spoon sampess

tFor discusscrn of an'alytical re~utts. refer to page 4-5.
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FIGURE 4.2

SITE IlS (ES 16B)

SITE-SPECIFIC GEOLOGY
AND LEVELS OF CONTAMINATION

IDENTIFIED IN SOIL SAMPLES
FROM INDICATED DEPTHS*

(no water table)

.1 Surface Soil Discoloration
0-:

Gravelly Sand Chloroform 1 .29 mg/kg
..5 CSla Trichlorofluoromethane 13.3 mg/kg

9a 1, 1, 2. 2-Tetrachloroathane 0.21 mg/kg

O Gravelly Sand

10 SnyGae

15Chooom03 gk

20

20 j Gravelty Sand
- Clayay Sand,.7-

Silty Coarse*S~and
25

Cla

a~30

Gravelly Silty Sand -

45 0

60

SLocation of split-spoon samples

For discussionl of analytical results, refer to oage 4-5,
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FIGURE 4.3

SITE I C (ES 1iC)
SITE-SPECIFIC GEOLOGY AND
LEVELS OF CONTAMINATION
IDENTIFIED IN SOIL SAMPLES

FROM INDICATED DEPTHS*

(no water table)

0

5

20

25 5______

50 .

355

40

~ Loatio of pll~spon sap0e

F~r ~S~33~r~ t a'iytca~r~sits.r~e toaag 45

EN5EEIGSCEC
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FIGURE 4.4

SITE 10D1 (ES 10D1)

SITE-SPECIFIC GEOLOGY AND
LEVELS OF CONTAMINATION
IDENTIFIED IN SOIL SAMPLES

FROM INDICATED DEPTHS*
(no water table)

GrSiltyySand

SS

10MtyeeCSolo 03 Vk

20

35

40

45x

5 ~Trichlorofluoromethafle 20.9 mg/kC

55

60 Chloroform 0.11 mg/kg *

Trichlorofluoromethafle 3.89 mg/kg .Gaol~n

SLocation of split-spoon samples

For discussI~n of analytical results. refer to oage 4-5.-
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SITE 1 D2 (ES 1 D2)
SITE-SPECIFIC GEOLOGY AND
LEVELS OF CONTAMINATION

IDENTIFIED IN SOIL SAMPLES
FROM INDICATED DEPTHS*

(no water table)

Gravelly Sand 0

10 . Methylene Chloride 0.283 mg/kg
*1. 1-Oichloroethans 0.264 mgkg

Chloroform 0.228 mg/kg
Trichlorottuoromethane 27 mg/kg
Trichloroethylene (TCE) 0.559 mrg/kg

20

25

300

40
Gravelly Send ~

45

50 1, 1 -Dichloroethane 0.47 mg/kg

55

Chloroform 0.02 mg/kg - -*

Trihcorofluoiormothane 1.2 mg/kg ,/ .s' /
150Dich ord il o o metha e 238mg/kg

Carbon Tetrachloride 0.08 mg/krg
Trichloroethylene (TCE) 0.08 mg/kg s-ponsrle

________________________________-Location of splilt-po sa p

ENGINE ER~IN G-SCIENCE
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the Air Force was dumped directly on the ground either at the soil bog-

location or imediately upelope. Assuming an average concentration

of 80 in/kg of chromium in the soil column, the original concentration

of chromium-containing water may have been approximately 800 mg/l. Th e

distance from the site to the groundwater aquifer system is less tharn

two mileos for the chromium-water to move downgradient toward te

aquifers along the bedrock surface, over one million liters of this

material would be required. It is unlikely that such a large quantity

of waste would have boen disposed, and it is therefore unlikely that it

would reach the groundwater. Tetraethyllead was probably carried do4 -.

slope through the permeable topsoil and weathered granitic bedrock by

liquid fuel which later evaporated. The areal extent of soil contamina-

tion has not been determined.

site 3

Two surface soil grab samples were collected downslope from the

abandoned sanitary landfill. The sample locations are shown on Figure
1

4.7. The analytical results of the samples for constituents above the

dtitection limits are included on this figure. I
There are no data available on the concentrations of chemical con-

stituents and metals in the soil under non-contaminated condition•.

However, even without these data, some of the analytical results from

soil samples at Site 3 appear higher than would normally be expected.

Table 4.2 lists the threshold limit concentrations of metals and organic

compounds for determination of hazardous material; the table also lists

toxicity data. The concentration levels in the soil samples are all

lower than the threshold limits. The contaminants were most likely

carried downslope by surface runoff.

Site 5

To detect potential groundwater contamination from the underground

storage tanks at Site 5 (see Figure 1.1), three monitoring wells were

installed south of the site and one monitoring well was installed north

of Site 5. The location of the monitoring wells had been determined

based on local topography, geology, available logs, and U.S.G.S. water

level data. The monitoring wells were therefore located immediately
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south of Site 5 and the old well 9N/9W-6E1 The groundwater samples

from wells ES6, ES7, ES8, and ES9 were analyzed for the presence of

fuels and oils; the analyses indicated no contaminants present in any of

the samples. Figures 4.8 and 4.9 depict the site-specific subsurface

conditions at each well location as well as analytical results. In

addition to sampling the newly installed monitoring wells, 9N/9W-6E1 was

sampled. This well showed fuel contamination; the thickness of hydro-

carbons on the water was estimated to be 1 to 2 inches during field

sampling.

Following development of all the monitoring wells, water level

measurements were taken and each well site was surveyed by the Base for

determination of ground level elevation. Using these data, groundwater

table contours were developed for the shallow groundwater table at the

Main Base and 3outh Base (Figure 4.10). When comparing regional ground-

water elevation contours from Figure 2.3 with the shallow groundwater

table on Figure 4.10, significant differences are noticeable. The

shallow groundwater table is present at elevations ranging from 2,239

feet to 2,250 feet above mean sea level (msl), whereas the water table

in Figure 2.3 shows an elevation of 2,225 feet above msl. In the vicin-

ity of Site 5, the shallow groundwater table exhibits a steep gradient

to the east, whereas the regional flow in Figure 2.3 is to the south-

southeast toward the groundwater trough south of the South Base. There-

fore, if leakage from underground tanks at Site 5 reached the shallow

groundwater table, migration would most likely be eastward toward Rogers

Dry Lake. This could explain the analytical results obtained for the

groundwater samples south of Site 5. Monitoring well ES6 was installed

to identify potential migration of fuel from 9N/9W-6E1. However, based

on the newly developed shallow groundwater table contours, migration

would occur toward the southeast rather than to the south. If fuel

were migrating downgradient from 9N/9W-6E1 it would migrate southeaster-

ly according to the local shallow groundwater gradient and thus would

not be expected to be present in ES6.

Site 8

The analytic results of the water and sediment samples collected

from the industrial waste pond have been presented on a schematic fence
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diagram in Figure 4.11. Potential migration of identified constituents

into the underlying soil column and groundwater has not been determined,

but the analytical results show that metals are present in higher con-

centrations in the sediments than in the water. Metals are probably

contained within the sediments as insoluble sulfides. They would not be

likely to migrate into the ground, but rather would remain within the

fine sediments which naturally form at the bottom. Bottom sediments are

probably less permeable than the natural soils.

Examination of the shallow groundwater table contours on Figure

4.10 shows a groundwater gradient that indicates a possible mound under

Site 8. This could mean that some seepage from the pond into the

groundwater has taken place.

Site 10

No groundwater was encountered during drilling, so no monitoring

wells were installed downgradient-from the jet fuel pipeline break. The

site-specific subsurface conditions for soil borings ES2 and ES3 are

shown on Figure 4.12. This figure indicates the depth to decomposed

bedrock and the depths at which jet fuel was identified in the field.

As can be seen, jet fuel was present within the decomposed granitic

material from 12 to 21 feet at ES2 and from 8 to 9 feet at ES3. It

appears that ES2 is located within a depression containing a thicker

cover of decomposed bedrock than exists at ES3. The fuel spill may have

been contained within this depression rather than migrating downslope.

Field capacity indicates the amount of liquid held by capillary forces

within the soil. If it is assumed that a maximum of 200,000 gallons of

fuel spilled to the ground, that the field capacity of the soil is 10

percent by volume for oil, and that the average thickness cf decomposed

granite is 5 feet, the fuel spill could cover an area of 200 square

feet. If the fuel were immobile, it would slowly vaporize within the

soil and evaporate into the atmosphere.

Site 11

At the Main Baae, two monitoring wells were installed downgradient

from the fuel hydrant spill. Both ES4 and ES10 are located in the down-

gradient direction of thq shallow groundwater table (see Figure 4.10).
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Fuel was identified in the groundwater sample from ES4 (see Figure

4.13); no fuel was identified in ES1O. During sampling of ES4, no fuel

was visible in the glass vial, yet laboratory analysis showed the pres-

ence of hydrocarbons. It is possible that the fuel spilled at the fuel

hydrant migrated downward i•r a liquid phase. During migration, however,

the liquid fuel would be preceeded by vapor entering the intergranular

void spaces. Thus, the fuel identified in the groundwater sample from

ES4 could have been vapor from an advancing liquid fuel plume. If 5,000

gallons of fuel were migrating toward groundwater located at a 40-foot

depth through soil with a 10 percent field capacity for liquid hydro-

carbons, an area of 40 square feet could be contaminated. Vapors from

fuel could have greater lateral and vertical extents. Analyses were

performed for trace metals but the concentration levels were found to be

below threshold limits and thus probably do not pose a significant

problem.
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FIGURE 4.6

SITE 2 (ES-i)

SITE-SPECIFIC GEOLOGY
013, AND LEVELS OF CONTAMINATION

IDENTIFIED IN SOIL SAMPLES
FROM IN DICATED DE PTHS*

(no water table)

.erehyla 1..31 mg/kg

p H 7.8
Chromium 82 mg/kg
Tetraethyllead 1.31 5mg/kg

* Waterd BdrckpH 7.9

*Chromium 80 mg/kg
Tetraethyllead 2.215 mg/kg

A-.- -

E Tetraethyllead 0.98 mg/kg

25

I~Location of spilt-spoon samples

For discussion of analytical results. refer to piage 4-6.
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FIGURE 4.7
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FIGURE 4.8
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FIGURE 4.9
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FIGURE 4.10

I INSTALLATION

4 .. RESTORATION
...... PROGRAM

~ ~tT~JAPHASE 11

nri in- .- FIELD EVALUATION

C) SITEWAIOC, FS

LEGINO

cr>Gr'oundwater Flow
01(octioEn

-P250 G rouandwater Table
Elevation (Moon

I Sea Level)I

A I R p U k r E

L I R T TI r p x

001/2 0

MILE

GROUNDWATER TABLE
CONTOURS FOR THE

SHALLOW GROUNDWATER
. TABLE AT MAIN BASE AND

SOUTH BASE
- (8 MARCH 1982)
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FIGURE 4.11

SCHEMATIC FENCE DIAGRAM OF SAMPLING LOCATIONS
AT SITE 8, INCLUDING LEVELS OF CONTAMINATION

ABOVE DETECTION LIMIT IDENTIFIED
IN SEDIMENT AND WATER SAMPLES*

8C, SEDIMENT

Oil Frosent
Fuel Present
Antimony 4a.8.8mg/kg
Arsenic 27.4 mg/kg
Cadmi'im 15.4 mg/kg
Ch romium 319 mg/ ka
Copper 70 rng/k. 88, WATER
Lead 48 mg/kg
Mercury 0.17 mg/kg Chromium 0.05 ppm
Nickel 87.8 mg/kg Copper 0.02 ppm
Selenium 2.2 mg/kg Selenium 0.075 ppm
Silver 23.1 mg/kg Zinc 0.0-75 ppm
Zinc 228 mig/kg

A S

80, WATER

Selenium 0.035 ppmn S
Zinc 0.045 porm

A

0u rainage Ditch '

SS

10-

10 Bottom Sedimrents

8D, SEDIMENT 8A. SEDIMENT SB. SEDIMENT

oil Present Oil Prosent oil P~esent
Fuel Present Fuel Prassnt Fuel Present
Antimony 8.8 mg/kg Anti mony 19.0 mg/kg Antimony 39.7 mgikg
Arsenic 4.7 mg/kg Arsenic 7.0 mg/kg Arsenic 37.5 mgikg
Cadmium 9.1 mn-Vkg Cadmium 8.3 mg/kg Cadmium 42.9 mg/kg
Chromium 104 rmg/kg Chromium 94 mg/kg Chromium 488 mg/ke
copper 155 mg/kg Copper 58 mg/kg Copper 98 mg/kg
Lead 72 mg/kg Lead 79 mg/kg Lead 80 mng/kg
Mercury 0.09 mg/kg Mercury 0.1 5 mg/kg Mercury 0.15 mg/kg
Nickel 21.8 mg/'.g Nickel 23.5 mg/kg Nickel 129 mg/kg
Selenium 8.0 mg/kg Selenium 9.2 mg/kg Selenium 24 my/gSilver 24.1 mg/kg Silver 10.4 mg/kg Silver 28.9 mg/kg
Zinc 267 mg/kg Zinc 184 mg/kg Zinc 244 mq/kg

Scale
Horizontal: None

Vertical: I = 5 Fcr discussion of analytical results, refer to page 1-t 5.
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CHAPTER 5

ALTERNATIVE MEASURES

In general, environmental concerns identified during the field pro-

gram at Edwards ATB consist of soil contamination, shallow groundwater

contamination, and the potential for future contamination. A discussion

of potentially applicable measures to address these concerns, including

the perceived advantages and disadvantages, is presented in this chap-

ter. Specific applications at each of the sites and subsites on the

Base are then discussed.

OVERVIEW OF ALTERNAT'VES

Excavation

The most direct approach to solving the problem of soil contamina-

tion is to excavate the affected materials. The excavated materials

must be then either hauled to a secure site for disposal or treated to

render them nonhAzardous before returning them to the excavated site.

when the quantities of hazardous materials are small, removal and

transport to a secure site can be the optimal solution. However, as the

quantity of materials increases, the costs of excavation, transporta-

tion, and disposal render such options clearly infeasible.

Leaching of Contaminated Soils

Contaminated soils may be cleansed in situ by permitting water to

percolate through and carry the contaminants to the groundwater below.

At the same time, wells could be installed to pump this percolating

water to the ground surface where it could be treated to remove the

contaminants before it is repercolated for reuse .-£ further cleansing

the soils. This mitigation measure has the inherent disadvantaqe of

providing a direct means of groundwater contamination even though part
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of the system includes water removal and cleanup. The percolation and

pumping operations are widely known although this technique has had very

little similar application in the United States.

W,.ters pumped out of the ground could be treated using available

technologies for the removal of organics.

Where waters are contaminated with high concentrations of nitrates,

the only developed technique for their removal is biological denitrifi-

cation using an organic substrate. In this process, nitrates are con-

verted to nitrogen gas and the substrate is consumed. There has been

considerable experience with this method in municipal wastewater treat-

ment. However, this application is quite specialized and pilot denitri-

fication tests using leachate from the pits would be advisable before

proceeding with full-scale operations should such an -.Dtion be elected.

Leaching with water has the advantages of being a monitorable

system. When the leachate is no longer contaminated the site can be

considered cleansed and the operation halted.

Air Sweeping of Contaminated Soils

It may be possible to remove vapors in soil by air sweeping. Air

sweeping as discussed here is an entirely new process. As far as is

known it has never been discussed or utilized prior to this report.

Therefore, no prior experience exists on which to base designs.

In general, the idea is to drill wells, down to a level just short

of the groundwater. These wells would be cased and per~orated only at

the bottom. At the ground surface blowers would be attached to force

"the flow of air either into or out of the well perforations. The blower

would produce a pressure difference and air would flow through the soil

carrying the entrapped vapors with it. The well system could be de-

signed using potential flow mapping to determine the areal effectiveness

of any given well and the required spacing and flow of the total well

system.

The system could be designed to operate under positive pressure

where the vapors would be forced out of the soil to be dispersed and

lost to the atmosphere. Should it be determined that the escaping

material had unacceptable air quality impacts, then the system could be
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designed as a suction system forcing air into the ground and exhausting

it through the well itto an activated carbon system for cleansing prior

to discharge back to the atmosphere.

Since the system is a new concept considerable pilot testing would

be advisable before going to full-scale operation. However, if accepted

by various state agencies, this potentially could be a relatively inex-

pensive and simple way to resolve many of the problems at the North

Base.

Immobilization of Contaminants

Various techniques can be used to prevent migration of the contam-

inants. Where contaminants can be mobilized by water, one method is to

construct a barrier over the entire site using very impermeable soils.

Other types of impermeable barriers could also be used. This would pre-

vent water ponding and surface percolation. As long as no underground

flow passed into the contaminated soils the contaminants would remain

immobilized and should not present an environmental problem. If this

alternative is implemented, it is essential that good records be kept so

no future construction could ever remove the mound and/or introduce per-

colating waters.

Where underground flow through the site is possible, it may be de-

sirable to construct slurry walls or gel barriers to divert the flow.

In some cases it may be possible to immobilize contaminants using a com-

bination of slurry walls, gel encasements, and surface control. The

potential effectiveness and cost of immobilization should be carefully

evaluated to determine the best future course of action at this site.

If the hazards and costs of excavation are great this may be the only

other viable option.

Oil and Fuel Removal

At those sites where oil or fuel is found floating on the ground-

water the only viable cleanup method is to remove these materials. This

is accomplished by a double pumping system.

In this system a casing is placed into the groundwater with per-

forations in the casing extending fron above the gro,:ndwater to a point

well below the groundwater surface. A submersible pump is placed in the
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bottom of the well which draws surrounding groundwater into the well

through the perforations below the groundwater surface, while the oil or

fuel remains floating on top of the water outside the well. This pump-

ing lowers the groundwater level as water drawn into the well is pumped

to the ground surface to be percolated or reinjected later at a distant

point. A second small skimming pump is floated on the water surface in

the well. This pump skims oil and fuel off the lowered surface of te

groundwater as it flows into the well. Oil or fuel collected in this

manner is pumped into aboveground tanks. Under certain circumstances,

recovery and reuse of these materials are feasible.

There is experience with this system and contractors are available

who will provide this service.

Natural Diffusion

Where soils are contaminated with organic vapors, the problem wiLl

eventually be solved by natural diffusion processes. When proper engi-

neering analysis and monitoring are provided, this may represent a

viable alternative solution. The vapors will ultimately be carried to
the soil surface where they will be released to the atmosphere. How-

ever, these natural processes may require a great deal of time, and as

long as the vapors remain in the soil they represent a potential source

of groundwater contamination.

In order to estimate the time required for these processes, more

geological contamination data must be collected and computer simulation

of the diffusional process must be conducted. These three-dimensional

simulations are very large and require a great deal of computer time to

achieve reliable results.

SITE-SPECIFIC ALTERNATIVES

North Base

To reduce potential for future contamination, it wuld appear

advisable for the Air Force to commence removal and disposal of all

known buried waste containers on the North Base as soon as possible.

Contractors are available who specialize in this type of work.
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Prior to initiating cleanup of identified soil contamination, the

existing North Base wells should be sampled and analyzed for nitrates,

chloroform, and trichlorofluoromethane. In addition, private off-base

wells located downgradient should be sampled if possible to ascertain

the extent of potential nitrate and organics contamination.

Sites 1A, 1B, 1D1, and 1D2

The primary contaminants identified in the soil at these sites are

chloroform and trichlorofluoromethane (Freon-11). Although these con-

stituents have not been found in the groundwater, they are soluble in

water to 7,840 mg per liter and 1,100 mg per liter, respectively.

Migration of volatile solvents in the gaseous phase into the groundwater

is a concern, but the potential environmental and health hazards associ-

ated with the identified levels of soil contamination do not appear to

be significant. If contaminants have entered the groundwater they would

migrate downgradient. Sampling of nearby downgradient wells for chloro-

form and Freon-11 would establish whether contamination had migrated to

those locations, and thus establish preliminary contamination boundar-

ies.

The lateral extent of contamination from organic compounds in the

gaseous state can be estimated by the use of a mathematical model. The

upper circumference of contamination could be identified in the field by

completing a number of shallow soil borings about 10 feet deep radiating

from the disposal site. The drilling program should be carried out in

conjunction with a field monitoring program. By using a portable chro-

matograph, each hole can be sampled in the field for volatile organics;

the presence or absence of volatiles would determine the extent of the

required program.

In order to establish the nature of contamination an exploratory

well should be drilled to the grcundwater north of the sites. The pur-

pose of this well would be to sample the soils immediately above the

water table. To identify the soil/water interface, in-place soil sam-

ples should be taken at 1-foot intervals beginning 85 feet below the

surface. The sample taken at the soil/water interface should be ana-

lyzed to ascertain whether chloroform or Freon-11 is present. Samplers

should consist of closed containers (e.g., Shelby tubes) to minimize
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escape of contaminants during sampling. The following options for.

remedial actions are available:

0 Alternative 1: In situ removal by leaching

In situ removal of contaminants could be accomplished by estab-

lishing a constant water supply for percolation into the ground.

Installation of a well would bring the percolating water and con-

taminants to the. surface for treatment. The contaminants could

possibly be removed by activated carbon treatment. Following

treatment the water would be returned to the percolation pond.

"o Alternative 2: Pressure air sweeping

The organic compounds present in the soil could possibly be re-

moved by blowing compressed air through the soil column, bringing

the contaminants to the surface by advective mass transfer.

"0 Alternative 3: Vacuum air sweeping

An alternative to injecting pressurized air into the ground would

be the installation of wells with perforated casings that would

be evacuated to create suction; the low pressure within the well

would cause migration of air and volatilized organics within the

soil into the well. By drawing the contaminants out of the soil

prefile at defined points, random release of organics to the

atmosphere would be prevented. Periodic monitoring of the air

from each well would provide information on the removal effec-

tiveness.

o Alternative 4: Immobilization of contaminants

Even though the organic compounds present within the soil column

are most likely in the gaseous state and migrating by molecular

diffusion, percolating water c)uld cause downward transport of

contaminants which could potentially enter thie groundwater. An

impermeable cover consisting of playa deposits would effectively

prevent water from entering the contaminated soil column. This

option would be particularly feasible if the nitric acid pits at

Site IC were to be overlain by an impermeable cover. If the

sites were covered, effective future land use restrictions should
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be implemented to prevent excavation and construction in these

areas.

0 Alternative 5: Monitoring

This option would mean that the contamination identified at the

sites would remain in place. However, since the migration prob-

ably occurs by molecular diffusion, it is likely that, given

enough time, the vaporized organics would escape to the atmos-

phere, and also potentially enter the groundwater. If no reme-

dial action is taken, monitoring at existing wells in the vicin-

ity would be of utmost importance. If the organics enter the

water supply system, remedial actions would be required by either

closing a well, treating the water, or preventing further migra-

tion of the organics.

Site IC

At Site IC, high nitrate levels were identified in the soil column.

The nitrates may or may not be immobilized within the soils. In the

event that nitrates have entered the groundwater, remedial actions would

be limited since existing technology does not provide for nitrate re-

moval from water. However, several options are available to mitigate

the adverse effects of nitrate migration.

o Alternative 1: Excavation of contaminated soil

The first option entails excavation of the entire contaminated

soil column. There are four nitric acid disposal areas at the

North Base, with a total surface area of 20,000 square feet. The

soil boring ESIC revealed nitrate contamination within the soil

to the maximum drilled depth of 55 feet, and it is probable that

contamination would be present at greater depths, possibly ex-

tendin- to the groundwater (approximately 100 feet). If contam-

inated soil were assumed to be present to a depth of 100 feet

under each nitric acid pit, a minimum of about two million cubic

feet c, soil would need to be removed. The soil then would have

to be hauled to a permitted hazardous waste disposal site, and

the excavated area then would be restored as necessary.
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Alternative 2: In situ removal by leaching

In situ removal of contaminants could be accomplished by leaching

them out of the soil with water. The system would consist of a

surface percolation pond that would provide a continuous source

of water for downward movement; a well or wells would be in-

stalled to pump the contaminated water back to the surface. The

water would then be subjected to treatment to remove the ni-

trates. Removal could be accomplished biologically.

o Alternative 3: Immobilization of contaminants

Nitrates are easily mobilized by percolating water. Immobiliza-

tion of nitrates could be accomplished by preventing any water

from percolating into the nitrate-contaminated soils. The con-

struction of a mound composed of fine-grained material with very

low permeability (e.g., playa deposits) would inhibit water per-

colation. The cover would be placed as a mound draining away

from the site. Implementation of this mitigatory action would

necessitate effective land use restrictions to ensure that no

future excavation or construction takes place in the area.

O Alternative 4: Monitoring

The major mobilization of the nitrates probably occurred at the

time of disposal when large amounts of liquid were poured into

the.pits. Recharge to the groundwater from rainfall is probably

minimal; therefore the existing nitrate contamination may not be

very mobile. One option would therefore be no remedial action at

the present time. If no action were taken, existing wells down-

gradient from the site, both on and off base, should be sampled

on a semiannual basis for nitrates. Measures to assure no future

construction or disposal of water at this site will be necessary

as a minimum.
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Main Base and South Base

Site 2

The soil samples collected downslope from the site indicated con-

tamination from chromium and tetraethyllead. The areal extent of con-

tamination is unknown, but it could extend further downslope. To elimi-

nate the possibility of future contamination by leaking containers

either on the surface or buried, all waste containers should be removed.

While no evidence exists that waste containers have been buried at this

site, metal detectors or ground-penetrating radar should be used to

confirm the absence of buried containers. If buried containers do

exist, they should be removed and transported to a permitted hazardous

waste disposal site.

The levels of soil contamination identified do not appear to be

excessive or to pose significant environmental hazards or public health

risks. The major concern regarding this site is the potential for con-

taminant migration toward the aquifer ~sstem along the shores of Rogers

Dry Lake.

Two lysimeters should be installed immediately downgradient from

the site near the bedrock/soil interface to assess the potential for

subsurface flow. If a seasonal water table exists, the lysimeters

should be used to withdraw samples which should be analyzed for sus-

pected contamination. If a seasonal water table is identified and

contaminants are detected, a monitoring well could be installed in the

aquifer closest to the site, less than 2 miles away. This would allow

for early detection of contamination prior to infiltration of the water

supply.

The possible options for remedial actions are described below.

0 Alternative 1: Excavation of contaminated soil

Removal of contaminated soil in the burial area could require

excavation of large quantities of material. Based on the assump-

tion that the entire 20 feet of topsoil and weathered bedrock

were to be removed, 300,000 cubic feet would be involved. Remov-

ing the soil from Site 2 may not eliminate all contaminated soil,

but would remove the source for potential future contaminant
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migration. Since it is unknown exactly what has been disposed at

the site, contaminants may continue to migrate.

Alternative 2: Immobilization of contaminants

If the soils were not excavated and removed, immobilization of

the contaminants remaining at the site could be accomplished by

installation of well points through which gels would be injected

forming an impermeable barrier around the entire site to the

depth of the bedrock. In conjunction with creating an imperme-

able subsurface barrier, an impermeable surface cover would be

necessary to prevent site runoff from carrying contaminants down-

slope. The impermeable material surrounding the site would en-

tomb the contaminants present within the soils. If this option

were implemented effective land use restrictions would be needed

to ensure no future construction or excavAtion activities could

take place in this area.

"Alternative 3: Monitoring

Assuming that the contaminants identified in the soils have not

reached the groundwater near the dry lake shore, it is probahle

that contaminants migrating by seasonal runoff within the soil

have been deposited in the soil 3rofil(-i downslope from the site

and will not reach the groundwacer. In that case, the impacts of

no remedial action at Site 2 would be potential increases in soil

contamination downslope. If no remedial action were taken, land

use restrictions shculd be applied to the area of potential soil

contamination downslope and groundwater monitoring shculd be

implemented.

Site 3

",be abandoned sanitary landfill covers an area of about 150 acres

(Envirodyne Engineers, Inc., 1981). Neither the depth of the landfill

nmrr the depth to bedrock is known. Migration of contaminants contained

in t!he disposed material could occur either by surface runoff or by

leaching vertically down to the bedrock where a seasonal water table

would transport contaminants downslope.
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Although metals and organic constituents were detected in the

surface soil grab samples collected downslope from the site, the con-

centration levels identified were all lower than the threshold limit

concentrations used by the State of California for determination of

hazardous materials.

On the basis of the local geology and the levels of contamination

found downslope from the landfill, Site 3 does not appear to pose im-

sediate environmental and health hazards. The only concern would be the

potential for seasonal groundwater movement carrying leachates toward

the aquifer system along the shores of Rogers Dry Lake.

Excavation of the entire sanitary landfill is clearly infeasible.

Should exploration reveal remedial actions are necessary the following

options are possible.

* Alternative 1: Surface runoff containment

Prior Ij implementation of this alternative, the areal and verti-

cal extent of the disposal area should be identified and the

depth to bedrock should be ascertained. Control of surface run-

off then could be achieved either by :-overing the landfill with

an impermeable material (e.g., clays), or by constructing drain-

aqe ditches uptlope and downslope to intercept and retain the

runoff from the site. Along Mojave Boulevard downslope from the

landfill, swales currently intercept surface runoff. One of the

grab samples (3A) collected during the field program was from

this area; laboratory results indicated higher levels of contam-

ination in this sample than in 3B, collected from the edge of the

swale further downslope.

Alternative 2: Construction of groundwater barrier

Construction of an upslope groundwater barrier would prevent

seasonal groundwater from flowing under the landfill ard thereby

potentially carrying leached contaminants downslopo.. The areal

and vertical extent of the landfill should be identified and the

depth to bedrock should be determined. The dimensions of the

barriar would depend on tht depth to be.drock and the lateral



extant of the landfill. The barrier could be constructed either

by a slurry trench or gel injection through weLL points.

Alternative 31 Monitoring

To investigate the presence of a seasonal water table, a lysim-

eter could be installed downgradient from the site. If seasonal

groundwater flow exists, a sample could be obtained and analyzed

for metals and organic constituents. If contaminants are identi-

fied, a downgradient monitoring well could be installed to moni-

tor potential migration of contaminants into the groundwater.

site 5

The potential for fuel contamination of the Base water supply

(deeper aquifer) from pest tank leakage is probably remote. The shallow

groundwater gradient near Site 5 is toward the east. The shallow

groundwater table appears to be unconfined, wheres deeper aquifers are

confined. Since fuel is immiscible with wate.: and floats on top of

water, it could not migrate downward into the deeper confined aquifers.

To minimize any potential shallow groundwater contamination from

Site 5, the following recommendations are made.

Locate abandoned wells 9N/9w-¶8C1 (MB-7) and 9N/9W-6LI (!B-1),

situated downgradient of Site 5. If the wel•ls can be located, if

the top cover can be removed, and if the wells have not been

grouted (abandoned), a water sample should be taken if possible

and analyzed for fuels and oils. After the wells are sampled, or

if the wells are not in a condition to be sampled, they should be

grouted for proper abandonmenc. This is particularly important

for well 91/9W-19C1 since it is 360 feet deep and gravel-p4cked

the entire length. If contaminants have miqrated downgradient

from Site 5, the gravel pack around this well constitutes an

ideal conduit through which contaminants may travel to the

aquifer used for the Base water supply. Well 9W/9#-WL is 147

feet deep with perforations from 33 feet to 130 feet (see Figure

3.5 for location). This well would also provide a conduit for

miqrating contaminants.
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o Three monitoring wells should be installed east of Site 5. The

first well should be immediately adjacent to the site, the second

should be approximately 50 feet east of the Site 5 boundary, and

the third should be located about 500 feet from the site bound-

ary. For the wvll closest to the site, soil samples should be

retrieved at 20-foot depth intervals for laboratory analysis for

fuel and oils. A water sample from the shallow aquifer should be

retained.

* If no fuel is detected in the soil or groundwater, the new wvlls

should be monitored on a semiannual basis. If the soil or

groundwater in newly installed monitoring wells contains fuel,

additional wells should be installed in pheses to delineate the

areal extent of contamination. A rapid laboratory turnaround

time would be desirable for analyses of groundwater samples so

that determination of well location and installation of addi-

tional monitoring wells can be accomplished in the field on the

basis of laboratory results. This would minimize lengthy delays

in implementation oZ mitigatory measures and would reduce drill-

ing costs.

" The remaining underground storage tanks should be monitored regu-

larly to detect potential lea.l'age.

o The source of fuel within the old well 9N/9W-6E1 has not been

identified. However, the odor of fuel was noted in the water

from 1978 to th4 present time by U.S.G.S., which conducts yearly

water level measurements in selected wells on the Bas*. For the

years 1974 to 1981 these measurements were obtained by the same

person (Downing, 1981)l the logs show that jet fuel was smelled

in the well water from 1978 to 1981. A water sample was obtained

from the well by the Air Force in March 1982 and analyzed for

fuel; the analysis was positive. The source of tho fuel is

aqsumed to be upgradient from the well ,inless the fuel is present

due to random vandalism. Prior to initiating a monitoring pro-

gram, well 6E1 should be redeveloped and sampled. If fuel is

identified in the sample from well 6E1, one monitoring well

should be installed immediately upgradient (northwest) of the
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Base well, with two additional wells downqradient at 50 feet and

500 feet southeast of the well. If these wells should show

hydrocarbon contamination in considerable amounts, additional

monitoring wells may be necessary to identify the extent of the

plume.

Figure 5.1 summarizes the options available to mitigate potential

adverse environmental impacts resulting from fuel contamination. These

alternatives are discussed below.

Alternative 1: Fuel recovery

.his alternative involves the installation of a filter-scavenger

system in a 26-inch well. A floating separator collection unit

allows hydrocarbons to enter through a filter for transport to

the surface. A submersible pump creates a cone of depression

that allows hydrocarbons and groundwater to flow into tre well,

while a probe adjusts the water level in the well to the appro-

priate level for fuel recovery. The water discharged from the

well would need to be disposed or reinjected into the ground. To

evaluate the effectiveness of contaminant removal the monitoring

wells 4nstalled downgradient should be sampled on a monthly basis

until recovery is complete, after which annual monitoring would

be recommended.

* Alternative 2: No remedial action

Depending on the severity of potential groundwater contamination,

hydrocarbons may not pose an environmental hazard. If this is

the case, the fuel may be left in place to migrate further down-

gradient, and eventually vaporize and evaporate into the atmos-

phere. If no remedial actions are implemented the wells in-

stalled downgradient from the sit^ should be monitored semi-

annually.

Site 8

Laboratory analyses of the industrial waste pond wata, and sediment

samples indicate high concentrations of metals within the bot.,, sedi-

ments. Organic solvents may be present originating from aircraft clean-

ing operations. Since the shallow groundwater table contours shown on
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Figure 4.10 indicate an increase in gradient adjacent to the pond, seep-

ge from the pond may have occurred. Considering the physidal charac-

teristics of the playa deposits underlying Site 8, however, the poten-

tial for groundwater contamination from pond seepage appears low. The1
70 rttom sediments within the sand itself are probably quite impermeable

providing an effective barrier for contaminant migration. There is no

information on groundwater quality near the site.

To determine potential groundwater contamination, a monitoring well

should be installed immediately downgradient of the pond in the shallow

groundwater, and a water sample retrieved and analyzed for metals and

jorganic solvents. An undisturbed soil sample should be obtained for

permeability testing.

Should the results of the groundwater monitoring analyses show

contamination, several options are available. These options are discus-

sad below.

SAlternative 1: Treatment of pond water

If the analyses of the groundwater indicate contamination, peri-

odic in situ treatment of the pond water to remove metals and

solvents could be accomplished by precipitation of the metals,

possibly with the addition of a coagulant, and air stripping of

the solvents.

* Alternative 2: Installation of pond lining

If the pond is determined to be contributing to groundwater con-

tamination, lining the pond with an impermeable material would

prevent percolation of contaminants into the shallow groundwater.

A lining material consisting of either bentonite clay or a vinyl

chloride could be installed after the water has been evacuated

from the pond. Evacuation could easily be accomplished by pump-

ing the water into the overflcw ponds northeast of the main pond.

Prior to lining the pond the bottom 4ediments should bm removed

and disposed at an appropriate disposal facility. The overflow

ponds should also be lined with impermeable material to prevent

migration of contaminants.
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Alternative 3: Monitoring

No remedial actions wuld be necessary if laboratory analyses in-

dicate no evidence of groundwater contamination. However, moni-

toring and annual sampling of the well for soluble contaminants

should be conducted.

Site 10

Soil contamination from fuel was identified in soil borings ES2 and

ES3. The areal extent of fuel within the decomposed granitic material

downgradient from ES3 is not known. Soil boring ES3 appears to be

located on a bedrock "knob" that may have detained downslope migration

of hydrocarbons. There is no permanent water table in the area.

The jet fuel was identified at depths of 8 feet and 11 feet; at the

time of the fuel spill, the entire soil column could have been saturated

and over the succeeding years, approximately 10 feet of hydrocarbons

could have vaporized and evaporated into the atmosphere. There is

little reason to assume that the fuel has been extensively mobile since

there is nc permanent water table in the area. Therefore, the potential

for groundwater contamination is considered remote.

To define the extent of soil contamination from fuel, vapor detec-

tion pipes should be installed to determine the perimeter of the sus-

pected contaminated area. Following identification of the extent of

soil contamination from Site 10, a number of options are available to

eliminate or minimize the contamination.

"o Alternative 1: In situ removal (fluid injection)

If the fuel is confined within a topographical depression pre-

venting it from migrating downslope, injection of water could

"lift" the hydrocarbons to the top of the water. Fuel recovery

by an oil recovery filter installed within a recovery well would

then be possible.

"o Alternative 2: In situ removal (air sweeping)

The fuel could be eliminated by air sweeping. The system would

pull air through the soil causing the hydrocarbons to vaporize.
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Installation of a vent system would remove the vapors for dis-

persal into the atmosphere. This option would be particularly

applicable if the contaminated soils were confined within a

relatively small area such as a topographical depression.

Alternative 3: Monitoring

If the fuel-contaminated soil is confined by topography, the

possibility of migration would be limited. The hydrocarbons

would then vaporize and evaporate into the atmosphere over time.

If no remedial actions are taken to remove the contamination,

land use restrictions should be implemented to limit future

construction in the area. In addition, vapor detection pipes

should be installed to determine the perimeter of the suspected

contaminated area.

Site 11

The areal extent of soils contaminated by liquid hydrocarbons is

likely to be small, possibly about 40 square feet. The vapors from the

hydrocarbons could have a greater lateral extent since the groundwater

in ES4, located about 400 feet from the hydrants, showed presence of

fuel. However, fuel within the shallow unconfined groundwater is un-

likely to migrate downward into confined water supply aquifers. There-

fore, potential environmental health risks from this fuel spill are

considered insignificant. To define the extent of the spill it is

recommended that one monitoring well be installed downgradient from the

hydrant for sampling of groundwater and soils. The possible remedial

measures are discussed below.

"Alternative 1: Air sweeping

It is not known whether the groundwater has been contaminated.

It is known only that the fuel identified in ES4 was probably in

the gaseous phase, since there was no visual evidence of fuel in

the sample. Air sweeping would draw air through the soil, vapor-

izing the hydrocarbons for dispersal into the atmosphere.
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Alternative 2: Monitoring

If no groundwater contamination were identified, the hydrocarbons

may be held within the soil where they would vaporize over time.

If no remedial actions were implemented, a groundwater monitoring

well should be installed upgradient of ES4 to semiannually moni-

tor hydrocarbon concentrations over time. Perforating the entire

casing of the well would allow volatiles from the soil to enter

the well.
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CHAPTER 6

RECOMMENDATIONS

The recommendations which have been developed for each site are

summarized on Table 6.1.

NORTH BASE

Prior to initiating mitigation measures for identified soil contam-

ination, the existing North Base wells should be sampled and analyzed

for nitrates, chloroform, and trichlorofluoromethane. In addition, pro-

cedures should be initiated to allow for sampling of private off-base

wells located downgradient from North Base disposal sites to ascertain

the extent of potential nitrate and organics contamination.

Sites 1A, iB, IDI, and 1D2

The levels of soil contamination identified at these sites hardly

would constitute an immediate health hazard. However, to prevent poten-

tial environmental contamination in the future, all remaining waste con-

tainers should be removed from the sites and transported to a permitted

hazardous waste disposal location. Periodic sampling of downgradient

wells for chloroform and trichlorofluoromethane should be performed to

establish whether contaminants have migrated to those locations.

Except for drum removal, no remedial action is recommended for

Sites 1A, IB, 1D1, and 102 at this time. However, semiannual monitoring

for nitrates and organics at existing downgradient wells in the vicinity

will be of utmost importance. In order to establish the vertical dis-

tribution of contamination a monitoring well should be completed to the

groundwater downgradient of the sites. If the organics enter the water

supply system, remedial actions would be required either through closure

of the well(s), treatment of the water, or immobilization of the organic

constituents.
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Should a problem be defined, in order to implement aeasures to

clean up the contaminated soils at the North Base, it will be necessary

to perform a predesign reconnaisasance to determine the lateral extent

of contaminant migration in the area. It is therefore recommended that

a series of shallow soil borings be completed to a depth of 10 feet,

with one soil sample collected from the bottom of each hole with a

Shelby tube to be analyzed for chloroform and trichlorofluoromathane.

The borings should be distributed at compass points around the sites;

the number of borings will be decided in the field, but wuld be a

minimum of ten.

The aoils immediately above the water table should be sampled to

ascertain whether chloroform or trichlorofluoromethane is present. Sam-

plers should consist of closed containers to minimize escape of volatile

contaminants during sampling.

?ite IC

The risk of contamination of drinking water supplies from this site

is considered low. However, to mitigate identified soil contamination

it is recommended that the nitrates be immobilized by preventing any

water !roe percolating into the contaminated soils. A moumd composed of

finre-qrained material with very low permeability (e.g., playa depositp)

Pthould be emplaced across the nitric acid pits to inhibit water percola-

tion. The cover should be placed as a mound draining away from the

site. Implementation of this mitigatory action will necessitate effec-

tive land use restrictions to ensure that no future excavation or

construction takes place in the area. In addition, downgradient wells

should be sampled on a semiannual basis for nitrates.

MAIN BASE ANM SOUTH BASE

Site 2

Imminent contamination of the Base water supply from leachates

originating at Site 2 is considered unlikely. However, stepe should be

taken to eliminate any potential sources. To this end, "etal detectors

should be used to locate any buried containers. If located, the buried

containers should be transported to a permitted hazardous waste disposal
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site. This would eliminate the possibility of any soil contamination

from leaking containers.

Two lysimeters should be installed immediately downgradient from

the site near the bedrock/soil interface to assess the potential for

subsurface flow. The lysimeters should be used to sample for suspected

contaminants. A monitoring well could be installed downgradient from

the site, near the aquifer boundary less than 2 miles away, if a sea-

sonal water table is identified with the lysimeters and contaminants are

detected. Monitoring should be conducted annually for metals and

organic constituents. This will allow for early detection of potential

contamination prior to its entering the water supply.

If the lysimeter samples indicate the presence of subsurface flow,

in situ contaminants at the site should be immobilized by construction

of an impermeable surface cover. This would prevent site runoff from

carrying contaminants downelope. On-base playa deposits would provide

an adequate impermeable cover. In conjunction with installation of the

impermeable cover, effective land use restrictions will be required to

ensure that no future construction or excavation activities can take

place in this area.

Site 3

The potential for environmental health hazards from this site is

considered minimal, primarily due to the absence of a permanent water

table under the area. To investigate the presence of a seasonal water

table, a lysimeter should be installed downgradient from the site and

used to sample for metals and organic constituents. If these substances

are detected, a monitoring well should be installed for annual sampling.

Mo other remedial actions are recoammnded at this time.

Site 5

The potential for contamination of the Base water supply from Site

5 is considered unlikely. However, the contamination of the shallow

aquifer will require more investigation. To trace the path of tank

leakage in the shallow aquifer, the following recoumsendations are made.
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* Locate abandoned wells 9N/gW-18C1 (MB-7) and 9N/9W--6LI (MB-1),

downgradient from Site 5. If the wells can be located and are in

a condition that will allow sampling of the groundwater, a sample

should be obtained and analyzed for fuels and oils. Water level

measurements should be taken if possible. After the wells are

sampled, or if the wells are not in a condition to be sampled,

they should be properly abandoned by grouting of the well cas-

ings.

* Three monitoring wells should be installed downgradient, east of

Site 5. The first well should be immediately adjacent to the

site, the second should be approximately 50 feet east of the Site

5 boundary, and the third should be located about 500 feet from

the site boundary. For the well closest to the site, soil sam-

ples should be retrie-."d at 20-foot depth intervals for labora-

tory analysis for fuel and oils. Water samples should be obtain-

ed from the shallow (first) aquifer (probably less than 100 feet

deep).

* If no fuel is detected in the soil or groundwater, the new wells

should be monitored semiannually. If the soil or groundwater in

newly installed monitoring wells contains fuel, three to six

additional wells should be installed in phases to delineate the

areal extent of contamination. Ideally, determination of well

locations and installation of additional monitoring wells should

be accomplished in the field on the basis of laboratory results

from previously installed monitoring wells.

* The remaining underground storage tanks should be monitored

regularly -- determine the potential for future leakage.

* The source of fuel in the old wvll 9N/9W-6E1 has not been identi-

fied but is assumed to be upqradient from the well unless the

fuel is present due to random vandalism. Prior to initiating a

monitoring program, wvll 6E1 should be redeveloped and sampled.

If fuel is identified in the sample from well 6W1, one monitoring

well should be installed immediately upgradient (northwest) of

the Base well, with two additional wvlls downgradient at 50 feet

and 500 feet southeast of the well. If these wells should show
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hydrocarbon contamination in considerable amounts, additional

monitoring wells may be necessary to identify the extent of the

plume. Depending on the amount of hydrocarbons in the ground-

water, the implementation of fuel recovery may be desirable. If

it is determined that hydrocarbons do not pose an environmental

hazard, the fuel may be left in place to migrate further down-

gradient, and eventually vaporize and evaporate into the atmos-

phere. In this case, the wells installed downgradient from the

site should be monitored aemiannually.

Site 8

It is considered unlikely that this site would cause groundwater

contamination due to the low permeabilities of the plays deposits and

the probable impermeability of the bottom sediment. A monitoLing well

installed immediately downgradient of this site in the shallow ground-

water and sampled for metals and organic solvents would allow for deter-

mination of groundwater contamination. An undtsturbed soil sample

should be obtained for permeability testing.

No remedial actions would be necessary if laboratory analyses in-

dicate no evidence of groundwater contamination. However, monitoring

and annual sampling of the well for soluble contaminants should be

conducted.

The need for further action should be evaluated pending the results

of the laboratory analyses of the groundwater sample. If groundwater

contamination is evident, monitoring and semiannual sampling should be

conducted. If mitigatory action is required, the most appropriate

measure would be periodic in situ tzdatment of the pond water.

Site 10

The potential for contaminant migration in this area is considered

remote given there is no permanent water table. However, to define the

areal extent of soil contamination from fuel, vapor detection pipes

should be installed to determine the perinkiter of the suspected contam-

inated area. if the fuel-contaminated soil is confined by topography,

the potential for migration and subsequent groundwater contamination

would be limited. Therefore, no further actions would be recommended at
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this time. The hydrocarbons would then vaporize and evaporate into the

atmosphere over time. No remedial actions will require implementation

of land use restrictions to prevent any 'future construction in the area.

site 11

Although it is improbable that the Base water supply would be im-

periled by the fuel spill at this site, it is recommended that the ex-

tant of the spill be defined. one monitoring well should be installed

downgradient from the hydrant for sampling of groundwater and soils.

If no groundwater contamination is identified in the monitoring

well, no remedial actions will be needed since the hydrocarbons, held

within the soil, would vaporize over time. The groundwater monitoring

well installed should be sampled semiannually for fuels. The monitoring

well should be perforated the entire length of the casing to allow vola-

tiles in the soil to enter the well. The well should be monitored for

hydrocarbon vapors semiannually with a gas probe.
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APPENDIX A

SCOPE OF WORK

INSTALLATION RESTORATION PROGRAM
PRASE II FIELD EVALUATION

EDWARDS AFB, CALIFORNIA

I. DESCRIPTION OF TASK:

The purpose of this task is to determine the magnitude and extent of
environmental contamination which has resulted from previous waste
disposal practices at Edwards AFB, California; to make recommendations
for actions necessary to mitigate adverse environmental effects of ex-
isting contamination problems; to suggest potential ways of restoring
the environment to as near a normal level as is practical; and to sug-
gest a future environmental monitoring program to document environmental
conditions at Edwards APB.

The presurvey task (order 2) report incorporated background and
description of the sites for this task. To accomplish this survey
effort, the following steps will be taken:

A. Install one test hole downstream of the main toxic waste dis-
posal area, Site 2. Perform analyses for toxic contaminants on
two soil-moisture samples.

B. Install four groundwater monitoring wells, one well upgradient
and three wells downgradient of the waste POL storage area,
Site 5. Perform analyses for organic contaminants on eight
water samples.

C. Monitor ambient air quality for total hydrocarbon at the sites
described below after wells are installed.

D. Install test holes to remove subsurface soils for analysis as
follows:
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1. one hole slant-drilled at Site IA,

2. one hole slant-drilled at the subsite south of the playa at
Site 1B,

3. two slant holes (1 per subsite) at Site ID, and

4. one slant hole under each underground tank at Site 5,
determined in paragraph I.C. to be leaking.

Three soil samples from each hole will be analyzed for organic
contaminants.

E. Install one test hole in the center of the main nitric acid pit
at Site iC. Remove five samples and analyze for nitrates.

F. Collect two surface soil samples downslope of the abandoned
sanitary landfill, Site 3. Analyze for organic contaminants
and heavy metals.

G. Collect one liquid sample and four sediment samples from the
industrial waste pond, Site 8. Analyze for toxic organic
conteminants.

H. Install five monitoring wells in the vicinity of Site 8. The
wells shall be installed to define the plume originating frog
the pipeline break between Buildings 1635 and 1810, and pipe-
line leak at Building 1724. Analyze two samples from each well
(10 samples total) for organic contaminants.

I. Close all abandoned test wells and test holes from the above
tasks in accordance with regulations of the California Water
Quality Control Board.

J. A final report (Item VI below) will be prepared delineating the
magnitude and extent of environmental contamination, to include
recommendations required for cleanup or to mLitigate the adverse
effects of previous waste disposal practices. Recommendations
for future environmental monitoring must also be included.

II. SITE LOCATION AND DATE:

Edwards AFB CA
Building 3925
21 September 1981

III. BASE SUPPORT: NONE

IV. GOVERNMENT FURNISHED PROPERTY: NONE
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V. GOVERNMENT TECHNICAL POINTS OF CONTACT

1. Dr. Dee Ann Sanders 3. Col Ronald D. Burnett

USAF OEHL/ECW HQ AFSC/SGP
Brooks AFB, TX 78235 Andrews AFB, MD 20334

(512) 536-3305 (301) 981-5235

2. Mr. James Baker 4. Col Joseph Humerickhouse

USAF Hospital Edwards/SGPA HQ AFSC/DE

Edwards AFB, CA 93525 Andrews AFB, MD 20334

(805) 227-3272/2982 (301) 981-6341
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APPENDIX B

WELL-NUM.Efl1G SYSTEIM

The well-numbering system used ina the Edward~s Air Force Base area

conforms to that used in virtually all ground-water investigations made

by the Geological Survey in ICalifornia since 1940. The system has

been adopted by the California Depar-~ent of 'Water Resources and by the

California 'Water Pollution Control. Board for use throughout the state.

Wells are assigned numbers according to their location in the

rectangular system for the subdivision of public land. For example,

in the number 8/11.-35J2 the part of the numb~er preceding the slash

indicates the township (T. 8N.), the part between the slash and the

hyphen indicates the range (RI. 11 W.), the nt~er between the hy'phen

and. the letter indicates the section (sec. 35), and the letter indicates

tae 140-acre subdivision of the section as shown in the accompanying

diagram.

D C B A

E F G H

M L Kt J
N P q R

Within the 14C-acre tract, the wells are nubered serially as

indicated by the final digit. Thus, well 8/11-35J2 is the second

well trn be listed in "t~e NEI~sEi sec. 35, T. 8 N., R. LI W. (San

Bernardino base and meridian).

Source: U. S. Geological Survey, 1962
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WELLS IN THE VICINITY OF DISPOSAL AND STORAGE AREAS

EDWARDS AIR FORCE BASE, CALIFORNIA

MAIN AND SOUTH BASES

Logs Water Levels Elevations Water
Avail- Available Available Quality Comments
able Data

9N9W6AI X X Main Base Well 5
6C1 X X Main Base Well 4
6E1 X X X Jet Fuel Smell,USGS
6L1 X X X Main Base Well I
6MI X X Main Base Well 2
7N1

18C1 X X X Main Base Well 7

9NlOWI3A.
12RI X X X X Mair Base Well 6
12R2
24C1 X X X X Bise Production Well

Main Base 94
24E1 X X Main Base well 11
24F1 X X X Main Base Well 6A
24F2
24G1 X X X Main Base Well 8
24G2
24NI X
24XX K Main Base Well 12

10N9W30PI
30Q1
30Q2
30Q3
31AI
31A2
31A3
31A4
31B1
31C1 X X
31C3 X X
31C4 X
31C5

1ON9W31H
31H2
31J1
31J2
3 LMl
31N1 K x
31N2
31N3



WELLS IN THE VICINITY OF DISPOSAL AND STORAGE AREAS

EDWARDS AIR FORCE BASE, CALIFORNIA

MAIN AND SOUTH BASES (Continued)

Logs Water Levels Elevations Water
Avail- Available Available Quality Comments
able Data

lONl0W23Rl
25R3

WELLS, NORTH BASE

lON9W4DI X X x
4D2 X North Base Well 4
7A1 X X X x North Base Well 1
7A2 X X North Base Well 2
5BI X North Base Well 5

11N9W32Ql x X North Base Well 3



9/9 6A1

9/9-6A! (LAF, well 5). Drilled by E. ". 3roc.1-.an. T--inch casing.
Altitude 2j274.7 feet. Perforated: 76-18L feet. Gravel mack "
well

Material Thic~ess DepthMateria t(feet) 
(feet)

?P $oil and silt -17 17Sand, fire 522

"•ay, soft-- ----------------- 7 29
:127, soft saBndj moist -- ----- 38 67
.1zy,hard ---------- - ------ --- 9 76
Snd, coarse; water bearing -------------------- 6 52
lay, scfty sc.n•,, water bearing ...... 22 1lo
Ca, hard sandy; water ear-g ------------- 28 132
Und, coarse and gravel; water bearing• ------ 12 1 U
Ciiz, sandy, soft; water bearing l---- -13 157
tae'!, river, six in.ch; w•tter tearing 4 2 1.99

/ I (!.-A" weL L). r-illed ty E. .1. •ro•'cc.n. :.2-&Lch casing.
Altitude 2,2£7.5 feet. ?erforated: 3e-101 feet. 3ravel pack

sm fn .... .. 4"[ 29
2.2 loan . .. L2
Ucd, cocarse; water bearing ----- 15 57CA7, s-,ncý vater '.earin; --- 19 16
Sand, :c- "-s w::er 6:ear.rng - 82

---- -------------- 26 1O8
9 117

~~~~~~~~~~~ .. .•. .d . E i .r ¢ n . • - h : a - .
Altitude 2,23C.25 fee-. ."ef-ra-,d: 3• -6 feet
Pack well.

S"-d, lCooe, :zexn 15 52
y red ---------- ----------------

kid and -rav!, znall --------------

2%ite :.sh ....-- 90
r decn-,csed - - -15 105kiito .. 112

7 1.12



9/9 6C 1

91" (M, As well 5). Drilled by E. W. Brock.an. inch casing.
Altitude 2,274.7 feet. Perforated: 76.-184 et. Gravel pack

Material ThCaes D3ept
(feet) (feet)

Top soil and silt -- - - -17 17
Sand, fine -- -- 5 22
clay, soft ---------. - ...... . . 7 29
CLV, soft sandy, m, oat ... --------- 38 67
Caq, hard - ..-- - -........ ...... . . 9 76
Sand, coarse; water beari --------.-- 6 82
Clay, soft, 3&sand water earing ......... 22 104
ClAy, hard sandy; wa bearing .. . ......... 28 132
*An, coarse and vem.; water bearing ---- 12 2"j1
Clay, sandy, so , water bearing ... .... 13 157
oevel, river ix inch; water bearing ... 42 .9

1/9-6Cl (ZAFB well 4). Drilled by E. W. Broc19an. 14- inch c asig.
Altitude 2,287.5 feet. Perforated: 38-101 feet. Oaval pack
well.

Dr, sandy -- - -- - - - - - - - 25 25
Clsy, semifine .- -- - - --- - - 4 29
CO• loam .... .13 42

&Wm, coarse; water bearing -1 - - 5 57
Cly, sandy, water beanLng -- ---- i9-- 1 76
sand, coarse water 'bearing .- . -. 6 82C RY . . . .. 26 10 8

• k ... . . ... .. .9 I17

0-al (EAR -"-L- 3). Drilled by $. W. 3rockman. 1l-inch casing.
Altittude 2,290.25 feet. .'erfora+tad: 35-96 feet* Oravel
pack .'e il.

Clay, san~dy ------------------------- - 37 37
ai, loose, ciean 15 52

Qg, red, !randy3-... . . . .... ............ 16 68
Sad and gravel, small ... . ................ . 7 75

fmnite ash . . ... 8 90
it) decomnosed --- 15 105&=Jlt+ . . . .......--- - 7 1.12



9/9 6E1

19/96 A! (L.nFB wel ) 125 -rlled Er . *T.3rocic-an. lL~.hcasing.
Altitude 2)27h.7 feet, Perforated: 7f-1., _eet.. Grave: .az.k

yateriaI 0~~es~~-(feet) (oeet.

,,I-D, and -- ------- -I7e -- 72
Sr fn 5 22

CIA , soft - ----------------- 7 29
cg, soft sandy,, moirt -- ------ 38 67
'Clay, ha~rd---------------------- --- 7--- 9 76

s coarse; water bearing -------------. . 6 32
Czjy, soft, s.ndy- water 'bearing --- 22 ioL
C,,, hrd sandy; water e bearL".g ---------- 25 132
Sand, coarse and wra ._ ater bear'. ------ 12 IL, L
Cl.ay, sandy, soft; water bearing -- :--- 13 157
O-ave, river, six inch; water be ring ------ L2 199

/
•/%c: (L12 ..- e . ,.'. •.ed b" E.'"o '•. •rscc-n.. " -Lnch ca'in•.

A..titude 2,2•7., fet ?eri~rated: 3w--- Leet 3ra;e1 pack

.wel I

Ser4, co=rse; / -?.a r eain..- -- 15 .17
clay, sand,• 'W " ..e--L.g -t e - -7g

S:s, "er ear ------------ 52

k---------------------- 117

•/ 5, . ...A" " YBr,," ,, :el. ,•) . .. : .r .1a1 E. " . _=rz::c.z_-.. l-L.•-.:. z L'Z

Altitude 2 2•C.25:",C f . er f... : 35-;" " .°"
":;=; well.

-VC -s --------- ---------------------

:•, oo- 15 -')2
, -ed,) -------- ------ 16 68

!44 and srave, ------ --- ------------- 7 7
,,&7, '.a.-d -.--.-- - - -- - - - -- - - - -- - - - 7 ý2

Isnit -------------- - --
O 'vir-e, dez'n.csed -. . 15

- -•--•-- .... 7.



9/9 6L 1

9/9-6L1 ,AFB well 1). Drilled by Delbert Bomar. !4-inch casing.
Altitude 2,282.26 feet. ?erforated: 33-130 feet.

Thickness Depthat.ri. (feet) (feet)

Top soil 22 2Z
Clay, brown, hard .13 35
Sand ...- .....------ 5 40
Clay 4-------------4-- -

Sand -- 14 58
Sand, cemented, and clay . . ............ 32 90
Sand ......... .. . .... . 6 96
Mrs, sand -............................ 14 l11o
Clay, -. ----------- ----- ---- 6 116
Sand .. . ... . . .. . . . ........ .. . 3 119
Clay -.... .--------.---. 9 128
Broken ro- --ck 3 131
Granite, decom-posed -........... .... 15 1L6
Live granite . . ... .1 147

9/9-6&CL (EArB well 2). Drilled by E. '". "roc!nn. 1h-inch casing.
Altitude 2,283079 feet. ?erfora-ted: 25-l16 feet. Gravel
pack well.

Clay, hard and sand 20 20
Cavel, small and sand 15 35
Clay, hard, sandy 5 ho
Sand and grave, small --- 6 46
Clq, hard - ------------------------------- 15 61
Sand and gravel --- 7 68
Clay, oft ad sand ----------------- b6
Ganite, broken .------ .----------- 15 101
Oxanite ash 6 107
r-.nite, decom-nosed ------------- 13 120

---------------------------- 6 126

9/9-18CI (LAFB wmll 7). Drillad by E. ". 2rocic'an. Ih- and IC-Lnch
casing. ..Ititude 2,279.86 feet. Perforated: 250-310 feet.

Clay, sand- ............ - 75 75
Sand, coarse; water bearinp-, "ater

raised to 10 foot level ........- 2 77
Sand, dirty '-- --------- 3 80
Sand and 3lay, cemented -- ---------- 87
Sand, crse, dir-ty. .



9/9 6M 1

9/9.-6L1 WFB well 1). Drilled by Delbert Bomar. lh-inchh Xc ngg.
Altitude 2,282.26 feet. Perforated: 33-130 feet.

M .... ness Depth

Material (feet) (feet)

Top soil -- - 22 2Z
Clay, brown, hard - -......- 13 35
Sand ....... 4----------- 5 10
Clay ------------- -----
San. 58
Sand, cemented, and clay ---. 32 90
Sand .- .... •-. ---- ------- 6 96
Clay, sand 6. 14 12
Clay 6 -16

Sand - . .. . . . . . . . . .... . . . . . . . 3 119
Clay 9---- 12-

Broken rock ----------- ------- - 3 131
Oranite., decom-.3 -------- 15 1L6
Live granitew-- 1 147

9/9-6-&1 (EAYE well 2). Drilled by E. ". -roc:ran. lh-inch ca.sing.
Altitude 2,296.79 feet. ?erforated 25-116 feet. Gravel
pack well.

Clay, hard and sand 20 20
Gravel, snall and sand 15 35
Clay, hard, san.dy 5 LO
Sard and gravel, small 6 46
Cl:;r, hard - ---------------- 15 61
Sand and gravel - - --- ---------- 78
Clay, .Toft and sand --- ------------- 18 86
Granite, broken ------------ ---- 15 101
Gran-ite ash 6 107
Granite, decom-,osed 13 120
.ranite --------------------- 6 126

9/9-18c1 (ELF3 irll 7). Drilled by E. - .. roccian. 11- and In-inch

casing. .ltitude 2,279.86 feet. Perforated: 250-310 feet.

Clay, sand7, ...... 75 75
Sand, coarse; water be•_-riý -.ater

raised to 10 foot level 2 77
Sand, dirt - ------------ 3 80
Sand and clay, cemented7 87
Sand, coarse, dirty .. . . ......... .895

S... . .. 9



9/9 18C1

9/9-l8Cl. U.S. Air Force, Edwards Air Force Base 1,%in Base ve"l 7.
Drilled. by Z. W. 3rocaman. 14- and 10-inch casing. Altitude 2,280.3 ft.
Perforated: 250-310 ft. ( Fro .- --e> b _' "j

Thic.ness Depth "Mic.aess Denth
(feet) (feet)eet) (:eet)

Clay, sandy ---------- 75 75 Clay ----------------- 13 207
Sand, coarse; water- Sand, coarse --------- 6 213

Oearin.-, water raised Roch: ledge ----------- 4 217
to 10-ft level ------- 2 77 Clay ------------------ 4 221

Sand, dir "----------- 3 80 Sand, diirty ---------- 7 223
Sand and clay, ce:iented 7 87 Clay, sandy ---------- 20 2,
Sand, coarse, dl±ty --- 3 95 Sand, dirty ---------- 67 315
Gra.-ite, deccmposed --- 4 99 Sand, coarse, e.-.dty--- 13 322

_ Sand and cla, ---------- 93 292 Clay, sand" -....----- 32 310
S-Land am. --rzvel, ;ee-

size ----------------- 2 194

9/9-27--2. U.S. Air Force. Driled for the Arrow Roc% Co. by Frav'r
3ot~zn in TJ%-e 1957. Rotary we"l, 8-inch casing, perforated 100 to 200 ft.
d1titu,'-e about 2,2.30 ft.

Surface sand .--------- 20 20 Sande, coarse, and.
Saez. and clay --------- 20 40 clay -------------.--- 20 160
3and, coarse, and clay 60 100 Sand, coarse ---------- 20 ic0
San,'; an- clay --------- 40 140 Sand, fine ------------- 20 200

9/1O-1-211. U.S. Air Force, Ed,•,rds Air Force Base Main Base ve1l 6.
Drille,- by Z. "T. 3roc/'an. 16-inch casing. Altitude 2,250.0 ft.

Ado'be ---------------- 4 4 Sand, very coarse, and
S&nd, -i.e; very s-=il fine gravel ---------- 178

a--ount water ------ 6 10 Cla -- ------------------ 7 135
Cla ------------------ 121 131 Gr-.vel, coarse ---------- 12
Sand, coarse, Clay ------------------ 37 223

apmparently '1,y --- 10 141 Gravel, pea-sie -------- -3 226
Clay ----------------- 8 149 Sand., ver coarse;
Sand.. ve." coarse, apparently considerable

apparently dry---- 6 155 ater--------------- -- 22 21'-

Cla: . ................ 14 169 Granite, 'eco..-=osed --- 252

•/0-_!.C.I U.S. Air Force, Edwards AIr Force 3ase Old Hosmital. ýTe.
r by Delbert Bor.zr. ±2-inch casin¾. Alltituce 2,237.3 ft. ?erao eýe.:

40-52, 72-132 ft.

Topsoil anC. clcy --- I.Cl, ..!. .------?14 Qt4

------ , n 9 19 Granite, Cleco-rposea,soft 24 103
Clay, za',.ýy 21 70 --i-e 'a- -. - . 12_..



9/10 12H1

9/9-1C 1. -- C ontinued

Materia. T ss Depth
feet) ( n)

cranite, decomposed --------- h 99
5cnd and clay 93 192
Sand and gravel, pea sized 2 19L

"ly 13 207
Sand coarse - ------ 6 213
Rock ledge 4 217Clay 4 223.

Sand, dirty 7 228
Cl y, sandy - 20 248
Sand, dirty .... 67 315
Sand, coarse, d 13 328
Clay, sandy - 32 360

9/10-12RI (!:!B well 6). Drilled by E. ". 5recknan. 16-inch casia.
Aftitude about 2,280 feet. Perforatd: 165-.178, -nd 223-2L8
Sfeet.

Adob ------------
Sand, fire; very snall arrunt water 6 10
Clay ----------------- ----- 121 131
Sae., coarse; appare•-ty d---- 10 il
cl----------------- - - 1L9
Sand, ver• coarse, acpar:ntly dr--- 6 155
Clay ------ 169
Sand, extra coarse, fine grovel 9 178
C---------------------------- 7 185
(ravel, ccarse --------------- 1 186
Clay 37 223
e•'a gravel---------- 3 226

Sand, vsT"f cocrse; apparently considarab3 "catcr - 22 2L8
Or--hire, deco-.rosed 1. 252



9/1O-16P1. U.S. Air Force,. formerly W. H. Grah&Q. Drilled by R C
Dril.lIng Co. l1a-inch casin.G. Altitude about 2,322 f

Thickness Depth Thickness Dcpth~

Sol ------------------ 16 16 Sand, ni dim hard,,~
Sand and gravel --- 5 21 and treaksz of*
Seand, cmerse ---------- 15 36 lo se gravel -------- 31 2314
Clay, sandy'-----------3 39 Sa ,hard ------------ 20 254Sand: anC. aravel ----- ---1 5 1 nd, nidi h r822
Clay, sandy ----------- 7 59 ndl, hard ------------ 14. 276
SanC., coar~se ----------- 6 65 /Sand, medixua Iard, - 5 201.
Snd and z-Lreaks of Sand, ýiediumi hard;
clay ---------------- 21 86 strealzs of clay --- 6 2w7

Gravel, coa~rse -------- 13 Sand, hard ----------- 141 4 207
Sand and _-ravel; S and and etreakts

otrea~zz of clay --- 30- 129 of clay -------------- 4 432
Bouladers -------------- 2 131 Sand, hard; streaks
SandC an! gravel; of clay ----------- -- 30 1,.6 2

st-e~aks of clay --- 142 Sand, wediux2 hard;
Clay --------- 145 streakts of clay --- 6 468
SamCd, coaxse; streaks Sand, hard; stree.as

Of clay ------------- 16 161 of clay ------------- 41 509
Gravel, coarse; smst Sand, loose, and

bou~lle--r-----------312 193 streaks of clay -- 11 520
Szxrd, ha.re- ------ ----- 10 203 Sand, hard ------------ 12 532

9/10-24C1. U.S. Air Force, Edvp-rds Air Force Blase Nain Base v~ell 9
* Drill~'by J. Beylik. 14-inch casina. Altitude about 2,205 ft. Perforated:

156-733 ft.

*Tomsoil ----------------------------------------------------- 10 1
Sand, fi~ne, and clay------------------------------------ I----- 35 45
Clay, san,.- ------------------------------------------------- 45 900
Gravel, coarse, and clay------------------------------------- 65 155

*Gra-iel, snaller; boulders; small P.Liount of clay --------------- 55 210
Gravel, meCLiu= coarse: little clay --------------------------- '-70 220O
Sand, fine; Little clay and smail boulders (hard) ------------ --2ý0 110
Gravel, med~iun coarse; snall boulders, little clay ----------- -50 360
Sand, I.-ae; some clay and, snail býoulders ("lard) -------------- -'10 370
Gravel, ::cdIum coarse; sone clay ----------------------------- -26 39Crl
landC, shsmrp :ine; clay, umeditzi hard ------------------------- 6 4L62
Clay, ce..-.ented at 462 ft; bouldlers, haard --------------------- - 470
Gravel', :oarse; clay; hard lboulders -------------------------- '-15 43 5
Gravel, moarse; clay (suooth erillinG at 435 ft) ------------- -'50 535
Clay, soft, saney ------------------------------------------- ' -25 560
Clay, h,ýardl, santdy, and boulders ------------------------------ ;30 5 c0
Gravel, medium i coarse, and clay ------------------------------ -30 6 20
Clay, sc~rt, sandy, and snal boulders --------------------- 70 o

Cly f.~,sny, small boulders (haard) -----------------
Clay, aC-3

169~



9/10 24F1

9/10-2LCl (EA_•"S -.,rell 9). Drilled by J. Beylic. 21-inccasing.
Altitude about 2,285 feet. Perforated: 156-733 et

teria ........(feet) (feet)

Fine .and and clc -- -------------------------- 5
Sandy cl --------- ------- L5 90
Coarse gravel and clay -------------- -- 65 155
Smaller gravel and boulders. Verr litt clay- 55 210
'Idium coarse gravel. Little clay -- --. 70 260
Fine sand and little clay-sraall bcu. rs (hard) --- 30 310
Uiedium coarse gravel and small bo ers-

little clay--- 5C 36o

Fine sand and little clay and s, boulders(hard)--Z 10 370
:edium coarse gravel and lit- e clay 2 396

Sharld sand and cl,-ry-medi'n 'ard (fine) 64 462
(pick up some cemented cla at 162)

_ard boulders . ..-- ...... 8 670
Coarse gravel; clay; I d boulders 15 48
Coarse gravel;cliy-( ooth dro!i t 50 535
Soft sandy clay -------------------------- 25 560
Hrd sandy clay -d boulders ..... 30 590
uedium coar3e 7vel a.d clay ------- 30 620
Soft sandyy cl• 1 and srall boulders - -- 70 690
Fine s-andy c y; sr-zll boulders (hard) 37 727
Hd clay 7  - .23 750

9/10-2Wa"! (E.FB well 6A). Drilled by Eroc!kan. 12-inch casing.
Altitude 2.,2,.21 feet. Perforated: 70-1OO feet.

Tot) soil 16 16

Sand 8 24

Clay ------------------------ 70 94
GramlL 98

Ciy - ------ -------- 15
Sand -- ------ 9 163
Cla'y 4 211

Cla!y, very !ýard 6 221

Gravel, fine ---------- ------ 2 223
Clay, verr :ard ----- ---- 7 230
Gravel, fine ---- ------ 2 232
Clay, very hard -- ---------------- 8 240
-avel, fine - 21

Clay, hard ------- --------- 65 309

Sand, coarse; apparently considerable water 2-3J2

cy ------------------ 20 L30



9/10 24G1

9/1O-.2401 (EAF3 well 8). Drilled by J. ::eylic. iL-inch casing.
Altitude about 2,278 feet. (Materials classified by the LU. S.
Geological Survey)

Material Thickness Depth(feet) (feet)

Soil, sandy, loose; light brown -------- 2 2
Clay, silty; some sand, v-ex- fine;

fairly Ihard, b .8 10
Sand, very fine to medium, liglr-gray; a.:d

clay; sand coarse near base, well sorted 32 42
Sand, medium to coarse, hard, light-brown;

some clay fr= 70 to 76 fet----- - 34 76
Sand, medium to very coarse, silty, buff;

some grave!, very fine; coarser zones
at 76 and C3 feet------------ 24 100

Sand, very coarse, wall sorted, light-
brown; and some ver:r fine sand, mostly
dark minerals 8 108

Sand, very coarse, well sorted, brown; -nd
small amounts of clay, usuallý.- ouff 1_th
occasional dark brown zones; nedfum to ve-r
coarse from ILO to L43 f-et, medi= to
coarse from 143 to 208 fLet, hccomirg finer
t base ---------- ------------- 35 1L3

Sand, medium to coarse, silty, buff 65 208
Sand, very coarse, silt-, btuff 6 214Sand, very coarse, si"Yr, hard, high in biotite

mica; and gravel ...------- 11 225
Clay, santro, most2S, nedium to coarse;

light brown ------ 6 231
Sand, iedium to coarse, hard, silty,buff; and

some small gr.vel from 231 to 233 feet and
237 to 2HO feet -9 2LO

Sand, fine to medium, buff -------------------- 1 251
Sand, coarse, !ilty, hard, buff; in light broin

clay , %--- t- ----------------- 19 270
Sand, coarse, br-otn, hard, high Ln ur-wcathcrzd

dark minerals; some clay at 285 feot 20 290
Sand, modium to cca.rsc, silty, buff; very coarse

340 to 3L3 feet .------------ --- 53 3L3
Clay, hnard, compact, light brown; s'nd, finc

to medium -------------- - 7. 350
Sand, vet-r coarse, angular, ihard; and s•ne fine

gravel in cllay matrix 6 356
Sand, fine to mediw-, fairly soft, br7wrn some

gravel and clay - 360
Gravel, silty, hard; a-nd sand, mcdiuum to coar•se --- 5 365
Sand, coarse, well sorted, buff gravel streaks

at 403 feet and L22 feet, some clay from
hh0 to h2 feet -------------------------- -77 4h42



//

9/10 24G1

9/l0-2J41. - Continued.

:ter± • Thickness Depth
(feet) (feet)

Sand fine to modium, poorly sorted, hard;
45ý to 455 hard cormact sandy clay 15 457

Sand, mediumn to coarse, softer, buff; clay
increasing at base ------- 71 528

Clay, light brown, soft; sand =edium to coarse .... 17 55
Sand, very co.rse, buff; and grnvel; ver- little

clay; mcdiuri to coarse from 630 to 640 fect 95 6L0
Sand, fine to mediu.m, hard poorly !ortcd, buff;

some cla--, li-ht brcwn ----------- 26 666
Sand, medium to coarze, some clay, poorly

sorted, buff ---------------- 39 705
Sand, medium, some brown clay------------- L 709
Cla.y, light .roin, hard; and sand, medium, to

co rSc ------------------------------------- 7 716
Sand, medium to canrsc, ";ory littlc clzr ------------ lh 730
Clay, light brown; and s:--nd fLnc to -cdium;

clay increcasing -with dcnth 20 750

I0/9-7AI (EAI3B, North Cn7-, wull 1). --rilla-d by Jo D. "cnderscn.
1O-i.,'i (:u[L:'. Altit '.e :ibout 2 ,2( ;t.. Piror-r, tod1 125-
197 fcct.

Blow sand %nd top scil 3 3
Clay, yello%, -rith said, fine. This thin strain

of scrnd and clay sacwcd a sw.ll am~t of surface
wator t-4 rt4 nal - - ---------- 80 83

Clay, yollow, w*th• some small gravcl 30 1.13
CLay, yc_1c-w rith somo fine sand - -------- 9 122
Clay, ycllr,, "ith small gr!.,'-, vcry tight ----- 2 12h
Cl:y, Yell ------------------------------------- 5 129
Gravol, loose, with some clay. This is the b'cst

showing of ' so far V ater stondin_ at
75-foot lcv--! ----------------------- 6 135

Cloy, yeliow 5 1")O

Clay, yellow, and gravel, small -------- 2 1L2
Clay, yellow, and gr'.vel_ small --------- 10 152
Clay, yellt, and s.nd ----------------- 3 155
"Clay, gray, with some fine sand; some watr ------- 15 171
Clay, gray, with cuarse sand ,------ 13 18")
Gravel, COlen ----------------------------------------- 2 186
Cloy, grn7, and svnd, coarse ------------------------ 6 1.92
""ock-swrr '----------------•r1 193
'Rock, ravel, and clay, light brcvm ------------- 7 200



10/9 3101

10/9-7A2 (EAB, North Zusc, wdll 2), DriJ..lcd ',yr J. B. H crson.
I I inchIcasIng. Altitude 2,276.89 fact.

• - .Thckac Depth

(No data) No-th-5sc,-ell-2 5-ldyJ..
Clay, fine., and decomped granite 5 10
Sanc': cLay., and sorm decomnposed- ant ---- 70 80eDpt

C1, fandngravel, s• d -------------- - - - 30 1105
Clay, sandy., and some dec. oscd granite 30 iLO
Gravel and rock -- -... 2---------- 25 165
Clay, sandy, and de oscd granite 20 185
Sand, gravel, an rock; some clay 15 200

10/9-31C1 (EAFB Federal housing projoct, wall 3). 1e-inch casing.
Altitude about 2,280 feet.

Clay, sandy, hard 45 L5
Granite, decomposed ........-- ------ 9 54
Sand, fine, loose; water bcczing 1 55
Sandstone ----------------- -- 2 57
Granite, dccomnposcd; water bearing ----- 6 63
Clay, sandy -- 5 68
Granito, decompcsed, quartz decomposed 12 dO
Sand, fine 2 82
Granite, decomnosed, loose; water bccaing 8 90
Granita, dccompcs •d, hard 30 120
Granite, friable; nain water beat±g meiber ..... 2 162
Granite, dcco.7tpcscd, hard 3 165
Granite, hard - -------- 12 177

10/lO-35•'1 (:AFB T c•ie Gas Yard l ). 12-inch casing. Altitudc
2,321.50 feet. P?ý'for.ted:35-32 foot.

Top soil 4 4Sand ---- 15

Sandy clay ---------------------- 25
Cemonted sand and clany L7 72
Granite sand %nd grnavl - -18 90
Granite ash ----------------- 8
Granite ----------- ------------- 2 100
Granite h ------- -------------------- 2 102
Hard granite --- ------------------- 12 aL

n n n I I I I I I I I I u



10/9 31 C3

10/9-31A1. Drilled by Charles Grant. 8--inch casing Itittud
about 2,275 feet.

Material hic cess Dept
(feet) (feet)

Feldspar sand ...... • ... .. 12 12
Whitesand --. . . . ... 38 50
Limeclay -----..... - 8 58

10/9-31C3 (Formerly ATSF Railroad, well 3). Drilled by W. C. Rielly.
12.5- and 10-inch casing. Altitude about 2,280 feet. Perforated:
49-54, 73-118 feet.

Soil, top - 7 7
Sand, hard ce-.ented 43 50
Sand, coarse 5 55
Clay 8 63
Sand, hard - ------- - -- 67Clay 7 7.4Sand, water ----------------------- 7 81

Clay ----------- ------------ 13 94Sand, water I1 105
Gravel, water ------------ ---- - L 119Granite, decomposed - ---- 56 175
Granite, blue . . .. 218

10/9-31C4 (For-merly ATSF Railroad, ,ll 6). Drilled by Roscoe Moss
Co. 16-inch casing. Altitude about 2,2"O feet. Perfzrated:
48-5L, 5)-68, 90-12L feet.

Clay, sandy 54 54
Granite, decom%,osed 2 56Clay, sandy 4 60
;and, fine 3 63
Clay 2 65
Granite, decoemosed .2 67Sand -I -- 68
Granite, deco-mnosed 1 69
Clay, s-ndy - -- 1------------------3
Granite, friable ---- -------- ----------- --- 125
Granite, solid grey --- ------------------- 3 128



10/9 31C4

l0/9-31A1. Drilled by Charles Grant. 8-inch casing. Alti e
about 2,275 feet.

material Ticcness Depth
(feet) (feet)

Feldspar sand - ------ ---- 12 12Whitesand .. . . . .. .38 ,0

LimecLay 3-- - ~ - - -- 8 50S/ 8 58

10/9-31C3 (Formerly ATSF Railroad, well ). Drilled by W. C. Rielly.
12.5- and 10-inch casing. Altit about 2,280 feet. Perforated:
4C9-54, 73-118 feet.

SoilI, top 7 7Sand$ hard cemented/ 43 50
Sand, coarse 5 55
C lay ...- 8 63

Sand, hard -------------- ' 67
Clay- 7 74
Sand, water - -- --------------- 7 81Clay -.. ----------. 13 94
Sand, water -- -- ---- -- 1 105
Gravel, water ------- ---------- iL 119
Granite, decoosed - 56 175
Granite, blu ---- 4- h3 218

10/9-31C4 (Formerly ATSF Railroad, ell 6). Drilled by Roscoe Moss
Co. 16-inch casing. Altitude about 2,270 feet. Perforated:
48-54., 60-68, 90-11h feet.

Clay', sandy 5L54

Granite, decomposed 2 56
Clay, sandy 4 60
,and, fine ' ... .. . 3 63
Clay 2 65
Granite, decomposed '2 67Sand 1 68
Granite, decornposed - 69
Clay, sandy -- ---------------------- h4 113
Granite, friable 12 125
Granite, solid grey -------------------- 3 128

I

iI



10/9 31N1

I /9-31N1. D2'illed by PengilJley 3ros. 6-.incl2 casing. Altitude, about
2,29h feet. Perforated: 43-83 feet.

Material Thickness Dep th "
M r(feet) (feet)

Srod., clay 18 18

.nd., wrater------------ 2 20
--ad, clay-cavod -- 62 82

?i aCd rock .... ...- 2 83

L111-1801 (Formerly Reed). 12-inch casing. Altitude about 2,510 feet.

-Mdy loam and clay stroaks • 108 108
5:vil, cla,, and sand njx+uro ------ 5 116

F me watc- sand 4 120

11/I-18P! (Formerly Brcwn), 1L-inch casing. Altitude about 2,505
feet.

--- -- ----- -20 20
Aiff clay ....- - 36 56
S. . . .. . . . .. ..- - - - 22 78

)Il--19R2 (Formerly Woeler). DestrTycd "eilo Altitude about 2,5 5
feet.

Lternatc clay and sand ........... 76 76
""attered granite -2I 90
aftor gr-anite 16 106

)/12-30Dl. li-inch casin4g. Altitudo about 2,550 feet.

)il., grave !ly 60 60
-anitea rotten 34 94

)/ll-30L1. Drillod by Pngilloy Bros. Dcstrcycd wall. Altitudc
about 2,615 feet.

m •nite ....... 18 118

~~~~~~~~~~~~~~~~~ . . .OM..M-u . - _ ll . .. . . . . . 11r " ' -• • I .



10/9 4D 1

0/8-32RI. U.S. Air Force. Drilled by Clyde. Uncased test hI
Altitude about 2,450 ft.

Thickness Depth
(feet) (Zect)

Surface soil and sand ----------- --------- 62 62
Granite, red -------------------------- ................... 27 89
Clay, blue, with streaks of coars d .............------- 25 114
Granite, blue --- 34 1.43

10/9-4DI. U.S. Air Force, Edwards Air Force Base test well 4.
Drilled by Brber-Bridge Drilling Corp., in February 1957. Altitude
about 2,260 ft. 12-inch casing 0 to 500 ft. Perforated: 144-195 ft
and 200-433 ft.

Cz-artz sand. ----------------------------------------------- 34 34
Clay, silty, and coarse sand ------------------------------- 108 142
Gravel and very fine sand, poorly sorted ------------------- 14 156
Clay, silt, and sand; with gravel, very hard; no water 33 189
Gravel, sand, and silt, very dirty ------------------------- 2 191
Clay, hard, sandy, li~ht-brovn to red, very tight, forms

balls; sand, fine to very coarse with intermixed fine
gravel --------------------------------------------------- 27 218

Sand and silt with same fine gravel, dirty ----------------- 10 223
Clay and sad, silty, same gravel to pebble size, clastics,

very adhesive, forms coupct balls.----------------------- 67 315
Granite and quartz -----------------------------------------.. 87 402
Granite, decoaposed ---------------------------------------- 8 410
Gravel, fine ------------------------------------.---------- 8 418
Sand, ces.ented -.-------------.--.------------------------- 10 428
Silt, fine, tight ------------------------------------------ 5 433
Sand, cemented ------------- --------------------------------. 4 437
Clay, hard, sandy, yellow ---------------------------------- 27 464
Clay, hard, sandy ------------------------------.----------- 33 497
Clay, .Ard,, blue -------------------------------------------...5 502

l0/9-4D2. U.S. Air Force. Drilled by Evan: Bros. in August 1958.
14-inch casing. Altitude 2,306.9 ft. Perforatea: 150-500 ft.
ILt,•rials classified by Corps of Engineers, U.S. Army.

Sand, light-brown, fine- to coarse-greined ------------------ 40 40
Clay, streaks of fine sand ---------------.----------------- 13 53
SLnd, fine- to coarse-grained ------------------------------ 122 175
Fand, fine- to coarse-grained, slightly cemented ---.-------- 10 185
3and, fine- to coarse-grained --------------.---------------- 25 210
Sand, fine- to coarse-grained, occasional streaks of clay 5 215
Sand, fine- to coarse-grained .-----------------.------------ 19 234
Sand and clay, slightly gravelly at 255 ft ----------------- 61 295
Sand and occasional streaks of clay ------------------------ 30 325



10/9 4D2

1O/8-32R1. U.S. Air Force. Drilled by Clyde. tUncased test hole.
Altitude about 2,450 Aft.

Thic~lzness pth
(feat) ; ect)

Surface soil and sand -------------------- 62 62
Granite, red---------------------------------------------------- 89
Clay, blue, vitiL streaks of coarse sand ----------------------/ 25 1.14
Granite,, blue ---------------------------------------------- 34 11443

l0/9_4D1. U.S. Air Force, Ed~wards Air Force Base/es well 4.
Drilled by Barber-Br-idge Drilling Corp., in FebruiarY )957. Altitude
about 2,260 ft. 12-inch casing 0 to 500 ft. Perfo ted: 144-195 ft
and 200ol.3 3 f+,.

Q.iartz sa~nd -- - - - - - - - - - - - - - - - - / - - - - - -- 34 34
Clay, silty, and coarse sand --------------------- ------ 103 142
Gravel and. very fine sand, poorly sorted----------- ----- 115
Clay, silt, and sand; with gravel, ver~yyrd;, no water 33 189
Gravel, sand, and silt, very dirty --------------------------- 2 191
Clay, hard, sandy, li:ght-brown to red/very tight, forms

balls; sand, fine to very coarse ",t intermixed fine
gravel ------------------------- 7-------------------------2 218

Sand and silt with sc% fine gravel, dirty ------------------- 10 22
Clay and sand, silty, somie gravyl to pebble size, claatics,

very adhesaive, forms coaacy balls ------------------------- 87 3.15
Granite and quartz----------lo-------------------------------8a7 402
Granite, decooposed --- ;----------------- 8 410
Gravel, fine--------------- '/-------------------------------- o_ 8 418
Sand, cemnted ---------rý---------------------------------------10 423
Silt, fine, tight ----- /----------------------------------------5 433
Sand, cecented ---- 7---------------------------- ----------- 4 437
Clay, hard, sandy, yellow ------------------------------------- 27 464
Clay, bard, sa--------------------------------------------33 4~7,
Clay, bard, bl------------------------------------------------5 502

10/9-41)2. U.S. Air Force. Drilled by Evans Bros. In August 1953.
14-inch casing., Altitude 2,306.9 ft. Perforated'- 150-500 ft.
llaterials classified b~y Corps of Engineers, U.S. Army.

Sand, light-brown, tine- to coarse-grained ------------------- 40 40
Clay, streeks of fine sand -------------------------- w--------13 53
Sand, fine- to coarse-grained ------------------------------- 122 175
Se-nd, fine- to coarse-grained, slightly cemented ------------- 10 135
San(!, fine- to coarse-grained------------------------------- 25 2.10
Sand, fine- to coarse-grained, occasional streaks of clay 5 215
Sand, fine- to coarse-grained------------------------------- 19 234
Sand. and clay, slightly gravelly at 255 ft ------------------- 61 295
Sand and occasional streaks of clay ------------------------- 30 325



10/9 4D2

lo/9-4D2. -- Continued

"- r Thickness Dept:
,,__ (feet) (feet)

Sand, clayey ------------------------------------- ------------. 60 385
Clay, sandy ------------------------------------- ------------. 10 3 95
Sand and streaks of clay, well-cemented at 426 ft.' 452 ft,

and 470 ft ------------------------------------------------- 95 490
Sand, cemented -------------------------------------------- 10 500

10/9-7A.L U.S. Air Force, Edwards Air Force lBase North Base well 1.
Drilled by J. B. Henderson. l0-inc; casing. Altitude 2,276.0 ft.
Perforated: 125-197 ft.

Sand, windblown, and topsoil --------------------- -------- 3 3
Clay, yellow, and sand, fine. This thin bed of sand and

clay contained a small amount of alkali surface water ------- 0 33
Clay, yellow, and some small gravel --------.----- ------------ 30 113
Clay, yellow, and some fine sand ----------------- ------------ 9 122
Clay, yellow, and fine Zravel, very tight -------------------- 2 124
Clay, yellow ------------------------------------- ---------- 5 129
Gravel, !oore, and some clay. This is the best showing of

water so far. Water standing at the 75-ft level...--------- 6 135
Clay, yellow -------------------------------------------------. 5 140
Clay, yellow, and gravel, fine ------------------- ----------- 12 152
Clay, yellow, and sand --------------------------- ----------- 3 155
Clay, gray, and soue fine sand; some water ------------------- 16 171
Clay, gray, and coarse sand --------------------------------- 13 184
Gravel, clean ---------------------------------------------- 2 186
Clay, gray, and sand, coarse ---------------------.----------- 6 192
".•kpar --------------------------------------- ---------- 1 193?tock, gravel, and clay, light-brown --------------- ----------- 7 200

10/9-7A2. U.S. Air Force, Edwards Air Force Base North Base well 2.
Drilled by J. B. Henderson. 10-inch casing. Altitude 2,276.9 ft.

No entry ----------------------------------------------------- 5 5
Clay, fine, and decomposed granite ------------------.-------- 5 10
Sand, clay, and same decomposed granite ---------------------- 70 80
Clay and gravel, sandy ---------- ; --------------------------- 30 110
Clay, sandy; and acme decomposed granite --------------------- 30 140
Gravel and rock --.----------- ft----------------------------- 25 165
Clay, sandy; and decomposed granite -------------------------- 20 135
Sand, gravel, and rock; same clay ---------------------------- 15 200

• • ! II I I I I I I I I I I I I I I I I



10/9 7A1

9AO-2c4 .- Cootinued.

'Tckness Depth
/ (feet) (feet)

Sand fine to medium, poorly sorted, hard;
4 to 455 hard compact sandy clay.----- -- 15 L57

Sand, medium to coarse, softer, buff; clay
increasing at base --------. . . -..... 71 528

Clay, light brown, soft; sc-nd mcdium to oarse ...... 17 545
Sand, very coarse, buff; and gravol; ry little

clay; medium to coarse from 6 to 64O feet 95 6h0
Sand, fine to mediur, hard poor ! orted, buff;

some cla-, lizht brown ------ ------- 26 666
Sand, medium to coare.-, some ay, poorly

sorted, buff "- " .... ....... 39 705
Sand, medium, some brown lay -------...... 4 709
Cl.y, light Zrýan, hr, and sand, medium to

c sc .........-................... 7 716
S. nd, -odium to c sc, very li-tlc c'r --:7 11 730
Clay, light br ; and s:nd fine to .diu.;

clay incre" g with depth 20 750

lO/9-7Ai (EAFB3, North D2n-c, wul± 1). Drilled by J. 3. Hendcrscon.
1fl-in'.ii !:u1,'. Altlt'iduo .bmut 6 )'is A. t. P rfor.rtod 125-
197 feet.

Blow sand and top soil 3 3
Clay, yeLlcw, with szand, fine. This thin strain

of sand and c.lay shcwcu a sarll amtt of surface
water .t "t h w-_ith 'ali --- ---------- 80 83

Clay, ynllow, with some small, gra'vcl 30 113
Clr-y, ycllcw, 'r'.h sone fine s.and -.--------... 9 122
Clay, yollar, ritth small gravel, vwry tight 2 124
Clay, yell --- -5 129
Oravel, looss, writh solm clay. This is the bcast

showing of waitcr so far. Water standing at
75-foot level 6 135CIzy, yz flew 5 ILO

Clay, yellow, and grawvl, smallJ 2 lI2
Clay, yellow, and gravell small 10 152
Clay, ycllni; and sand 3 155
Clay, Fra.y, -with soare finc sand; scn wantzz 16 171
Clay, grny, with ccarsa s•.nd "-' 13 184
Gravel, cl•an ---------------------------------------- 2 186
Clay, gray, and sand, coarse ------------- ------ 6 1,92
"Rock-sw-r" -- 1 193
Rock, gravel, and clay, light brom • 7 200



10/9 7A2

10/9-7A2 (EAFB? North rasc, well 2). Drilled by J. 3. Henderson.
1(-inch casing. Alti.tudc 2,276.89 fect.

Matarial Thlcknc~s Depth

(No data-) 5... . ... o 5
Cl1r, fine,, an decomposed granite - 5 10
Sanc!, clay, and soie deconposed-granite 70 80
Cl.•y and gravel, sandy 30 12.0
Clay, sand", and some decomposed granite 30 1O
Grav•1 and rock 25 165
Clay., sandy, a.-d decomposed granite 20 185
Send, gravel, and rock; some clay 15 200

10/9-31C1 (EAF9, Federal Lousing project, well 3). 10-inch casing.
Altitude about 2,280 feet.

Clay, sandy, hard -ie 55
Granite, decomposed -- ----------- 9
Sand, fine, loose; water bearing 1 55
Sandzstone ..... ............... 2 57
Granite, decomposed; water baax4.ig ----- 6 63
Clay,, sandy----------- 5 68
Granite, dccompcsed, qu=-rtz decomposed L. 80
Sand, fine ----- 2 82
Granite, dccon..oscd, loose; water bearing 8 90
Ornnite., dccompcs =d, hard 30 120

Granite, friablc; main water beaTýtig metber L2 162
Grnitc, dccomc-cd, hard ............. 3 165
Žranitc, hard ...........- ..... 12 177

10/10-35PI (WFaB T nc~ie oas Yard w.ril )., 12-inch casing. Altitude

2,321.50 feet. P-:-forntzd,35-32 fact.

Top soil - -------------------------- h
Sa .11 15
Sandy cl ------- --------------- 105
Ccmintod sand and clay -7 72
Granite sand -nd grnavol 18 90
Granite ash 8 --

r nito ----------- --------- -2 100
Granite ash ------------ - ------------------ 2 132
Hard granite ------- 12 LLL



11/9 32Q1

11/9-32QI. U.S. Air Force, Edwards Air Force Base North Base well 3-
Drilled for the TLIne Co. by Evans Bros. in September 1957. Rotary well,
16-inch casing, perforated 234 to 450 ft. Casing was reperforated after
the well was first tested- The perforated interval was at shallower depth
but the exact interval is unknown. Altitude 2,302.5 ft. Miterials cJa c-ifled
by driller.

Thickness Depth
(feet) (feet)

Surface sand .---------------------------------------------- 22 22
Sand and streaks of clay ----------------------------------- 98 120
Sand ----------------------------------------------------- 85 205
Boulders with scae clay ------------------------------------ 35 240
Clay and gravel ------------------------------------------- 0 250
Clay ----------------------------------------------------- 10 260
Coarse sand with streaks of sandzy clay ----------------------- 25 285
Sandy clay ----------------------------------------------- 20 305
Clay with streaks of sand .----------------------------------- 45 350
Clay with thin streaks of sand ----------------------------- 0 450



APPENDIX D

WELL COMPLETION LOGS,

MARCH 1982



WELL DESIGN

ES -4 1ES-6

SUFAE7 iBLACK IRON CASING BLACK IRON CASING

CEMENT GROUT GROUT

8" AUGER BENTONITE SEAL BENTONITE SEAL

HOACK

HAN-SOTEDHAN-LOTE

23ROURAD

BLACK IRNCCASNN

4"FCE I4 STAINLESS

CTEEL SCE STE SCREN

GROUTD

-50,

-26o 6-1/2"BORE
8"AUGER---- HOLE (WING-
HOLE 29TO' T SBA Tr ROTARY)55

GRAVEL
PACK 4' PVC CASING

-35'

HAND-SLOTTED-'
PVC CASING

* 6-1/2rBORE HOLE
* (WING-SIT ROTARY)

4" STAINLESS
STEEL SCREEN,
10 SLOTS

STEEL PLATE] -SO

ENGINEERING-SCIENCE



WELL DESIGN
ES-8 E;S-9GES-

SURFACE LACK IRONACASING SLACK I RON CR

CEMENT

CEMENT 
GROUT

GROUT

SENTO E 28 ENTONITE

SEAL 
SEAL -24'

4" PVC -S33' "AUGER

CASING 
HOLE 4' PVC

PACK 
CASING

38' 
GRAVEL

HAND-SLOTTED 
PACK

PVC CASING

8' AUGER 42*' -36'

HOLE 6-1/• SORE HOLE

S4S N(WING-SIT ROTARY) 4" STAINLESS 6-1/2" SORE

STEEL SCREENE 
STEEL SCREEN, HOLE (WING-

0SLTES E - ' 10 SLOTS BIT ROTARY)

STEEL PLATE

STEEL PLATE -1 46

ES-lOX 
ES-I1X

GRWOUN T T 
GROUND

SURFACE S LACK .lON CASING BLACK IRON CASING SURFACE

CEMENT 
CEMENT

GROUT -GROUT

"27-1/2 $" AUGER
HOLE 

-36

SENTONITE S" ROTARY 4S" -• C3---

SEAL HOLE CASING -- 9-1/2,

6-1/2" BORE BENTONITE

-36' MOLE (WING- SEAL

GRAVEL 
SIT ROTARY) -45'

PACK 

- 470

4" STAINLESS 4" PVC CASING 4" STGNLESS RAVEL

STEEL SCREEN, 
PACK

10 SLOTS 50 10 SLOTS

STEEL PLATE

55' 
STEEL PLATE - 57'

ENGINEERING-SCIENCE

!-



WELL DESIGN

ES -10

GROUN SURFACE --- LACK IRON CASING

CEMENT -
GROUT

4" PVC 8" AUGER HOLE
CASING

-- 40
6-1/2" BORE HOLE

(WING-BIT ROTARY)

-- 58.5'

BENTONITE
SEAL -- l

GRAVEL
PACK

-70

HANO- SLOTTED
PVC CASING

75'

4" STAINLESS-
STEEL SCREEN,
10 SLOTS

STEEL PLATEI -85'
"-88'

ENGINEERING-SCIENCE



APPENDIX E

GEOLOGIC DRILLING LOGS,

MARCH 1982

. V



DRILLING LOG Cate: -7/j/•

- S120 Si.ze
of hole* ' of casin

S... ....{'JGRAPHIC;
DEPTH TIME DESCRIPTION LOG COMMENTS

4.0

let-

- e~ . tAZ- "Z'•/t- c•, .5• -- , v4-, .',,,,•

EN I E R N - C C _, ACRF A, BEKEEY CALIFORNI ,41 411,077

1 IN PRNCPLITE

.2.

/ /

E N G!N E E RI N G-SC I E N C E • BAAC•O,,r,,, ,,AY .. 8EP •,E • ALI ,,NI 9,4,o0 ,, ,1./,4.,,,,



~' DRILLING LOG D e- *s•

Loatxz5w F(3 ýb,` EBo.s~ c- ! Attitude (Datum):

Size Size

of hole: I of casing cIn..

PA~O ALI __
1 + 'GRAPHIC

DEPTH TIME DESCRIPTION LOG COMMENTS

I L) 0•O

cieiy -c

,o .- •--id -Qr,"/ L /U,) ," '-. ,,.,,,,',=

CS I.-N. PINCIPAL C L.

• - ......

-(, .... ____ ~

E N G IN E ER RI N G-SC I EN NCE eO &4RCROF WA. ,ERKELE) cALFoRiA 941.4o.45,7,7,



Wedt No: !F f13

DRILLING LOG Dat Feý,2

LoaooL~4 ~ A~---i& s ' -e- Aitttud* (Datum)*

Methoof hoe of ryLc.1SaeS i

ir~w orý-rk bj~ i,' I',A 6Kj Aoir1 ' e~ 14 ct ofo 0 t a

DEPTH TIME DESCRIPTION #33RAPHIC CMET
LOG CMET

lCe'

I2z.

,'7,
t1y

Wei___________ '~ L. ~-t

NO- AA.OT A.MEK MY c~~-ALFOI 4eof/*7~EN IEE IGSCE C -FIE NPICPLC7E

72'



~-'-~ ethd?%IQ-Q 2aerSize sL~ze
-me~ 'orr ofh. We ofcasstqs

i ~GRAPHIC'
DEPTH TIME DESCRIPTION GOG COMMENTS• -. : •..€. ........ LO G

A2. . -

"Zj , ,

8'.,

V2 ., ,,, )J•; c 'ci-,:'>

j -

;"" -- IM

,..>'" "*:s •+- • , ,

ENG IN EERING-SC IENC E OW BARCAC,0 ,,7 WAY•, BEKEEY CLOR,,,,,,O.71 , 1./,4-7.70
SWFI#CES IN PRINCIPAL CIVE$

". .. ....

-'I___________________ _____________II__II__I__I



~~~~~~~~~~O DETNIE DSRITO RPI oMMNT
DRILLING LOG Do

SbT

Lmatxr jo b~ee (Dawum)-

Dri~~~~~w;.' S+ pe >n Pt n'j e

• o 5.'. _ _ _ _ _ _ _ _ _ _ _ _ _ _

C_____GRAPHIC
, DEPTH TIME DESCRIPTION LOG COMMENTS

Mr..

ZU

3E

ENGI EERNG-CIEN E W SASCAFT * Y.Of KEL Y, A LIFO N J 947104 1 S 41- 9 7

SOFFICES IN PRONCIPAL CITIES



W* No.. E-5 I b2,1

DRILLING LOG Dez to. 2 ,

Attitude (Datum):
M Size Size

""•Me-h-- l"•x -• •2-o ohow - ofcasing -"z,2

:- e.,._. e. f , . • ,,t', .. ,, '_' __"',' _ ._ _ __ __ __ _ ,__ __. _ __-._

r - dGRAPHIC'

DEPTH TIME DESCRIPTION LOG COMMENTS

m l 2i9i4~ U _

A44x2~ tOb a e2-0-to1 l,' b/' I ,. ' -

Cr0 4- 1 . .JW

U1

f9tA2Z~v 11C'rZ'.H

'4

57-
fl ,..W., vC r1

,•, •,- ,f., 501d -. e)~ wwsjA

ENGINEERING-SCIENCE eoo PAXCROF" Ay. BERKELEY CALIFORNIA071414870

.1,3~~~OFIE INVz. PRINIPA CJ7.7ES.3H'',-" ,



S•- DRILLING LOG

Mt -size , Size
moolllk fo -7 I-ew o ho*.*of casing

Drw GRAPHI-1C 11. ý1 s,410t

DEPTH TIME DESCRIPTION LOG COMMENTS

5-

I LO

17*

t-

2 7

30 1

ENGINEERING-SCIENCE W ',4,7W-, E.,YC L-P,,41,,7

OFFtC•.3 IN PRINCIPA4L CITIES



Wel No. E$ '
DRILLING LOG Dw I

Lwstnx$jt4P/0,f 8',8dCj 1910 Aftfdo (Datixn
meV .Sze if Size...

-- Wlf lr o ,* 8' ofcasig

:GRAPHIC
DEPTH TIME DESCRIPTION LOG COMMENTS

2...-._•__-______-__._L_ __._____ _ _ ._ , _,,,
7-.

- ID-r - ii , A . ~ ,•... ,.., • *.. •

Ia

ENGINEERING-SCIENCE o BACOFr WAY,. ,EAKELEX CALIFORNIA 94,10*415Ao,,. (,

S• , , aS IN PRNI PALC ITIESI I



SDRILLING LOG. Wao-

LoCatWon I7~. k O~ Afttud@ (Datum)k 22 _ Z

~1Size Size
Itieo •of W "e of casig:

Drle. _,<__ _ __ _ __ _

" GRAPHIC COMMENTS

DEPTH TIME DESCRIPTION LOG

/0 "--"1 .....

/I

07-o /w' C(=fsc '•"

""/7. s/C

/7.

a-._ __•_ /_•

EN GI NE ER I NG-SC IE N CE WOBNCOTA, BERKELEY, CALFONI 94710< •<•,.,o. ,,1,,4-797
OFFICES IN PRINCIPAL CIT'IES

S. . . .... . .._ _ _ _ A ] I i i I I



Size Size
of hole of CRSW•Q

DEPTH TIME DESCRIPTION GRAPHIC COMMENTS
______LOG

-17 - 7a"f o 4, . ,, -,

C/,

77.

ENGINEERING-SCIENCE *00 BANCROFT WAY.BERKELEY. CAU..NIA 947yo .411
OFFICES IN PRtINCIPAL. C)TIES



S~~DRILLING LOG*''°

PLO=al•)/,".• Altftude CDatum}:-

Size Size

S~ GRAPHIC
DEPTH TIME DESCRIPTION LOG COMMrNyS

77

LOG

70'-

/77

, _, _/_ -• .2---'20, /67,'

7, D

____ __ _ ___ , , :7o;/, _-______.. &

ENIN R NG-CI0NCE0 BARCROFT WAY, BERKELEK CALIFORNIA 470 4,1/58 797

EN I E R N -C E C OFIE INPINJA CTE



Well No. f.. -

DRILLING LOG Dew

Locatlo ,Y-ra Attitude (Datum).-

Size Si.zeMemo, of hole of casing -

GRAPHIC
DEPTH 'TIME DESCRIPTION LOG COMMENTS

,3/ -,,_ __ _ _ __ _ _ _

OFFICES N 11 , , CIT.. ..

•.,

E NG INE EERI N G-SClEN NCE 00 ACOTWY BRKELE), CAUF,,N•. 9,4,71, *,o 4,,/54..,,0



S~Well No.-: %

DRILLING LOG Date:

/MS Size ,, Size
, of hale : e of casrk'

-- ="-'-. dGRAPHIC

DEPTH TIME DESCRIPTION LOG COMMENTS

2) e

5-

/I,

0 ,0•t- •,,'• . I • •J Ce~r•# •-*z '- f1Z, -•.

',d

C5 o,,. 55 .7.37<.,_

S 7, Li 7, '• -,

__,____ , r,,L , ". . C ~.'d ( t• '-4dt.:,' %,., ,:~~
____, ____ f, ¢ 7 _____ _____________

ENGINEERING-SCIENCE O a R • WAY, 8E,,ELE,. CALIFORNIA 94710 4.,54,8-7970; OFFICES IN PRINCIPAL C1TIES



WO No,:5

DRILLING LOG Dt

moationr )4 W~Att~e atunO:

WSze Size

*,-f. ofri*of aerq

"'-"-GRAPHIC CMET
DEPTH TIME DESCRIPTION LOG COMMENTS

_oo __ _ __ _ __ _ ýp S~~

____ 707oo -~S~ ~-~-

e/7J,5,

4t'

EN c.'C 0 . 4/-7970

OFFICESL I PRINCIPAL C- --

r .51.i

_ ___ ___._ _ __ _

/-',

//
/



EE DERILTIONGLOG

5'- -_ __ _ __ _,,_ _ __ _ °-__ __ __ __-_ __7

Darm, ' ,' '

MelP, o<•of hole :of caskrv,•

Dr•w:

DEPTH T1ME DESCRIPTION LGRPI COMMENTS

jo i#, !! L I ~

£-'o

1/- "r",J., -Q€ €• ' ....

ENGINEERIN -SCIENC WO BACRF WAY. BERKLEY CAIORI "710 41,158-V7

O7.

/7~

- i

' . .-. •%,.,.,'' . ..

.,,..___- ..... _ _ _ _ _ _ _ __ _ _ __ _ _ _

EN G NE,, ER'".N"G-SC _ E CE' OL:-' --'-OF ---- "'KLYCLFONA~7O* ~~8T7



W.I No.:

DRILLING LOG DatCjE N-

... ,

ILoclatior % z& Aittud* (Dtuml)-?2

SLz. Size
@hof e of casskv

Or e; , 5 3 j ,- xd ,•o..,.,•.

D " i _ _ _5_ _ _ _ _

" ~ DET TNIMEERINGSCRPIONC LO Cc•T,,•,E.u,,,,OMMENS..,

- I

44'4

</ -4

~~AA.

EN G IN EER ING-SC IEN CE OW&ATA~ WAY. &RELEVI. CALIFOAN40IA 94710.49 l5/549- 770
'>FFtCES IN PRINCIPAL C117ES



DRILLING LOG
Loca~on S. ?~.54 Anitide Morn.-~f) 22~

Atz Sue

4�M�t�tO~of ,o,, of c i ak,

l•'o'r t ,J I, ,

DEPTH TIME IDESCRIPTION LOG CMET

&L

____ 6p4, 3%./O ,,//i~ ,

4 .

ez'ckL ?e.

-• . ...._ •- ' _ 'Z.. -

"/ .... . .... . . 1' C

i •d 6-i#• ______ • _ .. z,_____,,____,._____,______•,,

ENG.NER.. G--SC E NC-E e z n 7, r

J22 ,

E N G I N E E R I N G 'S C I E N C E W O SA ,,C ,O.7 *Ay.BE KELE, CL• r'. P I 9,4,, ,,,,, I,, .,, -.,7,
OFFICES IN PRINCIPAL1 CIT7ES



We No -2

DRILLING LOG

/ n S. •,,.-.-. s- S ,,,,,. (Da•,,.

Size Size Som 
o & k ,: of: ho le ., o f ca siS :

DrI~o r5_ _ ___ _ _ _ _

DEPTH TIME DESCRIPTION GRAPHIC COMMENTS

iv-

,J /. - .. . . . .

- '

It,-

46

-70 -;a -f-% ~C.

- ,

NG NC [c [A[C[[FT *A BERELEýCALFORNIA 1

OFFICES IN PAIN•CIOAL OJTrES

". 1:4•;,



Aitttud. Date,2 S7

Size Size
of hot* : of casing:

DEPTH TIME DESCRIPTION GRAPHI CMMNT
____ ___ ___ ___ LOG C M ET

/0T I ~ I__

W.r~~~ / ~.

Z ?cv, e,_ 
_ _ __ _ _ _ __ _ _ _

13 m

O'7 7

EN G INEER IN G-SC IEN CE 000 8A4CAOFT WAY, PE-1KELEY, CALIFORNIA 94710.4"4. .~3e 7970



Well No-

DRILLING LOG Dte&

DEPTH TIME DESCRIPTION LOG CMET

J!

• _ _ __ -7'ioT IJfo' , • 5 __ _ __--_ _ __ _

- m

II . __ _.__

ENGINEERING-SCIENCE 00 BANCROFTWA,,BERELE, CALIFORNIA,,,, 710,, 1.1,48.79700 FIICES IN P INC L CIT

7e~ ~ c% ____ ~ A)V6



Wal No--i , l

Locatlo.- ~ *' ' ~Attitude (Datum)- z
Size Size 'I
oMoo•, Of holo: of casin 1

i i i , ,, G R A P H IC

DEPTH TIME DESCRIPTION LOG COMMENTS

, =1f, t,,

EN I EE I G SC E C WO BA'RFTWA, BERKELE CALFONI ..... 1,8-97

O C N.,.

c2-.

,_ __ -l%./% -.•.• •f- •
1. _______ ,

• 44 1-

• ......... C ..... e r ~

- -_.,_ •-, O ,:- ,-%

E NGI!N E E R I N G-SC I E N C E .• LAACAOF WA , oERKELE', CLFoRNI , 7 41,5./,4.-7970

- -,.. - . .. .,'c.i'• _



at hole* of casing

,, .t'Z"1: ".. , '. " ...... GRAPHIC. OM E T

DEPTH TIME DESCRIPTION LOG COMMENTS

i(.

A 1 / , /tf.S/',, -•'f

94/.

e F •40,. . -n

864

III

ENGINE ER I NG-SC I ENCE WO . WAY, ,FRKELY,, CALIFORNIA .4.710 * 415-•4- 7970
- I 7



Well No-,

DRILLING LOG .0,.o -rZ
LocatlOn y)1ai-'&re_ Altitude (Datum).-

Size Size
Method: a t hole", o of casin:

DrilleI:

DEPTH TIME DESCRIPTION GRAPHIC COMMENTS
___ __ ___ __ ___ ___ ___ __ LOG

______ r J',',t.Lit ,/ -P T,

1.4V61f1, -. ,rPV _r P1E*' 7

7'

Ze.,

,z*

'7Z\

SI.

ENGI N EER IN G'SC IEN CE 60 •AR~ WAY*, 8EKLE' ,.,,ALI ,o.,,IA,7,0

OFIE ININcA CTE



Size Size

D E GRAPHIC
DEPTH TIME DESCRIPTION LOG COMMENTS

7."I• ,_"_,-.l- CL _..,__ ___ __

y. ____ 7s-4 -v7,., ~C _ _ _ _ _ _ _ _ _

',I
7-e ciL

/77"

®r
17/

V,u

..............

OFFICES IN PRINCIPAL CITIES



S" ' W e ll N o -. ,//

Size SizeMethod' ofA/ ~ 4 ahois ofcsskvg 1

EGRAPHIC C

DEPTH TIME DESCRIPTION LOG COMMENTS

3; V

-3'--

ffe C14.j

¢• •"- F....

I0. 4P-4
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OFFICE 7N PRNCPA C4E
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S.
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APPENDIX F

ANALYTICAL DATA



ENGINEERING-SCIENCE

RESEARCH AND DEVELOPMENT LABORATORY Page o of 13

680 BANCROFT WAY e EERKELEY, CALIFORNIA 94710 * 415/548-7970

Date Received 2 March 1982

LABORATORY ANALYSIS REPORT Date Reported, 21 April,, 1982

Ref: 09789.00

For Edwards Air Force Base Attention:

Address

Lab No. Site IC Soil 820286 820287 820283

Source of Sample S-ESIC~55' S-ESIc-3 ft S-ESIC-25 ft

Date Collected:

Time Collected:

Analyses Units ANALYTICAL RESULTS

pH 6.8 0.4 0.75

NOi ppm 965* 11400* 19400

NOi Z .0965 1.14 1.94

COMMENTS: As-is basis (some soils wet, others dry )

*average of quality assura.a-e duplicates

* .HESE RESULTS WERE OBTAINED By FOtLOWING ACCEPTED LAORATeORY PROCEDURES. .- c -

THE LIAB•LITY OF THE CORPORATION SHALL NOT EXCEED THE AMOUNT PAID FOR THIS REPORT Laboratory Manager

. . . . . . -- ~ -,-- ~ .- ~ ---. '.r-
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SENGINEERING-SCIENCE

RESEARCH AND DEVELOPMENT LABORATORY Pag of 13

600 BANCROFT WAY e BERKELEY, CALIFORNIA 94710 e 415/548-7970

Date Received 2 March 1982

LABORATORY ANALYSIS REPORT Date R.~orted 21 April 1982

Ref: 09789.00

J For Edwards Air Force Base Attention:

Address

Lab No. Site 1A, lB Soil 820257 820251 820250 820266

Sourceof Sample S-1A-3 ft S-1A-10 ft S-IA-50 ft S-lb-3 ft

Date Collected:

Time Collected:

Analyses Units ANALYTICAL RESULTS

Ethanol ' -..

Furfuryl Alcohol ppm ..-

Motor oil + negative positive negative

"Fuel oil _ positive positive negative

Aniline (free) % - - <0.027*

Methylene chloride ppm <0.01* <0.01* <0.01* <0.01*

1,l-dichloroethane ppm <0.004* <0.004* <0.004* <0.004*

Chloroform ppm 0.69 0.61 0.35 1.29

Trichlorofluoro- ppm 1.65 6.45 14.8 13.3
meunane

di chlor__d_ f luo_- ppm <0.03* <0.03* <0.03* <0.C3*
methane

l,i,2,2-tetrachloro- ppm <0.006* <0.006* <0.006* 0.21

ethane

Carbon tetrachloride ppm <0.007* <0.007* <0.007* <0.007,

Trlchl oroethyl nee ppm <0.005* <0.005* jU.0 0 5* <0.005*

PCB's (as Arochlor ppm - - - <0.05*

1254)

COMMENTS: As-is basis (some soils wet, others dry )
*Below detection limit

-&nalysis not requested

THESE cESULTS WERE OBTAINED BY FOLLOWING ACCEPTED LABORATORY PROCEURES. - -

THE LIABILITY OF THE CORPORATION SHALL NOT FLCEEO THE AMOUNT PAI0 FOR THIS REPOT.a aaSLaboratory Manager
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. ,ENGINEERING-SCIENCE

RESEARCH AND DEVELOPMENT LABORATORY pae 3 of iL

600 BANCROFT WAY a BERKELEY, CALIFORNIA 94710 * 415/548-7970

Oat. Received 2 March 1982

LABORATORY ANALYSIS REPORT 21 April 1982Date R.poriec2 April______982_

Ref: 09789.00

For Edwards Air Force Base Attention:

Address

Lab No. Site IB, iD Soil 820264 820265 820272 820279

Source of Sample S-1B-10 ft S-lB-50 ft S-ID1-3 ft S-lDl-50 ft

Date Collected:

Time Collected:

Analyses Units ANALYTICAL RESULTS

Ethanol - <0.3* <0.3*

Furfuryl alcohol ppm - - <13.0* <13.0*

Motor oil + - - negative

Fuel oil - -neatve

Aniline (free) % <0.027* <0.027* <0.027* <0.027"

Methylene chloride ppm <0.01,* <0.01* 0.36 <0.01*

l,l-dichloroethane ppm <0.0O4: <0.004* 0.47 <0.004*

Chloroform ppm 0.30 0.37 0.29 0.34

Trichlorofluoro- ppm 13.8 17.5 28.2 20.9

methnane
d1chlorndifluQrO- porm <0.03* <0.03* <0.03* <0.03*

methane

l,1,2,2-T•ttrachloro- ppm <0.006* <0.006* <0.006* <0.006*

ethane

Carbon tetrachloride ppm <0.007* <0.007* <0.007* <0.006*

Trichloroethylene ppm <0.005* <0.005* <0.005* <0.005*

PCB's ppm <0.05* <0.05 *

COMMENTS: As-is basis (some soils wet,others dry

* Below detection limit

- Analysis not requested

THESE RESULTS WERE OBTAINED En FOLLOWING ACCEPTED LA90o TORP. P"IOC UDRE3S __ _ _ _--_-__ _-__ _ --

TH1E LIASILITY OF THE CORPOfRATION SHALL NOT EXCEED THE AMOUNT PAO FOR THIS REP9 R'. Laboratory Manager
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600 BANCROFT WAY a BERKELEY. CALIFORNIA 94710 a 415/548-7970

Data Received 2 .March 1982

LABORATORY ANALYSIS REPORT 21 April 1982
Data Reported__ 21Arl18
Ref: 09789.00

For Edwards Air Force Base Attention:

Address

LabNo. Site iD1, 1D2 Soil 820273 820285 820280 820277

SourceofSarm•p S-lDl-60 ft S-1D2-3 ft S-ID2-50 ft S-1D2-60 ft

Date Collected:

Time Colocted:

Analyses Units ANALYTICAL RESULTS

Ethanol Z <0.3* <3 0.3 <03*.3

Furfuryl alcohol ppm <13.0* <13.0* <13.0* <13.0*

Motor oil + negative - negative negative

Fuel oil _ negative - negative negative

Aniline (free) % <0.027* s0.027* <0.027" <0.027*

methylene chloride ppm <0.01* 0.283 <0.01* <0.01*

l,1-dichloroethane ppm <0.004* 0.264 0.47 <0.004*

Chloroform ppm 0.11 0.228 <0.006* 0.02

Trichlorofluoro- ppm 3.89 27.0 <0.01* 1.20

methane

Dichlorodifluoro- pom <0.03* <0.03* <0.03* 2.38

methane

1,1,2,2-Tetrachloro- ppm <0.006* <0.006* <0.006* <0.006*

ethane

Carbon Tetrachloride ppm <0.007* <0.007* <0.007* 0.06

Trichloroethylene ppm <0.005* 0.559 <0 005* 0.06

COMMENTS:

* Below detection limit

- Analysis not requested

T1HESE RFEULTS WERE ONTAINED Sy FCtLOW 0N ACCEPTED LASCPAIOPY PqOCEZUR1$5 • -"- --': •--",-.--"
THE LIASIULTY OF TH4E COqPOqATION SMALL NOT EXCeFE T!. AMOUNT 04AiO FOP "IS REPORT Laboratory Manager
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RESEARCH AND DEVELOPMENT LABORATORYPae~- t1

6,00 BANCROFT WAY * BERKELEY, CALIFORNIA 94710 e 41 5/548-7970

Date Received 2 March 1982

LABORATORY ANALYSIS REPORT DlReotd21 Arl18

Ref: 09789.00

F~or Edwards Air Force Base Attention:_____________________

Lab fo. Site 1D2 Soil 820322 820329 830335

Source of S~ample S-1D2-3 ft. S1lD2-50 ft. S-1D2-60 ft.

Dat* Collected:

Time Collected: ______ ____

Analyses Unitz ANALYTICAL RESULTS

PH ppm 7.3 7.2 7.1

NO0 ppm <10.0* <10.0* <10.0*

COMMENTS: *Below detection limit

NSf tfVr3SXuORANCO g 0OLLONGACCE"90LA*StOAAPO~XOCIU~r3f
NIF IADLIT OfTMJCORORATOP4SMXL 4T fX~jbTN9AA~1JP? PA0 F14 WI l"TLab~oratory kManarjor
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, RESEARCH AND DEVELOPMENT LABORATORY Page i of

600 BANCROFT WAY @ BERKELEY, CALIFORNIA 94710 e 415/548-7970

Date Received 10 March 1982

LABORATORY ANALYSIS REPORT Date Reported,21 April 1982

Ref: 09789.00

For Edwards Air Force Base Attention:

Address

Lab No. Site 2 Soils 820317 820318 820308 820316

Source of Sanople S-2- 2 ft S-2- 5 ft S-2- 11 ft S-2- 20 ft

Date Collected: _

Time Collected:

Analyses Units ANALYTICAL RESULTS

C.0; - mg/kg <.68. <.68* <0.68* <0.68*

NO ppm <3 * <3* <3* <3*

pH 7.8 7.8 7.9 7.9

Cr ppm 64** 82** 80 70

Tetraethyllead ppm 1.31 .j15** 2.25 0.98

Fuels - negative negative negative, negative

COMMENTS: * Below detection limit

** Average of quality assurance duplicates

Tr"SI PurLTS wtt OrAI9o eIV POLOW'WO ACCtprtO LAeOfAr.opv PmoCiOUvats ,- J -
Nil LiASIal"y Of 1*1 CORORATION SHALL . NOT lXCItO TM AMOVNT PAlO PON ?1t$O• Laboratory Manager

Laoaoy aae
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600 BANCROFT WAY * BERKELEY, CALIFORNIA 94710 o 415/548-7910

Date Received

LABORATORY ANALYSIS REPORT, Date Reported 21 April 1982

Ref: 09789.00
Edwards Air Force Base

For Attention:

Address

Lab No. 820505 820506

Source of Sample Site 3 Soils S-3A S-3B

Date Collected:

Time Collected:

Analyses Units ANALYTICAL RESULTS

Sb ppm 11.00 18.00

As ppm <0.03** 0.65

Cd PPM 1.04* 0.72*

Cr ppm 46.25* 44.44*

Cu ppm 7.20 8.00

Pb ppm 17.50* 25.60*

Hg ppm 0.28 <0.20**

Ni ppm 10.26* 10.94*

Se ppm .67* .577*

Ag ppm 1.42 .44*

Zn ppm 43.50 42.80*

COMMENTS: *Average of quality assurance duplicates

**Below detection limit

") fS1 SJPf LT3 O '0eE OSAINfO P FO.LLOWING ACCE•P'T LA90PATOPY "Pi O uCOL e T M-ES -!-'L o o Manager
fLIASILurY OF TM COR"oATION SM4AL.L 140T EXCEEO TME A#OUNT PAi OR tMI R E45 PORT Lab~oratory Manager
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RESEARCH AND DEVELOPMENT LABORATORY Page 8 of 13

600 BANCROFT WAY e BERKELEY, CALIFORNIA 94710 a 415/548-7970

Date Received

LABORATORY ANALYSIS REPORT Date Reported, 21 April 1982

Ref: 09789.00

For Edwards Air Force Base Attention:

Address

Lab No. Site 3 Soils 820505 820506

Source of Sample S-3A S-3B

Date Collected:

Time Collected:

Analyses Units ANALYTICAL RESULTS

Chlordane ppb 19.00 <0.04*

Lindane ppb 0.16 2.09

Heptachlor epoxide ppb 0.67 <0.04*

DDE ppb 6.01 <0.006*

DDD ppb 3.90 <0.012*

DDT ppb 16.90 <0.016*

2,4 -D ppb <0.001* <0.001*

2,4,5-T ppb 0.20 <0.001*

COMMENTS: * Below detection limit

TNSl *ESULS WI[t Or'AMNtO Bry FOLLOWMNG AcCEPTED LADOONATO4rv PWXOCEOU$ES ."S"•..E- C. .i

THU LIASILITY Of Tmf CONPOATION SMALL 1OT EXC lEE TME AMOUNT PAJO FOR THIS Xlf.PO .T Laboratory Manager
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800 BANCROFT WAY * BERKELEY, CALIFORNIA 94710 * 415/548-7970

Date Received

LABORATORY ANALYSIS REPORT Date Reported 21 April1 1982

Ref: 09789.00

Edwards Air Force Base
For Attention:

Address

Lab No. 820351 820325 820353 820360
Site 5 Water Sample-s

Source of Sample w-6EI W-ES6 W-ES7 W-ES8

Date Collected:

Time Collected:

Analyses Units ANALYTICAL RESULTS

fuels _ positive negative negative negative

oils ± negative negative negative negative

COMMENTS:

THESE RESULT• WERE OBTAIND BY FOLLOWING ACCEPTEO LABORATORY P•OCEDURES - .

TfE LIABtLITY OF THE COPORATION SHALL NOT EXCIED THE AMOUNT PAD0 FOR THIS PEOAo r a
SLaboratory Manager
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RESEARCH AND DEVELOPMENT LABORATORY pa, 10 of 13

600 BANCROFT WAY , BERKELEY, CALIFORNIA 94710 * 415/548-7970

Date Received

LABORATORY ANALYSIS REPORT 21 April 1982
Oats Reported21Arl98
Ref: 09879.00

Edwards Air Force Base
For Attenlion:

Address

Lib No. 820357

Source of Sample Site 5 Water W-ES9

Date Collected:

Time Collected:

Analyses Units ANALYTICAL RESULTS

fuels ± negative

oils ± negative

COMMENTS:

THESE RESULTS WERE OBTAINED By FOL.LOWIO ACCEPTED LABORATORY PROCeDURES: 2- ,---
THE LIABILITY OF THE CORPORATION SHALL NOT EXCEED THE AMOUNT PAID FOR THIS REPORT. Laboratory Manager

C--
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RESEARCh AigO DEVELOPMENT LABORATORY P 1 of 1L

600 BANCROFT WAY * BERKELEY, CALIFORNIA 94710 % 415/548-7970

Date Received

LABORATORY ANALYSIS REPORT 21 April 1982
SDate Reported21Arl98

Ref: 09789.00

Edwards Air Force Base
For Attention:

Address

Lab No. Site 8 Sediment & 820503 820504 820507 820508

Source of Sample water samples W-8B W-8D Sed - 8A Sed - 8B

Date Collected:

Time Collected:

Analyses Units ANALYTICAL RESULTS

Sb ** <0.1*** <0.i*** 19.0 39.7

As ppm insufficient 7.0 375
_ _ _ _ _ _ _ _ _ _ _<0,03*** 6. 3 37.5

Cd ppm <0. 015** <0.015*** 6.3

Cr ppm 0.05* <0.05* 94.0 436.0

Cu ppm 0.02 <0.o01*** 68.0 98.0

Pb ppm <O.01"** <0.0l*** 79.0 80

Hg ppm <0.001"** <0.001*** .15 T15

Ni ppm <0.l0*** <0.10*** 23.5 129

Se ppm 0.075 0,035 9.2 ... 24.U

Agppm <0.01*** <0.01*** 10.4

Zn ppm 0.075 0.045 t64.U Z44.U

fuels + absent absent present pr.ient

oils + absent absent present present

2: olids ._% 23.3 13.5

COMMENTS: *Average of quality assurance duplicates

** Dry weight basis

*** Below detection limit

THESE RESUITls WERIE OTAINED SY !OLLOWING ACCEP-TED LABORATORY PROCEDURES z-' - _

THE LIA81LITY OF THE CORPORATION SMALL NOT EXCEED THE AMOUNT PAID FOR THIS REPORT Laboratory Manager
Labraor Maagr
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RESEARCH AND DEVELOPMENT LABORATORY Pge 12L of 13

600 BANCROFT WAY * BERKELEY, CALIFORNIA 94710 a 415/548-7970

Date Rece4ved
LABORATOR'Y ANALYSIS REPORT

Date Reported 21 April 1982

Ref: 09789.00

For Edwards Air Force Base Attention:

Address

Lab No. 820509 820510

Source oi Sample Sed - 8C Sed - 8D

Date Collected:

Time Collected:

Analyses Units ANALYTICAL RESULTS

fuels _ present present

oils ± present present

Sb ppm 48.8 6.8

As ppm 27.4 4.7*

Cd 22m 15.4 9.1

Cr ppm 319.0 104.0

Cu ppm 70.0 155.0

Pb ppm 48.0 72.0

HR _ppm .17 .08

Ni ppm 87.8 21.8

Se ppm 2.2 8.0

Ag ppm 23.1 24.1

Zn ppm 228.0 267.0

% solids % 13.1 74.0

COMMENTS: * Average of quality assurance dvolicates

rHESE AESUL.T$ wERE o0rAINEO BW FOLLOWVNG ACCEPTD LABORATORY PROCEDUES A ..
TME LIABILITY OF ThE CORPORATION SNALL NOT EXCEED THE AMOUNT PAID FOR Th41S EPOT. Laboratory Manager



V RESEARCH AND DEVELOPMENT LABORATORY Page 1.. of __L3

600 BANCROFT WAY • BERKELEY, CALIFORNIA 94710 * 415/548-7970

Date Received

LABORATORY ANALYSIS REPORT
Date Reported 21 April 1982

Ref: 09789.00

Edwards Air Force BaseFor Attention:

Address
S Lab No, Site 11 Water 820348 820349

Source of Sample W-ES4 W-ES1O

Date Collected:

Time Collected:

Analyses Units ANALYTICAL RESULTS

Sb ppm <0.1* <0.1 *
Aspp nsur zicien't insut ticient

Cd ppm <. 01" <. 01*

Cr ppm <.05* <.05*

Cu ppm <.05* <.05*

Pb ppm <.01* <.01*

Hg ppm insufficient insufficient

Ni ppm <.Ol* .036

Se ppm <.01* .011

Ag ppm <.01* <.01*

Zn ppm <.02* <.02*

fuels ± present negative

oils- negative negative

COMMENTS: * Beloa detection limit

TNESE RESULTS WEPIE OBTAINED BY FOLLOWING ACCEPTEO LABORATORY PIOCEOUPES " , - --

THE LABILITY OF THE COPPORATION SMALL NOT EXCEED THE AMOUNT PAID FOR THIS REPORT Laboratory ManaerLa ortr nae
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APPENDIX G

ANALYTICAL PROCEDURES

I. ORGANICS

Aniline

Soil samples were extracted with methanol on a mechanical shaker
for 2 hours and analyzed by flame ionization gas chromatography. Refer,
ence aniline was purchased from Mallinckrodt Chemical Company.

Dry Cleaning Solvents

Volatile solvents in soil were measured using a modified purge and
trap apparatus according to EPA procedures described in Interim Methods
for Measurements of Organic Priority Pollutants in Sludges.

Engine Cleaner/Trichloroethylene (TCE)

Soil samples were analyzed for TCE using a modified purge and trap
apparatus described in Interim Mrthods for Measurements of Organic Pri-
ority Pollutants in Sludges, EPA, 1979. Each sealed vial was weighed
and then heated to 60'C. The system cap was penetrated with 2 needles;
one needle sampled the head space while helium flowed through the second
needle inserted into the bottom of the sediment. The sampling needle
was attached to a Tenax sorbent trap which collects the volatile com-
pounds. The trap was then desorbed onto the gas chromatography column
and the standard volatile program run.

Water samples were analyzed for TCE using the standard purge and
trap system described in Federal Register, Method 601, Purgeable Halo-
carbons.

Ethf l Al cohol

Soil samples were extracted with methanol on a mechanical shaker
for 2 hours and analyzed against their reference material using thermo-
conductivity gas chromatography.

Fuels/Oils

Both water and soil sanples were. extracted with carbon disulfide on

a mechanical shaker for 2 hours ?id analyzed by flame ionization gas
chromatography for any contsmir-,cing fingerprint. All samples were

G-1



compared to fingerprints from standard reference kerosene, jet fuel,

avgas, and diesel oil.

Furfuryl Alcohol

Soil samples were extracted with carbon disulfide on a mechanical
shaker for 2 hours. Thi samples were then analyzed by flame icnization
gas chromatography, against refdrence furfuryl alcohol purchased from
the Aldrich Chemical Company.

Motor Oil/Lube Oil

Soil samples were extracted with carbon disulfide on a mechanical
shaker for 2 hours. Each sample was then examined by flame ionization
gas chromatography and any resulting fingerprint indicating contamina-
tion was then compared to a fingerprint of commercially available motor
and lube oil.

PCB's and Organochlorine Pesticides in Soil

PCB's and organochlorine pesticides were determined using the Soxh-
let extraction proceduore, followed by electron capture gas chromatog-
raphy, as described in Chemistry Laboratory Manual for Bottom Sediments
and Elutriate Testing, EPi905/4-79-014, page 108-115. A sample of soil
was dried and extracted for 6 hours by SoxhIet extraction, using a mix-
ture of 1:1 acetone-hexane. The extract was concentrated, then par-
titioned through florisil for the elimination oi interferences and the
separation of various mixtures. Quantitative determination was per-
formed by electron capture gas chromatography. The extract was treated
with mercury to eliminate sulfur contamination common to soil and
sediment samples.

II. INORGANICS

Cyanide

Total cyanides were Cetermined in soils spectrophotometrically
according to the procedure in Chemistry Laboratory Manual for Bottom
Sediments and Elutriate Testin_, EPA 905/4-79-014, Dage 25.

Metals (to include 'b, As, Cd, Cr, Cu, Pb, Hg, Ni, Se, Ag, Zn)

Soil Metals

Soil samples were processed through dry ash proc-dure as described
in Atomic Absorption Newsletter, Vol. 17 (4), page 70, where each sample
was ignited at 550°, the residue digested in 3N HCI, filtered, diluted
to volume, and analyzed by flame.

Water Metals

Previously acidified water samples were digested with 5 ml of
concentrated HCI. After cooling, the volume was adjlusted and samples

G-2



anal:yzed according to procedure described in Methods for Chemical Analy-

sis of Water and Wastes, EPA 600, 4-79-020.

Nitrate

Soil nitrate analyses were carried out according to the procedure
in California Soil Testing ?roceduý,es.

All pH measurements were performed on an Orien 601A equipped with a
combination glass electrode. The pH meter was standardized periodically
under conditions of temperature and concentration which were as close as
posaible to those of the sample, using various standard pH buffer solu-
tions (pH 4, 7, and 10) as described in California Soil Testing Proce-
dures, Method 5:30.

Tetraethyllead

Analysis of soils for tetraethyllead was carried out according to
p:ocedure described in Atomic Abeorption Newsletter, Vol. 17 (2), page
78. A 5-gram soil sanple was placed in t flask with 5 ml of concen-
trated nitric acid, shaken for 24 hours, d.luted to 25 ml, and read.

I

*1 G- 3
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APPENDIX I

GLOSSARY

Alluvium. The detrital materials eroded, transported, and deposited by
streams.

Aquifer. Underground water-bearing material usually consisting of sands
or gravel.

Artesian well. A well in which the water rises above the water-bearing
bed. K

BW. Base well

Confined aquifer. An aquifer that contains water under pressure. When
punctured by a well, the water rises to a level above
the aquifer.

Daylight. A subsurface geological formation which! slopes towards the
ground surface. At the intersection with the topography,
the form&tion daylights.

DOD. Department of Defense

ES. Engineering-Science

Fan deposit. Gently sloping, fan-shaped geological formation.

Freon-il. Trichlorofluoromethane.

Gel barrier. An injection of, for example, silica gel into the ground
to divert groundwater movement.

IRP. Installation Restoration Program

kg. Kilogram

Lenticular. Having the shape of a lentil or double convex lense.

Lysimeter. An instrument for measuring the water percolating through
soils and determining the materials dissolved by the water.

MB. Main base well

I-i



mg. Milligram

MSL. Mean sea level

MW. Monitoring well

PCB. Polychlorinated biphenyl

Playa deposit. A low essentially flat part of a basin or other un-
drained area in an arid region where fine grain material
is deposited.

Semiconfined aquifer. An aquifer that alternates between being confined
or unconfined depending upon conditions, such as
pumping and seasonal fluctuations.

Slurry alls. walls comprised of a free-flowing pumpable suspension of
fine solid material in liquid installed underground to
inhibit groundwater movement.

Swale. A sloping topographical depression that drains a small area.

TCE. Trichloroethylene

Threshold limit concentration. The concentration of a compound above
which the compound is considered as
hazardous.

u/kg. Microgram per kilogram

Unconfined aquifer. An aquifer containing water under hydrostatic
pressure. When punctured by a well, the water will
not rise above the initial level.

U.S.G.S. United States Geological Survey

VOA bottle. A 25-mi glass vial with a Teflon screw cap.

Volatile. Compounds that vaprrize readily at a relatively low tempera-
ture.

1-2
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ES ENGINEERING -SCIENCE

Biographical Data

DONALD R. ANDERSON

Sanitary Engineer

Personal Information

Date of Birth: 18 June 1930

Education

B.S. in Civil Engineering, 1958, University of Miami, Florida
M.S. in (ivil Engineering, 1960, Purdue University, Indiana
Radiatioi Physics, 1962, University of Oklahoma
Mathematical Modeling of Biological Systems, 1972, Utah State

University

Professional Affiliations

Registered Civil Engineer (Arizona No. 8654)
Registered Professional Engineer (California)
American Academy of Environmental Engineers (Diplomate)
American Society for Engineering Education
American Society of Civil Engineers (Chairman, Environmental

Engineering Group, Los Angeles Section, 1978)
Association of Environmental Engineering Professors
Citizens Advisory Committee - 208 Planning, Southern California

Association of Governments

Environmental Management institute, University of California
Los Angeles Regional Forum on Solid Waste Management <Vice Chair-

man, 1981-1982)
United States Environmental Protection Agency Extramural Reviewer-

Solid Waste Management Projects
Water Pollution Control Federation (Secretary/Treasurer and WPCF

Bulletin Editor, California, 1963-1966)

Experience Record

1951-1953 United States Air Force Security Service. Russian
Linguist.

1953-1958 General Building Contractor, Miami, Florida. Engaged
in construction of residential, commercial, and
industrial facilities.

1958-1960 Purdue University. Instructor in Civil Engineering.
Responsible for teaching graphics and surveying.

1960-1965 Loyola Marymount University. Assistant Professor of
Civil Engineering. Academic responsibilities includ-

ed teaching sanitary engineering and soil mechanics.



. S ENGINEERING- SCIENCE

Donald R. Anderson (Continued)

1965-1968 Engineering-Science. Manager, Research and Develop-
ment Office. '?rojects included a master plan for
solid waste management for Fresno, California;
investigation of movement of gases from sanitary
landfills; and a master plan for refuse management
for Newport Beach, California.

1968-1969 Ohio Northern University. Associate Professor of
Civil Engineering. Responsible for teaching envi-
ronmental engineering and hydraulics.

1970-Date Loyola Marymount University. Professor of Civil
Engineering and Environmental Science. Serves as
Program Director for graduate studies in environ-
mental engineering.

1972-1973 Environmental Dynamics, Inc. Project Technical
Director. Projects included mathematical modeling of
water quality in the Tahoe-Truckee-Carson Rivers
system of California-Nevada and the Jordan River-Utah
Lake system near Salt Lake City, Utah.

1974-1978 Toups Corporation, Division of Planning Research
Corporation. Project Technical Director. Respon-
sible for operation of the Yuma Desalting Test
Facility for the U.S. Bureau of Reclamation; nonpoint
runoff studies for Tucson, Arizona, and Orange
County, California; studies of the impact of aban-
doned mines on water quality in the United States for
EPA; and studies of the impact of the Oregon Bottle
Bill on collection and disposal of solid wastes.

1978-Date Engineering-Science. Project Technical Advisor.
Responsible for preliminary studies and facilities
design for solid waste collection, transfer, and
disposal; resource recovery; and the management of
landfill-generated gas. Also provided technical
guidance on hazardous waste management studies for
various industrial clients, state governments, and
federal agencies.

Publications

"Gas Generation and Movement in Landfills," Proceedings: National
Industrial Solid Waste Management Conference, Houston, Texas, March
1970 (Coauthor J. P. Callinan).

"Steady-State water Quality Modeling in Streams,* Journal Environ-
mental Engineering Division, American Society of Civil Engineers,
April 1975 (Coauthors J. Dracup and R. Willis).

2



ES ENGINEERING-SCIENCE

Donald R. Anderson (Continued)

"Water Quality Modeling in Deep Reservoirs," Journal Water Pollu-
tion Control Federation, January 1976 (Coauthors J. Dracup and T.
Fogarty).

"Transient Water Quality Modeling in Streams," Water Resources
Bulletin, American Water Resources Association, February 1976
(Coauthors J. Dracup and R. Willis).

"An Integrated Pretreatment System for Reverse Osmosis," Proceed-
ings: International Desalination and Environmental Association,
Tokyo, Japan, December 1977.

"Application of Aerobic Composting in the Disposal of Liquid Palm
Oil Wastes," Proceedings: Asia Aquatech, Singapore, Malaysia, March
1980 (Coauthors R. White and C. Ponniah).

"*Surface impoundment of Hazardous Wastes," Proceedincs: Conference
on Hazardous Materials Control of the Hazardous Materials Control
Institute, Baltimore, Maryland, August 1981 (Coauthors F. Bowerman
and J. Mang).

Patents

Magnesium Substitution Process for Removal of Calcium in Brines:
U.S. Patent No. 4,036,749

Biological Denitrification of Nitrate-containing Waters Using
Cellulose as the Organic Energy Source: U.S. Patent No. 4,039,048
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Biographical Data

FRANK R. BOWERMAN

Civil and Sanitary Engineer

Personal Information

Date of Birth: 9 July 1922

Education

B.S. in Engineering, 1947, California Institute of Technology
M.S. in Civil Engineering, 1948, California Institute of Tech-

nology

Professional Affiliations

Registered Professional Engineer (California No. 8112)
American Academy of Environmental Engineers (Diplomate; President,

1973)
American Public Worxs Association (National Director-at-Large,

1974-1977; President, Institute for Solid Wastes, 1966)
American Society of Civil Engineers (Fellow; Vice President, Los

Angeles Section, 1975)
California Water Pollution Control Association
Water Pollution Control Federation (National Director-at-Large,

1965-1968)

Honorary Affiliations

Charles Walter Nichols Award (American Public Works Association,
1965)

Government Refuse Collection and Disposal Association
Rudolph Hering Medal (American Society of Civil Engineers, 1961)
Chi Epsilon
Sigma Xi
Tau Beta Pi

Special Appointments

California Governor's Council on Earthquakes
California State Solid Waste Management Board (1973-1975)
Pollution Committee, National Research Council/National Academy of

Sciences Summer Research Center at Woods Hole, Massachusetts
(1965)

President's Office of Science and Technology (Consultant)
Refuse Disposal Practices Committee, American Society of Civil

Engineers
Science Advisory Boarl, U.S. Environmental Protection Agency

(Environmental Consultant)
Sewerage and Sewage Treatment Committee, American Society of Civil

Engineers (Chairman, 1952-1955)
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Frank R. Bowerman (Continued)

Smithsonian Institution (Consultant)
Solid Waste Advisory Committee, California State Department of

Public Health
Solid Waste Management Committee, National Academy of Engineering
United Nations Development Program (Consultant)
United States Information Agency (Consultant)
U.S. Public Health Service (Consultant)
Waste Disposal Committee, Air Pollution Control Association

(Chairman, 1955-1960)

Eprience Record

1948-1966 Los Angeles County Sanitation Districts. Sanitary
Engineer (1948-1958) and Assistant Chief Engineer!
(1958-1966). Developed and implemented a regionali
transfer station and sanitary landfill and hazardousý
waste management program to serve four millioni

persons. Coauthored bulletin on municipal incinera-ý
tion as sanitary engineering consultant to the!
University of California.

Supervised a cc.iprehensive investigation and report
on the collection and disposal of refuse in thei
county sanitation districts as well as a report on
planned refuse disposal. Represented the district-
for preparation of a joint report with the Los
Angeles County Flood Control District concerning the
potential reclamation of sewage wasting to the ocean
in Los Angeles County. Also participated in the
study of seweracra, air and water pollution control,:
and solid waste collection and disposal throughout
the United States.

1966-1968 Aerojet-General Corporation. Assistant to the Vice
President - Development. Served as Program Manager
for a solid waste management system study at Fresno,
a typical urban/agricultural complex, for the Calif-
ornia State Public Health Department under a matching
fund grant from the U.S. Public Health Service,
Department of Health, Education and Welfare. Direc-
ted a system study of solid waste management for the
Kansas City Metropolitan Regional Planning Commis-
sion, funded under a matching grant from the U.S.
Public Health Service, Bureau of Solid Waste Manage-
ment, Department of Health, Education and Welfare.

1969-1970 Engineering-Science. Vice President. Responsible
for projects involving the design, construiction, and
operation of solid waste management systems for
cities and industries.

2
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Frank R. Bowerman (Continued)

1970-1975 University of Southern California. Chairman, Depart-
ment of Civil Engineering (1970-1973).

Professor and Director of Environmental Engineering
Programs (1970-1975). In responsible charge of the
implementation of graduate degree programs in envi-
ronmental, engineering, as well as research and
development projects and community-related educa-
tional activities.

1975-1978 CDM, Inc., Environmental Engineers. President.
Directed operations of California-based subsidiary of
Camp Dresser & McKee, Inc. Projects involved water
supply, wastewater collection and treatment, drainage
and flood control, solid waste management, and
related areas of environmental engineering.

1978-Date Engineering-Science. Senior Vice President. Respon-
sible for management and conduct of enviror.:ntal
engineering projects involving such specialties as
sewerage, marine waste disposal, solid and hazardous
waste management, and water supply. Activities
include facility planning, design, construction, and
system operation assistance.

Serves as Director of hazardous waste management
programs companywide. Directly responsible for
conducting national and regional hazardous waste
management seminars. Supervises design of remedial
hazardous waste control measures for industrial
facilities.

Publications

"Factors Influencing and Limiting the Location of Sewer Ocean

Outfalls," Proceedings of Institute of Coastal Engineering. Uni-
versity of California, October 1950.

"Refuse Disposal Program for 27 Cities and County Area," Western
City, December 1950.

"Past and Present Municipal Incinerators in the United States,"
American. City, March 1952.

"Can Waste Heat from Refuse Incinerators be Employed Economically?"
Civil Engineering, May 1952.

"Problems in Municipal Refuse," Virginia Municipal Review, May
1953.

3
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Frank R. Bowerman (Continued)

"Integrating Reclamation and Disposal of Wastewater," Journal
American Water Works Association, Vol. 45, No. 5, Kay 1953.

"Engineering Waste Disposal to Prevent Air Pollution," Proceedings
of Conference on Incineration, Rubbish Disposal, and Air Pollution,
Report No. 3, January 1955.

"The Membrane Filter: Advantages and Disadvantages,* Water and
Sewage Works, No. 103, January 1956.

"Refuse Collection and Disposal in the West," Western City, Part I,
May 1958 and Part II, June 1958.

"Economic Aspects of Engineering Control - Land Disposal and
Incineration," Proceedings of National Conference on Air Pollution,
Washington, D.C., 18-20 November 1958.

"Diffusers for Disposal of 6ewage in Sea Water," Transactions of
American Society of Civil Engineers, Vol. 126, Part III, 1961
(Rudolf Hering Medal, 1961, American Society of Civil Engineers).

"Municipal Refuse Transfer Stations," American Public works Asao-
ciation Yearbook, 1962.

"Los Angeles County Activities in Refuse Disposal," Proceedings of
National Conference on Solid Waste Management, 4-5 April 1966.

"Changing Concepts in Pollution Control Hardware," American Engi-
neer, January 1968.

"Comprehensive Planning: The Systems Design Approach, Part II of
tue Fresno Story," Proceedings of Institute for Solid Wastes,
American Public Works Association, 1968.

"Land Pollution Abatement," Investment Dealers Digest, Section II,
27 May 1969.

"Solid Waste Disposal," Chemical Engineering Deskbock, 27 April
1970.

"A Decision Theory Approach to Solid Waste Management System
Selection," American Public Works Association Y-arbook, 1971.

"Environmental Impact of Storm Drainaqe on a Semi-enclosed Coeital
water," Proceedingi of Eighth Marine Technology Society Conferenrf,
1972, pp. 763-770, (Coauthors K. Y. Chen and M. Petridis).

"Mechanisms of LeachAte Formation in Sanitary Landfills," Recycling
and Disposal of Solid Wastes (Ann Arbor Science Publishers, 1974),
pp. 349-367 (Coeuthor K. Y. Chen).

4
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Frank R. Bowerman (Continued)

"Pyrolysis as a Means of Sewage Sludge Disposal,* Journal Environ-
mental Engineering Division, American Society of Civil Engineers,
1978 (Coauthors N. E. Folks, R. A. Lockwood, a. Eichenberger, and
X. Y. Chen).

Pamers and Presentations

oMicrobial Decomposition of Oil and Clay Waste* in the Soil,*
presentad at 45th Annual Conference, Water Pollution Control
Federation, Cleveland, Ohio, September 1973 (Coauthors B. Loran.,
Y. Tsal, and K. Y. Chen).
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Biographical Data

ROBERT E. BROGDEN

Hydrogeologist

Personal Information

Date of Birth: 8 November 1944

Education

B.S. in Geology, 1968, University of Nebraska
M.S. in Civil Engineering, 1972, University of Nebraska
Fortran IV Computer Programming, Groundwater - Surface Water

Relationships, Modeling of Grounddater Flow, and Surface
Geophysics, 1975-1976, U.S. Geological Survey

Professional Aftiliations

National Water Well Association

Experience Record

1965-1968 U.S. Geological Survey, Water Resources Division.
Aide (part-time,). Duties included geologic logging
of samples filected during test hole drilling pro-
grams, struan gaging to determine groundwater gains
and losses, inventorying irrigation and industrial
wells in select pars of the state, collection of
water samples for regional groundwater studies, and
drafting of maps, figures, and graphs for report
publication.

1965-1969 University of Nebraska, Conservation and Survey Divi-
sion. Aide (part-time) (1965-1968). Duties included
geologic logging of samples collected during test
hole drilling progr3ms, stream gaging to determine
groundwater gains and losses, inventorying irrigation
and industrial wells in select parts of the state,
collection of water samples for regional groundwater
studies, and drafting of maps, figures, and graphs
for report publication.

Hydrogeologist (1968-1969). Responsible for collec-
tion and interpretation of hyY-iroloqic and geologic
data and preparation of reports describing the occur-
rence of surface water ance groundwater supplies
throughout the state in connection with the county
groundwater program. Participated in joint study
with U.S. Geological Survey to identify groundwater

______________
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Robert Z. Brogden (Continued)

and surface water resources of Pierce County, Nebras-
ka, and the Elkhorn River basin. Authored report
describing the availability and chemical character-
istice of groundwater and surface water in Pierce
County. Participated in program to identify aquifer
subcrope using surface geophysics and other tech-
niques.

1969-1971 United States Army.

1972 South Dakota Geological Survey. Research Geologist.
Involved in county groundwater program. Duties in-
cluded mapping surficial Pleistocene deposits and
identifying aquifers. Responsible for interpretation
of geologic and hydrologic data as well as for super-
vision of drilling operations, electric logging, and
other field investigations in the Missouri Coteau
near Pierre, South Dakota. Initiated study to iden-
tify the occurrence and characteristics of the Codel
sandstone, a principal water supply source in part3

of the state.

1972-1975 Leonard Rice Consulting Water Engineers, Inc.
Groundwater Geologist and Senior Hydrologist.
Engaged in groundwater and surface water development
projects including analysis of quantity and quality
capabilities of individual aquifers. Supervised test
hole drilling programs, aquifer tests, water rights
investigations, and report preparation. Served as

Project Manager for preliminary groundwatir and
surface water report describing the availability of
water for energy-related development of Battlement
Mesa. teveloped runoff and snowpack correlations to
estimate the surface water yields of ungaged basins
in west slope Colorado and presented testimony in
water and district courts for groundwater conflicts.

1975-1976 U.S. Geological Survey, Water Resources Division.
Project Hydrologist. Supervised investigations re-
lated to the occurrence, availability, and chemical
characteristics of groundwater in coal-rich areas of
Colorado. Participated in high plains groundwater
studies and served as project chief on a Denver
geologic basin study describing the availability of
groundwater in the Arapahoe aquifer. Involved with
the Bureau of Land Management's Energy Minerals Re-

habilitation Inventory and Analysis to determine
baseline conditions in parts of the state that were
projected to be intensely mined. Developed reports
on the water supply of the Southern Ute Indian

2
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Robert E. Brogden (Continued)

Reservation and the geology and hydrology of the
Arapahoe aquifer.

1976-1980 Leonard Rice Consulting Water Engineers, Inc.
Groundwater Geologist and Executive Vice President.
Supervised studies involving test hole drilling,
observation well installation, surface water and
groundwater monitoring programs, and determination of
regional and site-specific aquifer characteristics.
Served as Project Manager on deep well construction
projects for wells as deep as 2,300 ft. Described
water rights and surface water and groundwater
relationships for a large Colorado ranch. Developed
technique by which natural groundwater contribution
to consumptive use of crops could be quantified.

Directed hydrologic studies in western Colorado for
numerous coal mine operations. Promoted development
of natural geologic deposits as operating groundwater

reservoirs. Conducted investigations in New Mexico,
Utah, Colorado, and Wyoming to quantify groundwater1 stored in naturally occurring reservoirs. Provided
expert testimony in district and water courts for
groundwater conflicts.

1980-Date Engineering-Science. Hydrogeologist/Project Manager.
In charge of groundwater development projects,
surface water investigations, and water rights
studies.

Hydrogeologist. Involved in test hole drilling, well
design and completion, analysis of aquifer quantity
and quality capabilities, and presentation of expert
testimony in water courts. Performed compliance re-
view of mine plans for the Office of Surface Mining.
Other projects include quantification of impacts of
Federal Reserve filing on Wind River Reservation in
Wyoming as well as impacts of minimum stream flow
filings on proposed and existing surface water and
groundwater rights and developments.

Project Manager. Responsible for hydrologic studies
for several coal mine operations in Colorado and
neighboring states, including Colowyo Coal Company,
Texasgulf Inc., Trinidad Coal Company, Empire Energy
Company, and A. T. Massey, Inc. Supervised design
and construction inspection of high capacity wells
completed to depths as great as 2,500 ft with
surface flows of 3,000 gpa. Managed study for
Newmont Mining Services (a Magma Copper Subsidiary)
to identify leakage from tailing ponds, direction of

3 ________
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Robert E. Broqden (Continued)

groundwater flow, and extent of growidwater contam-
ination.
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Biographical Data

ERNEST V. CLEMENTS III

Environmental Engineer

Personal Infornation

Date of Birth: 3 Februa.y 1949

Education

B.S. in Aeronautical and Astronautical Engineering, 1971, Univer-
sity of Illinois

M.S. in Environmental Engineering, 1972, University of Illinois

Professional Affiliations

Registered Professional Engineer (California No. C-34482)
American Society of Civil Engineers
California Water Pollution Control Association
Water Pollution Control Federation

Honorary Affiliations

James Scholar (University of Illinois)
Phi Kappa Phi
Sigma Tau
Tau Beta Pi

Experience Record

1972-1981 SCS Engineers, Long Beach, California. Project

Engineer (1972-1975). Responsible for all field and
literature research, technological evaluations, and
detailed cost analyses of a variety of solid waste
collection system options for cities in Washington,
Arizona, and California. Conducted studies of office
wastepaper source separation and recycling programs
for the U.S. Environmental Protection Agency.
Contributed to study of solid waste handling and
disposal practices at a large U.S. Air Force base.
Project involved the design and cost-benefit analysis

of a complete system for storage, collection, trans-
port, and disposal of all wastes generated on the
base. Participated in nationwide EPA study of source
separation and collection of recyclable solid waste
wh-ich entailed analysis ot residential and commercial
solid waste management costs.

Participated in worldwide state-of-the-art field and
literature survey of water reclamation and reuse
operations for EPA. Responsible for development of
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Ernest V. Clements III (Continued)

computer program for design of cost-effective cascade
water reuse systems for the U.S. Air Force. Super-
vised field sampling, computer program application,
and initial design of full-scale wastewater treatment
and irrigation reuse system at Peterson AFB. In-
volved in development of conceptual and final engi-
neering design of cascade water reuse system for
McClellan AFB involving tertiary treatment, pumping,
distribution, and reuse. Participated in field
investigations, established sampling programs, and
prepared extensive treatment performance and cost
information for EPA effluent guidelines study of the
fruit and vegetable industry.

Project Manager (1975-1981). Responsible for plan-
ning and supervising solid waste management and re-
source recovery projects. Evaluated the feasibility
of areawide solid waste management and resource re-
covery for Yuma, Arizona. Prepared master plans for
solid waste m.-nagement for American Indian reserva-
tions in California and Arizona, which involved
development of plans for landfills and small transfer
stations. Headed team of engineers in evaluating
transfer station and sanitary landfill operations for
Sacramento County, California. Directed study for
Albuquerque, New Mexico, to determine new rates for
residential and commercial refuse collection. Super-
vised implementation of two pilot programs for
Seattle, Washington, to evaluate the technical and
economic feasibility of source separation and re-
cyclable materials collection.

Responsible for development of model to assess
potential for wastewater reclamation/reuse at over
400 U.S. Army and Navy bases. Prepared a state
guidance manual for rural wastewater management in
California including all types of on-site treatment
units and procedures, alternative collection methods,
and central treatment facilities. Updated and ex-
panded Manual of Septic Tank Practices for EPA.
Served as Deputy Project Manager for design of domes-
tic wastewater treatment and reuse facilities for an
IBM manufacturing complex near Tucson, Arizona.

1981 -Date Engineering-Science. Environmental mngineer/Project

Manager. Responsible for study and design projects

involving solid waste collection and disposal,
resource recovery, municipal and industrial waste-
water treatment, water reclamation/reuse, and hazard-
ous waste management.

2
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Ernest V. Clements III (Continued)

Served as Deputy Project Manager on a study for
Orange County, California, to develop a countywide
solid waste management system for the next 20 years,
which involved evaluation of refuse transfer and
landfill disposal, resource recovery alternatives,
hazardous waste management, private versus public
ownership and operation, institution of gate fees,
and financial options.

Managed feasibility evaluation of energy recovery
from solid waste for the Los Angeles Unified School
District, and developed recommendations for implemen-
tation of small 5 to 10-TPD waste-to-energy systems
for steam production at selected schools. Also
involved in projects to assess hazardous waste
management practices involving implementation of
groundwater monitoring programs and Jevelopment of
hazardous waste cleanup plans.

Publications

"A Survey of Practices and Regulations for Reuse of Water by

Groundwater Recharge," Journal American Water Works Association,
March 1978 (CoauthorsC. J. Schmidt and S. P. Shelton).

"Sewer Surcharges: How To Fase the Spiraling Cost of Wastewater
Discharge," Canner/Packer, July 1975.

"Wastewater Characterization for the Specialty Food Industry,"
Proceedings of the 29th Industrial Waste Conference, Purdue Univer-
aity, 1974 (Coauthors C. J. Schmidt and J. Farquhar).

"Municipal Wastewater Reuse in the U.S.," Journal Water Pollution

Control F-deration, Vol. 47, No. 9, September 1975 (Coauthors C. J.
Schmidt and I. Kugelman).

3
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Biographical Data

JEFFREY T. DeZELLAR

Civil Engineer

Personal Information

Date of Birth: 27 April 1950

Education

B.A. in Mathematics and Sociology, 1972, University of Minnesota
B.S. in Zoology, 1974, University of Minnesota
M.S. in Civil Engineering, 1978, University of Minnesota
Urban Planning, 1979-1980, University of California, Los Angeles

Experience Record

1974-1977 Minnesota Pollution Control Agency, Division of water
Quality, Roseville, Minnesota. Environmental Planner.
Responsible for development of water quality manage-
ment basin plans pursuant to Federal Water Pollution
Control Act Amendments of 1972. Other duties included
review of environmental impact documents for municipal
wastewater treatment facilities, administration of the
Construction Grants Program, and assessment of the
potential for on-site sewage treatment for small
communities.

1978-1979 Los Angeles County Sanitation Districts, Whittier,
California. Project Engineer. Responsible for prep-
aration of environmental impact report for a proposed
wastewater treatment plant expansion in the Saugus-
Newhall-Valencia area. Served as Project Manager for
a study to develop mitigation or corrective measures
for structural deterioration and hydraulic overloading
in the districts' main sewer system.

1979-1980 The Conservation Foundation, Washington, D.C. Re-
search Assistant. Performed engineering study of
nonstructural and ecologically sound methods of runoff
reduction and flood control. Identified management
practices which promote natural percolation and
storage of storm water.

1380-1981 U.S. Army Corps of Engineers, Los Angeles District,
California. Project Manager. Supervised biological
investigations related to flood control projects in
Rancho Mirage and the Whitewater River. Also respon-
sible for management of multipurpose flood control
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Jeffrey T. DeZellar (Continued)

project for Goleta, California, emphasizing increased
water supply, sediment control, and environmental en-
hancement of Goleta Slough. Developed preliminary
restoration plans for Goleta Slough, initiated sedi-
ment sampling program for seven Goleta streams, and
developed alternative flood control and water supply
plans. Developed and conducted extensive public and
agency involvement program.

1981-Date Engineering-Science. Civil Engineer. Responsible for
conducting engineering studies and assessments for
hazardous waste disposal, including groundwater well
installation and monitoring, evaluation of alternative
waste handling systems, investigation of the fate and
effect of hazardous materials, assessment of water and
air quality impacts, and facility siting. Participat-
ed in development of cleanup programs for existing
sites and control strategies for new facilities.

Publications

"Effects of Water Conservation on Sanitary Sewers and Wastewater
Treatment Plants," Journal Water Pollition Control Federation, Vol.
52, No. 1, January 1980, pp. 76-88 (Coauthor W.J. Maier).

"Benefits from Water Conservation Depend on Comprehensive Planning,"
Water Resources Bulletin, Vol. 17, No. 4, August 1981, pp. 672-677
(Coauthors W.J. Maier and R.M. Miller).

2
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Biographical Data

LENDA E. DOANE

Environmental Scientist

Personal Information

Date of Birth: 5 November 1948

Education

B.S. in Biology/English, 1972, Pan American University, Edinburg,
Texas

Water Quality Management Workshop, 1973, Texas Water Quality

Board, Houston, Texas
M.Ed. in Secondary Science Education, 1976, University- of Houston,

Texas

Professional Affiliations

Certified Environmental Study Area Leader (National Park Service,
1973)

Experience 7"ccord

1972-1979 La Porte Independent School District, La Porte High

School, La Porte, Texas. Science Instructor. Devel-
oped and implemented classroom, field, and laboratory
curricula in the physical sciences, general biology,
field ecology, vertebrate zoology, marine biology, and
environmental science/human ecology. Sponsored
student chapter of Earth Awareness Foundation, organ-
ized annual environmental symposium, and led field
studies in various areas along the Texas Gulf Coast
and in central Texas.

1980-1981 George C. Page Museum, Los Angeles, California.
Museum Aide. Involved in preparation, restoration,
identification, and cataloging of fossil specimens
excavated from La Brea Pits and stored in the Hancock
Collection. Performed microscopic examination of
matrix for sorting and identification of microfossils.

1980-Date Engineering-Science. Environmental Scientist.

Participates in projects involving solid and hazardous
waste management, air and water pollution control, and
other environmental and engineering programs. Pre-
pared RCRA contingency plan and personnel training
program for W.R. Grace and Company synfuels plant in
Kentucky. Evaluated sites for spent shale disposal

/
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Lenda E. Doane (Continued)

for TOSCO and selected site based on various ecolog-
ical criteria and archaeological significance.
Conducted hazardous material spill notification and
response investigation, evaluated Comprehensive
Environmental Response, Compensation and Liability Act
of 1980 (CERCLA) as well as other federal, state, and
local hazardous waste control legislation, and edited
reference handbook for hazardous waste management
under RCRk. Participated in resource recovery/trans-
fer system study for the Fresno-Clovis metropolitan
area including assessment of environmental impacts and
technological and economic evaluation of alternate
tranzfer and recovery operations.

Responsible for data collection and analysis, identi-
fication of current and future hazardous waste genera-
tion patterns and disposal practices, regulatory
analysis, and report preparation on a major waste
management study for Orange County, California.
Participated in project involving waste identifica-

tion, site selection, and conceptual design of solid
and hazardous waste disposal facilities for a proposed
TOSCO oil shale processing program. Also involved in
data collection and report preparation for hazardous
waste studies at government installations, Northrop
Aircraft hazardous materials identification, develop-
ment of Texaco groundwater monitoring plan, coastal
water quality baseline study for a major South Amer-
ican petrochemical manufacturer, landfill methane gas
migration aiid control system evaluation, and ecolog-
ical study/wetlands evaluation of a hazardous waste
disposal site for Shell Oil Company.

Pamers and Presentations

"Symbiotic Relationships of Zooxanthellae and Certain Marine Inver-
tebrates,' presented at Seventh Annual Biology Set'iar, Pan American
University, Edinburg, Texas, October 1971.

"History of Medicine in Ancient Cultures," presented at Multicul-
tural Education Symposium, University of Houston, Houston, Texas,
November 1975.

"Cultural Assimilation and Ethnic Identity: Melting Pot or Salad
Bowl?" presented at Multicultural Education Symposium, University of
Houston, Houston, Texas, November 1975.

"Population Trends and Related Environmental Considerations,"
presented at Science Curriculum Development Seminar, University of
Houston, Houston, Texas, April 1976.

2
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"Spill Response: Who to Notify?" presented at Industrial Waste
Conference, California Water Pollution Control Association, Los
Angeles, California, February 1982 (Coauthors J.L. Hang and F.R.
Bowerman).

3
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Biographical Data

JANISE EHMANN, Ph.D.

Chemist

Personal Information

Date of Birth: 4 June 1942

Education

B.S. in General Science, 1965, University of Toledo, Ohio
M.S. in Reproductive Physiology, 1971, University of Toledo, Ohio
Ph.D. in Analytical Chemistry, 1976, Michigan State University,

East Lansing
Electron Optics, Transmission Electron Microscopy (TEM), and

Scanning Electron Microscopy (SEM), 1976-1977, Michigan State
University, Lansing

Professional Affiliations

American Chemical Society
American Association for the Advancement of Science

Experience Record

1977-1978 Foster Fazms, Livingston, California. Supervisor,
Chemistry-Nutrition Laboratory. Responsible for
operation of nutrient analysis facility for major food
processing company. Developed and conducted technical
and operational training workshops for laboratory
personnel. Also conducted independent research on
protein quality.

1978-1979 California Water Labs, Modesto, California. Super-
visor, Organic Residue Division. Responsible for
development and operation of the trace organics
division of a company providing comprehensive water
quality analyses for goverrment and industry. Estab-
lished sampling, sample preparation, and analytical
procedures and trained laboratory staff.

1979-1981 Agri-Chem Analytical, Mooesto, California. Owner.
Responsible for administration and managemoent of a

consulting laboratory specializing in analysis of
3oils, water, and chemicals for the agriculture/agri-
cultural chemical industries.

1979-1981 Valley Fresh Foods, Inc., Turlock, California.

4 Laboratory Manager. Responqible for the design and
operation of a nutrient chemistry laboratory, as well
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Janise Ehmann, Ph.D. (Continued)

as for the training of all laboratory personnel.
Conducted a feasibility study of the treatment,
by-product recovery, and land disposal of industrial
wastewater effluent for a new processing plant for the
Department of Ecology, Olympia, Washington. Carried
out a comprehensive in-plant waste generation and
reduction study including analysis of daily water
consumption and development of a water conservation
prograia. Established light microscopy procedures for
examination of certain feed ingredients.

1981 Environmental Research Group, Eaeryrille, California.
Technical Director. Responsible for the efficient
operation of an environmental testing facility engaged
in providing research and development services to a
wide variety of clients. Activities included the
design and implementation of cost-effective research
projects, training and supervision of laboratory
personnel, and upgrading analytical capabilities of
organic analysis division.

1982-Oate Engineering-Science. Manager, Laboratory Services.
Responsible for supervising sample collection, prep-
aration, preservation, and analysis for projects
involving municipal and industrial water and waste-
water treatment, water quality and soils studies, and
hazardous waste contamination. Supervises quality
assurance program maintained in determination of
organic and inorganic analyqes. Responsible for aUl
special analytical determinations including gas
chromatography and atomic absorption. Prepares
designs and contract specifications for waste treat-
ment laboratories.

Supervised analyses of soil and qroundwater samples
for various organic and inorganic hazatious constit-
uents for a major semiconductor firm and for federal
installations. Also assisted wlth NPDES permit
application and thie monitoring of pollutants dis-
charged under existing permits.

27
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Biographical Data

GORDON S. MAGNUSON

Civil Engineer

Personal Information

Date of Birth: 30 April 1922

Professional Affiliations

B.S. in Civil Enginiering, 1942, Stanford University, Palo Alto,
California

M.S. in Civil Engineering, 1956, University of Southern
California, Los Angeles

Professional Affiliations

Registered Professional Engineer (Arizona No. 4188 and California
No. 7673)

American Academy of Environmental Engineers (Diplomate)
American Public Works Association
American Society of Civil Engineers (Fellow)
American Water Works Association
Arizona Water and Pollution Control Association
California Water Pollution Control Association (President, 1970)
City and County Zngineers Association
Nevada Water and Pollution Control Association
Structural Engineers Aisociation of Southern California
Water Pollution Control Federation (Director, 1973-1976)

Honorary Affiliations

Chi Epsilon

Experience Record

1943-1946 U.S. Navy, Civil Engineer Corps. Lieutenant.
Served as representative of Bureau of Yards and
Docks on several advance base floatinq dry docks in
South and Central Pacific. Responsible for insuring
proper operation and maintenance of the vessel.

1946-1948 Chicago Bridge and Iron Company, Torrance, Califor-
nia. Construction Engineer. Supervised erection of
steel structures and wided and riveted tanks for
California refineries. Responsible for ensuring
construction conformance to plans and specifica-
tions, making field design revisions, and maintain-
ing liaison with clients' engineering departments.
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Gordon S. Magnuson (Continued)

1948-1951 Los Angeles County Road Department, Bridge Division.
Structural Engineering Supervisor. Directed the
activities of structural engineers group in the
design of rigid frame reinforced concrete and steel
bridges crossing rivers in Los Angeles County.
Participated in determining bridge locations and
alignments. Maintained liaison with flood control
officials and other government agencies and util-
ities affected by the bridge structure.

1951-1954 Ralph M. Parsons Company, Los Angeles, California.
Structural Engineering ISupervisor and Project Engi-
neer. Supervised structural engineering design of
large complex installations on projects for the
Atomic Energy Commission, U.S. Army, U.S. Navy, and
U.S. Air Force. Served as Project Engineer for
static test tower at Redstone arsenal and atomic
energy facilities at Los Alamos, New Mexico.

1954-1955 Davidson Brick Company, Los Angeles, California.
Provided consultation 'to architects and structural
engineers for the design of reinforced brick masonry
with particular emphasis on seis-Aic considerations.
Completely revised and! updated a manual for design
of reinforced brick masonry structures which is
still used as a basic design reference by structural
engineers in southern California.

1955-1967 Interpace Corporation, 'Clay Pipe Division, Los Ange-
les, California. Senior Applications and Special
Process Engineer. Provided technical assistance to
consulting engineers and municipal and district en-
gineers in design of sanitary sewerage systems. Re-
sponsible for selection and development of all pipe
products.

1967-1969 National Clay Pipe Institute, Los Angeles, Califor-
nia. Vice President and General Manager of western
Region. Provided technical advice and information
on pipe specifications: and assistance to consulting
and municipal engineers for design of sanitary

sewerage systems. Provided major input and editing
of Clay Pipe Engineering Manual used as a basic
reference in sewer design. Participated in writing
ASCE-WPCF manual of practice for design of sanitary
sewers and storm drains and in developing various
technical publications on sewer design.

1969-1974 Pacific Clay Products, Los Angeles, California.
Vice President. Responsible for technical liaison,

engineering coordination, distribution, and product
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Gordon S. Magnuson (Continued)

development for all products manufactured by Pacific
Clay. Served as a Director of the National Clay
Pipe Institute and represented the company on
numerous technical and professional committees.

1974-Date Engineering-Science. Senior Technical Director

(1974). Responsible for the development of project
design criteria, supervision of projects, and tech-
nical monitoring and review. Provided technical
consultation and coordination for the design of
sewer interceptors and outfall lines and installa-
tion of pipelines requiring special structural
considerations. Also provided special consultation
regarding sulfide generation in sewer lines and
application of mitigating measures.

Vice President and Regional Manager (1975-1980). Re-
sponsible for development of project design crite-
ria, special consultation, technical review and

coordination, and project administration and liai-
son.

Senior Vice President (1980-Date). Responsible for
directing the firm's civil and environmental engi-
neering activities in the western U.S.

Publications

"How to Select a Consulting Engineer tc Perform Gas Control En-
gineering Services," Workbook of the EPA/DOE Intergovernmental
Methane Task Force, Denver, Colorado, March 1979 (Coauthor M. E.
Nosanov).

Papers and Presentations

"Sewage Treatment Plant Design," Symposium Panel Moderator, Cali-
fornia Water Pollution Control Association Annual Conference,
1969.

"The Hydraulic Properties of Tees Versus Wyes for Sewer Lateral
Connections," presented at Arizona Water and Pollution Control
Association Annual Conference, 1970.

"Site Investigation, Selection, Design and EIR for an Industrial
Process Residue Facility Meeting the Requirements of a Class II-1
Disposal Facility," presented at California water Pollution
Control Association Southern Region Industrial Waste Conference
Workshop, Los Angeles, California, January 1980 (Coauthor M. E.
Nosanov).
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Gordon S. Magnuson (Continued)

"*Methane from Combined Gas Control Venting and Recovery Systems,"
presented at Landfill Methane Utilization Symposium, Argonne
National Laboratories, Asilomar, California, March 1980 (Coauthor
1. E. Nosanov).
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Biographical Data

JAMES L. MANG

Environmental Engineer

Personal Information

Date of Birth: 12 Octcber 1950

Education

B.S. in Mechanical Engineering, 1973, University of Cincinnati,
Ohio

M.S. in Environmental Engineering, 1974, University of Southern
California, Los Angeles

Professional Affiliations

American Society of Civil Engineers
Water Pollution Control Federation

Experience Record

1968-1973 The Timken Company, Canton, Ohio. Engineer Trainee.
Responsibilities included drafting, produr" design,
machine and machine tool design, qualic control,
and time study at a roller bearing faci ry and a
steel mill. Also involved in labor elations,
setting labor rate incentives, and facilities
manaaement. Develooed a mathemati.cal model for
solid waste collection for Covington, Kentucky, and
served as project manager for the design and testing
of a waste incinerator.

1973-1974 University of Southern California Environmental
Engineering Laboratory, Los Angeles, California.
Research Assistant. Responsible for the operation
of analytical equipment including gas chromatograph,
atomic absorption units, and spectrophotometer.
Designed and executed experJments to assess the
environmental effects of disposal of dredged mate-
rial in water and developed new techniques for
measuring water quality parameters in sediment.

1974-1977 SCS Engineers, Long Beach, California. Staff
Engineer (1974-1975), Project Engineer (1975), and
Project Manager (1975-1977). Responsible for
managing financial and personnel resourzes for a
wide variety of environmental engineering projects
including field, laboratory, and literature studies
concerned with water pollution and land disposal
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James L. Mang (Continued)

problems with emphasis upon water and soil chem-
istry. Responsible for marketing, proposal prepara-
tion, and client development and liaison.

Managed several extensive studies on land disposal
of dredged material for the U.S. Army Corps of
Engineers Waterways Experiment Station. Projects
included development and implementation of a field

monitoring and sampling program for the physical and
chemical characterization of dredged material

i sediments involving determination of the quality of
interstitial water and leachates associated with
active and inactive disposal areas. Conducted lab-

* oratory investigation of leachate composition and
analysis of treatment techniques for application to
leachates generated from disposal of different
dredged materials to landfills and other types of
land disposal sites. Performed literature review of
state-of-the-art technology, environmental impacts,
and economics associated with inland disposal of

' I contaminated dredged material.

Other activities included groundwater well installa-
tion and sampling, design of landfill gas control
systems, analysis of surface water and groundwater

quality data, state-of-the-art review of health
effects associated with wastewatpr and sludge
disposal systems, and assessment of health effects
associated with direct reuse of n.nicipal waste-
water. Prepared a study on the control of birds
attracted to a sanitary landfill as a hazard to air-
craft. Participated in the development of several
areawide solid waste management plans, a nationwide
project on groundwater impacts of municipal sludge
disposal in landfills, and a national study of
leachate from municipal sanitary landfills.

1977-1979 Calscience Research, Huntington Beach, California.
Vice President. Responsible for federal government
overhead negotiations, contract negotiations,
marketing, and management of water pollution and
l;nd disposal projects including field and litera-
ture studies. Responsible for proposal preparation
and client development and liaison. Projects
included studies on the enhancement of biological
treatment and sludge digestion of municipal waste-
waters) environmental and public health effects of
land disposal of wastes from coal utilization;
treatment of industrial wastes from electroplating;
leachatei from sanitary landfills; and sanitary

2
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James L. Mang (Continued)

landfill disposal of sludges. Also prepared syn-
thesis of laboratory and field investigations for
the U.S. Army Corps of Engineers Waterways Experi-
ment Station to evaluate potential water quality
impacts associated with effluents and leachates
generated during confined land disposal in active
and inactive sites.

1979-Date Engineering-Science. Environmental Engineer/Project
Manager (1979-Date). Responsible for direction of
projects involving solid and hazardous waste manage-
ment. Supervised hazardous waste cleanup programs
at government installations including groundwater
monitoring, soil sampling and analysis, industrial
wasteline investigation, and development of remedial
action and environmental restoration plans. Con-
ducted resource recovery/transfer station system
conceptual design study involving site selection and
technical, environmental, and economic evaluation of
alternatives for the Fresno-Clovis Metropolitan
Solid Waste Commission. Also responsible for
developing preliminary design of waste-to-energy
system for Los Angeles Unified School District
including evaluation of solid waste collection,
transportation, and disposal operations, feasibility
assessment of energy and materials recovery, and
development of solid waste management plan.

Developed an ameliorative program for a municipal
landfill which was polluting groundwater above one
of only five sole source aquifers in the United
States as well as a remedial action program for an
industrial land disposal site operated by an alum-
inum producer above another of the nation's sole
source aquifers. Devised hazardous waste management
training program for aircraft manufacturing plant
supervisors and developed legislative guidelines for
hazardous waste facility siting for a major oil

refiner. Identified hazardous wastes generated by a
leading steel-producing company. Reviewed design of
hazardous waste facilities for coal-to-ethanol-to-
gasoline plant for major chemical company. Per-
formed hazardous waste identification and evaluated
storage, transfer, handling, and disposal operations
for an aircraft manufacti:ing facility. Developed
RCRA compliance monitoring program for semiconductor
firm including waste analysis plan, facility inspec-
tion plan, contingency plan, training program, and
employee testing manual.
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James L. Mang (Continued)

Performed comprehensive technological and economic
analysis and evaluation of EPA hazardous waste
regulations including landfilling, landfarming, and
surface impoundments for the Chemical Manufacturers
Association. Responsible for conceptual design of
hazardous and nonhazardous waste disposal facilities
for oil shale processing for TOSCO including waste
c Iharacterization, site selection, and development of
operational plan for RCRA compliance. Supervised
spill and chemical solvent tank cleanup including
soil sampling and analysis, groundwater monitoring,
aquifer testing, and cleanup and disposal operations
for a major semiconductor firm under review of
numerous federal and state agencies. Developed
groundwater monitoring program for Texaco and
conducted ecological/wetlands evaluation of a
hazardous waste disposal site for Shell Oil Company.
Also responsible for development of management plans
for hazardous and nonsewerable liquid wastes gener-
ated within Orange County, California.

Editor and Lecturer (1980-Oate). Responsible for
developing and editing a reference handbook for
hazardous waste management for industrial facil-
ities. Serves as lecturer at public and industrial
seminars on hazardous waste, with responsibility for
lecturing on meeting RCRA reqcuirements; design of
hazardous waste treatment, storage, and disposal
facilities; characterization of waste materials; and
industrial facilities management.

1980-Date California State University at Long Beach, Califor-
nia. Instructor (concurrent position). Responsible
for aiding in development of hazardous waste occupa-
tional and engineering training course sponsored by
the U.S. Environmental Protection Agency. Teaches
course segments addressing the design and operation
of hazardous waste landfills, land cultivation
sites, and underground injection facilities; sampl-
ing, analysis, and characterization of waste mate-
rial; and industrial facilities management under
RCRA.

Publications

"The Potential for Adverse Health Effects Associated with the
Application of Wastewaters and/or Sludges to Agricultural Lands,"
Land As A Waste Management Alternative (Ann Arbor, Michigan: Ann
Arbor Press, 1977) (Coauthors D. Weaver, W. Galke, and G. Love).
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James L. Mang (Continued)

A Study of Leachate from Dredged Material in Upland Areas and/or
in Productive Use, U.S. Army Corps of Engineers Waterways Experi-
ment Station Report No. ^.02, February 1978 (Coauthors J.C.S. Lu,
R.J. Lofy, and R.P. Steains).

Physical and Chemical Characterization of Dredged Material Sedi-
ments and Leachates in Confined Land Disposal Areas, I U.S. Army
Corps of Engineers Waterways Experiment Station Report No. 2D05,
May 1978 (Coauthors K.Y. Chen, K.Y. Yu, and R.D. Morrison).

Synthesis Report--Confined Disposal Area Effluent and Leachate
Control, U.S. Army Corps of Engineers, Chief of Engineers Office,
June 1978 (Coauthors K.Y. Chen and B.A. Eichenberger).

Evaluation of Potential Water Quality Impacts from Coil Utiliza-
tion Solid Waste Disoosal under the National Energy Plan, Energy
and Environmental Systems Division, Argonne National Laboratory,
July 1978 (Coauthors K.Y. Chen, B.A. Eichenberger, and J.C.S. Lu).

Reference Handbook for Hazardous Waste Management, First Ed.
(Berkeley, California: Engineering and Science Research Founda-
tion, March 1980) (Editor-in-Chief and Coauthor).

Reference Handbook for Hazardous Waste Managementi Second Ed.
(Berkeley, California: Engineering and Science Research Founda-
tion, July 1980) (Editor-in-Chief and Coauthor).

"Surface Impoundment of Hazardous Wastes," Proceedings: Conference
on Hazardous Materials Control of the Hazardous Materials Control
Institute, Baltimore, Maryland, August 1981 (Coauthors F.R.
Bowarman and D.R. Anderson).

Papers and Presentations

"Control of Groundwater "ontamination from Sanitary Landfills: a
State-of-the-Art Review, " jzesented to the Eighth Annual National
Groundwater Conference, Las Vegas, Nevada, September 1976 (Co-
authors R.P. Stearns and D.E. Weaver).

"*Monitoring of Confined Dredged Material Disposal ýSites," pre-
sented to the Ninth Annual National Groundwater Conference,
Boston, Massachusetts, September 1977 (Coauthor R.D. Morrison).

"Analysis of RCRA, Phase II," presented at Seminar on Reviewing
RCRA Part A Permits and Phase II Hazardous Waste Plans, Engineer-
ing and Science Research Foundation, 5-6 November 1980.

"Conducting Technical Audits and Developing Hard Data to Meet RCRA
Regulations," presented at Seminar on Reviewing RCRA Part A
Permits and Phase II Hazardous Waste Plans, Engineering and
Science Research Foundation, 5-6 lovember 1980.
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James L. Mang (Continued)

"Plant Management Guidelines Under RCRA," presented at Western
Metal and Tool Conference, American Society for Metals/Society of
Manufacturing Engineers, Los Angeles, California, 23-26 March 1981
(Coauthor W.R. Kirkpatrick).

"Meeting Near-term RCRA Regulations," presented at Western Metal
and Tool Conference and Exposition, American Society for Metals
Society of Manufacturing Engineers, Los Angeles, California, 23-26
March 1981.

"How to Satisfy RCRA's Training Requirements," presented at
National Hazardous Waste Conference, Engineering and Science
Research Foundation, Chicago, Illinois, 7-8 April 1981; and at
Hazardous Waste Management Workshop for Semiconductor Firms,
Semiconductor Industry Association Engineering and Science Re-
search Foundation, Santa Clara, California, 5 June 1981.

"Hazardous Waste Training Programs," presented at National Hazard-
ous Waste Conference, Engineering and Science Research Foundation,
Chicago, Illinois, 7-8 April 1981.

"Contingen-y Plans and Emergency Procedures," presented at Hazard-

ous Waste Management Workshop for Semiconductor Firms, Semiconduc-

tor Industry Association/Engineering and Science Research Founda-
tion, Santa Clara, California, 5 June 1981.

"Superfund Update (CERCLA of 1980)," presented to Los Angeles
Regional Forum on Solid Waste Management, Long Beach, California,
September 1981 (Coauthor P. Rogers).

"Types of Wastes and Disposal Systems," presented at Symposium on
Hazardous Waste Management: Protection of Water Resources, Louisi-
ana State University, Baton Rouge, Louisiana, 16-18 November 1981
(Coauthors D.R. Anderson and F.R. Bowerman).

"Spill Response: Who to Notify?" presented at Industrial Waste
Conference, California Water Pollution Control Association, Los
Angeles, California, February 1982 (Coauthors F.R. Bowerman and
L.E. Doane).

"Cleaning Up Hazardous Waste Sites," presented at Thirteenth
Annual Western Regional Solid Waste Symposium, Governmental Refuse
Collection and Disposal Association, Buena Park, California, 28-30
April 1982.

K 6

.- -/



ES1 NINtEERING - scIENCE

Biographical Data

JEFFREY L. RUBIN

Soil Chemist

Personal Information

Date of Birth: 28 June 1952

Education

B.S. in Soil and Water Science (honors), 1974, University of
California, Davis

M.S. in Soil Science, 1980, University of California, Davis

Professional Affiliations

Certified Professional Soil Specialist, American Registry of
Certified Professionals in Agronomy, Crops, and Soils (ARCPACS)

American Society of Agronomy
Council for Agricultural Science and Technology
Professional Soil Scientists Association of California
Soil Conservation Society of America
Soil Science Society of America

Experience Record

1972-1979 University of California, Davis, California.
Department of Soils and Plant Nutrition. Laboratory
Helper (1972-1973) and Laboratory Assistant I
(1973-1974). Assisted in research projects involv-
ing soils and plant nutrition. Conducted mechanical
soil analyses using traditional' soil testing tech-
niques to determine the physical properties of farm
animal manures.

Department of Soils and Plant Nutrition. Laboratory
Assistant II (1974-1975). Investigated the utiliza-
tion of nitrogenous organic residues from agricul-
tural wastes for energy and remaining ash for crop
fertilizer. Conducted closed system field study on
the fate of applied fertilizer nitrogen. Research
also included manure decomposition rate studies,
effects of animal manure on soil crusting, green-
house studies demonstrating plant response to manure
ashes, and studies to determine plant-available
phosphorus in ashed crop residue.
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Jeffrey L. Rubin (Continued)

Academic Advising and Counseling. Resource Science
Advisor (1973-1974). Advised students on academic
program alternatives and future employment pros-
pects.

Agronomy and Range Science Department. Soil Sci-
Sentist/Intern (1975). Surveyed and mapped the soils

within the irrigated pasture fields of the Univers-
ity of California Sierra Foothill Range Field
Station to aid in forming a comprehensive plan for
the development, management, and experimental use of
irrigated fields.

Department of Land, Air, and Watel Resources: Soils
Division. Graduate Research Assistant (1975-1979).
Conducted research on the transfer of trace metals
in the food chain and their potential hazard to the
public under a university grant.

Department of Engineering. Laboratory Consultant
(1978). Responsible for performing chemical analy-

ses on soil test samples to determine sulfate-sulfur
content.

Department of Land, Air, and Water Resources: Soils
Division. Staff Research Associate (1979). Served
as project manag-3r for salinity study of the San
Joaquin Delta, including laboratory and data manage-
ment for analyses performed on the organic soils.

1974-1975 Department of the Interior, Bureau of Reclamation,
Division of Water and Land Operations (Recreation
and Wildlife Resources Branch), Sacramento, Califor-
nia. Resource Specialist/Intern. Conducted re-
search, compiled environmental data on urban and
non-urban parks and beaches and shores, and organ-
ized baseline data for total management study of the
Central Valley.

1978 Sacramento Area Consultants, Sacramento, California.
Field Consultant. Responsible for conducting soil
surveys with emphasis on soil susceptibility to
permeability. Performed site evaluations for the
Sacramento Regional County Sanitation District's
proposed sludge application and management plan.

1979 California State Department of Conservation, Sac-
ramento, California. Graduate Student Assistant.
Responsible for coordination and reproduction of
base maps, analysis of survey questionnaires,
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Jeffrey L. Rubin (Continued)

special soil problem studies, aad preparation of a
report assessing statewide soil problems.

1979-Date Engineering-Science. Soil Chemist. Responsible for
managing laboratory personnel, coordinating field
sampling and laboratory analyses, and performing
soil and tissue tests on projects utilizing waste-
water for irrigation of agricultural land. Devel-
oped entire field sampling programs for water and
soils which included arranging for drilling subcon-
tractors, establishing technical procedures, devel-
oping precautionary measures for sampling such as
prevention of sample cross-contamination, and
developing criteria for the well drilling and
sampling activities. Project manager for all
laboratory work for the Monterey Wastewater Recla-
mation Study for Agriculture, with retionsibility
for data management, statistical evaluation, and
quality assurance for laboratory analyses performed
by involved personnel.

Coordinated the development and performance of
laboratory and field sampling procedures for soil
and water assessments of hazardous wastes and con-
ducted extraction tests utilizing EPA and California
Departaent of Health Services methods of extraction
and analysis. Other major projects involved ground-
water monitoring and analysis for priority pollu-
tants; sampling and analysis for metals, PCBs, TCE,
fluoride, and organic solvents, consisting of
phenol, sulfonic acid, aromatic solvents, and
chlorinated benzenel and field monitoring and
analysis for dye tracing studies which simulate
point source pollutant discharge. Served as liaison
between clients and the California Department of
Health Services in dealing with posqible priority
pollutants by coordinating field sampling programs
and requirements with the state and participating in
mutual on-site sampling efforts and splitting of
samples. Promoted the firm's involvement with the
hydrological aspects, sampling, and analysis of
hazardous wastes for those projects requiring
recommendations for further sampling and for ground-
water monitoring.

Publications

"Physical Properties of Farm Animal Manures," California Agricul-
tural Experiment Station Bulletin, No. 867, University of Califor-
nia - Divisign of Agricultural Sciences, November 1974 (Coauthors
A.A.R. Hafez, J. Azevedo, and P. R. Stout).
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Jeffrey L. Rubin (Continued)

An Interpretive Survey of Some Irrigated Pasture Soils of the
Lower Foothills of the Sierra Nevada Mountains of Northern Cali-
fornia (University of California, Davis: Department of Agronomy
and Range Science, Water Resources Center, 1975) (Coauthor C. A.
Raguse).

"Phosphorus Fertilizer as a By-product of Energy Production from
Agricultural Wastes,* Journal of Environmental Quality, 1977
(Coauthors R. Siegel, A. Hafez, and P.R. Stout).

California Soils: An Assessment (State of California: Department
of Conservation, Soil Resources Protection Unit - Resources
Agency, 1979) (Coauthors B. Brown, Z. Craddock, B. T. Beuten-
muller, T. Irving, S. Anderson, D. Stanley, and P. Vonich).

Papers and Presentations

"Comparative Chemical Effects of Organic Versus Inorganic Metal
.Salts Incorporated into Soil," M.S. Thesis, University of Cali-
fornia, Davis, California, 1980.
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