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EXECUTIVE SUMMARY

The Department of Defense (DOD) has developed a program to

identify and evaluate past hazardous waste disposal sites on DOD

facilities. The program is structured to sequentially assess potential

hazards to public health and the environment, confirm the presence of

such hazards, and evaluate and implement applicable corrective mea-

sures. The program, entitled the Installation Restoration Program

(IRP) consists of four phases, Including:

Phase I - Installation Assessment/Records Search;

Phase II - Confirmation/Quantification;

Phase III - Technical Base Development; and

Phase IV - Operations/Remedial Actions.

The IRP Phase II is divided into an initial assessment of contami-

nation for purposes of determining the presence or absence of contami-

nation, and a more comprehensive assessment designed to quantify the

extent, direction, and rate of contaminant migration. This investi-

gation constitutes the Phase II, initial stage at Air Force Plant (AFP)

PJKS, located near Waterton, Colorado. The objectives of the investi-

gation were to 1) determine the presence or absence of contamination at

suspected sites identified in the Phase I records search conducted by

JRB Associates, Inc. in 1984; 2) identify specific requirements, if

any, for additional work to determine the magnitude, extent, and

direction and rate of movement of detected contaminants; and 3) assess

the need for remedial action under Phase IV. This report presents the

results of these Phase II objectives.
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INSTALLATION DESCRIPTION

AFP PJKS is located on 464 acres of land in the foothills of the

Rocky Mountains, approximately 20 miles south-southwest of Denver

(Figure 1). From 1957 until the present, APP PJKS plant activities

have consisted of missile assembly (Titan I, 1I, and III), engine

testing, and research and development. Fuels development, purifi-

catior, and testing activities in support of the Titan III program were

also conducted.

The AFP PJKS site is surrounded by approximately 4,700 acres of

land owned by the Martin Marietta Company, as illustrated on Figure 2.

All of Martin Marietta's production, testing, and storage facilities

are located southeast of and at a lower elevation than the Air Force

property. Ground water contamination was recently discovered beneath

the Martin Marietta property, downgradient from the Air Force property.

Subsequent investigations revealed surface water contamination down-

stream from AFP PJKS.

This IRP Phase II investigation represents the first determination

of possible contamination on the Air Force property. The IRP Phase I

records search recommended that six sites be further investigated under

Phase I. During the course of this Phase II study, two other sites
were identified as potential sources of contamination. The potential

sources of contaminants at the eight sites are summarized in Table 1

and the site locations are shown on Figures 3 and 4.

METHODOLOGIES

Contaminant investigation was accomplished through sampling and

analysis of site soils, ground waters, surface waters, and sediments.

Eight ground water wells were drilled and constructed. These wells, in

conjunction with 11 soil borings, 11 surface water stations, and 20

ES-2



FIGURE 1

AIR FORCE PLANT PJKS
WATERTO N, COLORADO

AREA LOCATION

JEFFERSCN CO.
ADAMS COUNTY

ARAPAHOE COUNTY

JEFFERSQN COUNTY DOGA CUT

f AFP PJKS SEIAUA

0 2 a

Aopomw to Scauq w,%4*0 CASTLE OC

NOTIE:SHAOEO PATTERN INDICATES THE DENVER METROPOLITAN AREA

SOURCE: JAB ASSOCIATES.INC.. 1984
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TABLE 1
SUMMARY OF SITES AND POTENTIAL SOURCES OF CONTAMINANTS AT AFP PJKS

Potential Sources
Site Period of Use of Contaminants

Site 1:
T-8A Containment Pond 1957 - early 1960's . Deluge water from test stands

containing hydrazine and N204.

1957-1985 . East Fork Brush Creek water.

1957 - present . ProcesIlwaterI/ from EPL Test
Cells. Surface runoff.

1960 - 1983 . Treated waters from Systems and
Components Test Facilities.

1961 - 1985 . Cooling water from refri 7ration
system at T-28 (Site 7).

Site 2:
EPL Test Cells, Valve 1961 - present . Limited testing of propulsion
Shop, Ready Storage systems using hydrazine type
Area, and Soil Cones fuels, oxidizers, 17opropyl

alcohol and freon.

1957 - present . Cleaning wastes, lng)uding TCE
4 /

(1957-1964), Oakite (mid-
70's), 1,1,1-trichloroethane
(1964-present), isopropyl
alcohol (1957-present), toluene
(late-60's), freon (1957-
present), methyl ethyl ketone
(1957-present), nitric and
hydrofluoric Igids (late
70's-present) .

1957 - present . Thermotlnsfer agent - ethylene
glycol.

Site 3:
EPL Building T-6 and 1958 - 1965 . TCE for pump cleaning.
Building T-20A

1960 - 1970 . Isopropyl alcohol and sodium

dichromate from testing.

Site 4:
Tank T-31 1961 - 1964 . Storage and treatment of

deluge water from test stands
D-1 and D-2 containing
hydrazine and N204.

ES-5



TABLE 1 (Continued)

SUMMARY OF SITES AND POTENTIAL SOURCES OF CONTAMINANTS AT AFP PJKS

Site Period of Use Potential Sources of Contaminants

Site 4 (cont) 1964 . Accidental spill of water
containing hydrazine.

1964 - 1985 . Storage of No. 6 diesel fuel.
Site 5:
D-1 Landfill 1970 - mid-1974 . Copper wire, empty drums, demo-

lition wastes, low level radio-
active wastes and, possibly,
chemical wastes.

Site 7:
Systems and Components 1960 - 1983 . Hydrazine, amine fuel, and N204
Test Facilities contaminated waters, treated
Storage Tanks prior to release to T-8A pond.

Site 10:
Construction Material Early 1980's . Construction fill and possibly
Fill Area other wastes.

Site 11:
East Fork of 1957 - present . Runoff from all sites and over-
Brush Creek flow from T-8A containment pond.

1961 - present . Cooling water from refri 7ration
system at T-28 (Site 7).

Sources: Unless otherwise noted, information was obtained from the IRP Phase I
report (Sites 1-7) and Engineering-Science interviews and observations,
1985-1986 (Sites 10, 11).

1/ Process water has varied in quality depending on tests performed over the 29
years of operation.

2/ McKenna, 1986.

LaBonte, 1986. The source of this water is the domestic supply. Waters are
presently released into the East Fork of Brush Creek.

Trichloroethene (TCE).

Oakite products used at AFP PJKS were Oakite Stripper 157, Oakite Aluminum
Cleaner 166, and Oakite 33. The major components of these products are:

Oakite Stripper 157 - methylene chloride and isopropyl alcohol.
OakLte Aluminum Cleaner 166 - borates and polyphosphate.
Oakite 33 - phosphoric acid and 2-butoxyethanol.

ES-6
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sediment stations were sampled throughout the eight sites investigated.

A summary of field activities by site is provided in Table 2. The sus-

pected pollutants analyzed at each site are also listed in the table.

In addition to the chemical parameters analyzed, subsurface

geologic and hydrogeologic conditions were examined to identify pos-

sible contaminant migration pathways. Seepage runs along the East Fork

of Brush Creek (Site 1i) were conducted to establish recharge/

discharge relationships between surface and ground waters.

Surface geophysical surveys were performed at Sites 4, 5, and 11

to aid in characterizing subsurface conditions and locating monitor

wells. Subsurface conditions identified from the survey included
buried metallic objects, buried trenches, and the depth and extent of

subsurface saturation.

SUMMARY OF RESULTS

A summary of analytical results for substances found at AFP PJKS

at concentrations which equal or exceed regulatory guidelines is
provided in Table 3. Concentrations of oil and grease and gross gamma

radiation, for which no guidelines are available, are also presented.

Concentrations of all other analytical parameters were either below the

detection limit specified for the analytical procedure or were less

than the most stringent of regulatory guidelines.

The pollutants of concern include nitroso dimethylamine (NDMA),

trichloroethene (TCE), oil and grease, and gross alpha, beta, and gamma

radiation. Concentrations of these parameters were detected primarily

in surface and ground waters. Because regulatory guidelines for

oil and grease and gross gamma radiation are unavailable, the signifi-
cance of these parameters cannot be detersined.
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CONCLUSIONS

The significance of findings on the AFP PJKS property was evalu-

ated for each site by assessing 1) whether contaminants exceed maximum

contaminant levels (MCL) or other health guidelines, 2) if pathways for

contaminant migration exist, and 3) if human receptors exist in the

study area. If all three of these conditions are met, then the

significance of contamination at a specific site is rated as high; if

two or one conditions are met, then the significance is rated as

moderate or low, respectively.

The regulatory standards and guidelines presented in Table 3 were

used for comparison purposes. The only enforceable standard is the

maximum contaminant level (MCL). Proposed MCL's have been recommended

by the EPA, but have not undergone the public review and comment

period.

For a few parameters, lifetime cancer risk data are the only

health information available. Data are generated from research with

laboratory animals and are used by EPA in a linear non-threshold model

to establish actual risks (that is, the risks are not likely to be

higher, but could be lower) (Anderson, 1983). The risk estimates are

expressed as a probability of cancer after a 70-year lifetime consump-

tion by a 70-kil-gram human of 2 liters of water per day containing a

certain concentration of the compound, Using NDMA as an example, the

70-year lifetime cancer risk for consuming 2 liters of water per day

containing 0.014 ug/L of NDMA is 1 in 100,000 (1 x 10- 5). For purposes

of continuity with the literature, a cancer risk of 10- 5 is taken as

the accepted risk.

The significance of contamination was first evaluated for on-plant

locations on a site-by-site basis. These examinations are presented in

the following paragraphs. Following these discussions is an assessment

of possible contamination significance offsite where public receptors

exist.
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Significance of Contamination at AFP PJKS

Contamination of soils and sediments was determined to be of low

significance at AFP PJKS based on the low levels of contamination, the

low probability that pollutants are migrating offsite via either ground

or surface waters, and the low level of opportunity for human contact

with contaminated soils. Contamination of ground and surface waters

was judged to be moderately significant at AFP PJKS. Some of the con-

taminants occurred in surface and ground waters at concentrations

exceeding proposed regulatory standards or health guidelines and the

potential for contaminant migration exists. However, because neither

surface nor ground waters are used as water supply sources onsite,

there is little opportunity for human contact with the contaminated

waters. Brief descriptions of the problems judged to be moderately

significant are provided below.

Site 1 - Ground Water

Ground waters beneath Site 1 contain TCE and, possibly, NDMA at

levels which exceed standards or health guidelines (Table 3). TCE

concentrations (130 ug/L and 67 ug/L in MW-i and MW-2, respectively) in

ground waters exceed the proposed MCL of 5 ug/L. NDMA contents in both

of the wells (0.61 and 0.23 ug/L for MW-I and MW-2, respectively)

exceed the 1 in 100,000 lifetime cancer risk concentration of 0.014

ug/L. However, these concentrations are below the practical quantifi-

cation level (PQL) of 0.75 ug/L. The PQL is defined as three times the

detection limit and is the limit below which it is not certain that the

compound exists.

Alluvial ground waters beneath Site I generally flow toward the

East Fork of Brush Creek. The alluvial aquifer consists of moderately

permeable sands. It is highly probable, therefore, that contaminated

ES-14
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ground waters discharge to surface waters adjacent to the T-8A pond

and/or downstream from the AFP PJKS property boundary. In addition,

contaminated ground waters may recharge the bedrock aquifer.

Site 2 - Ground Water

The Site 2 monitoring wells, positioned downgradient from Sites 2,

3, and 7, produced waters containing TCE and, possibly, NDMA at levels

which exceed proposed water quality standards or health guidelines.

Well MW-3 contained TCE (1,110 ug/L) at a level considerably above the

proposed MCL of 5 ug/L. Well MW-3 may also contain NDMA (0.28 ug/L) at

a level which exceeds the lifetime cancer risk guideline of 0.014 ug/L,

but is below the PQL of 0.75 ug/L. The direction of contaminant

migration in this portion of the alluvial aquifer is southeastward

toward the East Fork of Brush Creek. The aquifer consists of moder-

ately permeable sands.

Contaminated ground waters may discharge to the East Fork of Brush

Creek. Ground water contributions to surface flow were discovered in

the East Fork reach near Site 2. In addition, alluvial ground water

may recharge the bedrock aquifer.

Sites 4 and 5 - Ground Water

Three monitoring wells, constructed immediately downgradient from

the T-31 storage tank and D-1 landfill, yielded waters containing

TCE at levels which exceed the proposed water quality standard.

Concentrations of TCE in MW-4 and MW-6 (67 ug/L and 190 ug/L, respect-

ively) exceeded the 5 ug/L proposed MCL. All three well waters also

contained relatively high radiation levels.

Ground waters sampled in December 1985 contained from 130 to 270

pCi/L of gross alpha radiation which exceeds the MCL of 15 pCi/L.

Gross beta radiation ranged from 120 to 250 pCi/L which exceeds the MCL

of 50 pCi/L. Only the gross alpha activity of MW-4 (53.5 pCi/L) from

the May, 1986 sampling exceeded the MCL of 15 pCi/L. The gross beta
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activity of the three wells, however, did not exceed the gross beta

MCL. In addition, waters from MW-4 and MW-5 contained detectable

amounts of potassium-40 and lanthanum-140, respectively. The thorium

isotopes analyzed in the May sampling were considerably lower than the

December sampling. The difference in activity level between sampling

episodes may be attributed to seasonal variation. Since uranium miner-

alization exists in the area, background levels of radiation need to be

determined before the effects of the disposal of low-level radioactive

waste (magnesium thorium alloy) in the D-1 landfill can be determined.

Ground waters emanating from beneath the landfill discharge to the

East Fork of Brush Creek. Surface water in the East Fork at the sta-

tion immediately downstream from the landfill contains organic contami-

nation, which dissipates to below detection levels approximately 400

feet downstream. In addition, ground waters may recharge underlying

bedrock aquifers.

Site 10 - Ground Water

Ground water collected from well MW-8 immediately downgradient

from Site 10 contained NDMA and TCE at levels which exceed proposed

water quality standards or health guidelines. The NDMA concentration

found in well MW-8 (5.2 ug/L) is considerably greater than the cancer

risk guideline of 0.014 ug/L. Well MW-8 water also contained TCE (490

ug/L) at levels well above the proposed MCL of 5 ug/L.

Local directions of alluvial ground water movement are south and

southeast toward the East Fork of Brush Creek. The alluvial aquifer

consists of moderately permeable sands. In addition, contaminated

ground waters may recharge the underlying sandstone bedrock aquifer.

Site 11 - Surface Water

Various amounts of NDMA and TCE were detected along the East Fork

of Brush Creek between Site 5 and the eastern property boundary of AFP

PJKS. Possible sources of these contaminants include Sites 1, 2, 3, 4,
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5, 7, and 10. NDMA has been found to undergo photolysis with exposure

to sunlight (U.S. Environmental Protection Agency, 1979a), which may be

important in reducing levels of NDMA downstream.

Radiation levels for three surface water samples collected in May

1986 along the East Fork of Brush Creek (stations 11-0, 11-1, and 11-9)

were below the MCL's for both gross alpha and gross beta activities.

The highest gross beta activity detected was at station 11-0 upstream

from Sites 4 and 5 (D-1 landfill). The only gamma nuclide detected in

the three samples was lanthanum-140 (20 pCi/L) at station 11-0.

Thorium-228 and thorium-232 contents were highest in the sample at

station 11-0. These data indicate that natural radiation exists in the

East Fork of Brush Creek above the D-i landfill and dissipates

downstream.

Evaluation of Contaminant Migration Offsite

Possible pathways for contaminant migration from AFP PJKS are via

the East Fork of Brush Creek and through the alluvial and bedrock

ground water systems. Brush Creek is tributary to the South Platte

River. Surface water in the East Fork at the sampling station immedi-

ately downstream from the AFP PJKS property boundary contained trace to

elevated concentrations of several organic compounds. However, concen-

trations of these substances dissipated to below detection levels

within a relatively short distance downstream (1,500 feet).

Organic contamination was detected in waters from Martin Marietta

well GM-89, located immediately downgradient from Site 1, and to a much

lesser degree in well GM-15, located 500 feet downgradient from well

GM-89. The presence of this contamination in the alluvial ground water

system suggests that some migration onto Martin Marietta property has

occurred.

The significance of contaminant migration offsite is low based on

the dissipation and dispersion of contaminants in surface and ground
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waters as discussed above and the large distance (several miles)

between potential receptors and AFP PJKS. However, pathways for

contaminant migration offsite do exist and should be further inves-

tigated.

RECOMMENDAT IONS

The investigative tasks summarized on Table 4 are recommended to

further determine th. contaminant nature, extent, and rate of migration

and the relative significance of the identified contamination. Pro-

posed well and surface water sampling locations are shown on Figure 5.

ES-18
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SECTION 1.0

INTRODUCTION

1.1 BACKGROUND AND AUTHORITY

The United States Air Force, in its conduct of its primary mission

of defense of the United States, has long been engaged in a wide

variety of operations that involve toxic and hazardous materials.

Federal, state, and local governments have developed strict regulations

requiring disposers to identify the locations and contents of past

disposal sites and take action to eliminate hazards in an environ-

mentally responsible manner. The primary Federal legislation governing

disposal of hazardous waste is the Resource Conservation and Recovery

Act (RCRA) of 1976, as amended. Under Section 6003 of the Act, Federal

agencies are directed to assist the Environmental Protection Agency

(EPA) and under Section 3012, state agencies are required to inventory

past disposal sites, and Federal agencies are required to make the

information available to the requesting agencies. To assure compliance

with these hazardous waste regulations, the Department of Defense (DOD)

developed the Installation Restoration Program (IRP). The current DOD

IRP policy is contained in Defense Environmental Quality Program Policy

Memorandum (DEQPPM) 81-5, dated 11 December 1981 and implemented by Air

Force message dated 21 January 1982. DEQPPM 81-5 reissued and ampli-

fied all previous directives and memoranda on the Installation Restora-

tion Program. DOD policy is to identify and fully evaluate suspected

problems associated with past hazardous materials contamination, and to

control hazards to health and welfare that have resulted from these

past operations. The IRP is the basis for response actions on Air

Force installations under the provisions of the Comprehensive Environ-

mental Response, Compensation, and Liability Act (CERCLA) of 1980,

clarified by Executive Order 12316. CERCLA is the primary legislation

governing remedial action at past hazardous waste disposal sites.
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1.2 PURPOSE AND SCOPE

The Installation Restoration Program is a four-phased program

designed to assure that identification, confirmation/quantification,

and remedial actions are performed in a timely and cost-effective

manner. Each phase is briefly described below:

Phase I - Installation Assessment/Records Search - The

purpose of Phase I is to identify past disposal sites

that may pose a hazard to public health or the environ-

ment as a result of contaminant migration to surface or

ground waters, or that may have an adverse effect by

the persistence of contaminants in the environment. In

this phase it is determined whether a site requires

further action to confirm an environmental hazard. If

a site requires immediate remedial action, such as

removal of abandoned drums, the action can proceed

directly to Phase IV. Phase I is a basic background

document for the Phase II study.

Phase II - Confirmation/Quantification. The purpose of

Phase II is to define and quantify, by preliminary and

comprehensive environmental and/or ecological survey,

the presence or absence of contamination, the extent of

contamination, waste characteristics (when required by

the regulatory agency), and the sites or locations

where remedial action is required. Phase II consists

of an initial assessment of contamination to determine

if contamination is present at a site. For those sites

which are found to be contaminated, further investiga-

tion is conducted to assess the extent of contamina-

tion. Any IRP sites warranting immediate remedial

1-2
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action can be transferred to Phase IV. Otherwise, re-

search requirements identified during Phase II will be

included in the Phase III effort of the program.

Phase III - Technology Base Development - The purpose

of Phase III is to develop new technologies for treat-

Ing pollutants which have no currently or economically

available treatment methodologies. This phase includes

implementation of research requirements and technology

development. A Phase III requirement can be identified

at any time during the program.

Phase IV - Remedial Actions - Phase IV includes the

preparation and implementation of the remedial action

plan.

This investigation constitutes the initial stage of the IRP Phase

II, Confirmation/Quantification at Air Force Plant (AFP) PJKS. The

objectives of the investigation were to (1) determine the presence or

absence of contamination at suspected sites identified in the Phase I

records search conducted by JRB Associates, Inc. in 1984; (2) identify

specific requirements, if any, for additional work to determine the

magnitude, extent, and direction and rate of movement of detected con-

taminants; and (3) assess the need for remedial action under Phase IV.

The subject delivery order describing this work scope is provided in

Appendix C.

To satisfy these objectives, interviews were conducted with

current AFP PJKS and Martin Marietta employees to confirm the areas of

suspected contamination and to identify other areas of concern. Deter-

mination of the presence or absence of contamination was then accom-

plished through sampling and analysis of site soils, ground waters,

surface waters and sediments. The findings of these investigations

were then used to define the requirements and scope of subsequent

phases of the IRP investigation.

1-3
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1.3 PROGRAM DURATION

The Phase I records search of the AFP PJKS IRP program was comple-

ted in September 1984 by JRB Associates, Inc. Phase I, Stage I was

initiated on 30 September 1985, and began with a literature review,

project mobilization, and subcontractor procurement. Onsite field work

began in mid-November 1985 and continued until May 1986. Laboratory

results were finalized in August 1986.

1.4 BACKGROUND INFORMATION

AFP PJKS is located on 464 acres of land in the foothills of the

Rocky Mountains. The property lies northwest of Waterton, Colorado,

approximately 20 miles south-southwest of Denver, as illustrated on

Figure 1.1. From 1957 until the present, PJKS plant activities have

consisted of missile assembly (Titan I, II, and III), engine testing,

and research and development. Fuels development, purification, and

testing activities in support of the Titan III program were also

conducted.

The AFP PJKS site is surrounded by approximately 4,700 acres of

land owned by the Martin Marietta Company, as illustrated on Figure

1.2. All of Martin Marietta's production, testing, and storage facili-

ties are located southeast of and at a lower elevation than the Air

Force property. Ground water contamination was recently discovered

beneath the Martin Marietta property, downgradient from the Air Force

property. Subsequent investigations revealed surface water contamina-

tion downstream from AFP PJKS.

This IRP Phase II investigation represents the first determination

of possible contamination on the Air Force Droperty. The IRP Phase I

records search recommended that six sites be further investigated under

Phase II. During the course of this Phase II study, two other sites

were identified as potential sources of contamination. The potential

1-4



FIGURE 1.1

AIR FORCE PLANT PJKS
WATERTON, COLORADO

AREA LOCATION

JEFFERSCN CO. ADAMS COUNT7Y

ARAPAHOE CCUNTY

JEFFERSON COUNT (
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f APP PJ KSSEAI

Apowrmate Scm. in Nflle CA.STLE ROCK

NOTE:SHAOED PATTERN INDICATES THE DENVEA METROPOLITAN AREA

SOURCE: JRS3 ASSOCIATESJNC..1984
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sources of contaminants at the eight sites are summarized in Table 1.1

and the site locations are shown on Figures 1.3 and 1.4. A history and

description of each site, based on the Phase I records search and other

references, as noted, are provided below.

1.4.1 T-8A Containment Pond Area (Site 1)

The T-8A containment pond has been in use since 1957 and is the

terminus of a network of ditches, flumes, and drainage pipes from the

AFP PJKS facilities (Figure 1.3). In approximately 1974, the T-8A pond

was lined with concrete. Between 1974 and the early 1980's, sediment

which had accumulated in the pond was dredged out and deposited in the

area designated in Figure 1.4 as "pond sediment". Since 1983, most AFP

PJKS plant process wastewaters have been conveyed to Martin Marietta

for treatment. Cooling water from the refrigeration system at building

T-28 (Site 7) was occasionally diverted to T-SA pond during the period

from 1961 to 1985. The only liquids currently entering the T-8A con-

tainment pond have been surface runoff, EPL process water (non-pota-

ble), and accidental tank spills and overflows.

1.4.2 EPL Test Cells, Valve Shop, Ready Storage Area, and Soil Cones

(Site 2)

At Site 2, waste has been generated primarily from equipment

cleaning and check-out operations. Chemicals used for these activities

included isopropyl alcohol, 1,l,1-trichloroethane, trichloroethene

(TCE), freon, several cleaners produced by the Oakite Company, toluene,

methyl ethyl ketone (MEK), and acids. The components of Oakite clean-

ing products used at AFP PJKS are listed in Table 1.1. Spent chemicals

were placed in 5- to 55-gallon containers for disposal by Martin Mari-

etta. Small quantities of these wastes were reportedly spilled onto

the ground or leaked from drums.

1-7



TABLE 1.1
SUMMARY OF SITES AND POTENTIAL SOURCES OF CONTAMINANTS AT AFP PJKS

Potential Sources
Site Period of Use of Contaminants

Site 1:
T-SA Containment Pond 1957 - early 1960's . Deluge water from test stands

containing hydrazine and N2 04

1957-1985 . East Fork Brush Creek water.

1957 - present Proces ,,water I/ from EPL Test
Cells. Surface runoff.

1960 - 1983 . Treated waters from Systems and

Components Test Facilities.

1961 - 1985 . Cooling water from refri ration
system at T-28 (Site 7).

Site 2:
EPL Test Cells, Valve 1961 - present . Limited testing of propuls> i
Shop, Ready Storage systems using hydrazine type
Area, and Soil Cones fuels, oxidizers, opropyl

alcohol and freon.

1957 - present . Cleaning wastes, ing)uding TCE
4 /

(1957-1964), Oakite (mid-
70's), 1,1,1-trichloroethane

(1964-present), isopropyl
alcohol (1957-present), toluene
(late-60's), freon (1957-
present), methyl ethyl ketone
(1957-present), nitric and
hydrofluoric igids (late
70's-present) .

1957 - present . Thermotpnsfer agent - ethylene
glycol.

Site 3:
EPL Building T-6 and 1958 - 1965 TCE for pump cleaning.
Building T-20A

1960 - 1970 . Isopropyl alcohol and sodium

dichromate from testing.

Site 4:
Tank T-31 1961 - 1964 . Storage and treatment of

deluge water from test stands
D-1 and D-2 containing
hydrazine and N204.
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TABLE 1.1 (Continued)

SUMMARY OF SITES AND POTENTIAL SOURCES OF CONTAMINANTS AT AFP PJKS

Site Period of Use Potential Sources of Contaminants

Site 4 (cont) 1964 . Accidental spill of water
containing hydrazine.

1964 - 1985 . Storage of No. 6 diesel fuel.
Site 5:
D-1 Landfill 1970 - mid-1974 . Copper wire, empty drums, demo-

lition wastes, low level radio-
active wastes and, possibly,
chemical wastes.

Site 7:
Systems and Components 1960 - 1983 . Hydrazine, amine fuel, and N 0 4
Test Facilities contaminated waters, treated2

Storage Tanks prior to release to T-8A pond.

Site 10:
Construction Material Early 1980's . Construction fill and possibly
Fill Area other wastes.

Site 11:
East Fork of 1957 - present . Runoff from all sites and over-
Brush Creek flow from T-8A containment pond.

1961 - present . Cooling water from refri§7ration
system at T-28 (Site 7).

Sources: Unless otherwise noted, information was obtained from the IRP Phase I
report (Sites 1-7) and Engineering-Science interviews and observations,
1985-1986 (Sites 10, 11).

1/ Process water has varied in quality depending on tests performed over the 29
years of operation.

2/ McKenna, 1986.

3/ LaBonte, 1986. The source of this water is the domestic supply. Waters are
presently released into the East Fork of Brush Creek.

4/ Trichloroethene (TCE).

5/ Oakite products used at AFP PJKS were Oakite Stripper 157, Oakite Aluminum
Cleaner 166, and Oakite 33. The major components of these products are:

Oakite Stripper 157 - methylene chloride and isopropyl alcohol.
Oakite Aluminum Cleaner 166 - borates and polyphosphate.
Oakite 33 - phosphoric acid and 2-butoxyethanol.

1-9
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1.4.3 EPL Building T-6 and T-20A (Site 3)

The pump house (T-20A) at Site 3 was used between 1958 and 1965

for equipment cleaning with the solvent TCE. Between 1958 and 1965, an

estimated 300 gallons per year of TCE were reportedly allowed to drain

directly onto the ground. Testing operations at building T-6 generated

spent isopropyl alcohol and sodium dichromate. Between 1960 and 1970,

an estimated total of 25 gallons of the substances were disposed

directly on the ground.

1.4.4 T-31 Storage Tank (Site 4)

During the Titan II testing period (1961 to 1964), a 1-million-

gallon underground tank (T-31) was installed downstream from test

stands D-1 and D-2 to capture the deluge water containing hydrazine

from rocket firings. Deluge waters from the test stands flowed via

concrete flumes into the tank where treatment :curred prior to reuse

or release to containment pond T-8A. In 1964, the tank was converted

to storage of No. 6 diesel fuel. In November 1985, residual diesel

fuel was pumped from the tank and the tank was steam cleaned.

In approximately 1964, prior to conversion of the tank to diesel

fuel storage, an undetermined amount of water containing hydrazine was

accidentally released onto the ground. Site personnel responded to the

release by pouring hydrogen peroxide on the ground to oxidize the

hydrazine.

1.4.5 D-1 Landfill (Site 5)

The D-1 landfill, located in the valley below test stand D-l, is

approximately 4 acres in size. Between 1970 and mid-1974, the D-1

landfill received nonhazardous wastes including paper, concrete, copper

wire, plastic, asphalt, and food, generated from AFP PJKS and Martin

Marietta activities. Detailed records of the types and quantities of

wastes disposed in the landfill do not exist. Hazardous materials that

may have been disposed in the landfill include asbestos from demolition
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activities, small PCB-filled electrical equipment, and various waste

chemicals.

In 1971, small quantities of low-level radioactive wastes (magne-

sium thorium alloy), were disposed in the landfill. Records indicate

that 25 kilograms of alloy with a total of 55.5 microcuries of radio-

activity were buried. Following site closure in 1974, overburden was

placed on the landfilled wastes to an estimated depth of 6 feet.

1.4.6 Systems and Components Test Facilities Storage Tanks (Site 7)

Between 1960 and 1983, the Systems Test Facility (T-28) and the

Components Test Facility (T-27) generated wastewaters containing

hydrazine fuels, including the decomposition products nitroso dimethyl-

amine (NDMA) and nitrosamines, and nitrous oxide (N20 4 ) oxidizers.

Treatment occurred inside several large above-ground tanks. Treated

wastewaters and overflows were directed through lined and unlined

ditches to a diversion weir in the East Fork of Brush Creek, where they

were diverted into pond T-8A.

Two ditches were identified as being of particular concern because

they lie downhill from the treatment/storage tanks. Ditch 1 is approx-

imately 400 feet long and Ditch 2 is approximately 350 feet long

(Figure 1.4). Flow in Ditch 1 is conveyed through a series of lined

and unlined segments past the Components Test Facility to Ditch 2.

Ditch 2 drains into a corrugated metal culvert which discharges via

lined and unlined segments to the diversion weir in the East Fork of

Brush Creek.

1.4.7 Construction Material Fill Area (Site 10)

The Construction Material Fill Area was identified by ES as a

potential hazardous materials burial area. It is located north of the

T-8A containment pond immediately north of the East Fork of Brush Creek

at the eastern edge of the AFP PJKS property. The site was a former

north-south oriented gulch, approximately of 15 feet deep, 100 feet
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wide, and 720 feet long, that intersected the northern bank of the East

Fork of Brush Creek.

In order to control erosion, construction fill material was dumped

into the gulch. The material consisted of broken concrete, broken

asphalt from road repairs, and fill dirt from a construction site. The

concrete and asphalt were placed in the bottom of the gulch and over-

lain by fill dirt (Miller, 1986). According to unidentified EPA sourc-

es, other waste materials may have been buried during the backfilling

operations.

1.4.8 East Fork of Brush Creek (Site 11)

The majority of the land occupied by AFP PJKS and all of the sites

investigated for hazardous materials lie within the upper drainage of

the East Fork of Brush Creek. Process wastewaters from Sites 2, 3, and

7, and deluge water from past rocket engine testing were discharged

through a network of pipes, flumes, and ditches into the containment

pond T-8A. Discharge from the pond to Brush Creek, however, was

typically not allowed.

1.5 POTENTIAL CONTAMINANTS

The field program described in Section 3.0 of this report involved

sampling of soils, ground waters, surface waters, and sediments for

materials which may have been disposed, spilled, or stored at the

various study sites. A list of these materials is provided below.

Hydrazne
Nitroso dimethylamine (NDMA)
Monomethyl hydrazine (MMH)
Unsymmetrical dimethyl hydrazine (UDMH)
Methyl ethyl ketone (MEK)

Phenols
Purgeable organics
Base/neutral/acid extractable organics

Oil and grease
Arsenic
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Cadmium
Chromium (total and hexavalent)
Lead
Mercury
Selenium
Thallium
Thorium
Gross alpha, beta, and high resolution gamma radiation

1.6 PROJECT TEAM

The Phase II, Stage 1 investigation was conducted by Engineering-

Science, Inc. (ES). The ES project team consisted of the following

professionals:

Ernest J. Schroeder: BS in civil engineering, MS in sanitary en-

gineering, with 19 years of experience; served as project coordinator.

Timothy C. Shangraw: Registered Professional Engineer in Colorado,

BS and MS degrees in civil engineering, with 9 years of experience;

served as project manager.

Lisa A. Korner: BS in geology, MS in geochemistry, with 9 years of

experience; was the project geologist and field team leader.

Ernest L. Daly, Jr.: 3S in chemistry and biology, MS in biology,

with 9 years of experience; was the laboratory QA/QC officer.

Phillip C. Sirles: BS in geology, MS in geophysics with 3 years of

experience; was the field geologist.

Ola A. Awosika: BS in geological engineering, MA in geophysics,

with 4 years of experience; conducted the geophysical survey.

Timothy S. Mustard: BS in botany, MS in plant systematics, with 7

years of experience; was the health and safe y officer.

Frank N. Repplier: BS in geology, with 8 years of experience;

provided technical assistance in the field and office.

Resumes for these professionals are provided in Appendix D.
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The Phase II program required use of several subcontractors for

drilling, surveying, and analytical purposes. The drilling contractor

was Arrow Drilling Company (Arrow) of Golden, Colorado. Arrow was

experienced with specialized drilling techniques required by subsurface

conditions at the site. The surveyor was International Technology

Limited of Englewood, Colorado. Two analytical laboratories were

retained to conduct radiometric analyses and analysis of hydrazine and

associated compounds. The radiometric analyses were performed by EAL

Corporation of Richmond, California, and the hydrazine and associated

compounds analyses were conducted by California Analytical Laboratories

of West Sacramento, California. A third analytical laboratory, APPL,

Inc., of Fresno, California, assisted in the analysis of base/neutral/

acid extractable compounds. Purgeable organics in ground waters were

analyzed by International Technology Corporation of Cerritos, Califor-

nia. All remaining analyses were performed by the ES laboratory

located in Atlanta, Georgia.

1.7 FACTORS OF CONCERN

The AFP PJKS property is located approximately 2 miles northwest

of the Kassler Water Treatment Plant (Figure 1.1). Until December

1985, the treatment facility was operated by the Denver Water Depart-

ment (DWD) to provide domestic water to the Denver metropolitan area.

At that time, the Kassler Plant was placed on standby status because

the new Foothills Water Treatment Plant, located approximately 2 miles

southeast and upgradient of the Kassler Plant, and other DWD treatment

facilities replaced the treatment capacity of the 86-year-old Kassler

facility. This action was part of the DWD's systemwide plan for

servicing the Denver metropolitan area.

At approximately the same time the Kassler Plant was removed from

service, trace concentrations of TCE (less than the U.S. Environmental

Protection Agency's (EPA) proposed MCL of 5 micrograms per liter) were
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detected in the facility's infiltration gallery water. The infil-

tration gallery periodically had been used to supplement the facility's

primary raw water supply (the South Platte River) during summer months.

The galleries are constructed in the South Platte River alluvium, which

is hydraulically connected to the East Fork of Brush Creek. The source

of contamination has been the subject of considerable investigation

since that time (Geraghty and Miller, 1986). Contaminant migration

pathways currently being evaluated include surface water flow and

alluvial ground water movement along the East Fork of Brush Creek and

other gulches which drain into the South Platte River near the infil-

tration gallery. Deeper ground water movement beneath the Martin

Marietta property is also the subject of investigation (Kisling, 1986).
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SECTION 2.0

ENVIRONMENTAL SETTING

2.1 GEOGRAPHY AND TOPOGRAPHY

Air Force Plant PJKS is located in the foothills of the Rocky

Mountains, as illustrated in Figure 2.1. The site lies within the

Colorado Piedmont section of the Great Plains physiographic province at

its border with the east flank of the Front Range of the Southern Rocky

Mountain physiographic province (Fenneman, 1931). Elevations of the

Colorado Piedmont and Southern Rocky Mountain Front Range are from

5,000 to 6,500 feet above mean sea level (MSL), and 5,600 to 14,260

feet MSL, respectively. As illustrated on Figure 2.2, the PJKS plant

is situated within an alluvium-filled northwesterly-trending strike

valley which is bordered by sharp ridges of upturned sedimentary rocks

(hogbacks) to the east, and rugged, irregular mountains, composed of

igneous and metamorphic rocks, to the west. Elevations within the

plant boundaries range from approximately 7,000 feet MSL at the extreme

western boundary line to 5,925 feet MSL at the southeast boundary of

the site.

2.2 METEOROLOGY

The climate at AFP PJKS is characterized as continental and

temperate. Average annual precipitation in the vicinity of the plant

is approximately 17 inches (Scott, 1963). Evaporation is high, and the

climate is rated semi-arid. Precipitation is well distributed, with

most occurring between March and October. Precipitation in the winter

months occurs as snow. The rainfall depth of the 10-year, 1-hour

precipitation event is 1.5 inches, while that of the 100-year, 24-hour

event is 4 inches (Denver Regional Council of Governments, 1969). The

average frost depth is 2 feet but frost penetrations are typically

deeper on north-facing slopes (Scott, 1963).
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FIGURE 2.1

PHYSIOGRAPHIC PROVINCE MAP SHOWING
THE LOCATION OF AFP PJKS
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2.3 SURFACE WATER HYDROLOGY

2.3.1 Surface Water Drainages

AFP PJKS is located within the South Platte River basin which

covers approximately 24,000 square miles. Of this total, 19,000 square

miles are located in Colorado, 3,000 square miles are in Nebraska, and

2,000 square miles are in Wyoming (U.S. Army Corps of Engineers, 1975).

The South Platte River originates along the Continental Divide of the

Rocky Mountains near Fairplay, Colorado. It flows northeastward

through Waterton, Colorado, near AFP PJKS, to Chatfield Reservoir, a

flood control reservoir. Downstream from Chatfield Reservoir, the

South Platte River flows through the Denver metropolitan area. Waters

from the South Platte River are used for domestic, agricultural,

commercial, and recreational purposes.

Average annual streamflow in the South Platte River at Waterton,

Colorado, is 176 cubic feet per second (cfs) for a 54-year period of

record (U.S. Geological Survey, 1982). Extreme high and low flows

recorded at Waterton are 5,700 cfs (1942) and 0.1 cfs (1933, 1938),

respectively. The minimum low flow permitted at Waterton is currently

30 cfs (Denver Water Department, 1973).

The majority of AFP PJKS is drained by the East and West Forks of

Brush Creek, as shown on Figure 2.3. A small northern portion of the

site is drained by Lariat Gulch (informal name). Waters from both

Brush Creek and Lariat Gulch discharge to the South Platte River

downstream from the Kassler Water Treatment Plant.

The East Fork of Brush Creek watershed encompasses 1,875 acres and

drains 60 percent of the AFP PJKS property, including all of the sites

investigated for hazardous materials. &pproximately 75 percent of the

East Fork drainage lies upstream from the D-1 landfill, roughly 5 per-
cent falls between the D-1 landfill and the T-8A Pond, and the remain-

der is situated downstream from the Air Force property. The East Fork
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is an ephemeral water course, flowing only after precipitation or from

snowmelt runoff. Surface flow on or upstream from the plant property

does not normally occur during dry summer months. However, during the

early fall of 1985, a continuous flow was observed downstream from the

D-1 landfill. It is suspected that a broken water line underlying the

streambed partially contributed to the flow. Flow in the East Fork was

also observed during subsequent site visits through April, 1986.

The southern portion of the AFP PJKS property is drained by the

West Fork of Brush Creek. The contributing watershed encompasses 710

acres and drains much of Martin Marietta's manufacturing and headquar-

ters areas. AFP PJKS lies at the higher elevation of the watershed and

accounts for only 20 percent of the watershed area. The West Fork is

also an ephemeral drainage and converges with the East Fork near

Waterton, Colorado.

2.3.2 Surface Water Quality

No surface water field investigations at AFP PJKS were conducted

prior to this study. However, some surface water quality data are

available for downstream surface waters on the Martin Marietta

property. Several sampling stations close to AFP PJKS are shown on

Figure 2.4. Water samples from these stations were analyzed for

volatile organic compounds using EPA methods 601, 602, and 604 as

specified in Appendix A of 40 CFR Part 136. The results are summarized

in Table 2.1. Only those compounds which were detected are listed in

the table.

The compounds 1,1,1-trichloroethane, TCE, and cis-1,2-dichloro-

ethylene were detected in samples from station SW-24G. Concentrations

of TCE at this station ranged from 15 micrograms per liter (ug/L) to 32

ug/L with no apparent correlation with streamflow. The probable source

of this and other contaminants is unknown. Organic compounds in

samples from station SW-23G, located downstream from SW-24G, are all
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less than detection limits. This indicates contaminants found at

station SW-24G have dissipated by aeration, dilution, and/or adsorp-

tion. Similarly, no volatile organic compounds were detected in the

West Fork of Brush Creek at Station SW-26G.

2.4 GEOLOGY

2.4.1 Regional Geology

AFP PJKS is located on the eastern flank of the Colorado Front

Range. The Front Range is a complexly faulted anticlinal arch of

primarily Precambrian crystalline rock. Where the mountains join the

Great Plains, the foothills region consists of steeply dipping

Paleozoic and Mesozoic sedimentary rocks forming hogback ridges and

gravel-covered pediments. To the east is the Denver Basin which is a

north-south trending asymmetrical basin with a gently dipping eastern

flank.

2.4.2 Site Geology

The major lithologies at the PJKS site are, from oldest to young-

est, Precambrian metamorphic and igneous rocks, the Pennsylvanian-age

Fountain Formation, and Quaternary alluvium. A generalized strati-

graphic column is provided on Figure 2.5. The surficial geology of the

site is illustrated in Figure 2.6.

2.4.2.1 Stratigraphy

As shown in Figure 2.6, the western portion of the PJKS property

consists of Precambrian metamorphic and igneous rocks including migma-

tite, amphibolite and quartzite, biotite-muscovite granite, and

gneissic quartz monzonite and granodiorite (Scott, 1963). Sedimentary

rocks are the oldest of the Precambrian formations and have been meta-

morphosed to quartzite, and possibly amphibolite and migmatite. These

rocks were then intruded by igneous rocks, including biotite-muscovite

granite and gneissic quartz monzonite. Gradational contac-s between

these lithologies are common. Test stands D-1 through D-4 and the D-1

landfill are underlain by the Precambrian rock.
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FIGURE 2.5

GENERALIZED STRATIGRAPHIC COLUMN
FOR LITHOLOGIES PRESENT AT AFP PJKS
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FIGURE 2.6

SURFICIAL GEOLOGY MAP
OF AFP PJKS
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The eastern portion of the PJKS site consists of the Pennsylvan-

ian-age Fountain Formation, an arkosic sandstone and conglomerate with

thin silty shale beds (Scott, 1963). The Fountain Formation is

approximately 2,000 feet thick at PJKS. Its strike is N25-30°W and dip

is 50 to 60 degrees to the northeast. The steep dip of the Fountain

Formation is related to the uplifting of the Precambrian units that

occurred to the west. The contact between the Fountain Formation and

the underlying Precambrian rock is an unconformable surface. The

Fountain Formation underlies the alluvial material in the main PJKS

facilities area.

The alluvium consists of two episodes of deposition, the Pleisto-

cene-age Slocum Alluvium and the Recent Piney Creek Alluvium. The

Slocum Alluvium consists mainly of reddish-brown, gravelly, clayey

sands with some cobbles and gravel and generally ranges from 5 to 10

feet thick (Scott, 1963). However, the total thickness of the Slocum

Alluvium may be up to 45 feet in the vicinity of ,rush Creek (Bryant et

al., 1973). The Slocum Alluvium is laterally continuous within the

valley of Brush Creek (Scott, 1963) with the exception of localized

spires where bedrock outcrops exist and areas where channelization has

occurred during the more recent Piney Creek erosion. The areal extent

of the Slocum Alluvium is illustrated in Figure 2.6.

The Piney Creek Alluvium was derived principally from sheet

erosion of soil-covered slopes and was deposited in previously cut

arroyos along the small streams or on broad flood plains along the

large streams (Scott, 1962). The Piney Creek Alluvium is a dark gray,

humic-rich silt and sand with thin layers of clay and pebbles. Piney

Creek Alluvium is generally less than 5 feet thick locally along small

drainages such as Brush Creek and its tributaries (Bryant et al.,

1973). The areal extent of the Piney Creek Alluvium is also depicted

on Figure 2.6.
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2.4.2.2 Structure

Rocks of the Front Range were deformed as early as Precambrian

time and as late as Pliocene time. Structural events were associated

with Precambrian metamorphism and intrusion. In latest Precambrian

time, mountains were slightly raised and a system of northwest and

northeast-trending faults was formed (Scott, 1962). In Early Penn-

sylvanian time, the ancestral Rockies were uplifted and the Precambrian

faults were locally reactivated. During the Laramide event, the

Precambrian faults were again reactivated and some new faults were

formed in both the crystalline rocks and in sedimentary rocks. The

last major structural event was in late Pliocene time when the Rocky

Mountains were slightly uplifted.

Several northwest-oriented faults trend through the PJKS property

as shown on Figure 2.6. The D-1 landfill and test stand D-1 lie in an

apparent fault valley. Faults striking approximately N80OW and N65 0E

converge in this part of the Brush Creek valley. Figure 2.7 shows a

cross section through this portion of the property and depicts the

attitude of faults in the area. The vertical extent and subsurface

attitude of faults in the western portion of the PJKS property is

highly speculative. However, based on the work of Bryant et al.

(1973), the near verticality of the fault surfaces in the shallow

subsurface is probable.

Another northwest-trending fault which displaces the Fountain

Formation occurs along the boundary of the Front Range. The approxi-

mate location of this fault is the eastern-most fault line shown on

Figure 2.6. According to Bryant et al. (1973), the displacement was

nearly vertical along bedding planes with the east side displaced

upward approximately 800 to 1,000 feet. The Ken Caryl fault, located 2

miles to the northwest, and the northwest-trending fault at Brush Creek

have similar trends and displacements, but it is not known whether they

are connected.
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2.4.2.3 Economic Geology

The potential for uranium mineralization associated with fault

zones in Precambrian rocks exists in the western portion of AFP PJKS.

Several mining companies, including Energy Fuels Exploration Company

and French American Metals Corporation, have explored for uranium on a

claim block which extended northward to the upper portions of the East

Fork of Brush Creek (upstream of the D-1 landfill) and southward

approximately 2 miles to the South Platte River. Samples from some

adits and pits of the Bonzo prospect near the South Platte River (SE

1/4, Sec. 33, T.6S, R.69W) contain from 0.16 to 11.2 percent U308

(Nelson-Moore et al., 1978). Between 1958 and 1960, a total of 1,143

tons of ore with a grade of 0.44 percent U308 were mined at Stone

Placer (Sect. 5, T.7N, R.69W).

2.5 HYDROGEOLOGY

2.5.1 Regional Hydrogeology

Two distinct ground water regions occur in the vicinity of the AFP

PJKS property: the Western Mountain Range region and Nonglaciated

Central region, as defined by Heath (1982) (see Appendix B for the

definition of ground water regions). The Western Mountain Range region

is characterized as mountainous, with thin soils, fractured and faulted

igneous and metamorphic bedrock, and narrow alluvial valleys which are

partially glaciated. Ground water occurrence is restricted primarily

to the sparse alluvial valley deposits and secondarily to occurrences

within fractures and faults in the Precambrian crystalline bedrock.

The Nonglaciated Central region is comprised of a thin regolith

(i.e., a layer of loose, noncoherent rock material of various origins)

underlain by sedimentary rock. Ground water occurrence in this region

is predominantly in the sedimentary rock. Appreciable quantities of

ground water in the regolith are likely to be present only during

seasonal high precipitation events.
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2.5.2 Site Hydrogeology

Ground water occurrence, flow direction, and flow rate vary

locally within the PJKS property based on the diverse lithologies

present and the geologic controls specific to each. From youngest to

oldest, the hydrogeologic units and associated ground water systems are

described below.

2.5.2.1 Quaternary Deposits

The Quaternary deposits, consisting of the Pleistocene-age allu-

vial deposition (Slocum) and Recent channel deposits (Piney Creek), are

essentially heterogeneous silt and sand deposits. Overall ground water

flow within the alluvial materials at the plant property is probably

controlled by topography. Therefore, the net flow direction within the

plant facilities area is probably to the south-southeast. Variations

in the thicknesses of the alluvium as well as subtle changes in compo-

sition, particularly within the Slocum Alluvium, are expected to result

in localized anomalies in ground water flow direction.

Distribution of the Piney Creek Alluvium is localized to areas of

recent intermittent stream channels or arroyos. Appreciable quantities

of ground water in the thin Piney Creek horizon are likely only during

seasonal high precipitation events. During such events, ground water

flow discharges to the surface water system.

Martin Marietta recently investigated a portion of the alluvial

ground water system immediately downgradient from AFP PJKS. The

alluvium intercepted downstream from pond T-8A is described as fine to

coarse sand with varying amounts of silt and clay. Hydraulic conduc-

tivities of these types of materials range from 0.07 to 13 feet per day

(Freeze and Cherry, 1979). The saturated thickness of alluvium in

these areas ranges from 10 to 37 feet.
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2.5.2.2 Fountain Formation

The depth to the Fountain Formation ranges from zero feet at

surface outcrops to approximately 45 feet in areas of thick alluvium.

According to Pearl (1980), seasonal recharge variations, ranging from 2

to 20 inches per year, occur on the PJKS property, with yields charac-

terized locally as small. The Fountain Formation is of low porosity

and has only moderate transmissivity, with bedding planes and fractures

possibly representing conduits for ground water transport. Assuming

that bedding planes and fractures control ground water flow direction,

net flow may be influenced by the strike direction (north-northwest),

the dip direction (east-northeast), and fractures (northeast). Field

data are needed to establish ground water flow directions.

2.5.2.3 Precambrian Units

Ground water is primarily restricted to occurrences within frac-

tures and faults in the Precambrian metamorphic and igneous bedrock.

Ground water recharge rates are extremely small, less than 2 inches per

year (Heath, 1982). Expected well yields are limited to 1 to 10

gallons per minute. Common ranges for bedrock aquifer transmissivity

and hydraulic conductivity are 5 to 1,000 square feet per day and 0.001

to 50 feet per day, respectively (Freeze and Cherry, 1979). The upper

range of these values represents the ground water movement potential in

the fractured or faulted zones only.

In the vicinity of Sites 4 and 5, significant evidence exists that

the valley is faulted as described earlier (JRB, 1984). The fault

surface is assumed to be nearly vertical, with a strike trend of

approximately N75*E, or parallel to the valley. Hydraulic gradients

and conductivities in the faulted or fractured crystalline rock are

unknown. The depth to the water table will probably vary seasonally.
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2.5.3 Locations of Nearby Wells

A survey of water wells located within a 2-mile radius of the PJKS

site has revealed 198 wells. Approximately 155 of these are monitoring

wells located south and southeast of the PJKS property on Martin

Marietta property. These and possibly additional wells on Martin

Marietta property are the result of an ongoing hydrogeologic investiga-

tion. The monitoring well construction details are available from

Martin Marietta and, for purposes of brevity, are omitted from this

report. The remaining 43 wells are located on Figure 2.8 and well

construction details are provided in Appendix E.

A well system consisting of four wells is located immediately

upstream from Chatfield Lake. The system, represented by wells 23-1,

2, 3, and 4, was permitted between 1954 and 1955. According to the

Denver Water Department (Dice, 1986) these four wells have not been

used in the past 14 years. A domestic well for a caretaker's house

(well 34-2) of the Highline Canal at Waterton is still in use.

Several other wells are located downstream from or south of the

Kassler Water Treatment Plant within the 2-mile radius of the PJKS

plant boundary. Two wells have been permitted for municipal use (wells

26-1 and 34-1) and one is permitted for stock watering (well 26-2). It

is not known whether these wells are still in use.

Thirty-five domestic wells are identified as lying upstream from

the PJKS property. Fourteen lie to the northwest and 21 lie to the

west of the property. All wells service individual residences located

in the nearby foothills.

2.5.4 Ground Water Quality

Ground water quality investigations at AFP PJKS began with this

study. However, since 1984 Martin Marietta has devoted considerable

effort toward characterizing ground waters on their property. Pre-

liminary reports indicate that organic and inorganic contaminants are
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present in various concentrations in alluvial ground waters (Geraghty

and Miller, 1985). Ground water sampling locations lie at varying

distances downstream from the AFP PJKS property.

2.6 ISSUES OF CONCERN

Residual contaminants from past storage, processing, and rocket

testing activities may be present in AFP PJKS soils, sediments, surface

waters, and ground waters. Migration pathways of these contaminants

relevant to the PJKS property include surface runoff, streamflow in the

East Fork of Brush Creek, and ground water. Surface runoff that

may contact contaminated site soils and/or sediments drains into the

East Fork of Brush Creek, and is eventually discharged into the South

Platte River downstream from the Kassler Water Treatment Plant.

Streamflow in the East Fork contacts streambed deposits that may

contain residual contaminants. East Fork flow is also channeled

beneath the D-1 landfill, which may be a source of contamination.
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SECTION 3.0

FIELD PROGRAM

The purposes of this IRP Phase II, Stage 1 investigation were to

confirm or deny the presence of contamination at the previously des-

cribed sites and to determine, to the extent possible, the extent of

any contamination found. This study was organized to assess the

conditions at individual sites and, collectively, evaluate the overall

plant environment.

The field investigation methods included:

Surface geophysical surveys using electrical resistivity and

magnetometer methods;

Monitoring well installation, ground water sampling, and

analysis;

Soil sampling and analysis;

Surface water and sediment sampling and analysis; and

Surface water flow measurements.

A five-part sample numbering system was used to identify each

sample collected during the field investigation. The numbering system

provided a tracking procedure to allow retrieval of information about a

specific site and assured that each sample was uniquely numbered. The

sample number consisted of:

Project identification - PJKS,

* Site identification,

• Well or boring number,

* Sequence number (sample depth, if appropriate), and

* Split sample identification.

A detailed description of the sample numbering system is presented in

Appendix H.
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3.1 PROGRAM DEVELOPMENT

Site-specific field investigations were designed using one or more

of the methods listed above. Descriptions of each method and the

method's applicability to the eight sites described in Section 1.0 are

provided in the following paragraphs.

3.1.1 Surface Geophysical Surveys

Electrical resistivity and magnetometry were used as an aid in

determining monitoring well locations, delineating buried trenches,

assessing the depth and extent of subsurface saturation, and locating

buried metallic objects.

3.1.2 Monitor Well Installation and Ground Water Sampling

Eight monitoring wells were constructed and sampled in order to

quantify subsurface geologic and hydrologic conditions and to assess

the presence of contamination. Each well was completed in the satura-

ted alluvium immediately overlying bedrock.

3.1.3 Soil Sampling

Soils at 11 sites were drilled and sampled to an average depth of

17 feet. The borings were located to test areas where sediment suspec-

ted of being contaminated was placed or where spills had occurred on

undisturbed soils.

3.1.4 Surface Water and Sediment Sampling

Eleven surface water and 20 sediment samples were collected and

analyzed to assess the presence of contaminants.

3.1.5 Flow Measurements of Brush Creek

Surface water flow rates were measured along the East Fork of

Brush Creek at sites corresponding to surface water and sediment

sampling locations. Flow information was necessary to determine which

reaches of the stream were gaining or losing water to the ground water

system, and to correlate water quality data with surface flow.

3-2
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3.1.6 Analytical Program

Specific chemical parameters for the sampling programs 'iscussed

above were selected based on suspected contaminants released on the AFP

PJKS property. The analytical program was designed to determine the

nature of contamination at the AFP PJKS site and, if possible, to

determine the extent of contamination. All of the parameters listed in

Section 1.5, Potential Contaminants, were analyzed with the exception

of monomethyl hydrazine (MMH) and unsymmetrical dimethyl hydrazine

(UDMH) because reliable analytical techniques for these species of

hydrazine are unavailable. As an alternative, the analyte hydrazine

was utilized as a general indicator of hydrazine contamination.

3.2 PROGRAM IMPLEMENTATION

3.2.1 Schedule of Activities

The field program was conducted between 11 November 1985 and 24

April 1986. Analytical work commenced in mid-November 1985 and con-

tinued until mid-May 1986. Air Force personnel collected additional

samples in May 1986. These laboratory results were finalized in August

1986.

3.2.2 Geophysical Surveys

3.2.2.1 Magnetometer Survey

The magnetometer survey consisted of station-to-station measure-

ments using a grid system for each site. The stations were set 25 feet

apart using a measuring tape and a Brunton compass. The measurements

were obtained with a Geometrics G816/826A Proton Magnetometer which

indicated the total magnetic field intensity of the earth in gammas.

The field measurements and surface topogrephic features were recorded

in the field notebook.
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3.2.2.2 Electrical Resistivity Survey

The electrical resistivity survey consisted of both vertical and

horizontal resistivity measurements. These measurements, obtained with

a Bison Earth Resistivity Model 2350B meter, are indicative of the

electrical resistance of the earth to an induced electric current.

Vertical resistivity measurements (soundings) indicate the varia-

tion of resistivity at various depths at one ground surface point. In

the Modified Wenner Electrode Array (Carrington and Watson, 1981) used

at AFP PJKS, the potential electrode distance closely approximates the

depth of investigation into the subsurface. Soundings were conducted

at three stations on each site investigated.

Horizontal resistivity measurements, called profiles, indicate the

variation of resistivity at one approximate depth at many ground sur-

face locations. The electrode configuration used during profiling was

the standard Wenner Array (Bison, 1975). The depth of investigation is

a zone of the subsurface approximately three-fourths to one times the

electroda spacing. Three to five Wenner arrays per site were used to

distinguish shallow and deep subsurface variations in resistivity.

Data collected from both types of resistivity methods were recorded in

the field notebook. A summary of the results from the geophysical

survey is presented in Appendix G.

3.2.3 Drilling and Sampling Program

3.2.3.1 Drilling and Soil Sampling

An Ingersol Rand Cyclone 750 drill rig equipped with hollow-stem

auger, air rotary, air rotary drilling concurrent with driving steel

casing, and continuous coring was used during the drilling program.

The preferred method for drilling was witx hollow-stem auger unless

field conditions warranted use of other methods. In many cases, large

cobbles and boulders were encountered. If augers could not penetrate

these materials, air rotary drilling was employed. The third choice,

drilling and driving steel casing, was employed when borings would not

or
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remain open during drilling. The continuous coring method was used for

drilling of soil borings where no cobbles or boulders were present and

a small diameter hole was preferred.

The different drilling methods produced varied boring diameters.

The hollow stem augers produced a 10-inch-diameter hole. Air rotary

drilling produced 6-1/8-inch-diameter borings, and the drilling and

driving casing method produced borings with diameters ranging from 6 to

8 inches, depending on the size of the steel casing used. The continu-

ous coring method produced 3-inch-diameter borings.

During drilling operations, a qualified geologist/engineer was

present to direct operations and to log and prepare samples. During

drilling of the exploration soil borings, soil samples for laboratory

analysis were collected with a 2-inch-diameter split spoon sampler at

intervals of 1, 3, 6, 10, 15, and 20 (if applicable) feet. The fall-in

material in the upper portion of the sampler was discarded, and the

remainder of the sample from that depth was composited and split among

Engineering-Science, USAF Occupational and Environmental Health Labora-

tories (USAFOEHL), and Martin Marietta (if present) containers. Soil

borings to be completed as wells were sampled for visual classification

purposes only. Samples from these borings were collected with the

split spoon sampler every 2.5 feet from the surface to a depth of 15
feet and every 5 feet from 15 feet to total depth. Soil gas vapors

were constantly monitored with an organic vapor (HNU) meter during all

drilling operations.

Soils were classified with respect to color, type, grain size and

shape, density, mineralogy when pertinent, moisture, relative permea-

bility, and odor. Geologic information, drilling pressure, Unified

Soil Classification System (USCS) descriptions, sampling types and

depths, and HNU measurements were recorded on the boring logs. Any

additional notes were recorded in the field notebook. The ground

surface elevation adjacent to each soil boring was then surveyed.
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Care was exercised to prevent cross contamination prior to,

during, and following drilling operations. A drilling heirarchy from

least contaminated (suspected) to most contaminated (suspected) borings

was implemented. Prior to drilling the first boring, the drill rig was

cleaned using high-pressure steam. Drill bits, split spoon samplers,

drill rods, augers, and other downhole equipment were decontaminated

prior to the first use and immediately following completion of each

boring thereafter. Decontamination procedures involved:

Rinsing with high-pressure steam,

Washing with an Alconox solution and a stiff brush,

. Rinsing with high pressure tap water,

. Air drying,

• Rinsing with methanol,

* Rinsing with distilled water, and

. Air drying.

If cleaned equipment was not used immediately, it was wrapped in

plastic or aluminum foil and stored in a clean area. All wash water

from washings and rinsings was collected in 55-gallon drums and stored

onsite. Upon completion of the last boring, the drill rig was again

steam cleaned.

3.2.3.2 Well Construction and Development

All monitor wells were cased with 2-inch-diameter, Schedule 80

polyvinyl chloride (PVC) casing with threaded, non-glued fittings. Up

to 20 feet of the saturated zone were screened with machine-slotted

2-inch-diameter PVC pipe having slot openings of 0.020 inches. The

casing and screen were steam cleaned and Alconox-washed prior to

installation. The screen was capped at the bottom, and a vented cap

was emplaced at the top.

The screened portion of the well was sand packed with a washed,

rounded, silica sand having a grain size distribution between 0.05 and

0.025 inches. The sand pack was placed from the bottom of the borehole
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to 2 feet above the top of the screen. Coarse-grained crushed bento-

nite was introduced above the sand pack to a minimum thickness of 5

feet. A Type I Portland cement and bentonite grout slurry was placed

above the top of the bentonite to the ground surface using a tremie

pipe. The grout slurry consisted of 3 to 5 pounds of bentonite per

94-pound sack of cement mixed with 6.5 gallons of water. A 6-inch-

diameter steel surface casing with a locking cap was cemented in place

around the monitoring well. Well construction details were recorded on

a well completion form in the field by the attendant geologist/

engineer.

Following well construction, the vertical and horizontal locations

of the well riser pipe were surveyed. The reference point was the top

of the PVC casing. In addition, ground surface elevations adjacent to

each well were located.

The wells were developed by first removing solids from the well

.ith a sludge bailer, and then by pumping with a centrifugal above-

ground pump until waters cleared of suspended solids. In some cases,

however, waters contained fine suspended particles which could not be

completely removed. Solids and waters evacuated during development

were placed in containers and stored onsite. Well development details

were recorded in the field notebook by the site geologist/engineer.

Figure 3.1 illustrates the locations of the various soil borings,

wells, and sampling locations for each site. Soil boring and well

construction details are summarized in Table 3.1. Soil boring logs,

well construction details, and survey results are provided in Appendix

F.

3.2.3.3 Ground Water Sampling

Ground water samples were collected from the wells after purging

three times the volume of water standing in the well. A pre-cleaned

teflon bailer (washed in distilled water with Alconox, then rinsed

first with distilled water, then methanol and finally with distilled
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water) was used to remove the water. Containers for samples not

requiring filtering were filled directly from the bailer. Samples to

be filtered were placed in a pre-cleaned teflon churn splitter. The

sample was then pumped through a pre-filter and a 0.45-micron filter

using a Geotech peristaltic pump. Sample bottles were filled directly

from the pump outlet.

Field measurements, including temperature, pH, and electrical

conductivity, were performed on the unfiltered sample. The pH meter

was an Orion Model 211, which was calibrated daily with 4.0 and 7.0

buffer standards. Electrical conductivity was measured with a YSI

Model 33 EC meter. The EC meter was also calibrated daily with a

standardized solution.

Sample descriptions and locations, including sampling times, HNU

measurements, parameters for analyses, water levels, and field measure-

ments, were recorded in the field notebook.

3.2.3.4 Surface Water Sampling

Surface water samples were collected from the East Fork of Brush

Creek and from pond T-8A. Sample containers were filled directly from

the stream at the sample station. Field measurements, including temp-

erature, pH, and electrical conductivity, were performed on unfiltered

samples. The equipment used for these measurements was described in

the preceding section. Sample location descriptions and other perti-

nent information were recorded in the field notebook.

Pond T-8A was covered with approximately 6 inches of ice when

sampled. Consequently, a hole was chipped through the ice with a

decontaminated rock pick. A 3.5-foot-long teflon well bailer was used

to sample the pond water. Several full bailers of water were composi-

ted in a pre-cleaned bucket, and then poured into sample jars. A

subsequent surface water sampling for organics occurred in April after

the ice had melted. During this sampling, a teflon well bailer was

used to collect the sample and the sample was poured directly into the

sample vials.
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3.2.3.5 Sediment Sampling

Sediment samples were collected from the East Fork of Brush Creek,

pond T-8A, and the drainage ditches at Site 7. East Fork and Site 7

sediment samples were collected from three separate sampling points at

each station using a small steel shovel and composited in a large

stainless steel bowl. The composited sample was then placed into

sample containers. The pond sediment was collected with a pre-cleaned

hardened steel soil auger which was lowered through the surface water

sampling hole in the ice. The pond sediment was extracted from the

soil auger and composited in a large plastic container. Saample

containers were filled with this composited material. All sampling

equipment, including small steel shovels and the steel bowls, were

decontaminated between sampling stations. Sample descriptions and

locations, including the type of sample material, grain size, and water

content were recorded in the field notebook.

3.2.3.6 Flow Measurements

Most flow measurements were made using a portable cutthroat flume.

The flume was leveled in the streambed and the flow depth was recorded

in the field notebook. Flow depth data were converted to flow at a

later date. In one case, a very low flow was computed using a 300

milliliter beaker and a stop watch.

3.2.4 Site-Specific Field Program Details

A summary of the site-specific field investigations is provided in

Table 3.2. Substances for which the sample media were tested are also

included in this table. Activities at each site are described in the

following paragraphs.

3.2.4.1 T-8A Containment Pond Area (Site 1)

Two alluvial monitoring wells were installed at Site 1. Well

MW-I lies uphill from pond T-8A and well MW-2 lies immediately downhill

from pond T-8A (Figure 3.1). Martin Marietta well GM-89 is located
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downhill from the emergency spill pond. The original technical oper-

ations plan included drilling a well at the site of well GM-89; how-

ever, to prevent a duplication of effort, this well was relocated to

Site 2.

Five soil borings (ES-3 through ES-7) were completed in the pond

sediment fill area immediately west of pond T-8A. These borings were

drilled to a depth of 20 feet. Water levels, if present, were recorded

before the holes were grouted.

Pond T-8A water and sediment samples were collected from near the

center of the pond. With the exception of pH, temperature, electrical

conductivity, and total dissolved solids (TDS), which were not analyzed

in sediments, the samples were analyzed for the same chemical para-

meters as the ground waters from wells MW-i and MW-2.

3.2.4.2 EPL Test Cells, Valve Shop, Ready Storage Area and Soil

Cone Areas (Site 2)

The field program at Site 2 consisted of drilling and sampling two

monitoring wells and four soil borings (Figure 3.1). The monitoring

wells, MW-3 and MW-7, were located directly downhill from the two soil

cones. The four soil borings were drilled to depths of 15 feet.

Boring ES-9 was located to test a reported spill area on the northeast

side of building T-5A, where drums containing chemicals had been

stored. Boring ES-1I was located 100 feet downhill from boring ES-9,

in a drainage ditch adjacent to a parking lot. Boring ES-13 was

located to test soils adjacent to the drainage flume and waste storage

tanks south of buildings T-5A and T-5B. Boring ES-14 was positioned

southwest of the eastern soil cone in an area that was reported to have

been disturbed (LaBonte, 1985).

3.2.4.3 EPL Building T-6 and T-20 (Site 3)

Two soil borings were drilled and sampled at Site 3 (Figure 3.1).

Both borings were drilled to a depth of 15 feet. Boring ES-15 was

located immediately northwest of building T-20 in a reported solvent

and diesel fuel spill area. Boring ES-16 was located at the southeast

edge of the parking lot between buildings T-6 and T-20.

3-14



IRP - PHASE II

FINAL 10/6/86

3.2.4.4 T-31 Storage Tank and D-1 Landfill (Sites 4 and 5)

The field program at Sites 4 and 5 consisted of a geophysical

survey and installation of three monitoring wells. The objectives of

the geophysical survey were to (1) delineate the buried T-31 storage

tank; (2) identify miscellaneous fill and suspected buried waste areas;

(3) define the continuity of geologic conditions; and (4) locate

saturated conditions. Magnetometer results were used to accomplish the

first two objectives and electrical resistivity results were used to

evaluate the latter two objectives. The results from both methods were

used to site the monitoring wells.

The monitoring wells are located immediately downhill from tank

T-31 and the D-1 landfill (Figure 3.1). Well MW-4 was located 100 feet

downhill from tank T-31 (Figure 3.1). Well MW-5 was positioned

approximately 150 feet downhill from the tank and landfill, and well

MW-6 was located on the north side of the East Fork of Brush Creek

about 50 feet downhill from the outlet of a culvert that extends

beneath the D-1 landfill.

3.2.4.5 Components Test Facilities Storage Tanks (Site 7)

Nine sediment samples were collected from two ditches located

downhill from the Site 7 storage tanks (Figure 3.1). Three samples

(7-1, SD through 7-3, SD) were collected from the ditch below the upper

tanks (T-6031 and T-6032), and six samples (7-4, SD through 7-9, SD)

were collected from the ditch below the lower tanks (T-6033 and

T-6034).

3.2.4.6 Construction Materials Fill Area (Site 10)

The field program at Site 10 included a geophysical survey and the

installation of one monitoring well in a location determined by the

survey results. The geophysical survey included magnetometry and

electrical resistivity. The objective of the magnetometry survey was

to locate buried magnetic objects such as rebar and other construction

materials. The resistivity survey results helped to delineate the
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limits of the fill area and identify saturated areas. Monitoring well

MW-8 was positioned downhill from most of the fill (Figure 3.1).

3.2.4.7 East Fork of Brush Creek (Site 11)

Ten sampling stations (i-i through 11-10) were established along

the East Fork of Brush Creek to collect stream water and sediment

samples and to measure flow (Figure 3.1). In addition, station 11-0

was located upstream from the D-i landfill to provide a background

water quality reference. The station locations were selected to enable

assessment of the effects on water quality and flow from specific
facilities. For example, stations were located both upstream and down-

stream from pond T-8A, and station 11-1 was posit*oned to intercept

discharge from the reported broken waterline.

3.2.5 Sample Preservation and Integrity

3.2.5.1 Sample Containers, Preservatives, and Holding Times

Sample bottle types, preservatives, and holding times required for

the sampling program at AFP PJKS are summarized in Appendix H. These

criteria comply with EPA recommended guidelines as specified in Methods

for Chemical Analysis of Water and Wastes (1979b) and SW-846. A table

documenting the time elapsed between sampling and analysis for each

sample is also included in Appendix H. A chain-of-custody record

documenting compliance with these criteria is provided in Appendix I.

3.2.5.2 Laboratories

Samples were shipped to various laboratories, depending on the

analysis to be performed. Samples for hydrazine and NDMA were shipped

to California Analytical Laboratory. EAL Corporation analyzed the

samples for radiation. Purgeable organics in ground waters were

analyzed by International Technology Corporation. The remaining

samples were analyzed in the Engineering-Science laboratories in

Georgia. In addition, complete sets of duplicate samples were for-

warded to USAFOEL, Brooks AFB, Texas.
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3.2.5.3 Sample Handling and Packaging

The procedures for handling samples of surface and ground waters,

soils, and sediments are provided in Appendix H.

3.2.5.4 Chain-of-Custody Record

All samples were accompanied by a chain-of-custody record. When

samples were transferred, the individuals relinquishing and receiving

the samples signed, dated, and noted the time on the record. This

record documented sample custody transfer from the sampler to the

laboratory. Completed chain-of-custody records are provided in Appen-

dix I.

3.2.6 Analytical Program

The analytical program involved analysis of the parameters listed

in Table 3.2 using methodologies approved by the EPA, standard methods,

or NIOSH. A summary of the methodologies applied to AFP PJKS water and

soil samples is summarized in Table 3.3. A discussion of the labora-

tory quality assurance/quality control procedures is presented in

Appendix J. A complete set of the results is presented in Appendix L.

3.2.6.1 Dual Column Analyses and Confirmation

As part of analytical methods EPA 601, 602, 8010 and 8020 (purge-

able organic compounds) dual column analytical procedures are required.

This process involves performance of a second column confirmation for

those organic compounds which are detected in the first column. For

soils, second column runs are required if organic concentrations exceed

10 milligrams per kilogram (mg/Kg), or a higher detection limit. For

waters, second column confirmation is required when the following

concentrations are exceeded:

Benzene 0.7 ug/L

Carbon tetrachloride 4.0 ug/L

1,2-Dichloroethane 0.1 ug/L

Methylene chloride 4.0 ug/L
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Tetrachloroethylene 4.0 ug/L

Trichloroethylene 1.0 ug/L

Vinyl chloride 1.0 ug/L

Dichlorobenzene isomers sum greater than 10 ug/L

All other organics Greater than 10 ug/L

The purpose for second column confirmation is to eliminate the

co-elution of peaks, or the interference of unknowns. When a compound

of interest is determined in column one and its identity is confirmed

in column two, the quantity of the compound is taken to be equal to or

less than the column one value. If, however, the two column values

vary significantly (1 order of magnitude), the accepted quantity is

taken to be the lesser value.
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TABLE 3.3

ANALYTICAL METHODOLOGIESI
Parameter Sample Media Test Method Number

pH water EPA 150.1

Temperature, in-situ water EPA 170.1

Specific conductance, in-situ water EPA 120.1

Total dissolved solids water EPA 160.1

Phenols water EPA 420.2
soil SW 3540 then 8040

MEK water EPA 8015
soil same

Hydrazine water modified 1/ NIOSH
S2370

soil same

NDMA 
water EPA 6073/

soil Same

Total Kjeldahl nitrogen (TKN) water EPA 351.2
soil same

Nitrate water EPA 352.1

soil same

Nitrite water EPA 354.1

soil same

Oil and grease water EPA 413.2

Purgeable halocarbons water EPA 601
soil EPA 8010

Purgeable aromatics water EPA 602
soil EPA 8020

Base/neutral/acid water EPA 625

Extractable organics soil EPA 8250

Metals (primary) water SW 3020, then

Arsenic water EPA 206.2

Cadmium water EPA 213.2

Chromium (total) water EPA 218.2

Chromium (hexavalent) water SW 3060, then SM 312B

Lead water EPA 239.2

Mercury water EPA 245.1

Selenium water EPA 270.2
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TABLE 3.3 (CONTINUED)

ANALYTICAL METHODOLOGIES

Parameter Sample Media Test Method Number

Metals (primary) soil SW 3020, then

Arsenic soil SW 7060
Cadmium soil SW 7131
Chromium (total) soil SW 7191
Chromium (hexavalent) soil SW 3060, then SM 312B
Lead soil SW 7421
Mercury soil SW 7471
Selenium soil SW 74 0
Thorium water APHS

Gross alpha-beta water EPA 600 4/80-032
and high resolution
gamma radiation

1/ Water Samples. Sample aliquots (10 ml) were combined with 10 ml

of 2.5% p-dimethylamlnobenzaldehyde in a 25 ml volumetric flask.
After 30 minutes the mixture was brought to 25 ml with glacial
acetic acid. A 1:25 dilution in glacial acetic acid was then
prepared and the absorbance at 480 nm read against a standard
curve prepared using reference standards of hydrazine, treated in
the same fashion. The method is based on NIOSH Method S237-1.

2/ Soil/Sediment Samples. Sub-samples (10g) were extracted with 20

ml of 0.1 N hydrochloric acid by shaking for one hour. A 10 ml
aliquot (5g of soil) was removed to a 25 ml volumetric flask and
made slightly alkaline (pH 8-9) using 1 M aqueous sodium
hydroxide. This solution was then treated with
p-dimethylaminobenzaldehyde and processed as described above. The
absorbance readings were again compared to a standard curve arid
the results calculated back to the original 10g soil sub-sample.

3/ Final extracts were analyzed by GC-NPD.

Alpha Pulse Height Spectroscopy (APHS) (EPA 600).
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SECTION 4.0

RESULTS AND SIGNIFICANCE OF FINDINGS

4.1 INTRODUCTION

Results of the field efforts described in Section 3.0 are summar-

ized in this section under the categories of surface water hydrology,

subsurface investigations, and field and laboratory analytical results.

Findings from each of the eight study sites are presented, followed by

discussions of their significance. Criteria used to determine signifi-

cance include concentrations of contaminants detected relative to water

quality standards or health risks documented in the literature, proba-

ble migration pathways, and locations of public receptors. The signi-

ficance of contamination is evaluated for both onsite and offsite

locations.

4.2 SURFACE WATER HYDROLOGY RESULTS

Surface water hydrologic investigations were conducted along the

East Fork of Brush Creek (Site 11) and at the T-8A pond (Site 1).

Sampling points and a summary of field measurements at these sites are

presented in Figure 4.1.

4.2.1 Flow in the East Fork of Brush Creek

On 20 December 1985, 13 surface flow measurements were taken on

the East Fork of Brush Creek and several of its tributaries between

Site 4 and the eastern property line of AFP PJKS. As shown on Figure

4.1, the East Fork of Brush Creek emerges from a culvert on the eastern

side of Site 4. Upstream from this culvert, water in the East Fork of

Brush Creek was frozen.

The upstream-most flow measurement was taken at the outlet of the

culvert which diverts the East Fork beneath the D-1 landfill. Flow at

this location was 4 gallons per minute (gpm). Immediately downstream

4
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from the uppermost sampling point, a ditch draining an area northwest

of tank T-31 contributed 2 gpm to the flow of the creek. Further

downstream, at Station 11-1, a water line suspected to be leaking

contributes water as a seep to the flow in the East Fork. No flow

measurement was obtained for the seep. However, by subtracting the

upstream flow (6 gpm) from the flow immediately downstream from the

seeping water (19 gpm), it is estimated that the leaking water line

contributes approximately 13 gpm to the flow of the East Fork.

The reach between stations 11-I and 11-2 consists of a narrow

restricted canyon in the Precambrian rocks which opens into a wider

valley just upstream from station 11-2. The flow at station 11-2 was

measured as 12 gpm. By subtracting the flow at station 11-2 from the

flow immediately downstream from the seep (19 gpm), it was determined

that this reach loses approximately 7 gpm to ground water.

All of the surface water sampling stations downstream from station

11-2 are located in a broad valley which contains alluvium estimated to

be from 20 to 30 feet thick overlying the Fountain Formation (based on

drilling results). Between stations 11-2 and 11-6, the East Fork of

Brush Creek gains approximately 3 gpm, resulting in a flow of 15 gpm at

station 11-6. Two water lines, conveying drinking and process waters,

cross beneath the East Fork between stations 11-5 and 11-6. In addi-

tion, the cement flume draining the EPL test cells (Site 2) crosses

over the East Fork immediately downstream from the water lines. It is

not known whether the water lines or flumes are leaking. If either are

leaking, each could be a source of the increased flow in the creek in

this reach. Other sources could include natural discharges from ground

water to the stream channel.

Between stations 11-6 and 11-7, flow lncreases to 27 gpm, a gain

of approximately 12 gpm. An unlined ditch draining the area near the

east soil cone enters the East Fork just upstream from the road.

However, no flow was observed in this ditch. Immediately downstream
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from the road between stations 11-6 and 11-7, the East Fork flows

through a weir which allows diversion of water to pond T-8A. The ditch

which drains the Systems and Components Testing Facilities (Site 7)

enters the East Fork at the weir. Flow from the ditch contributed

approximately 1 gpm to the East Fork flow. According to LaBonte

(1986), the ditch flow is generally 5 gpm, but during the field

measurements, a heavy snow cover impeded flow. The large flow increase

between stations 11-6 and 11-7 is a result of discharge from ground

water to the stream channel. At the time of measurement, none of the

flow in the East Fork of Brush Creek was diverted at the weir into pond

T-8A.

The reach between stations 11-7 and 11-8 loses 8 gpm to ground

water. From station 11-8 to the eastern property boundary (Station

11-10), flow remained constant at 19 gpm. Immediately upstream from

station 11-9, an overflow spillway frum pond T-8A discharges to the

East Fork; no waters were observed in the spillway. Between stations

11-9 and 11-10, a small ditch draining Site 10 enters the East Fork of

Brush Creek; this ditch was also dry.

4.2.2 Contributions to Pond T-8A

The only diversion structures currently connected to pond T-8A

consist of the flumes associated with the test stands and the EPL test

cells, and the flume originating at the weir in the East Fork of Brush

Creek. According to LaBonte (1986), approximately 1,000 gallons of

process waters per month are drained through the flume system to pond

T-8A. During the December sampling of pond T-8A, no water was being

channeled into the pond through any of these flumes. However, during

February 1986 a small flow estimated to be a few gpm was observed from

the flume draining the EPL test cells.
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4.3 RESULTS OF SUBSURFACE INVESTIGATIONS

The geohydrologic conditions at AFP PJKS were investigated using

surface geophysical methods and by drilling soil borings and construct-

ing monitoring wells. Based on this information, cross sections have

been prepared to illustrate subsurface conditions. Locations of the

cross sections are shown on Figure 4.2. Geohydrologic conditions at

each site are discussed below.

4.3.1 Site 1

The subsurface investigation of Site 1 involved the drilling of 5

soil borings and drilling and construction of 2 monitoring wells.

Geohydrologic information was also obtained from Martin Marietta

monitoring well GM-89, located downgradient from the overflow pond.

Three geohydrologic cross sections (A-A', B-B' , and C-C'), shown in

Figure 4.3, were constructed through Site I and the surrounding area

using information from these borings and wells.

The Quaternary alluvium, which is the Pleistocene Slocum Alluvium

described in Section 2.4, is separated into two distinct units: an

upper sand unit containing silt, gravel, and boulders, and a lower sand

unit with a higher proportion of gravel, cobbles, and boulders. These

two units are illustrated in all three cross sections. Thicknesses of

the alluvium overlying the Fountain Formation range from 20 feet to 40

feet. Sediment from pond T-8A was placed in the area of soil borings

ES-4 and ES-6 (cross section C-C'), but quantification of its thickness

was difficult because of the sediment's similarity to the undisturbed

alluvium.

Saturated thicknesses of the alluvium range from 5 to 30 feet.

Considerable variability in the permeability of the alluvium is appar-

ent based on the soil log from well MW-2 (cross section A-A'). During

drillinE of the borinR, the water table was observed 21 feet below the

ground surface. The static water level, however, stabilized 7 feet

4-5
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below the ground surface. A review of the MW-2 drilling log shows that

the clay content decreases with depth, and, therefore, permeability

increases with depth. Although the water table stabilized 7 feet below

the ground surface, the more permeable portion of the saturated zone is

deeper in the hole, starting at approximately 21 feet below the ground

surface. Based on these observations, the majority of ground water

movement is restricted to the deeper portion of the Slocum Alluvium

(beneath 20 feet), and the alluvial aquifer is semi-confined.

4.3.2 Site 2

Two monitoring wells and four soil borings were drilled at Site 2.

Cross sections D-D' and E-E', shown on Figure 4.4, were drawn through

the site using information from these wells and borings. The alluvium,

which correlates to the Pleistocene Slocum Alluvium, consists of fine

to coarse sand with some silt, gravel, and cobbles. This alluvium is

similar to the lower sand unit described at Site 1. In addition, beds

(approximately 5 feet thick) of silt containing some clay and fine sand

were encountered in borings ES-9 and ES-14, as illustrated on cross

section D-D'. The silt beds are probably Piney Creek Alluvium. The

total thickness of the Slocum and Piney Creek Alluvium layers ranges

from 10 feet to almost 40 feet. The lower end of the range is probably

the result of excavation for the EPL building site, as reflected in the

stair-step configuration of the surface on cross-section D-D'.

Based on water level measurements observed while drilling and

sampling, saturated thicknesses of the alluvium range from approximate-

ly 5 to 20 feet. An apparently perched water table was encountered

during drilling of MW-7 at 8 feet below the ground surface (cross

section E-E'). It is suspected that the perched water table is associ-

ated with a sewage leaching field located just south of well MW-7

(LaBonte, 1985). Following completion of the boring as a well, the

4-8
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water table stabilized at 20 feet below the ground surface, or con-

siderably lower than the perched ground water level. The alluvial

aquifer is unconfined.

4.3.3 Site 3

Cross section F-F' (Figure 4.4) shows subsurface conditions

beneath Site 3 eastward into Site 2 at the location of ES-9. The

alluvium at Site 3, which correlates with the Pleistocene Slocum

Alluvium, consists of fine to coarse sand with gravel and cobbles. The

estimated thickness of the alluvium overlying the Fountain Formation is

20 feet. The water table was not intersected in either of the 15-

foot-deep borings (ES-15 and ES-16) drilled at Site 3.

4.3.4 Sites 4 and 5

The field investigation of Sites 4 and 5 consisted of a geophysi-

cal survey (magnetic and resistivity methods) and installation of three

monitoring wells. Cross sections G-G' and H-H' (Figure 4.5) illustrate

the geohydrologic conditions beneath the area. Cross-section G-G'

illustrates the approximate configuration of the Precambrian bedrock

surface and Slocum Alluvium beneath the East Fork of Brush Creek,

downstream from the T-31 tank. Cross-section H-H' illustrates struc-

tural displacement of the Precambrian gneiss and Fountain Formation,

and the relative extent and depth of alluvial fill. The structural

displacement of the Fountain Formation in cross section H-H' is based

on the work of Bryant et al. (1973). The approximate position of the

T-31 tank relative to wells MW-4 and MW-5 and bedrock is also depicted.

In both cross sections, the alluvium (Slocum Alluvium) consists

primarily of sand with gravel and cobbles. In cross section H-H',

Slocum Alluvium underlies the Piney Creek Alluvium, which consists of

beds of silt up to 10 feet thick containing some humic material and

gravel. The thickness of the alluvium overlying the Precambrian gneiss

near the East Fork of Brush Creek ranges up to 20 or 30 feet. The

4-10
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saturated thickness of the alluvium in the vicinities of Sites 4 and 5

ranged from 2 to 14 feet, and the water table generally follows bedrock

topography. The aquifer is unconfined.

The magnetic and resistivity surveys provided addizional informa-

tion on the D-1 landfill area. The landfill was characterized by local

magnetic variations shown in Figure 4.6. Storage tank T-31 generated a

large magnetic high. Interpretation of the resistivity data in the

landfill area indicated that the fill material ranged from 6 to 12 feet

thick and the alluvium and weathered bedrock ranged from 13 to 20 feet

thick.

4.3.5 Site 7

No subsurface investigations were conducted at Site 7.

4.3.6 Site 10

The field investigation of Site 10 included magnetic and resistiv-

ity surveys and the installation of one monitoring well, MW-8. The

subsurface hydrogeologic conditions are illustrated in section B-B' on

Figure 4.3. In the vicinity of well MW-8, the alluvium (Slocum Allu-

vium) is approximately 25 feet thick and consists of fine to coarse

sand with some silt, gravel, and cobbles. During drilling, it was

difficult to distinguish the fill material from the undisturbed allu-

vium. Based on the water level in well MW-8, the saturated thickness

of the alluvium at Site 10 is approximately 7 feet, and the aquifer is

unconfined.

The magnetic survey indicated several places in the fill area with

high magnetic signatures (Figure 4.7). The depth to these anomalies

is approximately 5 feet. The largest magnetic high was located approx-

imately 50 feet north of well MW-8. The source of this magnetic high

is unknown. Based on interpretations of the resistivity survey, the

soil and fill material in the fill area are 6 to 11 feet thick. Depth

4-12
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to the underlying alluvium is about 12 to 19 feet. Depth to the Foun-

tain Formation was interpreted to be approximately 25 feet, which was

the alluvial thickness found in well MW-8. The depth to ground water

in the fill area could not be ascertained from the resistivity data.

4.3.7 Summary

A piezometric surface map for the PJKS study area is presented in

Figure 4.8. Ground water in alluvial deposits generally flows towards

the East Fork of Brush Creek. In the areas indicated as losing

reaches, however, movement is away from Brush Creek.

Saturated thicknesses of the alluvium are also shown on Figure

4.8. A review of the water level data for soil borings (December data)

and the information provided on Figure 4.8 shows that in the vicinity

of the East Fork of Brush Creek there are greater saturated thicknesses

of alluvium compared to areas of topographic highs.

Hydraulic conductivities for the Slocum Alluvium, which contains

fine to coarse sand with varying amounts of silt and clay, are estima-

ted to range from 0.07 to 13 feet per day. Piney Creek Alluvium, which

consists primarily of silt with some clay and fine sand, has estimated

hydraulic conductivities ranging between 0.03 and 3 feet per day.

These estimates for hydraulic conductivities are typical ranges for

unconsolidated sand and silt deposits based on Freeze and Cherry

(1979). Considerable apparent variability in permeability existed in

the alluvium at the sites investigated, but studies to quantify perme-

ability ranges were not conducted in this investigation.

4.4 FIELD AND LABORATORY ANALYTICAL RESUITS

This section presents field and laboratory analytical results for

surface and ground waters, soils, and sediments. Field measurements

for surface waters are shown on Figure 4.1. Table 4.1 includes all

compounds analyzed and their respective detection limits for the EPA
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TABLE 4.1
PURCEABLE HALOCARBONS AND AROMATIC COMPOUNDS ANALYZED

EPA Method 601/8010 (H-alocarbons)

601 1/ug/L 8010 2/uglg
Compound Detection Limit Detection Limit

Benzyl chloride 103/ 12
Bis(-Choroehox~metae1:03/1
Bis(2Chlooethoy~mehane3/ 2

Bis(2.-ch2loroisopropyl)ether 1. 03/ 25
Broruobenzene 1. 08
Bromodichioromethane 1.0 2
Bromoform 1.0 2/4
Bromomethane 1.0(1.2)2 24
Carbon tetrachloride 1.03/ 13
Chioroacetaldehyde 1:O3 /, 10
Chloral 1.,0 1
Chlorobenzene 1.0 5
Chioroethane 1.0 10
Chloroform 1031
1-Chlorohexane 1.03 2
2-Chloroethyl vinyl ether 1.0 3
Chiorome thane 1.0 3/ 2
Chioromethyl methyl ether 1 03/ 20
Chlorotoluene 1.0 4
Dibromochloromethate 1 03/ 2
Dibromomethane 1: .0
1,2-Dichlorobenzene 1.0 3
t,3-Dichlorobenzene 1.0 6
1,4-Dichlorobenzene 1.0 2/5
Dichiorodifluoromethane 1.0(1.2)2 30
1,1-Dichioroethane 1.0 1
1,2-Dichloroethane 1.0 1

1,1-Dichloroethene 1.0 3
Trans-1,2-dichloroetheie 110 2
Dichioromethane 1.0 5
1,2-Dichloropropane 1.0 1
1,3-Dichioropropylene 1.04/ 6
Cis-1 ,3-Dichloropropylene 1.04/
Trans-I ,3-Dichloropropylene 1.0
1,1,2,2-Tetrachloroethane 1.0 7
1,1,1,2-Tetrachioroethane 1.0 7
Tetrachloroethene 1.0 1
1,1,1-Trichloroethane 110 1
1,1,2-Trichioroethane 1.0 1
Trichioroethene 1.0 2

Trichlorofluoromethane 1.03/ 1
Trichloropropane 1.02
Vinyl chloride 1.0 4
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TABLE 4.1 (CONTINUED)

PURGEABLE HALOCARBONS AND AROMATIC COMPOUNDS ANALYZED

EPA Method 602/8020

6021/ ug/L 80202/ ug/gCompound Detection Limit Detection Limit

Benzene 1.0 4
Chlorobenzene 1.0 41,2-Dichlorobenzene 1.0 8
1,3-Dichlorobenzene 1.0 81,4 -Dichlorobenzene 1.0 6
Ethyl benzene 1.0 4
Toluene 1.0 4
Xylenes (Dimethyl benzene) 1.0 4

I/ Detection limits for IT and ES analyses.
2/ Detection limits for ES analyses are given in parentheses when

different from IT detection limits.

3/ Additional compounds analyzed but not required in EPA 601 scan.
4/ Additional compounds analyzed by ES.
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methods 601 and 8010 (purgeable halocarbons for water and soil,

respectively) and 602 and 8020 (purgeable aromatics for water and soil,

respectively). Field measurements and analytical findings for ground

waters, soils, surface waters, and sediments are summarized in site-

specific tables and are discussed individually in subsequent para-

graphs. Both the first and second column results for the organics

detected are presented. The concentrations denoted with the asterisk

are the values taken to be representative (see Section 3.2.6.1).

Quality control documentation for the analytical laboratory work is

provided in Appendix J and a complete set of data is presented in

Appendix L.

4.4.1 Site 1

The investigation at Site 1 included sampling two monitoring

wells, five soil borings, and pond T-8A water and sediment. As shown

in Table 4.2, ground water at Site 1 was slightly acidic and had a

moderate electrical conductivity (EC), but both the pH and EC are in

the normal range for ground water in alluvium (White et al., 1963). Of

the compounds listed on Table 4.1, only detectable amounts of TCE (130

ug/L) and possibly 1,1-dichloroethane and 1,1-dichloroethene were found

in MW-I waters. MW-2 contained detectable amounts of TCE (67 ug/L),

and possibly 1,1-dichloroethane, 1,1,2,2-tetrachloroethane, tetra-

chloroethene, and 1,1,1,-trichloroethane. Base/neutral/acid extract-

able tests for compounds of method 625 (compounds are listed in

Appendix H) on both well waters were below detection limits. In

addition, waters from well MW-I contained detectable amounts of NDMA

(0.61 ug/L), MEK (105 ug/L), arsenic (0.011 mg/L), and selenium (0.002

mg/L). NDMA (0.23 ug/L) was also detected in waters from well MW-2.

Most of the nitrogen in MW-i and MW-2 waters was in the form of

nitrate, at 2.8 and 4.7 mg/L, respectively.

Five soil borings drilled to 20-foot depths in the pond T-8A

sediment disposal area showed limited contamination (Table 4.3).
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The compounds listed in Table 4.1 were not detected, nor were hydrazine

or NDMA. Phenols were detected at various depths in borings ES-3,

ES-4, ES-5, and ES-6. The range of phenols was 0.5 ug/g to 1.0 ug/g.

Hexavalent chromium concentrations ranged from the detection limit of

0.17 ug/g to 0.70 ug/g, but most concentrations were at or near the

detection limit. When detected, hexavalent chromium occurred in the

shallower soils of the borings, between the surface and 4 feet. Total

Kjeldahl Nitrogen (TKN) (the sum of ammonia and organic nitrogen) in

the soil borings followed the normal distribution of nitrogen in soils,

which decreases with depth below the soil surface. Nitrate was

predominant over nitrite in the borings.

Field and laboratory analytical results for water and sediment

samples collected from pond T-8A are presented in Table 4.4. The pond

water had a basic pH and a conductivity in the same range as waters

from the East Fork of Brush Creek. No contaminants except nitrate and

nitrite were present at levels above the detection limits in pond T-8A

water. The pond sediment was found to contain phenols (0.65 ug/g), oil

and grease (584 ug/g), hexavalent chromium (0.74 ug/g), arsenic (3.1

ug/g), chromium (all species) (28 ug/g), and selenium (0.060 ug/g).

Hydrazine, NDMA, and the compounds listed in Table 4.1 were not detec-

ted in the pond sediment. The compounds determined by base/neutral/

acid extractable analyses (compounds listed in Appendix H) were also

below detection limits. Most of the nitrogen in the pond water was in

the nitrate form (4.8 mg/L); the pond sediment, however, contained most

of its nitrogen as ammonia and/or organic forms (TKN at 780 ug/g).

4.4.2 Site 2

The investigation at Site 2 consisted of sampling two monitoring

wells (MW-3 and MW-7) and four soil borings. As shown in Table 4.2,

the ground water at Site 2 was slightly acidic but within the normal

range for alluvial ground waters (White et al., 1963). The EC of well

MW-3 was approximately three times higher than the EC of well MW-7, but
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both are within the normal range for alluvial ground waters. Of the

compounds listed on Table 4.1, the only compounds detected were TCE

(1,110 ug/L) and 1,1-dichloroethane (12.7 ug/L) in well MW-3. No

base/neutral/acid extractable compounds (listed in Appendix H) were

detected in either well MW-3 or MW-7. However, well MW-3 water con-

tained trace concentrations of NDMA (0.28 ug/L). Trace concentrations

of phenols (0.007 mg/L) and selenium (0.004 mg/L) were detected in

water from well MW-7. Nitrate was predominant over nitrite in MW-3 and

MW-7. MW-7 showed 10.1 mg/L of TKN.

Analytical results for the four soil borings drilled to 15-foot

depths at Site 2 are listed in Table 4.5. Phenols were not detected in

any of the borings. The TKN contents of ES-13 and ES-14 follow the

normal distribution of nitrogen in soils; that is, they decrease with

depth below the soil surface. The TKN contents of ES-9 and ES-Il,

however, were highest at 5 to 7 feet, correlating with organic-rich

clayey silt of the Piney Creek Alluvium.

4.4.3 Site 3

Table 4.5 contains the analytical data for the two soil borings at

Site 3 (ES-15 and ES-16). The compounds listed in Table 4.1 were not

detected in the soil boring samples. The only analyte detected in

either soil boring was hexavalent chromium at 0.43 ug/g in boring

ES-16. During drilling, however, the HNU monitor detected volatile

organics in soil samples from ES-15 at levels of 30 to 50 ppm. These

soils were sandy and the organics detected with the HNU meter may have

volatilized or were not compounds that were analyzed by the 8010 and

8020 methods.

4.4.4 Sites 4 and 5

Three monitoring wells, MW-4, MW-5, and MW-6, were sampled at

Sites 4 and 5. As shown in Table 4.2, ground water was slightly acidic

and had an EC in the range of 732 to 987 umhos/cm. Both pH and EC were
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in the normal range for alluvial ground waters (White et al., 1963).

TCE (67 ug/L), 1,1-dichloroethane (11.5 ug/L), 1,1,1-trichloroethane

(28.6 ug/L), and possibly 1,1,2,2-tetrachloroethane and tetrachloro-

ethene were compounds detected in waters from well MW-4. Well MW-5 may

have contained a trace amount of trans-l,2-dichloroethene; however, a

second column confirmation was not run to confirm the presence of this

compound. Well MW-6 contained several compounds, including trans-1,2-

dichloroethene (3.8 ug/L), TCE (190 ug/L), and possibly 1,1-dichloro-

ethane, 1,1-dichloroethene, and 1,1,1-trichloroethane. The values

indicated are the average of concentrations found in duplicate samples

from well MW-6. In addition, well MW-5 water contained a substantial

amount of oil and grease (4,070 mg/L), and a trace amount of selenium

(0.002 mg/L). An oil sheen was observed on the water sampled from

MW-5. Both nitrate and nitrite were low in the well waters. The TKN

content of MW-4 (21.6 mg/L) was the highest of the eight monitoring

wells and may be a result of an organic-rich zone penetrated from 10 to

12 feet in the well boring.

Radiation levels of ground waters from the three wells at Sites 4

and 5 were measured in December, 1985 by Engineering-Science. The

highest levels of alpha and gamma radiation were found in waters from

wells MW-4 and MW-5. The gross alpha activities of the three wells

ranged from 130 to 270 pCi/L and gross gamma activities ranged from 70

to 140 pCi/L (as a measure of radium-226). Water from well MW-6

revealed the highest gross beta radiation. The range for gross beta

activities for the three wells was from 120 to 250 pCi/L. Three

isotopes of thorium, Th-228, Th-230, and Th-232, were also detected in

these ground waters.

Waters from the three ground water wells were resampled in May,

1986 by USAFOEHL and analyzed for radiation. The analytical results

are summarized in Table 4.6. Gross alpha activity ranged from less

than 4.5 pCi/L in MW-6 to 53.5 pCi/L in MW-4. Gross beta activity

ranged from 29.6 to 42.8 pCi/L. Of the thorium isotopes analyzed in
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the well waters, thorium-228 ranged from 0.21 to 0.38 pCi/L and

thorium-232 ranged from 0.16 to 0.24 pCi/L. The only gamma nuclides

detected were potassium-40 (98 pCi/L) in MW-4 and lanthanum-140 (36

pCi/L) in MW-5. All other gamma activity was below detection limits

for the gamma nuclides analyzed.

4.4.5 Site 7

Nine samples of sediment from ditches draining the Systems and

Components Test Facilities area were collected and analyzed. Analyti-

cal results are listed in Table 4.7 and sample locations are shown on

Figure 3.1. The compounds listed in Table 4.1 were not detected in any

of the sediment samples. In addition, hydrazine and NDMA were not

detected. One sample (station 7-1) in the upper ditch contained

hexavalent chromium (0.4 ug/g). This sample was located immediately

downhill from tank T-6032. The lower ditch contained one contaminated

sample at station 7-4. Station 7-4, located downhill from tank T-6031,

contained phenols (0.5 ug/g) and hexavalent chromium (0.86 ug/g).

Phenols were also detected at station 7-9 (1.3 ug/g). This station is

located in the main drainage ditch about 200 feet upstream from its

confluence with the East Fork of Brush Creek. Nitrate was predominant

over nitrite in the ditch sediment samples. TKN in the sediments

ranged from 140 to 650 ug/g.

4.4.6 Site 10

As listed in Table 4.2, the ground water sample collected from

well MW-8 was slightly acidic and had a conductivity of 878 umhos/cm.

These findings are in the normal range fcr ground waters (White et al.,

1963). TCE (490 ug/L) was the only compound listed in Table 4.1 that

was detected in MW-8 water. NDMA was detected at 5.2 ug/L; this was

the highest concentration of this substance found on the PJKS property

in all samples analyzed. Nitrate was predominant over nitrite in MW-8.
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4.4.7 Site 11

Samples of water and sediment were collected from 10 stations

along the East Fork of Brush Creek. Field measurements for the surface

water are presented in Table 4.8 and illustrated on Figure 4.1.

Measurements of pH were neutral to slightly alkaline, with the excep-

tion of station 11-1, which was slightly acidic and in the same range

as ground waters. Station 11-1 is located at the site where the under-

ground water line is suspected to be leaking.

Of the compounds listed on Table 4.1, only small amounts of TCE,

which occurred in half of the samples, were detected. TCE and NDMA

concentrations detected in waters from the East Fork of Brush Creek are

presented in Tables 4.8 and 4.9 and illustrated on Figure 4.9. The

sample from Station 11-1 contained small amounts of TCE (2.0 ug/L).

However, the TCE dissipated downstream and was not detected at Station

11-2. Samples from all stations between station 11-7 downstream to the

eastern property boundary also contained small amounts of TCE (1.3 to

5.5 ug/L). Station 11-7 contained the highest amount of TCE (5.5

ug/L). NDMA occurred at stations 11-8, 11-9, and 11-10 at 0.34, 0.42,

and 0.35 ug/L, respectively. Other contaminants detLzted were phenols

(stations 11-5 and 11-7) and oil and grease (stations 11-2, 11-5, and

11-7). Concentrations of both of these substances were only slightly

above their detection limits. No organics (halogenated or aromatic)

were detected in a sample collected about 1,000 feet upstream from the

D-1 landfill (station 11-0). NDMA, a decomposition product of unsym-

metrical dimethyl hydrazine (UDMH), had a oositive correlation down-

stream of station 11-7 with nitrate and TKN, as shown in Figure 4.10.

However, nitrite concentrations did not colrelate with concentrations

of NDMA. Nitrate and nitrite are possible decomposition products of

NDMA.
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Three surface water samples were collected and analyzed for

radiation levels by USAFOEHL in May, 1986. As listed in Table 4.6, the

sample collection points were positioned along Brush Creek upstream

from the D-1 landfill (Station 11-0), immediately downstream from the

landfill (Station 11-i) and immediately downstream from the T-8A pond

(Station 11-9). The gross alpha activity of all three samples was

below the method detection limit. Gross beta activity ranged from 10.4

to 41.9 pCi/L, with the highest activity occurring upstream from the

landfill. Gamma activity was below detection limits for all nuclides

analyzed except lanthanum-140 which measured 20 pCi/L at station 11-0.

Thorium-228 ranged from 0.07 to 0.12 pCi/L and thorium-232 ranged from

0.05 to 0.18 pCi/L. The highest thorium activities occurred at station

11-0.

East Fork of Brush Creek sediment analytical data are presented in

Table 4.8. None of the compounds listed in Table 4.1 were detected,

nor were hydrazine or NDMA. The only parameters detected were phenols

(Station 11-6) and hexavalent chromium (Stations 11-2 and 11-8). Both

nitrite and nitrate were generally low in the sediment. TKN ranged

from 65 to 390 ug/g.

4.5 SIGNIFICANCE OF FINDINGS

The significance of the contaminants found at AFP PJKS was deter-

mined by evaluating (1) the analytical results from the testing of

surface water, ground water, soils, and sediments with respect to human

health risks reported in the literature; (2) the existence of a pathway

for contaminant migcation; and (3) the presence of human receptors. If

all three of these conditions were met at a particular site, then the

significance was rated high; if two conditions were met, then the

significance was moderate; and if only one condition was met, the

significance was low.
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Before the analytical results can be interpreted, a preliminary

screening of results must be performed to ascertain the type and

concentration of contaminant detected. Analytical results that are at

or near the detection limit of the analytical procedure used may be the

result of interference introduced by the operator, the instrumentation,

or the testing procedure. For this reason, the analytical results

presented in the previous section were screened for practical quanti-

fication levels (PQL) before they were evaluated for significance. The

PQL is taken to be three times the detection limit. Thus, if a report-

ed concentration is less than the PQL for that parameter, the reported

value is considered suspect and its significance, relative to a health

risk standard or guideline, is qualified.

Health risks associated with the contaminants detected were

evaluated with respect to regulatory standards and/or guidelines as

presented in Table 4.10. The standards and guidelines were used to

evaluate the relative threat to human health at the point of sample

collection. The only enforceable standard in Table 4.10 is the maximum

contaminant level (MCL). An MCL is the maximum permissible level of a

contaminant in water which is delivered to the user of a public water

system (40 CFR, Part 141). If an MCL is not available for a particular

compound, then a proposed MCL is used. A proposed MCL is an MCL

recommended by the U.S. Environmental Protection Agency that has not

undergone the public review and comment period.

If neither an MCL nor a proposed NCL is available, lifetime cancer

risk guidelines were used. The U.S. EPA uses cancer risk data to place

plausible upper bounds on risk, but not to establish actual risks

(i.e., the risks are not likely to be higher but could be lower).

Cancer risk estimates are expressed as a probability of contracting

cancer after a 70-year lifetime consumption by a 70-kg human of 2

liters of water per day containing a certain concentration of a com-

pound. Using tetrachloroethene as an example, the lifetime cancer risk
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for daily consumption of 2 liters of water containing 7 ug/L of tetra-

chloroethene is 1 in 100,000 (1 x 10-5 ). The risk relationship is

linear, so that if only 0.7 ug/L of tetrachloroethene is consumed over

a 70-year lifetime, the cancer risk is reduced to 1 in 1,000,000 (1 x

10- 6). For purposes of continuity, all applicable cancer risk guide-

lines used to evaluate AFP PJKS data are reported as 1 in 100,000.

If neither MCL nor cancer risk guidelines were available for a

detected compound, other criteria as indicated in Table 4.10 were used

to evaluate health risks.

Possible pathways or routes for contaminant migration include

ground water and surface water. The location of human reception points

such as wells, surface water diversions, or recreational areas were

considered to assess the presence of human receptors.

The significance of contamination was assessed for locations both

on-plant and offsite. Section 4.5.1 contains a discussion regarding

on-plant significance and Section 4.5.2 contains an offsite signifi-

cance discussion.

4.5.1 Significance of Contamination on AFP PJKS Property

The relative significance of contamination at individual PJKS

sites is presented in the following sections.

4.5.1.1 Site 1 - Ground Waters

As shown in Table 4.2, ground waters from wells MW-I and MW-2

contain several organic compounds. Of the compounds having proposed

MCL standards, only TCE (130 ug/L and 67 ug/L in wells MW-i and MW-2,

respectively) exceeds its proposed MCL of 5 ug/L. If tetrachloroethene

is present in MW-2, its concentration at 1.2 ug/L does not exceed the 7

ug/L lifetime cancer risk (10- 5 ) guideline, nor the 3 ug/L PQL. Wells

MW-i and MW-2 may both contain 1,1-dichloroethane (1.8 ug/L and 2.0

ug/L, respectively). If present, these concentrations are below both

the 810 ug/L guideline for this compound and the PQL of 3 ug/L. Well
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MW-2 may contain 1,1,2,2-tetrachloroethane (1.2 ug/L) which is less

than the 1.7 ug/L cancer risk criterion and the 3 ug/L PQL. Well MW-2

may also contain 1,1,1-trichloroethane (9.0 ug/L) which is below the

proposed MCL of 200 ug/L. NDMA contents in both of the wells (0.61 and

0.23 ug/L for MW-I and MW-2, respectively) exceed the concentration

which is calculated to increase the lifetime cancer risk by 1 in

100,000 (0.014 ug/L). However, the PQL for NDMA is 0.75 ug/L, which is

greater than both values reported for the wells. The MEK concentration

of 105 ug/L in well MW-I is below the 860 ug/L lifetime health advi-

sory. In addition, MEK is easily biodegradable (40 CFR Part 300, App.

A). Nitrate and nitrite contents of MW-i and MW-2 did not exceed the

EPA MCL standard or recommended maximum contaminant level (RMCL)

guidelines, respectively. Detectable concentrations of arsenic (0.011

mg/L) and selenium (0.002 mg/L) in MW-i also were below the MCL

standards.

Organic contamination was detected in waters from well GM-89,

located immediately east of Site 1 on Martin Marietta property, and to

a lesser degree, in well GM-15, located 500 feet downgradient from well

GM-89. GM-89 contained trans-I,2-dichloroethene (25 ug/L), 1,1,1-

trichloroethane (5.8 ug/L), and TCE (46 ug/L) and GM-15 contained TCE

(13 ug/L) (Martin Marietta Environmental Systems, 1986). The presence

of organic contaminants in these wells suggests that migration of con-

taminants from Site 1 onto Martin Marietta property may have occurred.

A possible source of contamination is pond T-8A and its associated

flumes, even though pond waters sampled during this field program

showed no organic contamination. As discussed in Section 1.0, process

wastewaters routed to pond T-8A in the past may have contained contami-

nants at higher concentrations than those currently found in waters

discharged to the pond. Between 1957 and approximately 1974, the pond

was unlined and contaminants may have infiltrated into alluvial ground

waters. Other possible sources of contamination include leakage from
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Site 7 ditches during past operations, and unreported releases of

solvents to the north and/or northwest of pond T-8A.

Alluvial ground waters beneath Site 1 generally flow toward the

East Fork of Brush Creek, as shown on Figure 4.8. As depicted on cross

sections A-A', B-B', and C-C' (Figure 4.3), the alluvial aquifer con-

sists of the Slocum Alluvium, which is comprised primarily of moder-

ately permeable sands. It is highly probable, therefore, that contami-

nated ground waters discharge to the East Fork of Brush Creek adjacent

to the T-8A pond and/or downstream from the property boundary. As

discussed in Section 2.3.2, Surface Water Quality, organic contaminants

were detected at the Martin Marietta surface water sampling site near

the property boundary. However, the levels of organic compounds

dissipated to below detection levels within the relatively short

distance of 1,500 feet downstream (Table 2.1 and Figure 2.4). Alluvial

ground waters may also discharge to the bedrock ground water system,

but this interrelationship was not evaluated in this investigation.

Because the contaminants TCE and, possibly, NDMA exceed health cri-

teria, and because contaminant migration pathways exist, contamination

of ground water at Site 1 is of concern. However, because there are no

public receptors on AFP PJKS property, the relative significance of

ground water contamination at Site I is rated as moderate.

4.5.1.2 Site 1 - Soils and Sediments

Pond T-8A sediments, consisting of a 6-inch-de-) layer of sand and

silt, contained phenols (0.65 ug/g), oil and grease (584 ug/g), arsenic

(3.1 ug/g), chromium (all species) (28 ug/g), hexavalent chromium (0.74

ug/g), and selenium (0.060 ug/g) (Table 4.4). Concentrations of arsen-

ic, total chromium, and selenium did not exceed the EPA guidelines for

maximum accumulations of these metals in soils (300, 1,000, and 5 ug/g,

respectively) (U.S. Environmental Protection Agency, 1983). These

guidelines are based on microbial and plant toxicity limits, animal

health considerations, and soil chemistry, which reflect the ability of
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soil to immobilize the metal elements. Phenols were detected in sedi-

ments, but not in pond waters. Similarly, relatively high concentra-

tions of oil and grease were detected in the pond sediments, but not in

pond waters. Both phenols and oil and grease appear to be bound into

the soil matrix, as evidenced by the absence of these parameters in

pond waters.

The only migration pathway of leachate from the sediments into the

environment would be through cracks in the concrete pond liner.

However, based on field observations, the concrete pond liner appears

to be in good condition. Consequently, the potential for movement of

contaminants in pond sediments to the environment is very low. Because

of the relatively low concentrations of contaminants in pond sediments,

the relative unavailability of the pollutants (since they are bound to

the sediment) and the lack of migration pathways or receptors, the

significance of contaminated pond sediments as a threat to human health

at AFP PJKS is judged to be low.

Hexavalent chromium (0.17 to 0.7 ug/g) and phenols (0.5 to 1.0

ug/g) were the only constituents detected in the five soil borings

drilled through the pond sediment disposal area (Table 4.3). The hexa-

valent chromium concentration is below the guidelines for chromium

accumulation for soils of 1000 ug/g (U.S. Environmental Protection

Agency, 1983). Since phenols occur naturally in soils, it is difficult

to determine the significance of the levels of phenols found in the

borings without comparison to background data.

Because hydrazine fuels may degrade to various forms of nitrogen,

the soil borings were sampled for nitrite, nitrate, and TKN contents.

The levels of hydrazine and NDMA were below detection limits and,

therefore, could not be correlated with nitrite, nitrate, or TKN.

There does not appear to be an excessive loading of nitrate which, if

leached from soils, could adversely affect ground waters.
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Possible impacts to ground and surface waters are rated as low

because of the low levels of pollutants detected, the absence of these

constituents in monitor well MW-I waters, and the relatively small

surficial area of the disposal area through which percolation could

occur.

4.5.1.3 Site 1 - Surface Water

Base/neutral/acid extractable (BNA) analyses including specific

phenolic compounds were all below detection limits in pond T-8A waters.

The phenols found in the pond sediment may be attributed to phenolic

compounds not quantified by the BNA analyses which may include natural-

ly occurring organic material.

No contaminants were detected in pond T-8A waters (Table 4.4).

Therefore, there is no concern about toxic substances in surface waters

at this site.

4.5.1.4 Site 2 - Ground Waters

Well MW-3 contains TCE (1,110 ug/L) at levels considerably above

the proposed MCL of 5 ug/L. The compound 1,1-dichloroethane (12.7

ug/L) was also detected but it does not exceed the 810 ug/L guideline.

Well MW-3 also contains NDMA (0.28 ug/L) at a level which exceeds the

lifetime cancer risk (I in 100,000) guideline of 0.014 ug/L but below

its PQL of 0.75 ug/L. Trace contamination by phenols (0.007 mg/L) was

detected in well MW-7 water, but data from the BNA analysis showed that

specific phenolic compounds were all below the detection limits. The

selenium content of well MW-7 (0.004 mg/L) did not exceed the MCL of

0.01 mg/L. The nitrate and nitrite contents of wells MW-3 and MW-7 did

not exceed either the respective EPA MCL standard or RMCL guideline.

A probable source of the ground water contamination at wells MW-3

and MW-7 is spent solvents used in equipment cleaning that were repor-

tedly spilled onto the ground or leaked from drums at Sites 2 and 3.

However, the soil borings drilled in the reported spill areas contained
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only near-surface scattered contamination by hexavalent chromium (Site

3). NDMA contamination in well MW-3 is suspected to have come from

tank overflows or leaks at Site 7 which may have migrated into the

alluvial ground water system.

The direction of contaminant migration in the alluvial aquifer at

Site 2 is southeastward toward the East Fork of Brush Creek (Figure

4.8). The aqutfer consists of the moderately permeable sands of the

Slocum Alluvium. In the vicinity of borings ES-9 and ES-14, there is a

near-surface silt layer of Piney Creek Alluvium which may have locally

impeded surface contamination from infiltrating into the ground water

system.

The contaminated ground waters at Site 2 may discharge to the East

Fork of Brush Creek. Contributions by ground water to the East Fork

were found in the reach near Site 2. However, as discussed in Section

2.3.2, organic contamination dissipates within 1,500 feet downstream of

the PJKS-Martin Marietta property boundary. In addition, contaminated

alluvial ground water may recharge the bedrock aquifer.

The relative significance of the ground water problem at Site 2 is

rated as moderate because contamination in ground water at this site

meet two of the three criteria for concern. TCE and, possibly, NDMA

exceed health criteria or standards, and pathways for contaminant mi-

gration exist, but there are no public receptors on AFP PJKS property.

4.5.1.5 Site 2 - Soils

Hydrazine, NDMA, and phenols were not detected in the four soil

borings drilled at Site 2 (Table 4.5). The soil borings did not show

elevated levels of nitrite, nitrate, or TKA, which may be degradation

products of hydrazine fuels. There is no excessive loading of nitrate

which, if leached from soils, could adversely affect ground waters.

Since no contaminants were detected in scils from Site 2, there is no

concern about toxic substances in soils at this site.
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4.5.1.6 Site 3 - Soils

The only contaminant detected in either of the Site 3 soil borings

was hexavalent chromium (0.43 ug/g) in boring ES-16 (Table 4.5). This

soil sample was extracted from between 2 and 4 feet below the ground

surface. The hexavalent chromium concentration falls below the EPA

guidelines for maximum chromium accumulation for soils of 1000 ug/g

(U.S. Environmental Protection Agency, 1983). During drilling, how-

ever, the HNU monitor indicated volatile organics in soil samples from

ES-15 at levels of 30 to 50 ppm. The organics detected may have

volatized or they were not compounds analyzed by the 8010 and 8020

methods.

Soils beneath the site are primarily Slocum Alluvium, consisting

of relatively low permeablility sands and silt. The depth to ground

water exceeds 15 feet in this area. The significance of soil contamin-

ation at Site 3 is low based on the limited extent and concentration of

contamination, the low probability that metals are migrating into

ground waters, and the absence of public receptors.

4.5.1.7 Sites 4 and 5 - Ground Water

The three ground water monitoring wells constructed at Sites 4 and

5 (MW-4, MW-5, and MW-6) are located downgradient from the D-1 landfill

and the T-31 storage tank. Of the several organic contaminants detec-

ted in MW-4 waters (Table 4.2), only TCE accurs at a level which

exceeds the proposed standard or guideline presented in Table 4.10.

MW-4 waters contain 67 ug/L of TCE, which exceeds the proposed MCL of 5

ug/L. Dichloroethene occurred at 11.5 ug/L, which is below the 810

ug/L guideline discussed earlier. The compounds 1,1,2,2-tetrachloroe-

thane, tetrachloroethene, and l,1,1-trichloroethane were all detected

in well MW-4 at 1.2 ug/L, 1.2 ug/L, and 28.6 ug/L, respectively. All

concentrations were below each compound's respective lifetime cancer

risk criteria or proposed MCL standards of 1.7 ug/L, 7 ug/L, and 200
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ug/L. In addition, the first two compounds were below their respecti-'e

PQL's of 3 ug/L.

Well MW-5 waters may contain trans-1,2-dichloroethene (2.3 ug/L),

but this compound occurs at levels below the proposed RMCL (70 ug/L).

Waters from MW-5 also contained a high concentration of oil and grease

(4,070 mg/L) and trace amount of selenium (0.002 mg/L). No standards

or health risk data are available for oil and grease, but the selenium

content is below the MCL of 0.010 mg/L.

Well MW-6 waters contained several organic contaminants as shown

in Table 4.2. The TCE content of well MW-6 (190 ug/L) exceeds the 5

ug/L proposed MCL. Well MW-6 waters may contain 4.1 ug/L (average of

duplicate samples) of I,i-dichloroethane which does not exceed the 810

ug/L guideline. The nitrate and nitrite contents of MW-4, MW-5, and

MW-6 are low and do not exceed their respective MCL standard or RMCL

guideline.

Relatively high radioactivity levels were observed in all three

wells at Sites 4 and 5 from the December, 1985 sampling. Since natural

uranium mineralization occurs within the area (Nelson-Moore et al.,

1978), natural radioactivity cannot be distinguished from radioactivity

produced by the low-level waste (magnesium thorium alloy) buried in the

D-1 landfill until background radiation levels are established. The

claimblock investigated by uranium exploration companies extended

northward to the upper portions of the East Fork of Brush Creek (up-

stream from the D-1 landfill) and southward approximately 2 miles to

the South Platte River. Samples from some adits and pits near the

South Platte River (SE 1/4 Sec 33, T.6S., R. 69W) contained from 0.16

to 11.2 percent U308 (Nelson-Moore et al., 1978). All of the gross

alpha radiation levels (130 to 270 pCi/L) found at Sites 4 and 5 in

December exceeded the EPA MCL for drinking water (15 pCi/L) by factors

ranging between 8.7 and 18. MW-4 was the only well which exceeded the

EPA MCL for drinking water for gross alpha radiation from the May, 1986
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sampling. Gross beta radiation levels (120 to 25' pCi/L) also exceeded

the MCL (50 pCi/L) by factors from 2.4 to 5 for the December, 1985

sampling. The results from the May, 1986 sampling for gross beta were

below the 50 pCi/L MCL. The difference in radiation activity levels

for gross alpha and gross beta for the two sampling periods can possi-

bly be explained by the seasonal variation of flow in the East Fork of

Brush Creek. The December, 1985 sampling occurred during a relatively

low flow period while the May, 1986 sampling represented a higher flow

period causing a dilution effect on the radiation levels. As discussed

previously, the surface water flow and ground water flow are interrela-

ted. The background levels of radiation must be quantified for this

area before the significance of the radiation data can be determined.

Thorium isotopes 228, 230, and 232, were detected in the three

wells. The thorium isotopes analyzed in the May sampling were consid-

erably lower than the December sampling. There are no standards or

guidelines for these substances. However, thorium compounds have been

reported to be carcinogenic to humans (National Academy of Sciences,

1980). Background levels of thorium must also be quantified before the

significance of the thorium data can be determined.

The sources of the various detected solvents and oil and grease

contamination are believed to be the D-1 landfill and the T-31 tank.

Solvents may have been disposed in the landfill and are apparently

migrating in the alluvial ground water system toward the East Fork of

Brush Creek. It is not known whether ground water contamination exists

upgradient from the D-1 landfill because these areas were not investi-

gated.

Based on stream flow measurements and water level data collected

from the monitoring wells, contaminated ground water emanating from the

D-1 landfill discharges to the East Fork of Brush Creek. East Fork of

Brush Creek waters may contain TCE (2.0 ug/L vs. PQL of 3 ug/L) at

station 11-1 located downstream of the landfill (Figure 4.9) which has
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dissipated to below detection levels at station 11-2. In addition,

contaminated ground waters may recharge underlying bedrock aquifers

comprised of fractured and faulted Precambrian gneiss and Fountain

Formation sandstone.

The relative significance of ground water contamination at Sites 4

and 5 is moderate because of the contamination of ground water by TCE

(MW-4 and MW-6); the potential for migration of ground water into East

Fork surface waters and into bedrock systems; and the absence of public

receptors onsite. Relatively high levels of gross alpha, beta, and

gamma radioactivity were detected in the wells. Because natural

uranium mineralization exists in the area, the background levels of

radiation must first be quantified before the effects of the disposal

of low level radioative wastes can be determined.

4.5.1.8 Site 7 - Sediments

Hexavalent chromium contamination ranging up to 0.86 ug/g was

detected in sediments collected from the Site 7 ditches (Table 4.7).

The hexavalent chromium content did not exceed the EPA guideline for

maximum chromium accumulation for soils. The contamination was

restricted to areas immediately downstream from tanks T-6032 and

T-6033. The sediment sample from the main drainage ditch located 200

feet from the confluence with the East Fork of Brush Creek (station

7-9) contained phenols. The sediment at station 11-7 immediately

downstream on the East Fork also contained phenols. Since phenols

occur naturally in soils or sediments, it is not possible to determine

the significance of these levels without comparison to background data.

There was no excessive loading of nitrate which, if leached from soils,

could adversely affect ground water quality. Consequently, the rela-

tive significance of the sediment contamination at Site 7 is rated as

low based on the limited amount of contamination found.
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4.5.1.9 Site 10 - Ground Water

Ground water collected from well MW-8 contained several organic

compounds, including NDMA and TCE. The NDMA concentration (5.2 ug/L)

found in well MW-8 is considerably greater than the 0.014 ug/L concen-

tration for lifetime cancer risk criterion of 1 x 10 - determined by

the U.S. Environmental Protection Agency (1980a) and the 0.75 ug/L PQL.

Well MW-8 waters contain TCE (490 ug/L) at levels above the proposed

MCL of 5 ug/L. The nitrate content of MW-S does not exceed the EPA MCL

standard.

Monitor well MW-8 lies directly downhill from the Construction

Material Fill Area. Possible sources of the contaminants include

hydrazine/NDMA and solvent wastes that may have been disposed in the

Site 10 fill area or nearby fill areas, or past leakage of hydrazine/

solvent-laden wastewaters from Site 7 conveyance ditches. Such seepage

may have entered alluvial ground waters and migrated toward the Con-

struction Material Fill Area. Ground water testing was not conducted

at Site 7 and the origin of the NDMA and TCE in well MW-8 cannot be

confirmed with the available data.

Local directions of alluvial ground water movement at Site 10 are

south and southeastward toward the East Fork of Brush Creek. Contami-

nated ground water may discharge to the East Fork, contributing NDMA

loading to the creek. In addition, contaminated ground waters may

recharge the Fountain Formation bedrock aquifer. Because 1) the

contaminants TCE and NDMA exceed proposed regulatory standards or

health risk guidelines, 2) there is the possibility that contaminants

are moving into surface water and bedrock ground waters, and 3) no

public receptors are located on AFP PJKS property, the significance of

the ground water contamination at Site 10 is rated as moderate.
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4.5.1.10 Site 11 - Surface Water

Concentrations of TCE (1.3 to 5.5 ug/L) and NDMA (0.34 to 0.42

ug/L) have been detected along the East Fork of Brush Creek between

Site 5 and the eastern property boundary (Figure 4.9 and Tables 4.8 and

4.9). A possible source of the TCE contamination found at the upstream

station 11-1 (2.0 ug/L) is the D-1 landfill. This TCE concentration is

below the proposed MCL of 5 ug/L and below the PQL of 3 ug/L. If TCE

is present at this station, it probably originated from the D-1 land-

fill and migrated into the alluvial ground water system. A large

portion of the flow in the upper East Fork of Brush Creek is probably

contributed by the discharge of shallow ground water. Another possible

source of TCE contamination is the flow from the suspected broken water

line.

In stream reaches where there is a loss of surface water to ground

water, contaminants from surface water may be contributed to the allu-

vial ground water system. Conversely, in gaining reaches, contaminated

ground waters may be discharging to surface waters. Based on the flow

measurements of the East Fork of Brush Creek, the TCE at station 11-7

(5.5 ug/L) is probably contributed from ground water. The TCE at

station 11-7 (5.5 ug/L) just exceeds the proposed MCL of 5 ug/L. TCE

contamination (130 ug/L) was found at the nearest monitoring well,

MW-i, located 150 feet downgradient of station 11-7. From station

11-7, TCE concentrations generally decreased in the downstream direc-

tion toward the eastern property boundary. As discussed previously

(Section 2.3.2 Surface Water Quality) organic contaminants were detec-

ted at the Martin Marietta surface water station near the property

boundary. No contaminants were detected, however, at the next station

located 1,500 feet further downstream (Table 2.1 and Figure 2.4).

Phenols were detected at stations 11-5 (0.010 mg/L) and 11-7

(0.013 mg/L). The significance of these levels can not be determined

without comparison to background values.
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NDMA, detected at stations 11-8, 11-9, and 11-10, probably orgin-

ates from the discharge of contaminated alluvial ground water from

Sites I and 10 to Brush Creek. NDMA concentrations ranging from 0.34

to 0.42 ug/L exceed the lifetime cancer risk criterion of 0.014 ug/L

but are below the PQL of 0.75 ug/L. Research has shown that NDMA

undergoes photolysis with exposure to sunlight and degrades (U.S.

Environmental Protection Agency, 1979a). This process may be important

in reducing levels of NDMA downstream.

Radiation levels for the three surface water samples collected in

May, 1986 along the East Fork of Brush Creek (stations 11-0, 11-1, and

11-9) were below the MCL's for both gross alpha and gross beta activi-

ties (Table 4.6). The highest gross beta activity was at Station 11-0

upstream from the D-1 landfill. The only gamma nuclide detected in the

three samples was lanthanum-140 (20 pCi/L) at station 11-0. Thorium-

228 and thorium-232 contents were highest in the sample at Station

11-0. These data indicate that natural radiation exists in the East

Fork of Brush Creek above the D-1 landfill and dissipates downstream.

The significance of the surface water contamination at AFP PJKS is

moderate because 1) the contaminants, TCE (station 11-7) and, possibly,

NDMA (stations 11-8, 11-9 and 11-10) exceed proposed regulatory stand-

ards or health risk guidelines, 2) there is a potential for contaminant

migration to the ground water system, and 3) no public receptors are

located on AFP PJKS property.

4.5.1.11 Site 11 - Sediment

Sediment contamination with hexavalent cnromium in the East Fork

of Brush Creek was detected at two stations: 11-2 (1.1 ug/g) and 11-8

(0.23 ug/g). The chromium contents did not exceed the EPA guidelines

for maximum contaminant levels in soils. Phenols at 0.5 ug/g were

detected in sediments at station 11-6. Background data are needed for

comparison, since phenols occur naturally In soils or sediment. No
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excessive loading of nitrate was detected. Thus, the overall signifi-

cance of contamination in stream sediments from the parameters analyzed

is low.

4.5.1.2 Summary

Figures 4.9 and 4.11 show the concentrations of the major con-

taminants TCE and NDMA in surface and ground waters, respectively. As

shown in the figures, surface and ground water contamination problems

occur in two general areas on AFP PJKS property. They include 1) the

area containing the T-8A pond site (Site 1), EPL test cells (Site 2),

the Construction Material Fill Area (Site 10), and the lower portion of

the East Fork of Brush Creek (Site 11); and 2) the area comprised of

the T-31 tank area (Site 4), the D-1 landfill (Site 5), and the upper

portion of the East Fork of Brush Creek (Site I). The significance of

contamination in these areas is moderate because, while the contamin-

ants detected (predominantly TCE and NDMA) exceed proposed regulatory

standards or health risk guidelines and the potential for contaminant

migration to surface and ground waters exists, no public receptors are

located on AFP PJKS property. An important aspect of the contaminant

problems at AFP PJKS is the interrelationship between surface and

ground waters and the movement of contaminants between them. Only

limited contamination was detected in AFP PJKS soils and sediments, and

contamination of these resources is believed to be of low significance.

4.5.2 Evaluation of Contaminant Migration Offsite

Possible pathways for contaminant migration from AFP PJKS are via

the East Fork of Brush Creek and through the alluvial and bedrock

ground water systems. Downstream from AFF PJKS, the East Fork flows

through the Martin Marietta property for about 2 miles and then con-

verges with the West Fork of Brush Creek (refer to Figure 2.3). Brush

Creek is tributary to the South Platte River. South Platte River

waters downstream from its confluence with Brush Creek are used for

domestic, agricultural, commercial, and recreational purposes.
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Surface water in the East Fork at the station immediately down-

stream from the AFP PJKS property boundary contains trace to elevated

concentrations of organic compounds, including 1,1,1-trichloroethane,

TCE, and cis-1,2-aichloroethylene (Chapter 2, Table 2.1). These con-

centrations dissipate to below detection levels within a relatively

short distance downstream (1,500 feet). Various other sources which

contribute to organic contamination in the East and West Forks of Brush

Creek are currently being investigated by Martin Marietta (Kisling,

1986).

Ground waters in Martin Marietca well GM-89, located immediately

downgradient from Site 1, contained trans-l,2-dichloroethene, 1,1,1-

trichloroethane, and TCE. Small amounts of TCE were detected in GM-15,

located 500 feet downgradient from GM-89. The presence of the contami-

nants in these wells suggests that some migration of contaminants in

the alluvial ground water system has already occurred.

The signifiance of contaminant migration offsite is low based on

the dissipation and dispersion of contaminants in surface and ground

waters as discussed above and the large distance (several miles)

between potential receptors and AFP PJKS. The South Platte River and

Kassler Water Treatment Plant lie approximately 2 miles southeast of

AFP PJKS; the main intake for Kassler Water Treatment Plant is located

upstream from the Brush Creek confluence. Chatfield Reservoir, an

important recreation facility for the Denver metropolitan area, is

located about 4 miles downstream from AFP PJKS. The nearest wells are

approximately 1.5 miles to the north of AFP PJKS (refer to Section

2.5.3). Despite these relatively long distances to human receptors,

pathways for the offsite migration of the contaminants present at AFP

PJKS do exist and should be further investigated. Recommendations to

address these concerns include drilling wells, sampling waters, and

determining geohydrologic characteristics of the bedrock aquifer in

areas at AFP PJKS where the alluvial aquifer is most contaminated.

More detail on these actions is provided in Chapters 5 and 6.
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SECTION 5.0

ALTERNATIVE MEASURES

Alternative measures applicable to the eight sites investigated

include no action, alteration of disposal or operating practices, and

additional investigative work. Site-specific issues pertaining to

these alternatives are presented below.

5.1 SITE I

Ground waters beneath the T-8A pond site were found to contained

TCE (67 to 130 ug/1) and possibly NDMA (0.23 to 0.61 ug/L) at levels

which exceed proposed standards or health guidelines. The significance

of the contamination was considered moderate.

The no action alternative is acceptable for pond waters and

sediments. It is not a feasible option for the ground waters because

the potential for offsite migration via discharge to surface water and

deeper ground waters exists.

Alteration of disposal or operating practices is not applicable to

this site because past operating practices were responsible for present

contamination problems. Present operating practices do not appear to

contribute to or aggravate the ground water contamination problem.

Additional investigative efforts to further characterize the

source(s) of ground water contamination, the extent of contamination,

and the direction and rate of contaminant migration are warranted.

Such work would consist of additional ground water monitoring, detailed

structural mapping, and construction and sampling of additional mon-

itoring wells. A recommended field program designed to address these

issues is presented in Section 6.0 of this report.
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5.2 SITES 2 and 3

Ground waters downgradient from Sites 2, 3, and 7 contained TCE

(up to 1,110 ug/L) and, possibly, NDMA (up to 0.28 mg/L) at levels

which exceed proposed standards or health guidelines. The relative

significance of these contaminants was considered moderate. Conse-

quently TCE and NDMA contamination are the subjects for further con-

sideration. No contamination of significance was detected in soils of

Sites 2 and 3.

Similarly to Site 1, the no action alternative is applicable to

soils at Sites 2 and 3. However, it is not an acceptable option for

ground waters because of the potential for ground waters to discharge

to the East Fork of Brush Creek or to deeper bedrock aquifers.

Alteration of disposal or operating practices is not applicable to

either site because current practices of waste disposal and handling do

not contribute to or aggravate the ground water problem. Further

investigations to identify and quantify the source(s) of ground water

contamination, the extent of contamination, and the direction and rate

of contaminant migration are warranted. These include detailed struc-

tural mapping at Sites 2 and 7, and installation and sampling of

additional monitoring wells within Site 2 and between Sites 2 and 7.

Details pertaining to the locations of these wells and the investi-

gative approach are provided in Section 6.0 of this report.

5.3 SITES 4 AND 5

Ground waters collected from wells positioned immediately down-

gradient from the T-31 storage tank and the D-1 landfill contained

oil and grease (4,070 mg/L) and TCE (67 to 190 ug/L). TCE occurred at

levels which exceed the proposed MCL standard. The relative signifi-

cance of the organic contamination is moderate. The well waters also

contained relatively high levels of gross alpha, beta, and gamma

radioactivity during December, 1985 but substantially lower values were

detected during Nay, 1986. The primary concerns are 1) to determine
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the significance of radiation measured in the well waters since uranium

mineralization exists in the area and 2) to investigate the organic

contamination.

Of the three alternative measures identified, the only feasible

alternative consists of further investigative efforts. Background

radiation levels of ground waters should be quantified before the

possible effects of the disposal of low-level radioactive wastes in the

D-I landfill can be determined. This data could be obtained by the

installation and sampling of a monitoring well upgradient from the D-1

landfill. Further investigation to identify and quantify the extent of

organic contamination and the direction and rate of organic contaminant

migration are warranted. A recommended field program which would

include detailed structural mapping and installation and sampling of an

additional monitoring well within Sites 4 and 5 is described in detail

in Section 6.0.

5.4 SITE 7

The significance of the trace amounts of hexavalent chromium

detected in sediments from ditches draining Site 7 was considered to be

low. Of greater importance is the presence of NDMA contamination

detected in ground waters downgradient from Site 7 at Sites 10 and

possibly Site 2, and in surface waters in the East Fork of Brush Creek.

The no action alternative is feasible for ditch sediments, but may

not be acceptable for operating practices of the ditch system which may

be linked to ground water recharge. Past operations of the ditches may

have been the source of NDMA ground water contamination via seepage

through unlined portions of the ditches. Continued seepage of clean

waters during present operations may accelerate the migration of

pollutants toward discharge areas, including the East Fork of Brush

Creek and bedrock aquifers. By lining the unlined segments of the

ditches and/or discontinuing use of the ditches entirely, a possible

driving head for pollutant migration may be reduced.
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Further investigative efforts aimed toward characterizing the

source area(s) of contamination and defining the extent, direction, and

rate of contaminant migration are warranted. Such efforts would

involve detailed structural mapping, and construction and sampling of

ground water monitoring wells immediately down-gradient from the ditch

system, focusing primarily on the unlined ditch segments. Details of

the recommended field investigation are provided in Section 6.0.

5.5 SITE 10

Ground water collected from Site 10 contained NDMA (5.2 ug/L) and

TCE (490 ug/L) at levels which exceed proposed MCL standards or health

guidelines. The significance of the contamination was considered

moderate.

Of the three alternative measures considered, the best option is

additional investigative efforts, primarily to determine the source(s)

of contamination. TCE, NDMA, and, possibly, hydrazine wastes may have

been co-disposed within the Construction Materials Fill Area or in its

general vicinity. Alternatively, the source(s) of NDMA and, possibly,

hydrazine wastes may be associated with leakage from Site 7 ditches.

Past operations at Sites 2 and 3 may have contributed to TCE contami-

nation at Site 10. In all cases, construction and sampling of addi-

tional monitoring wells in the suspect areas are needed to better

define the sources of contamination. Structural mapping of the site is

also recommended to determine possible hydrogeologic controls. Data

gathered from the wells would also enable quantification of contamin-

ation extent and direction and rate of migration. Recommended well

sites and pertinent details for such an investigative program are

described in Section 6.0.

5.6 SITE 11

Surface water sampled from the East Fork of Brush Creek contained

trace amounts of TCE and NDMA, which at several stations may have

exceeded proposed standards or health rijk guidelines. The sources of

these contaminants are suspected to be Sites 2, 3, 4, 5, and 10 (TCE)
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and Sites 7 and 10 (NDMA). The contaminant migration pathway is most

likely ground water. If the investigative efforts proposed for the

suspected source sites are undertaken, the no action alternative for

the East Fork of Brush Creek is temporarily acceptable.
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SECTION 6.0

RECOMMENDATIONS

6.1 INTRODUCTION

The eight AFP PJKS sites investigated can be divided into two

categories: Category 1 - sites requiring no further action and

Category 2 - sites requiring additional Phase II effort. Category 1

includes sites where there is sufficient supporting data to rule out

significant public health or environmental hazards. The soil contam-

ination and/or sediment contamination at Sites 1, 2, 3, and 7 are

included in Category 1. Ground water contamination at Sites 1, 2, 4,

5, 7, and 10 and surface water contamination at Site 11 are included in

Category 2 and will require additional effort to determine the magni-

tude and extent of detected contaminants and the direction and rate of

movement. There are no sites requiring Category 3 - immediate remedial

actions (Phase IV), based on this investigation. Supporting data,

including field data and environmental or regulatory criteria for each

site, are summarized in Table 6.1.

6.2 CATEGORY 1 - SITES REQUIRING NO FURTHER ACTION

The significance of soil and/or sediment contamination at Sites 1,

2, 3, and 7 was determined to be low based on the limited extent of

contamination (Table 6.1), the low probability that pollutants are

migrating offsite via either ground or surface waters, and the absence

of human receptors. Therefore, no further action is recommended for

the soils or sediments at these sites.

6.3 CATEGORY 2 - SITES REQUIRING ADDITIONAL PHASE II EFFORT

6.3.1 General Recommendations

Future investigations for sites requiring additional Phase II

efforts are discussed below. Possible sources of contamination are
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identified. The first recommended action for all sites where con-

tamination was detected is resampling and analyzing for those contami-

nants detected. In the case of surface water, additional qampling and

analyses for radioactive contaminants should be conducted. Additional

investigations at sites where ground water problems ai.e confirmed will

consist of mapping detailed geologic structure -r d drilling and

sampling of monitoring wells to quantify the sources of contamination.

Mapping geologic structure will help locate potential ccnduits or

barriers that may affect ground water flow. Identification of source

areas will enable evaluation of remedial measures designed to

ameliorate and possibly eliminate contaminant loading to surface and

ground waters.

6.3.2 Methodology

Structural mapping will consist of both aerial photo interpre-

tation and field checking. Field checking will involve geologic

mapping and verification of faults which were shown as linears on

photos. Field work will also involve further study of faults that have

been mapped previously to determine their extent and possible

geohydrologic significance.

All alluvial ground water monitoring wells proposed for future

studies would be screened in the saturated alluvium immediately over-

lying bedrock to assess the lateral extent of contaminant migration in

the deeper portions of the alluvium. This screening interval assumes

that the underlying bedrock is less permeable than the alluvium

(Slocum) and, consequently, acts as a confining layer. In addition,

potentiometric data from each well would be utilized to better quantify

localized directions of ground water movement.

Two bedrock wells would be drilled and constructed in the vicinity

of Sites 1, 2, 7, and 10 and one bedrock well would be installed at

Site 4 or 5 in areas where alluvial ground water contamination is
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determined to be the greatest. The completed intervals of the wells

would begin a minimum of 20 feet beneath the surface of bedrock to

ensure adequate communication with bedrock ground waters and to reduce

the potential for leakage of contaminated alluvial waters via shallow

bedrock fractures. The wells would be screened for approximately 20

feet. Potentiometric data from the wells would enable quantification

of vertical hydraulic gradients to assess directions of vertical

movement and to evaluate the degree of hydraulic connection between

bedrock and alluvial aquifers. Ground waters from these wells would be

analyzed for hydrazine, NDMA, halocarbons, and radiation (Sites 4 and

5 only), to determine if contamination is migrating vertically downward

into the bedrock aquifer.

Aquifer tests consisting of slug and/or constant yield drawdown

tests would be conducted in both alluvial and bedrock wells for deter-

mination of in situ hydraulic conductivities. These values, in

conjunction with piezometric data and assumed aquifer porosities, would

provide the information necessary to allow computation of the direction

and rates of ground water movement and, in turn, contaminant migration.

6.3.3 Site 1

Based on the analytical results from monitoring wells MW-I and

MW-2, ground waters at Site I contain TCE and, possibly, NDMA at levels

which exceed proposed standards or health guidelines. As illustrated

on Figure 6.1, a possible source for this contamination is the area

west-northwest of the T-8A pond site between the East Fork of Brush

Creek and the buried concrete flume which once conveyed deluge waters.

The recommended action for Site 1 is to first confirm the presence

of NDMA and halocarbons in wells MW-i and MW-2 by resampling and

analyzing the ground water. Hydrazine should also be analyzed if a

method with lower detection limit is available. Following confirmation

of pollutants and detailed structural mapping of the site, proposed

well MW-9, located on Figure 6.1, should be drilled, constructed, and
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sampled. Ground waters from this well would be analyzed for hydrazine,

NDMA, and halocarbons.

6.3.4 Sites 2 and 7

Sites 2 and 7 are discussed together because of their adjacent

location and because they comprise a potential single source area for

contamination. Ground water from well MW-3 at Site 2 contains TCE and,

possibly, NDMA at levels which exceed proposed standards or health

guidelines (Table 6.1). The ground water at Site 7 has not been

investigated. Possible migration pathways for contamination from Sites

2 and 7 are along the flow lines shown on Figure 6.1 and through the

unlined ditches at Site 7.

The recommended action for Sites 2 and 7 includes resampling

monitoring wells MW-3 and MW-7 to confirm the presence of the contam-

inants (NDMA and halocarbons) and to test for hydrazine if a method

with a lower detection limit is available. If the presence of contam-

inants is confirmed, detailed structural mapping of the site should be

completed and then proposed wells MW-16, MW-17, and MW-20 should be

constructed and sampled. Waters from these wells would be analyzed for

hydrazine, NDMA, and halocarbons.

6.3.5 Sites 7 and 10

Sites 7 and 10 lie adjacent to the East Fork of Brush Creek and

will be discussed together. The compounds NDMA and TCE were found in

the ground water at levels which exceed proposed standards or health

guidelines at Site 10 (Table 6.1). Site 7 ground water was not

investigated in this study. The possible source areas for ground water

contamination at these sites are the unlined ditches at Site 7, the

area north of the East Fork of Brush Creek between the culvert draining

ditch No. 2 and Site 10, and the Construction Materials Fill Area (Site

10).

It is recommended that ground water from well MW-8 be resampled

and analyzed to confirm the presence of contamination. The well water
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should be analyzed for hydrazine, NDMA, and halocarbons. Following

confirmation of contamination and detailed structural mapping of the

site, proposed wells MW-10, MW-lI, MW-12, MW-13, MW-14, and MW-15,

located on Figure 6.1, should be drilled, constructed, and sampled.

Ground waters from these wells should be analyzed foz hydrazine, NDMA,

and halocarbons.

6.3.6 Sites 4 and 5

As shown in Table 6.1, ground water at Sites 4 and 5 contains

TCE at levels which exceed the proposed MCL standard. Tank T-31, which

was the probable source of high levels of oil and grease contamination

in well MW-5, has been steam cleaned and is no longer used. The ground

water contained relatively high levels of gross alpha, beta, and gamma

radioactivity. The background levels of radiation need to be

confirmed before the significance of the measured radiation can be

determined, since natural uranium mineralization occurs within the area

(Nelson-Moore et al., 1978).

The objectives of further studies at Sites 4 and 5 are 1) to

determine the significance of radiation measured in the well waters and

2) to investigate the organic contamination. Ground waters from wells

MW-4, MW-5, and MW-6 should be resampled and analyzed for gross alpha,

total uranium, and gamma spectroscopy (EPA Method 600). In addition,

proposed well MW-18 located upstream from the D-1 landfill (Figure 6.1)

should be drilled, constructed, and sampled for gross alpha, total

uranium, and gamma spectroscopy. This well would be completed in

alluvium. The sampling and analytical program will aid in the differ-

entiation and quantification of natural and artificially-induced

radiation sources.

Ground waters from wells MW-4, MW-5, and MW-6 should also be

analyzed for halocarbons and oil and grease. Following confirmation of

contamination and the completion of detailed structural mapping of the

site, proposed well MW-19 would be drilled and constructed in the
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faulted and fractured bedrock downgradient of the most highly contami-

nated well completed in the alluvium. MW-19 would be sampled for

halocarbons, oil and grease, gross alpha, total uranium, and gamma

spectroscopy.

6.3.7 Site 11

The East Fork of Brush Creek surface waters contain trace levels

of TCE and, possibly, NDMA, as shown in Table 6.1. Potential sources

of contamination to the lower portion of the East Fork include Sites 1,

2, and 7; the area between Sites 7 and 10; and Site 10. The possible

source of contamination to the upper portion of the East Fork is the

D-1 landfill (Site 5).

The recommended action for Site II is to resample and analyze

surface waters for NDMA, Sydrazine (if a method with a lower detection

limit can be used), and halocarbons at stations 11-6 through 11-10, in

order to confirm the presence of the contaminants. If the radiation

measured in ground waters at sites 4 and 5 is significantly higher than

background levels, then it is also recommended that surface waters from

stations 11-0 (upstream from the D-i landfill), 11-A (outlet of D-1

landfill culvert), and 11-1 through 11-10 (Figure 6.1) be analyzed for

gross alpha, total uranium, and gamma spectroscopy (EPA Method 600).

This sampling and analytical program will aid in determination of

quantities and mobilities of radioactive daugther products in the East

Fork if Brush Creek. Sampling should be performed quarterly for

radiation to assess the seasonal variation of radioactivity relative to

surface flow.
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APPENDIX B

DEFINITIONS, NOMENCLATURE, AND UNITS OF MEASURE

DEFINITIONS AND NOMENCLATURE

Alconox - Brand name of a detergent specially formulated for washing

field and laboratory equipment.

Alluvial - Referring to alluvium (see).

Alluvium - Unconsolidated terrestrial sediment composed of sorted or
unsorted sand, gravel, and clay that had been deposited by water.

Analyte - The substance for which an analysis is conducted.

Anticlinal arch - A fold in the geologic strata that is convex upward.

Aquifer - A saturated permeable geologic unit that can transmit signi-
ficant quantities of water under ordinary hydraulic gradients.

Arkosic - Pertaining to a variety of sandstone (arkose) containing
abundant feldspar and quartz, usually derived from silicic igneous
rocks.

Arroyo - A steep-sided, flat-bottomed gully in an arid region that is
occupied by a stream only intermittently after rains or during
snowmelt.

Attitude - General term describing the relation of a directional
feature in a rock to a horizontal plane.

Base/neutral/acid extractable organics - Designation for EPA method
625, which detects phthalate esters, phenols, benzidines, nitrosa-
mines, organochlorine pesticides, polychlorinated biphenyls,
potji ivilear aromatics, and haloethers.

Bentonite - A sedimentary rock derived from volcanic ash. Because of

its ability to absorb water and swell, it Is commonly used for
sealing around wells.

CERCLA - Comprehensive Environmental Response, Compensation, and
Liability Act of 1980. Primary federal legislation governing
remedial action at past hazardous waste disposal sites.

CMP - Corrugated metal pipe.

Coelution - The washing out of two or more substances from a sample.

Deluge water - Waters used to regulate test stand temperatures during
rocket testing.

Displacement - General term applied to the relative movement of the two

sides of a fault in any direction.
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Ephemeral stream - A stream that flows for only a short period of time
during the year, usually after heavy precipitation or during
snowmelt runoff.

EPL - Engineering Propulsion Laboratory.

Electrical resistivity survey - A surface survey that indicates the
electrical resistance of the earth to conductance of an induced
electrical current. Results can be used to assess subsurface
features such as the continuity of geologic conditions and the
depth and extent of subsurface saturation.

Fault - A fracture or fracture zone in the earth's crust along which
there has been relative displacement.

Fault strike - The direction of the intersection of the fault surface,
or the shear zone, with a horizontal plane.

Fault trend - The direction of the intersection of a fault with the
surfio- o" the eround.

GC-NPD - Gas chromatography with a nitrogen-phosphorus detector; is
specific for nitrogen-phosphorus compounds such as hydrazine.

Ground water region - Geologic province which contains one or more
subsurface water system. Depending on numerous geologic and
hydrologic factors, the subsurface water systems may or may not be
aquifers.

HNU meter - An instrument that detects and quantifies organic vapor.

Hydraulic conductivity - Ratio of flow velocity to driving force for
viscous flow of water under saturated conditions in soil or rock.

Hydraulic gradient - Rate of change of pressure head per unit of
distance of flow at a given point and in a given direction.

Igneous rock - A rock formed by solidification of molten material.

Infiltration gallery - A system of buried pipelines in the a7luvial
material used to convey waters to a central pump.

IRP - Installation Restoration Program. Program instituted by Depart-
ment of Defense to assure compliance with hazardous waste regu-
lations.

Laramide event - Geologic occurrence approximately 63 million years ago
that formed the Rocky Mountains.

Lithology - The physical characteristics of a rock.

M- Molarity of a solution expressed as moles of solute per liter of
solution.
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Magnetometer survey - A surface survey that indicates the total magnet-
ic field intensity of the earth from a given site. Results can be
used to locate subsurface features such as biriel i,taillc objects
and buried waste areas.

MEK - Methyl ethyl ketone

Metamorphic rock - A rock whose original mineralogy, texture, or
composition has been changed by pressure, temperature, or the gain
or loss of chemical components.

Mesozoic - A geologic era ranging from 230 million to 63 million years

ago.

Micron - One-millionth of a meter.

Millipore water - Water purified by filtering through a Millipore brand
filter.

MSL - Mean sea level.

OEHL - Air Force Office of Environmental Health Labs.

N - Normality of a solution expressed as number of equivalent weights
of solute per liter of solution.

NDMA - Nitroso dimethylamine.

NIOSH - National Institute for Occupational Safety and Health.

Paleozoic - A geologic era ranging from 600 million to 230 million
years ago.

PCB - Polychlorinated biphenyl.

Pediment - A planar, sloping rock surface forming a ramp up to the
front of a mountain range in an arid region.

Pennsylvanian - A geologic period ranging from 310 to 280 million years
ago.

Perched water table - An isolated body of ground water that occurs
above and is separated from underlying unsaturated rocks or the
main water table by an impermeable stratum.

Piezometric surface - The static level of the water in an aquifer; the
surface to which water in an aquifer will rise under its full
head.

Pleistocene - A geologic epoch ranging from 1 million to 10,000 years
ago.
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Pliocene - A geologic epoch ranging from 13 million to 1 million years
ago.

Porosity - The percentage of the total volume of a rock that is pore
space (not occupied by mineral).

Precambrian - Geologic time ranging from 3 billion to 600 million years
ago.

Priority pollutants - Sixty-five pollutants or families of pollutants
(total of 129 individual substances) listed as toxic under the
Clean Water Act. Water quality criteria have been developed by
the U.S. Environmental Protection Agency for these substances.

Purgeable organics - Designation for EPA methods 601 and 602 which
tncludes chlorinated and aromatic orga,,c coiqpounds that are
volatile and will be purged by a carrier gas bubbled through the
test solution. Detection is by gas chromatograph with photo-
ionization detectors and coulometric detectors or electrolyte
conductivity detectors.

PVC - Polyvinyl chloride.

QA/QC - Quality assurance/quality control.

Quaternary - A geologic period ranging from 1 million years ago to the

present.

RCRA - Resource Conservation and Recovery Act of 1976. Primary federal
legislation governing disposal of hazardous waste.

Recent - A geologic epoch ranging from 10,000 years ago to the present.

Regolith - A layer of loose, incoherent rock material of various
origins.

Strike - The angle between true north and the horizontal line contained
in any planar feature (inclined bed, dike, fault plane, etc.);
also, the geographic direction of this horizontal line.

Strike valley - A valley which trends in the strike (see strike defini-
tion above) direction of its underlying bedrock.

TCE - Trichloroethylene. Synonymous with trichloroethene.

TDS - Total dissolved solids.

Test cell - A facility used for fuel testing.

Test stand - A concrete and steel structure that was used in firing
tests of the Titan rockets.

TKN - Total Kjeldahl nitrogen (see).
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Total Kjeldahl nitrogen - A test that detects nitrogen in organic form
and as ammonia, but not in nitrite or nitrate form.

Tranamissivity - The intrinsic property of an aquifer represented by
the product of hydraulic conductivity (permeability) and saturated
thickness.

Tremie pipe - A small-diameter pipe inserted into the well annulus,
through which well construction materials are introduced.

Umhos (micromhos) - Used to measure conductance. Mhos are the reverse
of ohms, which measure resistance.

Unconfined aquifer - An aquifer in which the water table forms the
upper boundary.

Unconformable - Refers to layers of strata that are not in immediate

order of age and in parallel position. This oczurred zhen deposi-
tion stopped, erosion removed some sediments and rock, and then
deposition resumed.

USCS - Unified Soil Classification system.

Volatile organic carbon - Designation for EPA method 625 which includes
chlorinated and aromatic organic compounds that are volatile and
will be purged by a carrier gas bubbled through the test solution.
Detection is by gas chromatography/mass spectography.

UNITS OF MEASURE

cfs - cubic feet per second

feet MSL - feet above mean sea level
g - grams
gpm - gallons per minute
mg/l - milligrams per liter
ml - milliliters

pCi/l - pico Curie per liter
un- nanometer
ppm - parts per million
ug/g - micrograms per gram
ug/1 - micrograms per liter
umhos/cm - micromhos per centimeter
mg/Kg - milligrams per kilogram
ug/Kg - micrograms per kilogram
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85 AUG 21

TASK DESCRIPTION

INSTALLATION RESTORATION PROGRAM
PHASE II - CONFIRMATION/QUANTIFICATION (STAGE 1)

USAF Plant PJKS, Waterton, Colorado

I. DESCRIPTION 3F WORK

The overall o0jective of the Phame 11 investigation is to define the
magnitude, extent, direction and rate of movement of identified contaminants.
A series of staged field investigations may be required to meet this
objective. The contractor shall recommend any additional investigations
required beyond this stage (Stage 1), including an estimate of cost-.

The purpose of this task is to undertake a field investigation at Plant PJKS,
CO : (1) to determine the presence or absence of contamination within the
specified areas of investigation; (2) if possible, to determine the magnitude
of contamination and the potential for migration of thoie contaminants in the
various environmental media; and (3) to identify significant public health _
and environmental hazards of migrating pollutants based on State or Federal
standards for those contaminants.

The Phase I IRP Report (mailed under separate cover) incorporates the
background and description of tne sites/zones for this task. To accomplish
this survey effort, the contractor Qnall take the f-llowing actionq:

A. General

1. The contractor shall monitor all explratory well drilling and
borehole operations with a photoionization meter or equivalent organic vapor
analyzer to iJentify potential generation of hazardous and/or toxic
materials. In addition, the contractor shall monitor drill cuttings for
discoloration and odor. During drilling operation*, if soil cuttings are
suspeeted to be hazardous, the contractor shall oonjinerize tnem in new,
unused drums and test them for EP Toxicity. The re-ults of theqe testv
shall be included in boring logs. A maximum of 5 a:iples shall be collected
for EP, Tomiity., andc .wevtntas.... adit.oc t. e eontacto'..-,iafl ,omply with
all applicable EPA. AFOSH, OSHA, State and any other regulatory agencies'
regulations/procedures concerning safety during dri'..ng, qampling, and
analysis proce.-res. If required, a safety plan sha"l be filed directly

2. All water samples collected shall be analyzed on site by the
contractor for pH, temperature, and specific conductdnee. Sampling, maximum
holding time, and preservation of samples shall str;-tly comply with the
following references: Standard Methodq for the Examination of Water and
dastewater, 15th ed. (1360), pp. 35-42; ASTM, Section 11, Jater and
Environmental Technology; Methods for Organic Chemical Analysis of Municipal
and- 4rdustrY} Waot-ewater.; EP-600-ia-32*-057; ahd M'fho)d 'fr& Chemieal
Analysis of .Waterq and Wastes, EPA Manual.600/4-79-020, pp-. xiii to xix.

F33615-84-D-4403/0012
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C1 6). All enemical analyie, (water and soil) 9nall meet the requ~rea

limits of detection for the applicable EPA method identified in Attachment. 1.

". Location- where surface or sediment iamples are taken or where
soil exploratory borings are drilled shall be marked with a permanent marker;
and the location snown or, a project map of the site.

U. Field data collected for each site ihall be plotted and mapped.
The nature, magnitude, and potential for contaminant flow within each zone to
receiving streams and groundwater- shall be estimated. Upon completion of
the sampling and analysis, the data shall be tabulated in the next R &
Status R an specified in Item VI below. All raw data sha.l be
maintained in the contractor's laboratory for one year, and will be provided
to the USAF upon request.

5. Determine the areal Pxtent of the sites by reviewing available
aerial photos of the plant, both historical and the most recent panchromatic
and infrared. Zf available, remote sensing photos may be acquired from the
plant; USDA Agricultural Stabilization and Conservation Service's Aerial
Photography Division at 2505 Parleys's Way, Salt Lake City, UT 84109; EROS
Data Center, Sioux Falls, SD 57198; or USGS National Cartographic Information
Center, Mail Stop 507, :ationdl Center, Reston, VA 22092.

6. Split all water, sediment and soil namples as part of the
contractor's specific uallty Atsurance/"aulity Cur.l (QA/QC) protocols and
procedures. One set of samples shall be analyzed oi the contractor. The
other set of samples 'ball be forwarded for analy-qi through overnight
delivery to the laboratory listed below. At the ti-e of collection, samples
may also be oplit witn the EPA or State of Colorado 4egulatory agencies. The
agencies will provide their own sample containers.

USAF OEHL/SA
Bldg. lO
Brooks AFB, TX 78235-5501

The samples ient to the USAF OEHL/SA ihall be accompanied by the following
information:

(a) surpose of sample (analyte)
(b) Installation name (base)
(e) Sample number (on container)
(4)- Souree/Iceat ir of sample
(e) Contract task numbers and title of project
f) Method of collection (bailer, suction pump,

air-lift pump, etc.)
(g) Volumes removed before sample taken
(h) Special conditions (use of. surrogate ttandard,

special nonstandard preservations, etc.)
0i) Preservatives used

- ") Dat e and time o .apn" '.. " n...
(W) Sampler's name

F33615-84-D-4403/0012
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Forward tni! information witii each sample by properly completing an AF Form
2752 (copy of form and 3nqtruot3on on proper completion mailed under ieparate
?.over). In addition, nopies of field loss dourument~ng sample colleetion
qhould accompany the sample-.

Maintain chain-of-eustody recorde for all samples, field olanks, and quality
control samples.

7. Analyze an additional 101 of all iamplei, for each parameter,
for quality control purpose, as indicated in Attachment 1. Include all
quality control procedureq and data in draft 3nd final reportT.

8. For groundwater monitorin6 wells, comply with the USEPA
Publication 330/9-51-002, NEIC Mranual for Ground Water/Subourface
Investigators at Hazardous Wiaste Sites for monitoring well installation. Uie
only screw-type joint,; no wolvent ;lue can be used.

9. .4ells nall be of sufficient depth to collect samples
repreeentative of aquifer quality and to intercept contaminants if they are
present.

10. Survey elevations of all newly in-talled monitoring wells and-
soil borings with respect to a USGS bench mark on or near the plant to an
accuracy of 0.01 feet. riorizontally ldeate the new wells to an accuracy of 1
foot and record on site maps.

11. Meaeure water levels at all monitori:; wells as feet below the
ground surface or below the top of casing elevation to the nearest 0.01 feet.
Report measurements in terms of feet above mean sea level (mil). Measure
static water level in wells prior to sampling and a7 time of well
development.

12. The exact location and number of monitoring well,, boringa,
and augering- for each site shall be determined in t-ne field by the
contractor in conqultation with the OEHL project mar.,jger. The approximate
locations, and rercmmended number and depth of well' (ircluding screenin;
lengths), bcrints and augering- for titeq under jnve~tigation are given in
the site specific section of the task. Monitorin& .4ells and borings at all
landfill -ite. shall be drilled around the perimeter and outside of the
landfi~ll aeas .uanl .eth 61pyia ure.id''t tha- tere ar no
safety problem. or buried drums.

13. Drill all monitoring wells unin& to f:.llowing .pecifications:

a. Drill all wells that are less than 100 feet deep using
hollow-stem auger. Jjth the noilow-atem auger, a et.-ter stem, plug, and bit
attached to the center stem may be inserted into the auger for use while
drilling. This will prevent material from entering into the hollow-'tem of
the auger. Drill all wells that are equal to or more than 100 feet deep
using mud/air rotary techniques. dhere loose gravel (unconitolidated alluvial

-.........." S. " ...,.........,..-.-................v......-............""...".".,..":" .' " ""

F33615-84-D-4403/0012
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an i colluvial) is expected, the orntracvtr small uve raole tool, air rztary

wita rasing drive, or other pertinent drilling methods to install -'oil
bOring-.

If iln fluid additivei -uch aR bentonite or polymers are ueo3, ensure
their components will not interfere with the chemical analyses to be
performed on -amples. If an additive iR u'ec, a Rample of the additive cha.!
be split. One of the samples shall be analyzed by the contractor and rne
other sent to OEHL/SA for analysi-.

Take. soil sampleR fcr etrdti.grapnic control purposes at the Surface and at
2.5 foot intervals to a depth of 15 feet. From 15 feet to 100 feet, collect
samples at 5 foot intervals. The contractor shall follow A3TM Dlu52-.55, -ol
Investigation and Sampling by Auger Boring; ASTM D1586-67, Penetration Te"t
and Zpl3t-darrel :amplin& of Soils; AST' D287-83, Unified Soil
Classification syitem; and ASTM D2u8-69, Rec. Practices for Visual-Manual
Description of Soils. Beside' the Jnified Soil Claa'ifi at ion, the
contractor shall alio correlate the 'trata with local geological formations.
Any visual obmervation cX disoloration, petroleum odor, and anomalies Snall--.
be recorded on the Roil boring logs. Record and store the-e soil samples for
0.- year. Include pilot boring log and well completion summariei in the
Final Report (as 'pecified in Item VI below).

b. Total footage of all borings, a: we'lls in thim ta-x a-hall
not exceea 520 linear feet. Drill a maximum of eight (8) wells. :aximum
depth of eacn wel-l -hall not exceed 4O linear feet. :onstruct each well witn
two-wnch,. Scnedule 40 PVC caein; uainG threaded, non-glued fitting-.
Borentle of thege twr-mm-n ID (inside dianeter) mni-frin& well" qnall be Rix
(5) incnes diameter. Screen the entire saturated zone Df the surficial
depowits, or oelow the top of a confined aquifer, as it i- enrcountered during
drilling. rtal screen for all welli in this task shall not exceec 160

?near fet. 7he arreen ahall ronsi t of tdo-inrn di meter PVC. Cap the
screen at tle Dottom. All connectlons-ohall be fluLsh-joint threaded. Ca'ing
and screen R hall 'e washed in lab-Grade deterenrt and clean potaole water
before in-tallation. Prio-r to well completion, flush all borenclet
contructed with mud rotary technique by u-ir. clear% 4ater. The screen -hall.
be mill slotted; the practice of 'awin& slc ts. ir.tt: pipe (.e.?.. home-made
qareen) iv, tbIde.

Gravel-pack each well with wa'hed ind bagged reounded Zand or gravel with a
,rain size distribution c pmatible vith the screem an formation. For
Monitoring well. the 'creen *lot openjn- Rhall be 0.020 incheR. Place the
pack from the bottom of the borehole to two (2) feet above the top of the
screen. Granulated or pelletized Uentonite ahall be tremied above the
sand/gravel pack to a minimum thickness of five (5) feet. Place Type I
Portland cement and bentonite &rout from above the top ^f the bentonite 'eal
to the land surface using tremie pipe with pressure grouting. The suggested
proportions are 3 to 5 lb of bentonite per 4 lb 3ar< of cerqent mixed with
6.5 gal. of water.. - .... . ,

F33615-84-D-4403 /0012 C- 7



Complete each well witn the in-tallation of a locKing cap ana clearly number
the well with exterior paint. Lock4 shall be provided by the contractor for
earn well and their master key shall be delivered to the Air Force POC.
Protective guard posts may be required for wells in areas where moving
equipment such as a tractor dnd riding lawn mower jo operated. If well
stick-up is of concern in an area (e.g., golf course, runway, taxi-way,
acces roads, etc.) complete the well flush with the land -urfane. The
contractor shall take measures to prevent surface runoff from entering into
this ground-flush well.

1U. Develop each well with a iuomersible pump, bailer, high
velocity jet, surge block, and/or airlift method until the water is clear of
suspended solids. Tf mud is used during drilling, polyphoiphatee dimpersing
agents may be used to help with mud removal. Besides the observation of
suspended solids, conoecutive measurement of pi, temperature, and specrifi
conductance shall be taken during well development (stabilization test).

15. Purge wells prior to sampling. Purging will be complete when
three wellbore volumes of water have been displaced or until the pH,
temperature, specific conductance, color, and odor of the discharge is
stabilized. Conduct purging operations using a pump or bailer. Conduct
all sampling u-ing a Teflon bailer. If water level i- above the screen, the
contractor shall make sure this portion of water i .e., water above the
ecreen, a- been evacuated before water sampling. Thh ' can be done by
setting the pump intake above the screen first to t-,w off the stagnant well
bore water and then lower the pump intake to the oc -ned section to continue
the purging process.

16. Decontamination Procedure-

a. All sampling equipoaent, including components of -ampling
interface, shall be decontaminated prior to uqe between Qamples, and between
sampling locations to avoid. ero-s-eontamnation. Sampling equipment and
interface shall be thoroughly washea with a laboratcry-grade detergent
followed by clean water, solvent (methanol), and Jisrilled water rinses.
Sufficient time shall be allowed for the solvent to ewaporate and for the

* equipmet. tca dry completely. The monofilament line or -teel wire uned tc-
lowe&be ler, into the wel't hall be ddieatd4 to eacb well or discarded
after each use. The calibrated water level ind.cator for measuring well
volume and product elevation must be Jecontaminated before use in each well.

.smater,,lmplini shall be, c4ujted. from the 6ackrrcr.wd. oritoring. well to the
"least" contaminated and finally the "most" contaminated wells, if possible.

b. The drilling riG and toole -hall receive thorough initial
cleanind and be decontaminated after each borehole. As a minimum, drilling
bits ohall be Qteam cleaned after each borehole is inqtalled. Drilling
shall proceed from the "least" to the "most" contaminated areas, if
possi ble.

F33615-84-D-4403/0012
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17. Second-rolumn -onfirmation -hall be requirea when detertisr.
limits exceed values identified in Attachment 1 for EPA Methcai 6Ui2, o020,
bO, 601 and 602 and for Standard Methods 509A and 5098. Condurt
second-column confirmation on a maximum of 501 of the samples collected for
these analyses. Total nunber of samples for Methods 6010, 0020, 601, 5O9A,
509B, 601, and 602 i n Attachment 1 include these confirmiation analy.es.
Report all procedures and condition- used. Second column reqults and
parameters shall be reported with the other analysis results.

1d. The maximum depth of Roil borings, excluding 'hallow 'oil
augering, shall be U0 feet. Perform a minimum of 19 borings. Collect soil
samples for chemical analysis at site specific intervals (see Section la

later) from the ground surface, and at depths suspected of containing waste
materials, and at any major qoil interface, but not to excee(I five (5)
samples per boring (maximum of 35 boring samples for chemical analysis).
Obtain stainless ".teel "plit-tpoon samples, using ASTZ4 Method D-15j6.

19. Upon completion of operations at each boring, grout the

borehole from the oottom of the hole to the land surface in order to prevent
cross-aquifer contamination. The grout mixture shall be the same as
discussed is Section IA13b.

20. dhenever possible, mea-ure water leveli in all borehole-
after the water level has stabilized.

21. Conduct a literature -earcn to complement tne Phase : Report
(mailed under ieparate cover) for local hydrogeolcgie conditioni. Data
generated in tnis literature wearch -hall complemenr Phase I Report data
such that the following list will' be complet. This ligt of data qhall be
utilized by the contractor to pinpoint well lccations, sampling points, etc.
In addition, these aata shall be included in Appendix D of the Final Report
of tni s effort.

a. Topograpnic data

b. Geologic data

( ) Structure

S.Strakfigaphy.
..... (3) Lith6logy

c. Hydrologic data

(1) Location of exi-ting well', zbervation hole, and
springs within a one-mile radiu- of vites to be
investigated

(2) iroundwater table and potentiometric contours
(3) Depth to water
(4) uality of water
(5) Recharge, ditehare, and contributing areas

F33615-84-D-4403/0012
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d. Data cr, exivting Wells, :oervation holes, ano sprin a
within a 1-mile radius of sites to be investigated and
the Ka,9!eler water treatment plant

(I) Lorotign, depth, diameter, type of wells, nd cigR
(2) Statir and puwping water level, 1iydrvirapns, yield,

sperifir. rapac-ity, quality of water
(3) Pre-!ent and projectei grcundwater aevelopment and

use

() Ccrrosion, inrrustatior., well interference, and
similar operation and maintenence proble--

(5) Loration, type, geoljgic setting, and hycrograph-

of spring-
(6) Observation well networks
(7) Existing water sampling sites

e. Aquifer data

(1) Type, 'ueh as unronfined, artesian, or perched
(2) Thickness, depths, and fcrmational designation
(J) Buundariem
(4) Transmiesivity, '-torativity, and permeability

(5) Specific retention
(6) Di'charge and recharge
(7) Ground and surface water relationsnip
(3) Aqui fer mcdel-

f. Climatio data

(1) Precipitation
(2) Evapotranipiration

22. All well drilling, aevelopment, purging, and -ampling methodR
must conform to State and other applicable regulatory agenc ies'
requirements. Tnclude in the Appendix the names of all approving regulatory
personnel and dates that they accepted drilling techniques, well develop-
ment, purging, and *ampling methodr.

Z.3. Srnariie vampiing method't used, detection levels, and
nolding times in a table included in the Appendix. The sample holding times
shall not !e exceeded. The contrartor -hall coordinate with his(her)

-Iaocatory. before executing " f'iel4 qapling to-a sure- th holding' time wilI
not ae exceeded.

24. Include 'econd rolumn confirmation result' in the report.
These shall include what columns were used, eonditi ,n!, dnd the two
different retention times for major components.

25. Internal quality control procedures and data (lab blanks, lab
.5pikes, -nd lab -upllcrates) "a- well a flld.-quallty e{omtrol, "-reasurer Rd l
be included in the draft finals and final reports.

F33615-84-D-4403/0012
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2u. Deternine ava3laole ter.hniquee f7- -,ge:> aoanac.nmenr.t
Cc sider that these wellq will oe abandoned at gome future zate after the

9tuuy objectives have been ner and there is r:- Irger a neeo f.r The 4el>-.

Recommend a candidate method(s) or teennique to apply, ircludi rg roqtq for
well abandonment. The actual prcrews of well aoaraormert i, ,--r a part of
tnis study at tnis time.

3. Site Specific

In auaiti;n to item- delireated in Section A aocve, rcondut the following

'pecific actions at following sites:

1. T-oA Containment Pond (Site 1)

a. Inctall alluvial monitoring well'. A total of three,
u0-foot alluvial monitoring wells shall oe constructed at this site. One
monitoring well -hall be installed directly upgra ient :;f Pond T-3A; another
shall be installed directly downgradient of Pond T-SA, between the
containment and the spill ponds, and the third well snall be located
noutheast of Pond T-8A. The wells will be drilled to bedrock which is
approximately L4O feet oelow ground surface. The ,iellc shall be completed
uiin6 PVC threaded joint casing and well screen.

u. Collect groundwater cample-. Groundwater campies 'hall
be collected from the in-talled wells.

c. Analyze the three groundwater sumples for hydrazine,
pnenols, purgeable organics, base/neutral/acid extra-rable organics, MEK,
oi an ;rease, p,9, te.zperature, specific conducrance, total dissolved
solids (TDS), litroso Dimetnyl amine (NDMA), Monomethyl hydrazine (Mml),
jirymetrial diinetnyi nyarazine (UDIH), metal -can ,lead, cadmium, thallium,
arsenic, selenium, mercury, total chromium and nexavalent rnromium),
Kjelaaol ,itrogen, nitr3te, and nitrite.

,. Con-ut -oil wampling. Soil boring' 'hall De conducted
at five (5) location- in a reported spoil bank imnediately west of Pond

--'A. 7hece a.rlng- shall be conducted by the spliz-spoon/hollow/stem auger
mnetnod or ot;ier applicable methods. Soil samples qhIaLl e collected at 1,

3, 5, .nd 10 feet Jeptns. Soil -ample- shall ae selected for chemical
ac.alysis oasecL otT O. recbqje, a ,ire& ob'e-vat}oi% of iigni of
contamination. Average deptn of tneme borehole* is 20 ft. Record the depth
to water of each borenole.

.e.. Analyze soil -ample-. The- contr,--or -halI 3nalyze the
20 soil samplei for hydrazine, phencls, purgeable cr 3nics, hexavalent
chromium, NOMA, Kjeldahl .nitrogen, nitrate, and nitr.,te.

f. Characterize Pond T-8A water and cediment. Collect one
water cample 2 feet oelow water aurface from Pond T-SA and analyze for the
parameters listed in :ic and base/neutral/acid extractable organics.

F33615-84-D-4403/0012
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F

Collect one pond -ediment near the pond center and analyze for hydrazine,
phenols, purgeable organic-, base/neutral/acid extractable organic-, MEK,
oil and grease, NDJA, MIMH, JIJX1d, metal cran of 131c, Kjeldahl nltr-.en,
nitrate, and nitrite.

2. T-5A, T-5B EFL Test Cell, Valve Shop, Ready S.torage Area
(Site 2)

a. Put down four soil borings. Four soil oorings shall be
conaucted to the depth of 15 feet or to the groundwater table, whichever is
higner. One boring snall be placed near the western corner of Building
T-5A, one shall be placed along the eastern corner of Building T-5B, one
shall be placed along tne aitri just east of Building T-5B, and one snall be
placed adjpcent to the drainage flume mouth of Buildings T-SA and T-5B. An
organic vapor analyzer (OVA) or oimalar equipment will be used to monitor
the soaled container head space of all 'amples, the air space above each
boring and the breathing zone around each boring. Samples shall be taKen at
the surface and at 3-foot intervals or at depths that have high OVA
readings. A maximum of 12 samples shall be selected for chemical analy-e-
based on OVA readings and field ob'ervations of signs of contamination.

b. Analyze soil samplea. The twelve soil camplew snall be
analyzed for NDMA, purgeable organivc, nydrazine, Kjeldahl nitrogen,
nitrate, and nitrite.

3. EPL Building T-6 and 7-20 (Site 3)

a. Conduct two soil borings. Two '.;! borings shall be put
down to depths of 15 feet or the groundwater table, iiicnever is higher.

One boring snall be located behind building T-20 whz-e TCE has apparently

been dumped on the ground; the other borini qhall j- 1crated between

buildings T-6 and T-20. Sample* shall be taken at t.re surface and at 3-foot
interval, or at depths of high OVA readingm. 6a-ed 'VA readings and
field ooservations of contamination 93gn,, -ix (6) -'mpleq shall be rnocen
for analysis.

b. Analyze soil samplei. All -amplec qhall be analyzed for
pur-eable organics and hexavalent chromium.

L. T-3.1 Sturage Tank - Mite ,> ar,4 D-I Lancf.ll (SI.te 5)

a. Perform a surface geophyjcal sur'.-y using electrical
recistivity and magnetometer to delineate the buried -renche , to prove the
e zist nc./ae~ neme. of b~r~e4rui, an to-traee a- pll..ie With high electrical
conducti vity.

b. Put down two (2) coil boring- on rie land- fill at
locations where surface geophysical survey confirms rie absence of
ub-urfare drilling hazard. The e-tinated total ljner footage 1- 60 feet.
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Put down approximately two (2) borings with a maximum of 80 linear feet

downgradient of the landfill and T-31 storage tank adjacent to Brush Creek.

One boring shall be placed near a culvert where it surfaces northeast of the
landfill and the other shall be installed across Brush Creek from the first
boring. Convert these borings into two-inch ID monitoring wells.

c. Collect one groundwater sample from each of these four

monitoring wells. Analyze each sample for purgeable organics, gross alpha
and beta and high resolution gamma ray, hydrazine, pH, temperature, specific
conductance, TDS, NDMA, lead, selenium, arsenic, thorium, cadmium, mercury,
oil and grease, Kjeldahl nitrogen, nitrate, and nitrite.

5. Systems and Components Test Facilities Storage Tanks (Site 7)

a. Collect sediment samples from ditches downgradient of the
tanks. Six samples shall be taken from ditches below the lower tank
(T-6034), and three samples shall be taken from the ditch along the road
below the upper tank (T-6032). Special attention shall be paid to these
hydrazine and hydrazine waste tanks in relation to sampling locations.

b. Analyze these nine samples for hydrazine, purgeable
organics, phenols, and hexavalent chromium, NDMA, Kjeldhal nitrogen,
nitrate, and nitrite.

6. Suspect_. Landfill (Site 10), North of Pond T-8A and Brush
Creek

a. Perform a surface geophysical survey consisting of the

magnetometer and electrical resistivity techniques.

b. Install a monitoring well using the results ef the

surface geophysical survey. The monitoring well shall be installed
downgradient of the landfill between the landfill and Brush Creek. The well
shall be installed and completed using procedures described for Site 1.

n. Collect one groundwater sample from this monitoring well

and analyze for hydrazine, phenols, purgeable organics, p8, specific
conductance, temlpratue , T Kjedahl nitrogen. nitrate, and nitrite.

T. Brush Creek (Site 11)

hea . . ;a._.Pefor a seepaqe rum aloni Brustr Creek from the
headwaters near Plant PJKS fenceline to the point below the discharge point
of Pond T-8A. Flow measurements shall be taken using a portable flume or a
current meter to determine which reaches of the creek are gaining or losing

water to the groundwater. Ten surface water stations shalloe established.
Special attention shall be given to the locations where hardrock changes to
sedimentary rock, where the tributaries of Brush Creek contribute flows, and
where Pond T-8A meets the creek. The stations shall be marked and located
.. .. &map. .'Tn .conjunctoa wit. flow measurements,. .the- contractor'shalt -
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meaiure pd, specific conductance and temperature at tne Qame time.
For discharge measurement, tne contractor shall refer to the USGS Techniques
of Water Resources Inveitigation, Dj-cnarge Xea-urement At Gaging Station,-

Booic 3, Chapter A8, 1969. For seepag- -un, refer to pp.11-13 of tne

Low-Flow Investigationi, Techniques of Water-Reqourres investigation" of tne
USGS, ioo 4, Chapter BI, 1972, and the Texas Board of later Engineers
Bulletin 580'1D, Channel jain and Lc.s Ir.vetigationi, 1960.

Prepare a map illuitrating the relation-hip among the -elected sampling
locations and all flumea, djtche"., surface and underground pipea, nhannelv
and itreams which carried or may have been used to carry wastewater on and
off Plant PJKS property.

b. Collect ten Rurface water -ample- and ter. ".ediment
samples along the main channel of the creek. It shall be noted that one of
tne gtations has to be below the T-3A pond di-charge point and one stations
above the pond di-eharge point, in the vicinity of Site 10.

r. Analyze theme samplew (water and -ediment) for hydrazine,
phenols, hexavalent chromium, purgeaole organics, INDMA, oil and grease
(water only), TD5 (water only), Kjeldahl nitrogen, nitrate, and nitrite.

C. Well and £orehole Cleanup

Remove all well and boring area drill cuttri.- and rlear the general area
following the completion of each well and boring. Only those drill .uttingq
suspected a' being a hazardou' wacte (baved or, diar ..orat.on, odor, Cr
organic vapor detection. in"trument) -hall be proper.y containerized and
moved to locations within the inqtallation (accor;. , to PJKS commander
designation) by the contractor ior eventual governi. rt dispo-al. The
suspected hazardou- wa.-te -!hall be tested by the r-,rtrartor for EP Txicity
and if liquid waste, ignitibility. The contractor ja not responsible for
the ultimate -ijpo,al of the hazardoue drill nuttin.. Disposal shall be
accompli.shed. by" plant personnel.. - .

D. Health und safety

Comply with USAF,. OQ1AwEPA, Stat.e an. local health nd,.*afe ry reg-ulationr
rerding'the prooosedwork effort.U LJeEPA guidel..e- for designating the
appropriate levels of protection at the itudy sitea. Prepare a written
Health and Safety Plan for the proposed work and co.r-Jinate it directly with
applirable regulatory., adenoies,, ..1,rido an. .iftrmar r-;- ropy-oft the dealtft
and Safety Plan to the USAF OEHL prior to eommencir, field operations (i.e.,
(rilling and -ampling).

E. Data Review

1. Tabulate field and analytical laocrat.ry result-, including
field and laboratory parameters and QA/QC data, and incorporate them into
...te .monthlSy. &.ta.u-4port,.. .Fcrwa.-d..theMt o.the. USAF .OEHL for review as
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sc.,on .- tney oecme availdble a' ipecified jn Item 1i oelcw. Field and
laboratory parameters -hall include time and dates for Rample collection,

extraction, and analysi'.

2. Upon completion of all analy-es, taoulate anc inco-rP-rate all
results into an Informal Technical Information Report (Atcn 1, Seq 2, as
specified in Item VI Oel:,w) and forward the report to USAF UEHL for review.

3. ;ata/reqults, generated through this undertaking, indicating a

po-sibility of nealti -1-K (e.g., contaminated drinking water aquifer) vnaii

be reported immediately via telephone to the USAF OEHL Program Manager.

F. 8EPORTING

1. A draft report delineating all findings of this field
inveqtigation snall be prepared and forwarded to the USAF OEHL (as aperified
in Item VI below) for Air Force review and comment. Thie report .nall
include a discussion of the regional/lite-specific hydrogeology, well and
boring logs, data from water level 'urvey4, groundwater ourface and gradient
maps, water quality and -oil analysis results, available hydrogeolcgic
cr:-s-!eetion.', and laboratory and field quality aisurance/qualry control
information. The contractor shall assesm the impacts to the Kasseler water
treatment plant and the South Platte River. The report 'nall follow the
USAF OEHL format (mailed under separate cover). The format is an integral
part of thiq delivery order.

2. The re-ult- -ection of the report ahall include water and -oil
analyiia results, field quality control sample datai, internal laboratory
control data (lab blanks, 'pike-, and auplicate-), -.a laboratory quality
assurance proceoures. Provide second column confir ..tion reqults and
inrlae.. whicn columns were uqed the condition, a.-_ retention timer.
Sumarize the specific collection techniques, anal 1 -ical method, holding
time, ind limit of detection for each analyte (Star.-ard M etnodl, EPA, etc.).
The contractor 'hall correlate Kjeldahl nitrogen, nitrate, and nitrite with
nydrazane, :iDA, 1;;H, and JDMH.

3, The rec-.mmendation qection 'hall addr_ - each -ite and list
them by categories. Category I shall con'sit of qj 7.- where no further
action (including remedial action) is required. Dat_ for tnese aite' are
consiuered sufficient to rule out iignificant puolic nealth or environmental
hazards. ategory II sites are thoe requiring add:ional .nnitorin& or

.wo.. rW ,quatifie.or flrtiher; ae- the extent of cur ent -or future
contamination. Category rt -itei are ijte' that w. .1 require remedial
actions (ready for IRP Phase IV action*). Reconmen_-rions for Category III
wites snail include any pos'ible influence on sitem . Categcury I and/or, U
duet tto neir' ecn~ fon to-the same hydrolo i' yste.,. Any dependency
between eites in different categories -hall be clearly 'tared.

The contractor shall include a liqt of candidate re!.edial action
dlternatives including Lon-Term Monitcrinj (LTM) : remedial action and
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corresponding rationale, tnat, a4 a minimum, -nould be conaidered in
selecting the remedial action for a given site. The list shall encompasq

alternativei that could potentially attain applicable environmental
standards. For contaminants that do not have *tandards, the nontractr may
use EPA recommende( safe levels for non-carc-inogen (.{ealtn Advisory of
Suggested-No-Adverse-Response Level*) and target levels for carcnirogenq (one
millionth cancer risk level).

If not specifically reque-ted, compreneneive ro-t or technical analyses ,f
alternatives shall not be included. However, in tho'e -ituations wnere
field -urvey data indicate immediate corrective action 1Q nereeary, the
contractor 'hall present specific, detailed recommendations. For each
category above, the contractor Qhall summarize the resulte of field data,

environmental or regulatory criteria, or other pertinent information
supporting conclusions and recommendations.

4. For tho-e eites in need of additonal Phase II effort, identify

specific requirements, if any, for future monitoring needed to determine the
magnitude, extent, ind direction of movevient of detected contaminants.
Identify potential environmental consequences of discovered contamination,
where known. Provide eqtimates of co-te by line items for additional
investigation* beyond this stage along with estimate' of time required to
accomplish the investigation. Furnish tne co-t Jata in a veparately bound
appendix to the final report.

5. :iclude in an appendix to the report r:,e approved well
drilling techniques, materials, well development, j;.zgng,.and sampling
methods. All well drilling, development, purging, ..-d sampling must ronform
to state and/or other regulatory agenries requiremenrt.

6. A Field Technical Operation Plan (FTOP) zhall be prepared
(site specific) based on the technical requirement* specified in this tasK
ae~trrption. This plan will be explicit with re&ar-, to field procedures.
It wi.lI. inelude, -but not- limited to, fTeld decontami.ation operations,
sampling protocol, QA/QC field procedures, updated :he ld *ecledule, etc.

7. The contractor shall prepare a brief!,, package for
pr-esentation,...P.e.en .a on. .ha-ll. .te i.. -2 .i elude the fcollowing:-

a. a brief description of each site .ith overheads or slides
included;

. . - . . -:'-. . Of-t ~-fnvesti'" at-br*"of ecl .xte, :J.e., work
done, parameters examined, and met iod.s used;

c. the findings of each site;
d. the recommendations for each site; and
e. an riverview of all 'ites.

Upon completion of Phase II work (second draft report), an out briefing will
be presented by the contractor as directed by the QEHL. Presentation

. :materialSsha1.:. -be.ver. to-th#.-gvefhret f'fr'uture-use as a part of the
Phase II data requirement....
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The contractor'- project leader anall attend four (4) meetinga to tike place
at timei to be specified by the USAF OEHL. Themeetingi inall take place at

Plant PJKS for a duration of re day each.

II. SITE LOCATION AND DATES:

" Plant PJK3, 4.atertcn (near Denver), Colorado

o Date to be established

III. 3ASE SUPPORT:

A. Obtain approval to place monitor well for ite 1 (T-.3A pond) on
Martin Marietta property.

B. Plant personnel Qhall assign the disposal points within the

installation of all hazardous drill cuttings.

!V. JOVERNMENT FURNISHED PROPERTY: 'Iorne

V. GOVERNMENT POIN1TS OF CONTACTS:

,. OEHL Monitor 4. Plant Ionitor

Dr. Jonn K. 'u Mr. Andrew Serino

USAF O2UL/'s. AFPRO/DET 10
jirooks AFB, TX 18235-5501 Martin Marietta Denver
(512) 536-2158 Aerospace
AV 240-2158 P.O. 6ox 179

Denver, CO 80201-0179

(303) 977-6397

C. NAJCOJ1 Monitor 0. MAJCOM

,aj. Gary A. Fishburn Col. Mt.. Humerickhoase
.SAF l 9d Edward-'s/SPB- '. ' HQ -AFSC/ISPB '.

Edwardq AFB, CA 93523-5000 Anarews AFB, DC 20334-5000

(805) 277-3272 (301) 981-5235

AV 350-3272 d AV .5d--5235_

VI. CON1TRACT DATA ITEM DESCRIPTIONS (DID)

In addition to -etuenre numbers 1, 5, and 11 in Attarnment 1 to the
contract- which are applicable-to all orders, the !equenxe numbers lieted

below are airpincable to this order. Also -hown are data applicable to thin

order.... ...... ... . .
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Seq.No. Block 10 Bl.ock 11 Block 12 Block 13 3lock lu

O/TIME - 5

L ONIR 36 MA? 3 86 APR 07 87 JAN 30

9 ONE/R 1

£ Upon completion of analytical effort before -uom.i son of 1-t draft
report.

** Two draft report' (25 copies each) will be required. After inrorpcrating
Air Force comments concerning the fir't draft report, the contractor ,hall
supply the UZAF JEHL with one copy of the iecond draft report. Upon
acceptance of the second draft, the USAF OEHL will furnijh a diitribution
li5t for tne remaining 24 copie of the aercnd draft. The contractor anall
1upply 50 copiev plu- the original camera ready copy of the final report.

*** The brieflng package ihall be ready *ine week after the aubmis-ijon :f the
second draft/final report for presentation at Plant 9JKS. The USAF jEHL
will infor-n tne .LAte of preeentation later.
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Attachmet 1

Plant PJKS Phase II 
Stage

Analytical Methods, Detection 
Limits, and Number of Samples

DETECTION NO. OF TOTAL

PAAETER MEHO LII APES RA SAMPLES

purgeable EPA 8010 a 58 soil 5 soil 93 soilh

Organie & 8020

C Oani &P 020 b 19 vat. 2 vat. 30 wat.i
& 602

Base/neutral/ EPA 625 c 4 wat. 1 vat. 5 vat.

acid extractable EPA 8250 
1 soil 1 soil 2 soil

organic compounds

Oil & Grease P 413.2 100 ug/g 18 wat. 2 wat. 20 wat.

EPA 3550, 1 soil 1 soil

413.2

Total Dissolved 
EPA 160.1 1 mg/l 19 wat. 2 wat. 21 wat.

solids (TDS)

Metals, primary EPA 200 d 4 wat. I wat. 5 vat.

(1. pond. water) series 
I soil I sail

Arsenic EPA 206.2 0.01 mg/i 4 wat. 1 vat. 5 wat.

Cadmium EPA 213.2 0.01 mg/1 4 wat. 1 wat. 5 wat.

Chromium.6+ S74 312B, 0.05 mg&Jtl 10 vet. 1 wt. 11 wat.

45 soil 5 soil 50 soil

Lead EPA 239.2 0.02 mg/l 4 wat. I wat. 5 wat.

...,EP- 94% t .' / 1at.'I w1 vat. 5 wat.

Selenium EPA 270.2 0.01 mg/1 4 wat. I wat. 5 wat.

Thorium SW 303C Too ugl1 ;at. I wat. 5 wat.

Gross alpha- spectroscopy -- I wat. I wat. 5 wat.

beta and high

resoLution
gamina ray

pH ., . ..:, ,.: - 9 vat 2a .... . 21. wet.

Temp*r-tur".. 
19 wat. 2 wat. 21 vat.

in-situ
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Specfic cond. 19 wat. 2 wat. 21 wat.
in-situ

Phenols EPA 420.2 15 wat. 2 wat 17 wat
40 soil 4 soil 44 soil

MEK, 1 pond E EPA 8015 4 wat. 1 wat. 7 wat.J
3 wells 1 soil 1 soil 2 soil

Hydrazine • 19 wat. 2 wat. 21 wat.
52 soil 5 soil 57 soil

NDMA EPA 607e  17 wat. 2 wat. 27 wat.k

52 soil 5 soil 83 soil

MMH e 4 wat. I wat. 5 wat.
1 soil - 1 soil

UDMH e 4 wat. 1 wat. 5 wat.
1 soil - 1 soil

Kjeldahl Nitrogen EPA 351.2 19 wate. 2 wat. 21 wat.
Nitrate EPA 352.1 52 soil 5 soil 57 soil
Nitrite EPA 354.1

EP Toxicity 40 CFR 261.24 f 10 soil 1 soil 11 soil

Ignitibility 40 CFR 261.24 £ - -

Solvents 40 CFR 261.24 10 soil 1 soil 16 soil L

a. Detection limits for halogenated & aromatic volatile organics shall be
as specified for compounds by EPA Methods 8010/8020. If analytes analyses
exceed 10 ug/g in soil, second column confirmation is required.

b. Detection limits for Purgeable Halocarbons & Aromatics Ahall be as
' 0s lfled forl the'cemp ounds - by EPA Methods 60ff60; Mtthods 601 and 602 for
volatile organics require positive confirmation ty a iecond gas
chromatographic column. This must be donet before reporting positive values.
Methods 601 & 602 specify th. tw.. columns t. use...Second eolumn. confirmation
... ie i s requere when values exceed:

Benzene 0.7 ug/l
Carbon Tetrachloride 4.0 ug/l
1,2 Dichloroethane 0.1 ug/l
Methylene Chloride 4.0 '4/l
Tetrachloroethylene 4.0 ug/1
Trichlor.othy.ene .. 1. ug/]."..
Vihyl" Chloride 1.0 .g/l
Dichlorobenzene isomers sum greater than 10 ug/1
Any other organics greater than 10 us/1
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Retentionr~ imei on both -olumn' -nuqt mnatch before report].r.9 p,-ive valie.
If nlo mat'i1, it will be r-onsidere.1 ai interferenre.

If queqtiur are enrcuntered about rertain notamirnantw, thie rntacjr may
be al~ec to *how bo-tn chroiatcgrams u.4ed to rule our. possible interferenoe.

r. Uae -detertior, lim~rw 1pec-ifjed by the EPA for :ethcd 525.

Eitimated Detetti or.
d. ---Ie men r Limit, ug/l

Aluminum 4
Ar -en ic~ 10
Antimony 32
Barium 2
Beryllium .3
Bo ron 5
Cadmium 1
Ca 1lium 10
Chromium 7
Cobalt 5
op per 5
0ron 7

Lead 20
.1asnei um 30
lIangane~se 2
:!a lybdenum .3

111 cel. 15

seIer.i urn 10
s ~~ (si3D2) 73
Silver7
scicU ium 29
Tballium 0
Var. ad iuan
Zi ncr 2

e.. USAF SAM. Report, ?R-8229. , Frmethol.,other thw- JSAFSAJ, -ee ASTM4 D 'C35
(79 .82Y fo'o. hydraz .ine a nd EPA 607 for nitrowaminec.

f.Metal ugL/1 sf leartiin& -,:luticn

Asl 10
Ba 200
Cd 10
Cr 50

Se 10
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g. Test for ignitability at 140-F

h. Total of 93 includes second column confirmation for 50% of the samples
(29 duplicates).

i. Total of 30 includes second column confirmation for 50% of the samples (9
duplicates).

J. Total of 7 includes second column confirmation for 50% of the samples (2
duplicates).

k. Total of 2T includes second column confirmation for 50% of water samples
(8 duplicates). Total of 83 includes second column confirmation for 50%
of the sediment samples (26 duplicates).

1. Total of 16 includes second column confirmation for 50% of water samples

(1 duplicate).

. . .. .... •.,.. c-22
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tENGINEERING-SCIENCE

1100 STOUT STREET, SUITE 1100 * DENVER, COLORADO 80204 • 303/825-8100

December 20, 1985 TELEX 450192

Dr. John K. Yu

U.S.A.F. OEHL/TS

Brooks AFB, Texas 78235-5000

Re: Relocation of PJKS monitor wells

Dear John:

Pursuant to our discussions concerning the relocation of two

PJKS monitoring wells, I would like to confirm the new well loca-

tions. Referring to the attached figure, monitor well ES-3 has been

moved to immediately southeast of the soil cone designated as SC-I.

This position is established in a down-strike direction from the soil
cone to intercept possible groundwater contaminants migrating from

the cone. Monitor well ES-7 has been relocated to immediately south-

east of soil cone SC-2 for the same reason. The approximate comple-
tion depth for the two wells is forty feet which corresponds with the
depths of the originally proposed well locations.

Please call me if these locations are not acceptable to you.

Sincerely,

Timothy C. Shangraw

Project Manager

cc: Ernie Schroeder

I
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MEMO FOR RECORD DATE: 27 December 1985

SUBJECT: Relocation of Two Proposed Monitoring Wells to Areas Belw
Sites 2 and 3 but Above Brush Creek, IRP II-i Study, AFP PJKS,
Water ton, Colorado

1. S Y: In order to maximize information, we propose relocating the
third monitoring well planned for T-8A Pond to a new site down slope from a
"volcano" pile southeast of Building TS and the fourth monitoring well
planned for Sites 4 and 5 landfill to another "volcano" south of
Building T23 (see attached figure). Both US EPA and Colcrado Department of
Health have agreed upon this modification. This modification will not incur
additional cost for the AF contract with Engineering-Science.

2.INTRODUCTION: After the Air Force IRP II-1 (Installation Restoration
Program, Phase II, Stage 1) contract award, Martin-Marietta collected new
information concerning two potential pollution sites whcih were not
addressed in the IRP Phase I Report. These two sites, so called
"volcanoes", were used to burn waste solvents and fuels. It is desirable to
collect soil and groundwater samples at these new sites in Stage 1.

3.PROPOSAL: The third monitoring well allocated to Site T-8A Pond can be
relocated to the "volcano" site. Originally, the third monitoring well was
proposed either below the spill retaining pond below T-8A Pond or southeast
of T-8A Pond. However, Martin-Marietta has already installed a monitoring
well below the spill retaining pond, and the Air Force installed a
monitoring well immediately below T-8A Pond. Thus any groundwater pollution
fram the pond will be detected by these two downgradient wells. Although we
can still install the third well southeast of T-8A Pond to define the
groundwater flow direction, we feel relocating this third well to the
"volcano" will gain much more needed information.

At Sites 2 and 3 the IRP II-1 Statement of Work proposes four monitoring
wells; two downgradient wells and two in the landfill. After considering
the new 'Volcano" site, we believe it is more prudent to relocate the second
landfill well to the "volcano" site.

4. REGULATORY AGENCIES' AGREEMENT: On 17 December 1985, I visited Messrs.
David A. Schaller and Eric W. Johnson of the US EPA Region VIII to update
them the status of IRP II-1 at AFP PJKS and the proposed relocation of
monitoring wells to the new "volcano" sites. Neither of them has any
objection. They indicated that they may collect split samples with us.

C-25



On 18 December 1985, I visited Mr. Randy Jones, Permit Section Chief, Waste
Management Division of the Colorado Departnent of Health (The DOH project
manager for AFP PJKS, Mr. Greg Starkebaum, was not available). Mr. Jones
had no objection to this modification and indicated that DOH will not
collect split samples with the Air Force.

5. ACTIONS: After returning to my office on 19 December, I communicated to
Mr. Tim Shangraw of Engineering-Science the plan to relocate the monitoring
wells to the new "volcano" sites.

John K. Yu, Ph.D. cc.
Technical Program Manager file (AFP PJKS, IRP II-1)

David Schaller (US EPA)
Greg Starkebaum (DOH)

*Tim Shangraw (E-S)
Lee McKittrick (AFPRO)
Col. Humerickhouse (HQ AFSC/SGPB)
Lt. Reynolds (ASD/PMDA)
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ES ENGINEERING-SCIENCE

Biographical Data

OLA A. AWOSIKA

Engineering Geophysicist/Hydrogeologist

EDUCATION

B.S. Geological Engineering, 1980 University of Mississippi,
University, Mississippi

M.A. Geology (Geophysics), 1983 State University of New York
at Buffalo, New York

PROFESSIONAL AFFILIATIONS

Member: National Society of Professional Engineers
Member: Society of Exploration Geophysicists

EXPERIENCE RECORD

1983-1985 Recra Research Inc., 4248 Ridge Lea Rd., Amherst, NY

14226.

Well installation, drilling, statistical analyses and
quality control of geotechnical and hydrogeological
data, development of computer programs for reducing,
analyzing and formatting data bases for geological,
geotechnical hydrogeological and geophysical data,
geophysical investigation of hazardous and toxic
waste sites, technical report preparation on geolo-
gical and geophysical investigations, cost estimate
of geophysical projects. Supervision of supporting
staff.

1980-1983 S.U.N.Y. at Buffalo, NY 14226.

Acquisition of geophysical data: Seismic, magnetic,
gravity and resistivity. Reduction, analyses and
interpretation of acquired data. Computer applica-

tion to geological and geophysical analyses (model-

ling, graphing, mapping, programming).

1976-1980 University of Mississippi, MS 38677

Field surveys, mapping, laboratory exercises.

Engineering application to geological processes.

D-I
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PUBLICATIONS

Masters Thesis: Geophysical Interpretation of Magnetic Data from
the Northeastern United States and Adjoining Parts of Canada.

PAPERS AND PRESENTATIONS

(1984) 1) Pine Avenue Waste Disposal Site Expansion Program -
Geophysical Surveys.

(1984) 2) Statistical Analyses on Hydrogeological, Geochemical
and Geological Data to Evaluate Parameters of Signifi-
cant Interest in Establishing Background Levels for
Groundwater Monitoring Programs.

(1985) 3) Statistical and Quality Control Analyses of Geotechni-
cal and Hydrogeological Data - Indian Creek, Huntsville
Spring Branch, Huntsville, Ala.

4) Technical Reports on Geophysical Investigations at;
Gowanda, Markhams and Rochester, New York, (State
Superfund Projects).
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Biographical Data

ERNEST L. DALY, JR.

Chemist

Education

B.S., Chemistry and Biology, University of Miami, 1978
M.S., Biology, University of Miami, 1978

Professional Affiliations

American Chemical Society
Wastewater Treatment Plant Operator, Massachusetts

Experience Record

1973-1975 Cat Cove Marine Laboratory, Salem MA. Chief Labora-
tory Technician.

1978-1981 University of Miami, Coral Gables, FL. Research
Associate. Environmental Chemist for the Interdis-
ciplinary research team charged with characterizing
and performing an environmental assessment of the
United States Department of Energy's garbage-to-gas
proof of concept facility at Pompano Beach, Florida.
As Co-investigator conducting Bacterial and Trace
Organic analyses, developed the sampling and analysis
protocol for total coliform, fecal streptococci,
Salmonella spp., Shigella spp., and Vibrio spp.
estimations in solid and liquid process streams and
present as airborne contaminants at the site. Also
developed and conducted analyses, including necessary
clean-up, for chlorinated pesticides in the solid and
liquid process and effluent streams. Responsibili-
ties have included coordination of sampling for all
sub-groups, maintenance of the analytical laborator-
ies and laboratory instruments (including gas chroma-
tographs, atomic absorption spectrometer, UV/Visible
spectrophotometers, incubators, distillation equip-
ment, refrigerators and freezers), supervision of all
biological and chemical analytical work especially of
liquid and solid samples, technical advisor to the
Leaching/Modeling and Air Quality sub-groups, coordi-
nator of purchasing for the team, and designer of the
new Resource Recovery Laboratory of the Department of
Mechanical Engineering.
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(Continued)

1981-1983 Cornell Associates, Inc., Coral Gables, FL. Senior
Environmental Chemist. Wrote proposal/contract

letters for potential clients, including cost analy-
sis. Conducted sampling and analysis of environmen-
tal samples for nutrients, bacteria (total and fecal
coliforms, fecal strep, and sterility testing), trace
metals, and other environmentally important anions
and cations, and gross chemical and physical charac-

tristics such as BOD, moisture, solids, fractional

distillations, and oil and grease; in seawater,
surface and ground waters, muds, wastewaters, and
hazardous wastes. Arranged for subcontractors to

analyze for parameters which could not be done in-
house, such as pesticides, trihalomethanes, and other
analyses by gas chromatography. Maintained analyti-
cal instruments including atomic absorption spectro-
meter with both furnace and flame capability, Auto-
analyzer, furnace spectrophotometers, and field

instruments such as oxygen and salinity/conductivity
meters, and composite samplers.

1983-1984 Florida International University, Miami, FL.
Research Assistant Professor. Analytical quality
control officer for a multidisciplinary team con-
ducting research into the degradation of ethylene
dibromide, trichloroethylene and other hazardous
chlorinated and brominated compounds, in groundwater

environments. Supervised a group of analysts respon-
sible for nutrient, trace metal, gas and volatile
organic analyses. In addition, advised the bacteri-
ological analyst on techniques for identification and
quantitation of environmentally important bacteria.

1984-1985 Chem-Technics, Inc., Atlanta, GA. Senior Research
Scientist and Manager, Product Development Laboratory
and Biological Laboratory. Initiated and conducted

investigations into detoxification techniques for
organic compounds present in industrial waste
streams. Established and supervised a biological
testing laboratory for conducting bioassays on fish,
bacteria, and algae.

1985-Present Engineering-Science, Inc., Atlanta, GA. Project

Scientist responsible fcr many activities within the
Technology Development Department. Lead responsibil-
ity for investigations into fixation of arsenic
sludge produced in the manufacture of food grade
phosphoric acid. Also, as Assistant to the Quality

Assurance officer, resoonsible for preparation of
Q.A. samples and routine review of Quality Control
data.

D-4
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(Continued)

Publications/Presentations

E. L. Daly, Jr., S. Farooq, (A. Dasgupta, S. Sengupta, K. V. Wong

and H. P. Gerrish). 1982. Reliability of analytical methods for
anaerobic municipal solid waste samples. JWPCF 54, pp. 187-192.

E. L. Daly, Jr., and J. S. Prince. 1981. The ecology of Sargassum
pteropleuron Grunow (Phaeophyceae, Fucales) in the waters off

South Florida. III. Seasonal variation in alginic acid concen-

tration. Phycologia 20, pp. 352-357.

J. S. Prince and E. L. Daly, Jr. 1981. The ecology of Sargassum

pteropleuron Grunow (Phaeophyceae, Fucales) in the waters off
South Florida. IV. Seasonal variation in mannitol, protein,
ash, and laminaran. Phycologia 20, pp. 232-241.

S. Sengupta, D. Dasgupta, K. V. Wong, E. L. Daly, Jr., S. Farooq,

and H. P. Gerrish. 1981. Numerical simulation of chemically

reacting flows through soils: a parametric study. International

Journal Simulation 1, pp. 21-23.

A. Dasgupta, N. L. Nemerow, S. Farooq, E. L. Daly, Jr., S.
Sengupta, H. P. Gerrish, and K. V. Wong. 1981. Anaerobic diges-

tion of municipal solid waste. Biocycle, March-April, 1981, pp.

34-38.

K. V. Wong, S. Sengupta, D. Dasgupta, E. L. Daly, Jr., N. L.

Nemerow, H. P. Gerrish. 1981. Transport of heavy metal pol-

lutants in saturated porous media. Biocycle, Sept.-Oct., 1981.

E. L. Daly, Jr., S. A. Voorhees, R. Narasimhan, H. P. Gerrish, S.

Sengupta, N. L. Nemerow, and K. V. Wong. 1983. Airborne coli-
forms at a municipal solid waste processing facility. Second
Conference on Municipal, Hazardous, and Coal Wastes Management,
Miami Beach, Florida.

S. A. Voorhees, E. L. Daly, Jr., S. Sengupta, K. V. Wong, H. P.
Gerrish, and N. L. Nemerow. 1982. Bacterial levels as a func-
tion of operating temperatures at a municipal solid waste anaer-
obic digester. IN: S. Sengupta and K. V. Wong (eds.). Resource
Recovery from Solid Wastes (New York: Pergamon Press), pp.
125-133.

M. M. Streitfeld, F. J. Roth, Jr., B. Chester, S. A. Voorhees, E.
L. Daly, Jr., J. Samowitz, R. Narasimhan, S. Sengupta, K. V.
Wong, H. P. Gerrish and N. L. Nemerow. 1982. Microbiologic
content of aerosols generated in the classification shed of a
municipal solid waste processing facility. IN: S. Sengupta and
K. V. Wong (eds.). Resource Recovery from Solid Wastes (New
York: Pergamon Press), pp. 96-108.
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(Continued)

R. Narasimhan, H. P. Gerrish, S. Sengupta, E. L. Daly, Jr., N. L.
Nemerow, K. V. Wong, and S. A. Voorhees. 1982. Composition of
gas produced by large scale anaerobic digestion of municipal

solid waste. IN: S. Sengupta and K. V. Wong (eds.). Resource
Recovery from Solid Wastes (New York: Pergamon Press), pp.
171-176.

K. V. Wong, S. Sengupta, D. Dasgupta, E. L. Daly, Jr., H. P.
Gerrish. 1981. Modelling and experimental study of heavy metal
migrations in soil-leachate systems. Symposium on Resource
Recovery and Environmental Issues of Industrial Solid Wastes,
Gatlinburg, Tennessee.

A. Dasgupta, N. L. Nemerow, S. Farooq, E. L. Daly, Jr., S.
Sengupta, and H. P. Gerrish. 1981. Anaerobic digestion of
municipal solid waste. Proceedings of the Second Seminar on
Biomass Energy for City, Farm, and Industry, Chicago, Illinois.

S. Farooq, A. Dasgupta, E. L. Daly, Jr., H. P. Gerrish, S.
Sengupta, and K. V. Wong. 1980. Prototype demonstration studies
of production of methane from municipal solid waste at Pompano
Beach, Florida. Third Miami International Conference on Alter-
native Energy Sources, Miami Beach, Florida.

H. P. Gerrish, J. F. Lascarro, S. Sengupta, E. L. Daly, Jr., S.
Farooq, and K. V. Wong. Characterization of gas produced by the
anaerobic digestion of municipal solid waste. Third Miami Inter-
national Conference on Alternative Energy Sources, Miami Beach,
Florida.

S. Sengupta, K. V. Wong, S. Farooz, E. L. Daly, Jr., and H. P.
Gerrish. 1980. Environmental studies on methane production by
anaerobic digestion of municipal wastes. Third Miami Inter-
national Conference on Alternative Energy Sources, Miami Beach,
Florida.

K. V. Wong, S. Sengupta, D. Dasgupta, E. L. Daly, Jr., S. Farooq,
and H. P. Gerrish. 1980. Transport of heavy metal pollutants in
saturated porous media. AAWA/FPCA/?W&PCOA Annual State Technical
Conference, Orlando, Florida.
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Biographical Data

LISA A. KORNER

Geochemist

Education

B.S. in Geology, 1975, Rensselaer Polytechnic Institute,
Troy, New York

M.S. in Geochemistry and Mineralogy, 1977, Pennsylvania State
University, State College, Pennsylvania

Special Training

Additional coursework in computer programming, 1983, Arapahoe
Community College, Littleton, Colorado

American Red Cross CPR and First Aid Certifications, 1980

Professional Affiliations

Colorado Ground-water Association - Newsletter Editor
Computer Oriented Geological Society
Association of Exploration Geochemists
Society of Economic Geology

Honorary Affiliations

Graduated from Rensselaer Polytechnic Institute cum laude

Experience Record

1985 - Dat. Engineer'ng-Science, Inc. Geochemist and Computer
Specialist. Responsible for investigating the dis-
persion of pollutants in acid mine drainage, providing
geochemical characterization of tailings containing
hazardous substances, and evaluating water quality data
using statistical techniques at two Superfund mining
sites in the Colorado mountains. Conducted field
investigations to detect and characterize subsurface
migration of contaminants at Air Force Plant PJKS in
Colorado for the U.S. Air Force Installation Restoration
Program.

1
3-86
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Lisa A. Korner (Continued)

1983 - 1985 Cygnus Geoscience Consultants, Inc. Vice President and
Senior Geochemist/Geologist. Developed own successful
consulting business. Prepared waste discharge permits
and state operating permits for large cyanide heap leach
mining operations. Performed technical writing and
editing of numerous reports for engineering firms.
Researched geology and geochemistry of western Montana,
conducted field trips, and presented results in oral and
written reports. Developed geochemical programs for
microcomputers including data base and statistics.

1977 - 1983 Exxon Minerals Company. Exploration Geochemist.
Developed and conducted geochemical exploration programs
for base metals ore deposits. Evaluated geochemical
data using statistical techniques. Planned and managed
a substantial exploration budget for geological, geo-
chemical, land, and drilling expenses. Responsible for
training field personnel, supervising drilling opera-
tors, and coordinating company support groups.

1975 - 1977 Pennsylvania State University. Research Assistant.
Researched the geochemistry of radon, radium, and
uranium in ground and surface waters near uranium
deposits. Operated prototype radon detection instrument
in both field and laboratory settings. Developed
uranium dispersion models for ground water.

Publications

"Radon in Natural Waters as a Guide to Uranium Deposits in
Pennsylvania," in Geochemical Exploration 1978, Watterson, J.R.,
and P.K. Theobald, eds., Proc. of the 7th International Geo-
chemical Exploration Symposium, Assoc. of Explor. Geochem., 1979
(Coauthor A.W. Rose).

"Radon in Streams and Ground Waters of Pennsylvania as a Guide to
Uranium Deposits," Open File Report GJBX-60(77), U.S. ERDA, Grand
Junction, Colorado, (Coauthor A.W. Rose).

2
3-86
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Biographical Data

TIMOTHY S. MUSTARD

Health and Safety Officer

Education

B.S. in Botany, 1976, Michigan State University, East Lansing
M.S. in Plant Systematics, 1979, Michigan State University, East
Lansing

Special Training

MSA Air Mask Maintenance Certification (1985)
Red Cross CPR and First Aid Certifications (1985)
EPA Response Decision-Making Workshop (1985)
Basic Principals of Hazardous Waste Site Investigation (1984)

Professional Affiliations

American Society of Plant Taxonomists
International Association for Plant Taxonomy
Michigan Botanical Club
Professional Association of Diving Instructors

Experience Record

1985-Date Engineering-Science, Inc. Health and Safety Officer.
Developed and implemented site health and safety
plans and conducted health and safety field audits;
prepared written procedural documents for respiratory
protection of personnel and conducted several work-
shops on health and safety and respiratory protec-
tion. Served as quality assurance manager for
hazardous waste site investigations. Projects
included asbestos investigations at the U.S. Air
Force Academy in Colorado Springs, characterization
and cleanup of the Micronutrients CERCLA site in
Utah, site characterization and damage assessments at

1

H&S 3-86
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Timothy S. Mustard (Continued)

two CERCLA mining sites in the Colorado mountains,
and hazardous waste investigations at a former
pesticide formulating plant in Arizona.

1981-1985 Camp Dresser & McKee, Inc. Plant Ecologist and
Hazardous Waste Site Technician. Served as field
investigator, site health and safety officer, and
decontamination supervisor for hazardous waste site
investigations in Washington and Oregon. Received
certification to conduct "Superfund" hazardous waste
site activities. Assisted in the preparation of
three RCRA Part B applications as well as several
hazardous waste site work plans, project operation
plans, and health and safety plans. Served as
project manager of a reclamation project for 760
abandoned mines in Wyoming; conducted endangered
species surveys; and conducted numerous permitting
and environmental resources inventory studies for
coal and synfuel mines and electric utility sites
nationwide.

1979-1980 Camp Dresser & McKee, Inc. Plant Ecologist. Chief
field botanist for site selection surveys for
electric utilities in Michigan and Wisconsin, and
environmental resources inventories of underground
coal mine sites in Indiana. Other responsibilities
included report and proposal writing, and assisting
in bird, mammal, herpetofaunal, and benthic macroin-
vertebrate field and laboratory studies.

1979 Private consultant for Michigan Department of Natural
Resources, Lansing, Michigan. Conducted studies of
distribution, abundance, habitat requirements, and
management considerations of a threatened plant
species occurring at a burial site for livestock
contaminated with polybrominated biphenyl (PBB).

Publications and Presentations

Mustard, T.S. 1983. The vegetation of the Manistee National
Forest, Oceana and Mason Counties, Michigan. II. Checklist of
vascular plants. Michigan Botanist 22:151-161.

Mustard, T.S. 1983. The vegetation of the Manistee National
Forest, Oceana and Mason Counties, Michigan. I. Physical,
historical and ecological aspects. Michigan Botanist
22:111-122.

Mustard, T.S. 1982. The distribution and autecology of pale
agoseris, Agoseris glauca in Michigan. Michigan Botanist
21:205-211.

2
H&S 3-86
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Timothy S. Mustard (Continued)

Mustard, T.S., M.W. Davis and H.D. Bredwell. 1978. The Nature of
Grand Ledge. Published by the Grand Ledge, Michigan Bicen-
tennial Commission. 68 pp.

3
H&S 3-36
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Biographical Data

FRANK N. REPPLIER
Geologist

Education

B.S. in Geological Sciences, 1978. Pennsylvania State University.

Preliminary Graduate Course work, spring 1984- spring 1985, Univer-
sity of Colorado at Denver.

Professional Affiliations

Colorado Groundwater Association
Governmental Refuse Collection and Disposal Association
Resource Recovery Committee of the Waste Management Advisory

Council

Experience Record

1978-1979 The Analysts Inc., A division of Schlumberger.
Well-logging on- and off-shore Texas and Louisiana.

1979-1981 Department of Natural Resources - Colorado Geological
Survey, Groundwater Division. Helped compile all
existing ground water quality data in the state,
mapped all alluvial and bedrock aquifers and estab-
lished a computer-based data bank with this informa-
tion. Responsible for several geothermal resource
publications.

1982 Hydroelectric Development Inc., Denver, Colorado.
Technical expert for siting potential hydro sites and
prefeasibility studies.

1982-1983 Colorado Department of Health, Waste Management
Division. Responsible for review of Engineering
Design and Operations Reports for new solid and
liquid waste facilities in the state; inspection of
current facilities; hazardous waste and RCRA inspec-
tions, and incident response (spills).

1984-Date Engineering-Science, Inc. Geologist.
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FRANK N. REPPLIER (Continued)

Publications

Repplier, F.N., 1981. Geothermal Gradient Map of Colorado: Colo-
rado Geological Survey Map Series 20.

Repplier, F.N., M. Relf, K. Columbia, 1981. Groundwater Tempera-
ture Map of Colorado: CGS Map Series 21.

Repplier, F.N., F.C. Healy, 1981. Atlas of Ground Water Quality in
Colorado: CGS Map Series 16.

Repplier, P.N., T.G. Zacharakis, C. Ringrose. Geothermal Resources
of Idaho Springs: CGS Resource Series 16.
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Biographical Data

ERNEST J. SCHROEDER

Environmental Engineer
Manager, Solid and Hazardous Waste Dept.

Education

B.S. in Civil Engineering, 1966, University of Arkansas,
Fayetteville, Arkansas

M.S. in Sanitary Engineering, 1967, University of Arkansas,
Fayetteville, Arkansas

Professional Affiliations

Registered Professional Engineer (Arkansas No. 3259, Georgia
No. 10618, Texas No. 33556, and Louisiana No. 21685)

Water Pollution Control Federation
American Academy of Environmental Engineers

Mcerience Record

1967-1976 Union Carbide Technical Center, Engineering Department,
South Charleston, West Virginia (1967-1968). Project
Engineer. Responsible for environmental protection
engineering projects for various organic chemicals and
plastics plants. Conducted industrial waste surveys,
landfill design, and planning for plant environmental
protection programs; evaluated air pollution discharges
from new sources; reviewed a wastewater treatment plant
design; and participated on a project team to design a
new chemical unit.

Union Carbide Corporation, Environmental Protection
Department, Texas City, Texas (1969-1975). Project
Engineer and Engineering Supervisor. Responsible for
various aspects of plant pollution abatement programs,
including preparation of state and federal permits for
wastewater treatment activities.

Operations Representative on $a million regional waste-
water treatment project and mertber of design team which
made the initial site selection and process evaluation
and recommendation. Participated in contract negotiations,
process and detailed engineering design, construction of

BD °4 4/86
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Ernest J. Schroeder
Page 2

the facilities, preparation of start-up manuals, operator
training, and the start-up activities. Designated as
Project Engineer after start-up on expansion to original
waste treatment unit.

Engineering Supervisor responsible for operation of waste-

water treatment facilities including collection system,
sampling and monitoring programs, spill control and
clean-up, primary waste treatment, wastewater transfer
system, biological waste treatment, and waste treatment
pilot plants. Developed odor control program which suc-
cessfully reduced odor emissions and represented Union
Carbide at a public hearing on community odor problems.

Led special projects such as an excess loss control program
to reduce water pollution losses; sewer segregation program
involving coordination and reporting of 38 projects for
the separation of contaminated and non-contaminated water;
and sludge disposal program to develop long-term sludge
disposal alternatives and recover land in present sludge
landfill area. Developed improved methods of sampling
and continuous monitoring of wastewater.

union Carbide Corporation, Environmental Protection
Project Engineer, Toronto, Ontario, Canada (1975-1976).
Responsible for the environmental permitting and
engineering design of waste treatment systems associated
with a new refinery.

1976-Date Engineering-Science, Inc., Project Manager (1976-1978).
Responsible for several industrial wastewater projects
including the following: wastewater investigation to

characterize sources of waste streams in a chemical plant

and to develop methods to reduce the wastes, sludge set-
tling studies to evaluate settling characteristics of
activated sludge at a chemical plant, development of a
process document for the design and operation of a waste-
water treatment facility at a petrochemical complex,
wastewater treatment evaluation which included characteri-
zation of wastewater, unit process evaluation, inhibition
studies, design review, operations review, preparation
of operations manual, operator training and providing
operating assistance for waste treatment facilities,
various biological treatability studies and bench-scale
and pilot-scale evaluation of advanced waste reatment
technologies such as granulaz carbon adsorption, multi-
media filtration, powdered activated carbon treatment,
ion exchange and ozonation.

Project Manager for hazardous waste disposal
projects involving waste characterization, development of
criteria for disposal of hazardous waste, site

D.4 4/86
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Ernest J. Schroeder
Page 3

investigation, preparation of permits, detailed design,
construction of facilities and spill clean-up activities.

Deputy Project Manager for industry-wide pilot plant
study of advanced waste treatment in the textile in-
dustry. Technologies evaluated included coagulation/
clarification, multi-media filtration, granular carbon
adsorption, powdered activated carbon treatment, ozona-
tion and dissolved air flotation.

Engineering-Science, Inc., Manager of the Industrial
Waste Group in the Atlanta, Georgia office (1978-1980).
Responsible for the supervision of industrial waste
project managers and project engineers and the manage-
ment of industrial waste studies conducted in the office.
Also directly involved in project management, consulting
with clients on environmental studies and environment
assessment projects, e.g., project manager for several
spill control and wastewater treatability projects and
for a third-party EZIS for a new phosphate mine in Florida.

Engineering-Science, Inc., Manager of Solid and Hazardous
Waste Group in the Atlanta, Georgia office (1980-date).
Responsible for the supervision of solid and hazardous
waste project managers and project engineers and the
management of solid and hazardous waste projects in the
office. Project activities have included permit and
regulatory assistance, environmental audits, waste
management program development, delisting partitions,
ground-water monitoring, landfill evaluations, land-
fill closure design, hazardous waste management, waste
inventory, waste recovery/recycle evaluation, waste disposal
alternative evaluation, transportation evaluation, and spill
control and countermeasure planning, HRS evaluations,
preparation of remedial investigations and feasibility
studies, and design and construction supervision for
hazardous waste site cleanup.

Project Manager for fourteen Phase I Installation
Restoration Program projects for the U.S. Air Force. The
objective of this program is to audit past hazardous waste
disposal practices that could result in migration of
contaminants and recommend priority sites reqijiring further
investigation.

Conducted environmental audits (air, water and solid waste)
at ten industrial facilities. Project manager for
contamination assessments and hazardous waste site cleanups
conducted for industrial clients as part of consent degree
or administrative agreements. Project manager for site
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Ernest J. Schroeder
Page 4

investigation and contamination assessment projects at

multiple hazardous waste sites throughout the United States.
Project manager for preparation of four Remedial
Investigation/Feasibility Studies in Illinois, New York,
North Carolina and Mississippi.

Technical Director for Eastern Group Hazardous Waste

projects (1985 - Date). Responsible for technical review

and direction of hazardous waste projects conducted by
Engineering-Science Eastern Group.

Publications and Presentations

Schroeder, E. J., *Filamentous Activated Sludge Treatment of Nitrogen
Deficient Waste," research paper submitted in partial fulfillment of the
requirements for MSCE degree, 1967.

Schroeder, E. J. and Loven, A. W., "Activated Carbon Adsorption for
Textile Wastewater Pollution Control," Symposium Proceedings: Textile
Industry Technology, December 1978, Williamsburg, VA.

Schroeder, E. J., "Summary Report of the BATEA Guidelines (1974)
Study for the Textile Industry," North Carolina Section of AWWA/
WPCA, Pinehur!7t, North Carolina, November 1979.

Mayfield, R. E., Sargent, T. N. and Schroeder, E. J., "Evaluation of
BATEA Guidelines (1974) Textiles," U.S. EPA Report, Grant No.
R-804329, February 1980.

Storey, W. A. and Schroeder, E. J., "Pilot Plant Evaluation of the
1974 BATEA Guidelines for the Textile Industry," Proceedings of the
35th Industrial waste Conference, Purdue University, May 1980.

Pope, R. L., and Schroeder, E. J., "Treatment of Textile Wastewaters

Using Activated Sludge With powdered Activated Carbon," U.S. EPA
Report, Grant No. R-804329, December 1980.

Schroeder, E. J., "Industrial Solid Waste Management Program to Comply

with RCRA," Engineering Short Course Instructor, Auburn University,

October 1980.

Schroeder, E. J., "Technical and Economic IIApact of RCRA on Industrial
Solid waste Management, Florida Section, American Chemical Society,
May 1981.

Schroeder, E. J. and Sargent, T. N., "Hazardous waste Site Ratina
Systems," Textile Wastewater Treatment and Air Pollution Control
Conference, January 1983.
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Biographical Data

TIMOTHY C. SHANGRAW

Water Resource Engineer

Education

B.S.C.E., 1977, Southeastern Massachusetts University, North
Dartmouth, Massachusetts

M.S.C.E., 1979, University of Colorado, Boulder, Colorado

Special Training

Geophysics Workshop, 1985, Colorado Ground Water Association.
Microcomputer Workshop for Ground Water Modeling, 1984, Colorado
Ground Water Association

Continuing Education in Computer Science, 1983, University of
Colorado, Denver, Colorado

Professional Affiliations

Registered Professional Engineer in Colorado (No. 19853)
National Water Well Association
Colorado Ground Water Association
Colorado Association of Commerce and Industry
Colorado Hazardous Waste Management Society
International Mine Water Association

Honorary Affiliations

Graduated S.M.U. with Distinction

Experience Record

1984 - Date Engineering-Science, Inc. Project Manager. Respon-
sible for hydrogeologic, hydrologic, and hazardous

waste studies. Managed comprehensive ground water
and contamination assessments for hazardous waste
facilities in Wyoming, Utah and Arizona. Studies
consisted of Part B permitting, aquifer restoration,

site closures, and risk assessments, and involved
field drilling and sampling programs, preparation of
assessment reports, ground water modeling, evalua-
tion of corrective action alternatives, and design
and implementation of ground water monitoring
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TIMOTHY C. SHANGRAW (Continued)

programs. Client and regulatory laision were
integral to these investigations.

Evaluated potential impacts to subalpine watersheds

from acid rain in Colorado's Mt. Zirkel Wilderness
Area. Study focused on relationships between acid
rain, surficial buffering capacities, and mineral
dissolution. Outflow hydrographs were used to
quantify magnitudes of potential damage.

Investigated treatment and disposal alternatives for
the disposition of residential wastewaters at a
proposed mountain development in Utah. Onsite
treatment and/or disposal options were compared
against centralized treatment options. The feasi-
bility and economics of each option were evaluated.

1983-1984 Law Engineering Testing Company, Englewood, Colo-
rado. Project Engineer. Performed RCRA compliance
studies at wood preserving sites in the midwest,
southeast and northwest U.S. Conducted hydrogeo-
logic field investigations, reduced and interpreted
field data and prepared reports describing site
geohydrology. Performed a baseline hydrologic and
geotechnical investigation for a landfill siting
study in Oregon.

Performed flood plain analyses on a major river in

Colorado. Encroachment into the 100-year flood
plain was evaluated for its effect on a five-mile-
long stretch of the river's flood plain. Limits of
encroachment were determined based on an acceptable
maximum rise in flood plain elevation. The HEC-2
computer model was utilized in the analyses.

Prepared drainage reports for land development
projects in Colorado. 100-year flood flows were
computed for both onsite and offsite drainage
basins. Where necessary, detention facilities were
sized and placed onsite to assure release of design
storm historic flows. Provisions for routing the
100-year flood flows through the study sites were
also evaluated. Report preparation necessitated
analyses of street carrying capacities, sizing of
storm sewers, design and placement of street inlets,
inlet and outlet control structures and drainage
conveyance channels.

1980-1983 D'Appolonia Consulting Engineers, Englewood, Colo-
rado. Staff Engineer. Performed hydrologic base-
line studies for the mining industry, layout and

2
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E=S ENGINEERING-SCIENCE

TIMOTHY C. SHANGRAW (Continued)

design of surface drainage facilities and evalua-
tions of mine water inflows and dewatering require-
ments for surface and underground mines. Potable
water treatment facilities and associated distribu-
tion lines were also designed. Conducted geotech-
nical and hydrogeologic investigations for an earth-
filled water supply impoundment and for surface
facilities associated with an underground coal mine.
Performed onsite assessments of reclamation poten-
tial for abandoned mine sites in Wyoming.

Supervised field activities at a hazardous waste
cleanup project in Philadelphia, Pennsylvania.
Managed transfer and repackaging of organic/inor-
ganic compounds, pesticides and laboratory chemi-
cals. Drum staging, manifesting and shipping were
supervised to ensure compliance with RCRA guide-
lines. Concurrently enforced OSHA health and safety
regulations.

1979-1980 Cyprus Mines Corporation - Hansen Project, Canon
City, Colorado. Staff Engineer/Hydrologist.
Responsible for the design and implementation of
aquifer test programs, reduction and interpretation
of test results and supervision of a computer
modeling study for mine dewatering. Implemented
surface and ground water monitoring programs,
trained field technicians, provided treatment
concepts for mine water treatment facilities and
managed subcontractor activities.

3
7/85
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Biographical Data

PHILIP C. SIRLES

Geologist

Education

B.S. Geology, 1980 Fort Lewis College, Durango, Colorado
M.S. Geophysics, 1986 University of Nevada at Reno, Nevada

Professional Affiliations

Association of Engineering Geologists

Society of Exploration Geophysicists
American Geophysical Union

Honorary Affiliations

Sigma Xi Honorary Scientific Society

Experience Record

1985-1986 Engineering-Science, Inc. Geologist. Responsible for
supervision of drilling projects. Performed geologic
logging, and installed and developed monitoring wells.
Assisted in interpretation and reduction of field and
laboratory data.

1983-1985 Nevada Bureau of Mines and Geology. Graduate Research
Assistrnt. Installed and maintained short-period
analog aid broad-band digital seismic stations for the
statewide seismic network. Performed data reduction
and interpretation for local epicentral determinations
using computers. Assisted in public information and
publication offices.

1980-1982 Law Engineering Testing Company. Geologist. Respon-

sible for field investigative portion of projects
completed by Denver office. Project responsibilities
included supervision of shallow-soil and deep-rock
drilling, inspection of shallow test pits and tren-
ches, detailed geologic reconnaissance and mapping,
assistance with geophysical surveys, installation of
shallow-alluvial piezometer and deep-aquifer test
wells to conduct in-situ hydrologic testing. Project

1
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PHILIP C. SIRLES (Continued)

experience and technical training conducted in Colo-
rado, New Mexico, Arizona, Nevada, Utah, Wyoming,
Montana, Washington, California, and Missouri.

Publications

"Attenuation of Shear Waves Through Liquefiable Soils in the South
Truckee Meadows, Washoe County, Nevada," M.S. Thesis, University
of Nevada, Reno, Nevada, 1986.

I
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APPEN1DIX E

NEARBY WATER WELL DATA



IO
-U -U 41 S,

0 h 0c 00 1. m 10a

-0Z 0-, 00 0

C6

0O 0C CI 0O flV do-o 0 - 0 g m001 l

U, m m C4000

00 Go

*01

.0 12 1, allN -W 1N,1

w 44 D oW i:

0o 0.C 000N 0O 0 04 MMMl 000ID0 0 -W laN -V .M -aU -W -
cc ~ ~' ccM 000 CID Go 00t dog 0 IM0MN" C N4 N MN C4N

* 4) .6 w' M M4 - N u Nr N. w u uuuu

-1 :F1 a - ma

'a '. " 6"'
%0*' 0 CO 1,1 a1 0 % e Da 11 0 '
ad 090 dc C dU da

alU d ea C d as wc d dC w a s sU ww04
0 A o0 a0 w 0 0 rAc t a o n (Aw ca C WrA( wC c A A n nWz

60 Ox 0 .4 t N a' M 0

6.~~~ W~~'l N C Q 0 w U I0 S.'IOSI I 61 . I

a' In 1 1 10 0 1 I I l I II I 11 I NI 09 to,

* C.~ r4 MO -W N5 N'. 010 r4 C4-.0' ma .0 NN N 6 le

30.040W ,W 1W 1 0 -- ---- -- C t1 4 NC 4f 4C 4C

61623623331.E-1



ZI III C4 I *

,ocoelow

-I

LA cc

a 4

6 -60-

2A 3

-, 10

N C"

1 01' E-



APPENDIX F

SOIL BORING LOGS
WELL CONSTRUCTION DETAILS

WELL AND SOIL BORING SURVEY DATA
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GEOLOGIC BORING LOG Sheet _ of

JOB NUMBER 56423.04 CLIENT P1KS Air Forr ATE 1,
BORING NUMBER .XA-1 tES-I) BORING DIAMETER 6" ELEVATION 59"7. ,MACHINE TYPE Cyclone 750 CONTRACTOR Arrow Drilling DATUM Ground Surface
TEMPERATURE 45 *F WEATHER Sunny ENGINEER LAK, FR

DRILLING MEDIUM USED Air

DEPTH SAMPLE
GEOLOGIC DESCRIPTION S CL RM K(FU.) NO )DEPTh . REMARKS=. , 10. D

- S_ _ dto-R low.-

sand, roots, stiff, moist HNu = 2 ppm (backgrowd)

t I t b r me d S A N D w i s m c o s a n d , S S - 1 0 ' - 2 ( 7 1 2 0 0 !

cr med gravel, stiff, moist N_ - -1-
. SAND u/tr silt and gravel $S-2 2'-4' 2 j

..... T, le --- - -
g'S P r a y -b r n , re e d o c o A N D 

i u - I o
P ed-brn, BOULDn ES, GRAVEL SS3 4.5-'6'0

.......... r s tf -. - - -- ....

-0 SP red-brn med o fi SAND very _7.5'-I splitsn attened at

.. ... . srfdry -. eah ~i -o -3
' ' ' 0.0---

C:--------------__SS55 12.0
--- O P j-reY_bomn 0UkDsRS.. C0BUS, _ _

14 __ SP rRAVIEL, SAND tr clay, very stiff. 2000
Imoist 

12.0
------------------ SS-6 15.0 NNu-2

16_---_ - - - - - - -

-
0 .. I ,-- -,--2

66.8.L -22 SMA

008. -
-- -s-7 - - -, _2 ___ Oo

1000

SW Ired-bn zed to ft "AV-S-A ±t~SS-8 2.
moist

XODIFIERS 
SPLIT SPOON SAMPLEfi fine trace GRAB SAMPLEmed medium sl slightlv UNDISTURBED SAMPLEco coarse M UDSUBDSMLsm some 
WATER TABLE 24 HR

"o'e"- WATER TABLE TIME OF BORING

ENGINEERING-SCIENCE

F-I



Sheet 2 of 2
GEOLOGIC BORING LOG

JOB NUMBER 56423.04 CLIENT PJKS Ar 7r- DATE 12/4i85

BORING NUMBER (ES-1) BORING DIAMETER 6', ELEVATION 5997.04

MACHINE TYPE Cycione 750 CONTRACTOR 'rrow Drilling DATUM Ground Surface

TEMPERATURE 45*F WEATHER Sunnv ENGINEER LK, FNR

DRILLING MEDIUM USED Air

DFT) o GEOLOGIC DESCRIPTION SML E.MAR
0.0E . = REMARKS

(FT.)~ 0 N.EPTH
_ _ . "'=1'(FT.) i

- - Depth to b.r. 27.5'

28 /edrocK /

-D - 2 9'

I------------------------------ ------------

II

-- - - - - -1

- ---- -- -- -- -- - -- -----

EIJEI

- -- -- ---------

MODIFIERS: SPLIT SPOON SAMPLEfi fine .r trace GRAS SAMPLE

moSodu sl 21ahM UNISURE SAMPLE
am some WATER TABLE TIME OF BORING

F-2



Sheet I of 2

GEOLOGIC BORINC LOG

JOB NUMBER 56423.04 CLIENT PJKS Air Force DATE 12/6/85

BORING NUMBER -"w-2 (ES-2) BORING DIAMETER 6" ELEVATION 5937,16

MACHINE TYPE IR Cyclone 750 CONTRACTOR Arrow Drilling DATUM Ground Surface

TEMPERATURE 45 *F WEATHER breezy, partly zloudy ENGINEER FWR

DRILLING MEDIUM USED air

DEPTH - SAMPLES .j W i
GEOLOGIC DESCRIPTION '" REMARKS(FT.) 0 NO. DEPTH

C. _ _ _ __ _ _ _ __ _ _ _ _ (FT-) CL_ _ _ _ __ _ _ _ _

2 _ SC - foot

L .2 soft, ir moist . SS-1 1.0 1000 2 u (background)

LP S' grn brn, med SAND w/pebbtes tir
0c, 2.0 - - - -

clay, med stiff, -- - SS-I

4 2.5'-d red dSA4D trclay I-- 4.0 T7 r_

sm gravel (1/2 " - 3"), stiff SS-3 5.0 1500 HNu - 2--
90- 7-- -

a SAA, but moist SS-5 10.0 INu= 2

... . * ,---- - - - - - ----

7t

- - - - - - - --. SS-6 -

. . . .t14.0
Gp i red med GRAVEL (1/4" - 1") w/ SS-7 15.0

-- -sand -- --- --
6sand, moist!- "1

0 - -~~ _ - -2i8

19.0 . . . .

iA Z r upl1P2A11U.g1rL- SS-8 t12n --

22siz o 2' , ev moist

- ---- -- -- -- - - -

0~EIRS: SPLIT SPOON SAMPLE

ft fine tr trace E GRAB SAMPLE

aid i.um ci slightly _ UNDISTURBED SAMPLE
cc coarse WATER TABLE 24 HR

some -'a' WATER TABLE TIME OF BORING

ENGINEERING-SCIENCE
F-3



GEOLOGIC BORING LOG Sheet 2 of

JOB NUMBER 56423.04 CLIENT PJIKS - Air Force DATE 12/6/85B3ORING NUMBER 'IW-,2 (ES-2) BORING DIAMETER 6 EEAIN 3.1MACHINE TYPE Cyclone_-_750 CONTRACTOR Arrow Drilling OTMGon ~ic
TE PE AT RE __ __ __ __ W EATHER - Snowing and overcast ENGINEER F IJR

DRILLING MEDIUM USED Air

DEPTH a SA o jq(FT) 0 GEOLOGIC DESCRIPTION SAMLE -. 0
(T)0PT REMARKS

P red med SAND and GRAVEL, stiff,wet

-- 0

C

34 - - - -

----- -- -- -- -- -- -----------------------

---- 0~~ - -- -- -- -- -- -- ----------------------------------

----- -- -- -- ------- ----------------------------
1

VD 
at 37.fi f In*-----------SP-N--AMP-

--- --- --- -- --- --- --- -- --- --- --- -- --- --- --- -- --- --- --

--



ES-10
Sheet ___ of2

GEOLOGIC BORING LOG

JOB NUMBER 56423.04 CLIENT ?JKS Air. Force DATE 12/20f36

BORING NUMBER .W-3 (ES-10) BORING DIAMETER 6 1/8" ELEVATION 6023.Q1

MACHINE TYPE Cyclone 750 CONTRACTOR Arrow Drillin2 co. DATUM Ground Surface

TEMPERATURE 30 *F WEATHER Clear- gunnv ENGINEER P. Siries

DRILLING MEDIUM USED Air

DEPTH U SAMPLES jw "J t
(FT.) GEOLOGIC DESCRIPTION REMARKS(T) =No DEPTH ' -9l- REMARK

., (F=,°;N . T.) U) 12 C
0 { - i (kbrn fi 7o. . . ..SD %rnsilt '-_=elt:in.snoj

-... . - s ............ - ....

SAA 1oose-firm. ry2.0

2os -fL- tzSS-2 2.0 1000 J .-. p _

4.0 N_ ° .2.-1. _ __

begin air rotary

0~~c 0d 1100~ AN m it HNUJ 1.2

SS-3 9.0 1200
10.d ns . d v - - : - - - - - - - - - - - --- - -

---A---- - - - - 4 1.- -- -----
- -- - - - - - - - - - - - - - - - --...-------------..-

-~It.t - - -- - - - - -

12. . . . . I o
' -- -- ! -_-A -- -n r as n - t t r -N - -1.2--I- - -

Vr'Lr drq~osbushjU~

. --- "I. - .-..-........-- -

---*---------- - - K

VODIFIERS: SPLIT SPOON SAMPLE
fi fine tr trace GRAS SAMPLE
med medium Si. slightly UNDISTURBED SAMPLE
co coarse WATER TABLE 24 HR
.. some ... WATER TABLE TIME OF BORING

ENGINEERING-SCiENCE

F-S



Sheet 2 of 2

GEOLOGIC BORING LOG

JOB NUMBER 56423.0 CLIENT PJKS Air For-e DATE 12/20/95

BORING NUMBER -W-3 (ES-tO) BORING DIAMETER 6 1/8" ELEVATION 6023.91

MACHINE TYPE Cvcione 750 CONTRACTOR Arrow Drilling OATUM Ground Surface

TEMPERATURE 'LF WEATHER calm. clear ENGINEER P. Sirles

DRILLING MEDIUM USED air

DEPH SAMPLES -R

TU. GEOLOGIC DESCRIPTION REMARKS
FT. o No. DEPTH ___d. -,, (Flj.I a

15 See pg. I for 1st 17' of log -- 5

- -'H 0  - -------- -- -- -- -- -- --

.024 vu 0.53

I8 - p rc fe i £Io co SAN/D sm
0i SS85 17.0

- silt, tr fi.LL loose-firm wet SS5 900

0

SAA v. soft to loose 120 300-

....- - - -SS-6 22.0 7

24.0 900

I - - -

------------------

*$~ -29. 900 2

30 9S-, 31.0 W RA 23

Nio rc.vw.L.........

I-- -- - -----

MODIFIERS;---------------------------SPLIT SPOON SAMPLE

ft fine tr trace Ea GRAB SAMPLE
mod medium al slightly IIII UNDISTURBED SAMPLE
cc coarse WATER TABLE 24 HR
$1 some "2"" WATER TABLE TIME OF BORING

ENGINEERING-SCIENCE
F-6



GEOLOGIC BORING LOG Set o

JOB NUMBER 56423.04 CLIENT PJKS Air Force DATE 1!786
BORING NUMBER MW-4 (ES-18) BORING DIAMETER 6-5/3" ELEVATION 6146.23
MACHINE TYPE Cyclone 750 CONTRACTOR Arrow Drilling DATUM Ground -Surface
TEMPERATURE 25 O F WEATHER clear, cool ENGINEER P. Sirles

DRILLING MEDIUM USED__________

SAMPES w~
DPTH 0 GEOLOGIC DESCRIPTION REMARKS( nT . EPTH I (L . background =. p

_0ir-_brick redailsilv'i.c Cbbles and Boulders on

-- SAND w GRAVEL LI-urdsufc0, 
1200 ~on ufcS SW iCOBBLES,_7oilt,_stiff- SS-1 2.0 1400 .-

Ai-roar- frtl 'in~

H11u =3. 5
VdkbrscJaxe.fio - 5-2 6.5 850 _IN. -j3.0

-240~ M v4 s.pdLjL 
-LZv4Y.M 

a09

Easy drilling

180

SAA - Lots of organicsa

10.0 0121 ossf SS-3 12.5 900 HNu =2.5

-~~~ - -o s san le- cla--y - - - - ~ -

.4L Material oossiblv fill from

14.3trution o
16 rmoesn ls a SS-4 16.5 800 N 2.

L0 L. :nase i)
18 k

I--- OO19.5 800
10SASS-5 20.5 2300 L'ftku2, 0

6Brick red to br silty ~
22 SAND GRAVEL with I Iwater on "ape1.

COBBLE in shoe 4~.ahu nbrhl
24 _too rocky to "push sample"

26 10 PSM GRAVEL, COBBLES BOLLDERS SS-6 27.0 -2. 0

MODIFIERS: SPLIT SPOON SAMPLE
ft fine tr trace :* GRAS SAMPLE
med medium sI slightly M UNOISTURSED SAMPLE
co coarse 'Cr WATER TABLE 24 HR
sm some WATER TABLE TIME1 OF BORING

ENGINEERING-SCIENCE
F-7



GEOLOGIC BORING LOG Sheet of_ 2

JOB NUMBER j642304 CLIENT PJKS Air Force DATE 1/7/36

BORING NUMBER "- -  _ES--S) BORING DIAMETER 6-5/8" ELEVATION 6146.28

MACHINE TYPE Cyclone 750 CONTRACTOR Arrow Drilling DATUM Ground Surface
TEMPERATURE 40 'F WEATHER clear, cool ENGINEER ?. Sirles

DRILLING MEDIUM USED NA

DETHuSAMPLES w -D I GEOLOGIC DESCRIPTION - REMARKS
(FT.) NO.IDEPTH ~us.(FT) .,o• r.)l c EM RT 1

v harddrilling

30 j weathered rock frags
7 +++ 

iN-2.

Grades to hard Bedrock ~- - - -

++4-

34 - "RAITE/GNE:SS

- 1-8-86 drilled to 38 !Backfilled w 10/20

36 t/out trying using JSAND to 34'

jammer bit through 2 -

38i bedrock 'D -38.0

- ------ -4 _ -

- - 7.. . . . . .

I I,

L - - --- ----------------

- -------------------------------

- - -- -- -- -- - -- - -- -

MODIFIERS; SPLIT SPOON SAMPLE
fi tine tr trace E GRAB SAMPLE
mad medium sl slightly M UNDISTURBED SAMPLE
co coarse WATER TABLE 24 HR
Im some e' WATER TABLE TIME OF BORING

ENGINEERING-SCIENCE
F-8



Sheet of
GEOLOGIC BOR!NG LOG

JOB NUMBER 56423.04 CLIENT ?'KS Air Force DATE 9'/36
BORING NUMBER Y -3 FS-19) BORING DIAMETER 7-7,8" ELEVATION ',1-.25

MACHINE TYPE L'cicne 750 CONTRACTOR Arrow Drilling DATUM Ground Sr'cce
TEMPERATURE 40F WEATHER Clear, warm, breezy ENGINEER ?. Sirles

DRILLING MEDIUM USED NA

DEPTH SAMPLES ~(T I GEOLOGIC DESCRIPTION ,;uses No. DEPT < - r- u oackgrou.n .

SP ak br very sl silty ----------- -

f - co SAND ., GRAVEL -0L - -
_t..obb.es_ aost_ joLt - 2 ::>< 850 "2U .

- 2.0 - I- - - - --.

SAA- S-2 4.0 1000 . . --
Br - rick red silt': fl - co

_ SAND. GRAVEL, COBBLES- _ SS-3 6.0 1300

- moist, stiff6.

AA_ SS-4 8.0 1400 HN- L - - -

change to air-rotary
10 br color v. stiff ss-3 19.0 180 u .

00 10 --.

LL.5
12 only 11" recoverv, COBBLES

16 . I-------------------------11.5 _~~IC0 CRAVEL and SAND SS-6 13.0 2300

SS-7 14.0 2300----------------------------- 14.5- - - - -----------------

0. -o -joe_. l hole

'-'" - - - - - - - - -I ' Blackwater

0. Mu
- - 1.4 Background

20.h _ L~ l_ ¢J _ D- 19.7' -
-_ -. -~ - - - - - - - - - - - -- , o n eI

CRANITE/G:NEiss

-------

MODIFIERS:
ft fine tr trace SPLIT SPOON SAMPLE
med medium sl sligntiy q GRAB SAMPLE
to coarse II UNDISTURBED SAMPLE
m some 10 WATER TABLE 24 HR

-' WATER TABLE TIME OF BORING

ENGINEERING-SCIENCE
F-9



Sheet 1 of
GEOLOGIC BORING LOG

JOB NUMBER 56.23. 0 CLIENT PJKS Air 7orce DATE 1/2,'86

BORING NUMBER MW-6 (ES-17) BORING DIAMETER 6-L1181 ELEVATION 6125..4

MACHINE TYPE Cvclone 750 CONTRACTOR Arrow Drilling DATUM Ground Surface

TEMPERATURE "0 OF  WEATHER clear, warm ENGINEER P. Sir--s

DRILLING MEDIUM USED IA

DEPTH ~ ISAMPLES
(FT) UI GEOLOGIC DESCRIPTION A L REMARKS

(FT.) NO. JDEPTH C:
_____ ______uses________ (FT.) (A a .c 'lHNu background ??.2pm

_dk br sl siltv fi - co e raded by cat

---------------------------- ours of boulders on9 SM: SAND -, GRAVEL, COBBLES surface

-- - wet ar surface ver'; stiff SS-1 2.0 1400 1LNu - 0.2

2.0 m oist - - -----------

-- SAAtrclay SS-2 4.0 1500 iNu - 0..

.. I BOULDER
0.0.5-10

5 OL dr _ r - b Lk tuu.u ~q_, z uic - -. 0 -

___ o matter, silty and sandy w SS-3 9.0 . 3 1.

10 GP GRAVEL/COBBLES soft l/INu 35 -40

I08.0 31ack water of SO bijt

SA.. *GV CBErose to 5.3 in borehole

.0-0-, SAM, GRAVEL, COBBLES Drill/Drive casing

- -o- ethod ( i/86)

-- Possibly 3edyock, weathered L
Signeousrock, GRANITE

SGNEISS- SS-4 ctlt.inS -

+ _ hard _driUi - -

.J Bedrock CPr'AMTE.'ONEISS, hard _ , ...
i L

MODIFERS:SPLIT SPOON SAMPLE

fi fine tr trace E; GRAB SAMPLE
mod medium s1 slightly UNDISTURBED SAMPLE

CO somre WATER TABLE 24 HR

S~ om ~WATER TAB3LE TIME OF BORING

ENGINE ERING-S CIENC E
F- 10



I
GEOLOGIC BORING LOG Sheet of

JOB NUMBER 56423.04 CLIENT PJKS Air Force DATE 12/23/85

BORING NUMBER xW-7 (ES-12) BORING DIAMETER 10" H.S. Auger ELEVATION 6032.63

MACHINE TYPE Cyclone 750 CONTRACTOR Arrow Drilling DATUM Ground Surface

TEMPERATURE 25 "F WEATHER Cold, cloudy, snowy ENGINEER P. Sirles

DRILLING MEDIUM USED NA
SAMPLES -, EAK

DEPTH - GEOLOGIC DESCRIPTION S 2' w R
(FT.) o NO. DEPTH R MA MS- --"- - - -(FT.) c h o.

0 ML dk br-br SILT fi to co SA.N1D 800 .!4i-0.-

SP w GRAvEL.frozen6, moist 2.0

0 0

"."" br w rust limon: c. tjin ___- SS 2.0 95--------------
CL ........ lwr c iA-, SS-2 20950--, -- 4.0

~. - .'ff. clayey SILTL tr fLi-med

SM ;oaDdaqt_

_ _ 6 _ .::

rAoUs_ - __ __-_ __ -. __
SP--- - - - - - - - -

... .. s l . f ±.1. _s '~_ . .. s 9.0

.SS-3 92300 M J - 0.6

_ LO_ GP GpyZ _C)H '_
'0.. o - - - -- - - -- ---

- - - - - - - - - - -e.ue~s_ -- -- -
0 .

' .0 IA&135 - ---.5 ----

* Lvmrp %)-- --

- ----- - - _ ne Lp ir rotarv

n dadvance strL - --

0.

...... .. GP X f&va _WU LS_ - .. ... . . . .__P .4V.... j.... .....----

0 SA

4._ !\\-\\: SW wh/maroon SANDST._O0.--....... SS-4 24.0 800 _.U24.L20

- weatbheLet vJrz . -f_ i--25-

26 -__-_-__-_-__-_-__-_- - - --26

MODIFIERS: C SPLIT SPOON SAMPLE

fl fine tr trace E GRAB SAMPLE
med medium 91 slightly UNDISTURBED SAMPLE
co coarse WATER TABLE 24 HR
so some 'C WATER TABLE TIME OF BORING

ENGINEERING-SCIENCE
F-i1



Sheet I of 2GEOLOGIC BORING LOG

JOB NUMBER 36423.04 CLIENT PJKS Air Force DATE 1/11iiis

BORING NUMBER MW-8 (ES-8) BORING DIAMETER 6-1/8" ELEVATION 5690.3o

MACHINE TYPE Cyclone 750 CONTRACTOR Arrow Dri '1- r DATUM Ground Surface

TEMPERATURE 25-30*F WEATHER Cloudy, cold ENGINEER P. Sirles

DRILLING MEDIUM USED sir

DP u 1 SAMPLES - -
FT) 0 GEOLOGIC DESCRIPTION E REMARKS

FT.) ______uses__ N . PTH _ __ _ __ _

J J = I-= NO. (FT.)

-rn-dk br fl-med SAND w/silt, - Pm

SC L me stiff m d, _oist -........ - - i 2-0 450

-7. - - -. .-.-.-.-. .. . . .-
4 i SW brn-brick red, fi to co SAND SS-2 4.0 1100 1INU- 0.11ppmL . ."- some silt, tr fi gvl. stiff, mois

0 .

8SMA, moist to_d __ 7.0 JHoL. - -
SS-3 .050

12 0 SAA; w/granite cobbles ii.0

-

cobbles11.0 i0 HJ= 1.0 - 1.2 pp,-,

L chips)

SPI brn-brick red fi to co SAND w L - -0 -
16.0

-A_8P' silt, .x.. And cob Is s._maj st SS-5 18.0l o 2300--

- 00. -
0M - v/y ..and and gvl

* .V I -

- - - - - - SS-6 23.0 1100

24

- 7 :: SM-v moist to etL

26 --
40OIFIERI: SPLIT SPOON SAMPLE

f. fine tr trace P- GRAB SAMPLE

mod medium sl slightly M UNDISTURBED SAMPLE

co coarse q WATER TABLE 24 HR
some -' r'= WATER TABLE TIME OF BORING

ENGINEERING-SCIENCE
F- 12



I

GEOLOGIC BORING LOG Sheet 2 of 2

JOB NUMBER 5 '. CLIENT oTvq Ai, r .. DATE i,"1it/F

BORING NUMBER >,V-3 (ES-8) BORING DIAMETER 6-il/" ELEVATION 5960.30

MACHINE TYPE Cyclone 750 CONTRACTOR Arrow Drilling Co. DATUM Ground Surface

TEMPERATURE 45 *F WEATHER Sunny, calm ENGINEER

DRILLING MEDIUM USED air SFET 2 of 2

DEPTH SAMPLES sw a(
DETH 0 GEOLOGIC DESCRIPTION SA M, REMARKS

(FT.) C NO. DEPTH R

26 . (- cuttings coming up dry) attempted SS-7 but
P ' S-7 none 2500

SP -brick red med SAND w/sm silt No recovery-

.C gvl and cbls, moist to wet HNU - 1.0 ppm

S1- I' of water in hole whe

30 Bedrock changing bit

-- avwhitLcoarse sandstone Loar.ee to air core barrel

1 2_ .4 -P(s -0 --h-------I -
30 C0 Good _nhetOl

S,'4 r ss-8 5

36 TD

- - - - - --------- ---------I K

fi fin tr trcRSSMLFF--1

K~z~ K! I -

XODIFIEIS: SPLIT SPOON SAMPLE
ti fine tr trace GRAB SAMPLE
mad aedius .1 slishtly UNDISTURBED SAMPLE

co coerse W WATER TABLE 24 HR

SU Soe "='" WATER TABLE TIME OF BORING

ENGINEERING-SCIENCE
~F-13



GEOLOGIC BORING LOG Sheet _I_ of

JOB NUMBER 56423.4 CLIENT p W ,Z DATE 12/13/85

BORING NUMBER FS-3 BORING DIAMETER 6" ELEVATION 5971.73

MACHINE TYPE Cyclone '50 CONTRACTOR Arrow Drilling Co. DATUM Ground Surface

TEMPERATURE 10 'F WEATHER very cold, clear, sunny ENGINEER P. Sirles

DRILLING MEDIUM USED Air

DePTH SAMPLES w
(PT.) 0 GEOLOGIC DESCRIPTION CO EP REMARKSI (O.FT) (0T. o

--- dk brn

- \I avelt andcobls e si +t' S2 60 26

K- - -,-- - -- --o --- to-a-'-h ~S? icbn *i-~d SANDf sm silt tr
0 4.5

6 00 Avl~ !p~~lsverjy st~f irv SS-2 6.0 '2500 F

GP br-re1 ;RAVEL w/ft-co san -natri SS3 6.5 change to air rotary

[~~o .- --" -P -k -r- l -i -I - - -bb - -I

0.0
SP 'jk bn-blk i SfL -/cobblesd

o. (weathered gneiss) dry SS-. 10.2 25C0 -two iushes w/sol. sj t

0 ~ollcr!smple
0z SP k e------------ ~d ffiu"-a2

-0 12.5
FGP !GRAVELS, w!cobbles, drv d S-5 14.0 2500

14 
. .

- - - -- - - -- -a-r-- 
- -

.0 , - --# .-. -_ -- -- -
9,0 

L...

0.1,Q --- SS-6 1RQTi5U ,i.U

2 0 6 . l 
SP brick red ft-co SA.D w.ajveL Apd SS-7 20.5 .. 5.

---- - - - -

tr cobbles,_very moist. to wet Ino., er.£.: -b& L _

24

SPLIT SPOON SAMPLE
MODIFIERS;
fi fine tr trace GRAB SAMPLE

med medium ,,l ulightly UNDISTURBED SAMPLE
go coarse WATER TABLE 24 HR

"a" aDW- WATER TABLE TIME OF BORING

ENGINEERING-SCIENCE
F- 14

- - --- - - --- - - - -- - - - - - --



Sheet ___ of 1

GEOLOGIC BORING LOG

JOB NUMBER 56423.04 CLIENT PJKS Air Force DATE 12/13/85

BORING NUMBER ES-4 BORING DIAMETER 6-1/8" ELEVATION 5969.87

MACHINE TYPE Cyclone CONTRACTOR Arrow Drilling DATUM Ground Surface

TEMPERATURE 25 *F  WEATHER Sunny, clear - cold ENGINEER P. Sirles

DRILLING MEDIUM USED Air

1P SAMPLES UI j
; I

G GEOLOGIC DESCRIPTION REMARKS
(FT.) to N.DEPTH -C E(F .) . Gas (FT.) (A IL

_ t 6" - dk brn fi SAND wl dy Lsnow on 2round

.. C silt firm (frozen) moist HNu< 1.0

-2 ,,.'. bri.ck red s silty ,i to co SAND s- 2.0

V' zmd, 1000 u_.s~Li Lo~tn

4 , COBBLE ? 4.0' - 5.0' 2500
~jchanse tO air ro__r__

6 SC dk bin fi SAD w/s clay 5.0 1200 . .-n ,-I-- -5.0 -1300

- stiff, moist (&ravel attoz_ SS-2 7.0 -

Li: 0 of sample)8

8, , 8 5

10 0\ r SP red ii to co SAND wI _ L_and SS-3 10.0 2500 , u-_0.6

0. 2" cobbles, moist I

0 1 1 . 5
L/M.J -- --- SS-4 13.0 2500 OLu_-0 .

------------------- L -- --

- ----- ------- ------- 14.5 - - -
16 0 ISM SS-5 16.0 2500 _ .. _..4-

0 I

2L 0
.18 • I

- - 0 Sample taken from drill cuttingL- 19.0

20 a S SS-6 20.5 T n

.'0DIFIERs : SPLIT SPOON SAMPLS
ti fine tr trace F== GRAB SAMPLE
sod sodium sl slighc~y M UNOISTURSED SAMPLE
to coareG WATER TABLE 24 HR
an some WATER TABLE TIME OF BORING

I'

ENGINE ERING-SCIENCE
F-i1



GEOLOGIC BORING LOG Sheet i Of I

JOB NUMBER 56423.04 CLIENT PJKS Air Force DATE 12/16/85

BORING NUMBER -jj BORING DIAMETER 6-1/8" ELEVATION 5969.22

MACHINE TYPE Cyclone 750 CONTRACTOR Arrow DATUM Ground Surface

TEMPERATURE 40 *F WEATHER Sunny, clear ENGINEER ?. Sirles

DRILLING MEDIUM USED air

~DEPTH itSAMPLES -D GEOLOGIC DESCRIPTION DEPTH REMARKS
(. _ use. NO. (PTH <I

SM dk bin fi-med SAND w/clavev silt, Frozen grund

s, siff, moist .H14U- 0.

- -, 5-1 2.0 1100

brn-dk br fi SAND w/sm clayey - HIU-< 1.0 ppm

2.0
silt and tr co sand, stiff, moist S-2 4.0 1150 - appears to be "fill

- • brn fi SA0D w/sm clay and silt, 4.0 material
'
t-not natural sail

6 S s tiff, mois t (clay I varies) SS-2 6.0 1400

bn GP -brico red VL t o/sa SAn- v /S-e 1o .r rotary' 0 o L _ Z_ ._ _
" ---- )O I and cobbles (granite), moist - very cobbely - bit

9 .0 L h O . I ( c a t e r i n g

SP brn-brick red fi to co SA4ND w/ SS-4 11.0 250

silt, gravel and cobbles, moist 
------------

.-- : I- - - -

L SA - v/more cobbles 14.0 1.0 ppm

0 0 4. N -0
-0- -- 5 16.0L

SM - v er Loist 19.0 m<

-00.F 0 '-- 
- - S S -6 2 0 .5

222 - -

MODIFIERS: SPLIT SPOON SAMPLE
ft fine tin traSce E GRAS SAMPLE
COd medium al slightly WilUNDISTURBED SAMPLE

Ca COiso WATER TABLE 24 HR
em sme '-.~'~'WATER TABLE TIME OF 13ORING

ENGINE ERING-SCIE NC E
F- 16

MODIFEES: SPLT SPON SAPLE



ES-6

GEOLOGIC BORING LOG Sheet f

JOB NUMBER 56423.04 CLIENT ?JKS Air Force DATE 12/17/85

BORING NUMBER ES-6 BORING DIAMETER 6-1/8v ELEVATION 5973.3.36

MACHINE TYPE Cyclone 750 CONTRACTOR Arrow Drilling DATUM Ground Surface

TEMPERATURE 25 *F WEATHER Clear, cool ENGINEER P. Si ' s

DRILLING MEDIUM USED air

DET PTIO GELGCSAPE U REMARKS(FT.) o O DESCRIPTION 'ODREEPTH

• " I0 I(FT.) I,
0 . I brn-dk bro i-med S.MD - -lI -- - - - --. - -

- .I 0 roots down to 3's" ss- .0------------------------------------ 5-0L , -dry next 6") -0

F bn fi-co SAND w/silt, tr fi
0j e s:----- - - --------- 2.0 -

SP gravel, stiff, dry SS-2 4.0 1400

brn-brick red GRAVEL sm sandF --t-- GP I silt w/cobbles, loose-firm, dry SS-3 7.0 1400

.
"'

SAA w/co sand

S115- - -

0 SP brn-brick red fi-co SAND andi -- 
change to air rotat2. S.4200 _~~pn--

.--  1 (ver oky r--- - -1
o 0 sa.A- still dry Ji - 0.6 .epm

14.0
G SS- .16L 0 :0 --11 -0. -ppm ----0--.. .- -- - 2 k

0I 0

dry] --- - -- -- --- 1. p
_6--- -- -- -- -- - ---------6.

....--- "--------- W .- 0.6 ppm
20 - O. SAA but v. moi.st to wet 19.0 -

SS6 2. I TD 208

MODIFIERS: SPLIT SPOON SAMPLE
fi fine er ,raco F GRAB SAMPLE
med madium sl slightly M UNDISTURBED SAMPLE
co coarse e WATER TABLE 24 HR
IN ome * WATER TABLE TIME OF BORING

ENGINEERING-SCIENCE
F-17



GEOLOGIC BORING LOG Sheet 1 or 1

JOB NUMBER 56-23.04 CLIENT PJKS Air Force DATE 'p

BORING NUMBER r.S-7 BORING DIAMETER 6-1/8" ELEVATION 5Q72

MACHINE TYPE Cvcl'one 750 CONTRACTOR Arrow Drilling Co. DATUM Groi

TEMPERATURE F. *F WEATHER Prtly cloudy ENGINEER P. Sirles

DRILLING MEDIUM USED air

SAMPLES .DEPTH GEOLOGIC DESCRIPTION . REMARKS
(FT.) = , NO. DEPTH -

-._as"I (FT.) (A_
0 | IL brr fL SALD w/jr co sand... ~n............. Q~u-----------

S- stiffmoist-- 0

2 I rn-brick red fi-med SAND w/ SS-l 2.0 1100 V-
0
p  

0 ISP silt tr f1 gravel, firm, dry -I

." . .. 2 .0
AA s /fi to co SAND SS-2 ,_o A0.8

J -. 0 ----------------------------- 1200

k. "1600

_ _ SP bin-bick red fi to co SAND 5.0
S GP and GRAVEL wlcbls, dense, dry SS-3 7.0 2300 L.jt = 0.6
6. 0 ,,

- --- _ -----
00_- - ---

10 _ 0--------------- ------------- 9.07

SPI brick red fi to med SA,4D w/ SS-4 11.0 1100

1trclay, co sn ndgravel. l I

0 to firm, moist to v moist RNU l.Om.p
0 -- ----------- --- i

O SAA bit dense and increasing
14.0

J6 J 1 .9~ --------- SS-5__

ioo

0 .
2 0 -- - ---------- 9.0

. SS-6 21.0 2300 TD 21.0'

-- 15 m. after drilling)

40DIFIERS: SPLIT SPOON SAMPLE

fi fine tr trace E GRAS SAMPLE
md medium 91 slightly M UNDISTURBED SAMPLE
Co coarse WATER TABLE 24 HR
$m some * WATER TABLE TIME OF BORING

ENGINEERING-SCIENCE
F- 18



I
Sheet i of

GEOLOGIC BORING LOG

JOB NUMBER 56423.04 CLIENT PJKS Air Force DATE I2/1io.g

BORING NUMBER ES-9 BORING DIAMETER 6-1/8" ELEVATION 5054.02

MACHINE TYPE Cyclone 750 CONTRACTOR Arrow Drilling Co. DATUM Ground Surface

TEMPERATURE 45 "F WEATHER Clear-calm ENGINEER P. Sirles

DRILLING MEDIUM USED air

DEPTH a: GEOLOGIC DESCRIPTION "- W REMARKS
(FT. NO. DEPTH R
____ 0. ~~~(FT.) n o. _ _ _ _ _ _

-0 6"_pavement and _iael K_ fN-0jt (.8_pp

SW brn-brick red fi-eed SAND i90 -- -
L U

-I SS2 '.
LCL- - M l- S-T Lr- z*sl ff 4.0 950 M -0 -. P

-ad reo900
t, l. - -NU _,_ 1.0-1.,2.,..,_p:o --

brn-dk bin cly STLT tr 5.095 .. ..

. -o i s t7SS -3 . 0 9 5 0

3 E-hole producing water

SA 1100 ------------ . .. -\ - --

.- bin-brick red fi-co SAND

u0 - - - - -.

y/li-- t; ~--------S-

-SAA color chances to brown
IL--"- --'1400

-SAA color back to brick red S 14.0 2000 7. D .
-46 -SS ------- - 5--L. 2100 -.TD 16.0'

- - - - -1o - -i v. dense

- ss blv weather- - - s d - - 
- -

.... ~ -I I - -- -

---I------- -- -- -- -- -- -- -

MODIFItRS: SPLIT SPOON SAMPLE

i fine tr trace C GRAB SAMPLE
med medium al slightly M UNDISTURBED SAMPLE
cc coarse W WATER TABLE 24 HR
am some - WATER TABLE TIME OF BORING

ENGINEERING-SCIENCE
F- 19

.. .. ...... ...................... . .. ... . . J A ft



Sh Se 0 f

GEOLOGIC BORING LOG Set__o

JOB NUMBER 564.3.04 -CLIENT P31(5 Air Force DATE 12/30/85

BORING NUMBER -S-i: BORING DIAMETER 3" ELEVATION 6051-35
MACHINE TYPE Cyclone 750 CONTRACTOR Arrow Drilling DATUM Ground Surface

TEMPERATURE 45 *F WEATHER Clear, warm ENGINEER P. Sirles

DRILLING MEDIUM USED NA (Push sampie.)

DEPTHSAMPLES UJI L.j CI

(FT.) o GEOLOGIC DESCRIPTIONDETRMA S

C L dkb iSL ooNO (FT.) 0 1 iWHU background 0.5 ppm

2.0 800
- - ~S5m{ w orjanics roots, mi.st s of qI 0--------

brick red slijhl ity fi

!L, dkr fi.SILT to co SA,

85 0.8

_& rAdU 4lAy~...........

- -~ -s - - - - --f

CoIWO

0

Ii L-- 
--- 

--

- - - - - - - -- ---- -------

.VDIFIE8S: SPLIT SPOON SAMPLE
fi fine tr t~:, E RSSML
med medium 91 al ghl UNDISTURBED SAMPLE

Co cors WATER TABLE 24 HR
SWATER TABLE TIME OF BORING

ENGINEERING-SCIENCE.
F-20



Shet o
GEOLOGIC BORING LOG Set__o

JOB NUMBER 56423.04 CLIENT PJKS - Air Force DATE 12 J31,195

BORING NLP.4ER ES-13 BORING DIAMETER 3" (push sampler) ELEVATION 6023.39
MACHINE TYPE Cyclone 750 CONTRACTOR Arrow Drilling DATUM Ground Surface

TEMPERATURE 30' WEATHER clear, cool, calm ENG !NEER P. Siries

DRILLING MEDIUM USED \;A________

DET SAMPLES CL j EAK

- - CL br '1k-br, sandv sil v CLAY 0

~ trceo SS-2 2.0 "goo

Sp red slightly silt yS 
- 4.90

V --~ SPfi to co SAND w GRAVEL med

io iO' stiff, wet-

6 CSAA 6.)e

~.0 55-3 5.0 1000 ___

0 e.~rd d I- i Ho-le collapses as sampler
waerdedock, fi - edcoule

.SA"03TON"'Edvr Visua1l
sZlZe tif L SS-4 Only i2300 7D L.,

------------------------------------------------

7 -- ----------------- I

---------------------------

-- -- -- -- - -- - -- -

------------------

MIODIFIERS: SPLIT SPOON SAMPLE
ti fine trtac E GRAS SAMPLE
med medium 1Si 1ghtliy UNDISTURBED SAMPLE
co coarse WATER TABLE 24 HR
sosom e M-' WATER TABLE TIME OF BORING

ENGINEERING-SCIENCE
F- 21



Sheet I of

GEOLOGIC BORING LOG S

JOB NUMBER 56423.04 CLIENT PJKS - Air Force DATE 12/31/85

BORING NUMBER ES-14 BORING DIAMETER 6-1/8" ELEVATION 6G20.98

MACHINE TYPE Cvclone 750 CONTRACTOR Arrow Drilling DATUM Ground Surface

TEMPERATURE 35'F WEATHER sunny, warm ENGINEER P. Sirles

DRILLING MEDIUM USED NA

DEPTH SAMPLES &=.
DETH SM GEOLOGIC DESCRIPTION >. " E

DEPe- - =  .oarunREMARKS
(FT.) I NO. EI- .Nu background - 0.4 ppm

O SP br (brick red) fi to co SAND w -
- " .x/?'1 GRAVEL, roots, soft -

--- . - - ------------ 0

SAA

- - -- - - - - - - - - SS-2 4500 RNu -0.8

5.00 --- - -

6 ML Br sandy, clayey SILT, stiff, SS-3 7.0 1100 - 0.6. .- - - CL - -- - - - ...... . ..-- -

_1100 Nu - 0.3

10 O60 SP Brickr 9.0

S fi - cu SAND w GRAVEL

1.stiff _moist- 2000 -chan e to sir rotary c12:1O

Brick red sandy GRAVEL w COBBLES 1 13.0
13.5 2500 7

Cp wet, very stiff SS-5 14.8 2300 iiu - 1.0

TD 14.8

6_(

- - - - - - -- - -

---- -

......----- -------- ------ - -

MODIFtERS: SPLIT SPOON SAMPLE
ft fine tr trace E; GRAB SAMPLE
med medium sl slightly UNDISTURBED SAMPLE
co coarse W WATER TABLE 24 HR
sm some -"'" WATER TABLE TIME OF BORING

ENGINEERING-SCIENCE
F-22



Sheet - of

GEOLOGIC BORING LOG S

JOB NUMBER 56423.04 CLIENT PJKS Air Force DATE 1,'2,8b

BORING NUMBERES-ISA BORING DIAMETER 3-1/7' ELEVATION 6089.60

MACHINE TYPE Cyclone 750 CONTRACTOR Arrow Drilling DATUM Ground Surface

TEMPERATURE 30OF WEATHER clear, v windy ENGINEER 7. Siries

DRILLING MEDIUM USED NA

DEPTH SAMPLES 0'JDF ' GEOLOGIC DESCRIPTION CL REM-a
(FT)j NO. >EPTHW REMARKS

(FT.) a_ _ NO._____= iHNu background - 0.8 Spm

2o blk oavement, 3" GRAVEL --- - - - -0

:6, 1 ss-1 2 . 1 oo o

2 -ubgrade - - --

SP Br silty SAIND w GRAVEL v. stiff, iUMu - 200

2.0
IL itss-2 4.0 11l0

0Abandoned - see attached

I ! boring log for 3-ES-15

-I -- -. . . . . ..- -
I I

7'j

-ii - -----------
------ --- -- ----- : - - --- -- -- ---

. . . -. - - - - - -

MODIFIERS: SPLIT SPOON SAMPLE
fi fine r trace M GRAB SAMPLE
med medium 8i sligh-y WUNDISTURBED SAMPLE
co coarse * WATER TABLE 24 HR
am some " WATER TABLE TIME OF BORING

ENGINEERING-SCIENCE
F-23



Sheet 2 of
GEOLOGIC BORING LOG

JOB NUMBER 5__ __. __ CLIENT PjKS Air Force DATE 1'9,86

BORING NUMBER 3--S-15 BORING DIAMETER - 6-5/g" ELEVATION ,

MACHINE TYPE Cyclone -50 CONTRACTOR Arrow Drillinae DATUM Ground Sur!ace

TEMPERATURE 30 -F WEATHER clear, cool ENGINEER ?CS
DRILLING MEDIUM USED , A,

DT ~SAMPLES U REMARKE GEOLOGIC DESCRIPTION REMARKS
(FT.) u NO. I-0E TH O- u background -0. 6-0. -,o

I 2" blk ?avement, 3" GRAVEL

sub rade (from ES-15A)

2.0

K0 I br sl silty fi-co SAND w (,RAVEL, [
'O , t race .... o:~o~t - 5. - -

-LUC 1.2s. -so t! :,-t,_ -ist
'0. , 15.0

" SC Dr br sandy SILT and . .. __ SS-3 .0 900

3 , noist soft I

- . BrSILT CLAY tr fi - ied sand.__ -r-- --- - - - ----

lijhrbr SA2ND GRAVEL, COBBLES IA

S"; " r - brick red s1 silty .{!=LU - 5.

-f i -c S w L.JCBBLES _ S 13.0- o - - -

FII~~~~~~iK ~~~~~ ~13.4------------------------
SAA - 50% GRAVEL and COBBLES SS-6 15.4 2300 2HNu - 3,0

p16 + ven astif - - - - - H.Nu 2 20-250

------------------------

... K

MODIPIERS; SPLIT SPOON SAMPLEq

ft fine tr trace F GRAB SAMPLE
mod medium sl slightly M UNDISTURBED SAMPLE
co coarse W WATER TABLE 24 HR
am some " WATER TABLE TIME OF SORING

ENGINEERING-SCIENCE
F-24



Sheet ___ of

GEOLOG!C BORING LOG

JOB NUMBER 56423.04 CLIENT PJKS Air Force DATE 1/2,86

BORING NUMBER 3-ZS-16 BORING DIAMETER 6-5/8" ELEVATION 6091.00

MACHINE TYPE Cyclone 750 CONTRACTOR Arrow Drilling DATUM Ground Su:face

TEMPERATURE 
40

*F WEATHER Clear, v windy ENGINEER ?. Sirles

DRILLING MEDIUM USED __A

DEPH '  SAMPLES Q.'w -j'" W i

DEPTH U. GEOLOGIC DESCRIPTION SAMPES - REMARKS
c(FT.) us NO (FT.) . M, . u backeround - 0.6-0.8ppm

- 0 Pajeaent and subgrade, wet L200 ~------------
3 Br fi-co SAND GRAVEL

. 1: tr cobbles, moist, stiff SS-1 2.0 1200 HNu 0.8

I2.0

, Br - brick red sl silcy fi - co 1500

., SAND w GRAVEL and COBBLES, 1500 HNu - 0.4

S moist, very.stiff- SS-3 7.0 2100 HNu - 0.8 -

3 MM 2300

8.0 2100
, S 30% GRAVEL/COBBLES SS-4 9.5 2300 HNu - 0.6 -,

10 Moist to drv j
2300--

i2 , 1 SAA SS-5 12.0 HNu - O.'L

change to air rotary

14.0

.1O SAA SS-6 15.0 2300 D- 15.0

MODIFIERS: SPLIT SPOON SAMPLE

fi fine tr trace F:- GRAB SAMPLE

reed medium al slightly M UNDISTURBED SAMPLE
co coarse "lie WATER TABLE 24 HR
am some -%"C"=- WATER TABLE TIME OF BORING

f ~ ENGINEERING-SCIENCE

F-25



WELL CONSTRUCTION DETAILS



6 " DIA. STEEL SURFACE
CASING

GROUND SURFACE

2"DIA. SCH. 80 PVC
W/ THREADED JOINTS

GROUT/ BEN TONITE
SLURRY BACKFILL

CRUSHED
BEN TONITE 

29,

2 DIA.SCH. 80 PVC
W/ THREADED JOINTP
SCREEN SIZE= 0.02d

SAND/ GRAVEL

6 '8DIA, BO0RE HOLE

Comp~eiion Date: 12-6-85 WL EINDTI
Engineer: L. Korner 

Boring No.: ES-i

F- 26



61" DIA. STEEL SURFACE

CASING5939.24_FEET (ELEVATION)

GROUND SURFACE___

2 HDIA. SCH. 80 PVC o.
W/ THREADED JOINTS -6.5' 12.5' 17'

GROUT/ BEN TONITE
SLURRY BACKFILL ,

CRUSHED 
3BENTONITE 3

2'DIA. SCH. 80 PVC
W1 THREADED JOINTP
SCREEN SIZE: 0.02d

SAND/ GRAVEL 20,

61/81 DIA. BOREHOLE

MW- 2
WELL DESIGN DETAIL

Completion Date: 12-9-85
Engineer: P Skires Boring No.: ES-2

F-2 7



.§"DIA. STEEL SURFACE

CASING6026.87 FEET (ELEVATION)

CONCRETE3.2,

GROUND SURFACE-),6

2" DIA. SCH. 80 PVC130 198
W/i THREADED JOINTS i.,7.5'130 198

GROUT/ BEN TONITE
SLURRY BACKFILL .

CRUSHED 
'48BENTONITE 3.

2'DIA. SCH. 80 PVC
W1 THREADED JO! NIP
SCREEN SIZE = .02d

SAND/ GRAVEL 15'

10_"DIA. BOREHOLE

MW- 3
WELL DESIGN DETAIL

Completion Date 12 -23 -85BoigN.ES0
Engineer: P. Sides Brn o Sl

F-28



6 WA. STEEL SURFACE

6147.49 FEET (ELEVATION)

GROUND SURFACE

2 'DIA. SCH. 80 PVC______
-W/ THREADED JOINTS 8 1' 1

GROUT/ BEN TONITE

SLURRY BACKFILL

CRUSHED __

2"DIA. SCH. 80 PVC
W1 THREADED JOINT
SCREEN SIZE: =O.02d

SAND/ GRAVEL 15'

65,DIA. BOREHOLE

MW- 4

Completion Date: 1-8-86 WL EINDTI oigN. S1
Engineer: P. SidesBonqN.ES8

F-2 9



6'DIA. STEEL SURFACE
CASING

6144.81 FEET (ELEVATION)

GROUND SURFACE

2DIA. SCH. 80 PVC /
W/ THREADED JOINTS 05' 75' 9.7

GROUT/ BEN TONITE
SLURRY B3ACKFILL

CRUSHED
BENTONITE19.7'

2"DIA. SCH. 80 PVC
W1 THREADED JOINT
SCREEN SIZE: =O.02d

SAND/ GRAVEL 10 f

/8DIA. BOREHOLE

MW- 5
WELL DESIGN DETAIL

Completion Date :1-9-86-

Engineer: P. Sirles Boring No.: ES -19

F-30



6 DIA. STEEL SURFACE
CASING_____________

6126.77 FEET (ELEVATION)

GROUND SURFACE __

2' DIA. SCH. 80 PVC /

W/ THREADED JOINTS /3 45 7'

GROUT/ BEN TONITE
SLURRY BACKFILL

CRUSHED
BE NTO NITE 2

2"DIA. SCH. 80 PVC
W/ THREADED JOINI
SCREEN SIZE =0.02d

SAND/ GRAVEL

6 78 DIA. B3OREHOLE

WELL DESIGN DETAIL

Completion Date: 1-6-86
Engineer: P. Sir es Boring No.: ES -17

F- 31



6DIA. STEEL SURFACE
CASING8334.73 FEET (ELEVATION)

GROUND SURFACE

2"DIA. SCH. 80 PVC
W/ THREADED JOINTS35'68 0

GROUT/ BEN TONITE l

SLURRY BACKFILL

CRUSH ED 2
BEN TON ITE25

2DIA. SCH. 80 PVC
W/ THREADED JOINT~
SCREEN SIZE 0 .02d

SAND/ GRAVEL 15

10" DIA. BOREHOLE

MW- 7
WELL DESIGN DETAIL

Completion Dote: 12-2T-85
Engineer: P. Sirles Boring No.: ES- 12

F-32



6'DIA. STEEL SURFACE

CASING5962.31 FEET(ELEVATION)

GROUND SURFACE

2" DIA. SCH. 80 PVC
%V/ THREADED JOINTS 2 5

CRSEDSZ .2

SAND/ GRAVEL 20

6_ DIA. BOREHOLE-

MW- a
WELL DESIGN DETAIL

Completion Dote: 12-18-85 Brn o:E-
Engineer: P SirlesBoigN.S-

F- 33



I

WELL AND SOIL BORING SURVEY DATA

--- & . m, I - •• 4



NORTHING EASTING Top PVC GROUND

MW-1 610,914.36 2,107,826.91 5979,67 5977.04

MW-2 610,668.85 2,108,284.63 5939.24 5937.16

MW-3 611,465.78 2,107,246.69 6026.87 6023.91

KW-4 610,629.79 2,105,525.82 *6147.49 6146.28

MW-5 610,616.76 2,105,580.11 6144.81 6142.95

M-6 610,694.42 2,105,639.32 6126.77 6125.44

MW-7 611,454.15 2,107,028.19 **6032.73L 6032.63

R.T-8 611,073.20 2,108,268.04 5962.31 5960.30

*Top of PVC Cap (could not get cap off)
**Too far down to mark.elevation to rim of casing 6034.59

. z.o Pt t-3( a,4Ae C.. 7f (-is r o L.) r- ;;#73 CI 4

F-33



!

SOIL BORING # ELEVATION

ES-3 5971.73
ES-4 5969.87
ES-5 5969.22

* ES-6 5973.36

* ES-7 5972.64

ES-9 6054.02
ES-I1 6051.85
ES-13 6025.39
ES-14 6020.98
ES-15 6089.60
ES-16 6091.00

* Numbers are as marked on stakes

- ES-6 and ES-7 are switched on map a5 c ac s c

- No mark on ES-5 s re
"

F-34
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GEOPHYSICAL SURVEY DATA
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DEPTH ESTIMATE MODEL AT SITES 4&5
11 (PROFILE A-A')

59000

58000

711. 57000
z 

7-

Z 55000 -Q

54000
-J A A'

'II 53000
0

52000 Xz

51000 . I I

i! 0 50 100 150 200

DISTANCE (FEET)

S DEPTH ESTIMATE CALCULATION

Z = KXz 1(3.5 FEET) = 3.5 FEET

Z = APPROXIMATE DEPTH TO
I t- CAUSATIVE BODY

K = EMPERICALLY DERIVED
S1. CONSTANT

Xz=HORIZONTAL COMPONENT OF THE
MAXIMUM SLOPE LINE OF CURVE
(ANOMALY)

Xz = 02 - 01
= 162.0 - 165.5 3.5 FEET

IG-4 ES ENGINEERING- SCIENCE
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Wj

]SOUNDING I PJKS PLANT, COLORADO
SITE 4 & 5

p-p 1  dial scale corrected *k apparent cumuI lative

spacing readin multiplier read ir g (feet) resistivity resistivity

(feet (ohis? (ohms (ohrn-ft) (ohm- ft )

2.01 11.00 0.010 0.1100 899.80 98.98 98.98

4.00 23.00 0.010 0.2300 449.50 107.39 202.36

6.00 33.00 0.010 0.3300 239.30 98.77 301.13

8.00 48.00 0.010 0.4800 224.00 107.52 408.65

10.00 61.00 0.010 0.6100 178.80 109.07 517.72

12.00 75.00 0.010 0.7500 148.50 111.38 629.10

4.00 90.00 0.010 0.9000 126.80 114.12 743.22

16.00 105.00 0.010 1.0500 110.50 116.03 859.24

1..0 122.00 0.010 1.2200 97.80 119.32 978.56

20.00 136.00 0.010 1.3600 87.50 119.00 1097.56

II.- 156.00 0.010 1.5600 79.10 123.40 1220.95

2.L00 174.00 0.010 1.7400 72.00 125.28 2 U46.23

.00 137.00 0.010 1.9300 70.00 135.10 1481.33

00 21. 00 0.010 2.1V00 60.80 133.15 1614.48
-1 30.00 41.00 0.010 2.4100 56.30 135.68 1750.17

.00 5.00 0.010 2.5300 52.30 135.46 1a85.62

34, 00 7 00 0.010 2. 7500 48.70 133.93 2019. 55
6.00 313. 00 0.010 3.1300 45.50 142.42 2161.96

.0. 8 00 0. Il 3.3800 42.60 143.99 2 05.95
0.00 3.0 0.100 3.7000 40.00 148.00 2453.95
4:.00 - 0 0.100 3.3000 k7.60 146.64 200.59

.0 50 0.100 35. 40 150.45 275i.04

E.00 2M 0.t00 .6000 -3.40 153.64 2-04.68
-30 -.:05000 0.! 00 -5.5000 .j1.0 157.50 3062.18

;0. ON), 0.1Z0 5. 1000 29.80 160.92 323.10
0. .9.10 161.5.9 3384.68
0. :' 6. @ 6.60 16 .92 3543.60

.00 ',00 0.100 6.7000 a5.10 168.17 3717.77

00 7. 50 0. i00 7.2500 80 172. 5 3890. 32
0.0 78.:0 o.100 7. 8000 .50 175.50 4065. 82

*APPqRE'JT RE3 STIVITY (2:R) [llrl-1/r2 l/r3+I/r4] where K=<]

I
iI

G- 13L___________ ___ ________



j

jSOUNDING 2 PJKS PLANT, COLORADO

SITE 4 & 5"

p-pl dial scale corrected *k apparent curulative
spacIn readir, rmultiplier reading (feet) resistivity resistivity(feet? (o:h ms? (ohms) (ohm- ft ) (,:hm- ft )

1C-.00 10.00 0.00 0.1000 899.80 89.98 89.98
4.00 800 Q. 010 0.150 449.5 50 P10.91 170.83

.056.00 0.010 0.5600 126.80 71.01 C37.67
16.00 61.00 0.010 0.6100 10.50 67. 20 53.07
18.00 66.00 0.010 0.6600 37.80 6a55 6.52

71.00 0.010 0. 7100 87.50 6.13 09.. 7

142.00 83.00 0.010 0,8300 79.10 7-.01 75716.00 91.00 0.010 0. 6100 17IL.0 ; E.41, 82. 07

18.00 68.00 0.010 0.9 300 70.00 . 81.5E8.00 13. 00 0.010 1.0300 60.80 .6 757.14zz~ ~ ~ ~ ~ ~~~~~ 00 OOo 0 ?1Oi - .'o5 14

30.00 112.00 0.010 1.1200 56. 63.136 1017.20
32.00 119.00 0.010 1.1900 5a.'0 61n.a 1079.43
34.00 129.00 0.010 1.2900 48.70 62. 82 I142.26
37.00 141.00 0.010 1.4100 W .50 64.16 12?16. 41
A. 151.00 0.010 1.5100 .0 64.33 1270.74

4 10.9 166.00 0.00 .660! 000 17,!
4. 18.00 0.010 1.8EO0 V7.S0 69. 9 17.07

193.00 0.010 1.3900 3'. 0 70. 45 1-77.52TI 4o;8.0 0.010 2.0800 z.0 37 1463
231.00 0.010 2.3100 0 7a.77 1613.76

. 0 25.50 0.100 2. =500 -415.9 16E5. 7,
5..00 -7. 0.100 2.7000 8.1 75.7 1771. 2

23.50 0.100 2.9500 ;:'S 7.2507.Z
.322.50 0.100 3.2500 5 81.58 1331.66
3.0 34.50 0.100 3. 2000 1700 37.*0 0.100 .7000 8.25 02

.1_ *APPARENT RESISTIVITY (2±iR) rI/I/-i/hrI/r3+1/r 4 J where K=[3

-I

I



SOUNDING 3 PJKS PLNT, COLORPDO
SITE 4 & 5

p-pl dial scale corrected *k apparent cumulat ive
spac readir!g multiplier readi n (feet) resistivity resistivity
((feet? (h)ohms (ohr- ft ) (ohm- f t )

2.00 41.00 0.010 0. 4100 899.80 268... 92 368.92
4.00 86.00 0. 010 0. 8600 44. 50 286.57 755. 49
6.00 1 9.00 0. 010 1 SO 29.0 36.10 1141. 59
8.00 168.00 0.010 1 r,8c0 .'0 376.2: ±57 91

10.00 2!0.00 0. 0 1. 1000 117.80 375j.48 199 3.39
12.00 254.00 0.0- V 5400 148.50 377.!9 270 .58
14.100 30.00 0. 100 .O0&10 1 80.40 0 0.9
16.00 -4.00 0. 100 3.000 110. 50 375.70 026.t8
18.00 38.00 0.IL 00 0 97 "30 $71.64 4398
20. 00 4 -. 0 0 0. ! 0 0 4. --q001 :3'7. ;%L 376.'25 3 774,

47.00 0. 100 4. 7C.00 79. 10 71.77 4i".34

c4.00 53. 00 0. !00 5.3000 7. k 381. S
-6.00 57.00 .100 5.700 0 70.00 399. 00 9S 9
28.00 63.00 0. 100 6.3000 60.3 80 8E. '21 0-'.

20.00 66.00 0. 100 6.60,00 5 6.0 371.58 0-1m
":.0, 71.50 0.100 7.1500 2. 0 7 0-5.50

14. T0 77.00 0. 100 7.700 0 4 9.70 374.99 E-30. S
82.00 0.,-0 .3. -73.. 10

8. 87.00 0.100 .00 .0 0
,. 00 92.00 :. 100 9.24-00 "". 6 00 E .Z
,2.010 CE. 00 0. 100 3.300 --. 50 E_.3. 7q- 10. -

k 103. 00 10. 00 0 E 3-7,.,~6. '-i0 103.'. 00 0. 100 10. '3'.0 -. 0 -E
. 6S $ .

48.0 6. 00 "EO " ....

3, 00 12. 00 0. 1) 12 0. 20) 0. 30
5'. 00 120. 00 0. 100 13. L?000 00 t. 'o

03.0 0.0 1.000 .0-4,

5E.00A i:e.®0 0.1i00 1 2000 37 1 .-8 0
5 8. 00 15.00 0.100 5l.0"0 :.,0 70 C2 308Z9. I

0. C0 1-6.00 0. i00 16.6000 2.50 373.50 1122.61J *ApOgRENT RESISTIVITY = (2i R) f,//!-1/r i'2,+1"'4 wqher's K=1]
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DEPTH ESTIMATE MODEL AT SITE 10 PROFILE A-A'
j55300 _

55200 DEPTH ESTIMATE CALCULATION

55100 Z = KXz = 1(4.5 FEET) = 4.5 FEET

Z - APPROXIMATE DEPTH TO CAUSATIVE
Fn~ 55000 BODYz

54900 K - EMPERICALLY DERIVED CONSTANT
Z Xz HORIZONTAL COMPONENT OF THE
0 MAXIMUM SLOPE LINE OF CURVE

54800 (ANOMALY)Z] < x- -o
0 54700 2 17.0 -1112.5 4.5 FEET

I 54600

0 54500 A A#

54400 -- Xz

54300.. I I I

0 50 100 150 200 250
IDISTANCE (FEET)

55000 FIGURE 68

59 DEPTH ESTIMATE MODEL AT SITE
_o54o90 10 PROFILE B-B'

i-I 54800
z DEPTH ESTIMATE CALCULATION

1 5470 Z KXz = 1(6.0 FEET) = 6.0 FEET

9 54600 Z APPROXIMATE DEPTH TO CAUSATIVE
ujF- BODYi LU 5 K = EMPERICALLY DERIVED CONSTANT

Z<54500
SB02 Xz = HORIZONTAL COMPONENT OF

" 54400 Bo THE MAXIMUM SLOPE IJNE OF
CURVE (ANOMALY)

5430 Xz Q Q2 - 01
0- 113.5 - 119.5 6.0 FEET

54200

541O0

0 50 100 150 200 250
DISTANCE (FEET)
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I

I

LI SOUNDING 1 PJKS PLANT, COLORADO
SITE 10

p-pl dial scale corrected *k apparent cumIulative

spacin readin? multiplier readin? (feet) resistivity resistivity

(feet (ohms (ohms (ohni- ft ) (,:,h m - f t )

2.00 34.00 0.010 0.3400 899.80 305.93 M93

4.00 75.00 0.010 0.7500 449.50 337.13 643.06
6.00 110.00 0.010 1.1000 299.30 329.23 972.29

8.00 143.00 0.010 1.4900 224.00 333.76 1306.05

10.00 182.00 0.010 1.8200 178.80 325.42 1631.46

16.00 282.00 0.010 2. 800 i1. 50 311.61 '2 578.30

18.00 316.00 0.010 3. 1600 97.80 309.05 2887.35

20.00 -48.00 0.010 3.4.80 87.50 304.50 3191.85

22.00 382.00 0.010 3.8200 79.10 302.16 3494.01

24.00 410.00 0.010 4.1000 72.00 295.20 3789.21
26.00 445.00 0.010 4. 500 70. 00 311. 50 4100.71

C 8 88.00 0.00 4. 200 60.80 Z93.06 439-.7S
30-00 5!8.00 0.010 5. 100 5E.0 291.63 E8. 40

32.00 558.00 0.010 5 g00 52. 0 291.33 47.48'5q .1 .L1 48.70 .290. 25 52''. 48
34.0 L7.0 0.01 5.'S00

36.00 636.t90 0.010 6. - 0.0 99.38 556E
38.00 674.100 0.010 6. 00 2. 60 12 5843.39

40.00 710.00 0.0!0 7.!000 4;20 .4 00 61-7.9

4'. 75.00 0. 00 7. 000 ".60 :91 00 64 09.9

.0 78.00 0.100 7 .a010 L5.'0 L:.1 .1

4S. .00 81.00 0. 000 . 0 0 0. a CE
a 4.A. -A0 87.00 0. 100 9.700 31. 50 -- 4. 05 7L

50. 00 W.-30 L0.100 9 .00 20 .. 7

.90.70 0.10i -000 0 2£..357

t C. 10000 0.10 0 . 0 00 801.-K

!E.00 105.00 0.100 0. .0 2..J7. 8295. 40
!:1.0 M 10. 00 0. 100 10. , 00 L3.A0 857. 0 8 55=2. 44

:1.00 114. 00 0. 100 i . 004 : 1:. 5 .0 p908.94

I *APPPRENT RESISTIVITY (2iiR) l,1,r 11/ru 1where/r4

G-2
*

t
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SOUNDING 2 PJKS PLANT, COLORADO
SITE 10

p-pl dial scale corrected *k apparent curiulative

spacin reading multiplier reading (feet) resistivity resistivity
(feet? (ohms? (,,hrfs) (c, hm-f t) (,:,hrt-f t)

S2.00 0.010 0.d0 899.80 206.95 06.95

.0 L7-38 .
4.00 86.00 0o010 0.8600 449.50 386.57 5 .

6.00 118.00 0.010 1.1800 299.30 353.17 6. 70

8.00 170.00 0.010 1.7000 224.00 80. 1-27.50

10.00 244.00 0.010 2.0400 178.80 364.75 169 .5
2.00 226.00 0.010 ":2. _7148.50 5046 714;.1

;!4. )0 A0. 0.0V110 ?.000 126.80 367.72 2410.44

16.00 32S.00 0.010 3.600 110.50 360.23 27 0. 6
00 .O '1 0.010 3._210 97.80 351.04 31 .70

30.0 401.00 0.00 4.0100 87.50 350.88 47
: 000 0.00 4.4000 79.10 348.04 61

00 476. 00 0.010 4. 7800 72.00 344.16 467.77

a6.00 ,00 0.1- 5. O  70.00 39.0 4F7

2s.00 20. 00 0.010 5.2000 60.80 253.64 4890 0'30. 00 £ -1-. 00 0.0;0 E. -:,,00 56. 0 5.9 52410. :0
C.L a_ 350.9 t=-2.6.700 0 3O51.4 551.65

_Q o' 5b5 10 E.723
Z,0 7 "'0 0.10 7.1600 48.70 248. s9 590.25

76.00 7 .0 0.100 0.6000 0 35.80 '96. 15

"0.00 . 00 0. 10 0. 8000 4.32.0 3 7 .3
'.00 1.00 .100 0.1110 27.0 3.76 657t. i

51.3 12.L00 0. -I2 9 3.a .322

-.00 13f..0 0.00 0.:3q00 0 3I Z' . Z..

5"00 14:.00 ,: 100 !2. 000 -: 90 19: :

-E5 . - 0 t 0'. 0 0. Ci 0 0. 21100 77. 40 LA8. 2 a.
21 1A . .... '00-Q

.I *A+PPOPEP T PES3T!VIT'Y (Sii) [11/,rt/- r 3+/r,]+ a.here U:[

I

I

C-2 6

.. . .. . ...... . . . 'o .. . . . .O f _ _q
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7SOUNDING 3 PJKS PLANT, COLORADO
SITE 10

p-pl dial scale corrected *k apparent cumulative
spacing reading multiplier reading (feet) resistivity resistivity
(feet) (chms) (ohms) (ohm- fft) (ohm-ft)

- 34.00 0.010 0.3400 899.80 305. 93
4 4.00 69.00 0.010 0.6900 449.50 310.16 616.03
6.00 '08 00 0.010 1.0800 299.30 3:7.24 939.3
8.00 1 6.00 0.010 1.4600 224.00 327.04 1266.37

10.00 3 S2.00 0.010 1.8200 178.80 125.42 1591.79
12.00 2!5.00 0.010 2.1500 148.50 319.28 1911.06
14.0 .C4 0GQ 0.010 2.5400 126.80 .122 07 23.13
16.00 87. 00 0.010 2.8700 110.50 317.14 2550.27
18. 800 0.010 3.1800 97.80 311.00 2861.27
'2.000 0.010 3.00 0 87.50 316.75 3178.02

0 73.00 0.100 3.3000 79.10 308.49 3486.51
.. 00 0.100 .3000 72.00 30.60 3796.11

S.0 46.00 0.100 4.6000 70.00 322.00 4118.11
00 00 0. 100 5.0000 60.80 a0400 4.11

.0.00 00 0.100 5.100.0 6.-0 .02 4726.13
:2.00 57.50 0.100 5.7500 52.30 00.73 502 686
34.00 S1.00 0.100 6.1000 48.70 97. 07 5 93

00p- Oki 0. :A0 6. $000 5.50 300 .30 524. 23
7.0 71.00 0.100 7.0000 42.6 20*. 29243

00.100 7.80006 7 .4352.00 78.00 0.7100 1.8200 7.0 2S. 66207. 71
2.0 10.0 0.100 .21000 1., '90. E797.993 E: 7.00 010 .7,000 z33. Z0 290. 58 70e8. 57

6.0 12.00 3.100 91.000 -- 0 '99.80 -78.:7

57.:3 -1.0 0.100 9.7000 2.80 .6 7667.43
):.0 0.00 0. 100 10.2000 26.10 2 6t2 C871352.05Z

.3. 100 1 _ I. 1 000 : _.0 2 .! 5 .47
113. 00 0. 1 00 11.9 0 so.8 --8q . a 81. 9

600 126.00 0.100 12. 000 2-.50 292.50 9094.13

- J *PiZPARENT RESISTIVITY = 2iiR) [1/1/rI-/r2 1/r3+1/r4) where K=E]

V-2I
11
.I
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APPENDIX H

DETECTION LIMITS, PRESERVATIVES, AND HOLDING TIMES

ELAPSED TIME BETMEEN SAMPLING AND LAB ANALYSES FOR PJKS SAMPLES

SAMPLE NUMBERING SYSTEM

SAMPLE HANDLING AND PACKAGING



I
I
I
I
I
I
I
I

DETECTIOIJ LIMITS, PRESERVATIVES, AND HOLDING TIMES

I



Detection Limits, Preservatives and

Holding Times for AFP PJKS Analytical Parameters

Detection Hold Lug

Parameter Limit Preservative Times

Purgeable Note I None required 14 days

organic
compounds Note 2 14 days

Base/neutral/ Note 3 None required 14 days

acid extractable
organic compounds

Oil and Grease 5.0 mg/L4  Cool, 40C 28 days

H so. to

1.0 mg/g5  Cool, 40 C

Total Dissolved 10 mg/L4  Cool, 4*C 7 days

Solids (TDS)

Arsenic 0.002 mg/ 4  HNO3 to pH <2 6 months

0.04 mg/L

Cadmium 0.02 mg/L 4  HNO to pH <2 6 months

0.40 ug/g

Chromium (total) 0.11 mg/L4  Cool, 4C 6 hours

2.10 ugfg

Chromium (hexevalent) 0.02 mg/L 4  24 hours
0.17 ug/g

Lead 0.12 mg/L4  HNO to pH <2 6 months

2.40 ug/g

Mercury 0.0002 mg/l
4  HNO3 to pH <2 28 days

.004 ug/g

Selenium 0.002 mg/ 4  HNO 3 to pH <2 6 months

0.04 ug/L

Thorium 0.1 piCu/L4  HNO 3 to pH <2 6 months

0.1 piCu/g

Gross alpha 20 piCu/L4  None 1 year

H-: 1



Detection Limits, Preservatives and
Holding Times for AFP PJKS Analytical Parameters

(Continued)

Detection Holding

Parameter Limit Preservative Times

Gross beta 30 piCu/L4  None 1 year

High resolution gamma 10 piCu/L4  HN 03, pH - 1 1 year

pH, in-situ -- None required Analyzed
immediately

Temperature, -- None required Analyzed
in-situ immediately

Specific cond. -- None required Analyzed
in-situ immediately

Phenols 0.005 mgL 4  Cool, 4*C 28 days
0.5 ug/g H2so4 to pH <2

MEK, 1 pond + 10 mg/L4  None 14 days
3 wells 10 ug/g5

Hydrazine 1 mg/L4  None --

6 mg/g

NDMA 0.25 mg/L4  None --

0.25 ug/g

Total Kjeldahl 0.1 mg4L4  Cool, 40 C 28 days

Nitrogen 5 ug/g H2so4 to pH <2

Nitrate 0.1 mg L4  Cool, 4C 48 hours
1 ug/g

Nitrite 0.011 mg/ 4  Cool, 4°C 48 hours
0.08 ug/g

NOTES:

1 Detection limits for halogenated and aroimatic volatile organics are as

specified for compounds by EPA Methods 8010/8020. If analyte analyses
exceeded 10 ug/g in soil, second column confirmation was performed.
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Detection Limits, Preservatives and
Holding Times for AFP PJKS Analytical Parameters

(Continued)

2 Detection limits for purgeable halocarbons and aromatics are as specified

for the compounds by EPA Methods 601/602. Methods 601 and 602 for
volatile organics require positive confirmation by a second gas
chromatographic column. This was done before reporting positive values.

Methods 601 and 602 specify the two columns to use. Second column
confirmation was performed when values exceeded:

Benzene 0.7 ug/L
Carbon Tetrachloride 4.0 ug/L
1,2 Dichloroethane 0.1 ug/L
Methylene Chloride 4.0 ug/L

Tetrachloroethylene 4.0 ug/L
Trichloroethylene 1.0 ug/L
Vinyl Chloride 1.0 ug/L
Dichlorobenzene isomers Sum greater than 10 ug/L
Other organics Greater than 10 ug/L

3 Detection limits specified by the EPA for Method 625 are used.

4 Water sample detection limit.

5 Soil sample detection limit.
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DETECTION LIMITS FOR

BASE/NEUTRAL COMPOUNDS
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BASE/NEUTRAL/ACID EXTRACTABLE ORGANIC COMPOUNDS
EPA METHOD 625

Compound Detection Limit"

(ug/L)

Di-n-butyl phthalate 5
Di-n-octyl phthala te 10
Diethyl phthalate 4
Dimethyl phthalate 8
Benzo (a) anthracene 10
Benzo (a) pyrene 14
3,4-benzofluroanthene 20
Benzo (k) fluoroanthene 20
Chry sene 8
Acenaphthylene 2
Anthracene 4
Benzo (ghi) perylene 14
Fluorene 4
Phenanthrene 6

Dibenzo (a,h) anthracene 16
Ideno (1,2,3-cd) pyrene 14
Pyrene 6
Dieldrin 50
4,4' - DDD 50
4,4' - DDT 50
Endosulfan sulfate 50
Endrin aldehyde 50
Chlordane 50
Toxaphene 50
o<- BHC 50
B- BHC 50
& - BHC 50
Lindane 50
Endosulfan I 50i Endosulfan II 50
Heptachlor 50
Aldrin 50
PCB 1016 100
PCB 1221 100
PCB 1232 100
PCB 1242 100
PCB 1254 100
PCB 1260 100

Detection limits from APPL. Inc. analysis.
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ELAPSED TIME BETWEEN SAMPLING AND LAB ANALYSES FOR PJKS SAMFLES

I
I
1
1
I
I
I
I



Several sampling episodes were performed at PJKS between December

13, 1985 and April 24, 1986. The resampling was performed because

several parameters analyzed exceeded recommended holding times and some

analyses were incomplete.

The following tables summarize each sampling espisode and compare

the date analyzed, elapsed time, and recommended holding time.

H-5



+memmmm m e nm m m v)mmfnV)me memmmm 0000cI 4 -4 c4 f- .--- - -- . . . . .-. mmmmm

-1191 11 111 11 11111 I I l1 m 9~Em 149*

22 mm* IUU D~U U)4 %Vt CloV9 U lo lo ID ID ID lo %D %a %DI:

40 co
l5

- a

al 9m e e ;4e m 9 ; D 0 ImI D D- - w F - m em m m m m e m m em m

MI r4

J., J, 1111 J 1 1 11 1 1 .1 1 11 11 111
.0 -o co co)1VUU coU UI co~)U9 cc G c oc G o cod o oG c Dc o oc

-~ ~ totme e me e mm mmmm mme
- . ~ ' .- . . - . .. - S.S 5 . .. S.5... m. . 5

z. 0q 000 00 c000 c4~l1 (4V~. e5'4e

*C Z N N N N N N N NN N N N N N N N

fn 2

- 9 11 kJ11 I 11 J 11 .1 11L11 11 11 J 1 .1 11 " 11 111 'A0
- 4 N co~u cc~Ur~,v coUV~' Go9.9U to Co a owc oa oc Dl cG G cd oG cc cc o

NNN NN NN NN NN NN NNNNN WINN 1- a% wI mL1 .

5 11 1 1 Ott 1 1 11 I 155 17 4EC 11111

0 ------- 
----------- 

------ 
------ 

10

m n1 m4w -0 Vs a m*U-- - - - - - - -Cwo

(a ca n ta v) V) to w 4 to S V) - (a 5 to to to cm ca to c W w ca ca to) Wa W) 'Aa 11

1I9 .'' aaaa'' -69~I.-. m m e e m m c

0 N NN NN NN NN N NN N NN...S. ..... SSH-6.



011l I M ; I I li i~

00~~. cc. 000 Go. 00. 00 CI. Go a*w ow.

0 WW O OWWWO mw ww w

00 --. cc...~ .OD~s go. GoI t I fl 1 I I of I I 1 1

111-0

--- S.- mS -V- .5 l V% V% In I I I

0 1.

a 'U a

61 .0

0r 1 111 *i 11- 0 r I, PI 1, 1%4' 'C l. 1 C~C

0 40 Go at)-- OD. to* I* Go 40 do mo ww w 0 I v

15- -- -- - - . - -- - - - - - - - -

o 0

01 01 OM Eo POUo o m m w m O MQ

-- - -- - -- ----- 0

0

N w ~ wwwwo'C. wool 1001,0 W"WMI*w wwWWW' -
14 fA CA' (ar o nWV a f A U AL Ai ot I to W CA ca I to I U) U

11 1. I I I I I I

U-. 00 0 l'

H-7



co% 1% w, Goc cC% 0% m1 1%h1

+ ' co'o 0 w w Z - --- --- - - -- -~--------..-

'o Cr, Cr Cr Cr Cr, 0r CrC C

Cr 10 10, 0 10,1

Ooo -o -o 0,, 'o .. -o -k w w.-- ~-*-..~.. - - -. - - - - 0

'o 100 0 0 0 010 100 00 00001 a

0 3 * w w - -* * -- -* - -*% . * - * .) ' . . .. . .

0i0

C3111----- 1v

* l i i i I I III I I v.- -. - - ~I
IC -0 11 -0 - -0. -- - - - - - - -. ..- % - 1- 1- 10 10 .

- - -.- - -*%. - . - S -. -- - - - - - - - - -.S - P., r ..I ---I

-- - - - -- - - * - - 0

.00

+ a 0 101010 aa101010 10 itla4*la 10101,1 10 arrrrr~~~~ 00 0 s
%C.3 ~ ~ ~ w o ww w + ww w wwI v11 1 1 1 %nn3U333% I I ~ t IIIIL

- -000000C3C 3 - - - - - - - - - - -C0-0-0-0-0-0-0-0-3-

* U Z C~r~~rr~rr~rr~ - - - -Cr-----------r~~r~~r

0~~~~~C 41
5

SSSS...~ Sh

31%.Cr~~r~~r~~rn IN~r r SS.SS. 5.5 CrN r~r~r~~rr Cr
-Cr~~r~rr~r~~ro a

011A0.ON 0
00:

1 c a
3- -.1 -5 - - - - -

oe0



CNg II I

+
- --- - - -

0
44I

40

-4

0

m 4 V

s 0

0ot0) -4

w to

00 -4

0 u 
"

w3 0

00.- 0 0 00 000 o000

-0 'o %0% 4% a%

4) 4)

0 V

0
.4 0

0

"4 0

I I I I I I I I I 1 0 4'

Lm.. %~ ~,0 r- 00 ON -4

4-4-- 1 -4 4 -S. -

H- 9



-4 -4 -4 -4 C-I Cl CI -4 C'4 C l -4

cai t , i

0.0

cjo

0

I"I

0 l w

0 0
0 -

00

-4 %0 0 c 7

.~. .~ ..... ... .-- .. 0.. ....



10

:- 'Zccc

C4 F. . . . . C4 4

Ii% enl I-uI

' ~ ~ ~ ~ ~ II I . UDE E
'a'a'al 00 W''' W 11011111 I

00000000W 00oC

INNN N I aa'

l1 11 1 i -e 0,

~~~~~~~ 'aaaaaaa'I '' ii lo 11 1 I1

ca NNN N N CN4.S
to W. 1 . - C -- n a'

2 --------- - - S.co 200

NNNNNN 94C4 4

.100

to 11 11 1 11iii cc
96 'aae4'C'a-a-a-a-'al-

I I I I liii 10 S-SS..S0

Cc ZI a*.'a0'4NN 'a 0

6 ~ ~~ ~ IIN u. . .

t III I - N 1 10 'a I I

4~~~C C4Ua NNI0

a~~ i 11 11I
L aaaaaaI I 'a'I

a. -

1111 111 IN NUUU C4

co'm'''''''' 40' cc9111' 00ww , 1Z~ Z1 Z Ztil~lCl '

7N . bnI la'a'a'N'I

0.- 0 C

'a III 1H-11

S. . .S S 
S..-S S Ib I



Ln 0

I 1 0

co 00

0

00.

C4,4

00

0
-40

0 0 D0 C

Ji coc o000 0 1 1 00V 0

0 -4t n lW W I

00 4 0
93 0 a

0 0too
C! C 0

W 0)
Ij

bOOx 0

0 V0 0

'- 0

0.14.4 0

Cfl 04 C4I C4C4( 4 14

0 0l

' ~ I I~ I---- I---.I I 10 0

C4 tn Lf .I~~II4 II 4 1 -4

IP4 Am -4 ft44--- .



US

m~ cu
00 coI

C6

I( %'1 11 111

004 N N C1 C

.4 c etqOOi I ,~

W . O4a -

0 -

C*4 aC-4 C0 o C

Cd ~ * V I I I I I I
0 .1 -

(n~~ ~ ca M 4 - N C - C-4a

olow4 -4 -4 4 -4 -4 -4 -4

0 -1U- W u L i n L in -f w

w

0- 4r -1

1 -1- - 4 4-40
65 zc I p I

I/J 
4o1 4

000

-tM mm 04 (n

Va

m 
10

S0 m

-4 2ZZ2I.~ .4 Uv

'D %0 %0 %0% C % % 4 il 1

1,41- -, .744 - - 0 CL

I 5 j 44 C4 N to 0 0

%0 %0 -, £ 414 .0

-T 0'4 - 41 C4 en4 I

H-11

AM4



SAMPLE NUMBERING SYSTEM



IRP-PHASE II

DRAFT - 4/17/86

SAMPLE NUMBERING SYSTEM

Project Identification - PJKS

Site Identification:

Site

1. T-8A Containment Pond

2. T-5A, T-5B, EPL Test Cell, Valve Shop, Ready Storage Area and Soil

Cones Area

3. EPL Building T-6 and T-20

4. T-31 Storage Tank

5. D-1 Landfill

7. Systems and Components Test Facilities Storage Tanks

10. Construction Materials Fill Area

11. Brush Creek

Well or Boring Number (if appropriate):

ES - Soil Boring Prefix

MW - Monitor Well Prefix

Sequence Number:

SS - Soil sample collected during drilling

SD - Sediment sample

GW - Ground water sample

SW - Surface water sample

Sample Depth:

- Measured in feet

H-14



IRP-PHASE II

DRAFT - 4/17/86

Split Sampling:

ES - Engineering-Science

CA - California Analytical

OEHL - USAF OEHL Laboratory

EAL - EAL Laboratory

An example of a sample number is given below:

PJKS, 2-ES-i, SS-3, 10', ES. PJKS Air Force Plant, Site 2, Boring

ES-i at the site, the third soil sample, collected at a depth of

10 feet below the surface, retained by ES.
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SAMPLE HANDLING AND PACKAGING



IRP-PHASE II

DRAFT - 4/17/86

SAMPLE HANDLING AND PACKAGING

- Sample Handling:

• Identify and document sample collection point or points, depth

increment of samples collected, and sampling devices used.

• Complete log book entries, sample tags, field record sheets

with sample identification point, date, time and names or

initials of all persons handling the sample in the field.

• Clean the outer surface of glass jars containing soil or water

samples with paper towels and clean water.

• Place Sample Tags on sample containers.

• When filling jars, secure a small plastic bag around outside of

the sample container with rubber band so that samples spilled

outside of container will not contact jar.

" Sealed sample containers will be carried by the sampling team

member to the packaging area. The outer plastic bag and rubber

band should be removed by the sampler without touching the

external surface of the jar any more than necessary. The

volume level should then be placed by the sampler on a clean

surface to be packaged for shipment.

• The contaminated plastic bags, rubber bands, and residual soil

from the mixing pan will be bulked in large plastic bags for

disposal as garbage.

- Sample Packaging:

• Three inches of cushioning material was placed in the bottom of

the coolers.

* Sample tags were used on all samples and the tags were covered

with clear plastic tape.

H-16



IRP-PHASE II

DRAFT - 4/17/86

* The sample containers were placed in the coolers so that they

did not touch. Each bottle was placed in a plastic net sleeve

and then padded with newspaper.

. The VOA bottles were placed in plastic netting, wrapped in

plastic packing material, which was taped together.

• The remaining space in the coolers was filled with newspaper.

. Blue ice for refrigeration was added if refrigeration was

required.

. The chain of custody was put in a plastic bag and was taped to

the inside lid of the cooler.

. The coolers were taped shut in at least two locations.

. The coolers were sent by Federal express to the appropriate

laboratory.
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APPENDIX J

LABORATORY QUALITY ASSURANCE/QUALITY CONTROL

Sample Handling. Each shipment of samples to the laboratory is

sealed and is accompanied by a chain-of-custody form. Upon arrival at

the lab, the seal is checked to ascertain that it has not been broken.

The shipping container is then opened and the sample containers are

checked against the chain-of-custody form. If everything is in order,

the chain-of-custody form is signed by the laboratory technician and is

retained as a permanent record in the client file.

Each sample is assigned a unique laboratory number. Both the
laboratory number and the collector's identifier for the samples are

then logged into the laboratory notebook, providing a double reference

for each sample. The lab number is attached to the sampling container

along with the collector's original label, also providing a double

reference. Laboratory numbers are color coded by month to further

ideitify the sample.

Samples are stored in a locked sample room. Access Is permitted

only to authorized laboratory personnel. Sample storage and holding

times are in conformance with EPA's "Methods for Chemical Analysis of

Waters and Wastewaters" (1979) and SW-846.

Technical Analysis. Prior to each analysis, the instrument is

calibrated for the specific analyte (for example, chromium) by running

at least three known solutions of that analyte to develop a standard

curve. The standard curve is compared to standard curves developed

previously for the same analyte to detect changes that would indicate

problems such as deterioration of reagents. Records for each method

are kept in separate notebooks to facilitate comparisons among standard

curves. Prior to analysis for the next analyte (for example, arsenic),

the instrument is calibrated using at least three solutions containing

known amounts of that analyte.

J-1



I
At least one duplicate, blank, and spike are included in each

batch of analyses run. For larger batches, one set of these QA/QC

checks is included for every 10 samples. Therefore, they always

constitute at least 23 percent (3 of 13) of all analyses. Blanks

consisting of laboratory-pure (reagent) water as the sample, are

carried through the entire analytical procedure, including digestions,

distillations, and/or extractions as appropriate. Duplicates and

spikes are set up from separate aliquots of the sample, and are carried

through the entire procedure as are samples and blanks. Precision of

duplicate determinations is calculated as the relative percent differ-

ence (RPD). Accuracy of spikes is calculated as percent recovery (PR).

Blanks, samples analyzed in duplicate, and spiked samples, along with

their RPD's and PR's, are reported on quality control summary sheets.

The quality control summary sheets are provided in Appendix J.

As part of its QA/QC program, the laboratory regularly partici-

pates in the testing of unknown samples provided by the EPA. These

tests involve recovery of analytes from artificially prepared samples

where the concentration of the analyte is known by the EPA. Tests have

been both blind, where the laboratory knows it is a test but does not

know either the analyte or its concentration, and double-blind, where

the chemist does not know he is being tested.

Reporting of Data. Results are permanently recorded in the

laboratory notebook. Carbon copies are made during the data entry to

prevent errors in transcribing data. The carbon copies are then sent

to the laboratory office where the calculations are checked. At the

same time, the sample number on the bench sheet is checked against the

sample check-in data to make sure samples were not mixed up. Results

are then reported from the laboratory office.

J-2



Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page of

Halogenated Volatile Organics Report

SW Method 8010

(first page of two)

Lab Sample Nos. QC Report No. P"J'e.S -i

Duplicates L2- RS- I120 Date Analyzed() A/-2,V8f AS),.Xkh/8..

Spike 1 2 ______- 5 Laboratory Supervisor Approval:

Sample Matrix:

Water (ug/L) Dilution Factor

/ / Soil (ug/g) Q *Moisture

//I Other

Spike Source

Blank Duplicates Soike Recovery Notes

Compound C1 C2 RPD SA SR SSR PR

Benzyl chloride l < <

bis (2-chloroethoxy)

methane <
bis ( 2-chloroisopropyl)

ether 25 < <

Bromobenzene 4 9 < •

Bromodichloromethane C . < <

Bromoform __ q < <

Bromomethane 4 2'f < <

Carbon tetrachloride 4 3 < _

Chloroacetaldehyde . |o < .

Chloral 41c < <

Chlorobenzene < ± <

Chloroethane - It <

Chloroform | < <

1-Chlorohexane • 2 •

2-Chloroethyl vinyl ether < 3 4.

Chloromethane <

Chloromethyl methyl ether <0 x. 4

Chlorotoluene ± L < < _

Dibromochlorome thane <

continued on next page
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Engineering-Science QUALITY CONTROL RESULTS SUMMARY .- s io
Halogenated volatile organics

SW Method 80l0
-(second page of two)

Compoun~d Blank Duplicates Spike Recovery ___Notes

CI C2 RPD SA SR SSR PR

Dibromomethane "',I < < __ _____-

1,2-Dichlorobenzene -43 e_

1,3-Dichlorobenzene 4-, (, 4

1, 4-Dichloroben-zene 45- < < ____ .'7 6S -''5 0 0
Dichlorodifluorolnethale -<o < _______

1,1-Dichloroethane _ __<

1,2-Dichloroethane e__ _ <

1,1-Dichloroethylene .43 <.. c

trans-1,2-Dichloroethylene -4-a < e ____

Dichioromethane- 451 < ____ _______ __

1 ,2-Di chloropropane .41 4

1,3-Dichlororropylene 4(o <______ _ __

1,1,2,2-Tetrachloroethane <7 -e_

1,1,1.2-Tetrachloroethane 7 K:

Tetrachloroethylene .4 1 4._

1,1,1-Trichloroethaie <. K

1,1,2-Trichloroethane -41 I _ ____ _

Trichloroethylene 42 __ ____

Trichiorofluoromethane <___ I______

Trichloropropane <

vinyl chloride 'A -

if % moisture is reported, results are presented on a dry-weight basis.

Relative Percent 'Difference (RPD) - Cl - C2 Cl -Concentration one
(Cl + C2)/2 C2 =Concentration Two

SSR - Spiked Sample Result
Percent Recovery (PR) - SSR - SR x 100 SR - Sample Result

SA SA - Spike Added (Concentration)

8593111



Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page. of
Halogenated Volatile Organics Report

SW Method 8010

(first page of two)

Lab Sample Nos. QC Report No. _ __S- 0a

Duplicates |A-8s- ,'I Date Analyze'd (3) ,z/4gje/Cs/) 1-,7/95-
I

Spike T- - I o Laboratory Supervisor Approval:

Sample Matrix:

/ / water (ug/L) Dilution Factor

./! Soil (ug/g) ( .... q *Moisture

/ /Other
Spike Source

Blank Dunlicates Soike Recovery Notes

Compound C1 C2 RPD SA SR SSR JPR

Benzyl chloride 14 4
bis (2-chloroethoxy)

methane 4 . 4

bis (2-chloroisopropyl)
ether L2& •

Bromobenzene .

Bromc;ichlorome thane 4 a Z

Bromoform 4 Al

Bromomethane 4. _ ___

Carbon tetrachloride <_3 z. 4

Chloroacetaldehyde - /0 (

Chloral <O0

Chlorobenzene < 5 4

Chloroethane &0 / 4

Chloroform I -

1-Chlorohexane . C

2-Chloroethyl vinyl ether < '

Chloromethane - 8 <

Chloromethyl methyl ether LO 4A 4 <

Chlorotoluene 4 q 4 4-

Dibromochlorcmethane A E 4.

continued on next page
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B
Engineering-Science QUALITY CONTROL RESULTS SUMMARY i

Halogenated Volatile Organics
SW Method 8010

(second page of two) I

Compound Blank Duplicates spike Recovery ___P Notes

C1 C2 RPD, SA ISR SSR PR

Dibromomethane _) < 4 1
_,2-Dichlorobenzene 4. ___ __

1,3-Dichlorobenzene 3 4-

1,4-Dichlorobenzene 4!5_ < <

Dichlorodifluoromethane <30 30

i,1-Dichloroethane 4I 4 e . <i < O

1,2-Dichloroethane i e.. /.

I,I-Dichloroethylene < - 4

trans-1,2-Dichloroethylene _ 4. i

Dichloromethane 4s , <

1,2-Dichloropropane AI- 4

1,3-Dichloropropylene e k___I

1,1,2,2-Tetrachloroethane <1 -7 4

1,1,1,2-Tetrachloroethane <7 

Tetrachloroethylene 1 4_ e Io00 .41 If' ill 9
1,1,1-Trichloroethane IC 4 

1,1,2-Trichloroethane _ 4 4 9
Trichloroe thylene 4 2 < __

Trichlorofluoromethane 4I < 4 _

Trichloropropane _2 1__ _

Vinyl chloride 4.

' If % moisture is reported, results are presented on a dry-weight basis.

Relative Percent Difference (RPD) - C1 - C2 C1 - Concentration One
(C1 + C2)/2 C2 - Concentration Two

SSR - Spiked Sample Result

Percent Recovery (PR) - SSR - SR x 100 SR - Sample Result
SA SA = Spike Added (Concentration)

J-6
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Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page of

Halogenated Volatile Organics Report

SW Method 8010
(first page of two)

Lab Sample Nos. QC Report No. P5 SKS -c

Duplicates /a -85-- i/Aye Date Analyzed "

Spike 1 2 1 (a_-- C__ _ LaboratorY Supervisor Approval:

Sample Matrix:

/__/Water (ug/L) Dilution Factor

/;K/ Soil (ug/g) ,"*Moisture

/_/ Other

Spike Source

Blank Duolicates Soike Recovery Notes

Compound CI C2 RPD SA SR SSR PR

Benzyl chloride
bis(2-chloroethoxy) 48.2

methane

bis(2-chloroisopropyl)

ether

Bromobenzene "

Bromodichloromethane <,R 4.

Bromoform __ i _

Bromomethane <.14t I < _

Carbon tetrachloride 3 4.

Chloroacetaldehyde j C . .

Chloral 4IaO 1L .

Chlorobenzene e-5- 4

Chloroethane 4g0 4 4

Chloroform I {

1-Chlorohexane < 4 4

2-Chloroethyl vinyl ether 3 4 4

Chloromethane 4 - • <

Chloromethyl methyl ether < . 4

Chlorotoluene ,,____"__,___

Dibromochlorcmethane 4 .

continued on next page
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Engineering-Science QUALITY CONTROL RESULTS SUKK-ARY
lialogenated Volatile organics

SW Method 8010

- (second page of two)

Compound Blank Du licates Spike Recovery ___Notes9

C1 C2 RPD) SA SR SSR PR

Dibromomethane 4 <- -- -I

1,2-Dichlorobenzene - 3 <

1,3-Dichlorobenzene .44 <

1,4-Dichlorobenzene eS -

Dichlorodifluoromethae e_30 <

1,1-Dichloroethane 4 I <

1,2-Dichloroethane 41 4

1,1-Dichloroethylene <- 3 4C ____ ____ __

trans-1,2-Dichloroethylene 4.2 4 __ _______ _

Dichioromethane 4 4- < < __ _______

1,2-Dichloropropane <1 <__ 4

-1,3-DichloroDropylele 4(10 e_ __

1,1,2,2-Tetrachloroethale 1,'7 ( 4

1,1,1,2-Tetrachloroetale <7 'ZI

Tetrachloroethylene I < '

1,1,2-Trichloroethane < a < <1 o
Trichioroethylene < 4 __ ____

Trichlorofluoromethane 4

rTrichloropropane 42

vinyl chloride 4

if %~ moisture is reported, results are presented on a dlry-weight basis.

Relative Percent"Difference (RPD) - C1 - C2 C1 - Concentration one
(Cl + C2)/2 C2 - Concentration Two

SSRt - Spik~ed Sample Result
Percent Recovery (PR) -SSR - SR x 100 SR - Sample Result

SA SA = Spike Added (Concentration)

J-8
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Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page of
Halogenated Volatile Organics Report

SW Method 8010

(first page of two)

Lab Sample Nos. QC Report No. - 09

Duplicates (2 -5-.- I1, Date Analyzed

Spike 12. S--- 11 Laboratory Supervisor Approval:

Sample Matrix:

_ Water (ug/L) Dilution Factor

/__l soil (ug/g) .° *Moisture

/ / Other

Spike Source

Blank Dutlicates Soike Recovery Notes

Compound C1 C2 RPD SA SR SSR PR

Benzyl chloride 4 t . <

bis(2-chloroethoxy) <
methane

bis(2-chloroisopropyl) L .
ether _____

Bromobenzene < 4 C

Bromodichloromethane . _ __

Bromoform - C.4

Bromomethane .4..f

Carbon tetrachloride 4 3 4 41, 1

Chloroacetaldehyde .0-6 C_ le-

Chloral -CIO /I ___

Chlorobenzene 5 S <

Chloroethane <o 0 . A

Chloroform _ . 4-

I-Chlorohexane _ - -

2-Chloroethyl vinyl ether 3 <_

Chloromethane A < •__

Chloromethyl methyl ether <20 <

Chlorotoluene L 4 e

Dibromochloromethane L -

continued on next page
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Engineering-Science QUALITY CONTROL RESULTS SUMMARY g g- - 1i7#

Halogenated Volatile Organics
SW Method 8010

(second page of two)

Compound Blank Duplicates Spike Recovery Notes
C1 C2 RPD SA SR SSR PR I

Dibromomethane < __ i

1,2-Dichlorobenzene 4 3
1,3-Dichlorobenzene <4 - " 3
1,4-Dichlorobenzene 5S- e. '_

Dichlorodifluoromethane -- 30 4 _,

,1-Dichloroethane 1 4,
1,2-Dichloroethane 4 C 4_

1,1-Dichloroethylene <3 _ _ S
trans-1,2-Dichloroethylene < 2 4

Dichloromethane _-- 4 _ i
1,2-Dichloropropane <j < "

-1,3-Dichloropropylene <____ 4 C.' 247 7- 4

1,1,2,2-Tetrachloroethane <

1,1,1,2-Tetrachloroethane 4-7 <

Tetrachloroethylene <J __ _ _

1,1,1-Trichloroethane 41

1,1,2-Trichloroethane | , '_

Trichlcroethylene 4 4 4

Trichlorofluoromethane 4'1 4 'e 4

Trichloropropane < 4 e,

Vinyl chloride 4 q C4 _-.

* If % moisture is reported, results are presented on a dry-weight basis.

Relative Percent Difference (RPD) - C1 - C2 C1 - Concentration One
(Cl + C2)/2 C2 = Concentration Two

SSR - Spiked Sample Result
Percent Recovery (PR) - SSR - SR x 100 SR = Sample Result

SA SA = Spike Added (Concentration)

J-10
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Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page of
Halogenated Volatile Organics Report

SW Method 8010

(first page of two)

Lab Sample Nos. QC Report No. ' S- 05

Duplicates 1. - 1- 15" Date Analyzed

Spike 1_- _ -- I X 0 Laboratory Supervisor Approval:

Sample Matrix:

Water (ug/L) Dilution Factor

L_ J Soil (ug/g) I " ' *Moisture_%

/_/ Other

Spike Source

Blank Duplicates Sike Recovery Notes

Compound C C2 RPD SA SR SSR PR

Benzyl chloride t ' _

bis(2-chloroethoxy) 412 4
methane

bis(2-chloroisopropyl) 4. 4
ether _. as"

Bromobenzene <- 4 4

Bromodichloromethane < : 4 _

Bromoform e -t_ _ <

Bromomethane <14 (-

Carbon tetrachloride 1 4- <

Chloroacetaldehyde 4 0 . 4

Chloral 4 4 ____

Chlorobenzene < 4 4. ).6 i".3 IS.3

Chloroethane 4 10 4 ,

Chloroform - '

1-Chlorohexane 4 < <

2-Chloroethyl vinyl ether L 4 4

Chloromethane < 4 •

Chloromethyl methyl ether <;Lo I____

Chlorotoluene -f < 4_

Dibromochlorome thane A 4- £_

continued on next page
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Engineering-Science QUALITY CONTROL RESULTS SUMMARY -~-9

Halcogenatea volatile organics
SW Method 80o0

- (second page of two)

Compound Blank Du licates SpikeRecovery Notes
Cl- C2 RPD SA SR SSR PR

Dibromomethane dLI 4 __ _ __

I,2-Dichlorobenzene '43 4 ______ __

1,3-Dichlorobenzene <C (P_ _ __ __

1,4-DichlorobenzeleZ. 4

Dichlorodifluoromethale '430

1,1-Dichloroethane **-I .4

1,2-Dichioroethane 41 e

1,1-Dichloroethylee 4~ 1 e

trans-1,2-Dichloroethylene a~ K.

Dichloromethane 4 .

1,2-Dichloropropane j . ,__ __ _____

1,3-Dichlorooropylene___ '

1,1.2,2-Tetra chloroethane 4 ~ ______ _ __

1,1,1,2-Tetrachloroethane 41 4- 4__ ____

Tetrachioroethylene 41 . _ ______

1,1,1-Trichioroethane 0L-1 .
1,1,2-Trichioroethane 1 4 ______ __

Trichloroethylene 4_ _

Trichiorofluoromethane j
Trichloropropane 4 1

vinyl chloride __ -

Sif % moisture is reported, rslsare presented on a dry-weight basis.

Relative Percent*Difference (RPD) C1 - C2 C1 Concentration One
(CI + C2)/2 C2 -Concentration Two

SSR - Spiked Sample Result
Percent Recovery (PR) -SSR - SR x 100 SR - Sample Result

SA Sh - Spike Aaded (Concentration)

J-12
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Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page of
Halogenated Volatile Organics Report

SW Method 8010

(first page of two)

Lab Sample Nos. C Report No. P:i<S- o

Duplicates 19 - 9 5- 0 2Os Date Analyzed _

Spike __LaboratorY Supervisor Approval:

Sample atrix: _

/ / Water (ug/L) Dilution Factor

/)/ Soil (ug/g) '9)-F--" *Moisture__

// Other

Spike Source

Blank Dulicates Soike Recovery Notes

Compound C1 C2 RPD SA SR SSR PR

Benzyl chloride 4 L < _

bis( 2-chloroethoxy)
methane 4, I __

bis(2-chloroisopropyl)
ether <-

Bromobenzene

Bromodichloromethane 4

Bromoform C. 4

Bromomethane e.;A& ' L t-

Carbon tetrachloride 3 4

Chloroacetaldehyde io e_
Chloral <1I0 e-_ -'

Chlorobenzene ____ ( e

Chloroethane < I - ,

Chloroform -I 4 "

1-Chlorohexane . .

2-Chloroethyl vinyl ether . 3 < _

Chloromethane < .- • _

Chloromethyl methtyl ether Z2C e __

Chlorotoluene , - e'

Dibromochloromethane O 4- 4

continued on next page
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Engineering-Science QUALITY CONTROL RESULTS SUMMARY
Halogenated Volatile organics 1; 1 a 05'

SW Method 8010
(second page of two)

Compound Blank Duplicates Spike Recovery Notes
Cl C2 RPD SA SR SSR PR

Dibromomethane 4,I < < _

1,2-Dichlorobenzene 3 -

1,3-Dichlorobenzene e . 4 _ .... _,

1,4-Dichlorobenzene - ',

Dichlorodifluoromethane -- 30 ___,

1,1-Dichloroethane <| . ;_

1,2-Dichloroethane _ _ <. _

1,1-Dichloroethylene 43 -

trans-1,2-Dichloroethylene e- 4Z Z 4

Dich]oromethane < .4 4

1,2-Dichloropropane • | . .

-1,3-Dichloropropylene 4 L e_

1,1,2,2-Tetrachloroethane <) 4. L _-

1,1,1,2-Tetrachloroethane Z 4 4

Tetrachloroethylene 4 < 4.

1,1,1-Trichloroethane <. - 4.

1,1,2-Trichloroethane <| 4 I

Trichloroethylene < a < 4

Trichlorofluoromethane <±

Trichloropropane Z. 4: ____

Vinyl chloride _____ -- _...

* If % moisture is reported, results are presented on a dry-weight basis.

Relative Percent Difference (RPD) - C - C2 CI - Concentration One
(Ci + C2)/2 C2 = Concentration Two

SSR - Spiked Sample Result
Percent Recovery (PR) - SSR - SR x 100 SR Sample Result

SA SA = Spike Added (Concentration)

J-14
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Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page of

Halogenated Volatile Organics Report_

SW Method 8010
(first page of two)

Lab Sample Nos. QC Report No. fKiS-0-7

Duplicates I -8 (o - O0 Date Analyzed

Spike - - Laboratory Supervisor Approval:

Sample Matrix:_

// Water (ug/L) Dilution Factor

LX/ Soil (ug/g) L ° + *Moisture

/ / Other

Spike Source

Blank Dulicates Soike Recovery Notes

Compound C1 C2 RPD SA SR SSR PR

Benzyl chloride 4
bis(2-chloroethoxy)methane / _1A

bis(2-chloroisopropyl) 4
ether _____

Bromobenzene L g L

Bromodichloromethane e- 2 4 <

Bromoform < f <

Bromomethane I Iq - -

Carbon tetrachloride 4 3 Z <

Chloroacetaldehyde 4i0 < e_

Chloral e < < _

Chlorobenzene e < /.0 " , /4 __

Chloroethane < I " -

Chloroform '1 _

1-Chlorohexane < _

2-Chloroethyl vinyl ether < 3 < <

Chloromethane _ _7_ _ e-

Chloromethyl methyl ether 2o Z, _-_

Chlorotoluene &+ 1

Dibromochloromethane _

continued on next page
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Engineering-science QUALITY CONTROL RESULTS SUMMARY
Halogenated Volatile Organics 00

SW Method 8010
(second page of two)

Compound Blank Duplicates Spike Recovery Notes
C1 C2 RPD SA SR SSR PR

Dibromomethane e I _ -1

1,2-Dichlorobenzene _- 3 4 4.

1,3-Dichlorobenzene 4 L 4
1,4-Dichlorobenzene 4C !- /I<

Dichlorodifluoromethane SC7 < _

1,1-Dichloroethane _ .

1,2-Dichloroethane L 4 4

1,1-Dichloroethylene C- . /. 4I1 O.89 AW
trans-1,2-Dichloroethylene -C 4 _

Dichloromethane 4. 4 -

1,2-Dichloropropane 4 ,

1,3-Dichloropropylene 44 e - <

1,1,2,2-Tetrachloroethane <7 Z I <
1,1,1,2-Tetrachloroethane ? Z_ 4

Tetrachloroethylene 4 4
1, 1,1I-Trichloroethane 4 |

1,1,2-Trichloroethane z I <_I

Trichloroethylene < a _

Trichlorofluoromethane 41 4 I
Trichloropropane .. 4-1 <

Vinyl chloride 4 A I

If % moisture is reported, results are presented on a dry-weight basis.

Relative Percent Difference (RPD) C1 - C2 C1 = Concentration One
(CI + C2)/2 C2 = Concentration Two f

SSR = Spiked Sample Result
Percent Recovery (PR) - SSR - SR x 100 SR = Sample Result

SA SA = Spike Added (Concentration)

J-16
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Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page of
Halogenated Volatile Organics Report

SW Method 8010

(first page of two)

Lab Sample Nos. QC Report No. f-SK 5-,0

Duplicates -8C - i Q so Date Analyzed

Spike _ - -- c0 7 Laboratory Supervisor Approval:

Sample Matrix:

__ Water (ug/L) Dilution Factor

Soil (ug/g) tv " *Moisture

/ / Other

Spike Source

Blank Duolicates Snike Recovery Notes

Compound C1 C2 RPD SA SR SSR PR

Benzyl chloride ' ,
bis(2-chloroethoxy)

methane

bis(2-chloroisopropyl)
ether < < C

Bromobenzene 4 -

Bromodichlorome thane 4 T* _

Bromoform - '

Bromomethane e_ _____

Carbon tetrachloride 4 L 3-
Chloroacetaldehyde -10 , .. __,

Chloral 4I :.o

Chlorobenzene <

Chloroethane C - 4.

Chloroform < - .

1-Chlorohexane 0 ( _

2-Chloroethyl vinyl ether 45 c _

Chloromethane e e -

Chloromethyl methyl ether 420 < _

Chlorotoluene 4 __ _ _

Dibromochloromethane -

continued on next page
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Engineering-Science QUALITY CONTROL RESULTS SUMMARY

Halogenated volatile organics
SW M4ethod 80m

(second page of two)

Compound Blank Duplicates spike Recovery___ Notes
Cl- C2 RPD SA SR SSR PR

Dibromomethane 1____ _______

1 ,2-Dichlorobenzene 43

1,3-Dichlorobenzene '4____ __

1,4-Dichlorobe-nzene___ __

Dichlorodifluoromethale 4 c

1,1-Dichloroethane <I _____rO~ ht ir

1 ,2-Dichloroethane e*I ________

1,1 -Dichioroethylene ' _ ____ _

trans-i ,2-Dichloroethylefle <. __ __ ___

Dichloromethane ____ __ _ __

I .2-Dichloropropane ' __ __

1 ,3-Dichioropropylene 4 _______f__

1 ,1 ,2, 2-Tetrachioroethane < __ __ ____

1 , 1 , 1, 2-Tetrachloroethale e- 7 __ __ _

Tetrachloroethylene <I_ 6. . ,9 eo

1,1,1-Trichloroethane 110 4) 1. 0 /.

1,1 ,2-Trichloroethane j_______3

Trichloroe thylene___________

Trichlorofluorornethane .I

Trichloropropane__ _______

vinyl chloride 4

*if %~ moisture is reported, results are presented on a dry-weight basis.

Relative Pcrcent'Difference (RPD) - C1 - C2 C1 - Concentration One
(CI + C2)/2 C2 = Concentration Two

SSR - Spiked Sample Result
Percent Recovery (PR) SS -S x 100 SR = Sample Result

SA SA = Spike Added (Concentration)

J-18
8591111



Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page of
Halogenated Volatile Organics Report

SW Method 8010
(first page of two)

Lab Sample Nos. QC Report No. -9

Duplicates | - 84 I o o7 Date Analyzed

Spike Laboratory Supervisor Approval:

Sample Matrix:

_ Water (ug/L) Dilution Factor

// soil (ug/g) b g " i *Moisture

_./ Other

Spike Source

Blank Duplicates Soike Recovery Notes

Compound C1 C2 RPD SA SR SSR PR

Benzyl chloride 4 '_ A _

bis ( 2-chloroethoxy)methane <% -

bis( 2chloroisopropyl)
ether 4- 4

Bromobenzene g A _

Bromodichlor'omethane 4 4 41

Bromoform e 1 Z-_ ,

Bromomethane . .___ < _

Carbon tetrachloride 4 3 Z A

Chloroacetaldehyde Z 1 4C <_ _

Chloral e- 10 Z_ 4-

Chlorobenzene ." 4 1

Chloroethane IC> < <

Chloroform e_ 4 e _

1 -Chlorohexane .e- <

2-Chloroethyl vinyl ether . 3 4 -

Chloromethane 4 _. .

Chloromethyl methyl ether 4.20 - -

Chlorotoluene 4 A A_

Dibromochloromethane < L -.

continued on next page

J-19

859311



Engineering-science QUALITY CONTROL RESULTS SUMMARY
Halogenated Volatile organics jg

SW Method 80i0
- (second page of two)

Compound Blank D uplicates Spi2 ke Recovery - Notes
Cl- C2 RPD SA SR SSR PR

Dibromomethane _____ 4 ____ __ _____

1,2-Dichlorobenzene __3_ 4 ______

1,3-Dichlorobenzene 'q < ____

1,4-Dichlorobenzene 4 6- z L4

Dichlorodifluoromethale 4 3 V e

1,2-Dichioroethaie 44__ % ____ ____

1,1-Dichioroethylene ___ -4 __ _3 __

trans-1,2-Dichloroethylene 4~ A _

Dichioromethane < 5 4 4 __ __ ___

1,2-Di chloropropane 1 4

-1,3-Dichioropropylene <
___________________han 47_ _ ____

1,1,2,2-Tetrachioroethane Z? 4 7_

Terc,2-Tetahioete -- I <4

1,1,1-Trichioroethane <
I ,1,*2-Trichioroethane

Trichioroethylene ___ ____ __

Trichiorofluoromethanej __ __

Trichloropropane___

vinyl chloride

if % moisture is reported, results are presented on a dry-weight basis.

Relative Percent 'Difference (RPD) - C1 - C2 Cl - Concentration one
(Cl + C2)/2 L:2 - Concentrat-ion Two

SSR - Spiked Sample Result
Percent Recovery (PR) - SSR - SR x 100 SR - Samlle Result 7

SA SA = Spike A~dded (Concentration)

J-20

859J11



Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page of
Aromatic Volatile Organics Report

SW Method 8020

Lab Sample Nos. QC Report No. _ -- ______
/

Duplicates IA -20- )I a O Date Analyzed _ _/_ ____

Spike __ __ --_ 1_ _5- Laboratory Supervisor Approval:

Sample Matrix:

/ / Water (ug/L) Dilution Factor

Soil (ug/g) h ) *Moisture__

/_/ Other

Spike Source

Blank Duplicates Spike Recovery Notes

Compound Cl C2 RPD SA SR SSR PR

Benzene 4 <

Chlorobenzene <4 .4 04 4 4.

1,2-Dichlorobenzene e_ e_

1,3-Dichlorobenzene _ __

1,4-Dichlorobenzene 4 1 0.7 .44 4 O

Ethyl benzene 4

Toluene 4

Xylenes (Dimethyl benzene) < q 4-

* if % moisture is reported, results are presented on a dry-weight basis.

Relative Percent Difference (RPD) - C1 - C2 C1 = Concentration One
(Cl + C2)/2 C2 = Concentration Two

SSR = Spiked Sample Result

Percent Recovery (PR) = SSR - SR x 100 SR = Sample Result
SA SA = Spike Added (Concentration)

J-21

859J111
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Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page _ of
Aromatic Volatile Organics Report-____

SW Method 8020

Lab Sample Nos. QC Report No. % 5 ;L9-- A

Duplicates IA - f- ) * Date Analyzed I/;_/__-___

Spike , - 2 ? 0 - so Laboratory Supervisor Approval: I
Sample Matrix:

/ / Water (ug/L) Dilution Factor i
_/ Soil (ug/g) ( ) *Moisture_%_ _

// Other I
Spike Source S1,O~s20

.~ i _ -130 so i o

Blank Duplicates Spike Recovery Notes

Compound Cl C2 RPD SA SR SSR PP

Benzene -1 1 < I
Chlorobenzene 44 le- .

1,2-Dichlorobenzene 4g e,

1,3-Dichlorobenzene < _ -

1,4-Dichlorobenzene -. < I

Ethyl benzene _ 'f

Toluene jj __

Xylenes (Dimethyl benzene) C- ( _

* If % moisture is reported, results are presented on a dry-weight basis.

Relative Percent Difference (RPD) = C1 - C2 C1 = Concentration One
(Cl + C2)/2 C2 Concentration Two

SSR = Spiked Sample Riult

Percent Recovery (PR) = .SSR - SR x 100 SR - Sample Result
SA SA = Spike Added (Concentration)

J-22

859J1111



Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page of
Aromatic Volatile Organics Report

SW Method 8020

Lab Sample Nos. QC Report No. 05;LS- 3

Duplicates ,-- %5- )I44 Date Analyzed

Spike ___ 40-_____,_ Laboratory Supervisor Approval:

Sample Matrix:

/ / Water (ug/L) Dilution Factor

ZL/ Soil (ug/g) (7 *Moisture

/ J Other

Spike Source

Blank Duplicates Spike Recovery Notes

Compound C1 C2 RPD SA SR SSR PR

Benzene < .<
Chlorobenzene 4 4 _

1,2-Dichlorobenzene 4

1,3-Dichlorobenzene <

1,4-Dichlorobenzene 4 <

Ethyl benzene A • 4 5.S( .4j 5,q ioi

Toluene If

Xylenes (Dimethyl benzene) < 4 -_

* If % moisture is reported, results are presented on a dry-weight basis.

Relative Percent Difference (RPD) = C1 - C2 C1 = Concentration One
(Cl + C2)/2 C2 = Concentration Two

SSR = Spiked Sample Result

Percent Recovery (PR) = SSR - SR x 100 SR = Sample Result
SA SA = Spike Added (Concentration)

J-23

I859JI11
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Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page of
Aromatic Volatile Organics Report

SW Method 8020

Lab Sample Nos. QC Report No. _&S.___-

Duplicates 11 - Y -1-7 Date Analyzed / ec"

Spike )A -95- l Laboratory Supervisor Approval:

Sample Matrix: "

/_/ Water (ug/L) Dilution Factor

/'__/ Soil (ug/g) = *Moisture_%

_ / other I
Spike Source g01o &- 90 aO L ,, oj J 1 d

I "I
Blank Duolicates Svike Rec very Notes

Compound C1 C2 RPD SA SR SSR PR

Benzene < 4 <

Chlorobenzene e- 4 < __ I

,2-Dichlorobenzene _ 9 < I

1,3-Dichlorobenzene ____8
1,3-Dichlorobenzene 4(' < .

Ethyl benzene .4 <. 4.

Toluene d4 e I
Xylenes (Dimethyl benzene) e- - e -

A I I
*If •moisture is reported, results are presented on a dry-weight basis.

Relative Percent Difference (RPD) C - C2 C = Concentration One I

(Cl + C2)/2 C2 = Concentration Two

SSR - Spiked Sample Result

Percent Recovery (PR) = SSR - SR x 100 SR = Sample Result
SA SA - Spike Added (Concentration)

J-24
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Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page of
Aromatic Volatile Organics Report

SW Method 8020

Lab Sample Nos. QC Report No. !7 (-5

Duplicates la- 8S- 1 9 I 5 Date Analyzed i/i/&&

Spike J f--I#OC Laboratory Supervisor Approval:

Sample Matrix:

/ / Water (ug/L) Dilution Factor

j/__ Soil (ug/g) (ug/Kg) *Moisture_%

/_/ Other

Spike Source

Blank Duplicates Spike Recovery Notes

Compound CI C2 RPD SA SR SSR PR

Benzene 1 ( _ 'o l * .O '30
Chlorobenzene <a e 1 .00 d j. 3 i 3

C,3-hlorobenzene 57, 3
1,2-Dichlorobenzene < .

1,3-Dichlorobenzene <

1,4-Dichlorobenzene

Ethyl benzene ___

Toluene

Xylenes (Dimethyl benzene) -44 < _

* if % moisture is reported, results are presented on a dry-weight basis.

Relative Percent Difference (RPD) = C1 - C2 C1 = Concentration One
(Cl + C2)/2 C2 = Concentration Two

SSR = Spiked Sample Result

Percent Recoveij (PR) SSR - SR x 100 SR = Sample Result
SA SA = Spike Added (Concentration)

8-25

859J1I I



Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page of
Aromatic Volatile Organics Report _

SW Method 8020

Lab Sample Nos. QC Report No. 5

Duplicates P_ _ -_5______ Date Analyzed _ _ _/_

Spike Laboratory Supervisor Approval:

Sample Matrix:

/ / Water (ug/L) Dilution FactorI

Soil (ug/g) *Moisture

// Other

Spike Source

Blank DuPlicates Soike Recovery Notes

Compound Cl C2 RPD SA SR SSR PR

Benzene 4iL< <

Chlorobenzene

1,2-Dichlorobenzene .

1,3-Dichlorobenzene ( e. L9

1, 4-Dichlorobenzene 4 & .

Ethyl benzene 4 Al

Toluene j -e <

Xylenes (Dimethyl benzene) <

* If % moisture is reported, results are presented on a dry-weight basis.

Relative Percent Difference (RPD) = C1 - C2 C1 = Concentration One
(Ci + C2)/2 C2 = Concentration Two

SSR = Spiked Sample Result
Percent Recovery (PR) = SSR - SR x 100 SF. = Sample Result

SA SA = Spike Added (Concentration)

J-26

859J 11
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Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page of
Aromatic Volatile Organics Report

SW Method 8020

Lab Sample Nos. QC Report No. 5 .52 - -7

Duplicates - - jo 0 6 Date Analyzed d7 /-? ,

Spike - Laboratory Supervisor Approval:

Sample Matrix: _ _ _ _

/__/Water (ug/L) Dilution- Factor

/ / Soil (ug/g) (ug/Kg) *Moisture

/_/ other

Spike Source

Slank Duplicates Spike Recovery Notes
Compound C1 C2 RPD SA SR SSR PR

Benzene 4j -W 41 .5 •G 0 O 76

Chlorobenzene • 4 |0 10 41 1|.6 // c
1,2-Dichlorobenzene a PR

1,3-Dichlorobenzene < 4

1,4-Dichlorobenzene <4 <(

Ethyl benzene 4 < (

Toluene j-j 4 _

Xylenes (Dimethyl benzene) <I 4 4

I if % moisture is reported, results are presented on a dry-weight basis.

Relative Percent Difference (RPD) C1 - C2 C1 = Concentration One
(Cl + C2)/2 C2 = Concentration Two

SSR = Spiked Sample Result

Percent Recovery (PR) - SSR - SR x 100 SR = Sample Result
SA SA = Spike Added (Concentration)

J-27

859J111



Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page of
Aromatic Volatile Organics Report

SW Method 8020

Lab Sample Nos. QC Report No. - ;A -

Duplicates _____-_____ Date Analyzed t!k!8&

Spike - I-037 Laboratory Supervisor Approval:

Sample Matrix: _,_ _

/ / Water (ug/L) Dilution Factor

Soil (ug/g) t *Moisture_ _ _I

/ / Other
Spike Source $00 _ - 90 a o

10 24IO7 0 'gig I

Blank Dunlicates Spike Recoverv Notes
Compound C1 C2 RPD SAISR SSR PR

Benzene < _

Chlorobenzene <____

1,2-Dichlorobenzene < <

1,3-Dichlorobenzene _____ (

1,4-Dichlorobenzene

Ethyl benzene j if *

Toluene <'4 <

Xylenes (Dimethyl benzene) < <

If % moisture is reported, results are presented on a dry-weight basis.

Relative Percent Difference (RPD) = C1 - C2 C1 = Concentration One
C1 - C2)/2 C2 = Concentration Two

SSR = Spiked Sample Result
Percent Recovery (PR) = SSR - SR x 100 SR = Sample Result

SA SA = Spike Added (Concentration)

J-28

859J111



Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page of
Aromatic Volatile Organics Report

SW Method 8020

Lab Sample Nos. QC Report No. S(,28-

Duplicates I-o- g 9"7 Date Analyzed gi/njT6

Spike Laboratory Supervisor Approval:

j Sample Matrix: ",__

I/__/Water (ug/L) Dilution'Factor

/ / Soil (ug/g) (ug/Kg) *Moisture

/ / Other

Spike Source

Blank Duplicates Spike Recoverv Notes

Compound Cl C2 RPD SA SR SSR PR

Benzene 4 (

I Chlorobenzene 4 1

1,2-Dichlorobenzene < 4 •

I 1,3-Dichlorobenzene ' 4

1,4-Dichlorobenzene .4

Ethyl benzene 44 4 <

Toluene 4. 1< _

Xylenes (Dimethyl benzene) q 4

* If % moisture is reported, results are presented on a dry-weight basis.

Relative Percent Difference (RPD) - C1 - C2 C1 = Concentration One
(Cl + C2)/2 C2 = Concentration Two

SSR = Spiked Sample Result

Percent Recovery (PR) = SSR - SR X 100 SR = Sample Result
SA SA - Spike Added (Concentration)

J-29

859J111



Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page of
Purgeable Halocarbons Report_

EPA Method 601

Lab Sample Nos. QC Report No. -r r- S - i

Duplicates I - 11-26 Date Analyzed

Spike I - 3 - 13. Laboratory Supervisor Approval:

Sample Matrix:

/ / Water (ug/L) Dilution Factor

/ / Soil (ug/g) (ug/Kg) *Moisture__

/_1 Other

Spike Source

Blank Duplicates Spike Recovery Notes

Compound C1 C2 RPD SA SR SSR PR

Bromodichloromethane < 0. Ac _,

Bromoform <. _. __

Bromomethane '( 1.19 <___

Carbon tetrachloride < _.__ ._

Chlorobenzene < _. ;k 5_ __

Chloroethane < o. 2 e

2-Chloroethylvinyl ether < 0. 13 < -

Chloroform < O.C < __<

Chloromethane < C.c r8 4 4

Dibromochloromethane < Oci '= . O. 'C.0 o o.,3

1,2-Dichlorobenzene . I5 < -, I
1,3-Dichlorobenzene O.32 d . _-

1,4-Dichlorobenzene < 0
Dichlorodifluoromethane i. 91 < ___

1,1 -Dichloroethane C OC t
1,2-Dichloroethane < 0. c3 .4

1,1-Dichloroethene < o',3 _ _

trans-1,2-Dichloroethene < D,, 2o.4 5.1 1.34

1,2-Dichloropropane < O.C& < 4 1
cis-1,3-Dichloropropene < 6.;o iH.3 i.&S j .8
trans-1,3-Dichloropropene < O. c 4

Methylene chloride <

1,1,2,2-Tetrachloroethane < O.C3 - _

Tetrachloroethene r' 6 ,3 .
1, I,1I-Trichloroethane < 0,O-4 4

1,1,2-Trichloroethane < o.e2 -

Trichloroethene X; o. ,. aao- 105 .'.2
Trichlorofluoromethane <0. o 0 -

Vinyl chloride _ 4 (._ ____

If % moisture is reported, results are presented on a dry-weight basis.

Relative Percent Difference (RPD) - C1 - C2 C1 = Concentration One

(Cl + C2)/2 C2 - Concentration Two

SSR = Spiked Sample Result

Percent Recovery (PR) = SSR - SR x 100 SR - Sample Result

859J111 SA J-30 SA = Spike Added (Concentration)

q.a ~~A



Engineering-Science QUALITY CONTROL RESULTS SUIMARY Page I of I
Purgeable Halocarbons Report

EPA Method 601

Lab Sample Nos. QC Report No. - 30

Duplicates 3-9(.- 16Z[ Date Analyzed 3/3,1(,

Spike 3- 96 - 1L2 69"Lboratory Supervisor Approval:

Sample Matrix: r- -O__ . kc_&-ey
Water (ug/L) Dilution Fact4 r

L./ Soil (ug/g) (ug/Kg) , *Moisture %

L/I Other

Spike Source

Blank Duplicates Spike Recovery Notes

Compound Cl C2 RPD SA SR SSR PR

Bromodichloromethane <c. < --

Bromoform &o. .2 < <
Bromcmethane 4I.g2' < <
Carbon tetrachloride .4 < <_ _

Chlorobenzene 4.1 < < ___ 3.0 :1.11 'c7
Chloroethane -C.6 _ '

2-Chloroet-hylvinyl ether -CO.t < < 1
Chloroform <0. , < < _-

3 <.e, 3 lqf too
Chloromethane -o'oj < <
Dibromochloromethane <0. c < <

1,2-Dichlorobenzene e-0 af < -e______
1,3-Dichlorobenzene <o. &.2 < -Dhobn___

1,4-Dichlorobenzene <o.A <
Dichlorodifluorome thane '131 __,_<

1,1-Dichloroethane 4-.07 < -

1,2-Dichloroethane <e.c3 < <
1,1-Dichloroethene -0.3 S .
trans-1,2-Dichloroethene e.' 10 4<

1,2-Dichloropropane • 0. LI . . _

cis-1,3-Dichloropropene <o. L10 <
trans-1,3-Dichloropropene 4o.i0 < 4

Methylene chloride ,. , C < < 2.11 <.-.S 3, 1;" u3

1,1,2,2-Tetrachloroethane <o. V 3 .

Tetrachloroethene 4 0. 03 < <
1,I,1-Trichloroethane e4c. o3 < e_

1,1,2-Trichloroethane 4 0 . ( -4
Trichloroethene 40.1.) 0.i3 /.Ji . 4 3 <.%2 2.8 "{1
Trichlorofluoromethane 4C.l I < <
vinyl chloride

* If % moisture is reported., results are presented on a dry-weight basis.

Relative Percent Difference (RPD) - Cl - C2 CI - Concentration One
(Cl + C2)/2 C2 = Concentration -'1o

} SSR = Spiked Sample Result
Percent Recovery (PR) = SSR - SR x 100 SR = Sample Result

859J111 SA SA - Spike Aided (Concentration)



INTERNATIONAL TECHNOLOGY CORPORATION

Engineering Science
Page 2

QUALITY CONTROL RESULTS SUMMARY
Purgeable Halocarbons

EPA Method 601

Lab Sample Nos. DW4-2-ITC QC Report No. 601-28

Duplicates 36675-10, 36676-12 Date Analyzed 4-29-86

Spike 36675-13 Laboratory Supervisor Approval:

Sample Matrix:
/X / Water (ug/L) Dilution Factor N/A

LJ Soil *Moisture %

// Other

Spike Source

Duplicates Spike Recovery
Compound Blank Cl C2 RPD SA SR SSR PR Notes

NO< ND< NO<
Benzyl chloride 1.0 1.0 1.0 --- --- <1.0 ---

Bis(2-Chloroethoxy)methane T96 I96 T96 --- --- <1.0 ... ...

Bis(2-Chloroisopropyl)ether T96 ?6 T96 --- --- <1.0 .. .

Bromobenzene T?6 T?6 T?6 --- --- <1.0 --- !
Bromodichloromethane T?6 Y6 T96 --- 10.0 <1.0 11.0 110
Bromoform T76 T?6 T6 --- '10.0 1<10 11.0 110
Bromomethane T?6 T?6 T?6 --- --- <1.0 --

Carbon tetrachloride T96 T96 T96 --- 10.0 <1.0 11.0 110
Chloroacetaldehyde T? E Ed .. . --- <1.0 ---..

Chloral 7 d6 E6 --- --- .. .. <1.0 ... .
Chlorobenzene Ed Ed Ed --- 10.0 <1.0 10.0 100

Chloroethane Ed6 Ed6 Vd --- --- <1.0 ... ...

Chloroform T76 T 6 E6 --- 10.0 <1.0 12.0 120

1-Chlorohexane E6 Td 6 --- ---- <1.0 ---

2-Chloroethyl vinyl ether Ed6 TEd Ed6 --- --- <1.0
Chloromethane Ed6 E6 Ed6 --- --- <1.0 ... ...

Chloromethyl methyl ether E6 Ed I --- --- ... ... <1.o . .

Chlorotoluene E6 Ed 6 ... ... <1.0 ... ...
Dibromochloromethane IT T6 Ed 6 1 --- 31.0 <1.0 37.0 119

continued on next page

J-32



INTERNATIONAL TECHNOLOGY COR PORAT ION

I Engineering Science
Page 3

I QUALITY CONTROL RESULTS SUMMARY
Purgeable Halocarbons

EPA Method 601

DW4-2-ITC

Ou licates Spike Recovery
Compound Blank Cl C2 RPD SA SR SSR PR Notes

I NO< NO<1 NO<
Dibromomethane 1.0 1.0 1.0 . .- <1.0 ... ..

1,2-Oichlorobenzene 6 T?61 T9?6 ... .. <1.0 ... ...

1,3-Oichlorobenzene I96 Y961 9 ... .--- 1.0 ... ...

1,4-Dichlorobenzene 9 V T9 6 --- --- <1.0 ... ...

Dichlorodifluoromethane T96 051 T -- .. .. <1.0 --- ---.

1,1-Dichloroethane YO6 D61 T?6 --- 10.0 <1.0 11.0 110

1,2-Dichloroethane 9 T U9f1 f ____ 10.0 <0.1 11.0 110

1,1-Oichloroethylene -- -61 f76 --- 10.0 1.0 14.0 140

trans-I,2-dichloroethylene 1 I?1 D6  10.0 <1.0 10.0 100

Dichioromethane --6 -I?1 D? --- 10.0 1.0 11.0 110

1,2-Dichloropropane ---6 61 p76  --- 10.0 <1.0 12.0 120

1,3-Oichloropropylene 6 ?61 76 --- 10.0 (1.0 10.0 100

1,1,2,2-Tetrachloroethane 6 D1 D5 --- 20.0 <1.0 121.0 105

1,1,1,2-Tetrachloroethane .6 01 --6  --- .
Tetrachioroethylene TD D51 D6  --- 20.0 (1.0 21.0 105

1,1,1-Trichloroethane D?6- D1 --- 10.0 <1.0 10.0 100

1,1,2-Trichloroethane VD6 61 5 --- 31.0 1.0 37.0 119

Trichloroethylene V0?6D ---. 10.0 1.0 12.0 120

Trichlorofluoromethane V?6 -?-1 ?6  . --- <1.0 ... ...

Trichloropropane V?6 D6I 96 .... -.- <1.0 ... ..

I Vinyl chloride Vf06 D1 1? ... --. (1.0 d .. ..

* - If % moisture is reported, results are presented on a dry-weight basis.

NO - This compound was not detected; the limit of detection for this analysis is
less than the amount stated in the table above.

I TR - Trace, this compound was present, but was below the level at which con-
centration could be determined.

I
J- 33
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Engineering-science QUALITY CONTROL RESULTS SUMMARY Page of
Purgeable Aromatics Report__

EPA Method 602

Lab Sample ;;os. QC Report No. 54S2 8 /0

Duplicates - -I|2 Date Analyzed -___ _

Spike I - II3-L  Laboratory Supervisor Approval:

Sample Matrix:

/LK/ Water (ug/L) Dilution Factor

/_1 Soil (ug/g) (ug/Kg) *Moisture

/_/ Other

Spike source

Blank Duplicates Spike Recovers/ Notes

Compound CI C2 RPD SA SR SSR PR

Benzene 0'. 2 < <

Chlorobenzene <0.2 <

1,2-Dichlorobenzene <o. < <

1,3-Dichlorobenzene zO. _ ___

1,4-Dichlorobenzene 40.3 < <

Ethylbenzene <.2 <

Toluene < '

0

* If % moisture is reported, results are presented on a dry-weight basis.

Relative Percent Difference (RPD) C1 - C2 C1 = Concentration One
(Cl + C2)/2 C2 = Concentration Two

SSR = Spiked Sample Result
Percent Recovery (PR) = SSR - SR x 100 SR = Sample Result

SA SA = Spike Added (Concentration)

J-34
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Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page I of I

Purgeable Aromatics Report

EPA Method 602

Lab Sample Nos. QC Report No. _5- 8 31

Duplicates 3 - -- ."I Date Analyzed 3/.3 ,J
Spike 3-' - ,.'? boratory supervisor Approval:

Sample Matrix: G -

/ _ Water (ug/L) Dilution Factor

L_1 Soil (ug/g) (ug/Kg) *Moisture

/- other

Spike Source

Blank Duplicates Spike Recovery Notes

Compound C1 C2 RPD SA SR SSR PR

j Benzene < 0. < .2,1J <o.3 3.o, j6_<

Chlorobenzene <e'.') Id 3.xb (o. 3,17 lo0l

1,2-Dichlorobenzene -<C. L) < ._

I,3-Dichlorobenzene <C. Li < <

1,4-Dichlorobenzene e..3 < <

Ethylbenzene .. < 0') < <

Toluene < 04 ;? <

i If % moisture is reported, results are presented on a dry-weight basis.

Relative Percent Difference (RPD) - C1 - C2 C] = Concentration One
(Cl + C2)/2 C2 - Concentration Two

SSR = Spiked Sample Result

Percent Recovery (PR) SSR - SR x 100 SR = Sample Result

SA SA = Spike Added (Concentration)

I
I

I859.1111 J-35



IT CORPORATION
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QUALITY CONTROL RESULTS SUMMARY
Purgeable Aromatics

EPA Method 602

Lab Sample Nos. PJKS, 1-SW-2, IT QC Report No. 602-23

Duplicates 36686-5, 36686-6 Date Analyzed 5-13-86

Spike 36686-7 Laboratory Supervisor Approval:

Sample Matrix:

/X / Water (ug/L) Dilution Factor N/A

_ Soil (ug/Kg) *Moisture %

_ Other
Spike Source 10 ppb 602 std.

Duplicates Spike Recovery
Compound Blank C1 C2 RPD SA SR SSR PR Notes

ND< ND< ND< ND<
Benzene 1.0 1.0 1.0 --- 10.0 1.0 10.5 105

ND< TR< ND< ND<
Chlorobenzene 1.0 1.0 1.0 --- 10.6 1.0 9.6 91

NO< ND< ND< NO<
1,2-Dichlorobenzene 1.0 1.0 1.0 --- 10.7 1.0 10.3 96

NO< NO< NO< NO<
1,3-Dichlorobenzene 1.0 1.0 1.0 --- 11.2 1.0 10.4 93

NO< NO< NO< NO<
1,4-Dichlorobenzene 1.0 1.0 1.0 1-- 10.6 1.0 16,2 96

ND< ND< ND< -- ND<
Ethyl benzene 1.0 1.0 1.0 ---. 10.7 1.0. 9.6 90

ND< TR< TR< TR<
Toluene 1.0 1.0 1.0 --- 11.6 1.0 8.9 77

TR< ND< NO< NO<
Xylenes (Dimethyl benzene) 1.0 1.0 1.0 - -- 1.0 ... ...

ND - This compound was not detected; the limit of detection for this analysis is less
than the amount stated in the table above.

TR - Trace, this compound was present, but was below the level at which concentration
could be determined.
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LIST OF CONTACTS
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CONTACTS

Environmental Protection Agency, Region VIII, Denver, Colorado

1. Mr. Eric Johnson (303) 293-1534

2. Mr. James Littlejohn (303) 293-1527

Colorado Department of Health, Division of Hazardous Wastes

1. Mr. Greg Starkebaum (303) 320-8333 ext. 4364

2. Mr. Paul Williamson (303) 320-8333 ext. 4170

3. Dr. Fred Dowsett (303) 320-8333

Martin Marietta Aerospace, Denver, Colorado

1. Mr. Todd Kisling (303) 977-3840

2. Mr. William Bath (303) 977-3997

3. Dr. William Haas (303) 977-3441

U.S. Air Force, PJKS Site, Waterton, Colorado

1. Captain Robert Catlin (303) 977-6192
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