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EXECUTIVE SUMMARY

A remedial investigation was conducted at Forbes Field Air National Guard

Base (base) in Topeka, Kansas, by Oak Ridge National Laboratory's Chemical

Assessment Team (ORNL/CAT). The investigation is part of the Air National

Guard's Installation Restoration Program (IRP) - a program designed to

investigate and remediate sites of potential soil and groundwater

contamination located on Air National Guard property. The purpose of the

remedial investigation is to determine the nature and extent of the

contamination associated with each site. Once contamination is identified,

the potential impacts on public health and the environment are assessed.

In 1984, prior to the IRP, Roy F. Weston, Inc., performed an

investigation to determine if soil and groundwater contamination have resulted

from fuel storage, distribution, and use at the base. The 1984 study focused

only on fuel contamination (utilizing oil and grease analyses) and showed that

contamination existed in backfill within certain trenches and in the

unconsolidated sediments and groundwater in several areas.

The first phase of the IRP was a records search and installation

inspection conducted by Hazardous Materials Technical Center (HMTC). The

report, issued in June 1986, found ten potentially contaminated sites. The

HMTC determined that four sites did not have a contaminant migration problem.

The following six sites required further study:

Site 1 - JP-4 bulk storage facility (tank farm)

Site 5 - Area adjacent to building 671

Site 6 - Surface drainage ditch and storm sewer outflow

Site 7 - Area adjacent to refueling hydrant, located on refueling apron

at lateral 3

Site 8 - Area adjacent to refueling hydrant, located on refueling apron
Sat lateral 7

Site 9 a Area adjacent to refueling hydrant, located on refueling apron

at lateral 8

The 1984 study indicated subsurface contamination at Sites 5, 7, 8, and

9. Samples collected by base personnel showed evidence of contamination at

Site 6. The Weston discovery of contamination in a well upgradient of all the

I
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known sites suggested that contamination was entering the base from an off-

base source. The HMTC identified this area as the "southeastern corner of

Forbes Field ANGB property" and recommended that the area be studied.

Forbes Field Air National Guard Base occupies 180 acres in the

northeastern corner of the former Forbes Field Air Force Base. The base lies

approximately 2.5 miles south of Topeka, Kansas, on a relatively flat,

topographically elevated plain. The base is drained by an unnamed tributary

to the South Branch of Shunganunga Creek which flows north to converge with

Shunganunga Creek in Topeka. Shunganunga Creek flows east to discharge into

the Kansas River five miles east of Topeka.

Groundwater at the base is associated with the unconsolidated glacial

veneer overlying the bedrock and a bedrock aquifer in the Nodaway Coal. The

aquifer associated with the unconsolidated veneer is not utilized in the area

because the yield is low and water is often of poor quality.

During June 1988, ORNL/CAT installed 26 alluvial monitoring wells and 3

bedrock wells (coreholes). A soil-gas study was conducted concurrently with

the drilling program. Soil-gas data were used to place several of the

monitoring wells in order to optimize the chances of intercepting a contami-

nant plume. The data were also useful in determining the presence of JP-4

components in the trenches of the refueling laterals located beneath the

asphalt and concrete of the aircraft refueling ramp. ORNL/CAT installed one

monitoring well in November 1988 to further characterize Site 1.

The monitoring wells were used to determine the site lithology,

characterize contamination in the soil, determine the extent of groundwater

contamination, and to conduct hydraulic testing useful for predicting

contaminant migration. The coreholes were used to determine the bedrock

lithology, determine the extent of groundwater contamination, and conduct

hydraulic testing to locate aquifers. Groundwater sampling was conducted

twice to ensure that results were representative of the area. Sediment

samples and surface water samples were collected from the drainage ditch to

chararterize contamination and determine if contamination was being

transported by the water.
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GENERAL CONCLUSIONS

Based on the remedial investigation, the following general conclusions

can be drawn:

Groundwater flows toward the northwest at the base, following the dip of

the bedrock. Locally, however, the drainage ditch influences this flow and

causes groundwater west of the drainage ditch to flow north and northeast.

Groundwater from the base discharges to the drainage ditch and provides a

slight flow in the ditch even during dry periods.

The tight clay soils at the base severely inhibit groundwater flow. Most

of the wells yielded hydraulic conductivity values below the measurable
-5

range (3.5 x 10 cm/s) using single well tests. In wells with a

measurable value, hydraulic conductivity values range from 4.0 x 10-5 cm/s
-4

to 3.4 x 10 cm/s.

* Fuel is held within the trench backfill surrounding the fuel laterals under

the aircraft parking ramp. The tight clay soils inhibit leaching into

surrounding soils and, therefore, the fuel "pools" at low points in the

trenches. The water table is 3 to 9 ft below the bottom of the fuel

lateral trenches.

* Sediments in the ditch contain total petroleum hydrocarbons (TPHCs),

polynuclear aromatics, and pesticides; however, the contamination pattern

is not consistent throughout the course of the ditch. The fuel

contamination in the sediments is likely the result of isolated spills and

not an indication of a larger source. The polynuclear aromatics and

pesticides are probably the result of runoff from the aircraft ramp and

highway. Low-flow surface water samples do not show fuel contamination,

indicating that the discharging groundwater is not contaminated.

• Low-flow surface water samples from the storm sewer outflow at the south

end of the drainage ditch show chlorinated hydrocarbons (up to 46 Ag/L).

No source has been discovered for the contamination; however, it is

unlikely that any of the sites studied in this investigation are the

source.

xix



SITE-SPECIFIC RESULTS AND CONCLUSIONS

Following are specific conclusions for each site followed by a table

summarizing the conclusions. Plate I shows the location of all sites on the

base.

Site 1 - JP-4 Bulk Storage Area (Tank Farm)

The tank farm consists of three aboveground jet fuel (JP-4) storage

tanks. The tanks are surrounded by a continuous, closed earthen berm designed

to impound leaks and spills. In 1981, an estimated 1200 to 1400 gal of JP-4

leaked from the southern tank onto the surrounding soil.

The water bearing unit underlying the tank farm is discontinuous and

occurs in unconsolidated sediments of silty clay. Six monitoring wells were

drilled to characterize the subsurface at Site 1. JP-4 components were found

in the soil at depths of 6 to 12 ft in four wells and in groundwater samples

in three wells. The amount of fuel in the groundwater is very low compared to

the quantity found in the contaminated soils. For example, a soil sample

taken at 6 ft during the drilling of MW021 contained 490,000 pg/kg TPHCs,

while a groundwater sample contained only 760 pg/L TPHCs. MW026, located

-50 ft downgradient from MW021, had no detectable TPHCs in soil or

groundwater. The tight clay soils and low leachability of the JP-4

constituents make past spills relatively immobile.

Site I poses minimal risk to the public or environment.

ite 5 - Area Adjacent to Pumphouse E. Building 671

Site 5 surrounds pumphouse E, building 671, located southwest of the

aircraft parking ramp near the center of the base. In 1967, an estimated 200C

to 10,000 gal of JP-4 spilled from the north side of the pumphouse into the

surrounding soil.

The water bearing unit is discontinuous and occurs in unconsolidated

sediments of tight, silty clay. The four monitoring wells associated with

Site 5 are SWO05, installed by Weston in 1984, and MWO09, MWOIO, and MWO14,

installed by ORNL/CAT. Due to the presence of fourteen 50,000 gal underground

storage tanks and numerous buried utility lines, there is an abundance of fill

material surrounding the spill area.
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The Weston SWO05, located on the north side of the pumphouse, shows

evidence of floating fuel (-0.2 ft measured by Weston in 1984, a thin film

measured by ORNL in March 1988, and -0.16 ft measured by ORNL in September

1988). The borehole log from SWO05 states that the core contained sand, sandy

clay, and "medium grained fill," indicating that the well was installed in a

fuel line or storm sewer trench. Analyses of both soil and groundwater

samples from the ORNL/CAT wells found elevated TPHCs in MW009 (26,000 pg/kg

and 1100 pg/L, respectively), but the samples from MWO1O and MWO14 contained

no detectable contamination. Five of the six soil-gas samples taken on a

100 ft grid around Site 5 showed elevated hydrocarbons, ranging from 174 to

277 pg/L.

The undisturbed soil around the spill area (MW009) is contaminated, but

the concentration appears to decrease sharply with distance from the source.

Since SWO05 has contained measurable floating product on two occasions,

groundwater contamination is apparently confined to nearby trenches and the

source area.

The potential for migration is low since the tight clay soils have

effectively immobilized the fuel components. Due to the low levels and

relative immobility of the contaminants, Site 5 poses minimal risk to the

public or environment.

Site 6 - Surface Drainage Ditch and Storm Sewer Outflow

Site 6 consists of the drainage ditch and storm sewer system. The

drainage ditch runs northwesterly along the northwest side of the base,

eventually flowing into the South Branch of Shunganunga Creek about 1.5 miles

downstream. The ditch receives sheet flow runoff from most of the base,

including the tank farm. The base's storm sewers converge through successive

confluences which finally drain into the ditch at three locations. Since the

ditch is topographically lower than nearby U.S. Highway 75, it also receives

some surface runoff from the highway. In addition, the drainage ditch serves

as a discharge area for the unconsolidated aquifer underlying the base.

Sediment and surface water samples were collected from the ditch both

upstream and downstream from the base. MWO01, MWO02, MW022, and MW025 were

installed along the ditch to intercept contaminants migrating from the base

and tank farm fuel spills. Subsequent sampling of these monitoring wells

showed no contamination.
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Surface water samples collected on two occasions at points just below

where the ditch emerges from a culvert and begins its surface flow were found

to contain small amounts (up to 46 pg/L) of 1,2-dichloroethene. The origin of

this chlorinated solvent is unknown. The remaining surface water samples

collected farther downstream contained no detectable contamination.

Sediment samples were collected at fifteen points along the drainage

ditch system, including locations upstream and downstream from the base.

Three samples contained elevated concentrations of TPHCs. A sample taken from

the pond sediment and a sample from the ditch east of the tank farm contained

low levels of polynuclear aromatics; one of the samples collected at the base

boundary contained traces of the pesticides 4,4'-DDE, 4,4'-DDT, and dieldrin.

The polynuclear aromatics are typically associated with jet and combustion

engines, and road dust. These sampling points are located close to the storm

sewer outfall and U.S. Highway 75, both of which contribute surface runoff to

the ditch. It is likely that these are sources of the polynuclear aromatics.

The pesticides may be from local agricultural activities. The fuel

contamination appears to be the result of small spills and leaks--not a

surface expression of a larger source.

Due to the low levels and relative immobility of the contaminants at

Site 6, there is minimal risk to the public or the environment. Transport of

the contaminated sediments would only occur during high energy flood

conditions, where dilution would render the concentrations insignificant.

Long term monitoring of the surface waters would eliminate most risk.

Site 7 - Area Adjacent to Refueling Hydrant, Lateral 3

Site 7 consists of the area surrounding the southwest fuel hydrant on

fuel lateral 3, where, in 1981, an undetermined amount of jet fuel leaked from

the fuel hydrant. The water bearing unit is discontinuous and occurs in

unconsolidated sediments of tight, silty clay. Groundwater is found only in

the lower few feet of the unconsolidated sediments and is completely absent in

some places.

MW005, MWO06, and MWO08 were installed to characterize the subsurface at

Site 7. Analysis of both soil and groundwater samples from these wells found

no detectable contamination. Soil-gas samples were taken from three locations
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along lateral 3. Concentrations of fuel components ranged from background

values near the southwest end of the lateral to 169,000 pg/L at a point 400 ft

northeast. Apparently, spilled fuel is pooled locally in the trench.

No risk to the public exists from Site 7, but any excavation of the

lateral would result in exposure to workers and possible explosion hazards.

Site 8 - Area Adjacent to Refueling Hydrant. Lateral 7

Site 8 consists of the area surrounding the southwest fuel hydrant on

fuel lateral 7, where, in July 1982, an undetermined amount of jet fuel leaked

from the fuel hydrant. The water bearing unit is discontinuous and occurs in

unconsolidated sediments of tight, silty clay.

MWO11, MWO15, MW016, and Weston's SWO04 were drilled to characterize

Site 8. Analyses of both soil and groundwater samples from the ORNL/CAT wells

found no detectable contamination; groundwater from SWO04 (a Weston well)

contained 190 yg/L TPHCs. Soil-gas samples were taken in the trench at three

locations along lateral 7. One sample contained slightly elevated TPHCs; the

other two samples contained only background levels. Apparently, spilled fuel

is pooled locally in the trench.

No risk to the public exists from Site 8, but any excavation of the

lateral would result in exposure to workers and possible explosion hazards.

Site 9 - Area Adjacent to Refueling Hydrant, Lateral 8

Site 9 consists of the area surrounding the southwest fuel hydrant on

fuel lateral 8, where, in 1983, up to 3000 gal of jet fuel leaked from the

fuel hydrant. The water bearing unit is discontinuous and occurs in

unconsolidated sediments of tight, silty clays.

MWO12, MWO13, MWO17, and the Weston SW002 are associated with Site 9.

Analysis of soil and groundwater samples taken from the wells showed no

detectable contamination. Three soil-gas samples collected from the sandy

backfill of the lateral 8 trench contained only background levels of

hydrocarbons. Spilled fuel may be pooled locally in the trench.

No risk to the public exists from Site 9, but any excavation of the

lateral would result in exposure to workers and possible explosion hazards.
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Southeast Corner of ANGB Property

The southeast corner of the base was included as a study area following

discovery of oil and grease in the groundwater of the bedrock aquifer (Weston

1985). No contaminant sources have been reported in this area, which is

hydraulically upgradient of the base.

ORNL/CAT completed three alluvial monitoring wells and one bedrock well

(corehole) to characterize the site. Soil and groundwater samples from the

alluvial wells and groundwater samples from the corehole contained no

detectable contamination.

ORNL/CAT collected a groundwater sample from Weston DWOO in March 1988.

The sample contained 680 Mg/L TPHCs. The presence of TPHCs in the groundwater

sample may be the result of leachate from the Nodaway Coal, which the well

probably penetrated at a depth of 20 to 30 ft.

Lateral 6. Hydrant 3 "Hot-spot"

This area was investigated as an information source for the IRP sites

associated with the aircraft parking ramp. No leaks have been reported in

fuel lateral 6; however, the soil-gas survey located an elevated TPHC level at

hydrant 3. MW023 was installed downgradient of the elevated soil-gas

measurement and upgradient of two sites.

A soil sample collected 3 ft below the aircraft ramp surface (I ft below

the bottom of the concrete pad) contained fuel compounds (16,000 pg/kg TPHCs).

Groundwater samples contained no detectable contamination. The soil

immediately under the ramp may be contaminated and the trench fill is

contaminated, but the contamination is not leaching into the groundwater.
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1. INTRODUCTION

1.1 PURPOSE OF REPORT

This Remedial Investigation Report (RIR) for Forbes Field Air National

Guard Base (ANGB), Topeka, Kansas has been prepared by the Oak Ridge National

Laboratory/Chemical Assessments Team (ORNL/CAT) in Grand Junction, Colorado.

The work was performed under agreement with the Hazardous Waste Remedial

Action Program (HAZWRAP) operated by Martin Marietta Energy Systems, Inc., in

Oak Ridge, Tennessee; it is part of Phase II of the Installation Restoration

Program (IRP) of the U.S. National Guard Bureau (NGB). The IRP has been

implemented to investigate and remediate contaminated sites subject to the

Comprehensive Environmental Response Compensation and Liability Act (CERCLA).

The Phase II investigation confirms and quantifies hazardous substances at

locations identified as potentially contaminated in Phase I of the IRP

(HMTC 1986).

This RIR presents the results of the Phase II site characterization

performed by ORNL/CAT.

1.2 SITE BACKGROUND

1.2.1 Site Description

Forbes Field ANGB (base) occupies 180 acres in the northeast corner of

the former Forbes Field Air Force Base. The base lies approximately 2.5 miles

south of the southern boundary of the city of Topeka in Shawnee County, Kansas

(Fig. 1.1). U.S. Highway 75 is adjacent to the base on the west. Pauline,

Kansas, an unincorporated village, also lies adjacent to the west boundary.

The former Forbes Field Air Force Base belongs to the Metropolitan Topeka

Airport Authority (MTAA). The MTAA controls the air field and the commercial

airport facilities. Light industrial, residential, and agricultural land

surrounds the airport and the base, and several light industries occupy former

Air Force facilities.

1.2.2 Site History

Forbes Field Air Force Base was opened in 1942 as the Topeka Army Air

Corps Base. The base's mission was to provide operational training of heavy

1-i
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bombardment crews. At the end of World War II, the base was closed and the

hangars used for grain storage (Weston 1985).

From 1948 to 1949 the base was reopened for use by reconnaissance and

geodetic survey wings of the Army Air Corps. The base was re-named the Forbes

Field Air Base during that time.

Forbes Field Air Base was reopened in 1951 with the mission of training

bomber crews. In 1954, the Forbes Field Air Base and all existing facilities

were transferred to the U.S. Air Force, and the installation was officially

designated Forbes Field Air Force Base. The installation was assigned to the

Strategic Air Command (SAC) until July 1965, when it was transferred to the

Tactical Air Command (TAC). Forbes Field Air Force Base was closed in 1973,

at which time the Kansas Air National Guard 190th Air Refueling Group

(190th AREFG) became the only remaining activity on base.

The portion of the Air Force Base now occupied by the Kansas Air National

Guard (KSANG) was built between 1954 and 1959. Aerial photos in 1954 show the

present National Guard Base as agricultural land, and only the aboveground

storage tanks are present in the photo. The present aircraft ramp, large

hangars, and extended northwest-southeast runway appear in the 1959

photographs.

The 190th AREFG maintains jet fueling and storage facilities on the base.

The storage facilities consist of three aboveground storage tanks on the west

side of the base and 26 underground storage tanks near the three pumphouses at

the west edge of the aircraft parking apron. Total fuel capacity is

approximately 14 million gal. Aircraft assigned to the group include large,

multi-engine KC-135 tankers.

Operation of the 190th AREFG includes aircraft retrofitting; aircraft

maintenance; ground vehicle maintenance; petroleum, oil, and lubricant (POL)

management and distribution; and fire department training. These operations

involve such activities as corrosion control, nondestructive inspection (NDI),

fuel cell maintenance, engine maintenance, and pneudraulics. These activities

generate varying quantities of waste oils, recovered fuels, spent cleaners,

jtrippers, and solvents. The Defense Reutilization and Marketing Office

(DRMO) is responsible for disposal of these hazardous materials.

1-3



1.2.3 Previous InvestiFations

Roy F. Weston, Inc., performed a groundwater contamination study at

Forbes Field ANGB in 1984. The Weston study was requested by the U.S.

jOccupational and Environmental Health Laboratory (OEHL). The KSANG requested

assistance from OEHL in the evaluation of known and suspected releases of jet

fuel (JP-4) to the environment of Forbes Field ANGB. Weston recommended

detailed studies of certain areas of the base and more extensive sampling. As

a result, the base bioenvironmental engineering technician conducts periodic

sampling of a drainage ditch adjacent to the base.

The Hazardous Materials Technical Center (HMTC) was retained in December

1985 to conduct the IRP Phase I Records Search at Forbes Field ANGB. The

records search involved reviews of records, personnel interviews, and on-site

studies to identify potential sources of contamination and specific sites

where contamination is likely.

ORNL/CAT was retained in January 1988 to conduct the Remedial

Investigation/Feasibility Study (RI/FS).

1.2.3.1 Roy F, Weston, Inc. - Groundwater Study

Roy F. Weston, Inc., studied soil and groundwater contamination at Forbes

Field ANGB in 1984 and 1985. This study included the inspection of the storm

sewer system to locate infiltration of jet fuel, soil borings and sampling,

installation of twelve groundwater monitoring wells, subsequent sampling of

groundwater, and field tests to establish permeability of subsurface layers.

Weston installed twelve monitoring wells and drilled ten soil borings

(Fig. 1.2). Six of the monitoring wells were completed in the surface

deposits. The other six were deep wells in which 4-in. PVC casing was set and

cemented through surface deposits followed by drilling through 50 ft of

bedrock. The ten soil borings were not completed as monitoring wells.

The six shallow monitoring wells and the ten soil borings were drilled

using hollow stem augers and continuous core samplers. A photoionization

detector (PID) and an organic vapor analyzer (OVA) were used to measure

volatile components in soil samples immediately after splitting the core. Ten

of the soil samples showing elevated measurements were sent to the laboratory

for oil and grease analysis; however, only one soil sample was analyzed from

each borehole.
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Oil and grease concentrations ranged from 25,000 to 50,000 pg/kg in the

soil samples; however, soil samples from boring BIO and SWO05 contained oil

and grease concentrations of 686,000 and 829,000 pg/kg, respectively. No soil

samples were taken from the deep wells. Boring B1O is near fuel hydrant BA, a

known location of fuel leaks. SWO05 contained a thin layer of floating fuel.

Table 1.1 shows the results of the Weston soil sample analyses.

Nine of the twelve water samples (Table 1.2) collected from the

monitoring wells contained oil and grease at concentrations above the

detection limit of 100 pg/L. Table 1.2 summarizes the water quality

analytical results of the Weston study.

Concentrations of oil and grease range from a high of 3,970,000 pg/L in

SWO05 to below detection limits in DWO02, DWO03, and DWO04. One deep

monitoring well (DWO01), located upgradient of most of the base, contained

measurable quantities of oil and grease. Those wells finished in the

unconsolidated materials above bedrock generally showed greater concentrations

than those cased into competent rock.

The inspection of the base storm sewer system with a PID and an OVA

revealed no detectable organic vapors in any of the manholes along the ramp

(Fig. 1.3). Weston did note the occurrence of organic odors in the central

valve pits at the end of laterals 7, 8, and 9. Also, headspace analysis of

water samples collected from the storm sewer at the end of lateral 8 showed a

concentration of 15 ppm in air.

Weston's studies indicated that groundwater was generally flowing from

east to west toward an unnamed tributary of the South Branch of Shunganunga

Creek.

Conclusions of the Weston study were:

* 10 to 20 ft of clays and silty clays make up the unconsolidated sediments

• Bedrock consists of shales with interbedded limestone and sandstone

stringers

Groundwater occurs under water table conditions in the unconsolidated

sediments and under confined conditions within permeable zones of bedrock

* An upward component of flow exists into the unconsolidated materials

* Trenches dug for construction of storm sewers and fuel lines provide a

potential conduit for lateral movement of contaminants.
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Table 1.1. Soil sample analytical results, groundwater contamination study

Roy F. Weston, Inc. (1985)

Borehole Sample number Depth Oil and grease

identification (ft) concentrations

(mg/kg)

B2 S3 8-13 51

B3 S2 5-8 50

B4 Si 1.7-6.7 36

B9 S3 8-12.7 25

B10 Si 1-4 686

SWOOl S2 3-8 38

SWO03 S4 13-16.5 38

SWO04 SI 1.7-3.2 30

SWO04 S3 8.2-11 31

SWO05 52 3-7.7 829
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Table 1.2. Water quality analytical results, groundwater contamination study

Roy F. Weston, Inc. (1985)

Wel11 Oil and grease

(pug/L)

SWOOl 1,090

SWOOl (Duplicate) 3,270

SWO02 1,750

SWO03 230

SWO04 450

SWO05 3,970,000

SWO06 2,030

DWOOl 710

DWO02 <100

DWO03 <100

DWO04 <100

DWO05 1390

DWO06 170

Detection Limit 100
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I
The ORNL/CAT study confirmed these general conclusions. However, the

upward component of flow into the unconsolidated aquifer occurs only where

the permeable Nodaway Coal subcrops into the unconsolidated material

(see Sect. 2.2.6). Elsewhere on the base, the unconsolidated aquifer is

isolated from bedrock aquifers by impermeable bedrock units.

1.2.3.2 Forbes Field ANOB - Periodic Samplinz

In 1985, the base bioenvironmentai engineering technician collected

water samples at the pond area just before the ditch leaves the base.

Analyses by OEHL revealed small amounts of oil and grease (<300 Ag/L) and an

elevated level of manganese (406 pg/L). Intermittent sampling of the ditch

since 1985 revealed no other contamination. Sample collection has been

infrequent because of lack of water in the ditch and a problem with OEHL

rejecting the sample bottles used (Tennison 1988).

1.2.3.3 Hazardous Materials Technical Center - Phase I Records Search

The HMTC performed the Phase I records search of the IRP. The HMTC

conducted a review of pertinent installation documents, personal interviews

with eight base employees, and an inspection of the base. The interviews

and research resulted in the identification of ten potentially contaminated

sites.

The HMTC determined that Sites 2, 3, 4, and 10 did not present a

contaminant migration problem and that no further action was justified. The

Air Force's Hazard Assessment Rating Method (HARM) was used to rate the

remaining six sites.

The six sites are:

. Site I - area adjacent to JP-4 storage facility 55122;

• Site 5 - area adjacent to building 671;

. Site 6 - surface drainage ditch and storm sewer outflow;

• Site 7 - area adjacent to refueling hydrant, located on refueling apron

at lateral 3;

-• Site 8 - area adjacent to refueling hydrant, located on refueling apron

at lateral 7;

- Site 9 area adjacent to refueling hydrant, located on refueling apron

at lateral 8.
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The Weston study had already indicated the presence of soil and

groundwater contamination at Sites 5, 7, 8, and 9. Samples collected by the

base showed evidence of contamination at Site 6.

The Weston discovery of contamination upgradient of all identified

sites suggested that contamination was entering the base from an off-base

source. The HMTC identified this area as the "southeastern corner of Forbes

Field ANGB property" and recommended that the area be studied. Although not

a HARM rated site, the southeast corner will be referred to as a "site"

throughout this report. Figure 1.2 shows the seven study sites.

Finally, HMTC observed no evidence of off-base environmental stress

from the spills or disposal activities at the base.

1.2.3.4 ORNL/CAT Scoping and Preliminary Investigation

In March 1988, groundwater samples were collected by ORNL/CAT from the

monitoring wells installed by Weston (1985).

The samples were collected to provide additional information on

contamination in the groundwater. The Weston study identified

contamination, but used only oil and grease analysis. The oil and grease

analysis is a screening technique and results do not always indicate the

presence or quantity of contamination. Confirmation of contamination and

identification of specific contaminants provided ORNL/CAT with useful

information for siting additional monitoring wells. Water from the

monitoring wells was analyzed for total petroleum hydrocarbons (TPHCs) and

volatile organics (VOAs). Results of the analyses are shown in Table 1.3.

DWO01, DWO02, DWO04, DWO05, SWO01, and SWO04 contained TPHCs, but only

trace or undetectable amounts of specific jet fuel compounds. The presence

of the TPHCs in the absence of benzene, toluene, ethylbenzene, and total

xylenes may be due to coal leachate or other naturally occurring material.

In five of the Weston wells (DWO01, DWO02, DWO04, DWO05, and SWO05),

a film was detected on the stagnant water in the well as determined with a

"Scavenger" oil/water interface detecting probe. The floating film was too

thin to measure in all of the wells although Weston had reported 0.20 ft of

floating product in SWOOS. In these five wells, water samples were

collected without purging in order to identify the compounds in the floating

film. The wells were then purged and fresh groundwater samples
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were collected. The pre-purge samples collected from DWO02 and DW005

contained detectable TPHCs while the post-purge samples did not. In DWO01

and DW004, the opposite occurred: the pre-purge samples contained no

detectable TPHCs while the post-purge samples showed TPHCs. Again, the

samples showed only trace or undetectable quantities of benzene, toluene,

ethylbenzene, and total xylenes, indicating that a naturally occurring

material might have contributed the TPHCs.

1.2.4 Planned Construction Activities

The KSANG intends to modify a significant portion of the aircraft

parking ramp in the near future (1989, if possible). Existing laterals 6,

7, and 8 (Fig. 1.4) will be abandoned. A new fuel lateral 7 will be

installed south of the present lateral 6 and a new fuel lateral 8 will be

installed between the existing fuel lateral 7 and 8. Fuel lateral 9 will be

removed from the distribution line to the second fuel hydrant, and will be

replaced with a new line. From the second hydrant toward the east, the old

fuel line will be abandoned and replaced by a new section offset to the

north.

A portion of the asphalt surface of the ramp from fuel lateral 8 to

fuel lateral 4 will be removed and replaced. New concrete pads will be

installed over the new fuel laterals.

Also planned for the future, but with unknown dates, are several

additional projects. These include: (1) redesigning the traffic flow with

the main entrance to the base at the northwest corner, (2) enclosing the

entire drainage ditch (Site 6) as a storm sewer with catchment basins for

storm runoff and a containment system to dam the drainage ditch in the event

of a major fuel spill, and (3) possible removal of the 50,000 gal

underground storage tanks surrounding the three fuel pumphouses near the

aircraft parking ramp.

1.3 REPORT ORGANIZATION

This RIR follows the format suggested in the Draft Guidance for

Conducting RI and FS under CERCLA (EPA, October 1988).

Sections I and 2 provide an introduction and describe the general site

characteristics of the base. Sections 3 through 10 describe the site
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investigation and the results for each potentially contaminated site.

Section 11 summarizes findings of the study.

Due to the nature of the base, many characteristics will be the same

for several sites. To conserve space, when appropriate, sections have been

referenced.

Ten appendices are attached at the end of this report. The information

each appendix contains is as follows:

A: Glossary of terms and acronyms used in the report

B: Documents and references used in the preparation of the report

C: Personal contacts referenced in the report

D: Results of the soil-gas survey conducted at the base

E: Significant results of chemical analyses of samples collected at the

base

F: Evaluation of quality assurance/quality control measures taken to ensure

data reliability

G: Summary of the monitoring wells and coreholes, including description of

the lithology and construction of the well

H: Field parameters (temperature, pH, and conductivity) of groundwater

samples

I: Description of methods and results of the land survey to define the

location and elevation of wells and other base reference points

J: The full risk assessment used to define the baseline risk assessments in

the report

Two large format maps are included with this report. Plate I shows the

base with all sites, well locations, sample locations, buried fuel and storm

sewer lines, and base facilities. Plate 2 is a geologic map with structural

contours drawn at the base of the Topeka limestone.

In the text of the report and in the appendices, the monitoring wells,

coreholes, Weston wells, surface water sample locations, and sediment sample

locations are referred to by two letters followed by three numbers. This is

required by the data base containing the analytical results. Because of

space constraints on the plates and figures, however, these locations are

referred to by two letters and two numbers [i.e. MWOOl(text) = MWOl (fig.)].
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1.3.1 Additional Information

Two supplements to this RIR are available on request. Supplement One

contains copies of all chemical sample analytical reports including

laboratory quality assurance/quality control (QA/QC) samples. Supplement

Two contains copies of all field sample data records which were filled out

at the time of sample acquisition. These supplements can be obtained by

contacting:

Oak Ridge National Laboratory

Grand Junction Office

P.O. Box 2567

Grand Junction, CO 81502

Attn: Forbes Field ANGB Site Project Manager

or

Hazardous Waste Remedial Action Program

Tri County Mall

831 Tri County Road

Oliver Springs, TN 37840

Attn: Forbes Field ANGB Project Manager
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2. REMEDIAL INVESTIGATION

2.1 REMEDIAL INVESTIGATION ACTIVITIES

The remedial investigation (RI) of Forbes Field ANGB was initiated on

February 3, 1988 when representatives of the NGB, KSANG, HAZWRAP, and ORNL/CAT

met to discuss the key personnel, work plan, and schedule for future

activities. A preliminary investigation in March 1988 consisted of sampling

several existing wells. The field investigation began in April 1988 and

defined the hydrogeologic setting and characterized the presence and extent of

contaminants resulting from past activities. The elements of the field

investigation included:

" a review of aerial photographs and past activities at the base,

" land surveying,

" soil-gas sampling,

" soil and sediment sampling,

" drilling of monitoring wells and coreholes,

" hydrologic testing,

" groundwater sampling, and

" surface water sampling.

2.1.1 Work Plan

Preliminary sampling plan development began immediately after the

February meeting. This plan included sampling of the monitoring wells

installed by Weston (1985).

Development of the site characterization work plan (which guided all

aspects of the field investigation, including the technical approach), QA/QC,

and health and safety plan also began immediately after the February 1988

meeting. The KSANG requested a rapid return of field data due to a planned

construction project which involved areas to be investigated during the site

characterization.

Recommendations made in the Phase I records search and HAZWRAP's

statement of work were used to plan the site characterization. An internal

draft of the work plan was submitted to HAZWRAP and was reviewed by HAZWRAP

aid the NGB. Comments from these organizations were incorporated into the
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I
draft work plan. The draft work plan was resubmitted to HAZWRAP and reviewed

by the NGB, HAZWRAP, the U.S. Environmental Protection Agency (EPA), and the

Kansas Department of Health and Environment (KDHE).

Comments from the reviewing organizations were received at a meeting on

June 7, 1988. The work plan was updated to address all comments and completed

in September 1988.

2.1.2 Site Characterization

A phased approach was used for the site characterization. Preliminary

samples from the Weston wells provided guidance on groundwater flow and

contaminant concentrations. Soil-gas data was collected in fuel line and

storm sewer trenches and surrounding known spill sites. The soil-gas

information was then used to optimize the location of planned monitoring

wells.

Sediment samples were collected at locations in the ditch to determine

specific contaminants and source tributaries. Following analysis of these

samples, additional sediment and surface water samples were collected to

define a contaminant source and determine if contaminants were being

transported off-base.

Table 2.1 shows a schedule of the field activities at Forbes Field ANGB.

The following sections provide information on individual elements of the site

characterization.

2.1.2.1 Aerial Photo Interpretation

Prior to the field investigation, ORNL/CAT assembled and reviewed aerial

photographs of Forbes Field Air Force Base and Forbes Field ANGB from 1954 to

1984. These aerial photographs provided information on the chronology of base

construction.

2.1.2.2 Soil-Gas Sampling

Soil-gas data was collected from the fuel trenches under the aircraft

parking ramp to obtain information on the extent of fuel in the trenches.

Soil-gas samples collected along storm sewer trenches and below the

intersection of storm sewer and fuel trenches determined if fuel was migrating
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Table 2.1 Schedule of field activities, Forbes Field ANGB, Phase II study

DATE Activity

February 3, 1988 "Kick-off" meeting held at Forbes Field

ANGB; set schedule, methods, and located

sites

March 7 - 11, 1988 Sampled groundwater from Weston (1985)

wells to provide preliminary information on

contaminants

April 25 - 26, 1988 Land survey established reference monuments

and benchmarks for control of future

surveys

May 25 - 27, 1988 Land survey established locations and

coordinates for soil-gas samples

June 7, 1988 Regulatory review meeting of the remedial

investigation work plan held at Forbes

Field ANGB

June 13 - 25, 1988 Drilling program-installation and

development of monitoring wells, soil

sampling, sediment sampling, soil-gas

sampling

July 5 - 15, 1988 First round of groundwater sampling

July 6 - 8, 1988 Land survey of monitoring wells, coreholes,

and additional soil-gas sample locations

August 16 - 19, 1988 Hydraulic testing

September 22, 1988 Meeting to review results of sampling,

determine analytical needs for the second

round of groundwater samples

September 26 - October 8, 1988 Second round of groundwater sampling

October 31 - November 1, 1988 Drilling program - drilled and installed

MW028 in tank farm (Site 1)

November 18, 1988 Collected groundwater samples from MW028

and additional surface water samples from

the drainage ditch

December 15, 1988 Collected second groundwater sample from

MW028
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within or between trenches. Soil-gas sampling was also used downgradient of

the sites and around the tank farm to select monitoring well locations.

Plate I shows all sampling points and respective sites. Soil-gas sample

results are provided in Appendix D.

Eighty-four soil-gas and eighteen water samples were collected and

analyzed by Hydro Geo Chem, Inc., in June 1988. The following compounds were

analyzed at each sampling location:

" trichloroethene (TCE)

" chloroethene (vinyl chloride)

* benzene

" toluene

* ortho, meta, and para xylene

" phenylethane (Ethylbenzene)

" total petroleum hydrocarbons (TPHCs)

Samples were collected by driving a 1 in. galvanized pipe tipped by a

loosely held disposable steel point to a specified depth, then withdrawing the

pipe 6 in. to separate it from the tip and expose the sampling interval. A

regulated vacuum pump was attached to the probe and 3 to 5 times the volume of

the sample train was purged. The soil-gas was pumped through the probe using

a computerized mass-flow controller which regulated flow and measured sample

volume. The sample was trapped and concentrated in a glass cartridge

contained in a stainless steel housing. The concentrating cartridge was

packed with 3 activated carbons: Carbotrap, Carbopak-B, and Carbosieve S-Ill,

selected to quantitatively trap organics with widely differing vapor

pressures. After sampling, the cartridges were brought to the on-site mobile

laboratory for analysis by gas chromatography.

The glass cartridges were desorbed using a thermal desorption unit.

Samples were injected by a desorber into a capillary column which was followed

by quantification with photoionization and Hall conductivity detectors. A

split from the thermal desorber was sent to an additional gas chromatograph

equipped with a flame ionization detector for analysis of TPHCs.

Due to the high clay and moisture content of the soil, it was not always

Ipossible to withdraw soil-gas. In those instances, the pipe was capped and

left in the ground overnight. If water had entered the hole the following

day, a water sample was collected in a 40 mL volatile organic sample vial.
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Water samples were analyzed with a purge and trap system. Helium was

injected into the volatile organic sample vial through a needle at 200 mL/min

for 15 min. The gas stream exiting the volatile organic sample vial through

another needle purged the volatile components from the water and carried them

to a three layer carbon-packed glass trap. The cartridge was then analyzed in

the same manner as the soil-gas samples.

All parts of the collection system that came in contact with a sample

were cleaned before each use. A system blank and three calibration runs were

performed at the beginning of each day, and additional calibrations were done

after every ten samples. Following the initial calibration runs, field blanks

of the entire sampling apparatus were taken to check background contamination

in the sampling system and cartridges. Serial duplicates were taken from at

least 10% of the sampling locations as a measure of reproducibility.

Detection limits were 0.01 pg/L for all compounds analyzed.

2.1.2.3 Monitoring Well Drilling/Soil Sampling

Monitoring well locations were selected such that both the source and

extent of contamination could be determined at each site. A monitoring well

was also installed upgradient of each site to evaluate upgradient water

quality. In addition, two upgradient wells were drilled southeast of the

base, east of the airport taxiway "B". These wells provided upgradient water

quality data and geologic information.

Twenty-seven borings were drilled in June 1988; 26 were completed as

monitoring wells. The remaining hole, being dry, was plugged and abandoned.

One well was drilled in October 1988 to further study a contaminant source

near Site 1. An ORNL/CAT geologist supervised the drilling and kept a

detailed lithologic log of the core brought up in the continuous sampler.

These lithologic logs were described and compiled using a modified version of

the unified soil classification system for unconsolidated materials. The

Munsell soil color system provided color description.

Drilling was accomplished with a B-61 Mobile rig owned and operated by

Layne-Western, Inc., of Kansas City, Kansas. Hollow stem augers were

7 5/8 in. outside diameter (OD) by 4 1/4 in. inside diameter (ID). A 5-ft

continuous core barrel was used to obtain samples. Continuous samples were

taken from surface to total depth using the continuous sampler inside the
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augers. Wells drilled through the aircraft parking apron were pre-drilled

through the concrete pad with a coring machine. The ramp was approximately

2 ft thick; therefore, continuous sampling began at 2 ft.

The continuous sampler had to be removed from the auger flight prior to

total depth in several of the wells. This occurred when the weathered bedrock

was too hard to push the sampler through. In these cases, the sampler was

removed and drilling continued until auger refusal.

Ambient air, annular headspace, and the soil samples were screened with

and HNU model PI-101 PID for the presence of volatile organic vapors. No

elevated measurements were encountered from any of the samples.

The drill-rig, associated augers, bits, samplers, etc., were cleaned with

hot water wash and Liquinox laboratory detergent prior to drilling. The

equipment was similarly cleaned between wells and at the end of the project.

Water was obtained from the domestic water supply at the base fire station.

Water for decontamination of sampling equipment was obtained from the domestic

supply at the civil engineering building.

All sampling equipment which directly contacted the samples was scrubbed

with a solution of tap water and Liquinox. This was followed by rinsing with

tap water, pesticide grade methanol, pesticide grade hexane, and analyte free

water.

Soil samples for chemical analysis were collected at 3-ft intervals,

except in MW024 and MW027, which were collected at 9-ft intervals. Soil

samples were submitted for VOA and TPHC analysis. An additional soil sample

was collected from a coal zone at a depth of 8 ft in MW022. This soil sample

was submitted for oil and grease analysis. Section 2.1.2.13 provides details

on this sample.

Samples were shipped to the International Technology (IT) Corporation

laboratory in Knoxville, Tennessee, for analysis. Detailed sampling

procedures are provided in the ORNL/CAT Procedures Manual, Sect. 2; analytical

data from simpling is presented in Appendix E; an evaluation of the analytical

data and quality assurance results is presented in Appendix F; and well

summary logs are provided in Appendix G.

2.1.2.4 Monitoring Well Installation

Twenty-six monitoring wells were completed in the unconsolidated aquifer.

Because of the single, thin, water-bearing alluvial zone, all wells were

single completions.
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The unconsolidated material wells were constructed of 2 in. ID, schedule

40, flush-threaded PVC. Figure 2.1 shows a typical completion diagram for a

monitoring well.

The augers were pulled from the well prior to installation of the PVC.

In several of the monitoring wells, the continuous sampler would not penetrate

the weathered bedrock. The continuous sampler was removed and drilling

continued until auger refusal. This action causes the hollow stem of the

auger to become plugged and the auger must be removed prior to well

installation. The unconsolidated material was competent and the monitoring

wells remained open during well installation. Sand was poured from the top of

the well. Volume calculations and depth measurements ensured the sand pack

and bentonite seals were adequate.

All wells were screened from bedrock to a minimum of 1-ft above the water

bearing zone with 0.01 in. milled slotted screen. Sand pack in the annular

space consisted of 20 to 40 mesh (0.022 to 0.14 in.) well-rounded silica,

extending at least 1 ft above the screen. One foot of sand was used due to

the tight soils and shallow depths of the wells. In many cases, more than

1 ft of sand above the screen would not have allowed an adequate seal above.

Two feet of hydrated sodium bentonite (1/4 in. pellets) was placed on top of

the filter pack. The remaining annulus was grouted to the ground surface with

a mixture of 6 parts Portland cement to I part bentonite.

All wells finished above ground were protected with a 5-ft length of

6 in. diameter steel casing extending about 2.5 ft above ground and set in

grout. Protective casing was secured by a padlocked outer protective cap.

Additional protection was provided by three 3 in. diameter steel posts erected

radially 2 ft from each well, installed 2 ft below ground surface and at least

3 ft above ground surface. A mortar collar extending 0.3 to 0.5 ft above

ground surface was piaced around the protective casing. The collar continued

radially, sloping away from the protective casing approximately 3 ft,

encompassing the steel posts. A 1/4 in. diameter hole (drainage port) was

drilled through the protective casing above the mortar collar. For wells

located in areas of aircraft or vehicle traffic, a watertight manhole assembly

was installed. The manhole cover was set flush with the concrete to protect

the wells and to prevent interference with daily activities. MWO03, MWO05,

KW006, MW007, MWOIl, MWOI2, MWOI3, MWO14, and MW023 required the flush mount

installation.
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Well Development

Alluvial wells were developed by jetting the screen and sandpacking with

nitrogen, followed by pumping at a rate equal to the recharge rate until the

water was clear. In cases where recharge rate was too slow, the wells were

jetted and repeatedly pumped to dryness until clean water was obtained. Since

nitrogen is an inert gas, the impact of well development on the groundwater

quality is assumed to be negligible.

2.1.2.5 Corehole Drilling

Three bedrock coreholes were drilled and cased through the unconsolidated

materials and then cored 50 ft into the underlying bedrock formation. These

holes were drilled in the southeast corner, west boundary, and northwest

corner to characterize the bedrock lithology and determine the potential for

contaminant migration in permeable bedrock units.

A 9 7/8 in. hole was drilled from the surface into competent bedrock;

6 5/8 in. OD threaded and coupled steel casing was then installed. The hole

annulus from the casing seat to the ground surface was cemented by pumping a

calculated volume of cement through the casing and under the casing seat to

the surface. A drillable displacement plug and a calculated fluid volume were

used to displace the cement from inside the casing. After the cement had

properly bonded and cured, the displacement plug, along with any remaining

cement, were drilled out. The casing seat was then water pressure tested to

250 PSI for 30 min. Upon completion of a successful pressure test, coring

continued into the bedrock by means of a 3.5 in. OD double tube core barrel.

Total depth from ground surface to the bottom of the uncased borehole was

about 70 ft.

Drilling was accomplished using standard rotary methods to bedrock and

wireline core methods to total depth. This provided complete core recovery

from bedrock for accurate lithologic description and stratigraphic

correlation. Well summaries are provided in Appendix G.

No soil samples were collected from the coreholes.

Because of the potential for dust blowing into aircraft engines, water

was used for cutting transport during rotary drilling. No additives were

used. Water for drilling was obtained from the domestic supply through a fire

hydrant at the base fire station. To ensure that no contamination was
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introduced by this water, samples of the water were collected from the hydrant

and from the driller's tank. These samples were analyzed for VOAs, TPHCs,

semi-volatiles, PCBs/Pesticides, metals, and major cations and anions. Lab

results indicate expected levels of chloride (about 170,000 yg/L), fluoride

(1900 pg/L), and sulfate (150,000 pg/L), plus chloroform (55 pg/L),

bromodichloromethane (28 pg/L), and dibromochloromethane (17 Pg/L). No fuel

components were present.

These last three compounds (chloroform, bromodichloromethane, and

dibromochloromethane) are found in fire fighting foams (Verschueren 1983).

The water truck was filled using a canvas fire hose attached to the fire

hydrant. This hose was also used to fill the fire trucks by dropping the hose

into the top of the tank. This would cause the foaming agent to absorb on the

canvas hose. Thus, the ORNL/CAT samples collected from this hose and the

driller's tank were apparently contaminated with these foaming agents.

Subsequent samples of groundwater from the wells revealed no detectable levels

of chloroform, bromodichloromethane, and dibromochloromethane.

CH001 and CH002 were completed with protective casing above ground using

locking caps, concrete aprons, and bucking posts. CH003 was on the aircraft

ramp and was completed with a watertight manhole assembly.

2.1.2.6 Bail and pumping test procedures

Bail tests

The bail-test involves the instantaneous change in the pressure or fluid

head in a single well that penetrates a water-bearing formation. The change

in pressure is induced in the well by removing a column of water. The water

level in the well wiil return to the original hydrostatic conditions by

formational water flowing into the well. The rate at which this occurs is

dependent upon the permeability of the formation and the well-bore conditions.

By measuring the change in the water level as a function of time, it is

possible to compute the permeability of the formation. This methcd of

interpreting water level versus time data was developed by Hvorsler (1951).

Two individuals were required to conduct the bail test using the

following procedures. The water level in the well is measured, in feet, from

the top of the well casing. An air hose, attached to a nitrogen bottle, is

inserted into the well. The nitrogen is turned on to the air hose and the
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water is air-lifted from the well. The nitrogen is then turned off and the

air hose is removed from the well. As soon as possible, the depth to water

was measured using a water-level indicator, recorded in the field logbook, and

the stopwatch started. As rapidly as possible, water level measurements and

the time the measurements were made are both recorded in the field logbook

until the well recovers to the initial water level. When recovery was slow,

water level readings were taken at appropriate time intervals as significant

water-level changes occurred.

The water level as a function of time data are plotted on semi-

logarithmic paper. The water level data is normalized using the following

equation where H is the initial water level, H0 is the water level at

time = 0, h is actual head readings during the test, e is the base of natural

logarithms - 2.718, and To is the basic lag time:

H - h - e- t/T 0  (equation 1)

H - H0

Once T o is determined from the graph, the hydraulic conductivity, K, is

calculated using the following formula, assuming that the ratio of L (intake

length) to r (borehole radius) is greater than 8 to 1.

K - r2 /n (L/r) (equation 2)
2L To

Pumping test

The pumping test involves pumping water from a well for a certain period

of time at a certain rate. The effect on the water table from the pumping is

measured at both the.pumping well and the observation well. A pumping test

was performed using KW025 as the pumping well and KW022 as the observation

well. The observation well is located 7.75 ft to the north of the pumping

well.

The pumping well was equipped with a peristaltic pump. Water from the

pumping well was conducted away and downgrade from the test area via rubber

tubing to prevent it from returning to the aquifer.

Water level measurements were taken before starting the pump. After

starting the pump, water level measurements were taken at timed intervals from

both MW025 and MW022.
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The length of the pumping test, originally planned for 24-hr, was reduced

because of the limited capacity of the well.

Drawdown data as a function of time are plotted on logarithmic paper at

the same scale as the type curves presented in Kearl et al. (1988). Using

curve matching techniques presented by Neuman (1975), aquifer transmissivity

and storativity were determined.

2.1.2.7 Groundwater Sampling

Collection of groundwater samples took place on five occasions. Eleven

Weston wells were sampled in March 1988 to provide data to guide the site

characterization. (Weston's SWO06 had been struck by a vehicle and sampling

equipment would not penetrate the well.) In July 1988, groundwater samples

wvere collected from 25 ionitoring wells and 3 coreholes installed by ORNL.

During September and October 1988, groundwater samples were collected from the

3 coreholes, 25 ORNL/CAT monitoring wells, and the 5 shallow wells installed

by Weston. MW028 was sampled in November and December 1988. Significant

analytical results are presented in Appendix E.

Monitoring wells were checked for evidence of floating film and sampled

prior to purging, when appropriate. An oil indicating-water level measuring

probe was used to check for floating films. At least three borehole volumes

were pumped from the monitorinig wells before collecting fresh samples. In a

few cases where the recharge rate was too slow to purge the required volume,

the wells were pumped until dry and allowed to recover before sampling.

All groundwater samples collected in July 1988 were analyzed for VOAs,

TPHCs, hazardous substance list (HSL) metals, and major cations/anions. In

addition, groundwater samples from MWOO1, MWO03, MW021, MW025, CHO02, and

CHO03 were analyzed'for semi-volatiles and PCBs/pesticides. Groundwater

samples collected in March, September, October, November, and December were

analyzed for VOAs and TPHCs only. The reduced list of analytes was a result

of no other contaminants being identified in the initial groundwater samples.

Samples for organic analyses were taken from the alluvial wells with a

Teflon bailer. Samples for inorganic compounds were collected from the

alluvial wells with a small, battery-powered peristaltic pump. Specific

procedures for sampling are contained in the ORNL/CAT Procedures Manual,

April 1988.

Teflon is a registered trademark of E. I. duPont de Nemours and Co.
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Corehole groundwater samples for both organic and inorganic analyses were

collected with a stainless steel/Teflon non-gas contact bladder pump and

Teflon tubing. Corehole wells which were too muddy for the bladder pump were

sampled with a Teflon bailer.

Field measurements of pH, conductivity, and temperature were made on all

wells sampled in March, July, November, and December 1988 except MWO08, which

did not have a sufficient volume of water. During September 1988,

conductivity and temperature were measured on all wells; however, a

malfunction in the instrument caused the loss of pH measurement on all wells.

Conductivity measurements were taken with an Amber Science Model 604. A

Horiba Water Checker was used to measure the pH and the temperature in July

and the temperature in September. In all cases, calibrations were performed

with buffer solutions and standard solutions just before measurement of the

sample. During March and July, all measurements were taken by pumping

groundwater into an air-exclusion flow-through cell. September, October,

November, and December samples were checked using an open cell. The open cell

method, although less precise than the air exclusion cell, was deemed adequate

since no pH sensitive contaminants have been found. Information on sample

parameters is available in Appendix H.

Replicate groundwater samples were collected at MWO03, MWO19, MW025,

CH002, and CH003; these replicate samples were analyzed at Oak Ridge Gaseous

Diffusion Plant (ORGDP) and by the KDHE.

2.1.2.8 Sediment Sampling

In June and September 1988, stream sediment samples were collected from

the drainage ditch. These samples provide information on contaminants being

transported in the drainage ditch, Site 6. The sediment samples were analyzed

for VOAs, TPHCs, semi-volatile organics, PCBs/pesticides, and metals.

Sediment sample locations are shown on Plate 1.

Soft sediments were taken by inverting the sample jar and pushing in the

sediment until full, then quickly capping the jar. Drier, more

consolidated sediments were collected with a stainless steel scoop and placed

in the sample jars. Significant analytical results are presented in

Appendix E.

2-13

I



2.1.2.9 Surface Water Sampling

Surface water samples were collected from the drainage ditch to determine

if contaminants were being transported in the stream. Three low-flow samples

were collected in September 1988: one near the head of the ditch

(WS001, Plate 1), one near the center of the base (WS002), and one at the base

boundary (WS003). Low-flow is defined as natural flow in the stream resulting

from groundwater discharge. These three samples were analyzed for VOAs,

TPHCs, semi-volatile organics, and PCBs/pesticides.

Following the return of sample results, three additional water samples

were collected near the head of the ditch: one at the original point (WS001),

one at the first surface water in the ditch (WS004), and one about midway

between WSOOl and WS002 (WS005). These samples were analyzed for VOAs and

TPHCs.

Surface water samples during high-flow conditions were planned to

determine contaminant transport during a storm. High-flow is defined as flow

resulting from a storm of sufficient intensity to cause a significant increase

in the ditch flow. Due to the drought experienced by northeast Kansas during

1988, high-flow condition water samples have not been collected.

Samples for VOA and TPHC analysis were collected by bailing with a clean

sample bottle. Samples for semi-volatile organics and PCBs/pesticides were

collected by bailing with a clean sample bottle in shallow areas or by

immersing the appropriate bottle in deeper areas. Analytical results are

presented in Appendix E.

2.1.2.10 Field QA/QC

Analytical results of field QA/QC samples are presented in Appendix F.

Field Procedure Documentation

The field supervisor kept a daily logbook documenting field activities;

this logbook became part of the permanent project files. In addition, each

member of the field crew kept a daily log which was copied and placed in the

project files.
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Each phase of the field work, including soil cores, was photographed.

Each photograph was labeled and archived in project notebooks. After each

phase of field work, the field supervisor wrote a trip report summarizing the

activities.

Equipment Decontamination

Before use, all sampling equipment which directly contacts the sample was

scrubbed with a solution of tap water and Liquinox, then rinsed with tap

water, pesticide grade methanol, pesticide grade hexane, and analyte-free

deionized water. Pump tubing was cleaned by pumping Liquinox solution, tap

water, and deionized water through the line. After cleaning, Tygon tubing

was dedicated to the sampling site at which it was used. Drill string and

auger flights were steam cleaned before each use.

Sample Containers

All sample containers were purchased pre-cleaned from I-Chem, Inc.

Specific container requirements are shown in Table 2.2.

Field QA/QC Samples

The types of samples collected to ensure accuracy, precision,

representativeness, and comparability are summarized in Table 2.3.

Sample Preservation and Holding Times

Sample preservation and holding times are also summarized in Table 2.2.

Immediately following collection, all soil and water samples were placed in an

iced cooler. At the end of each day, the samples were transferred to coolers

containing fresh Blue Ice or its equivalent, and the chain-of-custody form

was initiated. The coolers were sealed with custody tape and shipped via

overnight courier to the IT Corporation laboratory in Knoxville, Tennessee.

*
Tygon is a registered trademark of the Norton Co.

Blue-Ice is a registered trademark of the Cott Co.
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Table 2.2. Sample preservation, container requirements,

and holding times

Analyte Container Preservation Maximum holding time

Water

Volatile organic 2-40 mL glass vials 4°C, pH<2 with 14 days

analytes (VOAs) with Teflon septa HCl

BNAs 1-1000 mL glass, with 4C, store in 7 days until

Teflon-lined cap dark extraction, 40 days

after extraction

PCBs/pesticides 1-1000 mL glass, 4°C, pH 5-9 7 days until

Teflon-lined cap extraction, 40 days

after extraction

Total petroleum 1-125 mL glass jar, 4°C, pH<2 with 28 days

hydrocarbons (TPHCs) Teflon-lined cap HU0

Priority pollutant 1-250 mL polyethylene filter .45u, 28 days for Hg,

metals (Sb, Ba, Be, 4C, pH<2 with 6

months for others

Cd, Cr, Cu, Pb, Ni, HNO 3

Ag, Zn, Hg, Se, As)

Cations (Ca, K, M6, Na)

Anions 2-250 mL polyethylene fil.ter .45u, 40C 28 days

(Cl, F, NO3 , PO (so anions),

pH<2 with H2SO4 -

NO3 and PO4 only

Soil/Sediment

BNAs, PCBs/pesticides 1-500 mL wide mouth 40c Same as above for

TPHCs, hazardous glass jar with Teflon- corresponding water

substance list, metals, lined lid samples

VOAs 1-125 mL wide mouth 4°C 7 days until

glass jar with Teflon- extraction, 40 days

lined lid after extraction

- 6
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2.1.2.11 Laboratory QA/OC

Level C quality control was utilized at the base. Requirements for level

C are defined in Requirements for Quality Control of Analytical Data

(HAZWRAP 1988). Results of laboratory QA/QC samples and an evaluation of

those results are presented in Appendix F.

Method Blanks

Blank samples were analyzed to ensure that reported analytical results

are not the results of laboratory contamination.

Matrix Spike

A matrix spike is an aliquot of a matrix (water or soil) spiked with

known quantities of compounds and subjected to the entire analytical

procedure. This is done to indicate the appropriateness of analytical methods

for the matrix by measuring its recovery.

Matrix Spike Duplicate

A matrix spike duplicate is a second aliquot of the same matrix as the

matrix spike. It is spiked to determine the precision of analytical methods.

Surrogates

Compounds added to every blank, sample, matrix spike, matrix spike

duplicate, and standard and used to evaluate analytical efficiency of the

method by measuring recovery. Surrogates are brominated, fluorinated, or

isotopically labelled compounds not expected to be detected in environmental

media. These are used in organic analytical methods.

2.1.2.12 Location and Elevation Survey

Land surveys at Forbes Field ANGB by ORNI/CAT personnel provided

preliminary reference monuments, locations for the soil-gas samples, and

general location information for landmarks. The monitoring wells and

f 2-18
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coreholes were surveyed by ORNL/CAT personnel then verified by a land surveyor

certified in the state of Kansas. All check locations were satisfactory

except for one elevation measurement. The Kansas certified surveyor performed

a new survey through the loop containing the disagreement and measurements

from this survey were used for final data. All locations were tied to the

state-plane coordinate system.

Table 2.4 shows the measured elevations and water levels in the

monitoring wells. Appendix I contains details of methods, equipment, and

coordinates of the land survey.

2.1.2.13 Additional Field Work Performed

Soil Samples of Coal Bed

Groundwater samples collected from the Weston deep wells by both Weston

and ORNL/CAT produced results which were difficult to explain. Weston's

DWO01, DW002, and DWO03 (Plate 1) were installed upgradient of the base.

Groundwater samples collected by Weston were analyzed using oil and grease

analysis--a screening technique. The Weston (1984) sample from DWO0Ol

contained 710 pg/L of oil and grease; the samples from DWO02 and DWO03

contained no detectable oil and grease.

In March 1988, ORNL/CAT collected groundwater samples from these wells.

DWOOl was bridged off 14 ft below the casing, but a groundwater sample

contained 680 pg/L TPHCs. Two groundwater samples from DW002 revealed

100 pg/L prior to purging and <50 pg/L (detection limit) after purging the

well. DW003 was bridged off just below the casing (22 ft). Thus, the sample

from this well (<50 pg/L) represents groundwater which has leaked in from the

unconsolidated material.

In CH003 (Plate 1), ORNL/CAT encountered the Nodaway Coal at a depth of

32 ft. The coal was approximately 2 ft thick and contained claystone and

shale stringers. Based on the geology of the area, as determined from CH003,

the Weston wells DWOO1, DW002, and DW003 were also drilled through the coal.

Unfortunately, the three Weston wells were logged by cuttings and drilling

rate. Due to the claystone and shale stringers in the coal, a log using

cuttings and drilling rate may not have detected the coal bed. Indeed, the

coal does not appear in the Weston logs of DW0O01 or DWO02, although a black

shale was noted in DWO03 at 28.5 ft.
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Table 2.4. Monitoring well elevation data

Elevation

Location Collar Ground Water Water Water Water
(3/88) (7/88) (9/88) (11/88)

MWO01 1030.66 1028.5 1025.21 1024.97
MW002 1027.85 1025.9 1020.10 1019.81
MWO03 1053.41 1053.7 1040.95 1040.09
MW004 Abandoned
MW005 1046.96 1047.4 1038.61 1037.96
MW006 1048.62 1048.9 1039.23 1038.73
MWO07 1048.45 1048.8 1038.17 1037.57
MW008 1046.53 1045.0 1035.30 1035.27
MW009 1040.36 1038.5 1035.55 1032.76
MW010 1039.38 1037.5 1033.38 1031.76
MWO11 1040.50 1040.8 1034.00 1032.37
MWO12 1040.39 1040.7 1030.76 1030.12
MWOI3 1040.81 1041.2 1031.32 1031.05
MWO14 1034.60 1035.0 1031.23 1029.19
MWO15 1036.58 1034.7 1027.36 1025.73
MWO16 1036.54 1032.9 1025.80 1024.39
MWO17 1039.65 1037.2 1024.89 1024.50
MW018 1041.30 1039.4 1032.54 1031.64
MW019 1037.39 1035.5 1029.80 1027.33
MW020 1038.94 1036.9 1031.91 1029.24
MW021 1035.45 1033.4 1027.59 1026.14
MW022 1018.91 1017.4 1016.91 1015.28
MW023 1043.63 1043.9 1034.96 1034.61
MW024 1064.37 1062.8 1039.55 1039.05
MW025 1019.61 1017.8 1017.06 1015.38
MW026 1036.53 1033.1 1027.35 1025.87
MW027 1061.32 1059.9 1040.38 1039.78
MW028 1041.03 1037.9 1031.75
SWO01 1034.42 1032.5 1025.32 1025.50 1024.38
SWO02 1040.06 1038.3 1035.14 1033.58 1030.88
SWO03 1039.87" 1037.8 1031.01 1031.40 1030.44
SW004 1039.40 1039.6 1030.18 1030.65 1029.96
SWO05 1042.03 1039.6 1031.83 1035.85 1033.91
SWO06 1034.42 1033.1 1024.21 1023.77 1022.48

CH001 1029.66 1028.5 1015.93 1021.02
CH002 1018.11 1017.8 1000.73 1003.88
CHO03 1059.95 1060.0 1038.75 1041.76
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Since the Nodaway Coal subcrops into the weathered bedrock near the

center of the base (Sect. 2.2.6), a soil sample was collected from the Nodaway

Coal by ORNL/CAT. This sample was sent for oil and grease analysis and

yielded 360,000 pg/kg. Thus, the source for contamination in DWO01 and DWO02

is probably hydrocarbons leaching from the Nodaway Coal.

Well Abandonment

The depth to sediment in the six deep wells installed by Weston (1985)

was measured by ORNL/CAT in March 1988. All of the deep wells were partially

filled with sediment. DWO02, DWO04, and DWO05 had lost between 4 and 5 ft of

hole each; wells DWOOl, DWO03, and DW006 had lost 20, 27, and 18 ft,

respectively. Considering the normally competent Pennsylvanian formations

which these wells penetrated, this sedimentation indicated that the cement

seal around the surface casing was suspect. If this seal was leaking,

groundwater from the aquifer in the unconsolidated material was entering the

wells.

Since the integrity of these six wells was suspect, the wells were

abandoned in June 1988. The KDHE and HAZWRAP agreed with the assessment of

the six deep wells. The six deep wells were abandoned by filling with grout.

The steel protective casing was removed from the four above ground completed

wells (DWOO1, DW004, DWO05, and DWO06). Kansas abandonment laws specify

cutting casing off 3 ft below ground level and backfilling with soil. KDHE

stated that this is only required in agricultural areas and agreed that the

procedure was not necessary at the base (Taylor 1988, personal communication).

2.2 PHYSICAL CHARACTERISTICS OF THE STUDY AREA

2.2.1 Surface Features

The study area lies in the southeast part of Shawnee County which is

divided into north and south physiographic sections by the Kanr River. Th=

region lies in the western part of the Forest City basin, part of the

Dissected Till Plains section of the Central Lowland physiographic province

(Johnson 1967). In the area, glacial drift ranges in thickness from a thin

veneer to 40 ft and in many places masks bedrock topography by creating gentle

rolling hills. South of the Kansas River, glacial drift is generally thin and

discontinuous as far south as the Wakarusa River (USDA 1970).
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The topography is nearly level to gently sloping with a total relief of

50 ft at the base and 270 ft in the Topeka area. The highest elevation in the

region is 1140 ft, west of Forbes Field ANGB, and the lowest elevation is

870 ft on the flood plain of the Kansas River.

2.2.2 Meteorology

Shawnee County has a climate typical of the Great Plains environment.

Frontal air masses provide for wide ranges between maximum and minimum

soasonal temporatures. The summer season has ter peratures near or in excess

of 100F brought about by frontal air masses from the desert southwest,

producing hot, dry air. Air masses from the Gulf of Mexico, also common in

the summer, produce warm, moist air. Winter temperatures can drop to -20F,

|)rought about by inflows of cold, dry polar air. Shawnee County has a growing

season of approximately 200 days with the average first frost occurring on

October 26 and the average last frost occurring on April 9.

The normal annual precipitation for Shawnee County is 32 in. During the

growing season, about 70% of the average annual precipitation falls as morning

or evening thundershowers. Th precipitation dur .ng the winter months of

December to February occurs as rain or snowfall and accounts for only 10% of

the annual average precipitation.

2.2.3 Surface Water j!y drolog

2.2.3.1. Surface Watr Hvdrology

Forbes Field ANGB is located on a drainage divide between two creeks and

an unnamcd tributary of the Wakarusa River (Fig. 1.2). lynn Creek drains

southeast into the Wakarusa River. The South Brnrch of Shunganunga Creek

drains north into the Kansas River. The drainage di.vide between Lynn Creek

and the South Branch of Shunganunga Creek runs through the center of thie

Forbes 1L,'oLd Airport, following the main runway in the vic in .-y of the las,
ALL .,urface runeofCE from the potent:finLly coiitaminand 'nits at Forbes Fiel.d

AN(It:'; ra ii; to aln tinnimed t:ributa ry of the South IBranch of Shunganunga Creek.

;ur fac e runof f at 1'orbes Field ANGB occurs d, miantly as shoot flow, due

to I&,, re l at ively. H.a t topography, and eL. thor dllre-:cly d buIzla fgtv' to the

ul||dr I Ir 1.1)L1t0ry or Is routed thiotrugh th nstorm owr and then nvc'nt:ua1. l.y

I"lo t h" c ,. ligrn 2 .' 3 shown urFale ruOFF pt'ttorns for t:he base.
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There are, seven U.S. Geological Survey gagi-ng stations located north of
the base. Information concerning mean, minimum, maximum, and total discharge,

along with the siz.e of the drainage basins, is presented in Table 2.5. Most

of these gaging stations are no longer in use, lict available data indicates

that periods of no flow occur in the South Branch of Shunganunga Creek.

During this field investigation, however, water was always observed in the

unnamed tributary. This was true even during the summer months when thle area

was experiencing a severe drought, The water olb- 3rved flowing in the creek is

base flow because the creek is a discharge point for groundwater underlying

the base (Sect. 2.2.6).

Although the maximum 24-h precipitation recorded at Topeka was 8.08 in.,

the flood potential at the site is negligible bccam~z:, of its location on a

topographic high ,kn thle uppei! porti'on of the drainagt- basin. Sheet flow would

not become channelived until the water collected in the creek channels, which

are p ioedomlifiantly off-si.

2.2.3.2 Surface Water tiality

Average water quality data for the streams In the area are presented in

Tab~le 2. 6. According to Pope and Bevans (1987), the water in the area streams

is gecnerally unfit for domestic purposes due to high coliforin bacteria counts,

high total- dissolved solids, and hardness.

2.2.4.1. Surface Geology

Surface geology in tlio general. vicinity of 'Forbes Field ANGB consists of

gtalc al. ci ays andi ~;L~~With ICSSOV .IMOUnts of sa nds and g,:avols , Plate 2

Slhows; a geologic n.ip of thle surrounding area. During the Kansan Glaciation,
arge ice sheet migra-ted southward across Kansasi and terminated along a

souhestelytrending) line extending from ShUnganunga Creek, through the town

of, Pan 1. tue , and a 1oln; fynn Greek to then Wakarusa R f.vor (Figy. 2 .4/) . As the

g Iaci ~ [c tj*ea ted, e 501. (en t- la1den me l1twa ters deposi ted glacil material over

muich of the area lnortli of the Kansas River southwaird to the Wakarusa River.-

)epo!Js :1. alng the ma iii d r-aimages consist of c Liyr;, silts , snds , gravels , anid
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Table 2.6. Average water quality values for area streams

(after Pope and Bevans, 1987)

Constituent mg/L

So0C.1-1 1 " 1 62.7 to 133

Ch lo ri de S9.7 to 223

TDS 4712 to 71S

to::al oi~s.ic ni-tro~lon 1.0 to 1 .7

Phosphorus 0.3 to 0.4

z 11W 0.02z-0.077
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cobbles, which are derived from claystone and limestone outcrops in northern

Kansas. These deposits range from 76 ft in the area north of the Kansas River

to 25 ft near the Wakarusa River. On the flat upland areas between the

drainages, large amounts of glaciolacustrine clays and silts wore deposited.

Loess material was no doubt incorporated into these deposits. The sediments

vary from a thin veneer to 25 f6 (Johnson and Adkison 1967).

Field investigation by ORNL/CAT personnel showed the surface lithology'to

be consistent with the above description. The unconsolidated material is

composed of tight glacial silty-clays with widespread sand stringers and

limestone and chert gravels. Silty-clays occur as varying shades of grays and

browns with greenish-gray mottling. The majority of the sediments are

unstratified, very plastic, and have considerable limonite staining. The

sediments are glaciolacustrine in origin, having been deposited evenly over

the weathered claystone bedrock. The few limestone and chert gravels are most

likely glacial erratics.

The sediments range from 16.5 ft near the southeast corner of the base

(MWOO3) to 5.5 ft in the northwest corner (MW022, Fig. 2.5).- Differences in

sediment thicknesses can be attributed to the location of the base with

respect to the drainage pattern of the area and to the topographic relief.

Just southeast of the base, the two monitoring wells drilled to

investigate upgradient water quality discovered coTnsiderably thicker sediments

(25 ft in MW027 and 43 ft in MW024). At 38 ft in 1W024, a 5.5-ft, medium

grained, well sorted sand was found overlying the sandstone bedrock, RW027

revealed this same sand at 23 ft, although the sand had thinned to

approximately 8 in. These thicker sediments and the basal channel sand found

overlying the bedrock in MW024 and M4W027 can best be explained as a pre-

exIsting palco-channol which had scoured the bedrock before any glacial

sediments were deposited.

Forbes Field ANGB is situated just to the west: of a northeast-southwest

trending drainage divide. Drainage to the northwest is towards Shunganunga

Creek. Drainage to the southeast is towards Lynn Greek and the Wakarusa River

(FIg. 2.2). The thinner doposL~s Coutid near the northwest corner of the base

;,Iu tlh. result of more severe eiosional patterns as.sociated with a steeper

topographic gradient towards Shunganunga Creek. The thicker, less eroded

;e(I lments (,1countered In the southeast corner are due to a more gentle

Ii)Ip,,lIV i l) I €C r 1. I F1 .

2-29 "



-4,-

I. O*N

-'~ 44,24.

1: . j ILT CA

- "iVi1jK ji. S~~CLP N FEE
VETIA NNCRAIN MIX

1M. UTOPEKA11, KS13 VW

2-30



It should be noted that duringothe construction of Forbes Field ANGB,

excavation and compaction reworked much of the area. If, during the

construction, fill material was used, it most likely originated from the base

vicinity and has similar characteristics to the original glacial material-

making distinction difficult. In some areas, what has been mapped as glacial

sediments may be construction fill; however, obvious signs of fill were

infrequent.

2.2.4.2 Bedrock Geology

S truc ture

Shawnee County lies east of the axis of the Forest City basin which is a

structural basin east of the Nemaha uplift (Lee 1954). The Forest City basin

and Nemaha Uplift control the regional and local structural features of the

Shawnee County area. Bedrock units underlying the base strike N20E to N30E

and dip northwest at 20 to 40 ft/mile, interrupted by minor folds trending

northwest. There is no evidence in literature indicating significant regional

fracturing. Locally, however, certain limestone units (the Church member of

the Howard Limestone and the DuBois member of the Topeka Limestone) have been

described as vertically jointed. Also, in western Shawnee County, two major

sets of vertical joints are reported trending N20W to N30W (Johnson and

Adkison, 1967). Figure 2.6 shows a contour map of the bedrock surface

underlying Forbes Field ANGB.

S trat:igraphy

The geology at.-Forbes Field ANGi is dominated by two major geologic

groups: the Pennsylvanian Wabaunsec and Shawnee Groups (Fig. 2.7, 2.8a, and

2.81). The formations within these groups oxhibit the transgressive-

regressive sedimentation characteristic of cyclothems in which largely

nonmarine sandy shales with coals alternate with sandstones, marine shales,

and limestones (Ifeckel 1978). Of the Wabaunsee Group, the Howard Limestone

,nd Severy Shale formations were encountered in the three coreholes. In

(Ic.;cc;~Iulg order, the Ilowii rd Imostone consists of- tho Ut:op a I-mitie tone, the

WIz.lk.ir Sha!te, the Church Limestone, and the Aarde Shale members. The Severy

Shatle iormati.o0, underlies the Howard Limestone. The Shawnee group is
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represented by the upper and middle members of the Topeka Limestone formation.

In descending order, the Topeka Limestone consists of the Coal Creek

Limestone, the Holt Shale, the DuBois Limestone, the Turner Creek Shale, the

Sheldon Limestone, the Jones Point Shale, the Curzon Limestone, the Iowa Point

Shale, and the Hartford Limestone members.

Figure 2.9 shows the correlation between bedrock CHO01, CH002, and CH003.

The correlation is based primarily on the occurrence of the Nodaway Coal

member of the Howard Limestone. In CH003, the Nodaway Coal is part of the

competent bedrock. To the west, down dip from CH003, the Nodaway Coal becomes

part of the weathered bedrock portion of the unconsolidated aquifer

(Fig. 2.10a, b, and c), as shown in lithology logs from MW001, MW002, MW022,

and MW025 (Appendix G). The Nodaway Coal subcrops at the weathered/competent

bedrock contact in a roughly south to north band across the base (Fig. 2.11).

This subcrop terminates south of MW001, where the weathered bedrock surface

rises following the topography.

The correlation of the bedrock geology underlying the base was also based

on the field description of CH002,' which matches the stratigraphic description

of the Topeka Limestone (Johnson and Adkison 1967) in terms of member

thickness and rock type. In addition, CH001 and CHO02 clearly display the

IHolt Shale member of the Topeka Limestone.

2.2.5 Soils

The USDA Soil Conservation Service (SCS) and the Kansas Agricultural

Experiment Station have mapped the surface soils for the Forbes Field ANGB

area (USDA 1970). Eight soil types have been identified and mapped on

Fig. 2.12. Table 2.7 summarizes their principal characteristics.

Alluvial soils occur on flood plains less than 300 ft wide; often, these

areas are dissected by stream channels. The alluvium generally has a loam to

silty-clay loam texture and may be stratified (Campbell 1979). The Breaks

alluvial soil complex is characterized by floodplains; with steep sides in

rocky outcrops (Campbell 1979). Both Breaks and alluvial soils are well

dralitfd, nearly-level to steep soils with high avail.abla moisture capacity.

l,.rek., soL.s are on uplands and alluvial soils are on lowlands (USDA 1970).

rJ;b tt ; B oi..; occur: on uplands as wal.l-dlrined, noearly-level. to steep

;o fI ;. The surface layer is silty-clay loam and the .Bubsoil is clay loam to

clay or si.ty-clay. These soils have hijgh avail.nble moisture capacity

(USDA 1.9/0).
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Table 2.8. Unconsolidated aquifer relative hydraulic conductivity values

determined from single-well tests

cm/s (XlO_ 4 ft,/d

M1001 2.1 .62

002 - - -a -- - --a- -

003 - - -c -- - -_c-

004 - - -c -- -- _c- -

005 - - -a -- - --a--

006 - - -a -- - --a- -

007 - - -a -- - --a--

008 - - -c -- - _c- -

009 - - -a -- - --a- -

010 - - -a --- a--

011 1.9 0.53

012 2.6 0.72

013 7.1 2.0

014 4.3 1.2

015 - - -a -- - --a- -

016 - - -a -- - --a--

017 3.4 0.97

018 --- b----b--

019 - - -b -- - -- b--

020 --- b----b--

021 - - -a -- - --a- -

022 1.2 0.34

023 - - -a- - -- -a- -

024 0.40 0.11

025 - - -b -.- b--

026 - - -a - ---- a--

021 - - -a -- - --a--

028 --- b-- b-

-ia-- Magnitude of hydraulic conducetivity insufficient to yield reliable

res;ults (lower detection limit -3.5 x 10- 5

- -Ii- ''t. noc per'formed on mfonlito ring well.

- -c- - Dry hole or inosufficilent water avail able for testing.
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Curve-matching techniques were used to calculate the permeability and

storage of the unconsolidated aquifer. Neuman's type curves (Neuman 1975) for

unconfined aquifers were matched with the drawdown versus time graph obtained

from the observation well. A transmissivity value of 131.5 g/d/ft and a

storage value of 0.002 were calculated. Using a saturated thickness of 4.27m

(14 ft), a hydraulic conductivity of 4.2 x 10-4 cm/s (1.2 ft/d) is obtained.

The single-well test on MW022 showed a hydraulic conductivity value of

1.2 x 10 .4 cm/s compared to the pumping test value of 4.2 x 10.4 cm/s. The

pumping test value is about three times the value obtained from the single-

well tests, which is normal agreement between the two methods (Kearl, et al.

1988).

Fuel lateral trenches and aircraft ramp

During the soil-gas survey, water was discovered in the fuel trenches

under the aircraft parking ramp. The presence of water in the trenches, and

the fact that Lhe water table lies 3 to 9 ft below the bottom of the trenches,

indicates that a bath tubbing effect is taking place. This shows that water

in the trenches is isolated from the water table by the low permeable material

comprising the aquifer. This conclusion is supported by field observations of

the geology and hydraulic testing of the aquifer.

2.2.6.2 Bedrock Hydrogeology

Numerous water wells are located downgradient from the base according to

records maintained by the KDHE. A large percentage of these wells obtain

water from the underlying bedrock. Figure 2.14 shows the location of selected

wells and Table 2.9 describes the location, well depth, bedrock unit from

which water is obtained, and the hydrologic relationship to the base. As

pointed out in Table 2.9, there is no threat to the bedrock aquifers

downgradient of the base.

On a regional scale, the base lies in a recharge area for bedrock layers

which outcrop or subcrop in the area. These bedrock layers are recharged by

the overlying unconsolidated aquifer. Because of the topography, however,

bedrock which subcrops beneath the base discharges water to the overlying

,Lr(:oflSOt dated aquifer. This is because the topography slopes at a greater

angle that the regional (lip and, t:herefore, truncates the bedrock as
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Table 2.9 Regional wells and their hydrologic relationship to

Forbes Field ANGB.

Well Depth Geologic formation ** Hydrologic

number Location (ft) of completion relationship

I SE SE NW SEC 20 50 Alluvium 4

TIIS, R15E

*2 SW NW SW SEC 24 45 Alluvium 4

TIIS, RISE

*3 SW NE NW SEC 25 35 Alluvium 4

TIIS, RI5E

*4 SW NE NW SEC 25 55 Alluvium 4

TIIS, RI5E

*5 SW NE NW SEC 25 49 Alluvium 4

TIIS, RI5E

*6 SW NE NW SEC 25 49 Alluvium 4

TIIS, RI5E

7 NW SW SEC 32 37 Sandy clay in 1

TIIS, RISE Scranton Shale

8 NE NE NE SEC 33 8 Limestone unit of I

TIIS, RISE Scranton Shale

9 NE NE NE SEC 33 10 Limestone unit of 1

TIIS, RISE Scranton Shale

10 NE NE NE SEC 33 4 Limestone unit of I

TIlS, RI5E Scranton Shale

.1 NE NE NE SEC 33 14 Sandstone of 5

TIIS, RISE Scranton Shale

2-51



Table 2.9. (continued)

Well Depth Geologic formation ** Hydrologic

Number Location (ft) of completion relationship

12 NW NW SW SEC 28 95 Stotler Limestone 1, 2

T12S, R14E

13 NE SE SEC 28 102 Wood Siding 1, 2

T12S, R14E Root Shale,

Stotler Limestone,

Pillsbury Shale

Zeandale Limestone

formations

14 NE NE SW SEC 28 61 Stotler Limestone 1, 2

T12S, R14E

15 SW NW NW SEC 34 60 Channel Sand in 1, 2

T12S, RI4E Pillsbury Shale

16 N2 NE SW SEC 17 26 Alluvial gravel and 1, 2, 3

T12S, R15E Limestone unit of

Scranton Shale

17 N2 NE SW SEC 17 26 Limestone unit of 1, 2

T12S, R15E Scranton Shale

18 N2 NE SW SEC 17 26 Limestone unit of 1, 2

T12S, R15E Scranton Shale

19 N2 NE SW SEC 17 25 Limestone unit of 1, 2

T12S, RI5E Scranton Shale

20 NE NE NE SEC 23 60 Howard Limestone 3

TL2S, RI5E
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Table 2.9. (continued)

Well Depth Geologic formation ** Hydrologic

Number Location (ft) of completion relationship

21 SE SW SW SEC 2 92 Limestone unit of 1, 2

T12S, R15E Scranton Shale

22 NE NE NE SEC19 100 Limestone unit of 1, 2

T12S, R15E Scranton Shale

23 SE SE SE SEC 20 160 Sandstone unit of 1, 2

T12S, R15E Scranton Shale

24 NW SW NW SEC 31 120 Emporia Limestone 1, 2

T12S, R15E

25 NE NE NW SEC 21 180 Channel Sand of 3, 5

T12S, R15E Howard Limestone or

Severy Shale

26 NW NE SW SEC 11 30 Scranton Shale 1, 2

T13S, R15E

27 NW SW SW SEC 12 70 Limestone unit of 3

T13S, R15E the Severy Shale

* Owner: City of Topeka

** Hydrologic relationship

i. Unit eroded away in base area.

2. Recharge area west of base.

3. Unit(s) are hydraulically isolated from aquifers underlying the

base.

4. Aluvial well not in hydraulic communication with base.

5. Discontinuous beds not present at the base.
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illustrated in Fig. 2.10b. Farther to the west, permeable bedrock units would

eventually be recharged before dipping into the Forest City basin. However,

these units are not in hydraulic connection with the unconsolidated

groundwater system underlying the base.

The lack of hydraulic connection is demonstrated by the three coreholes

which were drilled in order to characterize the bedrock hydrogeology. The

objective of the bedrock drilling program was to identify the distribution and

permeability of the bedrock units that underlie the base. This information

permitted an evaluation of the potential for (I) contaminant migration into

the bedrock aquifer and (2) subsequent contaminant movement downgradient. For

background information on the regional geology and the cyclothem type

deposition as it relates to Forbes Field ANGB, refer to Sect. 2.1.4.

Packer Tests

Packer tests were used to determine the permeability of the bedrock units

underlying the base. These tests were performed in accordance with procedures

described by the U.S. Department of Interior (1974) and the University of

Missouri (1981). Emphasis was placed on testing all of the bedrock

lithologies; however, difficulty was encountered seating the pneumatic packers

in the upper 10 ft of CHOO1. Therefore, two thin sandstone units at the top

of CHOOl were not tested for permeability.

The packer test method involves injecting water at a measured rate and

pressure into the subsurface formation through an uncased section of the hole.

The appropriate parameters are measured and the resulting permeability or

hydraulic conductivity (K) values are calculated using the equation:

K-Q[ln(L/r) ]/2wLH

where-

K - permeability or hydraulic conductivity

Q - constant rate of flow into the core hole

L - length of the section of the hole tested

H = differential head of water

r - radius of the hole tested
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The three corehole wells were tested at 10-ft intervals; the results are

presented in Table 2.10. All of the results, with the exception of the packer

tests in the Nodaway Coal, indicated no flow. These no-flow results are

interpreted to mean that the permeability of the units tested is below the

detection limit of the packer-test method. The practical packer test

detection limit with the equipment used is 10.6 to 10.7 cm/s. These results

agree with the field geologic observations which indicate low permeable

material with no indication of secondary fractures or faults.

Packer tests for the Nodaway Coal indicate a permeability of

1.1 x 103 cm/s (3.20 ft/d). Contrary to the other bedrock units, secondary

permeability in the form of cleats in the coal were observed. Therefore,

distribution of the Nodaway Coal across the site is important in determining

the impact of contaminant transport in the bedrock.

As shown in Fig. 2.10 and 2.11, the Nodaway Coal and bedrock units above

the Nodaway Coal subcrops beneath the base. Although the bedrock dips to the

northwest and the base is a potential recharge area, the topography slopes at

a greater angle truncating the bedrock units. As a result, the permeable

Nodaway Coal, which is isolated from the unconsolidated aquifer by impermeable

bedrock units in the eastern portion of the base, discharges water to the

unconsolidated aquifer in the western portion of the base, as illustrated in

Fig. 2.10b. Therefore, even if contamination were to enter the bedrock, it

would be confined to the base and eventually discharged to the unconsolidated

aquifer.

In summary, because of the low permeability of most of the bedrock units

and the fact that even the permeable Nodaway Coal discharges water to the

unconsolidated aquifer, there is no threat of groundwater contamination in the

bedrock downgradient of the base.

2.2.7 Groundwater Quality

During July 1988, groundwater samples frcm all of the wells were

collected for analyses of metals and major anions/cations. These data provide

information which permits correlation with the lithology and a determination

of whether the groundwater is suitable for domestic use. Table 2.11 presents

a summary of the groundwater quality as well as appropriate regulations for

chemical constituents of drinking water.
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Table 2.10. Bedrock permeability (K) values determined from core hole

packer tests

Test interval (BGL) K value

(feet below ground level) Bedrock unit ft/d cm/s

CH001

36.6 - 48.0 Severy Shale No flow No flow

46.6 - 58.0 Severy Shale No flow No flow

56.6 - 68.0 Topeka Limestone No flow No flow

CHO02

36.0 - 47.0 Severy Shale No flow No flow

46.0 - 57.0 Severy Shale and No flow No flow

Topeka Limestone

56.0 - 67.0 Topeka Limestone No flow No flow

CH003

27.5 - 38.5 Howard Limestone 3.20 l.lx10-3

(including

Nodaway Coal)

and Severy Shale

37.5 - 48.5 Severy Shale No flow No flow

47.5 - 58.5 Severy Shale No flow No flow

52.5 - 63.5 Severy Shale No flow No flow
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2.2.7.1 Chemical Character

The prevalent chemical character (PCC) of the groundwater indicates the

relative abundance of major anions and cations. It provides a way of

differentiating waters by type and origin. The PCC is determined by

converting concentrations to equivalents per million (epm) and listing the

major cations and anions in order of abundance. Alkalinity of the groundwater

was not measured in the field; therefore, the carbonate and bicarbonate

concentrations can only be estimated by difference. Hence, the anion portion

of the PCC cannot be calculated. The wells and their associated cation PCC

are:

CH001 Ca/Na MWO09 Ca/Mg/Na MWO18 Ca

CH002 Na MWO10 Ca/Mg MWO19 Ca/Na

CH003 Na MWO11 Ca/Mg/Na MW020 Ca/Mg

MW001 Ca MWO12 Na/Ca MW021 Ca/Mg

MWO02 Ca MWO13 Ca/Mg/Na MW023 Ca

MWO03 Na MWO14 Na/Ca MW024 Ca/Na

MW005 Na/Ca MWO15 Ca MW025 Ca

MW006 Na/Ca MWO16 Ca MW026 Ca

MWO07 Na/Ca MW017 Ca/Mg/Na MW027 Ca/Na

MWO08 Na/Ca

Calcium and sodium are the dominant cations in the groundwater samples,

with several of the samples containing magnesium. The calcium and magnesium

indicate that the groundwater passed through sediments or weathered bedrock

containing carbonate materials. Several of the lithologic logs (Appendix G)

from the monitoring wells show calcareous material in the weathered bedrock

and limestone/dolomite clasts in the unconsolidated sediments. The sodium

indicates contact with evaporite materials (halite, gypsum, anhydrite, etc.)

in the weathered bedrock, which is a good possibility considering the thinly

interbedded limestones, claystones, and shales of the Howard Limestone and

Scranton Shale (see Section 2.2.4).

The anion side of the PCC, based on the above information, is probably

dominated by carbonate, bicarbonate, and sulfate. Carbonate and bicarbonte

result from the solution of carbonate minerals such as limestone and dolomite.

Sulfate was an analyte in the groundwater samples and was found at levels
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ranging from 24 mg/L to 2700 mg/L, averaging 474 mg/L. Sulfate indicates

weathering of ferrous iron sulfide minerals, gypsum, and anhydrite, as

discussed above.

2.2.7.2 Water Quality, Domestic Use

Groundwater at the base may not be fit for human consumption. As seen in

Table 2.11, most of the major anions and metals discovered at the base fall

below the Safe Drinking Water Act (SDWA) maximum contaminant levels (MCL) or

Kansas action levels (KAL). However, the average level of sulfate in the

groundwater (474 mg/L) is almost twice the KAL (250 mg/L) and the average

level of sodium in the groundwater (136 mg/L) is above the KAL (100 mg/L).

Arsenic was discovered in four wells. The average of these levels

(0.0052 mg/L) is well above the Federal Water Quality Criteria guideline

(0.000025 mg/L) but below the SDWA and KAL requirement (0.05 mg/L).

Total dissolved solids (TDS) in the groundwater average greater than

785 mg/L, not including carbonate/bicarbonate. The KAL for TDS is 1000 mg/L;

the U.S. Public Health Drinking Water standard is 500 mg/L. The average pH

of the groundwater is 6.36; the KAL range for pH is 5.5 to 9.5. (A pH of 10.7

wqs measured on the groundwater sample from CH002, but the next highest pH was

7.16. The 10.7 is probably an invalid measurement since the lithology in

CH002 is the same as in other coreholes--essentially limestone and mudstone.

Grout in the water could cause this pH but the surface casing was grouted in,

then the remaining 50 ft of well was drilled using water--the circulation from

drilling would remove any excess grout. No further grout was used in the

well. In addition, the calcium level in the groundwater sample was only

21 mg/L. If the high pH was caused by grout the calcium would be higher.)

The SDWA MCLs apply to "public water systems", which is defined as

systems for the provision of piped water for human consumption with at least

15 service connections or serving at least 25 persons. Therefore, a single

residence well does not have to comply with the requirements.

The KAL (set by the KDHE) represents the level at which long-term human

exposure to contaminant concentrations is unacceptable. The KAL is the

groundwater contaminant cleanup target concentration and, therefore, is a

level of contamination above which an aquifer would have to be remediated.

The KALs are suspended in aquifers where the target concentrations are

naturally exceeded. Nonetheless, Kansas considers levels above the KAL to be
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unacceptable for long-term human exposure and the level of sulfate and sodium

in the groundwater at Forbes Field ANGB would make the groundwater

unacceptable for domestic use.

2.2.7.3 Water Quality. Irrigation

Classification systems for the suitability of water for agriculture uses

generally include several criteria. One of the more common criteria, and one

which can be determined based on the analyses performed on groundwater samples

at the base, is the salinity hazard (Taylor and Ashcroft 1972).

According to Taylor and Ashcroft (1972), the salinity hazard is directly

related to the electrical conductivity (EC) of the irrigation water.

Groundwater at the base has an average electrical conductivity of

1900 pmhos/cm, which is a high salinity hazard. The water would be marginal

for irrigating crops such as cotton, sugar beets, barley, bermuda grass, and

tall wheatgrass, which have maximum permissible ECs of 1600 - 1800 pmhos/cm.

The water would be unproductive for use on most vegetables (max. EC of

800 pmhos/cm); potatoes and corn (max. EC of 600 jmhos/cm); and most berries,

fruits, and beans (max. EC of 200 - 400 umhos/cm). Thus, even if the

hydraulic conductivity allowed the production of usable quantities of

groundwater, the poor quality would preclude most beneficial uses.

2.2.8 Upgradient Monitoring Wells

Two monitoring wells (MW024 and MW027) were drilled southeast of the base

to monitor upgradient groundwater. Section 2.2.4.1 discusses the geology near

these monitoring wells.

No fuel constituents were detected in the soil or groundwater samples

from the upgradient wells; therefore, no fuel contamination is entering the

base in the unconsolidated material. Air monitoring during drilling revealed

no detectable volatile contaminants. Groundwater samples from MW024 contained

2.0 pg/L of trichloroethene, an estimated level below the laboratory reporting

level. No explanation for the chlorinated solvent can be determined and there

is no known source for the compound.

The PCC of the groundwater is similar to groundwater under the base

itself (see Section 2.2.7). The dominant cations are calcium and sodium.
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The major constituents found in the monitoring wells are:

MW024 MW027 units

Cl 35.0 17.0 mg/L

F 1.6 1.2 mg/L

so4 190 390 mg/L

Na 95.0 92.8 mg/L

Ca 102 127 mg/L

Mg 19.5 28.2 mg/L

Pb 0.006 mg/L

Zn 0.036 mg/L

TDS 445 656 mg/L

pH 6.41 6.39

Salinity 1150 1400

hazard

These values are all close to average for the groundwater under the base.

Indeed, groundwater entering the base is essentially the same quality as the

groundwater under the base. Thus, no major lithology changes occur and the

groundwater undergoes no major chemical reactions during the groundwater's

migration under the base.

2.2.9 Air Quality

Air quality in the Topeka area is good. A review of data for the period

from 1970 to 1986 showed that Topeka had attainment status with the Clean Air

Act. (James Stewart, Environmental Engineer, Bureau of Air Quality, Kansas

Department of Health and Environment, Personal Communication, October, 1988).

The waste areas at Forbes Field ANGB have little potential for hazardous

air emissions. Site 1, the tank farm, is covered with roadbase and lawn and

Site 5 is covered by gravel and lawn so emissions would be difficult.

Sites 7, 8, 9, and the southeast corner are covered by concrete and

asphalt. Site 6, the drainage ditch, is exposed, but portions are under water

or covered by heavy vegetation. Volatile organic emissions, measured with a

PID, were not detectable except in the headspace of a few monitoring wells.

Thus, no air monitoring is necessary unless the sites are excavated.
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2.2.10 Subsurface Migration Pathways

Three subsurface pathways for off-base migration exist in the form of

domestic water and gas lines crossing the base from north to south along the

west side of the base (Fig. 2.15 and Plate 1). Two of the lines are domestic

water mains, one of which is abandoned. The new water line and the abandoned

water line join together just north of the base and just south of the base.

In fact, if contamination were to migrate in either water line trench, that

contamination would be confined to one trench shortly after leaving the base

in either direction. The third line is a new natural gas main.

These gas and water lines cross the large storm sewer at the north end of

the base; however, the gas and water lines lie above the storm sewer. The top

of the storm sewer near the intersection is 12 to 18 ft below the surface; the

domestic lines are 6 to 8 ft deep. The water table in the area lies 7 to

11 ft below the surface. If contamination were migrating in the storm sewer

trench fill, the contamination would not be able to cross to the trenches

above the storm sewer. The contamination, therefore, would continue in the

storm sewer trench fill to discharge at the pond.

These domestic lines also cross above the jet fuel line which connects

the tank farm with the base. This intersection is near the drainage ditch at

the south center of the base. The jet fuel line is approximately 8 ft below

grade; the new gas and water lines are buried about 4.5 ft below grade. The

water table lies 5 to 7 ft below the surface in this area.

Information available at the base indicates that all trenches, except

fuel lines, were backfilled with native clay soils. The native clay soil

backfill will slow contaminant migration, although not as much as undisturbed

clay soils.

2.2.11 Demography and Land Use

According to the 1988 census, Shawnee County has a population of 153,052

and appears stable. Topeka, the state capitol of Kansas, lies near the center

of Shawnee County. The city population was 114,898 in 1988. Shawnee County

covers 545 square miles; Topeka incorporates 54 square miles. The government

is a major employer in this region, employing over 20,000 people in 1986.

Other major non-farm employers include trade, services, manufacturing,

finance, and transportation/utilities.
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Forbes Field ANGB lies 2.5 miles south of the southern boundary of

Topeka, Kansas. The terrain is essentially flat with gentle rolling hills and

a small number of streams flowing throughout.

Forbes Field ANGB presently employs over 300 full-time people. In

addition, approximately 1100 National Guard personnel are assigned to the

base. The National Guard contingent is present one weekend per month and for

a single two week period during the year. No people reside on the base.

The former Air Force base extends between 0.5 to 1.5 miles east and

2 miles south of the ANGB. This area is owned by the MTAA and is occupied by

several light industries and the airport.

West of the base lies the unincorporated ,illage of Pauline, Kansas.

Pauline has a population of approximately 4000 and consists of single family

residences; trailer parks; and several small businesses. The Pauline Central

Grade School-East and the Shawnee Country Day Care Center adjoin Forbes Field

ANGB, sharing boundaries north of the tank farm and west of CH001.

North of the base towards Topeka, several small businesses, residences,

and trailer parks adjoin U.S. Highway 75. The remainder of the vicinity is

agricultural.

Forbes Field ANGB, Pauline, and the surrounding area obtain domestic

water from the Topeka public water system. Topeka obtains public water from

the Kansas River alluvium upstream from Shunganunga Creek. Industry and

neighboring towns also draw water supplies from wells in the valley alluvium.

Irrigation water is drawn from groundwater wells, stock ponds, and reservoirs.

Two recreational areas nearby include Lake Clinton and Sherwood Lake.

Lake Clinton is east of the base and is fed by the Wakarusa River. The

Wakarusa River valley wells do not produce enough water for irrigation. Lake

Clinton provides recreation and serves as a water supply for Lawrenc-, Kansas,

and surrounding agriculture. Sherwood Lake lies west of Topeka on Shunganunga

Creek, upstream of the confluence with the South Branch of Shunganunga Creek.

It is also a recreational area. Both lakes serve as flood control.

2.2.12 Ecology

As previously noted, the base contains a small stream or drainage ditch

which lies in relatively open ground. Downstream from the base, the stream

enters an area with heavy undergrowth. The stream continues in intermittently

open and overgrown areas to the confluence with the South Branch of
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Shunganunga Creek. Approximately two to three miles further downstream, the

South Branch of Shunganunga Creek joins Shunganunga Creek. The main creek

then flows through downtown Topeka, through a light industrial area, and on to

its confluence with the Kansas River. This environment supports a variety of

birds, snakes, skunks, frogs, crayfish, and other animals. The remainder of

the base is covered with lawns, asphalt, and base facilities.

Shunganunga Creek is not designated for "contact recreation," i.e.,

swimming: it is designated for "noncontact recreational" use such as wading,

boating, fishing, or hunting, and for consumption by aquatic, semi-aquatic, or

terrestrial wildlife. Shunganunga Creek bears "expected aquatic life"--

meaning habitat and biota normally found in the area. The creek is designated

for domestic water supply use after appropriate treatment to produce potable

water. Shunganunga Creek may also be used for irrigation, livestock water,

industrial water supply, and groundwater recharge (K.A.R., 1987).

The Kansas Department of Wildlife and Parks lists six threatened and five

endangered species occurring in Shawnee County (Table 2.12); however, no

critical habitat has been designated. The Kansas River is a critical habitat

for the Flathead Chub from the Douglas County line to the confluence with the

Missouri River. The Douglas County line is approximately ten miles downriver

from Topeka and five miles downriver from the confluence with Shunganunga

Creek. Nearby critical habitats include a corridor along the Kansas River

from Douglas County to the Missouri River for the Bald Eagle and in Douglas

County for the N. Crawfish Frog.

As is typical of the Great Plains, tall grasses are the predominant plant

in Shawnee County.

There are no critical habitats, wetlands, or wilderness areas in the

vicinity of Forbes Field ANGB.
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3. SITE 1, AREA ADJACENT TO JP-4 STORAGE FACILITIES 55122, 55123, AND 55124

3.1 SITE BACKGROUND

The area adjacent to the JP-4 storage facilities was included in the IRP

study based on a recommendation from the Phase I records search (HMTC 1986).

HMTC calculated a HARM score of 40 for this site.

3.1.1 Site Description

Site 1, the tank farm, is located on the west edge of the base between

U.S. Highway 75 and the main body of the base (Plate 1). It borders the base

entrance road on the north. The tank farm area (Fig. 3.1) consists of three

large aboveground fuel tanks (bulk storage tank facilities 55122, 55123, and

55124), earth berms to contain spills, a pumphouse, truck unloading hydrants,

and a system of underground fuel lines - all enclosed within a security fence.

Two of the storage tanks have a capacity of 45,000 barrels. The

remaining tank has a 55,000 barrel capacity. All of the tanks have a floating

roof. The three tanks are surrounded by an approximately 4 to 5 ft. earthen

dike to impound leaks. The L-shaped area contained by the dirt berm drains

into the surface drainage ditch (Site 6) through a system of controlled

outlets. These outlets remain closed unless sufficient precipitation occurs

to require draining the area.

The pumphouse is the focal point of the tank farm. Fuel is unloaded

from trucks at several hydrants along the southeast side of the area. This

fuel is pumped to the storage tanks, or, as needed, pumped to the distribution

system at the base or returned from the base to the storage tanks. Fuel

trucks are unloaded daily and a large volume of fuel is stored.

3.1.2 Site History

Aerial photographs taken in 1954 show the tanks and the pumphouse in

their present arrangement. During midsummer of 1981, a leak occurred in tank

55122--the southernmost tank. An estimated 1200 to 1400 gal of jet fuel

leaked. The leak occurred on the southeast side of the tank within the diked

area. The fire department sprayed foam over the fuel, and no fuel was

recovered. Fuel which did not evaporate was adsorbed by the soil.
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Tank cleaning sludges have been buried within the tank farm area. The

Phase I records search (HMTC 1986) identified one such area as Site 2 - POL

sludge burial area. This burial occurred in 1977 and consisted of 100 gal of

JP-4 tank cleaning sludge. The sludge was said to consist of rusty water and

soap, and was buried on the west side of the tank storage facility. This

activity was not rated with the HARM system because of the small quantity

involved and because most of the waste consisted of soap and water.

An additional sludge burial area is located north of the storage tanks.

A base employee revealed that this area had been used from sometime in the

1950s to 1978 (Belcher 1988). The sludge resulted from the periodic cleaning

and maintenance of the storage tanks, which occurred infrequently, varying

from 3 to 10 years between the cleanings. The quantity of sludge and JP-4

buried north of the perimeter dike is unknown, but is thought to be minimal;

the tanks were reported to have very little accumulation of sludge at each

inspection.

The base employee also discussed the location of an auxiliary wing tank

from a B-47 mounted aboveground just west of the pumphouse (Belcher 1988).

The estimated capacity of the tank was 600 to 700 gal. The tank held JP-4,

av-gas, and the sludge from periodic cleaning of filters. When the tank was

full, the mixture was pumped from the tank and used to spray grass and weeds

or used in the fire training pit. The base employee did not know how long the

tank had been used, but it was removed two to three years after he arrived

(1965).

Also within the tank farm area, a spill of about 300 gal of JP-7

occurred at NASA's aboveground fuel storage tank in 1982. The tank (57004) is

near the south boundary of the tank farm (Fig. 3.1). Absorption with

"Absorbent" (a 3M prpduct designed to absorb fuel products but not water)

recovered about 95 percent of this spill, according to estimates (personal

communication with Forbes Field ANGB Fire Department). The rest was lost to

soil adsorption and evaporation (HMTC 1986). The Phase I records search

documented this as Site 3. It was not rated with the HARM system due to the

small quantity of fuel not recovered.

The tank farm remains in use as a bulk jet fuel storage area.

3.1.3 Previous Investigations

Weston (1985) drilled one well within this area (Fig. 3.1) to a depth of

50 ft (DW006). Steel casing was set into bedrock (20.4 ft) and cemented in
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place; therefore, this well monitors the bedrock aquifer rather than the

unconsolidated sediments. Weston's analysis of a water sample from this well

indicated 170 pg/L of oil and grease. ORNL/CAT sampled this well in March

1988 and analyzed for VOAs and TPHCs--no fuel components were detected.

Weston also drilled one soil boring (B8) about 80 ft northeast of the

northeast corner of the earth dike surrounding tank 55124. Monitoring of this

well and soil samples with a HNU PID revealed no elevated measurements. No

soil samples were collected for chemical analysis.

The only other investigation was during the Phase I records search.

This consisted of interviewing base personnel, reviewing documents, and

visiting the site.

3.2 PHYSICAL CHARACTERISTICS OF THE STUDY AREA

3.2.1 Surface Water Hydrology

Due to the relatively flat topography, surface runoff in the Tank Farm

area occurs predominantly as sheet flow. Sheet flow collects into two small

drainage ditches on the north and south side of the site which discharge to

the surface drainage ditch (Site 6, Sect. 5). Any precipitation occurring in

the vicinity of the tanks would be contained by the protective dikes.

Consequently, the water in these areas would either infiltrate or evaporate.

General surface-water hydrology information for the base is discussed in

Sect. 2.2.3.

3.2.2 Geology

The tank farm area rests on unconsolidated sediments deposited during

the Kansan Glaciation. Beneath these sediments lies a thin zone of weathered

bedrock and then competent bedrock of the Howard Limestone and Severy-Shale.

A complete description of the geology at the base is presented in

Section 2.2.4.

3.2.3 Soils

Site I soils are Ladysmith (Ld), 0 to 1% slope, in the northern three-

quarters of the area and Ladysmith (Lm), 1 to 3% slope, in the southern
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quarter (USDA 1970). General soil information for the base is discussed in

Sect. 2.2.5 and Table 2.7.

3.2.4 Hydrogeology

The only water-bearing unit of interest underlying the tank farm is the

unconsolidated aquifer in which water is found in the lower portion of the

glacial drift or in the underlying weathered bedrock. This unconsolidated

aquifer is completely absent in portions of the base. The underlying bedrock

consists of impermeable limestones and shales of the Howard Limestone which

isolate the lower permeable Nodaway Coal unit.

A complete description of the Forbes Field ANGB hydrogeology is

presented in Sect. 2.2.6. Groundwater flow direction and rates for the tank

farm area are presented in Sect. 3.3.6.

3.2.5 Demographics and Land Use

The Tank Farm is located at the west edge of the base. Between the west

boundary of the tank farm and U.S. Highway 75 is a small (3 to 5 acre)

cultivated field. Immediately north of the base boundary fence at the tank

farm is the Pauline Central Grade School-East, the Shawnee Country Day School,

and the unincorporated village of Pauline, Kansas. The nearest residence is

approximately 300 to 400 ft northwest of the tank farm boundary. The tank

farm is secured by a fence and access is restricted.

General demographics and land use for the base and Shawnee County are

discussed in Sect. 2.2.11.

3.2.6 Ecology

The area outside the earth berms is covered by lawn and roads; no

natural vegetation or wildlife is supported. General ecology of the base is

discussed in Sect. 2.2.12.
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3.3 STUDY AREA INVESTIGATION

3.3.1 Surface Features

Field activities at Site i involved surveying in order to accurately map

the earth berms, to select soil-gas sample points, and to locate monitoring

well locations and elevations. A general description of surface features on

the base is presented in Sect. 2.2.1.

3.3.2 Contaminant Source Investigations

The contaminant source investigation at the tank farm area included a

review of the Phase I records search, interviews with base personnel, and

inspection of aerial photographs.

Jet fuel spills were the main source of contamination, with tank

cleaning sludge a secondary source. The leak from storage facility 55122 in

1981 is the most significant. Inspection of aerial photographs from 1976,

1982, and 1984 confirmed this spill. In the 1982 photograph, a dark stain is

obvious south of storage tank 55122. This stain does not appear in the 1976

photograph and is considerably fainter in the 1984 photograph. Base personnel

provided information on an additional area where tank cleaning sludge was

buried (Sect. 3.1.3).

3.3.3 Surface-Water and Sediment Investigation

Surface water in the tank farm area drains into the nearby unnamed

tributary (Site 6) to the South Branch of Shunganunga Creek. Consequently,

soil and water sampling performed at Site 6 characterizes the surface water

and sediment at this site. Information on surface water and sediment

investigations for Site 6 are presented in Sect. 5.

3.3.4 Geological Investigation

Surface lithology information for the tank farm area was obtained from

borings of MWO18, MWO19, MW020, MW021, MW026, and MW028. With the use of a

continuous sampler, a complete lithologic record was kept for each hole. The
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six boreholes were subsequently completed as monitoring wells. The well

summary forms with well construction and lithologic descriptions are attached

in Appendix G.

The surface lithology consists of unstratified silty-clays deposited by

melt water from the receding glaciers. Locally, these are mostly varying

shades of gray and brown. The clays are predominantly very plastic with

varying amounts of silt; mottled with limonite streaks and nodules; fairly

high in organic matter; and peppered with red, yellow, and gray shaley

partings. The thickness ranges from 8 ft in MW026 to 9.5 ft in MWol9. The

upper portions (0 to 5 ft) of the sediments are dark brown grading to olive-

brown. Some evidence of carbonaceous material was detected as very dark gray

to black laminations between 0 and 4 ft in all boreholes except MWOI8. The

sediments were moist within 1 to 3 ft above the weathered bedrock, and in

MW021 and MW028, a strong fuel odor was associated with the moisture zone.

A weathered yellow-brown claystone with locally scattered argillaceous

limestone stringers of the same color comprises the upper part of the bedrock.

Fossil evidence, including crinoid stems, gastropod shells, and bryozoan casts

and molds, was found in the fissile and thin bedded claystone underlying the

weathered zone.

Moisture in the weathered bedrock is limited to the zone near the

contact with the overlying glacial deposits. In MWO18 a strong fuel odor was

also associated with the wet zone of the weathered bedrock. The weathered

bedrock is part of the lower Howard Limestone. As a note of interest,

evidence of diagenesis was found in the form of vertical and horizontal gypsum

veins scattered throughout the weathered zone in MW020.

3.3.5 Vadose Zone and Soil Investigation

3.3.5.1 Vadose Zone

Twenty-one soil-gas and water samples were collected around the tank

farm area. Sampling locations are shown on Plate 1 and Fig. 3.1. Samples

SGI06 through SG118, and SG122 through SG126 bracket the tank farm perimeter

on the north, south, and east. These samples were collected by driving the

drivepoint to bedrock, then withdrawing the probe about 3 ft. If water

entered the hole immediately, a 40-mL water sample was taken. Otherwise, the
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probe was capped and left overnight. If there was still insufficient water to

sample on the following day, a soil-gas sample was collected. Soil-gas

samples SG10 and SG127 were collected at a depth of 5 ft and are situated

directly over the main fuel line which supplies the base with JP-4. Water

sample SG116 was collected in a former disposal site for sludge and JP-4.

Soil-gas samples SG132 through SG134 are located 80 ft downgradient from

SG116. Results are discussed in Sect. 3.4.2 and analytical values are

presented in Appendix D.

Section 2.1.2.2 provides a detailed discussion on soil-gas collection

methods.

3.3.5.2 Soils

Soil samples were collected with a 5-ft continuous sampler during the

drilling of MWO18, MWO19, MW020, MW021, MW026, and MW028 (Fig. 3.1). Samples

were inspected visually for contamination and monitored along their length

with an HNU PID. If elevated readings were noted, a grab sample was taken.

Otherwise, samples for chemical analysis were collected every 3 ft until the

water table was reached. Soil samples from Site 1 were analyzed for VOAs and

TPHCs. Two samples were analyzed for VOAs following extraction by the

Toxicity Characteristic Leaching Procedure (TCLP). Analytical results are

discussed in Sect. 3.4.2.

3.3.6 Groundwater Investigation

Six monitoring wells were installed in the area to determine the

lithology, hydraulic, conductivity, depth to water, groundwater flow direction,

and the presence of contamination in the groundwater. Potentiometric maps,

based on water-level measurements taken in July and September 1988, are shown

in Fig. 2.13. These maps indicate a general groundwater flow direction to the

northwest; however, locally, under the tank farm, groundwater flow is to the

northeast--towards the drainage ditch.

Based on the groundwater flow directions, MWOl9, MW020, and MW026 are

located downgradient of potential sources of contamination while MW018, MW021,

and MW028 are within source areas. In addition, MWO01 is located downgradient

of the tank farm.
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Bail tests were performed on HW021 and MW026 to measure the permeability

of the unconsolidated aquifer in the area. For both tests, the magnitude of

the permeability was insufficient to yield reliable test results. Therefore,

it is estimated that the hydraulic conductivity of the unconsolidated aquifer

in the vicinity of the tank farm is less than 3.5 x 10 5cm/s (0.1 ft/d).

A discussion of the base hydrogeology and results of the aquifer tests

are presented in Sect. 2.2.6.

3.4 NATURE AND EXTENT OF CONTAMINATION

3.4.1 Sources

The source of the organic compounds found in the groundwater and soil at

the tank farm is the fuel tanks. These organics result from fuel which leaked

from the tanks and sludge left from tank cleaning. Spilled fuel was absorbed

into the surrounding soils and the sludge was buried west and north of the

dikes surrounding the tanks.

3.4.2. Vadose Zone and Soils

3.4.2.1 Vadose Zone

The soil-gas survey revealed from 4.5 pg/L to 747 pg/L of TPHCs in the

vadose zone. No "average" background value was evident. Elevated TPHC

concentrations were found at seven locations (Fig. 3.1) as follows:

Sample Location PHC (gal)

SGI07W * 86,800

SG109 97

SG113 747

SGI15W 92.5

SGI16W 30,700

SG118W 395

SG124W 1,290

* W denotes a water sample
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Obviously, the range of values is wide and the elevated data points are

scattered around the area. Samples SG107 and SGI09 were collected from the

area which was identified as Site 3 in the Phase I records search; SGI16 was

collected from the sludge burial area north of the tank farm.

No historical or anecdotal information explains the other elevated

soil-gas samples. These elevated soil-gas points are scattered and are

probably the result of undocumented disposals (e.g., one-time disposals of

tank cleaning material or other hydrocarbon containing waste). The elevated

soil-gas samples show no pattern and, therefore, do not indicate a plume or

other expression of a larger source.

The absence of elevated TPHC (see discussion in Appendix D)

concentrations in the sample at SG127 (50.8 Ag/L TPHC) and SGIO1

(25.2 pg/L TPHC) suggests that contamination is not leaving the site via less

consolidated fill material along the distribution line (Plate 1).

3.4.2.2 Soils

A soil sample taken at a depth of 12 ft in MWO18 (Fig. 3.1) contained

TPHCs (140,000 pg/kg), xylene (3700 pg/kg), and toluene (900 Ag/kg). The

remaining samples from MW018 contained no contaminants above the laboratory

reporting levels. Soil samples collected from depths of 6 and 9 ft in MW021

contained 490,000 pg/kg and 34,000 Mg/kg of TPHCs, respectively. In addition,

MW021 contained significant quantities of other fuel components in the 6 and

9-ft samples. A soil sample taken from a depth of 7 ft in MW028 contained

145,000 pg/kg of TPHCs, 1800 pg/kg of toluene, and 5900 pg/kg of xylene.

A soil sample from 6 ft in MW021 was submitted for the TCLP; this

procedure resulted in only 39 pg/L of total xylenes. The procedure is

designed to determine the capability of contaminants to leach from the soil

into the groundwater. Since the soil sample collected at 6 ft in MW021

contained 31,000 pg/kg of xylenes, the TCLP procedure indicates that the

contaminants are not readily leachable from this soil.

Significant analytical results are presented in Appendix E.

3.4.3 Groundwater

During July and September/October 1988, groundwater samples were

collected from MWOI8, MWO19, MW020, MW021, and MW026 (Fig. 3.1). Samples

collected in July were analyzed for VOAs, TPHCs, HSL metals, and major
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cations/anions. In addition, groundwater samples from MW021 were analyzed for

HSL pesticides, PCBs, and semi-volatiles. Samples collected in

September/October were analyzed for VOAs and TPHCs. Chemical constituents of

jet fuel were detected in the groundwater in three of the six monitoring wells

in the tank farm area.

During September/October, two groundwater samples were collected from

both MWO18 and MW026. In MWOI8, the two samples were collected because the

soil at 12 ft in the monitoring well contained 140,000 pg/kg TPHCs; however,

the groundwater sample collected in July contained no detectable

contamination. The stagnant water in the well might contain low levels of

contamination leached from the soil; therefore, collecting a sample prior to

purging the well would identify that contamination. Both samples, one

collected before purging and one after purging, contained no detectable fuel

contamination, indicating that the contamination in the soil at 12 ft is not

leaching into the groundwater. Two samples were collected from MW026 because

of contamination discovered in MW021, only 50-ft upgradient. No contamination

was discovered in MW026 during drilling in June or subsequent groundwater

sampling in July. To be certain that no contamination was being missed in the

groundwater at MW026, a sample was collected before and after purging. The

groundwater contained no detectable contamination.

No detectable contamination was discovered in MW020.

MWO19 contained 83 pg/L TPHCs, 1.4 pg/L benzene, 1.0 pg/L toluene, and

5.0 pg/L l,l,2-trichloroethane. The jet fuel constituents were found in both

July and September/October samples, the l,l,2-trichloroethane is a solvent for

chlorinated rubber and various organic materials (Verschueren 1983). Since no

source exists for this compound and it was found only in the July sample, it's

presence probably results from laboratory contamination.

MW021 contained 760 pg/L TPHCs, 11 pg/L benzene, and 110 pg/L xylenes.

Both July and September/October samples showed the jet fuel constituents, but

only the October sample showed the TPHCs. No explanation can be provided for

the lack of TPHCs in the July sample.

Groundwater samples were collected in November and December from MW028

and were analyzed for VOAs and TPHCs. In November 1988, a floating film was

detected in MW028; therefore, a sample of the stagnant water was collected.

The stagnant sample contained 2000 Mg/L TPHCs, and 30 pg/L toluene; a sample

collected after purging the well contained 200 pg/L TPHCs, 0.9 pg/L benzene,

20 pg/L toluene, and 7 pg/L total xylenes. No floating film was detected in
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December 1988. The sample collected in December after purging the well

contained 270 Ag/L TPHCs, 4.4 pg/L benzene, 10 yg/L toluene, and 4 yg/L total

xylenes.

Significant analytical results are provided in Appendix E.

3.4.4 Surface Water and Sediments

No surface water samples were collected at Site 1. Sediment samples

were collected in the drainage ditch east of the tanks; these samples are part

of the characterization of Site 6 and results are discussed in Sect. 5.4.4.

3.4.5 Air

Routine air monitoring during drilling was performed with an HNU model

PI-101 PID. No anomalous readings were obtained while monitoring ambient air,

indicating that even though organic compounds are present in the subsurface,

volatilization to the atmosphere is insignificant.

3.5 CONTAMINANT FATE AND TRANSPORT

The contamination found in the soil and groundwater at this site is due

to leaks of JP-4 jet fuel and to burial of tank cleaning remnants. The

absence of chlorinated solvents and other non-fuel related compounds has been

established by both soil and groundwater analyses.

3.5.1 Contaminant Persistence

The fate and persistence of TPHCs cannot be discussed in a simple

fashion because JP-4 is composed of many individual compounds with widely

varying properties. JP-4 is made by blending naphtha, gasoline, and kerosene

--themselves mixtures of widely varying composition. Thus, the distillation

range of JP-4 reportedly varies from 140 to 270°C, with component hydrocarbons

ranging from C-4 to C-14 compounds. One typical analysis of JP-4 showed 61%

alkanes, 29% cycloalkanes, 8% alkylbenzenes, 1% indans and tetralins, <1%

naphthatlenes, and up to 5% olefins. Another reference stated that JP-4's

major components could be characterized as 63% alkanes, 16% cycloalkanes, 18%

alkylbenzenes and benzene, and 3% naphthalene. This wide range in composition
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and classes of compounds means that the concentration of individual compounds

will also vary widely. For example, Roberts and Thomas (1986) have shown that

the concentration of normal-decane varied from 0.81% to as much as 2.16% in

different samples of JP-4. Obviously, the environmental behavior of the

individual compounds varies significantly.

3.5.1.1 Chemical Reactions of Fuel Hydrocarbons

Fuel hydrocarbons are composed of a host of individual compounds--most

of which can be broadly classed as alkanes (e.g., n-octane) or aromatics

(e.g., benzene). These compounds may undergo substantial biodegradation but

they are not subject to any chemical (non-biological) reactions of

environmental significance. That is not to say, however, that there are no

examples of naturally occurring chemical reactions of organic compounds. For

example, Haag and Mill (1988) have shown that haloalkanes (e.g.,

trichloroethane) undergo natural chemical reactions, but the rate constants

are so small that the reactions are not an important factor in assessing the

persistence of haloalkanes in the environment. The overall reactivity of

alkanes and aromatics is less than haloalkanes, demonstrating that natural

chemical reactions of fuel hydrocarbons must also be insignificant. The

following sections provide an overview of the chemical reactivity of alkanes

and aromatics.

Alkanes

Alkanes undergo very few reactions even under laboratory conditions.

Reactions involving alkanes take place only under vigorous circumstances,

usually involving free-radical chain reactions. What this means is that only

an extremely reactive particle--typically an atom or free-radical--can attack

an alkane molecule. Hence, alkanes would not be expected to undergo any

significant chemical reactions under environmental conditions.

The non-reactivity of alkanes is shown by examples of two typical

laboratory reactions. The first is halogenation. Halogenation of an alkane

can only occur if the halogen has been disassociated into individual atoms.

This reaction requires ultraviolet light or temperatures of 200 to 400°C.

Another reaction undergone by alkanes is pyrolysis, which is the

disassociation of the alkane itself. Pyrolysis occurs at 400 to 600'C.
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Aromatics

Benzene, toluene, ethylbenzene, and xylenes are examples of very stable

ring structures known as resonance hybrids. The ring structure is the result

of the sharing of two less stable structures where each of the six carbon-

carbon bonds have the same bond energy even though the chemical formula would

lead one to expect a compound with three double bonds and three single bonds.

Typically, a compound that has multiple bonds (e.g., an alkene such as

trichloroethene) is very reactive and made more stable by an addition reaction

that would remove the multiple bond. Resonance hybrids, on the other hand,

because the single and double bonds are shared, have exceptionally stable

structures. Thus, reactions that break the ring structure require more energy

than is typically available under environmental conditions.

Compounds such as xylene, ethylbenzene, and toluene consist of an alkyl

(derived from an alkane) group attached to the ring portion of the structure.

Thus, the alkane discussion would apply to the reactivity of these substituent

groups.

3.5.1.2 Biodegradation

Many of the components of JP-4 are easily biodegraded in the environment

(API 1975 and Atlas 1981). The actual amount of biodegradation is site-

specific since the microbes need both moisture and nutrients to thrive.

Microbes are generally less active in groundwater than in soil; however,

biodegradation in groundwater usually progresses indefinitely because there is

a continuous supply of nutrients and moisture.

Recent work by numerous authors (e.g., Ward 1984) has demonstrated that

there are indigenous microflora everywhere in the subsurface. The subsurface

microorganisms have lower activities than do those in surface soils; however,

the subsurface microflora can effectively mineralize organic contaminants

under aerobic conditions. Indeed, Wilson et al. (1985) have shown that

biodegradation at the margin of the plume is often rapid.

Rifai et al. (1988) have modeled the biodegradation at an aviation fuel

spill site. Their paper contains a thorough description of the factors

governing the biodegradation of benzene, toluene, and xylene in the

subsurface. In general, the mass loss due to biodegradation was most

3-14

I



sensitive to the coefficient of reaeration from the water table, the

coefficient of anaerobic decay within the contaminant plume, and the hydraulic

conductivity.

This means that the low hydraulic conductivity at Forbes Field ANGB

limits the amount of biodegradation, while it also limits the amount of

contaminant migration. The possible rate at which biodegradation does occur

is regulated by the transport of oxygen to the system. Since the transport of

oxygen is likely to be either as rapid or more rapid than the transport of the

contaminants, it is reasonable to assume that any contaminants that do move

are rapidly biodegraded by the indigenous microflora.

The above explanation is supported by the work of Wilson et al. (1987).

These authors studied an aviation fuel spill in Michigan and found that the

heart of the plume contained high concentrations of methane and alkylbenzenes

with no detectable oxygen. The heart of the plume was surrounded by an

anaerobic zone of biological activity with greatly reduced cor-0  cations of

alkylbenzenes and no oxygen. This anaerobic zone was surrounded by an aerobic

region with detectable oxygen and even greater reductions in alkylbenzene

concentrations. A renovated or pristine zone surrounded the aerobic zone of

treatment with high concentrations of oxygen and no detectable contaminants.

Hence, the low hydraulic conductivity at the base results in very thin zones

such that the appearance is one of a highly concentrated area surrounded by an

adjacent pristine area.

3.5.2 Potential Routes of Migration

The potential route of exposure to a receptor from contamination at Site

1 is by migration in the surface drainage system adjacent to the base.

Contamination from Site I could reach the ditch as surface runoff or by the

leaching of contaminated groundwater.

Groundwater under Site 1 discharges north and northeast to the drainage

ditch as shown by the potentiometric map from September 1988 water level

measurements (Fig. 2.13b). This map also shows a slight westward component of

flow in the southwest corner of the tank farm, indicating that groundwater

might be flowing away from the drainage ditch. Further west, however, this

westward component of flow will probably curve back to the northeast and

discharge to the drainage ditch. Evidence of this can be seen where the

potentiometric lines north of MWO19 show flow toward the ditch from points

west of the base.
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The soil borings demonstrated that the contamination within the site is

found at depths of 6 ft and greater; the overlying soil is clean. For

example, soil samples collected at MW021, located on the north side of this

site, contained 490,000 pg/kg of TPHCs at a depth of 6 ft. Fortunately, the

clay soil inhibits migration of the contaminants as shown by results for water

samples and for the TCLP. Water in MW021 contained 11 Ag/L benzene, 110 Ag/L

xylenes, and 760 Ag/L T2HCs. The TCLP procedure, performed on the soil sample

that contained 490,000 pg/kg TPHCs, showed only xylenes detectable in the

leachate (39 ug/L).

MWO18, located in the middle of the site, had 140,000 pg/kg of TPHCs in

the soil but none were detected in the water. MWOI9, on the west side, had

83 pg/L of TPHCs in the groundwater. MW020, also on the west, contained no

detectable contamination in the groundwater. MW021 showed 760 pg/L of TPHCs

while MW026, located less than 50 ft downgradient, was clean. Again, the

tight clay soils inhibit the migration of contaminants off-site.

Field measurements with hand-held survey meters were unable to detect

any volatilization of contaminants from the site. Furthermore, it is certain

that such measurements were taken in the areas likely to be most contaminated,

since the location of the borings and wells was determined by soil-gas

anomalies. Unless the area were excavated, there is no significant air

exposure and no potential for contamination in surface runoff.

There is contamination in the adjacent drainage ditch that may have

originated from spills at Site 1. This contamination is discussed in

Sect. 5.5.

3.5.3 Contaminant Migration

Table 3.1 compares the mobility of some components of JP-4 (a discussion

of the varied composition of JP-4 is presented in Sect. 3.5.1). Because there

are so many types of compounds, migration rates are not easily predicted.

Some of the components, for example, are very volatile and will rapidly

disperse in the atmosphere. Others, such as xylene, are not as volatile and

will rapidly migrate through the soil to the water table. For example,

Aurelius and Brown (1987) have shown that even if volatilization is

significant, some spilled xylene will migrate rapidly to the water table.

Moreover, if the soil is moist, a greater percentage of the spilled components

will flow to the water table. The increased leaching with higher soil
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moisture is due to water filling the smaller soil pores and then repelling the

spilled hydrocarbons. The repulsion effect and the hydrocarbon's lower

kinematic viscosity results in rapid flow in the larger pores. It has been

reported that these phenomena result in migration to the water table ten to

1000 times faster than water.

Once fuel hydrocarbons come in contact with the water table, most will

remain in the capillary fringe because they are either lighter than water or

immiscible. These compounds are considered to be highly mobile in the

environment but because they are so easily biodegraded and volatilized, their

cumulative effect is generally quite small. Xylenes and other aromatics are

most likely to dissolve in the groundwater and be conducted from the spill

area. However, the high clay content of the soil at Forbes Field ANGB limits

the amount of leaching.

To determine the likelihood of leaching, a highly contaminated soil

sample from Site 1 (490,000 ug/kg TPHCs and 31,000 pg/kg xylenes in soil from

MW021) was subjected to the TCLP test. Xylenes were detected at 39 pg/L,

indicating only slight leachability in the sample. This result is borne out

by results from all of the contaminated areas at Forbes Field ANGB, which

generally show that the fuel spills have not migrated with the groundwater.

3.6 BASELINE RISK ASSESSMENT

This section describes the public health and environmental concerns

resulting from Site 1. Contaminants identified at this site are TPHCs--which

were found in concentrations as high as 490,000 Mg/kg in soil and 760 Pg/L in

groundwater.

The risk assessment for the base, including details of exposure

pathways, exposure scenarios, toxicity of chemicals, and risk characterization

is presented in Appendix J.

3.6.1 Exposure Assessment

The following evaluation of potentially contaminated media demonstrates

that contamination from Site I does not result in significant exposure to the

environment or the public.
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3.6.1.1 Air

Air emissions were evaluated with a hand-held survey meter at ground

level. The data showed that there were no emissions from the site; however,

soil-gas measurements did demonstrate that anomolous concentrations of TPHCs

were present in the subsurface. The concentrations were so low that any

transport to the surface would be minute and quickly diluted such that

exposure to the public or even military personnel using the site would be

insignificant.

3.6.1.2 Groundwater

The groundwater associated with this site contains traces of TPHCs (up

to 760 Mg/L). Priority pollutant volatile compounds detected were benzene (up

to llpg/L), toluene (up to 30 pg/L), and xylene (up to 110 pg/L). There are,

however, no residences or groundwater wells between the contaminated location

and the likely discharge points to the storm drainage system. The tight clay

soil, discontinuities in the alluvial aquifer, and the controlled access to

this site make eventual use of the groundwater unlikely.

3.6.1.3 Surface Water

Spills at Site 1 may have resulted in some contamination of sediments in

the runoff ditch. This contamination is discussed separately as Site 6 (Sect.

5.5).

3.6.1.4 Soil

Soil samples at the tank farm contained high levels of TPHCs

(490,000 pg/kg) at depths of 6 ft or greater. The data indicate that.

exposures to fuel-derived hydrocarbons could result if the area were

excavated. Crops are grown adjacent to this location but there is no grazing

of livestock.
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3.6.2 Risk Evaluation

Risks presented by contamination at Site 1 were evaluated using the

construction worker scenario (Appendix J). Under this scenario, workers could

be exposed to four of the contaminants of concern (benzene, ethylbenzene,

toluene, and xylene) via inhalation or dermal absorption of contaminants in

either groundwater or subsurface soils. Estimation of possible exposures via

volatilization from groundwater assumes that 100% of the concentrations found

in groundwater will volatilize and be inhaled by the receptors. Estimation of

dermal absorption exposures assumes a 100% absorption across the skin barrier.

Evaluation of construction worker exposures to contaminated groundwater

and subsurface soil indicates a negligible probability of carcinogenic effects

resulting from either inhalation or dermal absorption of benzene. In

addition, the hazard indices for these exposure routes are well below levels

of concern.

Analysis of the resident scenario also shows no probability of

developing carcinogenic or noncarcinogenic effects from off-base exposure to

site groundwater. This scenario assumes that resident exposure in groundwater

equals the concentrations currently measured on-site; actual exposures and,

thus, actual risks (should off-base wells be identified) would be even lower.

Considering the conservative assumptions used, concentrations of

contaminants of concern at Site 1 are not expected to adversely impact either

workers or off-base residents under the simulated conditions.

3.7 SUMMARY AND CONCLUSION

3.7.1 Summary

The contamination found at Site 1, the tank farm area, is from jet fuel

and associated tank cleaning sludge. The highest levels of contamination are

from 6 to 12 ft in the first moist zone in the soils.

The fuel appears to be tightly held by the soil, as shown by the

relative lack of contamination in the groundwater and by the TCLP analysis.

Further verification of this conclusion comes from MW026 which was drilled

50 ft downgradient of a well containing contaminated groundwater (MW021). The $
groundwater in MW026 was clean.

Soil-gas data shows inconsistent levels of contamination and indicates a j
series of individual spills rather than a contaminant plume.
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3.7.2 Conclusions

No risk to the public or environment exists from Site 1, but excavations

at certain areas in the tank farm area could result in exposure to workers.

The preferred alternative is no action with continued restricted access

to the site.

3
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4. SITE 5, PUMPHOUSE E, BUILDING 671

4.1 SITE BACKGROUND

The area surrounding pumphouse E, building 671 was included in the IRP

study based on a recommendation from the Phase I records search (HMTC 1986).

HMTC calculated a HARM score of 59 for this site.

4.1.1 Site Description

Site 5 surrounds pumphouse E, building 671 (Plate i). This pumphouse is

southwest of the aircraft parking ramp and near the center of the base

(Fig. 4.1). The pumphouse is a single story concrete block building

surrounded by a gravel strip 30 to 50 ft wide surrounded by grass. The

arteries for several of the base utilities are buried northeast of this

facility, between the pumphouse and the aircraft parking ramp, at depths of

2 to 7 ft. In addition to numerous buried utility lines around the pumphouse,

there are also fourteen 50,000 gal underground fuel storage tanks situated on

the north and south sides of the building.

The pumphouse pumps fuel to or from the fuel distribution lines and fuel

laterals under the aircraft parking ramp. In addition, the pumps bring fuel

from, or return it to, the large aboveground storage facilities in the tank

farm (Site i). Pumphouse E serves laterals I through 6.

4.1.2 Site History

Pumphouse E was constructed between 1954 and 1959. In 1967, a spill of

JP-4 flowed out beyond the confines of the facility and onto the ground along

the north side of the building. Estimated volumes of the spill range from

2000 to 10,000 gal. No fuel was recovered. In 1979 or 1980, construction

activities involving excavation in the area uncovered soil visibly

contaminated with fuel. The Phase I investigators observed Tegetative stress

within this area (HMTC 1986).

Pumphouse E is still an active pumping facility for base operations.
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4.1.3 Previous Investigations

Weston inspected and surveyed storm sewer manholes on and adjacent to

the refueling ramp. This consisted of visual observations and measurements

with an OVA and an HNU PID. No organic vapors were detected.

Weston (1985) drilled one well about 70 ft upgradient (southeast) of the

pumphouse. SWO05 was installed in the trench fill near the intersection of

fuel distribution lines from pumphouse E and the storm sewer system

(Fig. 4.1). Oil and grease analysis of a soil sample taken from 3 to 7.7 ft

revealed a concentration of 829 mg/kg. Weston also measured a floating layer

of fuel (0.20 ft) in the well. Analysis of one water sample collected from

the well revealed 3970 mg/L of oil and grease.

Weston drilled one soil boring (B3) downgradient of the pumphouse and

northeast of MWO10 (Fig. 4.1). Boring B3 was near the intersection of two

fuel distribution lines and was drilled into the trench. The log shows clay

from 0 to 2 ft and sand with little silt from 2 to 8 ft. One soil sample was

collected from 5 to 8 ft in this boring; analysis revealed 50,000 pg/kg of oil

and grease.

In March 1988, ORNL/CAT detected a very thin floating layer on the water

in SWO05. This layer was barely detectable with an oil/water interface probe

and no measurement of the thickness of the layer was possible. Prior to

purging the well, a sample was collected for TPHCs analysis. It revealed

8900 pg/L of TPHCs. Replicate samples, collected after purging the well to

dryness and allowing it to recover, showed 12,000 and 13,000 Mg/L of TPHCs.

The only other investigation was during the Phase I records search.

This consisted of interviewing base personnel, reviewing documents, and

visiting the site.

4.2 PHYSICAL CHARACTERISTICS OF THE STUDY AREA

4.2.1 Surface Water Hydrology

Due to the pavement and relatively flat topography, surface runoff at

Site 5 occurs predominantly as sheet flow. The runoff either discharges to

the drainage ditch (Site 6, Sect. 5) or is routed through the storm sewer

before entering the ditch. General surface water hydrology information for

Forbes Fiel.d ANGB is discussed in Sect. 2.2.3.
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4.2.2 Geology

Site 5 rests on unconsolidated sediments deposited during the Kansan

Glaciation. Beneath these sediments lies a thin zone of weathered bedrock and

then competent bedrock of the Howard Limestone and Severy Shale. A complete

description of the geology at the base is presented in Section 2.2.4.

4.2.3 Soils

Site 5 soils are Ladysmith (Ld), 0 to 1% slope (USDA 1970). General

soil information for the base is discussed in Sect. 2.2.5 and Table 2.7.

4.2.4 Hydrogeology

The only water bearing unit of interest underlying Site 5 is the

unconsolidated aquifer in which water is found in the lower portion of the

glacial drift or the underlying weathered bedrock. This unconsolidated

aquifer is completely absent in portions of the base. The underlying bedrock

consists of impermeable limestones and shales of the Howard Limestone, which

isolate the lower permeable Nodaway Coal unit.

A complete description of the Forbes Field ANGB hydrogeology is

presented in Sect. 2.2.6. Groundwater flow direction and rates for the site

are discussed in Sect. 4.3.6.

4.2.5 Demographics and Land Use

Pumphouse E, building 671 - the center of Site 5 - is where the original

spill occurred. Building 670, support services, and building 673,

headquarters, lie about 100 ft southeast and northwest, respectively; both

buLldings contain offices. No people reside within approximately 1200 ft of

Site 5. The site is within the secured and patrolled portion of the base.

General demographics and land use for the base and Shawnee County are

discussed in Sect. 2.2.11.
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4.2.6 Ecology

This site is covered by building 670, gravel, and lawn; no natural

vegetation or wildlife is supported. General ecology of the base is discussed

in Sect. 2.2.12.

4.3 STUDY AREA INVESTIGATION

4.3.1 Surface Features

Field activities at Site 5 involved surveying to accurately map the

building locations, soil-gas sample points, and monitoring well locations and

elevations. A general description of base surface features is presented in

Sect. 2.2.1.

4.3.2 Contaminant Source Investigations

The contaminant source investigation at pumphouse E consisted of a

Phase I records search review. A spill of 2000 to 10,000 gal of jet fuel from

the facility in 1967 is the cource of contamination for the site.

4.3.3 Surface Water and Sediment Investigation t
Surface water at Site 5 drains to the northeast or southwest into the

storm sewer system, which then drains into the nearby unnamed tributary f
(Site 6) to the South Branch of Shunganunga Creek. Surface water and sediment

investigations for Site 6 are discussed in Sect. 5.

4.3.4 Geological Investigation

Surface lithology information for the pumphouse E area was obtained from

r~ n- of MWO09, MWOIO, and MWOI4. With the use of a continuous sampler, a

complete lithologic record was kept for each hole. The three boreholes were

subsequentLy completed as monitoring wells. The well summary forms, with well

construction and lithologic descriptions, are attached in Appendix G.
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The surface lithology consists of unstratified silty clays deposited by

melt water from the receding glaciers. These are predominantly gray and brown

clays, but are locally quite stained with red-brown limonite oxide, are non-

calcareous, and moderately organic. The clays are predominantly very plastic

with minor amounts of silt. These clays also exhibit scattered dark red and

dark gray to black shale partings. The sediments range in thickness from

7.5 to 8 ft. The sediments were wet in MW009 and MWO10 at depths greater than

3 to 5 ft; MWO14 was dry down to the weathered bedrock. Associated with the

moisture is a fuel odor that varies in concentration. In MW009, this odor was

observed throughout the surficial deposits.

The sediments overlie a weathered yellow-brown claystone interbedded

with gray and black carbonaceous shales. Visible contorted relict bedding was

noted in all boreholes. In MWO14, where the sampler penetrated to a depth of

12.5 ft, an argillaceous siltstone was encountered at 12 ft. It is an olive-

yellow, slightly carbonaceous, and well-cemented calcareous siltstone. No

fossil evidence was observed locally. The weathered bedrock in MW009 and

MWO10 was wet near the top; in MWO14 it was wet near the bottom.

The weathered bedrock in the area of Site 5 is the lower part of the

Howard Limestone. The underlying bedrock consists of the impermeable

limestones and shales of the lower Howard Limestone.

4.3.5 Vadose Zone and Soil Investigations

4.3.5.1 Vadose Zone

Six soil-gas samples were collected surrounding pumphouse E (Fig. 4.1.).

In addition, several other soil-gas samples were collected using a 100 ft grid

northwest from pumphouse E. Samples SG48 and SG57 were collected northeast of

the pumphouse in the backfill of storm sewer and fuel line trenches. Sample

SG34 and SG35 were collected near the west and southwest corners of the

pumphouse, respectively; and SG36 and SG37 were collected downgradient.

Samples were taken by pushing the drive point to a depth of 5.5 ft, then

raising the probe 6 in. Results are discussed in Sect. 4.4.2.

Section 2.1.2.2 provides details on soil-gas collection methods.

4-6



4.3.5.2 Soils

Soil samples were taken with a 5-ft continuous sampler during the

drilling of MW009, MMOIO, and MWO14. Samples were inspected visually for

contamination and monitored along their length with an HNU PID. If elevated

readings were noted, a grab sample was taken. Otherwise, samples for chemical

analysis were collected every 3 ft until the water table was reached. Soil

samples from Site 5 were analyzed for VOAs and TPHCs. Sample 5054, taken from

MWO09, was analyzed for VOAs following extraction by the TCLP. Analytical

results are discussed in Sect. 4.4.2.

4.3.6 Groundwater Investigation

Three monitoring wells were installed in the area to determine the

lithology, hydraulic conductivity, depth to water, groundwater flow

directions, and the presence of contamination in the groundwater.

Potentiometric maps, based on water-level measurements taken in July and

September 1988, are shown in Fig. 2.13. These maps indicate a general

groundwater flow direction to the northwest, towards the tributary to

Shunganunga Creek (Site 6).

Based on the groundwater flow direction, MW009, MWO1O, and MWO14 are

located downgradient from potential sources of contamination. SWO05 is used

to provide source area water quality. In addition, well MW002 provides

information on downgradient water quality.

Bail tests were performed on MWO09, MKW010, and MWO14 to measure the

permeability of the unconsolidated aquifer in the area. For tests performed

on MW009 and MWO10, the permeability was insufficient to yield reliable test

results. Therefore, it is estimated that the hydraulic conductivity of the

unconsolidated aquifer at these wells is less than 3.5 x 10 5cm/s (0.1 ft/d).

The permeability for well MWO14 is 4.3 x 10- 4cm/s (1.2 ft/d), indicating some

discontinuity in the aquifer permeability.

A discussion of the base hydrogeology and results of the aquifer tests

are presented in Sect. 2.2.6.
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4.4 NATURE AND EXTENT OF CONTAMINATION

4.4.1 Sources

The source of organic compounds found in the groundwater and soil in the

ORNL/CAT monitoring well at Site 5 is fuel which has leaked from the

pumphouse. The fuel in Weston's SW005 may be from the spill at pumphouse E or

from fuel migrating in trenches from another leak. The oil and grease

discovered in Weston's soil boring B3 is from contamination in the trench

backfill.

4.4.2 Vadose Zone and Soils

4.4.2.1 Vadose Zone

Five of the six soil-gas samples taken around pumphouse E showed

elevated concentrations of TPHCs (Fig. 4.1). The data from these five samples

is as follows:

Sample Location TPHC (Ag/L)

SG34 174

SG35 201

SG37 277

SG48 151

SG57 147

These soil-gas samples were all collected near the spill area, either

from fuel line trench backfill or adjacent to a fuel line trench. Soil-gas

sample SG36, collected about 10 ft from the fuel line trench, contained

backgrn,-i levels (9.0 Mg/L) of TPHCs. Complete results from the soil-gas

survey are provided in Appendix D.

4.4.2.2 Soils

tA soil sample taken at a depth of 6 ft during the drilling of MWO09

contained TPHCs (26,000 ug/kg) and xylenes (2600 ag/kg). TPIICs and VOAs were

!Loss than reporting levels in MW010, located 120 ft downgradient from MW009.
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Soil samples from MWO14 contained 2.0 and 3.0 pg/kg toluene at depths of 3 and

6 ft, respectively, but no other fuel compounds. These levels of toluene are

estimated values below the laboratory reporting levels. The Weston soil

boring B3 contained 50,000 pg/kg of oil and grease in a soil sample collected

between 5 and 8 ft. Boring B3 was located about 80 ft downgradient of

pumphouse E and was drilled into the trench backfill of a buried fuel

distribution line. Significant analytical results are provided in Appendix E.

The pervasive presence of backfill material, the presence of floating

product in SWO05, and the oil and grease found in boring B3 suggest that past B
spills have remained in the less consolidated fill, with very limited

migration into the surrounding, undisturbed silty clay. Soil-gas data suggest

that fuel has migrated through the fuel line backfill to the boring B3

location.

During drilling, ORNL/CAT personnel noted a distinc. odor of fuel at a

depth of about 6 ft in MWO09 and MWOIO, decreasing to a "faint fuel odor" in

MWQ14 (Appendix G).

4.4.3 Groundwater 9
Weston's SWO05, located in the backfill of a trench between the 9

pumphouse and the flightline, showed 0.20 ft of floating product in 1984.

ORNL/CAT sampling in March 1988 revealed 13,000 pg/L of TPHCs plus other fuel

components. The well contained 0.16 ft of floating product in September 1988.

A sample collected prior to purging the well in September revealed 9500 pg/L

TPHCs; a sample collected after purging the well revealed 8700 Mg/L TPHCs.

Groundwater samples were collected from MW009, MWO10, and MWO14

(Fig. 4.1). Samples collected in July were analyzed for VOAs, TPHCs, HSL t
metals, and major cations/anions. Samples collected in September/October were

analyzed for VOAs and TPHCs. TPHCs were found (1100 Mg/L) in MWO09 as well as

benzene (26 pg/L), ethylbenzene (20 jg/L), toluene (10 ug/L), and xylene

(39 pg/L). $
During drilling in both MWO10 and MWO14, a fuel odor was noticed at

about 6 ft. The soil sample collected at 6 ft in MWO14 contained 3.0 pg/kg

toluene (estimated value below the reporting level), but soil in MWO10

contained no detectable contamination. Groundwater samples from both wells

(July) contained no detectable contamination. The groundwater level in both

wells in July was about 4 ft below ground--2 ft above the jet fuel odor;

therefore, the groundwater would have leached any contaminants held at 6 ft.
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To be certain that no slight groundwater contamination was being missed, two

groundwater samples were collected from MWO10 and MWO14 during

September/October -- one sample prior to purging the well and one sample after

purging the well. Neither of the samples from the two monitoring wells

contained detectable contamination. Therefore, if the soil at 6 ft is

contaminated in these two monitoring wells, it must be at levels below the

detection limits for soil samples and the contamination is not leaching into

the groundwater.

No significant levels of metals or major cations/anions were discovered.

Significant analytical results are provided in Appendix E.

4.4.4 Surface Water and Sediments

No surface water or sediment samples were collected at Site 5.

4.4.5 Air

Routine air monitoring during drilling was performed with an HNU model

PI-101 PID. No anomalous readings were obtained while monitoring ambient air,

indicating that even though organic compounds are present in the subsurface,

volatilization to the atmosphere is insignificant.

4.5 CONTAMINANT FATE AND TRANSPORT

The contamination found in the soil and groundwater at Site 5 results

from spills or leaks of JP-4. The absence of chlorinated solvents and other

non-fuel related compounds has been established by analyses of both soil and

groundwater.

4.5.1 Contaminant Persistence

A discussion on the persistence of JP-4 derived contaminants is

presented in Sect. 3.5.1.
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4.5.2 Potential Routes of Migration

The potential route of exposure to a receptor from contamination at

Site 5 is leaching to the nearby drainage ditch and creek. MWO09, MW010, and

MWO14 were installed at this site. MWO1O and MWO14 are downgradient of the

area; MW0O10 is uncontaminated and MWO14 contains estimated levels of toluene

below laboratory reporting levels. MWO09 is located in the source area and is

contaminated. SWO05, installed in a previous program (Weston 1985), may have

been installed in the trench at the intersection of the storm sewer and the

fuel distribution line. This would explain why SWO05 has contained floating

product while the ORNL wells do not. In addition, the Weston soil boring B3

was drilled into a trench near the intersection of two fuel distribution

lines. Thus, the possibility that significant quantities of fuel have

collected in the backfill cannot be discounted. S
Field measurements demonstrated that there are no detectable hydrocarbon

emissions from the site. Soil sampling from the monitoring wells demonstrated

that the contamination is covered by several feet of soil. Thus, unless the

area were excavated, there is no significant air exposure.

4.5.3 Contaminant Migration

The clay soils at this site severely inhibit the migration of the 9
spilled fuel. The spilled fuel is present in the subsurface and in trench

backfill; there is no evidence that a contaminant plume is migrating from the 9
area.

See Sect. 3.5.3 for additional details. 9

4.6 BASELINE RISK ASSESSMENT

This section describes the public health and environmental concerns

resulting from Site 5. Contaminants identified at this site are TPHCs--which

were found in the soil (26,000 ug/kg) and in the water (0.2 ft of floating

product, 13,000 ug/L ).

The risk assessment for the base, including details of exposure

pathways, exposure scenarios, toxicity of chemicals, and risk characterization

is presented in Appendix J.
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The following evaluation of potentially contaminated media demonstrates

that there is presently no exposure to the public from contamination at

Site 5.

4.6.1 Exposure Assessment

4.6.1.1 Air

Air emissions were evaluated with a hand-held survey meter at ground

level. The data showed that there were no emissions from the site; however,

soil-gas measurements did demonstrate that anomalous concentrations of TPHCs

were present in the subsurface. The concentrations were so low that any

transport to the surface would be minute and quickly diluted such that

exposure to the public or even military personnel using the site would be

insignificant.

4.6.1.2 Groundwater

The groundwater associated with this site contains traces of TPHCs (up

to 1100 pg/L). Priority pollutant volatile compounds detected were benzene

(26 pg/L), ethylbenzene (20 jug/L), toluene (10 jg/L), and xylene (39 Ag/L).

There are, however, no residences or groundwater wells between the

contaminated location and likely discharge points to the storm drainage

system. The tight clay soil, discontinuities in the alluvial aquifer, and the

controlled access to this site make eventual use of the groundwater unlikely.

The levels of TPHCs (floating product) found in the Weston well SWO05

would make the groundwater unfit for use. This fuel appears to be confined to

the backfill within the trench since other wells within the site do not

produce the floating product.

4.6.1.3 Surface Water

Contaminants leaching from Site 5 presumably could migrate in the trench

backfill to the storm drainage system. The storm sewers were backfilled with

native clay soil which will inhibit contaminant migration, although not as

much as undisturbed soil would inhibit migration.
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4.6.1.4 Soil j

Soil samples at Site 5 contained moderate levels of TPHCs (26,000 pg/kg)

at a depth of 6 ft. The presence of floating product in a nearby well

indicates that fuel is contained within the backfill of trenches. This

indicates that exposure to fuel derived hydrocarbons would result if the area

were excavated. No exposure to humans or the environment would occur with

present usage of the site.

4.6.2 Risk Evaluation

Risks presented by contamination in the unconsolidated sediments and

groundwater at Site 5, pumphouse E, were evaluated using the construction

worker and resident scenarios (Appendix J). Construction workers could be I
exposed to four of the contaminants of concern (benzene, ethylbenzene,

toluene, and xylene) via inhalation or dermal absorption of contaminants in

either groundwater or subsurface soils. Estimation of possible exposures via

volatilization from groundwater assumes that 100% of the concentrations found

in groundwater will volatilize and be inhaled by the receptors. Estimation of

dermal absorption exposures assumes a 100% absorption across the skin barrier.

Evaluation of construction worker exposures to contaminated groundwater

and subsurface soil indicates a negligible probability of carcinogenic effects I
resulting from either inhalation or dermal absorption of benzene. In

addition, the hazard indices for these exposure routes are well below levels

of concern.

Calculation of the hazard index for the resident scenario is well below 9
the acceptable level and indicates no potential for noncarcinogenic effects.

However, estimation of carcinogenic risks to off-base residents from exposure

to contaminated groundwater does indicate an excess cancer risk (2.6 x 10- 4). I

This risk is only slightly outside the range of acceptability. This scenario

assumes that resident exposure in groundwater equals the concentrations

currently measured on the site; actual exposures and, thus, actual risks

(should off-base wells be identified) would be even lower. The combined I
influence of regional hydrogeology, the low hydraulic conductivity, the

discontinuous nature of the water table aquifer, the significant effect of

dilution on the concentration, and the distance to receptors makes the actual

probability of exposure minimal.
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The conservative assumptions used (in conjunction with the effects

expected from distance, dilution, and dispersion) make it most likely that any

actual risks would be significantly lower, and, consequently, well within

acceptable levels.

The only potential risk is exposure of workers to air contaminants or

possible explosion hazards if the trench backfill were excavated. The

explosion hazard results from the possibility of relatively high

concentrations of fuel vapors or possible free product in a confined space

(trench).

4.7 SUMMARY AND CONCLUSION

4.7.1 Summary

The contamination discovered at Site 5, pumphouse E, is from jet fuel.

The highest levels of contamination are in the soils at a depth of 6 ft. The

fuel appears to be tightly held by the soil as shown by the relative lack of

contamination in the groundwater. Further indication of this containment

comes from MWOIO, which was drilled only 30 ft downgradient of the Weston

boring B3. Soil at 5 to 8 ft in B3 contained 50,000 ug/kg of oil and grease;

groundwater in MWO10 was clean.

Fuel in the trench backfill at SWO05 is obviously a concern; however,

the tight clay soils appear to confine the contamination to the trench.

Exposure hazard from the contamination is limited to excavation activities in

the area.

4.7.2 Conclusions

Jet fuel is present in the soil and groundwater near pumphouse E;

however, the potential for migration is slight. Even if the contamination

migrated to its likely discharge point, the drainage ditch, there are no

receptors within the pathway to the ditch. Any excavation near the trenches

could result in exposure to workers or possible explosion hazards.

The preferred alternative is no action with continued restricted access

to the site.
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5. SITE 6, SURFACE DRAINAGE DITCH AND STORM SEWER OUTFLOW I

5.1 SITE BACKGROUND

The surface drainage ditch and storm sewer outflow was included in the I
IRP study based on a recommendation from the Phase I records search (HMTC

1986). HMTC calculated a HARM score of 57 for this site.

5.1.1 Site Description

Site 6 consists of the unnamed tributary of the South Branch of

Shunganunga Creek, which flows through the northwest side of the base, and all

of its tributaries, including the base storm sewer system (Plate 1, Fig. 5.1).

This unnamed tributary is also referred to as the "drainage ditch." One

tributary drains the fuel tank farm (Site 1); another drains the area

southwest of the hangars and the Shawnee County Waste Repair Facility.

(The Shawnee County Waste Repair Facility repairs large trucks - primarily

garbage trucks. It occupies a building southwest of hangar 666, approximately

50 ft from the base boundary. Prior to closure of the Air Force Base, the

building was a jet engine repair shop.)

The open drainage ditch is lined by vegetation and lies approximately

6 ft below the bank level at MWOO1 (Fig. 5.1). It cuts to approximately 15 ft

below the east bank horizon at the north base boundary near MW022 and MW025.

The ground there has been recently disturbed by heavy equipment dozing the

dirt and banks.

Storm runoff enters the ditch through a system of storm sewers and by 9
direct surface runoff. Most of the base, including all of the aircraft

parking ramps, hangars, and roads, drains through the storm sewers. The storm !

sewers drain into the ditch at three major locations. The largest of these is

the outflow at the northwest corner of the base; this storm sewer drains all 9
of the aircraft parking ramp and most of the parking lots and roads near the

ramp. The outflow is a 6 ft square concrete culvert which empties into a 9

5
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small basin at the northwest corner of the base. This basin is a depression

in the ditch with an average depth of 1 ft and a total surface area of about

3000 ft2 . The basin is created by a small dam which increases the stream

gradient approximately two feet. This basin is called "the pond."

A small portion of undeveloped land on the north side of the base drains

off-base to the north and eventually contributes to the drainage ditch several

hundred yards downstream of the base.

The tributary draining the tank farm includes a borrow ditch adjacent to

the truck unloading hydrants and drainage ditches from the road leading into

the base. Along the west base boundary, the ditch also drains runoff from an

elementary school and several houses in Pauline. Near the small pond at the

northwest corner of the base, the ditch approaches within about 200 ft of

U.S. Highway 75; therefore, the ditch collects some runoff from the highway.

5.1.2 Site History

The drainage ditch exists in the 1954 aerial photograph which dates it

prior to the build-up of the present ANGB. There was, however, a large man-

made pond between the tank farm and the present day pond. This old pond was

about 600 ft long and 50 to 100 ft wide, and was probably used for livestock

and/or irrigation. In the 1959 aerial photograph, the dam and pond are gone

and the ditch appears to follow its present course through the base.

According to personnel interviews in the Phase I records search, an oily

sheen has been observed in the ditch and on the pond on several occasions.

This is to be expected since the ditch drains the area adjacent to the truck

unloading hydrants, several roads, and the aircraft parking ramp. Minor

spills of any POL would likely show up as an oily sheen in the ditch.

On at least one occasion, however, fuel flowed into the storm sewer I
system and into the ditch. During pressurization of the fuel lateral at

Site 9 to locate a leak (Sect. 8), an unknown quantity of fuel was observed

flowing into a storm sewer catch basin at the northwest corner of the base

(probably north of building 679).

Aerial photographs from 1954 to 1982 show that the ditch has

occasionally been cleared of heavy vegetation. Clearing the brush and trees

tends to increase the velocity of the surface water flow and erosion for a

period of time, thus deepening the ditch and its contact with the alluvial

aquifer and lowering the water table in close proximity to the ditch.
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5.1.3 Previous Investigations

Weston (1985) inspected and surveyed 24 storm sewer manholes on and

adjacent to the refueling ramp. The survey consisted of visual observations

and measurements with an OVA and an HNU PID. No organic vapors were

detected but a slight oily sheen was seen floating on the surface in a manhole

located northeast of building 665 (Fig. 1.3).

In addition, Weston collected four water samples from manholes at the

southwest end of fuel laterals 4, 6, 7, and 8. They allowed the samples to

come to room temperature, then analyzed the headspace gases with an OVA and

HNU. The sample collected at lateral 8 revealed 15 ppm of volatile organic

vapors in air on the HNU. The remaining samples showed no detectable organic

vapors.

In 1985, the base bio-environmental engineering technician sampled the

surface water in the pond. Small amounts of oil and grease (300 Ag/L) and an

elevated level of manganese (406 Mg/L) were detected.

ORNL/CAT personnel inspecting the drainage ditch on the east side of the

tank farm noticed one discolored spot in the bottom of the ditch. The spot

was about 20 ft long and was characterized by vegetative stress. The soil had

a distinct fuel odor when crushed. Other much smaller spots were also noticed

in and around the ditch.

ORNL/CAT personnel inspected the covered concrete pits where the fuel

distribution lines tie into the fuel laterals under the ramp. Several of the

pits contained standing water which appeared to have a floating film of JP-4.

All pits, including the dry ones, smelled strongly of JP-4. These

investigations took place in May 1988. During subsequent field investigations

in June and July, the pits were again inspected. No standing water or JP-4

was discovered; however, the JP-4 odor remained.

The only other investigation was during the Phase I Records Search.

This consisted of interviewing base personnel, reviewing documents, and

visiting the site.
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5.2 PHYSICAL CHARACTERISTICS OF THE STUDY AREA

5.2.1 Surface Water Hydrologv

The drainage ditch receives the bulk of the surface runoff occurring on

the base. The ditch eventually drains into the South Branch of Shunganunga

Creek. Surface runoff occurs predominantly as sheet flow, due to the

relatively flat topography, and discharges directly to the ditch or through

the storm sewer to the ditch.

Any large spill on the base would be drained by the storm sewer and/or

the ditch; no mechanism exists to prevent the flow of water and contaminants

off-base. As a result, any on-site contamination transported by the surface

water will be discharged to the drainage ditch and eventually to the creek.

General surface water hydrology information for Forbes Field ANGB is

discussed in Sect. 2.2.3.

5.2.2 Geology

Site 6 rests on unconsolidated sediments deposited during the Kansan

Glaciation. Beneath these sediments lies a thin zone of weathered bedrock and

then competent bedrock of the Howard Limestone and Severy Shale. A complete

description of the base geology is presented in Section 2.2.4.

5.2.3 Soils

Ladysmith (Ld), 0 to 1% slope, soils represent the southern, upstream

areas of the Site 6 drainage ditch including most of the tank farm. Ladysmith

(Lm), I to 3% slope, soils include the center length of the ditch and the

southern most portion of the tank farm. Where the ditch exits the base,

including the pond area, Pawnee (Pc), 3 to 7% slope, soils occur. (USDA

1970). General soil information for the base is discussed in Sect. 2.2.5 and

Table 2.7.

5
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5.2.4 Hydrogeology

The unnamed tributary to the South Branch of Shunganunga Creek is the

discharge area for the unconsolidated aquifer underlying the base. Water

levels along the ditch generally range only a few feet beneath the land

surface. In other words, the majority of the unconsolidated aquifer in the

drainage ditch area is saturated. This is due in part to the discharge of

water from the Nodaway Coal directly upgradient from the area and the fact

that the drainage ditch is located in a topographic low. The relict structure

of the Nodaway Coal in the weathered bedrock portion of the unconsolidated

aquifer is prevalent in this area.

A complete description of the Forbes Field ANGB hydrogeology is

presented in Sect. 2.2.6. Groundwater flow direction and rates for the area

are discussed in Sect. 5.3.6.

5.2.5 Demographics and Land Use

The drainage ditch lies at the west side of the base and includes the

stream and its banks. After exiting the base, the stream enters an area of

heavy growth and travels through several areas of agricultural, industrial,

and commercial lands as it joins with major streams and eventually the Kansas

River.

The stream travels within 100 ft of several private residences and

within about 200 ft of U.S. Highway 75 on the west base boundary prior to

exiting the base. Runoff from these residences and the highway also

contribute to the ditch.

The drainage ditch, except for about 600 ft of the downstream portion,

is within the secured and patrolled area of the base.

General demographics and land use for the base and Shawnee County are

discussed in Sect. 2.2.11.

5.2.6 Ecologv

The site is covered with indigenous grasses, brush, cattails, and other

plants. Within about 20 ft of the ditch, natural grasses, shrubs, and other

plants are allowed to grow. Small native animals, such as frogs, turtles,

snakes, birds, and crayfish, live in and near the site. General ecology of

the base is discussed in Sect. 2.2.12.
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5.3 STUDY AREA INVESTIGATION

5.3.1 Surface Features

Field activities at Site 6 involved surveying to accurately map the

course of the ditch through the base and to locate soil-gas sample points,

monitoring well locations, and elevations. A general description of the

surface features is presented in Sect. 2.2.1.

5.3.2 Contairinant Source Investigations

The contaminant source investigation at Site 6 included a review of the

Phase I records search, interviews with base personnel, and inspection of

aerial photographs.

The sources of contamination are spills or leaks which flowed into the

storm sewers or directly into the ditch, and, potentially, infiltration of

contaminated groundwater from the alluvial aquifer.

5.3.3 Surface Water and Sediment Investigations

5.3.3.1 Surface Water

Six surface water samples were collected during low-flow-or natural

conditions. These samples were presumed to be representative of the

groundwater discharge. Three surface water samples were planned for

collection during high-flow or storm event conditions; unfortunately, the

severe drought in northeastern Kansas during 1988 precluded collection.

Three low-flow samples were collected in September 1988 at points WSOO1,

WS002, and WSO03 (Fig. 5.1). Analyses revealed a small amount of

chlorinated solvent (15 pg/L 1,2-DCE) at WS001; therefore, three additional

low-flow surface water samples were collected in November 1988. These

samples, collected at points WS001, WS004, and WS005 (Fig. 5.1), were taken to

verify the results of the original WSOOl sample. The three check samples also

contained chlorinated solvents (up to 46 ig/L 1,2-DCE). Sample WS004 was

collected at the first location where water was visible, i.e., where the storm

sewers from the south end of the base and other off-base industrial areas
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empty into the ditch. Low-flow condition was estimated to be 0.25 to

0.5 gal/min and is the result of grcundwater infiltrating the storm sewer.

Sample WS005 was collected about midway between WSO01 and WS002. The

September samples were analyzed for VOAs, TPHCs, semi-volatiles, and

PCBs/pesticides. The November samples were analyzed for VOAs and TPHCs.

Results of these samples are discussed in Sect. 5.4.4.

5.3.3.2 Sediment

Sixteen sediment samples were collected from the ditch and pond.

Sampling locations are shown on Fig. 5.1. Two samples, SDO02 and SDO03, were

taken at the "headwaters" of the two main tributaries in order to assess

background levels of chemicals in the soil. Eight samples were collected near

junctions with feeder ditches or storm sewers to identify contaminated

tributaries. Samples SDOll ai l SDO12 were taken downstream from the base

property before the tributary's confluence with the South Branch of

Shunganunga Creek. Sampling locations SDOII and SD012 are shown on Fig. 5.2.

The remaining samples were collected along the tank farm drainage inside the

base property. Samples SDO01 through SDO12 were collected in June 1988.

Samples SDO13 through SDO16 were collected in October 1988 following discovery

of fuel compounds in sample SDO01. The sediments were analyzed for VOAs,

TPHCs, semi-volatiles, PCBs/pesticides, and metals.

5.3.4 Geological Investigation

Surface lithology information for the drainage ditch area was obtained

from drilling MWOO, MWO02, MW022, and MW025 and by drilling CH002 to 75 ft.

The well summary forms with well construction and lithologic descriptions are

attached in Appendix G. Findings from the corehole drilling are described in

Sect. 2.2.4, bedrock geology.

The surface lithology is unstratified glacial sediments consisting of

silty clays in varying shades of gray and brown, with some black soils near

the surface. The clays are generally very plastic, fat, and homogenous, with

some limonite-stained zones attributed to leaching processes. The sediments

range from 1u ft in the area of MWO01 and MWO02 to 5.5 ft in wells MW022 and

MW025. Occasional sand and silt stringers are more common with depth. In

MWO01, a clayey grave] was encountered consisting of a fossiliferous angular

limestone in a yellowish-brown clay matrix overlying a 2 in. layer of coarse
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sand. These erratics were likely deposited by a glaciofluvial stream

following the drainage pattern still evident today. Moisture was encountered

in the sediments at a depth of 8 ft in MWOO1 and MWO02; the sediments were dry

in MW022 and MW025.

The bedrock lithology encountered in these boreholes consists of an

upper 2 ft of very weathered yellow-brown claystone with abundant soft gray

clay and carbonaceous laminations. Underneath is a continuous, very soft,

greasy (sub-bituminous) coal seam, interbedded with numerous gray and yellow-

brown claystones up to 1.5 ft thick. This is followed by 2 ft of yellow-brown

claystone, laminated with coal streaks and dark red shale partings. In MW002,

a thin lens of poorly sorted, angular sand was observed resting on a basal

gray micaceous and fossiliferous mudstone. However, in MW025, another thin

coal seam was found lying on the same basal gray mudstone. In all of the

monitoring wells, the weathered bedrock was wet. The weathered bedrock is the

lower portion of the Howard Limestone.

5.3.5 Vadose Zone and Soil Investigations

5.3.5.1 Vadose Zone

Seven soil-gas and water samples were collected to help characterize the

drainage ditch and storm sewer system (Fig. 5.1). All of the samples were

collected in the backfill surrounding the storm sewers. Samples were taken by

pushing the drive point to a depth consistent with the storm sewer, then

raising the probe 6 in. At sample location SGII, the backfill was moist and a

water sample was collected and analyzed using the soil-gas system. Sample

SGII was collected by allowing water to seep into the soil-gas probe hole and

collecting the water with a stainless steel bailer.

Samples SGll and SGI2 were collected under the aircraft parking ramp

between fuel laterals 7 and 8, just upstream of the confluence of two storm

sewers under the ramp. Samples SG8, SG9, SG27, SG121, and SG25 were collected

continuously downstream in the storm sewer backfill, terminating above the

storm sewer outflow. Results are discussed in Sect. 5.4.2.

Section 2.1.2.2 provides details on soil-gas collection methods.
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5.3.5.2 Soils

Soil samples were taken with a 5-ft continuous sampler during the

drilling of MW001, MW002, and MW022. Samples were inspected visually for

contamination and monitored along their length with an HNU PID. If elevated

readings were noted, a grab sample was taken. Otherwise, samples for chemical

analysis were collected every 3 ft until the water table was reached. Soil

samples were not collected from CHOO and CH002. Soil samples from Site 6

were analyzed for VOAs and TPHCs. Analytical results are discussed in

Sect. 5.4.2.

5.3.6 Groundwater Investigation I

Four monitoring wells were installed in the area to determine the R
lithology, hydraulic conductivity, depth to water, groundwater flow

directions, and the presence of contamination in the groundwater. 9
Potentiometric maps, based on water-level measurements taken in July and

September 1988, are shown in Fig. 2.13. These maps indicate a general

groundwater flow direction to the northwest, toward the tributary to

Shunganunga Creek (Site 6). In other words, this tributary to Shunganunga 9
Creek is a discharge point for most of the groundwater underlying the base.

Based on the groundwater flow direction, MWOOl, KWO02, MW022, and MW025, 9
are located downgradient from potential sources of contamination. To

intercept contamination from Site 1, the tank farm, MWOO1 was installed

downstream of the confluence of the tributary from the tank farm and the

ditch. MWO02 was installed east of the ditch, downgradient from the sites

near the aircraft parking ramp. MW022 and MW025, located at the northwest

corner of the base, intercept contamination in the alluvial groundwater

associated with the ditch. Therefore, any widespread contamination which has I
traveled a significant distance and poses a threat for off-site exposure

should be detected in these wells. I
Bail tests were performed on MWO01, MW002, and MW022 to measure the

permeability of the unconsolidated aquifer in the area. For tests performed

on MW002, the permeability was insufficient to yield reliable results.

MWOO and MW022 show permeability values of 2.1 x 10-4 cm/s (0.62 ft/d) and 1
-4

1.2 x 10 cm/s (0.34 ft/d), respectively. The values indicate some

discontinuity in the aquifer permeability. I
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A pumping test was performed on KW025 using MW022 as an observation

well.

A discussion of the base hydrogeology and results of the aquifer tests

are presented in Sect. 2.2.6.

5.4 NATURE AND EXTENT OF CONTAMINATION

5.4.1 Sources

The source of contamination in the ditch is a combination of the spills

in the tank farm area; the fuel-line leaks which contaminated the storm sewer

system, road dust, and other combustion source deposits washed in from the

base and U.S. Highway 75; and pesticides washed into the ditch from local

spraying. Groundwater from the base discharges to the drainage ditch;

however, no contamination has been found in groundwater near the ditch.

No source has been identified for the chlorinated hydrocarbons in the

upstream surface water samples (Sect. 5.4.4). A possible source includes the

spillage of a solvent in a storm drain, either on the base or in the

industrial area off-base.

5.4.2 Vadose Zone and Soils

5.4.2.1 Vadose Zone

A water sample collected from the storm sewer backfill between laterals

7 and 8 (SGII) contained 516 pg/L TPHCs This sample was collected and

analyzed using the soil-gas equipment (Sect. 5.3.5.1). A possible explanation

for the presence of JP-4 at this location is the high concentrations of TPHCs

found in fuel laterals I through 7: up to 169,000 pg/L of TPHCs were found in

lateral 3. Past fuel leaks in the lateral lines have probably migrated

through the backfill material beside the storm drain. The storm drain runs

perpendicular to the laterals from southeast to northwest (Plate 1). A soil-

gas sample taken downstream from the next storm drain confluence had only

background levels of TPHCs. None of the remaining soil-gas samples collected

in the study of the drainage system contained elevated levels of TPHCs.

Analytical results of the soil-gas survey are presented in Appendix D.
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5.4.2.2 Soils

Soil samples from MWOOl, KWO02, and KW022 were analyzed for VOAs and

TPHCs. No contamination was detected in any of the samples.

A thin layer (about I ft) of sub-bituminous coal (the Nodaway Coal) was

encountered at 7.5 ft in MW022. A grab sample of this coal layer was

submitted for oil and grease analysis; it revealed 360,000 pg/kg. This coal

seam possibly contributed to the oil and grease findings in the Weston study

(1985). Analytical results of the soil samples showed no detectable TPHCs or

VOAs. Significant analytical results are provided in Appendix E.

5.4.3 Groundwater

Groundwater samples were collected from MW001, MW002, and MW025

(Fig. 5.1). Samples collected in July were analyzed for VOAs, TPHCs, HSL

metals, and major cations/anions. In addition, groundwater samples from MWO01

and MW025 were analyzed for HSL pesticides, PCBs, and semi-volatiles. Samples

collected in September/October were analyzed for VOAs and TPHCs. None of the

samples contained detectable quantities of contamination. Significant

analytical results are provided in Appendix E.

5.4.4 Surface Water and Sediments

5.4.4.1 Surface Water

I
In September 1988, the low-flow surface water sample collected at WSOOl

(Fig. 5.1) contained a total of 15 pg/L of 1,2-dichloroethene; no other

compounds were detected in WS001. No contamination was detected in WS002 and

WSO03.

Samples collected in November 1988 revealed chlorinated hydrocarbons in

the samples from WS001 [31 pg/L of 1,2-dichloroethene (total), 9 Ag/L of

chlorobenzene, and 4 yg/L vinyl chloride] and WS004 [46 Mg/L of 1,2-

dichloroethene (total), 5 pg/L of trichloroethene, and 7 pg/L vinyl chloride].

The vinyl chloride levels in samples WSO01 and WS004 were estimated values

below the laboratory reporting levels. The sample collected at WS005

contained no detectable contamination. Significant analytical results are

provided in Appendix E. 1
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5.4.4.2 Sediments

Sediments were collected from sixteen places in the drainage ditch

system (Fig. 5.1 and 5.2). Significant findings in the sediment samples are

provided in Table 5.1. Samples SD002 and SD003 are background samples. The

9 pg/kg of toluene detected in SD002 and 26 pg/kg of toluene in SDO03 is from

an unknown source. Samples SD005, SD006, SD007, SD011, SD012, SD014, and

SD015 contained no detectable contamination. Sample SDO13 contained 184 mg/kg

of lead; all other levels of metals were normal. Sample SDO04 contained

2.0 pg/kg of vinyl chloride and 6.0 ug/L of l,l-dichloroethane, both were

estimated values below the laboratory reporting level; neither contaminant was

detected in any other sediment sample.

Only samples SDO01, SDO02, SD003, SDO04, and SD010 contained fuel

related compounds (Table 5.1); SD008, SDO09, SD010, and SD016 contained poly-

nuclear aromatic compounds; SDO09 contained detectable pesticides.

Significant analytical results are provided in Appendix E.

5.4.5 Air

Routine air monitoring during drilling was performed with an HNU model

PI-101 PID. No anomalous readings were obtained while monitoring ambient air,

indicating that even though organic compounds are present in the subsurface,

volatilization to the atmosphere is insignificant.

5.5 CONTAMINANT FATE AND TRANSPORT

Contamination found at this site results from spills or leaks of jet

fuel and roadwash from the base and the surrounding residences and highways.

5.5.1 Contaminant Persistence

The biodegradation of JP-4 has been discussed in a previous section

(Sect. 3.5.1). A review of pertinent literature indicates that biodegradation

in surface streams would be more rapid than in groundwater. For example,

studies by Ward (1985) showed that the indigenous microflora in the subsurface

have lower activities than those in the surface, although both can effectively

mineralize organic contaminants. As an example, Vaishnav and Babeu (1987)
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Table 5.1. Significant findings from sediment samples

Sample number Analyte Concentration

(pug/kg)

SDO01 Xylene (total) 14,000

TPHCs 120,000

SDO02 Toluene 9.0

SDO03 Toluene 26.0

SD004 TPHCs 11,000

Vinyl chloride 2.0

l,1-.dichloroethane 6.0

SDOO8 Phenanthrene 23,000

Anthracene 2,600

Flouranthene 47,000

Pyrene 41,000

'enzo(a)anthracene 23,000

Chrysene 20,000

Benzo(b)fluoranthene 23,000

Benzo(k)fluoranthene 17,000

Benzo(a)pyrene 12,000

Indeno(1,2,3-cd)pyrene 12,000

Benzo(g,h,i)perylene 19,000

SDO09 Phenanthrene 2,300

Fluoranthene 3 ,400

Pyrene 3,100

Dieldrin 47

4,4' -DDE 30

4,4' -DDT 65

SDO10 Pyrene 3,000

Fluoranthene 3,400

TPH-Cs 6,000

SDO13 Lead 184,000

SD016 Fluoranthene 1,300

Pyrene 1,100
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showed that the rate constant for biodegradation of benzene in river water is

nearly double that in groundwater systems. Similar results were found for all

of the compounds studied by these authors.

Pesticides and polynuclear aromatics are not as biodegradable as JP-4

components. Again, this generalization must be viewed with caution because

the polynuclear aromatics, at least, are biotransformed. For example, Giesy

et al. (1983) studied the uptake of benzo (a) pyrene and anthracene by biota

and found that under certain conditions uptake was significant. Likewise,

Tabak et al. (1981) studied the biodegradation of benzene, toluene,

ethylbenzene, and several polynuclear aromatics. They found that all of the

compounds degraded. These authors also studied a host of pesticides and found

no biodegradation under their laboratory conditions. On the other hand,

Richards and Shieh (1986), in a review of literature, concluded that

polynuclear aromatic compounds were as persistent as pesticides, but agreed

that benzene and its derivatives were much more easily transformed.

In the absence of additional site-specific data, more generalizations

are not possible. Indeed, if the contaminated sediments are from rather old

spills, the literature would lead one to expect that biodegradation would

already be complete. Thus, the continued presence of contaminants in the

ditch may indicate that either physical transfer of nutrients and

microorganisms to the substrate is inhibited by clay particles or there may be

fresh sources for the contaminants.

5.5.2 Potential Routes of Migration

The potential route of exposure to a receptor from contamination at

Site 6 is transport of contaminated sediment. Hence, a series of sediment

samples was collected to determine if transport was occurring (Fig. 5.1).

Sediment sample SDO01, collected in the ditch adjacent to the truck unloading

hydrants, contained 120,000 ug/kg of TPHCs and 14,000 ug/kg of xylenes.

Sample SDO04, which was collected in the main ditch upstream of the tributary

that contains SDO01, contained 11,000 ug/kg of TPHCs, but no xylenes. Two

more sediment samples were collected in the main ditch between the

contaminated samples and the small pond (SDO06 and SD007). Both of these

samples contained no detectable contamination--apparently indicating that

contaminated sediment has not been transported recently.
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Sample SDO08, taken from the pond, contained phenanthrene and other

polynuclear aromatics. These compounds are typically associated with

combustion engines (either internal combustion or jet engines) and are a

frequent component of road dust (Verschueren 1983). Sample SD009, collected

downstream of the pond, shows lower quantities of the same contaminants with

traces of the pesticides 4,4'-DDE, 4,4'-DDT, and dieldrin. SDO10 was

collected as a replicate to SD009. Sample SDO10 also contained the

polynuclear aromatics. Pesticides were not detected, but 6000 ug/kg of TPHCs

were found. The replicate samples were collected next to each other, but were

not homogenized and subsampled to avoid degassing the volatiles.

Samples SD008, SD009, and SDOlO (Fig. 5.1) were collected from the pond

and the ditch approximately 100 to 200 ft from U.S. Highway 75. Similarly,

the fact that only low amounts of TPHCs were found in one of two replicates

suggests that the base is not presently causing off-site contamination. The

low concentration of pesticides may be due to local agricultural activities.

Samples SDOll and SD012 (Fig. 5.2) were taken approximately 5500 ft and

11,000 ft downstream of the base, respectively. Neither sample contained

detectable contaminants.

The TPHCs found at SDOOl prompted the collection of four additional

sediment samples from the tributary ditch (SDO13 through SD016, Fig. 5.1).

SDO13 was collected about 30 ft downstream from the discolored spot discussed

in Sect. 5.1.3. All of the extra samples contained no detectable contaminants

except SDOI6, which contained fluoranthene (1300 pg/kg) and pyrene

(1100 pg/kg), both of which are polynuclear aromatics. No JP-4 compounds were

discovered.

The measurements taken at this site have demonstrated that there are no

detectable volatile contaminants over most of the area. Indeed, only xylene,

found at SDOO1, is classed as a volatile. The main streambed is underwater

except on very dry occasions, further minimizing the possibility of air

emissions. Any volatilization from the stream water itself would also be

slight. The xylene in SDOO is apparently tightly held by other organic

matter in the sediment or is of recent origin. Otherwise, it would al7. ly

have been transported from the area.

Three surface water samples collected near the head of the ditch, below

the storm sewer outflow, contained chlorinated hydrocarbons. One of these

samples was collected in September 1988 and the presence of 15 pg/L of

1,2-dichloroethene in the sample prompted collection of three additional

samples. The three additional samples were collected in November 1988 and two
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of these samples contained 31 pg/L and 46 pg/L of 1,2-dichloroethene.

Chlorobenzene (9 pg/L) and trichloroethene (5 pg/L) were each detected in one

surface water sample. No source has been identified for these compounds and

further sampling will be required to determine the location and extent of the

source. These chlorinated hydrocarbons are not being transported off-base in

detectable quantities, as shown by the samples collected further downstream.

5.5.3 Contaminant Migration

Table 5.2 compares the mobility of the compounds found at this site.

The data demonstrate that, except for xylene, the compounds are insoluble in

water, very immobile, and very persistent in the environment.

See Sect. 3.5.3 for additional details.

5.6 BASELINE RISK ASSESSMENT

This section describes the public health and environmental concerns

resulting from Site 6 -- the surface drainage ditch and storm sewer outflow.

Contaminants found at this site are TPHCs (120,000 pg/kg), polynuclear

aromatic compounds (2600 to 47,000 pg/kg, Table 5.1), and pesticides (30 to

65 p/kg, Table 5.1), which were found in the ditch sediments. In addition,

chlorinated solvents (up to 46 pg/L) were found in the surface water at the

site.

The risk assessment for the base, including details of exposure

pathways, exposure scenarios, toxicity of chemicals, and risk characterization

is presented in Appendix J.

The following evaluation of potentially contaminated media demonstrates

that there is little exposure to the public from contamination at Site 6.

5.6.1 Exposure Assessment

5.6.1.1 Air

Air emissions were evaluated with a hand-held survey meter at ground

level. The data showed that there were no air emissions associated with the

site.
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5.6.1.2 Groundwater

Monitoring wells surrounding Site 6 indicated that groundwater at this

site is not contaminated.

5.6.1.3 Surface Water

Surface water samples collected from the ditch during low-flow

conditions revealed no TPHCs. Sample WS001, however, contained 15 Ag/L of

1,2-dichloroethene (total); this sample was collected in September 1988 near

the head of the ditch. Three additional surface water samples were collected

in November 1988 to verify these results. The sample WS001 contained 31 Pg/L

of 1,2-dichloroethene (total), 9 pg/L of chlorobenzene, and 4 Ag/L of vinyl

chloride. The sample WS004 contained 46 pg/L of 1,2-dichloroethene (total),

5 pg/L of chlorobenzene, and 7 ug/L of vinyl chloride. Sample WS005, however,

contained no detectable contaminants. Thus, although contamination is found

in the ditch water, it is not detectable once it leaves the base.

A high-energy flood event does have the potential of transporting

contaminated sediments from the base, but dilution would quickly render the

concentration insignificant.

5.6.1.4 Soil

None of the soil samples collected from the monitoring wells at this

site were contaminated.

The TPHCs in the ditch sediments can be transported in the environment.

Dilution, however, would quickly render the concentrations insignificant. The

low levels of polynuclear aromatics and pesticides found in the small pond are

apparently due to road dust or runoff from the aircraft ramp. The pesticides

may come from road dust or local agricultural activities. The presence of

these compounds would be a concern if they were indicative of a larger or

unknown problem. In this case, however, they are probably only indicative of

a heavily traveled road in an agricultural and industrial area.

5.6.2 Risk Evaluation

Risks presented by contamination at Site 6 were evaluated using the

maintenance worker and off-site child scenarios (Appendix J). Because
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conditions at Site 6, the drainage ditch, make current or future exposure most

probable during routine maintenance and groundskeeping, only the maintenance

worker scenario was used to evaluate risks to on-base workers. Risks to off-

base receptors from this site were evaluated using the child scenario since

children playing in the creek off-base are the most likely potential

receptors. Contaminants of concern are found only in ditch surface water and

sediments. No indicator chemicals are found in the groundwater at Site 6,

eliminating the need to evaluate exposures to this medium.

Trichloroethene and vinyl chloride are of concern in surface waters.

On-base, sediments are contaminated with vinyl chloride and

1,l-dichloroethane.

Maintenance worker contact with ditch surface water involves exposure to

two carcinogens: trichloroethene and vinyl chloride. Levels of

trichloroethene contained in the surface water are associated with a low
-6)

excess cancer risk (10 ), which is not regarded as a health concern. Risk

estimates associated with dermal absorption of vinyl chloride indicate an

increased potential for excess cancer risk (2.3 x 10- 3). However, this

scenario assumes 100% absorption, while in actuality vinyl chloride is poorly

absorbed by the skin. Also, the very high volatility of vinyl chloride would

reduce the actual exposure concentrations. The combined effect of the high

volatility and low dermal absorption of vinyl chloride would reduce actual

concentrations well below those used in risk calculations. However, the

influence of dermal absorption and volatility on vinyl chloride exposure

concentration has not been quantitively determined for humans and thus cannot

be included in the calculation of risk.

In addition, vinyl chloride levels decrease in concentration in

downstream surface water, based on samples WSOO, WS004, and WS005 (vinyl

chloride was not detected in WS005). Exposure to the levels of vinyl chloride

assumed in the risk calculations is limited to the headwater area of the

drainage ditch. Thus, exposure to vinyl chloride may not be occurring at a

frequency or intensity that would produce carcinogenic effects in workers who

might come in contact with surface water.

The actual risk associated with dermal absorption of vinyl chloride in

surface water at Site 6 is less than the estimate for excess cancer risk

-3
(2.3 x 10 ). The exposure scenario applied is mitigated by several factors

which greatly reduce the actual risk from exposure to vinyl chloride: the low

dermal absorption and high volatility of vinyl chloride, the limited area of

contaminiation, and the excessive exposure duration used in risk calculations.
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Evaluation of the maintenance worker scenario for contact with ditch

sediments also indicates a low possibility of adverse health effects via

inhalation; contact via dermal absorption is not associated with any adverse

effects. Inhalation of suspended sediment particles is associated with a

slight increase in excess cancer risk (2.1 x 10 4 ) from exposure to vinyl

chloride. However, these findings must be considered in light of mitigating

site conditions. Vinyl chloride (the carcinogenic agent) was detected in only

one sediment sample. The absence of vinyl chloride in other sediment samples

and its appearance in decreasing concentrations in the surface water reduce

the likelihood that workers could contact it at a level and a frequency which

would induce adverse effects.

Evaluation of off-base risks posed by Site 6 is limited to the child

scenario. This scenario evaluates risks posed by dermal contact with either

ditch surface water or sediment. Regardless of the exposure route con idered,

no adverse carcinogenic or noncarcinogenic effects are associated with

children playing in the ditch/creek after it's exit from the base.

5.7 SUMMARY AND CONCLUSION

5.7.1 Summary

Soil-gas samples, collected from the storm sewer trench backfill,

indicate that contamination from the other sites has not migrated to the

drainage ditch through the trench backfill. Soil and groundwater samples from

the monitoring wells also reveal no contamination.

Sediment samples collected from the ditch show fuel compounds; however,

these appear to be tightly held in the soil. For example, sample SDO01

contained 120,000 pg/kg of TPHCs, but samples SD013 through SDO16, all

collected downstream in the same tributary, contained no detectable fuel

contamination. Thus, the contamination appears to be the result of small

spills and leaks -- not a surface expression of a larger source.

Surface water during normal, low-flow conditions is not transporting

fuel contaminants. Chlorinated hydrocarbons were found in surface water

samples from locations WS001 and WS004. No source for the chlorinated

hydrocarbons has been determined; however, it is unlikely that any of the

sites studied in this investigation are the source. Further investigation

would be required to determine the source.
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5.7.2 Conclusions

Jet fuel, polynuclear aromatics, and pesticides are contained in the

drainage ditch sediments. Transport of the contaminated sediments would only

occur during a high energy flood event and dilution under those circumstances

would render the concentrations insignificant. Groundwater recharging the

ditch from under the base is not contaminated.

The preferred alternative is to continue periodic monitoring in

accordance with Air National Guard Regulation 19-7, as part of the base's

environmental monitoring program. Samples should be collected at least

quarterly with analyses to include VOAs, TPHCs, pesticides, and semi-

volatiles. After one year, results of these samples should be evaluated and

the sampling regime reassessed (i.e., if no pesticides are Giscovered, there

is no need to continue pesticide analysis). All sample collection should be

in accordance with applicable EPA guidelines for QA/QC.
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6. SITE 7, AREA ADJACENT TO REFUELING HYDRANT, LATERAL 3

6.1 SITE BACKGROUND

The area adjacent to the refueling hydrant, located on lateral 3, was

included in the IRP study based on a recommendation from the Phase I records

search (HMTC 1986). HMTC calculated a HARM score of 65 for this site.

Sites 7, 8, and 9 were grouped together for the HARM rating due to

similarities of substances spilled, probable quantities, and relative

location.

6.1.1 Site Description

Site 7 consists of the area surrounding the southwestern fuel hydrant on

fuel lateral 3 northeast of building 662 (Plate 1, Fig. 6.1). Site 7, as well

as 8 and 9, is located on the aircraft parking apron east of the buildings.

Here, the flat ramp is drained by grated catchment basins flush with the

surface. These are attached to a storm sewer system which drains into the

small pond mentioned in Site 6.

The fuel hydrants are located in the aircraft parking ramp; a flush-

mounted lid covers the connections. The hydrants allow a direct connection to

aircraft for fueling and defueling. The ramp is made up of a 18 to 22 in.

concrete pad with a 3.5 in. asphalt overlay; the fuel laterals are buried

approximately 3.5 ft under the concrete with a tee connection to each fuel

hydrant. Lateral 3 receives fuel from pumphouse E.

6.1.2 Site History

The aircraft parking ramp was constructed between 1954 and 1959, as

shown by aerial photographs taken in those years.

An undetermined amount of jet fuel leaked from the fuel hydrant at

Site 7 in December 1981. Fuel lateral 3 is still in use.
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6.1.3 Previous Investigations

Weston (1985) inspected and surveyed storm sewer manholes on and

adjacent to the refueling ramp. This consisted of visual observations and

measurements with an OVA and an HNU PID. No detectable organic vapors were

discovered, but a slight oily sheen was seen floating on the surface in a

manhole located northeast of building 665. This is downgradient of Site 7.

(Fig. 1.3).

Weston also collected a water sample from the storm sewer manhole at the

southwest end of fuel lateral 4 (Fig. 6.1), the next fuel lateral north of

Site 7. They allowed the sample to come to room temperature then analyzed the

headspace gases with an OVA and HNU. No organic vapors were detected.

Weston drilled two soil borings in the vicinity of Site 7 (Fig. 6.1):

one midway between laterals 2 and 3 (B7), and one downgradient and west of

MWO08 (B9). Weston screened soil samples from the wells with field

instruments prior to sending samples for analysis. Boring B7 samples

contained no detectable organic vapors; therefore, the sample was not

analyzed. The sample from 8 to 12.7 ft in boring B9 contained 25,000 pg/kg of

oil and grease; the oil and grease analysis is a screening technique.

The only other investigation was during the Phase I records search.

This consisted of interviewing base personnel, reviewing documents, and

visiting the site.

6.2 PHYSICAL CHARACTER-)TICS OF THE STUDY AREA

6.2.1 Surface Water Hydrology

Since the area surrounding Site 7 is part of the parking ramp and is

paved, all of the precipitation occurring in the area becomes surface runoff.

Due to the relatively flat topography, the runoff occurs as sheet flow and is

routed through the storm sewer and eventually into the unnamed tributary to

the South Branch of Shunganunga Creek (Site 6, Sect. 5).

General surface water hydrology information for the base is discussed in

Sect. 2.2.3.
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6.2.2 Geology

Site 7 rests on unconsolidated sediments deposited during the Kansan

Glaciation. Beneath these sediments lies a thin zone of weathered bedrock and

then competent bedrock of the Howard Limestone and Severy Shale. A complete

description of the base geology is presented in Section 2.2.4.

6.2.3 Soils

Site 7 soils are Ladysmith (Ld), 0 to 1% slope (USDA 1970). General

soil information for the base is discussed in Sect. 2.2.5 and Table 2.7.

6.2.4 Hydrogeology

The only water bearing unit of interest underlying Site 7 is the

unconsolidated aquifer in which water is found in the lower portion of the

glacial drift or the underlying weathered bedrock. The underlying bedrock

consists of impermeab*e limestones and shales of the Howard Limestone which

isolate the lower pe, meable Nodaway Coal unit.

Water is found only in the lower few feet of the unconsolidated aquifer

and is completely absent under portions of the site.

A complete description of the Forbes Field ANGB hydrogeology is

presented in Sect. 2.2.6. Groundwater flow directions and rates for the area

are discussed in Sect. 6.3.6.

6.2.5 Demogiraphics and Land Use

The large hangac, building 662, is 200 ft southwest of this site;

several base personnei work in the hangar. Site 7 is covered with a concrete

and asphalt pad used for aircraft parking and fueling. No people reside

within about 2500 ft. The site is within the secured and patrolled portion of

the base.

General demographics and land use for the base and Shawnee County are

discussed in Sect. 2.2.11.
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6.2.6 Ecology

No vegetation or wildlife is supported, as this site is covered with a

concrete and asphalt pad. General ecology of the base is discussed in

Sect. 2.2.12.

6.3 STUDY AREA INVESTIGATION

6.3.1 Surface Features

Field activities at Site 7 involved surveying to accurately map the fuel

laterals, hydrants, soil-gas sample points, and monitoring well locations and

elevations. A general description of the surface features on the base is

presented in Sect. 2.2.1.

6.3.2 Contaminant Source Investigations

The contaminant source investigation at Site 7 included a review of the

Phase I records search, interviews with base personnel, and inspection of

aerial photographs. The Phase I records search identifies the source of

contamination as jet fuel which had leaked from the first fuel hydrant.

6.3.3 Surface Water and Sediment Investigations

Surface water at Site 7 drains into the storm sewer system which then

drains into the nearby unnamed tributary (Site 6) to the south branch of

Shunganunga Creek. Surface water and sediment investigations for Site 6 are

discussed in Sect. 5.

6.3.4 Geological Investigation

The surface lithology information for the fuel lateral 3 area was

obtained from borings of MW005, MWO06, and MW008. By using a continuous

sampler, a complete lithologic record was maintained for each of the

boreholes. The well summary form with well construction and lithology

descriptions are attached in Appendix G.
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The surface lithology is composed of unstratified silty clays ranging

from 11 to 13.5 ft, deposited by meltwaters from a receding glacier. These

are predominantly gray to very dark gray homogeneous plastic clays with some

silt content, mottled with yellow and red-brown limonite stains; slightly

organic; and noncalcareous. Moisture content in these clays is very slight

and limited to the zone overlying the weathered bedrock.

The upper bedrock in the area consists of a weathered and fissile

yellow-brown claystone, which is interbedded with gray shales and carbonaceous

stringers. These soft relict beds are cohered by a noncalcareous agent.

Moisture content is very slight in MWO05 and MWO08 and somewhat nigher in

MWO06, where a wet zone at 14.2 ft was encountered.

The weathered bedrock in the area of Site 7 is part of the lower Howard

Limestone. The underlying bedrock consists of the impermeable limestones and

shales of the lower Howard Limestone.

6.3.5 Vadose Zone and Soil Investigations

6.3.5.1 Vadose Zone

Soil-gas and water samples were collected from beneath the refueling

apron along laterals I through 12 and lateral 20 (Plate 1). The samples were

collected by drilling a 1.5 in. hole through the concrete, then driving the

probe to a depth of about 3.5 ft. The fuel lateral distribution lines branch

from the main trunkline every 300 ft, running about 3.5 ft beneath the surface

of the apron. The lateral lines are bedded in a coarse sand which fills the

trench to the undersurface of the apron. All the trenches contained water;

some had water standing to the undersurface of the concrete.

Three samples were collected from the trench backfill of fuel lateral 3,

as shown on Fig. 6.1 and Plate 1. Samples S088, SG89, and SG90 were collected

from the southwest, center, and northeast end of the lateral, respectively.

Results are discussed in Sect. 6.4.2.

Section 2.1.2.2 provides details on soil-gas collection methods.

6.3.5.2 Soils

Soil samples were collected with a 5-ft continuous sampler during the

drilling of MWO05, W006, and MWOO8. Samples were inspected visually for

contamination and monitored along their length with an HNL PID. If elevated
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readings were noted, a grab sample was taken. Otherwise, samples for chemical

analysis were collected every 3 ft until the water table was reached. Soil

samples from Site 7 were analyzed for VOAs and TPHCs. Analytical results are

discussed in Sect. 6.4.2.

6.3.6 Groundwater Investigation

Three monitoring wells were installed in the area to determine the

lithology, hydraulic conductivity, depth to water, groundwater flow

directions, and the presence of contamination in the groundwater.

Potentiometric maps, based on water-level measurements taken in July and

September 1988, are shown in Fig. 2.13. These maps indicate a general

groundwater flow direction to the northwest, towards the tributary to

Shunganunga Creek (Site 6).

Based on the groundwater flow direction, MW005 and MWO08 are located

downgradient from potential sources of contamination while MW006 is within the

contaminated area or slightly upgradient. Other wells which measure the

upgradient water quality include MW003, MW024, and MW027.

Bail tests were performed on MWO05 and MWO06 to measure the permeability

of the unconsolidated aquifer in the area. For both tests, the permeability

was insufficient to yield reliable test results. Therefore, it is estimated

that the hydraulic conductivity of the unconsolidated aquifer is less than

3.5 x 10 5cm/s (0.1 ft/d). Further evidence of the low-permeability of the

unconsolidated aquifer in the area is the relative absence of water in MW008.

A discussion of the base hydrogeology and results of the aquifer tests

are presented in Sect. 2.2.6.

6.4 NATURE AND EXTENT OF CONTAMINATION

6.4.1 Sources

The source of contamination at Site 7 is jet fuel which leaked from the

southwest fuel hydrant on fuel lateral 3.
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6.4.2 Vadose Zone and Soils

6.4.2.1 Vadose Zone

A soil-gas sample taken from the fuel lateral trench within the area of

Site 7 (SG88) contained only 21 yg/L of TPHCs. Further northeast in the fuel

lateral 3 trench, however, concentrations of 79,000 ug/L (SG89) and

169,000 pg/L (SG90) were discovered. Soil-gas samples collected near the

trunklines between the fuel laterals contained background levels of TPHCs

(SGI9 - 58 pg/L; SG20 = 31 Mg/L; and SG22 - 53 pg/L).

The soil-gas data suggests that the fuel is confined to the sandy

backfill in the fuel lateral trenches. In addition, the data indicates that

the trench slopes toward the northeast, and that the fuel has migrated toward

the northeast and pooled in that portion of the trench. Complete results from

the soil-gas survey are provided in Appendix D.

6.4.2.2 Soils

Soil samples from MWO05, MW006, and MWO08 were analyzed for VOAs and

TPHCs. No contamination was detected in any of the samples. Significant

analytical results are provided in Appendix E.

6.4.3 Groundwater

Groundwater samples were collected from MW005, MWO06, and MWO08

(Fig. 6.1). Samples collected in July were analyzed for VOAs, TPHCs, HSL

metals, and major cations/anions. Samples collected in September/October were

analyzed for VOAs and TPHCs. None of the samples contained detectable

quantities of contamination. Significant analytical results are provided in

Appendix E.

6.4.4 Surface Water and Sediments

No surface water or sediment samples were collected at Site 7.
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6.4.5 Air

Routine air monitoring during drilling was performed with an HNU model

PI-101 PID. No anomalous readings were obtained while monitoring ambient air,

indicating that even though organic compounds are present in the subsurface,

volatilization to the atmosphere is insignificant.

6.5 CONTAMINANT FATE AND TRANSPORT

No contamination was found in the ORNL/CAT monitoring wells at Site 7.

The absence of VOAs and TPHCs indicates that all fuel spilled at the site is

confined to the fuel trenches.

The oil and grease reported by Weston in nearby boring B9 was the lowest

level detected by their analysis of soil samples. Considering the lack of

reliability of oil and grease analyses to quantify fuel contamination, the

soil may or may not be contaminated.

6.5.1 Contaminant Persistence

A discussion on the persistence of JP-4 derived contaminants is

presented in Sect. 3.5.1.

6.5.2 Potential Routes of Migration

The potential route of exposure to a receptor from contamination at

Site 7 includes air, leaching of contaminated groundwater, and flow in the

backfill around the buried fuel lines and pipes. MW005, MWO06, and MWO08 were

drilled to monitor Site 7; soil samples collected during drilling were

analyzed for VOAs and TPHCs. Groundwater samples were analyzed for HSL

metals, VOAs, TPHCs, and major anions/cations. None of the samples were

contaminated, indicating that all fuel spilled at the site is confined to the

fuel trenches. MWO05 is downgradient of the northeast portion of the fuel

lateral; if contaminants were leaching into groundwater from the pool at the

northeast, MWO05 would detect that contamination.
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The fuel lateral passes over the top of the storm sewer near soil-gas

sample location SG89, but the two lines are separated by 3 to 6 ft of native

soil backfill. If fuel crossed this native soil backfill to the storm sewer

trench, it would permit the contamination to migrate in the storm sewer trench

backfill and leak into the storm sewer. However, soil-gas sample SG80,

collected in fuel lateral 4 near the intersection of the fuel lateral trench

and the storm sewer trench, contained no elevated TPHCs. Also, surface water

samples collected to characterize the drainage ditch (Site 6) showed no fuel

downstream of the storm sewer outflow. Therefore, if fuel is crossing from

the fuel lateral trench to the storm sewer trench, it is not migrating along

the storm sewer trench.

Air monitoring during drilling detected no contamination at the surface.

Because of the impermeability of the clay soils, fuel has apparently not

leached into the groundwater from Site 7; this conclusion is consistent with

findings at other sites on the base. Since drilling was always performed to

avoid puncturing fuel lines, migration in the backfill is a possibility that

cannot be discounted.

6.5.3 Contaminant Migration

The clay soils at this site apparently confine spilled fuel to the

backfill within the fuel-line trenches. Soil-gas data indicates that fuel in

the trench backfill has migrated to the northeast end of the lateral, which is

a dead-end. The soil-gas sample from the trench within the outlined Site 7

(SG88, Fig. 6.1) showed background levels, indicating that most of the fuel

has apparently migrated away from the original source.

See Sect. 3.5.3 for additional details.

6.6 BASELINE RISK ASSESSMENT

This section describes the public health and environmental concerns

resulting from Site 7. Contaminants identified at this site are TPHCs

(169,000 Mg/L) -- found in the fuel lateral trench backfill using soil-gas

samples.

The risk assessment for the base, including details of exposure

pathways, exposure scenarios, toxicity of chemicals, and risk characterization

is presented in Appendix J.
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The following evaluation of potentially contaminated media demonstrates

that there is no present exposure from contamination at Site 7.

6.6.1 Exposure Assessment

6.6.1.1 Air

Air emissions were evaluated with a hand-held survey meter at ground

level. The data demonstrated no emissions from the site. Soil-gas

measurements did demonstrate that anomalous concentrations of TPHCs were

present in the subsurface.

6.6.1.2 Groundwater

Monitoring wells surrounding Site 7 and downgradient of the northeast

end of fuel lateral 3 indicate that groundwater at this site is not

contaminated.

6.6.1.3 Surface Water

Contaminants leaching from Site 7 presumably could migrate in the trench

backfill to the storm drainage system. The storm sewers were backfilled with

native clay soil which will inhibit contaminant migration, although not as

much as undisturbed soil would inhibit migration.

6.6.1.4 Soil

None of the soil samples collected at this site were contaminated.

6.6.2 Risk Evaluation

Risks presented by contaminati.on in the unconsolidated sediments and

groundwater at Site 7, refueling hydrant on lateral 3, were evaluated using

the construction worker scenario only (Appendix J). Analysis of construction

worker exposure to both groundwater and subsurface soil for both inhalation

and dermal absorption pathways indicates no potential for either

noncarcinogenic or carcinogenic effects.
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The only potential risk is exposure of workers to air contaminants or

possible explosion hazards if the trench backfill were excavated. The

explosion hazard results from the possibility of relatively high

concentrations of fuel vapors or possible free product in a confined space

(trench).

6.7 SUMMARY AND CONCLUSIONS

6.7.1 Summary

Groundwater and soil at Site 7 is not contaminated; however, fuel is

present in the backfill of the buried fuel lateral. Fuel in the trench back-

fill is contained by tight clay soils.

6.7.2 Conclusions

No risk to the public or environment exists from Site 7, but any

excavation near the trenches could result in exposure to workers and possible

explosion hazards. The preferred alternative is no action with continued

restricted access to the site.
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7. SITE 8, AREA ADJACENT TO REFUELING HYDRANT, LATERAL 7

7.1 SITE BACKGROUND

The area adjacent to the refueling hydrant located on lateral 7 was

included in the IRP study based on a recommendation from the Phase I records

search (HMTC 1986). The HMTC calculated a HARM score of 65 for this site.

Sites 7, 8, and 9 were grouped together for the HARM rating due to

similarities of substances spilled, probable quantities, and relative

location.

7.1.1 Site Description

Site 8 consists of the area surrounding the first fuel hydrant

(southwest end) on fuel lateral 7 northeast of building 673 (Plate 1,

Fig. 7.1). Here, the flat ramp is drained by grated catchment basins flush

with the surface. These are attached to a storm sewer system which drains

into the small pond noted in Site 6 (Sect. 5).

The fuel hydrants are located in the aircraft parking ramp. The

hydrants allow a direct connection to aircraft for fueling and defueling. A

flush-mounted lid covers the connections. Ramp construction consists of an

18 to 22 in. reinforced concrete pad with a 2 to 4 in. asphalt overlay. The

fuel lines are buried approximately 3.5 ft under the concrete with a tee

connection to each fuel hydrant. Lateral 7 receives fuel from pumphouse G

(building 674).

7.1.2 Site History

The aircraft parking ramp was constructed between 1954 and 1959, as

shown by aerial photographs taken in those years.

An undetermined amount of jet fuel leaked from the fuel hydrant at

Site 8 in July 1982. Fuel lateral 7 is still in use.
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Fig. 7.1. Map of Site 8.
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7.1.3 Previous Investigations

Weston (1985) inspected and surveyed storm sewer manholes on and

adjacent to the aircraft parking ramp (Fig. 1.3). This consisted of visual

observations and measurements with an OVA and an HNU PID. No organic vapors

were detected near Site 8.

Weston also collected a water sample from the storm sewer manhole near

pumphouse G, about 350 ft downgradient of the fuel hydrant. The sample was

allowed to come to room temperature and the headspace gases were analyzed with

an OVA and HNU. The sample showed 15 ppm of volatile organic vapors in air

using the HNU.

Weston drilled two monitoring wells near Site 8. SWO03 is near the

southeast end of fuel lateral 7, and downgradient of the hydrant. SWO04 lies

between Site 8 and Site 9 on the aircraft parking ramp. The Weston

groundwater samples, using oil and grease analysis, showed 230 and 450 pg/L in

SWO03 and SWO04, respectively. The ORNL groundwater samples collected in

March 1988 revealed no detectable TPHCs in SW003 and 190 yg/L of TPHCs in

SW004.

Weston also drilled two soil borings in the vicinity of Site 8

(Fig. 7.1). One is located about 30 ft west of the second fuel hydrant on

lateral 7 (B5) upgradient of Site 8 and the other is located north of

pumphouse G (building 674) downgradient of Site 8 (B2). Weston screened soil

samples from the wells with field instruments prior to sending samples for

analysis. Samples from boring B5 contained no detectable organic vapors;

therefore, no samples were analyzed. The sample collected from 8 to 13 ft in

boring B2 contained 51,000 ug/kg of oil and grease.

The only other investigation was during the Phase I records search.

This consisted of interviewing base personnel, reviewing documents, and

visiting the site.

7.2 PHYSICAL CHARACTERISTICS OF THE STUDY AREA

7.2.1 Surface Water Hydrology

Since the area surrounding Site 8 is part of the parking ramp and is

paved, all of the precipitation occurring in the area becomes surface runoff.

Due to the relatively flat topography, the runoff occurs as sheet flow and is
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routed through the storm sewer and eventually into the unnamed tributary to

the South Branch of Shunganunga Creek (Site 6, Sect. 5). General surface

water hydrology information for Forbes Field ANGB is discussed in Sect. 2.2.3.

7.2.2 Geology

Site 8 rests on unconsolidated sediments deposited during the Kansan

Glaciation. Beneath these sediments lies a thin zone of weathered bedrock and

then competent bedrock of the Howard Limestone and Severy Shale. A complete

description of the base geology is presented in Section 2.2.4.

7.2.3 Soils

Site 8 soils are Ladysmith (Ld), 0 to 1% slope (USDA 1970). General

soil information for the base is discussed in Sect. 2.2.5 and Table 2.7.

7.2.4 Hydrogeology

The only water bearing unit of interest underlying Site 8 is the

unconsolidated aquifer in which water is found in the lower portion of the

glacial drift or the underlying weathered bedrock. This unconsolidated

aquifer is completely absent in portions of the base. The underlying bedrock

consists of impermeable limestones and shales of the Howard Limestone which

isolate the lower permeable Nodaway Coal unit.

A complete description of the Forbes Field ANGB hydrogeology is

presented in Sect. 2.2.6. Groundwater flow direction and rates for the site

are discussed in Sect. 7.3.6.

7.2.5 Demographics and Land Use

Building 674, pumphouse G, is 400 ft downgradient of Site 8. This

building contains no offices or permanent work stations. Site 8 is covered

with a concrete and asphalt pad used for aircraft parking and fueling. No

people reside within about 1200 ft of the site. The site is within the

secured and patrolled portion of the base.

General demographics and land use for the base and Shawnee County are

discussed in Sect. 2.2.11.
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7.2.6 Ecology

No vegetation or wildlife is supported, as this site is covered with a

concrete and asphalt pad. General ecology is discussed in Sect. 2.2.12.

7.3 STUDY AREA INVESTIGATION

7.3.1 Surface Features

Field activities at Site 8 involved surveying to accurately map the fuel

laterals, hydrants, soil-gas sample points, and monitoring well locations and

elevations. A general description of surface features on the base is

presented in Sect. 2.2.1.

7.3.2 Contaminant Source Investigations

The contaminant source investigation at Site 8 included a review of the

Phase I records search. Phase I identified the source of contamination as jet

fuel that leaked from the first fuel hydrant.

7.3.3 Surface Water and Sediment Investigations

Surface water at Site 8 drains into the storm sewer system which then

drains in the nearby unnamed tributary (Site 6) to the south branch of

Shunganunga Creek. Surface water and sediment investigations for Site 6 are

discussed in Sect. 5.

7.3.4 Geological Investigation

Surface lithology information for the fuel lateral 7 area was obtained

during the drilling of MWOlI, MWOI5, and MWOI6. With the use of a continuous

sampler, a complete lithologic record was kept for each hole. The well

summary forms with well construction and lithologic descriptions are attached

in Appendix G.
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The surface lithology consists of unstratified silty clays deposited by

melt waters from the receding glaciers. These clays are predominantly dark

gray, very plastic and sticky, have a moderate silt content, and are highly

oxidized with limonite stains. Of local interest is a thin sand and gravel

layer found at 4 to 5 ft in all three boreholes. It could be the remains of a

small diversion channel common to the receding glacial ice. The sediments

range between 10 and 14.5 ft, becoming higher in organic matter with depth.

MWO15 and MWO16 were damp between about 5 ft and the top of the weathered

bedrock; MWO11 revealed only one wet zone in the sediments, which was about

3 in. above the weathered bedrock.

The sediments overlie a weathered yellow-brown claystone interbedded

with gray and black carbonaceous shales. Visible relict bedding and abundant

fossils (crinoid stems) were encountered in the claystone. The relict bedding

planes are contorted and occasionally truncated. The weathered bedrock was

wet within a few inches of bedrock in MWO11 and MWOI5. MWO16 was slightly

damp in the weathered bedrock. The weathered bedrock in the area of Site 8 is

part of the lower Howard Limestone. The underlying bedrock consists of the

impermeable limestones and shales of the lower Howard Limestone.

7.3.5 Vadose Zone and Soil Investigation

7.3.5.1 Vadose Zone

Soil-gas and water samples were collected from beneath the refueling

apron along laterals I through 12 and lateral 20 (Plate 1). The samples were

collected by drilling a 1.5 in. hole through the concrete, then driving the

probe to approximately 3.5 ft. The fuel lateral distribution lines branch

from the main trunkline every 300 ft, running about 3.5 ft beneath the surface

of the apron. The lateral lines are bedded in a coarse sand which fills the

trench to the undersurface of the apron. All the trenches contained water;

some had water standing to the undersurface of the concrete.

Three samples were collected from the trench backfill of fuel lateral 7,

as shown on Fig. 7.1 and Plate 1. Samples SC75, SG76, and SC77 were collected

from the northeast, center, and southwest portion of the lateral,

respectively. Results are discussed in Sect. 7.4.2.

Section 2.1.2.2 provides details on soil-gas collection methods.
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7.3.5.2 Soils

Soil samples were collected with a 5-ft continuous sampler during the

drilling of MWO1, MWO15, and MWO16. Samples were inspected visually for

contamination and monitored along their length with an HNU PID. If elevated

readings were noted, a grab sample was taken. Otherwise, samples for chemical

analysis were collected every 3 ft until the water table was reached. Soil

samples from Site 8 were analyzed for VOAs and TPHCs. Analytical results are

discussed in Sect. 7.4.2.

7.3.6 Groundwater Investigation

Three monitoring wells were installed in the area to determine the

lithology, hydraulic conductivity, depth to water, groundwater flow direction,

and the presence of contamination in the groundwater. Potentiometric maps,

based on water-level measurements taken in July and September 1988, are shown

in Fig. 2.13. These maps indicate a general groundwater flow direction to the

northwest, toward the tributary to Shunganunga Creek (Site 6).

Based on groundwater flow direction, MW015 and MWO16 are located

downgradient of potential sources of contamination, while MWO11 is upgradient

of the source area. MWO15 and MWO16 were also placed downgradient of the

Weston soil boring B2 to intercept possible contamination migrating from the

area of building 674 (pumphouse G). In addition, KWO02 and MW017 are also

located downgradient of Site 8 and MW007 and MW023 are located upgradient.

Bail tests were performed on MWO11, MWO15, and MWO16 to measure the

permeability of the unconsolidated aquifer in the area. For MW015 and MW016,

the permeability was insufficient to yield reliable test results. MW011

showed a permeability value of 1.9 x 10-4 cm/s (0.53 ft/d). The values

indicate some discontinuity in the aquifer permeability.

A discussion of the base hydrogeology and results of the aquifer tests

are presented in Sect. 2.2.6.
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7.4 NATURE AND EXTENT OF CONTAMINATION

7.4.1 Sources

The contamination source at Site 8 is jet fuel which leaked from the

southwest fuel hydrant on fuel lateral 7.

7.4.2 Vadose Zone and Soils

7.4.2.1 Vadose Zone

A soil-gas sample taken from the fuel lateral trench just northeast of

Site 8 (SG77) contained 163 pg/L of TPHCs. Further northeast in fuel

lateral 7, two samples (SG75 and SG76) revealed 22 and 28 Ag/L, respectively,

suggesting that fuel has not migrated to the northeast in the trench.

Samples SG50 and SG51 were collected near the fuel distribution line

trench. Unfortunately, they were not collected from the trench backfill as

planned. These plans failed either because the trench was not where it was

expected to be or because it was backfilled with compacted native soil and was

not distinguishable from the surrounding material. Since the samples were not

collected from the trench backfill, no conclusions regarding the trench can be

drawn from these results.

Complete results from the soil-gas survey are provided in Appendix D.

7.4.2.2 Soils

Soil samples from MWO11, MWO15, and 1WO16 were analyzed for VOAs and

TPHCs. No contamination was detected in any of the samples. Significant

analytical results are provided in Appendix E.

7.4.3 Groundwater

Groundwater samples were collected from 1WO11, MWO15, and MWO16

(Fig. 7.1). Samples collected in July were analyzed for VOAs, TPHCs, HSL

metals, and major cations/anions. Samples collected in September/October were

analyzed for VOAs and TPHCs. None of the samples contained detectable

quantities of contamination. Significant analytical results are provided in

Appendix E.
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7.4.4 Surface Water and Sediments

No surface water or sediment samples were collected at Site 8.

7.4.5 Air

Routine air monitoring during drilling was performed with an HNU model

PI-101 PID. No anomalous readings were obtained while monitoring ambient air,

indicating that even though organic compounds are present in the subsurface,

volatilization to the atmosphere is insignificant.

7.5 CONTAMINANT FATE AND TRANSPORT

Nn contamination was found in the ORNL/CAT monitoring wells at Site 8.

The absence of VOAs and TPHCs indicates that all fuel spilled at the site is

confined to the fuel trenches.

7.5.1 Contaminant Persistence

A discussion on the persistence of JP-4 derived contaminants is

presented in Sect. 3.5.1.

7.5.2 Potential Routes of Migration

The potential route of exposure to a receptor from contamination at

Site 8 is leaching to the nearby drainage ditch. MWO15 and MWO16 are

downgradient of the area and both are uncontaminated. MWO11 is upgradient and

is also uncontaminated.

Additional potential routes of migration include air emission and flow

in the backfill around the buried fuel lines and pipes. Field measurements

demonstrated that there are no detectable hydrocarbon emissions from the site.

Thus, unless the area were excavated, there is no significant air exposure.

Since drilling was performed to avoid hitting fuel lines, migration in the

backfill is a possibility that cannot be discounted.
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7.5.3 Contaminant Migration

The clay soils encountered at this site apparently confine the spilled

fuel to the backfill within the fuel line trenches. There is no evidence that

a contaminant plume is migrating from the area. The low soil-gas

concentrations in the trench northeast of Site 8 suggests that the spilled

fuel has not migrated toward the northeast.

Contamination in the groundwater from the Weston well SW004 is probably

due to fuel that migrated under the concrete ramp when the leak at Site 9

occurred. The contaminated soil Weston discovered in soil boring B2 is

probably due to fuel in the trench backfill or buried tanks near pumphouse G.

The ORNL/CAT KWO15 and MWO16 are downgradient of B2; neither of these wells

are contaminated.

See Sect. 3.5.3 for additional details.

7.6 BASELINE RISK ASSESSMENT

This section describes the public health and environmental concerns

resulting from Site 8. Contaminants identified at this site are TPHCs

(163 pg/L)--which were found in the fuel lateral trench backfill using soil-

gas samples.

The risk assessment for the base, including details of exposure

pathways, exposure scenarios, toxicity of chemicals, and risk characterization

is presented in Appendix J.

The following evaluation of potentially contaminated media demonstrates

that there is presently no exposure from contamination at Site 8.

7.6.1 Exposure Assessment

7.6.1.1 Air

Air emissions were evaluated with a hand-held survey meter at ground

level. The data showed that there were no emissions from the site. Soil-gas

measurements, however, did demonstrate that anomalous concentrations of TPHCs

were present in the subsurface. The concentrations were so low that, in
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combination with the concrete ramp, any transport to the surface would be

minute and quickly diluted such that exposure to the public or even military

personnel using the site would be insignificant.

7.6.1.2 Groundwater

Monitoring wells installed by ORNL/CAT surrounding the area indicated

that groundwater downgradient of this site is not contaminated.

7.6.1.3 Surface Water

Contaminants leaching from Site 8 presumably could migrate in the trench

backfill to the storm drainage system. The storm sewers were backfilled with

native clay soil which will inhibit migration, although not as much as

undisturbed soil would inhibit migration.

7.6.1.4 Soil

None of the ORNL/CAT soil samples collected at this site were

contaminated. A soil sample collected by Weston in boring B2 contained

51,000 pg/kg of oil and grease. The oil and grease in boring B2 is probably

due to fuel in the backfill of trenches or buried tanks near the pumphouse

(building 674) or a spill north of the pumphouse. This indicates that

exposures to fuel derived hydrocarbons could result if excavation occurred

near the trenches or the pumphouse. No exposure to humans or the environment

would occur for present usage of the site.

7.6.2 Risk Evaluation

Risks presented by contamination in the unconsolidated sediments and

groundwater at Site 8, refueling hydrant on lateral 7, were evaluated using

the construction worker and off-base resident scenario (Appendix J). Under

the construction worker scenario, exposure could occur via either inhalation

or dermal absorption of contaminated groundwater or surface water; under the

resident scenario, exposure could occur via ingestion, inhalation, or dermal

absorption of groundwater. Hazard indices for all routes of exposure for both

scenarios indicate no potential for adverse health effects from this site.
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The only potential risk is exposure of workers to air contaminants or

possible explosion hazards if the trench backfill were excavated. The

explosion hazard results from the possibility of relatively highI

concentrations of fuel vapors or possible free product in a confined space

(trench).

7.7 SUMMARY AND CONCLUSION

7.7.1 Summary

Groundwater and soil surrounding Site 8 are not contaminated; however,

fuel is present in the backfill of the buried fuel lateral. Fuel in the

trench backfill is contained by the tight clay soils.

7.7.2 Conclusion

No risk to the public or environment exists from Site 8, but any

excavation near the trenches could result in exposure to workers or possible

explosion hazards. The preferred alternative is no action with continued

restrictcd acce5s to the site.

iI
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8. SITE 9, AREA ADJACENT TO REFUELING HYDRANT, LATERAL 8

8.1 SITE BACKGROUND

The area adjacent to the refueling hydrant, located on lateral 8, was

included in the IRP study based on a recommendation from the Phase I records

search (HMTC 1986). HMTC calculated a HARM score of 65 for this site.

Sites 7, 8, and 9 were grouped together for the HARM rating due to

similarities of substances spilled, probable quantities, and relative

location.

8.1.1 Site Description

Site 9 consists of the area surrounding the first fuel hydrant

(southwest end) on fuel lateral 8 east of building 679 (Plate 1 and Fig. 8.1).

Here, the flat ramp is drained by grated catchment basins flush with the

surface. These are attached to a storm sewer system which drains into the

small pond noted in Site 6 (Sect. 5).

The fuel hydrants are located in the aircraft parking ramp. The

hydrants allow a direct connection to aircraft for fueling and defueling. A

flush-mounted lid covers the connections. Ramp construction consists of an

18 to 22 in. reinforced concrete pad with a 2 to 4 in. asphalt overlay. The

fuel lines are buried approximately 3.5 ft under the concrete with a tee

connection to each fuel hydrant. Lateral 8 receives fuel from pumphouse G.

8.1.2 Site History

The aircraft parking ramp was constructed between 1954 and 1959, as

shown by aerial photographs taken in those years.

According to the Phase I records searcTh, the largest spill from any of

the f,.,el hydiants was thought to have occurred at Site 9 in 1983. The spill

involved the loss of up to 3000 gal of JP-4. Discovery of the leak came when

someone observed JP-4 emanating from pavement joints adjacent to Sitp 9.

During -ressurization to locate the leak, an unknown quantity of JP-4 escaped

under the concrete pad. Subsequently, the fuel migrated to a storm sewer

catch basin at the northwest corner of the base. The storm sewer drains into

the ditch (Site 6) at the small ponding area. Fuel lateral 8 is still in use.
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8.1.3 Previous Investigations

Weston (1985) inspected and surveyed storm sewer manholes on and

adjacent to the refueling ramp (Fig 1.3). This consisted of visual

observations and measurements with an OVA and an HNU PID. No organic vapors

were detected near Site 9.

Weston drilled two monitoring wells near Site 9. SW002 is near the

southeast end of fuel lateral 8 and downgradient of the hydrant. SWO04 is

between the fuel hydrants at Site 8 and Site 9 on the aircraft parking ramp.

The Weston groundwater samples, using oil and grease analysis, a screening

technique, showed 1750 and 450 pg/L in SWO02 and SWO04, respectively. The

ORNL groundwater samples collected in March 1988 revealed no detectable TPHCs

in SWO02 and 190 pg/L of TPHCs in SW004.

Weston also drilled two soil borings in the vicinity of Site 9

(Fig. 8.1): one about 30 ft east of SWO02 (BIO) and another about 60 ft north

of lateral 8, midway between the second and third fuel hydrants (B4). Boring

BIO is south of lateral 9 and was apparently drilled in the trench backfill of

the fuel line. The log shows silty sand and gravel from 1 to 3.6 ft. The

fuel laterals are buried -3.5 ft deep. A soil sample from 1.7 to 6.7 ft in B4

contained 36,000 pg/kg of oil and grease. The soil sample from 1 to 4 ft in

BI0 contained 686,000 pg/kg of oil and grease.

The only other investigation was during the Phase I records search.

This consisted of interviewing base personnel, reviewing documents, and

visiting the site.

8.2 PHYSICAL CHARACTERISTICS OF THE STUDY AREA

8.2.1 Surface Water Hydrology

Since the area surrounding Site 9 is part of the parking ramp and is

paved, all of the precipitation occurring in the area becomes surface runoff.

Due to the relatively flat topography, the runoff occurs as sheet flow and is

routed through the storm sewer and eventually into the unnamed tributary to

the south branch of Shunganunga Creek (Site 6, Sect. 5). General surface

water hydrology information for Forbes Field ANGB is discussed in Sect. 2.2.3.
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8.2.2 Geology

Site 9 rests on unconsolidated sediments deposited during the Kansan

Glaciation. Beneath these sediments lies a thin zone of weathered bedrock and

then competent bedrock of the Howard Limestone and Severy Shale. A complete

description of the geology at the base is presented in Section 2.2.4.

8.2.3 Soils

Site 9 soils are Ladysmith (Ld), 0 to 1% slope (USDA 1970). General

soil information for the base is discussed in Sect. 2.2.5 and Table 2.7.

8.2.4 Hydrogeology

The only water bearing unit of interest underlying Site 9 is the

unconsolidated aquifer in which water is found in the lower portion of the

glacial drift or the underlying weathered bedrock. This unconsolidated

aquifer is completely absent in portions of the base. The underlying bedrock

consists of impermeable limestones and shales of the Howard Limestone which

isolate the lower permeable Nodaway Coal unit.

A complete description of the Forbes Field ANGB hydrogeology is

presented in Sect. 2.2.6. Groundwater flow directions and rates for the area

are discussed in Sect. 8.3.6.

8.2.5 Demographics and Land Use

Building 679, the squadron operations building, is 300 ft downgradient

of Site 9. This building contains offices and other work areas. Site 9 is

covered with a concrete and asphalt pad used for aircraft parking and fueling.

No people reside within approximately 1200 ft of the site. The site is within

the secured and patrolled portion of the base.

General demographics and land use for the base and Shawnee County are

discussed in Sect. 2.2.11.

8
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8.2.6 Ecology

No vegetation or wildlife is supported, as this site is covered with

a concrete and asphalt pad. General ecology of the base is discussed in

Sect. 2.2.12.

8.3 STUDY AREA INVESTIGATION

8.3.1 Surface Features

Field activities at Site 9 involved surveying to accurately map the fuel

laterals, hydrants, soil-gas sample points, and monitoring well locations and

elevations. A general description of surface features on the base is

presented in Sect. 2.2.1.

8.3.2 Contaminant Source Investigation

The contaminant source investigation at Site 9 included a review of the

Phase I records search. This search identified the source of contamination as

jet fuel that leaked from the first fuel hydrant.

8.3.3 Surface Water and Sediment Investigations

Surface water at Site 9 drains into the storm sewer system which then

drains into the nearby unnamed tributary (Site 6) to the south branch of

Shunganunga Creek. Surface water and sediment investigations for Site 6 are

discussed in Sect. 5.0.

8.3.4 Geological Investigation

Surface lithology information for the fuel lateral 8 area was obtained

during the drilling of MWO12, MWO13, and MWO17. With the use of a continuous

sampler, a complete lithologic record was kept for each hole. The well

stummary forms with well construction and lithologic descriptions are attached

in Appendix G.
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The surface lithology consists of unstratified silty clays deposited by

melt waters from the receding glaciers. These clays are predominantly very

dark gray to dark brown, plastic, occasionally organic, stained with limonite

oxide, locally micaceous, and marked by scattered greenish-gray silts. The

sediments range between 10 and 14.5 ft. A gravelly interval, consisting of

angular limestone fragments in a dark gray, sticky clay matrix, was

encountered at 8 ft in MWO13. This lens most likely represents an erratic

deposited by either floating ice or as a glaciofluvial deposit. The sediments

in all three of the monitoring wells were dry.

The sediments overlie a weathered yellow-brown claystone interbedded

with gray and black carbonaceous shales. Visible relict bedding and abundant

fossils (crinoid stems and bryozoan imprints) were encountered in the

claystone. Moisture was encountered in all three wells in the bottom 1.5 to

2.5 ft of weathered claystone. The weathered bedrock in the area of Site 8 is

part of the lower Howard Limestone. The underlying bedrock consists of the

impermeable limestones and shales of the lower Howard Limestone.

8.3.5 Vadose Zone and Soil Investigations

8.3.5.1 Vadose Zone

Soil-gas and water samples were colle.ted from beneath the refueling

apron along laterals I through 12 and lateral 20 (Plate 1). The samples were

collected by drilling a 1.5 in. hole through the concrete, then driving the

probe to a depth of about 3.5 ft.

Soil-gas samples were collected when the backfill was dry. If the back-

fill was wet, a water sample was collected by allowing the water to seep into

the soil-gas probe hole and collecting the water with a bailer.

The fuel lateral distribution lines branch from the main trunkline every

300 ft, running about 3.5 ft beneath the surface of the apron. The lateral

lines are bedded in a coarse sand which fills the tren,h to the undersurface

of the apron. All the trenches contained water; some had water standing to

the undersurface of the concrete.

Three samples were collected from the trench backfill of fuel lateral 8,

as shown on Fig. 8.1 and Plate 1. Samples SG72, SG73, and SG74 were collected

from the northeast, center, and southwest portions of the lateral,

respectively. Results are discussed in Sect. 8.4.2.

Section 2.1.2.2 provides details on soil-gas collection methods.
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8.3.5.2 Soils

Soil samples were collected from a 5-ft continuous sampler during the

drilling of MW012, MWO13, and MWO17. Samples were inspected visually for

contamination and monitored along their length with an HNU PID. If elevated

readings were noted, a grab sample was taken. Otherwise, samples for chemical

analysis were collected every 3 ft until the water table was reached. Soil

samples from Site 9 were analyzed for VOAs and TPHCs. Analytical results are

discussed in Sect. 8.4.2.

8.3.6 Groundwater Investigation

Three monitoring wells were installed in the area to determine the

lithology, hydraulic conductivity, depth to water, groundwater flow

directions, and the presence of contamination in the groundwater.

Potentiometric maps, based on water-level measurements taken in July and

September 1988, are shown in Fig. 2.13. These maps indicate a general

groundwater flow direction to the northwest, toward the tributary to

Shunganunga Creek (Site 6).

Based on groundwater flow directions, MWO13 is located downgradient of

the Weston soil boring B4 and the northeast end of lateral 8 and MWOI7 is

downgradient of Site 9 and the Weston soil boring B10. MWO12 was installed

upgradient of Site 9.

Bail tests were performed on MWO12, MWO13, and MWO17 to measure the

permeability of the unconsolidated aquifer in the area. The permeability for

the wells tested in this area ranged from 2.6 x 10 4cm/s (0.53 ft/d) at MWO12

to 7.1 x 10"4cm/s (2.0 ft/d) at MwUl3. The results indicate that the

unconsolidated aquifer in the area of Site 9 is relatively homogeneous.

A discussion of the base hydrogeology and results of the aquifer tests

are presented in Sect. 2.2.6.

8.4 NATURE AND EXTENT OF CONTAMINATION

8.4.1 Sources

The contamination source at Site 9 is jet fuel which leaked from the

southwest fuel hydrant on fuel lateral 8.
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8.4.2 Vadose Zone and Soils

8.4.2.1 Vadose Zone

A soil-gas sample taken from the fuel lateral trench just northeast of

Site 9 (SG74) contained 56 pg/L of TPHCs. Farther northeast in fuel

lateral 8, two soil-gas samples (SG72 and SG73) revealed 34 pg/L each. These

low results suggest that fuel was not present in the trench where the soil-gas

samples were collected.

Samples SG51 through SG55 were collected near the fuel distribution line

trench. Unfortunately, they were not collected from the trench backfill as

planned. Those plans failed either because the trench was not where it was

expected to be or because it was backfilled with compacted native soil and not

distinguishable from the surrounding material. SG54 contained 202 ug/L TPHCs.

This sample may have been close enough to the trench to detect fuel within the

trench backfill. The remaining four samples contained background levels of

TPHCs. Since the samples were not collected from the trench backfill, no

conclusions regarding the trench can be drawn from these results. Results

from the soil-gas survey are provided in Appendix D.

8.4.2.2 Soils

Soil samples from MWOI2, MWO13, and MWO17 were analyzed for VOAs and

TPHCs. No contamination was detected in any of the samples. Significant

analytical results are provided in Appendix E.

8.4.3 Groundwater

Groundwater samples were collected from MWO12, MWOI3, and MW017

(Fig. 8.1). Samples collected in July were analyzed for VOAs, TPHCs, HSL

metals, and major cations/anions. Samples collected in September/October were

analyzed for VOAs and TPHCs. None of the samples contained detectable

quantities of contamination. Significant analytical results are provided in

Appendix E.

8.4.4 Surface Water and Sediments

No surface water or sediment samples were collected at Site 9.
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8.4.5 Air

Routine air monitoring during drilling was performed with an HNU model

PI-101 PID. No anomalous readings were obtained while monitoring ambient air,

indicating that even though organic compounds are present in the subsurface,

volatilization to the atmosphere is insignificant.

8.5 CONTAMINANT FATE AND TRANSPORT

No contamination was found in the ORNL/CAT monitoring wells at Site 9.

The absence of VOAs and TPHCs in the monitoring wells indicates that all fuel

spilled at the site is confined to the fuel trenches.

8.5.1 Contaminant Persistence

A discussion on the persistence of JP-4 derived contaminants is present

in Sect. 3.5.1.

8.5.2 Potential Routes of Migration

The potential route of exposure to a receptor from contamination at

Site 9 is leaching to the nearby drainage ditch. MWO13 and MWO17 are

downgradient of the area and both are uncontaminated. W012 is upgradient and

is also uncontaminated.

Additional potential routes of migration include air emissions and flow

in the backfill around the buried fuel lines and pipes. Field measurements

demonstrated that there are no detectable hydrocarbon emissions from the site.

Thus, unless the area were excavated, there is no significant air exposure.

Since drilling was always performed to avoid hitting fuel lines, migration in

the backfill is a possibility that cannot be discounted.

8.5.3 Contaminant Migration

The clay soils encountered at this site apparently confine the spilled

fuel to the backfill within the fuel-line trenches. There is no evidence that

a contaminant plume is migrating from the area.
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Contamination in the groundwater from the Weston well SWO04 and in soil

boring B4 is probably due to fuel that migrated in the backfill under the

concrete ramp when the leak at Site 9 occurred. The contaminated soil Weston

discovered in boring B1O and contaminated groundwater in SW002 may be due to

the fact that the borings were drilled in the trench backfill adjacent to fuel

lateral 8, 10 ft from the edge of the aircraft parking ramp. This indicates

that the fuel has migrated in the trench backfill at least as far as the edge

of the ramp. The Weston contamination, however, was identified by oil and

grease analysis, a screening technique. ORNL/CAT's MWO13 is downgradient of

boring B4; MWOI6 and KWO17 are downgradient of SWO02 and boring B1O. None of

the ORNL/CAT monitoring wells contained detectable contamination.

See Sect. 3.5.3 for additional details.

8.6 BASELINE RISK ASSESSMENT

This section describes the public health and environmental concerns

resulting from Site 9. Contaminants identified at this site are TPHCs

(202 pg/L), which were found in the fuel lateral trench backfill using soil-

gas samples.

The risk assessment for the base, including details of exposure

pathways, exposure scenarios, toxicity of chemicals, and risk characterization

is presented in Appendix J.

The following evaluation of potentially contaminated media demonstrates

that there is presently no exposure to the public from contamination at

Site 9.

8.6.1 Exposure Assessment

8.6.1.1 Air

Air emissions were evaluated with a hand-held survey meter at ground

level. The data showed that there were no emissions from the site. Soil-gas

measurements, however, did demonstrate that anomalous concentrations of TPHCs

were present in the subsurface. The concentrations were so low that, in

combination with the concrete ramp, any transport to the surface would be

minute and quickly diluted such that exposure to the public or even military

personnel using the site would be insignificant.
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8.6.1.2 Groundwater

Monitoring wells installed by ORNL/CAT surrounding the area indicated

that groundwater at this site is not contaminated.

8.6.1.3 Surface Water

Contaminants leaching from Site 9 presumably could migrate in the trench

backfill to the storm drainage system. The storm sewers were backfilled with

native clay soil which will inhibit migration, although not as much as

undisturbed soil would inhibit migration.

8.6.1.4 Soil

None of the ORNL/CAT soil samples collected at this site were

contaminated. Soil samples collected by Weston in borings B4 and B1O

contained 36,000 and 686,000 pg/kg of oil and grease, respectively. These

data indicate that exposures to fuel derived hydrocarbons could result if the

area were excavated. No exposure to humans or the environment would occur for

present usage of the site.

8.6.2 Risk Evaluation

Risks presented by contamination in the unconsolidated sediments and

groundwater at Site 9, refueling hydrant on lateral 8, were evaluated using

the construction worker and off-base resident scenario (Appendix J). Under

the construction worker scenario, exposure could occur via either inhalation

or dermal absorption of contaminated groundwater or surface water; under the

resident scenario, exposure could occur via ingestion, inhalation, or dermal

absorption of groundwater. Hazard indices for all routes of exposure for both

scenarios indicate no potential for adverse health effects from this site.

The only potential risk is exposure of workers to air contaminants or

possible explosion hazards if the trench backfill were excavated. The

explosion hazard results from the possibility of relatively high

concentrations of fuel vapors or possible free product in a confined space

(trench).
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i 8.7 SUMMARY AND CONCLUSION

I 8.7.1 Summary

Groundwater and soil surrounding Site 9 are not contaminated; however,

fuel is present in the backfill of the buried fuel lateral. Fuel in the

trench backfill is contained by the tight clay soils.

8.7.2 Conclusion

No risk to the public or environment exists from Site 9, but any

excavation near the trenches could result in exposure to workers or possible

explosion hazards. The preferred alternative is no action with continued

restricted access to the site.
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9. SOUTHEAST CORNER OF FORBES FIELD ANGB PROPERTY

9.1 SITE BACKGROUND

The southeastern corner of Forbes Field ANGB property was included in

the IRP study based on recommendations by Weston (1985) and HMTC (1986). The

site was identified as an area of concern following discovery of oil and

grease in groundwater (Weston 1985). The HMTC (1986) did not rate this area

using the HARM.

9.1.1 Site Description

The southeast corner of Forbes Field ANGB property encompasses an

undetermined area of the aircraft parking ramp (Plate 1, Fig. 9.1). Here, the

flat ramp is drained by grated catchment basins flush with the surface. These

are attached to a storm sewer system which drains into the small pond noted in

Site 6 (Sect. 5).

The ramp continues south and east of base property as part of the MTAA

airport. The fuel distribution laterals are on base property and on the MTAA

property immediately to the south. These fuel hydrants are located in the

aircraft parking ramp and allow a direct connection to aircraft for fueling

and defueling. A flush-mounted lid covers the connections. Ramp construction

consists of an 18 to 22 in. reinforced concrete pad with a 2 to 4 in. asphalt

overlay. The fuel lines are buried approximately 3.5 ft under the concrete

with a tee connection to each fuel hydrant.

9.1.2 Site History

The aircraft parking ramp was constructed between 1954 and 1959, as

shown by aerial photographs taken in those years.

No contaminant spills or leaks have been reported in this area. The

Phase I records search did not discover any information pertinent to the area

other than the Weston (1985) report of groundwater contamination.
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9.1.3 Previous Investigations

Weston (1985) drilled a deep monitoring well (DWO01) approximately

900 ft southwest of the southeast corner of the base property (Fig. 9.1).

This well cased off the alluvial aquifer and intercepted the bedrock aquifer.

The Weston groundwater samples, using oil and grease analysis, showed 710 Pg/L

of oil and grease in DW001. ORNL/CAT collected a stagnant groundwater sample

from DWO01 in March 1988; the sample contained no detectable contamination.

However, a fresh groundwater sample contained 680 pg/L TPHCs plus a trace of

benzene and xylenes (compound present but below quantifiable levels). No soil

borings or shallow monitoring wells were drilled in the area prior to the

ORNL/CAT investigation.

Weston also drilled DWO02 approximately 900 ft northwest of the

southeast corner of base property and about 20 ft east of the base property

line. Weston (1985) groundwater samples contained less than the detection

limit of 100 Mg/L of oil and grease. The ORNL groundwater sample collected in

March 1988 showed 100 Mg/L of TPHCs in a stagnant water sample. A fresh water

sample contained a trace (compounds present, but below quantifiable levels) of

TPHCs. Neither sample contained benzene, toluene, ethylbenzene, or xylenes.

9.2 PHYSICAL CHARACTERISTICS OF THE STUDY AREA

9.2.1 Surface Water Hydrology

Since the area surrounding the southeast corner of Forbes Field ANGB is

part of the parking ramp and is paved, all of the precipitation occurring in

the area becomes surface runoff. Due to the relatively flat topography, the

runoff occurs as sheet flow and is routed through the storm sewer and

eventually into the unnamed tributary to the South Branch of Shunganunga Creek

(Site 6, Sect. 5). General surface water hydrology information for Forbes

Field ANG6 is discussed in Sect. 2.2.3.

9.2.2 eologv

The sou theast co1rer of the base rests on unconsolidated sediments

d(posited durinig the Kansan G I. aciation. Beneath these sdiments li.e s a thin
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zone of weathered bedrock and then competent bedrock of the Howard Limestone

and Severy Shale. A complete description of base geology is presentcd in

Section 2.2.4.

9.2.3 Soils

The southeast corner of Forbes Field ANGB soils are Ladysmith (Ld),

0 to 1% slope (USDA 1970). General soil information for the base is discussed

in Sect. 2.2.5. and Table 2.7

9.2.4 Hydrogeology

The water bearing unit of interest underlying the southeast corner of

the base is the unconsolidated aquifer in which water is found in the lower

portion of the glacial drift or the underlying weathered bedrock. This

unconsolidated aquifer is completely absent in portions of the base. The

underlying bedrock consists of impermeable limestones and shales of the Howard

Limestone which isolate the lower permeable Nodaway Coal unit.

A complete description of the Forbes Field ANGB hydrogeology is

presented in Sect. 2.2.6. Groundwater flow direction and rates for the site

are discussed in Sect. 9.3.6.

9.2.5 Demographics and Land Use

The large hangar, building 662, is 800 to 1000 ft downgradient.

Building 662 contains offices and work stations for employees. The southeast

corner is covered with a concrete and asphalt pad used for aircraft parking

and fueling. No people reside within about 4000 ft of the site. The site is

within the secured and patrolled portion of the base.

General demographics and land use for the base and Shawnee County are

discussed in Sect. 2.2.11.

9.2.6 Ecology

No vegetation or wildlife is supported, as this site is covered with

a concrete and asphalt pad. General ecology of the base is discussed in

Sect. 2.2A2.
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9.3 STUDY AREA INVESTIGATION

9.3.1 Surface Features

Field activities at the southeast corner of the base involved surveying

to accurately map the fuel laterals, hydrants, soil-gas sample points, and

monitoring well locations and elevations. A general description of base

surface features is presented in Sect. 2.2.1.

9.3.2 Contaminant Source Investigation

The Phase I records search did not identify a source for the

contamination. Weston (1985) concluded that the source of contamination was

from past leaks in off-site laterals as well as a fire training area which was

located to the east. This fire training area is located on the opposite side

of the old Air Force Base and across the surface water and alluvial

groundwater drainage divide. The local drainage divide follows the main

runway in the vicinity of the base and controls the alluvial aquifer locally;

therefore, the fire training area is not a source to this site.

9.3.3 Surface Water and Sediment Investigations

Surface water at the southeast corner of the base drains into the storm

sewer system which then drains into the nearby unnamed tributary (Site 6) to

the South Branch of Shunganunga Creek. Surface water and sediment

investigations for Site 6 are discussed in Sect. 5.

9.3.4 Geological Investigation

The surface lithology information for the southeast corner of the base

was obtained from borings of MWO03, MWO07, MW024, MW027, and abandoned hole

MWO04. With the use of a continuous sampler, a complete lithologic record was

kept for each hole. Borehole 4, designated as MWO04, was plugged and

abandoned due to its inability to produce water. The well summary forms with

well construction and lithologic descriptions are attached in Appendix G.
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The surface lithology consists of unstratified silty clays deposited by

melt waters from the receding glaciers; however, a slight variation in this

lithology occurs southeast of the base in MW024 and MW027, discussed below.

Surface sediments described from MW003, MWO04, and MW007 are comprised of

silty clays: gray to brown with greenish-gray mottling and very similar to

those found in many of the other boreholes to the northwest. The sediments

range from 16.5 ft in MW003 to 14.5 ft in MWO04; however, in MW024 and MW027,

these surficial deposits thicken considerably (up to 42 ft in MW024). In

MW024, the sediments are comprised of yellowish-brown silts and silty clays

with 2 in. stringers of fine-grained sand at 28 and 30 ft. At 38 ft, a 5.5 ft

medium-grained, well-sorted sand was found overlying the bedrock sandstone.

Similar sediments were found in MW027. Yellowish-brown silty clays were

observed to 22 ft, grading to medium-grained sand overlying the claystone

bedrock. Total depth of these sediments was 24 ft. The reason for these

thicker deposits can be attributed to a much lower-energy erosional

environment acting on these broad, relatively flat upland areas. The basal

channel sand found overlying the bedrock in MW024, and to a lesser extent in

MW027, can best be explained as a pre-existing paleo-channel which had scoured

the bedrock before any glacial sediments were deposited.

MW003 was damp from 8.5 to 9 ft and wet from 17.5 to 18 ft. The bottom

I ft of MW007 was damp; MWO04 was abandoned as a dry well. The 5 ft of sand

at the bottom of MW024 was wet; the sediments above were dry, with the

exception of a trace of moisture from 26 to 27 ft. Sediments in MW027 were

dry to about 18 ft, increasing to wet by 22 ft.

The bedrock in MW003, MW004, and MWO07 consists of yellow-brown

weathered claystone with visible relict bedding. The upper part of the

bedrock in MW024 consists of yellowish-brown, fine-grained, noncalcareous

sandstone, with some silty and oxidized mineral laminations, followed by a

yellow-brown laminated claystone which is also noncalcareous. In MW027, the

bedrock is a very weathered yellow-brown claystone marked by a pronounced

erosional angle scoured by a paleo-channel prior to glacial sediment

deposition. Directly underneath is a 2 in. sequence of gray calcite and a

calcareous yellow-brown siltstone.

Weathered bedrock in all wells was thin (2 to 3 ft). The weathered

bedrock was wet in MW003 and MWO07, moist in MW027, and dry in MW024. Bedrock

in the southeast corner is the upper Howard Limestone.
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9.3.5 Vadose Zone and Soil Investigation

9.3.5.1 Vadose Zone

Soil-gas and water samples were collected from beneath the refueling

apron along laterals 1 through 12 and lateral 20 (Plate 1). The samples were

collected by drilling a 1.5 in. hole through the concrete, then driving the

probe to a depth of about 3.5 ft. The fuel lateral distribution lines branch

from the main trunkline every 300 ft, running about 3.5 ft beneath the surface

of the apron. The lateral lines are bedded in a coarse sand which fills the

trench to the undersurface of the apron. All the trenches contained water;

some had water standing to the undersurface of the concrete.

Several samples were collected from the trench backfill of fuel laterals

in the southeast corner of the base (Fig. 9.1). Results are discussed in

Sect. 9.4.2.

Section 2.1.2.2 provides details on soil-gas collection methods.

9.3.5.2 Soils

Soil samples were collected with a 5-ft continuous sampler during the

drilling of MW003, MW004, MW007, MW024, and MW027. Saimples were inspected

visually for contamination and monitored along their length with an HNU PID.

If elevated readings were noted, a grab sample was taken. Otherwise, samples

for chemical analysis were collected every 3 ft until the water table was

reached. Samples were collected at 9-ft intervals in 1W024 and MW027 since

the wells were deeper and upgradient. Soil samples from the southeast corner

were analyzed for VOAs and TPHCs. Analytical results are discussed in

Sect. 9.4.2.

9.3.6 Groundwater Investigation

Five monitoring wells were installed in the area to determine the

lithology, hydraulic conductivity, depth to water, groundwater flow direction,

and the presence of contamination in the groundwater. Potentiometric maps,

based on water-level measurements taken in July and September 1988, are shown

in Fig. 2.13. These maps indicate a general groundwater flow direction to the

northwest, toward the tributary to Shunganunga Creek (Site 6).
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Based on groundwater flow direction, MW003, MW004, and MWO07 are located

downgradient of the suspected source area. These wells are near the property

lines. MW004 was dry and was abandoned following drilling. In addition,

MW006, an upgradient well for Site 7, provided downgradient water quality

information for the southeast corner area.

Two monitoring wells, drilled about 300 and 500 ft southeast of base

property, are the upgradient background wells for the project. However, they

also provide information whether contaminants enter the base from a source

further east. These two wells (MW024 and MW027) were drilled just east of the

taxiway and upgradient of all fuel laterals and hydrants.

CHO03 was drilled in the southeast corner of the base to determine if

the bedrock aquifer is contaminated at the base property line.

Bail tests were performed on MW003, MW024, and MW027 to measure the

permeability of the unconsolidated aquifer in the area. At MWO03, there was

insufficient water present in the well to perform the test. This is

consistent with other wells in the area which were dry holes. MW024 and MW027

are located upgradient of the area. MW027 is located in the channel deposits

discsed in Sect. 2.2.4. Surprisingly, this unit does not yield sufficient

water for a reliable test. Only i4W024 yielded a test from which the

permeability could be calculated [hydraulic conductivity value of

4.0 x 10 5cm/s (0.11 ft/d)].

A discussion of the base hydrogeology and results of the aquifer tests

are presented in Sect. 2.2.6.

9.4 NATURE AND EXTENT OF CONTAMINATION

9.4.1 Sources

The likely source for the hydrocarbons discovered in DWO01 in March 1988

is leachate from the Nodaway Coal. A soil sample from the coal seam revealed

that the coal would give positive results on an oil and grease analysis
I

(Sect. 2.1.2.13). Deep well DWO01 penetrated the Nodaway Coal at a depth of

20 to 30 ft below ground level (as determined from the regional dip of bedrock

and lithology logs from CHO03).
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The likely source for contamination detected in the Weston well DWO02 is

also hydrocarbon leaching in from the Nodaway Coal. Deep well DWO02 was

installed in the coal (as determined by lithology logs from CH003); therefore,

the contamination in DWO02 probably came from the coal.

9.4.2 Vadose Zone and Soils

9.4.2.1 Vadose Zone

Eight soil-gas samples were collected in the vicinity of the southeast

corner; the values for these samples are:

Sample number mg/L Sample number mg/L

SG79 34 SG93 58,400

SG89 79,200 SG95 99,200

SG90 169,000 SG96 21,600

SG92 721 SG99 15

These soil-gas values show significant levels of hydrocarbons in the

northeast ends of fuel laterals 1, 2, and 3 (21,600; 58,400; and 169,000 Mg/L,

respectively). Samples from the southwest end of lateral 3 contained 21 Mg/L;

samples in the southwest end of laterals 1 and 2 could not be collected.

Samples from the distribution line southwest of the ramp showed 18 to 67 jig/L.

Thus, fuel appears to be "pooling" in the northeast end or near the

middle of the laterals. Complete results from the soil-gas survey are

provided in Appendix D.

9.4.2.2 Soils

Soil samples from MW003, MWO04, MWO07, MW024, and MW027 were analyzed

for VOAs and TPHCs. No contamination was detected in any of the samples.

Significant analytical results are provided in Appendix E.

9.4.3 Groundwater

Groundwater samples were collected from MW003, MWO07, MW024, MW027 and

C1003 (Fig. 9.1). Samples collected in July were analyzed for VOAs, TPIICs,
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metals, and major cations/anions. In addition, groundwater samples from MW027

and CH003 were analyzed for HSL pesticides, PCBs, and semi-volatiles. Samples

collected in September/October were analyzed for VOAs and TPHCs. The July

groundwater sample from CH003 contained 1 pg/L of toluene, which is at the

detectior limit, but no other detectable contamination, The September/October

sample contained no detectable contaminants. Significant analytical results

are provided in Appendix E.

9.4.4 Surface Water and Sediments

No surface water or sediment samples were collected at the southeast

corner of the base.

9.4.5 Air

Routine air monitoring during drilling was performed with an HNU model

PI-101 PID. No anomalous readings were obtained while monitoring ambient air.

9.5 CONTAMINANT FATE AND TRANSPORT

No contamination was found in the soil at the southeast corner of the

base. Apparent contamination in the Weston wells is probably due to leaching

from the Nodaway Coal. The absence of VOAs and TPHCs in the monitoring wells

indicates that all fuel spilled at the site is confined to the fuel trenches.

9.5.1 Contaminant Persistence

A discussion on the persistence of JP-4 derived contaminants is

presented in Sect. 3.5.1.

9.5.2 Potential Routes of Migration

The potential route of exposure to a receptor from contamination at the

southeast corner is leaching to the drainage ditch. No contamination was

found in soil or groundwater samples collected from ORNL/CAT monitoring wells

9at: this site.
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9.5.3 Contaminant Migration

The clay soils encountered at this site apparently confine the spilled

fuel to the backfill within the fuel line trenches. There is no evidence that

a contaminant plume is migrating from the area.

See Sect. 3.5.3 for additional details.

9.6 BASELINE RISK ASSESSMENT

This section describes the public health and environmental concerns

resulting from the southeast corner of the base. Contaminants identified at

this site are TPHCs (21,600 jg/L), which were found in the fuel lateral I

trench backfill using soil-gas samples.

The risk assessment for the base, including details of exposure

pathways, exposure scenarios, toxicity of chemicals, and risk characterization

is presented in Appendix J.

The following evaluation of potentially contaminated media demonstrates

that there is no present exposure from contamination at the southeast corner.

9.6.1 Exposure Assessment

9.6.1.1 Air

Air emissions were evaluated with a hand-held survey meter at ground

level. The data showed that there were no emissions from the site; however,

soil-gas measurements did demonstrate that anomalous concentrations of TPHCs

were present in the subsurface. The concentrations were so low that, in

combination with the concrete ramp, any transport to the surface would be

minute and quickly diluted so that exposure to the public or even military

personnel using the site would be insignificant.

9.6.1.2 Groundwater

Monitoring wells installed by ORNL/CAT surrounding the area indicated

that groundwater at this site is not contaminated.
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9.6.1.3 Surface Water

There is no possibility of surface water contamination, since there is

no contamination in the subsurface.

9.6.1.4 Soil

None of the soil samples collected at this site were contaminated.

9.6.2 Risk Evaluation

No contaminants of concern were detected in the unconsolidated sediments

and groundwater at the southeast corner. Consequently, there is no potential

for carcinogenic or non-carcinogenic health effects from exposure to

contaminated media at the southeast corner.

The only potential risk is exposure of workers to air contaminants or

possible explosion hazards if the trench backfill were excavated. The

explosion hazard results from the possibility of relatively high

concentrations of fuel vapors or possible free product in a confined space

(trench).

9.7 SUMMARY AND CONCLUSIONS

9.7.1 Summary

Groundwater and soil surrounding this site are not contaminated;

however, fuel may be present in the backfill of buried fuel lines. Fuel in

the trench backfill is contained by the tight clay soils.

9.7.2 Conclusions

No contamination is entering the southeast corner of the base from an

off-base source. Contamination in the area is confined to sandy backfill in

the fuel lateral trenches. Any excavation of the trenches could result in

exposure to workers or possible explosion hazards. The preferred alternative

is no action with continued restricted access to the site.
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10. LATERAL 6, HYDRANT 3 - "HOT-SPOT"

10.1 SITE BACKGROUND

The lateral 6, hydrant 3 "hot-spot" was investigated to provide

additional information for the IRP sites associated with the aircraft

parking ramp. For ease of discussion, the term "hot-spot" will be used to

designate the site at lateral 6, hydrant 3.

10.1.1 Site Description

The hot-spot consists of the area surrounding the middle fuel hydrant

on fuel lateral 6, northeast of building 671 (Plate 1). Here, the flat ramp

is drained by grated catchment basins set flush with the surface. These are

attached to the storm sewer system which drains into the small pond noted in

Site 6 (Sect. 5).

The fuel hydrants are located on the aircraft parking ramp. Each

hydrant allows a direct connection to aircraft for fueling and defueling. A

flush mounted lid covers the connections. Ramp construction consists of an

18 to 22 in. reinforced concrete pad with a 2 to 4 in. asphalt overlay. The

fuel lines are buried approximately 3.5 ft under the concrete with a tee

connection to each fuel hydrant. Lateral 6 r3ceives fuel from pumphouse E,

building 671 (Sect. 4).

10.1.2 Site History

The aircraft parking ramp was constructed between 1954 and 1959 as

shown by aerial photographs taken in those years.

No fuel spills or leaks have been reported in connection with fuel

lateral 6.

This site was investigated because a soil-gas sample, collected by

ORNL/CAT near hydrant 3 on lateral 6 contained 7550 pg/L of TPHCs: the

highest soil-gas measurement near sites 8 and 9. Fuel lateral 6 is still in

use.
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10.1.3 Previous Investigations

No previous work has been performed near the hot-spot.

10.2 PHYSICAL CHARACTERISTICS OF THE STUDY AREA

10.2.1 Surface Water Hydrology

Since the area surrounding the hot-spot is part of the parking ramp and

is paved, all of the precipitation occurring in the area becomes surface

runoff. Due to the relatively flat topography, the runoff occurs as sheet

flow and is routed through the storm sewer and eventually into the unnamed

tributary to the South Branch of Shunganunga Creek (Site 6, Sect. 5).

General surface water hydrology information for Forbes Field ANGB is

discussed in Sect. 2.2.3.

10.2.2 Geology

The fuel lateral 6 area rests on unconsolidated sediments deposited

during the Kansan Glaciation. Beneath these sediments lies a thin zone of

weathered bedrock and then competent bedrock of the Howard Limestone and

Severy Shale. A complete description of the geology at the base is

presented in Section 2.2.4.

10.2.3 Soils

Hot-spot soils are Ladysmith (Ld), 0 to 1% slope (USDA 1970). General

soil information for the base is discussed in Sect. 2.2.5 and Table 2.7.

10.2.4 Hydrogeology

The only water bearing unit of interest underlying the hot-spot is the

unconsolidated aquifer in which water is found in the lower portion of the

glacial drift or the underlying weathered bedrock. This unconsolidated

aquifer is completely absent in portions of the base. The underlying bed-

rock consists of impermeable limestones and shales of the Howard Limestone

which isolate the lower permeable Nodaway Coal unit.
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A complete description of the Forbes Field ANGB hydrogeology is

presented in Sect. 2.2.6. Groundwater flow direction and rates for the site

are discussed in Sect. 10.3.6.

10.2.5 Demographics and Land Use

Building 679, the squadron operations building, is 900 ft downgradient

of the site. Building 679 contains offices and other work areas. The hot-

spot is covered with a concrete and asphalt pad used for aircraft parking

and fueling. No people reside within approximately 1200 ft of the site.

General demographics and land use for the base and Shawnee County are

discussed in Sect. 2.2.11.

10.2.6 Ecology

No vegetation or wildlife is supported as this site is covered with a

concrete and asphalt pad. General ecology of the base is discussed in

Sect. 2.2.12.

10.3 STUDY AREA INVESTIGATION

10.3.1 Surface Features

Field activities at the hot-spot involved surveying to accurately map

the fuel lateral, hydrants, soil-gas sample points, and monitoring well

locations and elevations. A general description of surface features on the

base is presented in Sect. 2.2.1.

10.3.2 Contaminant Source Investigations

The contaminant source investigation at lateral 6, hydrant 3 included a

review of base documentation of fuel lateral tests and the Phase I records

search. The Phase I did not identify a source for the contamination.

Probable sources include surface spills which have migrated through crevices

in the ramp or past small leaks in the fuel line.
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10.3.3 Surface Water and Sediment Investigations

Surface water in the area of the hot-spot drains into the storm sewer

system which then drains into the nearby unnamed tributary (Site 6) to the

South Branch of Shunganunga Creek. Surface water and sediment

investigations for Site 6 are discussed in Sect. 5.

10.3.4 Geological Investigation

Surface lithology information for the fuel lateral 6 area was obtained

from the boring of MW023. With the use of a continuous sampler, a complete

lithologic record was kept for the hole. The well summary form, with well

construction and lithologic descriptions, is attached in Appendix G.

The surface lithology around this site consists cf unstratified silty

clays deposited by melt water from the receding glaciers. These clays are

predominantly very dark gray to grayish-brown, plastic, stained with

limonite oxide, locally micaceous, and marked by scattered greenish-gray

silts. The sediments are 12.5 ft thick. Sediments become damp about 6 in.

from the weathered bedrock.

The surface lithology in this area is very consistent with adjacent

areas, but the upper 7.5 ft might be backfill material; this suspicion is

raised by the presence of fine root matter at 7.5 ft. However, since the

backfill material is most likely derived from nearby areas to the south and

east, which were topographically higher, it is difficult to distinguish

backfill from native sediments.

The sediments overlie a weathered yellow-brown claystone interbedded

with gray and black carbonaceous shales. Visible relict bedding was

encountered in the claystone. Moisture was encountered in the well at

13.2 ft. The weathered bedrock in the hot-spot is part of the lower Howard

Limestone. The underlying bedrock consists of the impermeable limestones

and shales of the Howard Limestone.
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10.3.5 Vadose Zone and Soil Investigations

10.3.5.1 Vadose Zone

Soil-gas and water samples were collected from beneath the refueling

apron along laterals 1 through 12 and lateral 20 (Plate 1). The samples

were collected by drilling a 1.5 in. hole through the concrete, then driving

the probe to a depth of about 3.5 ft. The fuel lateral distribution lines

branch from the main trunkline every 300 ft, running about 5 ft beneath the

surface of the apron. The lateral lines are bedded in a coarse sand which

fills the trench to the undersurface of the apron. All the trenches

contained water; some had water standing to the undersurface of the

concrete.

One sample was collected from the backfill of fuel lateral 6, as shown

on Plate 1. Sample SG83 was collected adjacent to hydrant 3. Results are

discussed in Sect. 10.4.2.

Section 2.1.2.2 provides details on soil-gas collection methods.

10.3.5.2 Soils

Soil samples were collected with a 5-ft continuous sampler during the

drilling of MW023. The samples were inspected visually for contamination

and monitored along their length with an HNU PID. If elevated readings were

noted, a grab sample was taken. Otherwise, samples for chemical analysis

were collected every 3 ft until the water table was reached. Soil samples

from hot-spot were analyzed for VOAs and TPHCs. Analytical results are

discussed in Sect. 10.4.2.

10.3.6 Groundwater Investigations

Several monitoring wells were installed in the surrounding area to

determine the lithology, hydraulic conductivity, depth to water, groundwater

flow direction, and the presence of contamination in the groundwater.

Potentiometric maps, based on water-level measurements taken in July and

September 1988, are shown in Fig. 2.13. These maps indicate a general

groundwater flow direction to the northwest, toward the tributary to

Shunganunga Creek (Site 6).
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Based on the groundwiter flow direction, MW023 is located downgradient

of the soil-gas hot-spot. This location was chosen to determine if fuel in

the trench was leaching into the surrounding soil. MWOII, upgradient to

Site 8 and downgradient of the hot-spot, would also intercept contamination

leaving the site. MW007, installed to monitor the southeast corner and

upgradient of the hot-spot, would identify any contamination entering the

site from another source.

A bail test was performed on MW023 to measure the permeability of the

unconsolidated aquifer in the area. The permeability was insufficient to

yield reliable results. Permeability for other wells in the area ranged

from insufficient results to 7.1 x 10 .4 cm/s (2.0 ft/d), indicating some

discontinuity in the aquifer permeability.

A discussion of the base hydrogeology and results of the aquifer tests

are presented in Sect. 2.2.6.

10.4 NATURE AND EXTENT OF CONTAMINATION

10.4.1 Sources

Hydrocarbons were discovered in the fuel lateral trench and in the soil

1 ft below the aircraft ramp just downgradient of the trench. The two

likely sources are as follows:

1. Past fuel spills on the surface which migrated through crevices in the

ramp into the trench. Activities which could cause small spills include

connecting and disconnecting aircraft and bleeding of air from the fuel

lines -- over a period of thirty years, accumulations could be

detectable.

2. Small leaks in the fuel lateral; although recent base pressure tests

show that fuel lateral 6 is not leaking.

Either of these sources, or some combination of both, is likely the source

of hydrocarbons in the trench.
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10.4.2 Vadose Zone and Soils

10.4.2.1 Vadose Zone

A water sample, collected and analyzed using the soil-gas equipment,

was collected from the sandy backfill at hydrant 3 on lateral 6. This

sample (SG83, Plate 1) revealed 7550 Mg/L of TPHCs. Further northeast in

this lateral, a sample revealed 989 pg/L of TPHCs (SG82). Complete results

from the soil-gas survey are provided in Appendix D.

10.4.2.2 Soils

Soil samples collected from MW023 revealed 16,000 pg/kg of TPHCs at

3 ft. A soil sample at 6 ft revealed 22 pg/kg of toluene with no other fuel

components detected. Samples from 9 ft were clean. The 3 ft soil sample

was collected only 1 ft below the bottom of the concrete pad. Significant

analytical results are provided in Appendix E.

10.4.3 Groundwater

Groundwater samples were collected from MW023 (Plate i). A sample

collected in July was analyzed for VOAs, TPHCs, HSL metals, and major

cations/anions. No contaminants were detected in the sample.

During September/October two groundwater samples were collected from

MW023, these samples were analyzed for VOAs and TPHCs. A sample was

collected both before and after purging the monitoring well. These two

samples were collected because the soil samples from 3 ft and 6 ft contained

fuel compounds, but the groundwater sample collected in July contained no

detectable contamination. Sampling the groundwater from MW023 prior to

purging would determine if contamination was present in the stagnant water

in the well. The sample collected prior to purging contained 3 Ag/L

toluene; no other contamination was detected in either sample. No

conclusion can be drawn from the toluene since no other fuel compounds are

present and the level is very low. Significant analytical results are

provided in Appendix E.
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10.4.4 Surface Water and Sediments

No surface water or sediment samples were collected at lateral 6,

hydrant 3.

10.4.5 Air

Routine air monitoring during drilling was performed with an HNU model

PI-101 PID. No anomalous readings were obtained while monitoring ambient

air, indicating that even though organic compounds are present in the

subsurface, volatilization to the atmosphere is insignificant.

10.5 CONTAMINANT FATE AND TRANSPORT

Contamination in the soil at the hot-spot is the result of jet fuel

which spilled or leaked in the fuel lateral trench backfill. The absence of

chlorinated solvents and other non-fuel related compounds has been

established by both soil and groundwater analyses.

10.5.1 Contaminant Persistence

A discussion on the persistence of JP-4 derived contaminants is

presented in Sect. 3.5.1.

10.5.2 Potential Routes of Migration

The potential route of exposure to a receptor from contamination at the

hot-spot is leaching to the nearby drainage ditch. MWO11 (upgradient well

at Site 8) is downgradient of the hot-spot and MWO07 (monitoring well for

the southeast corner) is upgradient of the hot-spot. MW023, downgradient of

the hot spot, contains contaminated soil at 3 ft but no further significant

soil or groundwater contamination. MWO07 and MWO11 are uncontaminated.
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Additional potential routes of migration include air emissions and flow

in the backfill around the buried fuel lines and pipes. Field measurements

demonstrated that there are no detectable hydrocarbon emissions from the

site. Thus, unless the area were excavated, there is no significant air

exposure. Since drilling was always performed to avoid hitting fuel lines,

migration in the backfill is a possibility that cannot be discounted.

10.5.3 Contaminant Migration

The clay soils at this site apparently confine the fuel to the backfill

within the fuel line trench. The fuel located in the soil under the

concrete at MW023 probably indicates migration under the pad rather than

through the clay soil. Since the groundwater downgradient of the hot-spot

in the trench is uncontaminated, the fuel apparently is not migrating down

to the water table due to the tight clay soil.

See Sect. 3.5.3 for additional details.

10.6 BASELINE RISK ASSESSMENT

This section describes the public health and environmental concerns

resulting from the lateral 6, hydrant 3 hot-spot. Contaminants at this site

are TPHCs, which were found in the soil-gas survey (7550 pg/L) and in soil

samples (16,000 mg/kg); however, groundwater samples from the site were

uncontaminated.

The risk assessment for the base, including details of exposure

pathways, exposure scenarios, toxicity of chemicals, and risk

characterization is presented in Appendix J.

The following evaluation of potentially contaminated media demonstrates

that there is presently no exposure from contamination near the lateral 6,

hydrant 3 hot-spot.
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10.6.1 Exposure Assessment

10.6.1.1 Air

Air emissions were evaluated with a hand-held survey meter at ground

level. The data showed that there were no emissions from the site. Soil-

gas measurements, however, did demonstrate that anomalous concentrations of

TPHCs were present in the subsurface. The concentrations were so low that,

in combination with the concrete ramp, any transport to the surface would be

minute and quickly diluted such that exposure to the public or even military

personnel using the site would be insignificant.

10.6.1.2 Groundwater

The monitoring well at this site indicated that the groundwater is not

contaminated.

10.6.1.3 Surface Water

Contaminants leaching from the area presumably could migrate in the

trench backfill to the storm drainage system. The storm sewers were

backfilled with native clay soil which will inhibit migration, although not

as much as undisturbed soil would inhibit migration.

10.6.1.4 Soil

Soil samples taken from MW023 contained 16,000 pg/kg of TPHCs at a
I depth of 3 ft. The data indicate that exposures to fuel-derived

hydrocarbons could result if the area were excavated. No exposure to humans

or the environment would occur for present usage of the site.

10.6.2 Risk Evaluation

The actual risks from contamination in the unconsolidated sediments and

groundwater at the hot-spot were not calculated since the area was not an

identified site in the IRP. The characteristics of the site are the same as

for Site 8 and the contaminants of concern are the same as for Site 5, with
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two exceptions: the levels of contamination are lower at the hot-spot than

the levels at Site 5 and there is no groundwater contamination. Therefore,

risks will be less and there will be no off-base risk.

Using the risk evaluation scenarios and conditions from Sites 5 and 8,

construction workers could be exposed to four of the contaminants of concern

(benzene, ethylbenzene, toluene, and xylene) via inhalation or dermal

absorption of contaminants in subsurface soils. Estimation of possible

exposures via volatilization from soils assumes that 100% of the concen-

trations found in the soil will volatilize and be inhaled by the receptors.

Estimation of dermal absorption exposures assumes a 100% absorption across

the skin barrier.

Construction worker exposures to contaminated subsurface soil indicates

a negligible probability of carcinogenic effects resulting from either

inhalation or dermal absorption of benzene. In addition, the hazard indices

for these exposure routes are well below levels of concern.

The only potential risk is exposure of workers to air contaminants or

possible explosion hazards if the trench backfill were excavated. The

explosion hazard results from the possibility of relatively high concen-

trations of fuel vapors or possible free product in a confined space

(trench).

10.7 SUMMARY AND CONCLUSIONS

10.7.1 Summary

Soil samples from MW023 show contamination at 3 ft; however, no

contamination has leached into the groundwater. Indeed, the contamination

at 3 ft is likely a sign of fuel migrating just under the pad. Fuel in the

trench backfill is contained by the tight clay soils.

10.7.2 Conclusion

No risk to the public or environment exists from the lateral 6,

hydrant 3 hot-spot, but any excavation near the trenches could result in

exposure to workers or possible explosion hazards. The preferred

alternative is no action with continued restricted access to the site.
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11. CONCLUSIONS AND RECOMMENDATIONS

11.1 MAJOR FINDINGS

Fuel is present in the subsurface environment at Forbes Field ANGB. This

fuel, however, is mostly held within backfill surrounding the fuel laterals

under the aircraft ramp. Fuel also exists in the soil under the tank farm

area and in sediments in the drainage ditch. None of these sources of fuel

appear to be leaching into the groundwater. In fact, the only contaminated

groundwater discovered was in wells drilled into a known spill area (MWO09);

sludge burial areas (MWO19 and MW021) and near the pumphouse (MW028) in the

tank farm; and storm sewer/fuel line backfill (SWO05, Weston). Wells drilled

downgradient of each of these areas contained no detectable contamination.

The tight clay soils inhibit groundwater flow. In wells with a
-5

measurable value, hydraulic conductivity values range from 4.0 x 10 to

3.4 x 10.4 cm/s (0.11 to 0.97 ft/day). Most of the wells yield values below

the measurable range using single well tests. Thus, groundwater as a

potential pathway for contaminant migration appears to be insignificant. For

example, MW021 (Site 1) showed 760 Ag/L of TPHCs while MW026, located less

than 50 ft downgradient, contained no detectable contamination.

Groundwater quality at the base and upgradient of the base is poor. Even

if the hydraulic conductivity allowed production of usable quantities of

groundwater, the poor quality would preclude both domestic use and most

irrigation use.

Sediments in a ditch draining the site contain TPHCs, polynuclear

aromatics, and pesticides; however, the contamination pattern is not

consistent throughout the course of the ditch. Thus, these compounds are

probably the result of small spills and inflow from roads and the aircraft

ramp. Low-flow surface water samples do not show contamination from the above

compounds.

Low-flow surface water samples collected at the head of the ditch, below

the storm sewer outflow at the south end of the base, show contamination by

chlorinated hydrocarbons (<50 pg/L). This storm sewer drains a portion of the

southwest end of the base, half of the large aircraft hangar (building 662),

and part of the old Air Force Base which is presently occupied by light

industry. No source for the chlorinated hydrocarbons has been determined;

S however, it is unlikely that any of the sites studied in this investigation

are the source.
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Since the tight clay soils severely inhibit contaminant migration, fuel

in the lateral trenches is essentially confined by the soil and, therefore,

"pools" at the low point (as if in a bathtub). Since the water table lies

3 to 9 ft below the bottom of the lateral trenches, the groundwater will not

contact the fuel within the trench. Water levels reported by Weston (1984)

show only minor variation with levels measured by ORNL in 1988, indicating

that the water level under the ramp is stable. Because the leaching process

is so slow, high concentrations of fuel may never reach the water table under

the ramp.

Two other pathways for off-base subsurface migration were evaluated: the

domestic gas lines and water lines crossing the base from north to south along

the west side of the base. The north end of these lines passes over the top

of the main storm sewer just east of the pond. Near the center of the base,

these gas and water lines also pass over the fuel lines from the tank farm to

the base. Thus, since these domestic lines are located above the potential

contaminant sources, fuel migrating in the storm sewer trench and fuel line

backfill would not enter the trenches for the domestic lines.

The baseline risk assessment indicates little likelihood of exposure to

humans or biota from any site except the drainage ditch (Site 6). Exposure

from the ditch is minimal and is mitigated by the conservative assumptions

used in the risk assessment.

11.2 DATA NEEDS

Periodic monitoring of the drainage ditch (Site 6), in accordance with

Air National Guard Regulation 19-7, is recommended as part of the base's

environmental monitoring program.

The chlorinated hydrocarbons in the surface water at the head of the

ditch indicate a source within the southern storm drainage system. An

investigation of individual tributaries to the storm sewer system is needed to

locate the source of the contaminants.

11.3 RECOMMENDATIONS

1. No action is recommended for each of the study sites with the exception

that monitoring should be instituted for the drainage ditch (Site 6), in

accordance with Air National Guard Regulation 19-7.
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2. A focused feasibility study should be prepared to determine a method for

disposal of contaminated soil which will be excavated during the aircraft

parking ramp construction.

3. A study should be conducted to determine the source of chlorinated

hydrocarbons in the storm sewer system at the south end of the base.

4. No future excavations near fuel distribution lines or laterals should be

Iundertaken without being prepared to deal with fuel-contaminated
backfill. Construction workers could be exposed to significant air

contaminants and possible exi-losion hazards. The explosion hazard

results from the possibility of relatively high concentrations of fuel

vapors or possible free product in a confined space (trench).

5. After closure of the sites involved in this IRP study, the monitoring

wells should be abandoned.

I
i
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APPENDIX A

GLOSSARY AND ACRONYMS



GLOSSARY

ADSORPTION: Adherence of gas molecules or ions or molecules in solution to

the surfaces of solids with which they are in contact.

AEOLIAN (EOLIAN): Pertaining to the wind; said of geologic processes (such as

erosion and deposition) accomplished by the wind.

ALKANES: Any of a series of straight chain saturated hydrocarbons CnH2n + 2

(as methane).

ALLUVIAL: Pertaining to materials eroded, transported and deposited by

streams or running water.

ANALYTES: Chemical elements or compounds which are identified by specific

laboratory methods of analyses.

ANION: An ion having a negative charge. Anions in a liquid subjected to

electric potential collect at the positive pole or anode.

ANNULAR HEADSPACE: The ring-shaped space between the outer wall of a drill

pipe suspended in a borehole and the casing or the side of the open hole

or the inner side of a larger pipe, or a similar space between the casing

and the wall of a hole.

AQUIFER: Rock or sediment in a formation, group of formations, or part of a

formation which is saturated and sufficiently permeable to transmit water

to wells and springs.

AQUIFER, CONFINED: An aquifer bounded above and below by impermeable strata

or by geologic units of distinctly lower permeability than that of the

aquifer itself.

AQUIFER, UNCONFINED: An aquifer in which there are no confining beds between

the zone of saturation and the surface. There will be a water table in

an unconfined aquifer.
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ARGILLACEOUS: Largely composed of, or containing clay-size particles or clay

minerals.

AROMATIC: A major group of unsaturated cyclic hydrocarbons containing one or

more rings; these are typified by benzene which has a 6-carbon ring

containing three double bonds. There are vast numbers of compounds of

this important group. They are derived chiefly from petroleum and coal

tar.

BACKFILL: Earth or other material used to replace material removed during

construction, mining, or drilling.

BAIL TEST: A test to determine the hydraulic conductivity of the aquifer by

instantaneously removing a volume of water from a well and then measuring

the water level recovery as a function of time.

BEDROCK: Any solid rock exposed at the surface of the earth or overlain by

unconsolidated material.

BENZENE: A colorless, volatile, flammable, carcinogenic, toxic, aromatic

liquid hydrocarbon, C6 H used in organic synthesis, as a solvent, and

as a component of JP-4, gasoline, and diesel fuel.

BIODEGRADABLE: Capable of being broken down especially into innocuous

products by the action of living things (as microorganisms).

BORROW DITCH: A term used chiefly in western U.S. for a borrow pit;

especially a ditch dug along a roadway to furnish fill for the road, also

used for drainage along the side of a road.

BROMODICHLOROMETHANE: CHBrCI 2; a colorless liquid used as a fire extinguisher

fluid ingredient and a solvent for fats, waxes, and resins.

CALCAREOUS: Said of a substance that contains calcium carbonate.

CAPILLARY FRINGE: The zone immediately above the water table, where water is

drawn upward by capillary attract ion.
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CARBONACEOUS: Said of a rock or sediment that is rich in carbon; coaly.

CARCINOGENIC: Able to produce cancer in living cells.

CATION: An ion having a positive charge. Cations in a liquid subjected to

electrical potential collect at the negative pole or cathode.

CHLOROFORM: CHCI 3 ; a colorless, heavy, volatile, carcinogenic liquid; used in

refrigerants, propellants, solvents, insecticides and fire extinguishing.

COMPOUND: A substance composed of atoms or ions of two or more elements in

chemical combination. The constituents are united by bonds or valence

forces. A compound has characteristic properties quite different from

those of its constituent elements.

CONDUCTIVITY: See electrical conductivity.

CONTAMINANT: Any substance accidentally or unwillingly introduced into air,

water, soil or food products which has the effect of rendering them

toxic or otherwise harmful.

CONtMINATION: The degradation of natural water, soil, or air quality to the

extent that its usefulness is impaired; there is no implication of any

specific limits since the degree of permissible contamination depends

upon the intended end use or uses of the contaminated substrate.

CYCLOTHEMS: A geologic term for a series of beds deposited during a single

sedimentary cycle of the type that prevailed during the Pennsylvanian

Period. Because of extremely variable development, a cyclothem cannot be

defined rigidly in terms of the members actually present at any locality.

Cyclothems are typically associated with unstable shelf or interior basin

conditions in which alternate marine transgressions and regressions

occur; nonmarine sediments usually occur in the lower half of a

,yclothem, marine sediments in the upper half.

DECANE: Any of several isomeric liquid hydrocarbons CIOH22 of the methane

series.
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DESORPTION: The process of removing an adsorbed material from the solid on

which it is adsorbed. Desorption may be accomplished by heating, by

reduction of pressure, by the presence of another more strongly adsorbed

substance, or by a combination of these means.

DIAGENESIS: The process involving physical and chemical changes in sediment

after deposition that converts it to consolidated rock.

DIBROMOCHLOROMETHANE: CHBr2 Cl; a clear, colorless, heavy, irritant and

narcotic liquid; used in fire extinguishers, aerosol agents, and organic

synthesis.

DIELDRIN: Complex chlorinated compound; light tan, flaked solid; used as an

insecticide. Carcinogenic.

DIP: The angle measured from the horizontal that a structural feature makes.

Structural features may include bedding, folds, faults, etc. Dip is

measured in degrees of the vertical plane, normal to strike.

DISCONTINUITX: Any stratigrapic interruption in sedimentation: usually a

manifestation of non-deposition and accompanying erosion.

DOWNGRADIENT: In the direction of decreasing hydraulic static head; the

direction in which ground water flows.

DRAWDOWN: A lowering of the water table of an unconfined aquifer or the

potentiometric surface of a confined aquifer caused by pumping of

groundwater from wells.

DUPLICATES: Identical splits of individual samples which are analyzed by the

laboratory to test for method reproducibility.

ELECTRICAL CONDUCTIVITY: A measure of the ease with which a conduction

current can be caused to flow through a material under the infulence of

an applied electric field. It is reciprocal of resistivity and is

measured in mhos per meter.
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EQUIPMENT RINSATE: The final analyte-free water rinse from equipment cleaning

collected daily during a sampling event.

ETHYLBENZENE: A colorless flammable aromatic hydrocarbon used as a solvent

and intermediate in production of styrene.

FIELD BLANK: Blank collected and analyzed to determine the level of

contaminatiun introduced into the sample due to sampling technique.

GAS CHROMATOGRAPHY: The process in which components of a mix are separated

from one another by volatilizing the sample into a carrier gas stream

which is passing through and over a bed of packing. Different components

move through the bed of packing at different rates and so appear at the

effluent end, where they are detected and measured by thermal

conductivity changes, density differences, or ionization detectors. Gas

chromatography is advantageous as a means of analysis of minute

quantities of complex mixtures.

GLACIOFLU'VIAL: Pertaining to the meltwater streams flowing from wasting

glacier ice and especially to the deposits and landforms produced by such

streams.

GLACIOLACUSTRINE: Deposited in glacial lakes

GROUNDWATER: The water contained in interconnected pores located below the

water table in an unconfined or confined aquifer.

HEADWARD EROSION: The lengthening and cutting back upstream of a young valley

or gully above the original source of its stream.

HEAVY METALS: Metallic elements, including the transition series, which

include many elements required for plant and animal nutrition in trace

concentrations but which become toxic at higher concentrations.

HNU MODEL PI1OI: Photoionization meter, organic vapor detector.
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HYDRAULIC CONDUCTIVITY: A coefficient of proportionality describing the rate

at which water can move through a permeable medium. The density and

kinematic viscosity of the water must be considered in determining

hydraulic conductivity.

HYDROCARBONS: Organic chemical compounds composed of hydrogen and carbon

atoms that are chemically bonded. Hydrocarbons may be straight chain,

cyclic, branched chain, aromatic, or polycyclic, depending upon the

arrangement of carbon atoms. Halogenated hydrocarbons are hydrocarbons

in which one or more hydrogen atoms have been replaced by a halogen atom.

INDAN: A bicyclic hydrocarbon; a colorless liquid insoluble in water, soluble

in alcohol and ether, combustible, a derivative of coal tar.

INORGANIC: Composed of substances that are not compounds of carbon, with the

exception of carbon oxides and carbon disulfide. Being or composed of

matter other than plant or animal: mineral.

JETTING (air jetting): A well development technique whereby nitrogen gas is

injected into the water column and through the screen slots in order to

sort filter pack and surrounding formation materials to facilitate flow

of sediment-free water to the screen.

KINEMATIC VISCOSITY: The ratio of dynamic viscosity to mass density. It is

obtained by dividing dynamic viscosity by the fluid density. Units of

kinematic viscosity are square meters per second.

LACUSTRINE: Pertaining to, produced by, or formed in a lake or lakes.

LEACHATE: A solution resulting from the separation or dissolving of soluble

or particulate constituents from solid waste or other media by

percolation of water.

LEACHING: The process by which soluble materials in the soil, such as

nutrients, pesticide chemicals or contaminants, are washed into a lower

layer of soil or are dissolved and carried away by water.
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LIMONITE: A general field term for a group of brown, amorphous, naturally

occurring hydrous ferric oxides.

LIQUINOX: A non-phosphate laboratory detergent used in decontamination of

field sampling equipment.

LITHOLOGY: The description of the physical character of a rock.

LOESS: A widespread, homogenous, commonly unstratified, porous, friable,

unconsolidated blanket deposit consisting predominantly of silt with

subordinate amounts of very fine sand and/or clay.

MATRIX SPIKE: An aliquot of a matrix (water or soil) spiked with known

quantities of compounds and subjected to the entire analytical procedure

in order to indicate the appropriateness of the method for the matrix by

measuring recovery.

MATRIX SPIKE DUPLICATE: A second aliquot of the same matrix (as the matrix

spike) that is spiked in order to determine the precision of the method.

METHOD BLANK: A blank sample run to ensure reported analytical results are

not the results of laboratory contamination.

METALS: See "Heavy Metals"

MICA: A group of minerals that are characterized by low hardness and by

perfect basal cleavage, readily splitting into thin, tough, somewhat

elastic laminae or plates with a pearly luster. They range in color from

colorless, silvery white to black. Micas are prominent rock-forming

constituents of igneous and metamorphic rocks, and commonly occur as

flakes, scales, or shreds.

MICACEOUS: Consisting of, containing, or pertaining to mica.

MICROBES: Microorganisms; forms of life that are either too small to be seen

with the unaided eye or are barely discernible.
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MONITORING WELL: A well used to measure groundwater levels and to obtain

groundwater samples for water quality analyses. As distinguished from

observation wells, monitoring wells are often designed for longer term

operations. They are constructed of materials for the site-specific

climatic, hydrogeologic and contaminant conditions.

MUNSELL SOIL COLOR SYSTEM: A system of color classification that is applied

in geology to the color of rocks and soil. Color is defined by its hue,

value or brilliance, and chroma (purity).

NAPHTHALENE: A crystalline aromatic hydrocarbon usually obtained by

distillation of coal tar and used especially in organic synthesis.

NEUMAN'S TYPE CURVE: A plot of dimensionless theoretical response for a well

in an unconfined system used in pumping test analysis.

OCTANE: Any of several isomeric liquid paraffin hydrocarbons C8 H18 ;

flammable; used as a solvent and in organic synthesis.

OLEFIN: A class of unsaturated aliphatic hydrocarbons having one or more

double bonds, obtained by cracking na-lha or other petroleum fractions at

high temperatures (1500-1700 F).

ORGANIC: Being, containing or relating to carbon compounds, especially in

which hydrogen is attached to carbon.

OXIDATION: The term "oxidation" originally meant a reaction in which oxygen

combines chemically with another substance, but its usage has long been

broadened to include any reaction in which electrons are transferred.

Oxidation and reduction always occur simultaneously (redox reactions),

and the substance which gains electrons is termed the oxidizing agent.

PACKER TESTS: An in situ method for determining rock permeability in an

uncased borehole. The technique consists of isolating an interval in the

borehole using pneumatic packers and injecting a known volume of water

under a known pressure.

A-8



PENNSYLVANIAN: A period of the Paleozoic Era after the Mississippian, thought

to have covered the span of time between 320 and 280 million years ago.

PERMEABILITY: The relative rate of water flow through a porous medium. The

USDA Soil Conservation Service describes permeability qualitatively as

follows:

very slow <0.06 inches/hour

slow 0.06 to 0.2 inches/hour

moderately slow 0.2 to 0.6 inches/hour

moderate 0.6 to 2.0 inches/hour

moderately rapid 2.0 to 6.0 inches/hour

rapid 6.0 to 20 inches/hour

very rapid >20 inches/hour

PETROLEUM: (Crude oil) A highly complex mixture of paraffinic,

cycloparaffinic (naphthenic), and aromatic hydrocarbons, containing a low

percentage of sulfur and trace amounts of nitrogen and oxygen compounds.

The most important petroleum fractions, obtained by cracking or

distillation, are various hydrocarbon gases (butane, ethane, propane),

naphtha of several grades, gasoline, kerosene, fuel oils, gas oil,

lubricating oils, paraffin wax, and asphalt. From the hydrocarbon gases,

ethylene, butylene, and propylene are obtained: these are important

industrial intermediates, being the source of alcohols, ethylene glycols

and monomers of a wide range of plastics, elastomers, and

pharmaceuticals. Benzene, phenol, toluene, and xylene can also be made

from petroleum.

PETROLEUM HYDROCARBONS: (See Petroleum)

pH: A value taken to represent the acidity or alkalinity of an aqueous

solution. It is defined as the logarithm of the reciprocal of the

hydrogen-ion concentration of a solution. On a scale from 0 to 14, 7

represents neutrality, numbers less than 7 increasing acidity, and

numbers greater than 7 increasing alkalinity.

PHASE I: Records search phase of the Installation Restoration

Program.
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PHASE II: Remedial Investigation and Feasibility Study phase of the

Installation Restoration Program

PHYSIOGRAPHY: A description of the features and phenomena of nature; same as

physical geography or geomorphology.

PLASTIC (geology): Said of a body in which strain produces continuous,

permanent deformation without rupture.

POLLUTANT (water): Any solute or cause of change in physical properties that

renders water unfit for a given use.

POLYNUCLEAR AROMATIC COMPOUNDS: Compounds in which aromatic rings that share

a pair of carbon atoms are fused. The simplest and most important of the

fused-ring hydrocarbons is napthalene, C1oH8'

POTENTIOMETRIC MAP: A contour map of the potentiometric surface of a

particular hydrogeologic unit.

POTENTIOMETRIC SURFACE: The imaginary surface to which water in an artesian

aquifer would rise in tightly screened wells penetrating it.

PUMPING TESTS: A test made by pumping a well for a period of time and

measuring the observed water level changes in a nearby observation well.

A pumping test may be used to determine the capacity of the well and the

hydraulic characteristics of the aquifer.

PURGE: To evacuate the stagnant water in a well.

RECHARGE: The addition of water to the ground water system by natural or

artifical processes.

RELICT: Said of a feature that remains after other parts of the

feature have been removed or have disappeared.
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SEMI-VOLATILE ORGANIC COMPOUNDS (semi-volatiles): Base-neutral and acid-

extractable priority pollutants. Includes plasticizers and polynuclear

aromatic hydrocarbons.

SHEET FLOW: Laminar flow. Water flow in which the stream lines remain

distinct and in which the flow direction at every point remains unchanged

with time.

SOIL-GAS TESTING: A method of testing for volatile organic compounds in

unsaturated zones. Gas withdrawn from the soil is analyzed at the

surface by a variety of techniques.

STORAGE VALUE: Storativity. The volume of water an aquifer releases from or

takes into storage per unit surface.

STRATIGRAPHIC: The systematic arrangement or partitioning of the sequence of

rock strata of the earth's crust into units with reference to any or all

of the many different characters, properties, or attributes which the

strata may possess.

SUB-BITUMINOUS COAL: A black coal intermediate in rank between lignite and

bituminous coals. It is distinguishable from lignite by higher carbon

and lower moisture contents.

SURROGATES: Compounds added to every blank, sample, matrix spike, matrix

spike duplicate, and standard and used to evaluate analytical efficiency

of the method by measuring recovery. Surrogates are brominated,

fluorinated, or isotopically labelled compounds not expected to be

dtAtfLed ill eLlVj1lulItILkLl media. These are typically used in organic

analytical methods.

TETRALIN: TM for tetrahydronapthalene

TOLUENE: An alkylbenzene compound. A volatile, aromatic, organic compound

associated with jet fuel. A colorless liquid with an aromatic odor like

benzene.
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TOXICITY: The ability of a material to produce injury or disease upon

exposure, ingestion, inhalation, or assimilation by a living organism.

TRANSMISSIVITY: The rate at which water is transmitted through a unit width

of aquifer under a unit hydraulic gradient.

TRICHLOROETHENE: (TCE) CCL 2CHCI; a nonflammable liquid used especially as a

solvent, in dry cleaning, and for removing grease from metal; a suspected

carcinogen.

UNCONSOLIDATED MATERIAL: A sediment that is loosely arranged or unstratified,

or whose particles are not cemented together, occurring either at the

surface or at depth.

VADOSE ZONE: Also called the unsaturated zone. The zone between the land

surface and the water table including the root zone, intermediate zone,

and capillary fringe. The pore spaces contain water at less than

atmospheric pressure as well as air and other gases. Saturated bodies,

such as perched groundwater, may exist in the unsaturated zone.

VINYL CHLORIDE: CH 2CHCl; a flammable gaseous carcinogenic compound that is

used to make vinyl resins. It is also a biodegradation product of

trichloroethene.

VOLATILE: The tendency of a solid or liquid material to pass into the vapor

state at a given temperature.

WATER TABLE: Surface of a body of unconfined water at which the pressure is

equal to that of the atmosphere.

WEATHERING: The group of processes (such as chemical action of air and

rainwater, the biological action of plants and animals, and the

mechanical action of changes in temperature) whereby rocks and minerals,

on exposure to the weather, change in character, disintegrate and

decompose.
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XYLENE: Any of three toxic flammable isomeric aromatic hydrocarbons that

are dimethyl homologs of benzene and are usually obtained from petroleum

or natural gas distillates; also a mixture of xylenes and ethylbenzene

used chiefly as a solvent.

I
I
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ACRONYMS

AIGB: Air National Guard Base

AIC: Acceptable Intake for Chronic exposure. The highest human intake of

chemical, expressed as mg/kg/day, that does not cause adverse evvects

when exposure is short-term (but not acute). The AIC is usually based

on chronic animal studies.

API: American Petroleum Institute

AREFG: Air Refueling Group

Base: Forbes Field Air National Guard Base

BGL: Below ground level

BNA: Base Neutral/Acid Extractable compounds (see Semi-Volatile Organic

Compounds)

BTXE: Benzene, Toluene, Total Xylenes, Ethylbenzene

CAT: Chemical Assessments Team

CERCLA: Comprehensive Environmental Response Compensation and Liability Act

CH: Corehole

CLP: Contract Laboratory Program

DDE: (p,p-DDE) Abbreviation for dichlorodiphenyldichloroethylene. It is a

degradation product of DDT found as an impurity in DDT residues.
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DDT: (p,p-DDT and o,p-DDT) Abbreviation for dichlorodiphenyltrichloroethane.

A colorless odorless water-insoluble crystalline insecticide that tends

to accumulate in ecosystems and has toxic effects in many vertebrates.

DRMO: Defense Reutilization and Marketing Office

DW: Deep well

EC: Electrical Conductivity.

EPA: Environmental Protection Agency

EPM: Equivalents per million

FS: Feasibility studies

gal/min: gallon(s) per minute

HARIM: Hazard Assessment Rating Method

HAZWRAP: Hazardous Waste Remedial Action Program

IIMTC: Hazardous Materials Technical Center

HSL: Hazardous Substance List

ID: Inside diameter

IRP: Installation Restoration Program

IT: International Technology

tJP-4: Jet Propulsion Fuel Number Four; contains both kerosene and gasoline

fractions.

KAL: Kansas Action Level

KDIIE: Kansas Department of Health and Environment
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KSANG: Kansas Air National Guard

LOD: Limit of detection

MCL: Maximum Contaminant Level set by the EPA as required by the SDWA. Based

on health factors and the technological and economic feasibility of

removing the contaminant from the water supply.

MCLG: Maximum Contaminant Level Goal set by the EPA as required by the SDWA.

MCLGs are entirely health based; thus, they are always less than or

equal to MCLs.

mg/L: Milligrams per liter

MS/MSD: Matrix spike/matrix spike duplicate

MTAA: Metropolitan Topeka Airport Authority

MW: Monitoring well

NDI: Nondestrutive Inspection

NGB: U.S. National Guard Bureau

OD: Outside diameter

OEHL: Occupational and Environmental Health Laboratory

ORGDP: Oak Ridge Gaseous Diffusion Plant

ORNL/CAT: Oak Ridge National Laboratory/Chemical Assessments Team

ORNL: Oak Ridge National Laboratory

OVA: Organic Vapor Analyzer

PAIl: Polynuclear aromatic hydrocarbons

A-16



PCB: Polychlorinated biphenyl. One of several aromatic compounds containing

two benzene nuclei with two or more substituent chlorinations. They are

colorless liquids. Because of their persistence, toxicity, and

ecological damage, their manufacture was discontinued in the U.S. in

1976.

PCC: Prevalent chemical character

PHC: Petroleum Hydrocarbon (see TPHC)

PID: Photoionization Detector. An instrument which detects organic vapors

that ionize within a specific range of voltage, such as the HNU PI-101.

POL: Petroleum, oil and lubricant

PPM: Parts per million

PVC: Polyvinyl chloride

RfD: Reference dose

RI: Remedial investigation

RI/FS: Remedial Investigation/Feasibility Study

RIR: Remedial Investigation Report

SAC: Strategic Air Command

SCS: Soil Conservation Service

SDWA: Safe Drinking Water Act

SG: Soil-gasI
SOW: Statement of worki
SW: Shal low welll
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TAC: Tactical Air Command

TCE: Trichloroethene

TCLP: Toxicity Characteristic Leaching Procedure

TDS: Total Dissolved Solids

TPHC: Total Petroleum Hydrocarbons

mg/L: micrograms per liter

VOA: Volatile Organic Analyses

VOC: Volatile Organic Compounds

VOL: See VOA

WQC: Water Quality Criteria - Federal criteria which are non-enforceable

guidelines. Many states use in the development of enforceable ambient

water quality standards,

WS: Sample of surface water

ZHE: Zero headspace extraction
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SOIL-GAS RESULTS

I
The soil-gas investigation was performed to evaluate the near-surface

I distribution of total petroleum hydrocarbons (TPHCs), aromatic compounds,

and chlorinated hydrocarbons on the site. Particular areas of interest

included fuel storage areas and fuel line laterals. Detection limits were

less than or equal to 0.01 pg/L for all compounds analyzed.

The soil-gas data collected at Forbes Field ANGB is not an indicator of

TPHCs in the groundwater. The data are most useful for spotting gross

anomalies and trends, especially in the tight clay soil present at the base.

Table D.A presents the measured concentrations of TPHCs. Table D.2

shows halocarbon concentrations.

Soil-gas sampling points were located and surveyed in May 1988 by

ORNL/CAT. During the soil-gas sampling in June 1988, several locations were

deleted, some were! added, and others were moved from their locations. These

moves, deletions, and additions were caused by changes in site conditions

during the sample collection (e.g., a background level of TPHC downgradient

of a site precluded sampling further downgradient to delineate a plume).

Gaps in the numbering sequence are due to the sampling locations which were

deleted.

Samples SG29 and SG40 were taken under marginal conditions, i.e., the

soil was nearly too tight to withdraw soil-gas. The sampling probe was

reinserted a few feet from the original holes and water samples were

collected the following day. Both soil-gas and water were used at these

locations to ensure that groundwater contamination was not undetected due to

low soil-gas sample volume.

Those samples coded by "NS" are locations where a sample was attempted

but for technical reasons, usually the tight clay soil, could not be

collected.

The aromatic species concentrations correlated well with the TPHC

levels, where TPHCs levels were <100 pg/L. All of the aromatic

concentrations were less than 1.0 Ag/L except point SGI12 (1.67 Ag/L toluene

and 1.11 Mg/L ethyl benzene).

In this environment, the soil-gas information provides an excellent

screening tool. Use of the tool as a screen, however, implies selecting a

level above which results are "elevated" and below which results are
"background."
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Information from the subcontractor provided a possible "cut-off" level.

Hydro Geo Chem, Inc., reviewed the data and conditions at the base and

suggested a cut-off level near 100 Mg/L of TPHCs. The conclusion was based

on the tight clay soils, the possibility of horizontal migration of vapors

through the soils, and naturally occurring compounds in the soil. Since

horizontal migration of vapors through the soils could provide a false-

positive at a sample point when, in fact, there was no contamination in the

subsurface, the 100 yg/L level was suggested.

The field blanks showed trace levels of aromatics and some of the

chlorinated hydrocarbons. Total hydrocarbon levels ranged from 3.4 to 21.9

Mg/L in the field blanks. These levels are not uncommon in the atmosphere,

particularly where fuels are being stored or used. Obviously, values below

22 Mg/L could not be considered elevated.

A review of the data by ORNL revealed a break between 50 Mg/L and 80

pg/L, with only four samples falling in this range. Several sample points

had values between 22 and 50 Mg/L and between 80 and 100 Mg/L. Based on the

above information, a level of 80 yg/L was determined as the best cut-off

level and that value was used in data interpretation.
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TABLE D.l. Summary of soil-gas and water survey data,
total petroleum hydrocarbons and aromatics

(,ug/L)

Sampling Total Benzene Toluene Ethyl- Meta-,Para- Ortho-
location petroleum benzene Xylenes Xylene

hydro-
carbons

SG2 33.80 0.14 0.25 0.06 0.15 0.05
SG7 38.90 0.24 0.42 0.00 0.15 0.00
SGS 18.50 0.01 0.02 0.06 0.09 0.04
SG9 23.10 0.03 0.03 0.00 0.00 0.02
SGIO 30.20 0.33 0.26 0.10 0.19 0.09
SG1IW 516.00 0.17 0.65 0.66 1.00 1.38
SG12 32.60 0.38 0.25 0.07 0.14 0.06
SG19 58.30 0.34 0.36 0.12 0.34 0.22
SG20 31.10 0.31 0.24 0.12 0.20 0.07
S322 53.40 0.08 0.43 0.17 0.33 0.16
SG23 18.10 0.12 0.01 0.07 0.09 0.05
SG24 67.40 0.21 0.22 0.06 0.29 0.04
SG25 14.80 0.08 0.06 0.05 0.05 0.03
SG27 24.50 0.27 0.28 0.09 0.18 0.09
SG28W 70.00 0.21 0.35 0.09 0.20 0.10
SG29 39.20 0.00 0.02 0.01 0.06 0.03
SG29W 44.00 0.00 0.01 0.06 0.01 0.03
SG30 170.00 0.05 0.31 0.31 0.04 0.12
SG31 35.50 0.01 0.04 0.01 0.03 0.03
SG32 572.00 0.37 0.48 0.16 0.40 0.24
SG33 21.30 0.01 0.03 0.00 0.03 0.02
SG34 174.00 2.13 3.65 0.73 1.96 1.09
SG35 201.00 1.86 2.85 0.31 1.16 0.43
SG36 9.11 0.04 0.06 0.02 0.05 0.02
S37 277.00 1.87 5.53 1.65 2.09 1.10
SG38 133.00 0.58 1.40 0.21 0.68 0.25
SG39 27.60 0.01 0.27 0.04 0.10 0.05
SG40 17.70 0.01 0.07 0.02 0.08 0.06
SG40W 87.60 0.11 0.05 0.22 0.44 0.10
SC41 63.00 0.44 3.72 0.18 0.64 0.24
SG42 861.00 0.36 0.79 0.84 5.85 1.54
SG43 NS
SG47 243.00 2.45 2.43 0.21 0.74 0.25
3G48 151.00 1.40 2.49 0.38 0.93 0.37
SG49 6.93 0.00 0.04 0.03 0.00 0.01
SG50 20.60 0.03 0.23 0.04 0.14 0.05
SG51 34.40 0.04 0.40 0.08 0.24 0.08
SG52 37.70 0.06 0.92 0.18 0.56 0.24
SG53 10.10 0.00 0.03 0.02 0.04 0.02
SG54 202.00 0.18 0.28 0.40 0.26 0.04
SG55 1.92 0.01 0.02 0.00 0.01 0.00
SG57 147.00 1.66 2.31 0.29 1.06 0.35
SC60 26.80 0.25 0.29 0.10 0.21 0.10
SC62 98.50 0.29 0.30 0.13 0.32 0.15
SG63 18.70 0.08 0.06 0.08 0.01 0.01
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TABLE D.I. (continued)

Sampling Total Benzene Toluene Ethyl- Meta-,Para- Ortho-
location petroleum benzene Xylenes Xylene

hydro-
carbons

SG64 23.00 0.11 0.04 0.09 0.01 0.01
SG65 35.80 0.05 0.18 0.07 0.13 0.05
SG66W 45.50 0.02 0.08 0.22 0.00 0.03
SG67 20.50 0.09 0.07 0.05 0.05 0.01
SG68 19.40 0.12 0.08 0.04 0.06 0.03
SG69W 162.00 0.90 4.73 5.65 1.67 6.05
SG70 25,900.00 128.00 126.00 485.00 78.80 233.00
SG71 3,000.00 11.50 15.90 34.80 13.80 24.30
SG72 33.90 0.20 0.14 0.14 0.14 0.05
SG73 34.50 0.16 0.16 0.05 0.16 0.08
SG74 55.50 0.15 0.22 0.07 0.19 0.09
SG75 22.20 0.18 0.13 0.15 0.00 0.05
SG76 28.20 0.22 0.15 0.11 0.26 0.09
SG77 163.00 1.35 0.48 0.33 0.04 0.14
SG79 33.50 0.05 0.21 0.14 0.10 0.06
SG8O 18.50 0.01 0.02 0.06 0.09 0.04
SG81 NS
SG82W 989.00 89.80 7.98 7.04 1.16 3.05
SG83W 7,550.00 53.60 86.00 149.00 29.90 99.20
SG84 NS
SG85W 1,850.00 446.00 6.60 7.70 10.10 5.52
SG86W 1,300.00 2.80 12.30 21.80 12.90 10.30
SG87 6,070.00 27.90 29.80 57.00 35.90 32.50
SG88 21.00 0.14 0.20 0.04 0.12 0.05
SG89 79,200.00 73.30 124.00 320.00 346.00 464.00
SG90 169,000.00 3.15 32.60 103.00 67.50 109.00
SG91 NS
SG92 721.00 6.07 2.30 7.76 6.93 11.70
SG93 58,400.00 32.50 1.63 0.28 1.70 7.42
SG94 NS
SG95 99,200.00 23.00 110.00 147.00 104.00 155.00
SG96 21,600.00 31.80 71.40 92.00 96.00 120.00
SG97 NS
SG99 15.00 0.00 0.02 0.01 0.03 0.02
SG101 25.20 0.13 0.12 0.09 0.05 0.03
SG106 44.0 0.15 0.23 0.12 0.16 0.19
SGI07W 86,800.00 90.40 164.00 456.00 571.00 800.00
SG108W 30.40 0.11 0.22 0.09 0.08 0.05
SG109 97.00 0.70 1.00 0.25 0.55 0.22
SGIIO NS
SGIII 19.90 0.19 0.21 0.05 0.13 0.06
SG112 18.40 0.70 1.67 1.11 0.78 0.44
SG113 747.00 0.11 6.86 7.19 2.71 5.44
SG114W 31.60 0.02 0.20 0.13 0.14 0.08
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TABLE D.1. (continued)

Sampling Total Benzene Toluene Ethyl- Meta-,Para- Ortho-
location petroleum benzene Xylenes Xylene

hydro-
carbons

SGI15W 92.50 0.13 0.23 0.08 0.13 0.08
SG116W 30,700.00 80.40 12.90 172.00 130.00 287.00
SG117 4.50 0.02 0.03 0.01 0.02 0.01
SGI18W 395.00 0.12 0.24 0.08 0.18 0.13
SG121 19.60 0.25 0.31 0.10 0.21 0.08
SG122W 50.10 0.17 0.20 0.07 0.12 0.07
SG123 20.00 0.13 0.09 0.04 0.10 0.03
SG124W 1,290.00 19.70 11.40 3.61 4.47 7.02
SG126 17.60 0.07 0.08 0.07 0.11 0.03
SG127 50.80 0.07 0.31 0.08 0.22 0.08
SG128 40.10 0.08 0.09 0.09 0.01 0.04
SG129 73.50 0.15 0.20 0.05 0.14 0.01
SG130 26.80 0.10 0.08 0.09 0.13 0.08
SG131 11.20 0.02 0.08 0.02 0.38 0.20
SG132 17.00 0.11 0.12 0.04 0.07 0.04
SG133 24.00 0.29 0.24 0.14 0.17 0.07
SG134 33.70 0.32 0.27 0.06 0.18 0.09

SGFB14JU 21.90 0.03 0.21 0.02 0.11 0.04
SGFB15JU 17.70 0.03 0.21 0.03 0.11 0.04
SGFB16JU 19.10 0.05 0.50 0.06 0.20 0.08
SGFBI7JU 5.26 0.01 0.01 0.01 0.02 0.01
SGFB18JU 4.89 0.01 0.02 0.01 0.02 0.01
SGFB19JU 5.20 0.00 0.01 0.01 0.02 0.01
SGFB2OJU 5.34 0.01 0.04 0.01 0.02 0.01
SGFB21JU 3.42 0.00 0.02 0.01 0.01 0.01
SGFB22JU 4.83 0.00 0.03 0.01 0.02 0.01

W - denotes water sample
FB - denotes field blank; "14JU" denotes sample collection date (JU=June)
NS - sample attempted, unable to collect
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TABLE D.2. Summary of soil-gas and water survey data,
chlorinated hydrocarbons

(pg/L)

Sampling Trichloro- Vinyl Sample
location ethene chloride depth

SG2 0.00 0.00 5.0
SG7 0.00 0.00 3.5
SG8 0.00 0.00 5.0
SG9 0.00 0.00 5.0SG10 0.00 0.00 5.0
SG11W 0.00 0.00 5.0
SG12 0.00 0.00 5.0
SG19 0.00 0.00 5.0SG20 0.00 0.00 5.0
SG22 0.00 0.00 5.0
SG23 0.00 0.00 5.0
SG24 0.00 0.00 5.0
SG25 0.00 0.00 5.0
SG27 0.00 0.00 5.0
SG28W 0.00 0.00 12.0
SG29 0.00 0.00 10.0
SG29W 0.00 0.00 10.0
SG30 1.70 0.03 5.0
SG31 0.00 0.00 5.0
SG32 0.00 0.00 9.5
SG33 0.00 0.00 5.0
SG34 0.18 0.00 5.0
SG35 0.14 0.00 5.0SG36 0.01 0.00 5.0
SG37 0.15 0.00 5.0
SG38 0.00 0.00 5.0
SG39 0.00 0.00 8.5
SG40 0.00 0.00 12.0
SG40W 0.00 0.00 12.0
541 0.08 0.00 5.0S42 0.00 0.00 5.0
SG43 NS NS NS
SG47 0.06 0.00 5.0
SG48 0.15 0.00 5.0SG49 0.00 0.00 5.0
SG50 0.01 0.00 5.0
SG51 0.00 0.00 5.0
SG52 0.04 0.00 5.0SG53 0.00 0.00 12.0
SG54 0.00 0.00 12.0
555 0.00 0.00 12.0
SG57 0.09 0.00 5.5SC60 0.00 0.00 3.5
SG62 0.00 0.00 3.5
SG63 0.00 0.00 3.5
SG64 0.00 0.00 3.5
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TABLE D.2. (continued)

Sampling Trichloro- Vinyl Sample
location ethene chloride depth

SG65 0.00 0.00 3.5
SG66W 0.00 0.00 5.0
SG67 0.00 0.00 3.5
SG68 0.00 0.00 3.5
SG69W 0.00 0.00 5.0
SG70 0.00 0.00 3.5
SG71 0.00 0.00 3.5
SG72 0.00 0.00 3.5
SG73 0.00 0.00 3.5
SG74 0.00 0.00 3.5
SG75 0.00 0.00 3.5
SG76 0.00 0.00 3.5
SG77 0.00 0.00 3.5
SG79 0.00 0.00 3.5
SG80 0.00 0.00 3.5
SG81 NS NS NS
SG82W 0.00 0.00 5.0
SG83W 0.00 0.00 5.0
SC84 NS NS NS
SG85W 0.00 0.00 5.0
SC86W 0.00 0.00 5.0
SG86W 0.00 0.00 5.0
SG87 0.00 0.00 3.5
SC88 0.00 0.00 3.5
SG89 0.00 0.00 3.5
SG90 0.00 0.00 3.5
SG91 NS NS NS
SG92 0.00 0.00 3.5
SG93 0.00 0.00 3.5
SG94 NS NS NS
SG95 0.00 0.00 3.5
SG96 0.00 0.00 3.5
SG97 NS NS NS
SG99 0.00 0.00 3.5
SG101 0.00 0.00 5.0
S0106 0.00 0.00 12.0
SG107W 0.00 0.00 12.0
SGI08W 0.00 0.00 8.0
SG109 0.00 0.00 7.0
S01I0 NS NS NS
SGIII 0.00 0.00 9.0
SGI12 0.00 0.00 9.5
SG113 0.00 0.00 9.5
SC114W 0.00 0.00 10.0
SG115W 0.00 0.00 10.5
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TABLE D.2. (continued)

Sampling Trichloro- Vinyl Sample
location ethene chloride depth

SG116W 0.00 0.00 9.5
SG117 0.00 0.00 7.0
SG118W 0.00 0.00 11.0
SG121 0.00 0.00 5.0
SG122W 0.00 0.00 6.0
SG123 0.00 0.00 12.0
SG124W 0.00 0.00 10.5
SG126 0.00 0.00 9.0
SG127 0.00 0.00 5.0
SG128 0.00 0.00 12.0
SG129 0.00 0.00 12.0
SG130 0.00 0.00 12.0
SG131 0.00 0.00 5.0
SG132 0.00 0.00 5.0
SG133 0.00 0.00 5.0
SG134 0.00 0.00 5.0

SGFB14JU 0.03 0.00 0.0
SGFB15JU 0.00 0.00 0.0
SGFB16JU 0.06 0.00 0.0
SGFB17JU 0.00 0.00 0.0
SGFB18JU 0.00 0.00 0.0
SGFB19JU 0.00 0.00 0.0
SGFB2OJU 0.00 0.00 0.0
SGFB21JU 0.00 0.00 0.0
SGFB22JU 0.00 0.00 0.0

W - denot water sample

FB - denotes field blank; "I4JU" denotes sample collection date (JU=June)
NS - sample attempted, unable to collect
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Analytical Data

I. Discussion

Table E.1 is arranged by site and contains all the analytes detected

during the sampling program. Table E.2 lists the target compounds and

metals, along with detection limits, in soil and water.

Samples listed in Table E.1 are sorted according to the site from which

the sample was collected. The site is listed at the top of the page.

Several samples were collected which do not apply to a specific site, but to

the project in general; these samples were assigned a "site" which most

accurately describes the area from which they were collected. If the sample

could not be identified with a specific site, it was assigned the code N/A.

II. Column headings in Table E.1 are defined as follows:

Sample location: DW - deep well (Weston) TB - trip blank

SW - shallow well (Weston) FB - field blank

MW - monitoring well (ORNL) SD - sediment

ER - equipment rinse WS - surface water

CH - core hole (ORNL) OT - other

The numeric segment of the string refers to the monitoring well or

corehole number where the sample was collected. Sediments and surface

waters are numbered sequentially in the order taken. Trip blanks were made

in the lab prior to going to the field and have no numerical reference for

location.

Sample date: Date the samples were collected in the field.

Sample interval: Soil samples taken during the drilling of monitoring wells

and coreholes are listed according to the depth below

ground surface at which they were collected. Samples of

sediments, surface waters, groundwater, and blanks are

listed according to the ordinal sequence in which they were

collected on a given day. For example, a triplicate sample

of groundwater taken from monitoring well MW023 on 7/10/88

wotild have interval values of 01, 02, and 03. Samples
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taken from the same well on consecutive days would each

have a sample interval 01.

Field number: Each sample collected is given a unique four-digit number

which is recorded in the project sample log book, chain-of-

custody form, field data base, and ORNL/CAT data base in

Grand Junction, Colorado. Replicate samples are numbered

sequentially.

Sample matrix: GW - ground water SR - soil replicate

SO - soil WR - water replicate

SD - sediment RI - rinsate

WT - water (other than groundwater)

Analytical method:

Analytical method

Sample code Comments soil/water

SEMI base/neutral and

acid extractable

semi-volatile organic

compounds 8270/625

VOLS volatile organic

compounds 8240/624

METALS HSL metals SW846

TPIICs Total petroleum

hydrocarbons,

recoverable 8015/8015,418.1

benzene/toluene/

xylenes/ethylbenzene

(BTXE) 8020/8020

PEST pesticides/PCBs 8080/608

ANIONS Cl, F, SO4 , P04' NO3  300.0
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TCLP Toxicity characteristic

leaching procedure, zero

headspace extraction

defined in Federal Register

Vol. 51 No. 216, Friday,

Nov. 7, 1986, pp. 40643 -

40653

* In June 1988, the EPA proposed (Fed. Reg. 21648 et. seq.) to expand the

toxicity characteristic test and to replace the EP extraction procedure

with a new procedure called TCLP (toxicity characteristic leaching

procedure). Like the EP toxicity test, the TCLP is designed to

generate a leachate for the purpose of evaluating the potential for

contaminants to migrate into the groundwater. The most significant

differences between the two procedures are the requirements in the TCLP

for the generation of a second leachate to measure volatile organics

using a zero headspace extractor (ZHE), and the requirement to analyze

each phase of a multi-phase leachate separately and combine the results

mathematically.

Analyte: Volatiles possessing cis/trans or ortho/meta/para isomerism are

reported as total compound present.

Result: Organics between I and 10 reporting units - one significant digit;

<10 reporting units - 2 significant digits.

Code: B - compound was detected in the method blank as well as in the

sample.

J - analytical result is an estimated value. For example,

methylene chloride typically has a limit of detection (LOD) of

I pg/L. The lowest quantity which can be reported with

certainty is -5 pg/L. Values between the LOD and the

reporting level are denoted by J.

E - compound was quantitated above the CLP calibration limit, but

was within the instrument's demonstrated range of linearity.

D - value was reported from a dilution. Typically, if matrix

iuterferences obscure the peaks of interest, the sample is
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diluted to reduce the concentration of interferent. Dilution

also raises detection limits of the target compounds.

A - Aldol condensation product.

P - probable identification.

Units: Self explanatory.

III. Complete Sample Information

Two supplements to this report are available on request. Number One

contains copies of all laboratory analytical reports including laboratory

QA/QC samples. Number Two contains copies of all field sample data records

which were filled out at the time of sample acquisition. These supplements

can be obtained by contacting:

Oak Ridge National Laboratory

Grand Junction Office

P.O. Box 2567

Grand Junction, CO 81502

Attn: Forbes Field ANGB Site Manager

or

Hazardous Waste Remedial Action Program

FEDC Building

104 Union Valley Road

Oak Ridge, TN 37830

Attn: Forbes Field ANGB Project Manager
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Table E.I. Analytical data

05/24/89

SIGNIFICANT C HMICAL DATA FROM SITE 1

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS

LOCATION DATE INTERVAL NUMBER MATRIX METHOD

DW006 03/11/88 01 0021 GW VOLS hexans 11.00 ug/L

MW018 06/20/88 03 5096 SO SVOLS methylene chloride 8.00 B ug/k8

!W018 06/20/88 03 5096 SO SVOLS acetone 6.00 JB ug/kg

m018 06/20/88 03 5096 so SVOLS toluene 6.00 B ug/kg
MW018 06/20/88 06 5097 so SVOLS methylene chloride 19.00 B ug/kg

W018 06/20/88 06 5097 so SVOLS toluene 9.00 B ug/kg

Mol8 06/20/88 06 5098 SR SVOLS methylene chloride 5.00 JB ug/kg

HW018 06/20/88 06 5098 SR SVOLS toluene 5.00 JB ug/kg

HW018 06/20/88 09 5099 S, STCLP methylene chloride 2.00 JB ug/L

M016 06/20/8 09 5099 SO STCLP acetone 21.00 B ug/L

MWO18 06/20/88 09 5099 so STCLP 2-butanone 2.00 J ug/L

MW018 06/20/88 09 5099 SO STCLP 4-methyl-2-pentanone 49.00 B ug/L

MWO18 06/20188 09 5099 so STCLP toluene 3.00 J ug/L

MWR018 06/20/38 09 5099 so STCLP ethylbenzene 2.00 J ug/L

M4018 06/20/88 12 5100 so SPHCS petroleum hydrocarbons 140000.00 ug/kg

MW018 06/20/88 12 5100 SO SPHCS xylenes(total) 3700.00 ug/kg

MW018 06/20/88 12 5100 so SPHCS toluene 900.00 ug/kg

MW018 06/20/88 12 5100 SO SVOLS methylene chloride 12.00 B ug/kg

MWO18 06/20/88 12 5100 so SVOLS acetone 63.00 B ug/k8

tW018 06/20/88 12 5100 so SVOLS carbon disulfide 6.00 JB ug/kg

MW018 06/20/88 12 5100 so SVOLS 2-butanone 6.00 3 ug/kg

MW018 07/09/88 01 5174 GW ANIONS Cl 3.50 mg/L

MW018 07/09/88 01 5174 GW ANIONS F 1.30 mg/L

rW018 07/09/88 01 5174 GW ANIONS S04 330.00 mg/L

MW018 07/09/88 01 5174 (W METALS Zn 0.03 mg/L

HW018 07/09/88 01 5174 GW PHCS toluene 1.00 ug/L

MW018 07/09/88 01 5174 GW VOLS acetone 5.00 J ug/L

1018 10/04/88 01 5266 WR VOLS acetone 6.00 JB ug/L

MW019 06/20/88 03 5121 so SVOLS methylene chloride 31.00 B ug/kg

MW019 06/20/88 03 5121 so SVOLS acetone 8.00 JB ug/kg

M4019 06/20/88 03 5121 SO SVOLS toluene 12.00 B ug/kg

MWO19 06/20/88 06 5122 SO SVOLS methylene chloride 12.00 B ug/kg

M4019 06/20/88 06 5122 so SVOLS acetone 17.00 B ug/kg
MW019 07/07/88 01 5165 GW ANIONS Cl 7.80 mg/L

MW019 07/07/88 01 5165 GW ANIONS F 1.00 mg/L

M1059 07/07/88 01 5165 GW ANIONS S04 160.00 mg/L
MW019 07/07/88 01 5165 GW METALS As 0.01 ng/L

MW019 07/07/88 01 5165 GW METALS Fb 0.01 mg/L

W019 07/07/88 01 5165 GW METALS Zn 0.01 rng/L
MWO19 07/07/88 01 5165 GW PHCS toluene 1.00 ug/L

W019 07/07/88 01 5165 GW PHCS petroleum hydrocarbons 83.00 ug/L

MWO19 07(07/88 01 5165 (W VOLS methylene chloride 1.00 J8 ug/L
MW019 07/07/88 01 5165 GW VOLS acetone 6.00 J ug/L

1*019 07/07/88 02 5166 WR ANIONS Cl 7.00 mg/L

MW019 07/07/88 02 5166 UR ANIONS F 0.20 mg/L
MW019 07/07/88 02 5166 WR ANIONS S04 162.00 mg/L

MWO19 07/07/88 02 5166 WR METALS Ba 0.11 mg/L

144019 07107/88 02 5166 WR METALS Na 77.00 mg/.
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Table E.1. (continued)

05/24189

SIGNIFICANT CHEMICAL DATA FROM SITE I

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS

LOCATION DATE INTERVAL NUMBER MATRIX METHOD

MW019 07107/88 02 5166 WR METALS K 3.00 mg/L

M4019 07/07/88 02 5166 WR METALS Ca 91.00 mg/L

MWO19 07/07/88 02 5166 WR METALS Mg 20.00 mg/L
W019 07/07/88 02 5166 WR VOLS 1,1,2-trichloroethane 5.00 us/L

MH019 07/07/88 02 5166 WR VOLS toluene 1.00 3 ug/L

MW019 07/07/88 02 5166 MR VOLS hydrocarbon #1 9.00 JB ug/L

MW019 07/07/88 02 5166 WR VOLS hydrocarbon #2 7.00 JB ug/L

HW019 07/07188 02 5166 MR VOLS hydrocarbon #3 4.00 3 ug/L

MWO19 07/07/88 02 5166 WR VOLS benzene 0.50 3 ug/L

MW019 10/04/88 01 5263 GW PHCS benzene 1.40 ugIL

MW019 10/04/88 01 5263 GM PHCS petroleum hydrocarbons 71.00 ug/L

MW019 10/04/88 01 5263 GW VOLS methylene chloride 1.00 JB ug/L

MW019 10/04/88 01 5263 GW VOLS acetone 6.00 JB ug/L

MW019 10/04/88 01 5263 GW VOLS carbon disulfide 3.00 J ug/L

MW020 06/20/88 03 5125 so SVOLS methylene chloride 17.00 B ug/kg

HW020 06/20/88 03 5125 so SVOLS acetone 17.00 B ug/kg

MW020 06/20/88 06 5126 so SVOLS methylene chloride 5.00 JB ug/kg

MW020 06/20/88 06 5126 SO SVOLS acetone 11.00 B ug/kg

MW020 06120188 06 5126 SO SVOLS chloroform 2.00 J ug/kg

MW020 06/20/88 09 5127 SO SVOLS methylene chloride 6.00 B ug/kg

MW020 06/20/88 09 5127 so SVOLS acetone 18.00 B ug/kg

1W020 06/20/88 12 5128 SO SVOLS mcthylene chloride 4.00 JB ug/kg

M,020 06/20/88 12 5128 SO SVOLS acetone 10.00 38 ug/kg

MW020 07/08/88 01 5169 GW ANIONS Cl 5.30 mg/L

MW020 07/08/88 01 5169 GW ANIONS F 1.30 mg/L

M020 07!08/88 01 5169 GW ANIONS S04 410.00 mg/L

MW020 07/08/88 01 5169 GW METALS Pb 0.02 mg/L

MW020 07/08/88 01 5169 GW METALS Zn 0.01 mg/L

MW020 07/08/88 01 5169 GW VOLS acetone 2.00 J ug/L

MW020 07/01/88 01 5169 GW VOLS 4-methyl-2-pentanone 2.00 J ug/L
M4020 10/04/88 01 5262 GW VOLS methylene chloride 1.00 JB ug/L

MW020 10/04/88 01 5262 GW VOLS acetone 15.00 B ug/L

MW021 06/20/88 03 5129 so SVOLS methylene chloride 8.00 B ug/kg

4021 06120/88 03 5129 SO SVOLS acetone 20.00 B ug/kg

MW021 06/20/88 03 5129 so SVOLS bromodichloromethane 2.00 J ug/kg

MW021 06/20/88 06 5130 so SPHCS petroleum hydrocarbons 490000.00 ug/kg

1M021 06/20/88 06 5130 SO SPHCS xylenes(total) 31000.00 ug/kg

MW021 06/20/88 06 5130 SO SVOLS 2-butanone 260.00 J ug/kg

MW021 06/20/88 06 5130 SO SVOLS benzene 380.00 3 ug/kg

MW021 06/20/88 06 5130 SO SVOLS toluene 1600.00 ug/kg

HW021 06/20/88 06 5130 so SVOLS ethylbenzene 1600.00 ug/kg

HW021 06/20/88 06 5130 SO SVOLS xylenes(total) 4200.00 ug/k&

£4021 06/20/88 09 5131 SO SPHCS petroleum hydrocarbons 34000.00 ug/kg

144021 06/20/88 09 5131 SO SPHCS toluene 550.00 ug/kg

W4021 06/20/88 09 5131 SO SPHCS xylenes(total) 1100.00 ug/kg

MW021 06/20/88 09 5131 SO SVOLS methylene chloride 2.00 J ug/kg

MW021 06/20/88 09 5131 SO SVOLS acetone 110.00 B ug/kg

MW021 06/20/88 09 5131 so SVOLS 2-butanone 4.00 J ug/kg



Table E.1. (continued)

05/24/89

SIGNIFICANT CHEMICAL DATA FROM SITE 1

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS

LOCATION DATE INTERVAL NUMBER MATRIX METHOD

MW021 06120/88 09 5131 SO SVOLS xylenes(total) 9.00 ug/kg

tW021 06/20/88 06 5132 S STCLP methylene chloride 1.00 J3 ug/L

Mi021 06/20/88 06 5132 so STCLP acetone 10.00 B us/L

MW021 06/20/88 06 5132 so STCLP 4-methyl-2-pentanone 26.00 B ug/L

hW021 06/20/88 06 5132 so STCLF rylenes(total) 39.00 ug/L

HW021 07/08/88 01 5170 GW ANIONS C1 8.80 mgiL

M4021 07/08/88 01 5170 Gvl ANIONS F 1.40 mg/L

hW021 07/08/88 01 5170 GW ANIONS S04 320.00 mgsl

HW021 07/08/88 01 5170 GW METALS Zn 0.02 mg/L

MW021 07/08/88 01 5170 GW PHCS toluene 1.00 ug/L

MW021 07/08/88 01 5170 GW PHCS xylenes(total) 10.00 ug/L

MW021 07/08/88 01 5170 GW PHCS benzene 2.80 ug/L

MW021 07/08/88 01 5170 GW SEMI bis(2-athylhexyl)phthalate 14.00 B ug/L

MW021 07/08/88 01 5170 GW VOLS xylenes(total) 7.00 ug/L

tM021 07/08188 01 5170 GW VOLS benzene 2.00 J us/L

MW021 10/04/88 01 5264 GW PHCS benzene 9.20 ug/L

MWO21 10/04/88 01 5264 GW PHCS toluene 1.00 ug/L

MW021 10/04/88 01 5264 GW PHCS xylenes(total) 93.00 ug/L

MW021 10/04/83 'I 5264 GW PHCS petroleum hydrocarbons 760.00 ug/L

tW021 10/04/88 01 5264 GW VOLS methylene chloride 1.00 JB ug/L

MW021 10/04/88 01 5264 GW VOLS acetone 6.00 J3 ug/L

HW021 10/04/L8 01 5264 GW VOLS benzene 11.00 ug/L

HW021 10/04/88 01 5264 GW VOLS ethylbenzene 3.00 J ug/L

MW021 10/04/88 01 5264 GW VOLS xylenes(total) 110.00 uglL

M4026 06/23/88 03 5159 so SVOLS methylene chloride 15.00 B ug/kg

MW026 06/23/88 03 5159 so SVOLS acetone 8,00 JB ug/kg

hW026 06123/88 03 5159 so SVOLS toluene 2,00 3 ug/kg

MW026 06/23/88 06 5160 so SVOLS methylene chloride 14.00 B uS/kg

MW026 06/23/88 06 5160 so SVOLS acetone 120.00 B ug/kg

MW026 06/23/88 06 5160 so SVOLS 2-butanone 24,00 ug/kg

hW026 06/23/88 06 5160 so SVOLS toluene 2,00 J us/kg

HW026 07/08/88 01 5173 OW ANIONS Cl 3,90 mg/L

MW026 07/08/88 01 5173 GW ANIONS F 1.10 mg/L

HW026 01108/88 31 5173 GW ANIONS S04 200.00 mg/L

HW026 07/08/88 01 5173 GW VOLS acetone 6.00 J ug/L

HW026 07/08/88 01 5173 GW VOLS 4-methyl-2-pentanone 2,00 J ug/L

HW026 09/30/88 01 5242 GW VOLS aetone 5.00 J ug/L

MW026 10/05/88 01 5281 GW VOLS acetone 3.00 3 ug/L

HW028 11/01/88 03 5295 so SVOLS methylene chloride 34.00 B ug/kg

MW028 11/01/88 03 5295 SO SVOLS acetone 67.00 B ug/kg

?W-028 11/01/88 07 5296 SO SPFICS toluene 1800.00 ug/kg

11028 11/01/88 07 5296 SO SPHCS xyienes(total) 5900.00 us/kg

11z028 11/01/88 01 5296 SO SPHCS petroleum hydrocarbons 145000.00 ug/kg

W44028 11/01/88 07 5296 so SVOLS methylene chloride 120,00 B ug/kg

W028 11/01/88 07 5296 SO SVOLS acetone 720.00 B ug/kg

114028 11/01/68 09 5297 50 SVOLS methylene chloride 20.00 B ug/kg

14028 11/01/88 09 5297 SO SVOLS acetone 160,00 B ug/kg

MW028 11/01/88 09 5297 SO SVOLS 4-methyl-2-pentenone 3.00 J ug/kg
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Table E.I. (contirnued)

05/24/89

SIGNIFICANT CHEMICAL DATA FROM SITE 1

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS

LOCATION DATE INTERVAL NUMBER MATRIX METHOD

HW028 11/18/88 01 5301 GW PHCS toluene 30.00 ug/L
MW028 11/18/88 01 5301 GW PHCS petroleum hydrocarbons 2000.00 ug/L
MW023 11/18/88 01 5301 GW VOLS acetone i0.00 ug/L
MW028 11/18/88 02 5307 GW PHCS benzene 0.90 ug/L
MW028 11/18/88 02 5307 GW PHCS toluene 20.00 u/L
MW028 11/18/88 02 5307 GW PHCS xylene(total) 7.00 ug/L
MW028 11/18/88 02 5307 GW PNCS petroleum hydrocarbons 200.00 ug/L
MW028 11/18/88 02 5307 GW VOLS acetone 9.00 J ug/L
144028 11/18/88 02 5307 GW VOLS vinyl acetate 3.00 J ug/L
MW028 11/18/88 02 5307 GW VOLS benzene 4.00 j ug/L
MW028 11/18/88 02 5307 GW VOLS ethylbenzene 2.00 j ug/L
1W028 12/15/88 01 5311 GW PHCS benzene 4.40 ug/L
MW028 12/15/88 01 5311 GW PHCS toluene 20.00 ug/L
MW028 12/15/88 01 5311 GW PSCS xylene(total) 4.00 ug/L
14028 12/15/88 01 5311 G. PHCS petroleum hydrocarbons 270.00 ug/L
MW028 12/1j/88 01 5311 @d VOLS acetone 13.00 ug/L



Table E.1. (continued)

05/24/89

SIGNIFICANT CHEMICAL DATA FRcM SITE 5

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS

LOCATION DATE INTERVAL NUMBER MATRIX METHOD

W8009 06/17!88 03 5052 SO SVOLS acetone 280.00 EB ug/kg

e54oo9 06/17/88 03 5052 SO SVOLS methylene chloride 22.00 B ug/kg

K-4009 06/17/88 03 5052 so SVOLS 2-butanone 17.00 B ug/kg

W4009 06/17/88 06 5053 so SPHCS petroleum hydrocarbons 26000.00 Lg/kg

MW009 06/17/88 06 5053 SO SPHCS xylenes(total) 2600.00 ug/kg

Pqd009 06/17/88 06 5053 50 SVOLS xylenes(total) 2600.00 ug/kg

1'4O09 06/17/88 06 5053 50 SVOLS methylene chloride 17.00 B ug/kg

.44009 06/17/88 06 5053 so SVOLS acetone 290.00 EB ug/kg

K4009 06/17/88 06 5053 50 SVOLS methylene chloride 220.00 J ug/k&

W009 06/17/88 06 5053 so SVOLS acetone 600.00 JB ug/kg

W009 06/17/88 06 5053 so SVOLS 2-butanone 590.00 3 ug/kg

MW009 06/17/88 06 5054 so STCLP chloroform 310.00 E ug/L

W009 06/17/88 06 5054 so SVOLS methylene chloride 1.00 J ug/kg

MW09 06/17/86 06 5054 so SVOLS acetone 12.00 B ug/kg

MW009 06/17/88 06 5054 so SVOLS 1,1,1-trichloroethane 4.00 J ug/kg

MWo009 06/17/88 06 5054 so SVOLS 4-methyl-2-pentanone 28.00 B ug/kg

MW009 07/11/88 01 5192 GW ANIONS Cl 49.00 mg/L

1W009 07/11/88 01 5192 GW ANIONS F 1.10 mg/L

M,4009 07/11/88 01 5192 GW ANIONS S04 33.00 mg/L

W-84009 07/11/88 01 5192 GW PHCS benzene 17.00 ug/L

MWO09 07/11/88 01 5192 Gd PUCS toluene 7.00 ug/L

MWO09 07/11/88 01 5192 GW PHCS etbylbenzene 12.00 ug/L

MWOO9 07/11/88 01 5192 GW PHCS xylenes(total) 39.00 ug/L

MWOOg 07/11/88 01 5192 GW PliCS petroleum hydrocarbons 580.00 ug/L

MW009 07/11/88 01 5192 GW VOLS benzene 26.00 ug/L

MWO09 07/11/88 01 5192 GW VOLS ethylbenzene 20.00 ug/L

W1009 07/11/88 01 5192 GW VOLS acetone 5.00 J ug/L

-W009 07/11/88 01 5192 G VOLS 1,2-dichloroethene (total) 4.00 J ug/L

MWO09 10/05/88 01 5287 GW PiCS benzene 18.00 ug/L

MW009 10/05/88 01 5287 GW PHCS toluene 10.00 ug/L

MWO09 10/05/88 01 5287 GW PHCS ethylbenzene 13.00 ug/L

MWO09 10/05/88 01 5287 GW PEiCS xylenes(total) 34.00 ug/L

14009 10/05/88 01 5287 GW PHCS petroleum hydrocarbons 1100.00 ug/L

1W009 10/05/88 01 5287 GW VOLS 1,2-dichloroethene (total) 4.00 J ug/L

MV4009 10/05/88 01 5287 GW VOLS benzene 22.00 ug/L

MWo09 10/05/88 01 5287 GW VOLS ethylbenzene 17.00 ug/L

MW010 06/17/88 03 5056 so SVOLS methylene chloride 6.00 ug/k&

MW010 05117188 03 5056 so SVOLS acetone 17.00 B ug/kg

!144010 06/17/88 06 5057 SO SVOLS methylene chloride 37.00 ug/kg

"-4010 06/17/88 06 5057 SO SVOLS acetone 130.00 B ug/kg

.i5l010 07/11/88 01 5191 OW ANIONS Cl 11.00 mg/L

10 07/11I/8 01 5101 (W ANIONS F 0.00 rmg/L

rr84010 07111/88 01 5191 GW ANIONS S04 24.00 mg/L

1-64j10 07/11/88 01 5191 GW METALS Zn 0.01 mg/L

.,4014 06/18/88 03 5015 SO SVOI.S methylene chloride 11.00 ug/kg

1f-i014 06/18/88 03 50/5 so SVO.S acetone 54.00 ,IF/k

?-.014 06/18/88 03 5075 so SVOLS chloroform 3.00 J ug/g
-4Wn14 06118/88 03 s0o5 O sVOlS toluene 2.00 J g



Table E.1. (continued)

05124189

SIGNIFICANT CHEMICAL DATA FROM SITE 5

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS

LOCATION DATE INTERVAL NUMBER MATRIX METHOD

MW014 06/18/88 06 5076 so SVOLS methylene chloride 13.00 ug/k8

MW014 06118/88 06 5076 so SVOLS acetone 24.00 ugkg

MW014 06/18/88 06 5076 so SVOLS 4-methyl-2-pentanone 1.00 J ug/k8

MW014 06/18/88 06 5076 so SVOLS toluene 3.00 J ug/kg

W4014 06/18/88 06 5077 SR SVOLS methylene chloride 6.00 J ug/k8

144014 06/18/88 06 5077 SR SVOLS acetone 11.00 ug/kg

M4014 06/18/88 06 5077 SR SVOLS toluene 2.00 J ug/k8

1W014 06/18/88 09 5078 so SVOLS methylene chloride 10.00 ug/kg

MWO14 06/18t88 09 5078 50 SVOLS acetone 13.00 uS/kg

MW014 06/18/88 12 5079 SO SVOLS methylene chloride 16.00 ug/k8

M,4014 06/18/88 12 5079 so SVOLS acetone 12.00 ug/kg

1W014 07/11/88 01 5190 G ANIONS C1 8.70 mg/L

144014 07/11/88 01 5190 GW ANIONS F 1.20 ma/L

1W014 07/11/88 01 5190 Gw ANIONS SO4 99.00 mg/L

MW014 09/30/88 01 5237 Gw VOLS acetone 6.00 J ug/L

MW014 10/03/88 01 5257 GW VOLS carbon disulfide 6.00 ug/L

SWO05 03/10/88 01 0010 GW PHCS petroleum hydrocarbons 8900.00 ug/L

SWO05 03/10/88 01 0010 GW PHCS benzene 180.00 ug/L

SWOOS 03/10/88 01 0010 GW PCS ethylbenzene 300.00 ug/L

SW005 03/10/88 01 0010 GW PHCS xylenes(total) 390.00 ug/L

SWO05 03/10/88 01 0010 GW VOLS benzene 150.00 ug/L

SWO05 03/10/88 01 0010 GW VOLS ethylbei.zene 320.00 ug/L

SWO05 03/10/88 01 0CI0 GW VOLS xylenes(total) 380.00 ug/L

SWO05 03/10/88 01 0010 GW VOLS cyclohexane 680.00 ug/L

SW005 03/10/88 01 0010 GW VOLS cyclopentane,methyl- 470.00 ug/L

SWO05 03/10/88 01 0010 GW VOLS pentane,3-methyl- 120.00 ug/L
SWO05 03/10/88 01 0010 GW VOLS cyclohexane,methyl 1500.00 ug/L

SW005 03/10/88 01 0010 GW VOLS cyclopentane,ethyl 89.00 ug/L

SW005 03/10/88 01 0010 GW VOLS cyclopentane,1,1.3-trimethyl- 210.00 ug/L

SWO05 03/10/88 01 0010 GW VOLS cyclopropane,l-(l-dimethylethy 130.00 ug/L

SWO05 03/10/88 01 0010 GW VOLS 1-heptanol,2,4-dimethyl 110.00 ug/L

SW005 03/10/88 01 0010 GW VOLS cyclohexane,ethyl 650.00 ug/L

SW005 03/10/88 01 0010 GW VOLS cyclohexane,l,Z-dimethyl-,cis 200.00 ug/L

SWO05 03/10/88 01 0010 GW VOLS cyclohexane,1,2-dimethyl-,tran 200.00 ug/L

SWO05 03/10/88 01 0010 GW VOLS cyclohexane,1,l,3-trimethyl 270.00 ug/L

SWO05 03/10/88 01 0010 GW VOLS l-undecene 140.00 ug/L
SWO05 03/10/88 01 0010 OW VOLS acetone 32.00 B ug/L

SWO05 03/11/88 02 0017 GW PHCS petroleum hydrocarbons 12000.00 ug/L

SWO05 03/11/88 02 0017 GW PHCS benzene 640.00 ug/L

SWO05 03/11/88 02 0017 GW PlICS ethylbenzene 690.00 ug/L

SWO05 03/11/88 02 0017 GW PHCS xylenes(total) 750.00 ug/L

SWO05 03/11/88 02 0017 OW VOLS benzene 610.00 ug/L

SWO05 03/11/88 02 0017 0w VOLS ethylbenzene 740.00 ug/L

SW005 03/11/88 02 0017 GW VOLS xylenes(total) 720.00 ug/L

SW005 03/11/88 02 001? GW VOLS cyclohexene 650.00 ug/L

SW)05 03/11/88 02 0017 GW VOLS 1-pentene,2-methyl- 350.00 ug/L

"W005 03/11/88 02 001) GW VOl's cyc l ohexane,met.hy L- 980.00 g/L

SW()05 03/11/88 02 0017 GW VOl.5 m,.thyleoe chlorid. 13.00 ,Jl 1 g/l.



Table E.I. (continued)

05124/89

SIGNIFICANT CHEMICAL DATA FROM SITE 5

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS

LOCATION DATE INTERVAL NUMBER MATRIX METHOD

SWO05 03/11/88 02 0017 Gd VOLS acetone 47.00 J ug/L

SWO05 03/11/88 03 0018 GW PHCS petroleum hydrocarbons 13000.00 ug/L

SWO05 C3/11/88 03 0018 Gw PHCS benzene 490.00 ug/L

SWO05 03/11/88 03 0018 GW PHCS ethylbenzene 670.00 ug/L

SW005 03/11/88 03 0018 GW PHCS xylenes(total) 760.00 ug/L

SWO05 03/11/88 03 0018 GW VOLS benzene 530.00 ug/L

SWO05 03/11/88 03 0018 GW VOLS ethylbenzene 690.00 ug/L

SWO05 03/11/88 03 0018 GW VOLS xylenes(total) 690.00 ug/L

SWO05 03/11/88 03 0018 GW VOLS cyclohexane 740.00 ug/L

SWO05 03/11/68 03 0018 GW VOLS cyclopentane,methyl- 460.00 ug/L

SW005 03/11/88 03 0018 GW VOLS pertane,3-methyl- 71.00 ug/L

SW005 03/11/88 03 0018 Gd VOLS cyclohexanemethyl- I000.00 ug/L

SWO05 03/11/88 03 0018 GW VOLS cyclopentane,1,1,3-trimethyl- 57.00 ug/L

SWO05 03/11/88 03 0018 GW VOLS methylene chloride 12.00 JB ug/L

SWO05 03/11/88 03 0018 GW VOLS acetone 37.00 J ug/L

SWO05 09/30/88 01 5238 GW PHCS benzene 210.00 ug/L

SW005 09/30/88 01 5238 GW PHCS xylenes(total) 1300.00 ug/L

SWO05 09/30/88 01 5238 GW PHCS petroleum hydrocarbons 9500.00 ug/L

SW005 09/30/88 01 5238 GW VOLS methylene chloride 10.00 J ug/L

SWO05 09/30/88 01 5238 Gd VOLS acetone 250.00 ug/L

SWO05 09/30/88 01 5238 GW VOLS benzene 100.00 ug/L

SWO05 09/30/88 01 5238 GW VOLS ethylbenzene 190.00 ug/L

SWO05 09/30/88 01 5238 GW VOLS xylenes(total) 320.00 ug/L

SWO05 10/05/83 01 5293 GW FHCS benzene 570.00 ug/L

SWO05 10/05/88 01 5293 GW PHCS ethylbenzene 580.00 ug/L

SWO05 10/05/88 01 5293 GW PHCS xylenea(total) 620.00 ug/L

SWO05 10/05/88 01 5293 GW PHCS petroleum hydrocarbuns 8700.00 ug/L

SWO05 10/05/88 01 5293 GW VOLS methylene chloride 12.00 JB ug/L

SWO05 10/05/88 01 5293 GW VOLS acetone 76.00 JB ug/L

SWO05 10/05/88 01 5293 GW VOLS benzene 490.00 ug/L

SWO05 10/05/88 01 5293 GW VOLS ethylbenzene 710.00 ug/L

SWO05 10/05/88 01 5293 GW VOLS xylenes(total) 630.00 ug/L

j T



Table E.I. (continued)

05/24/89

SIGNIFICANT CHEMICAL DATA FROM SITE 6

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS
LOCATION DATE INTERVAL NUMBER MATRIX METHOD

MWO01 06/14/88 03 5013 SO SVOLS methylene chloride 13.00 us/kg
MWO01 06/14/88 06 5014 SO SVOLS methylene chloride 7.00 ug/kg
MWO01 06/14/88 06 5014 SO SVOLS acetone 46.00 B ug/kg

144001 06/14/88 06 5014 SO SVOLS toluene 2.00 J ug/kg
M4001 06/14/88 09 5015 so SVOLS acetone 23.00 ug/k S
MW001 06/14/88 09 5015 SO SVOLS methylene chloride 6.00 ug/kg
MWO01 06/14/88 09 5015 SO SVOLS toluene 1.00 J ug/kg

H 4001 06/14/86 12 5016 so SVOLS methylene chloride 15.00 ug/kg
MW001 06/14/88 12 5016 so SVOLS acetone 18.00 uglkg

MW001 07/07/88 01 5168 W ANIONS Cl 11.00 mg/L

14001 07/07/88 01 5168 GW ANIONS F 1.70 mg/L

MWO01 07/07/88 01 5168 GW ANIONS S04 620.00 mg/L

MW001 07/07/88 01 5168 GW METALS Zn 0.01 mg/L
HM001 07/07/88 01 5168 GW SEMI bis(2-ethylhexyl)phthalate 15.00 B ug/L

W44001 07/07/88 01 5168 GW VOLS 4-methyl-2-pentanone 2.00 J ug/L

MW001 10/03/88 01 5259 GW VOLS acetone 7.00 J ug/L
MW002 06/14/88 03 5019 SO SVOLS methylene chloride 26.00 ug/k&

1W002 06/14/88 03 5019 SO SVOLS acetone 19.00 ug/kg

MWO02 06/14/88 03 5019 SO SVOLS toluene 2.00 J ug/kg
M4002 06/14/88 06 5020 so SVOLS methylene chloride 4.00 JB ug/kg

MW002 06/14/88 06 5020 so SVOLS acetone 33.00 B ug/kg
M002 06/14/88 06 5020 SO SVOLS chloroform 3.00 JB ug/kg

14002 06/14/88 09 5021 so SVOLS methylene chloride 10.00 B ug/kg

MWO02 06114(88 09 5021 SO SVOLS acetone 110.00 B us/kg

MW002 06/14/88 09 5021 SO SVOLS chloroform 3.00 JB ug/kg

MWO02 07/10/88 01 5185 GW ANIONS Cl 15.00 mg/L

MW002 07/10/88 01 5185 GW ANIONS F 1.50 mg/L

MWO02 07/10/88 01 5185 GW ANIONS S04 450.00 mg/L

MW002 07/10/88 01 5185 GW VOLS acetone 5.00 JB ug/L

MW022 06/21/88 03 5135 SO SVOLS methylene chloride 20.00 ug/kg

1.,1022 06/21188 .03 5135 SO SVOLS acetone 16.00 ug/kg

MW022 06/21/88 06 5136 so SVOLS methylene chloride 14.00 ug/kg
M4022 06/21/88 06 5136 SO SVOLS acetone 30.00 ug/kg

MW022 06/21/88 08 5137 so SPHCS oil&grease 360.00 mg/kg

MW1925 07/12/88 01 5196 WR ANIONS C1 4.00 mg/L

MW025 07/12/88 01 5196 WR ANIONS F 0.50 mg/L

MW025 07112/88 01 5196 WR ANIONS S04 102.00 mg/L
t4?025 07/12/88 01 5196 WR METALS Ba 0.11 mg/L

W025 01/12188 01 5196 WR METALS Zn 0.02 mg/L

MW025 07/12/88 01 5196 WR METALS Na 24.00 wglL

MW025 07/12/88 01 5196 WR METALS K 4.30 mg/L

14025 01/12/88 01 5196 WR METALS Ca 130.00 mg/1.
MWO25 07/12/88 01 5196 WR METALS Mg 29.00 mg/I.

M8025 07/12/88 01 5196 WR SEMI unknown #1 3.00 J ug/L

MWO25 07/12/88 01 5196 WR SEMI diacatone alcohol 100.00 JA ug/L

W025 07/12/88 01 5196 WR SEMI unknown #2 6.00 JB ug/L

8OO25 07/12/88 01 5196 WR SEMI uaiknown #3 9.00 ,11 ug/1.

MW025 07/12/88 01 5196 WR SF21 unknoii #4 2.00 J ug/l.



Table E.I. (continued)

05124/89

SIGNIFICANT CHEMICAL DATA FROM SITE 6

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS

LOCATION DATE INTERVAL NUMBER MATRIX METHOD

W025 07/12/88 01 5196 WR SEMI pass alkoxy/hydroxy/alkene 7.00 JB ug/L
M4025 07/12/88 01 5196 WR SEMI unknown #5 5.00 JB ug/L
1W025 07/12/88 01 5196 WR SE21 dioctyl adipate 10.00 J ug/L
14W025 07/12/88 01 5196 WR SEM2I unknown phthaLate eater 5.00 3 ug/L
HW025 07/12/88 01 5196 WR SEMI unknown #6 9.00 1 ug/L

MH025 07/12/88 01 5196 WR SEMI unknown #7 9.00 1 ug/L
MW025 07/12/88 01 5196 WR SEMI unknown #8 9.00 1 ug/L

HW025 07/12/88 01 5196 WR VOLS benzene 14.00 ug/L

MW025 07/12/88 01 5196 WR VOLS toluene 7.00 ug/L
HW025 07/12/88 01 5196 WR VOLS ethylbenzene 3.00 JB ug/L

*HW025 07/12188 01 5196 WR VOLS zylenea(total) 2.00 J ug/L
HW025 07/12/88 01 5196 WR VOLS probable hydrocarbon #1 6.00 JB ug/L
H4025 07/12/88 01 5196 WR VOLS probable hydrocarbon #2 5.00 1 ug/L

14W025 07/13/88 01 5217 GW ANIONS Cl 4.80 mg/I
1*1025 07/13/88 01 5217 GW ANIONS F 1.30 mg/L
MW025 07/13/88 01 5217 GW ANIONS S04 230.00 mg/L
MW025 07/13/88 01 5217 GW METALS Zn 0.03 mg/L
HW025 07/13/88 01 5217 GW VOLS acetone 6.00 J ug/L

44025 07/13(88 02 5218 WR ANIONS Ci 3.80 mg/L
MW025 07/13/88 02 5218 WR ANIONS F 1.30 mg/L

MW025 07/13/88 02 5218 WR ANIONS S04 210.00 mg/L
M 025 07/13/88 02 5218 WR METALS Zn 0.03 mg/L

MW025 07/13/88 02 5218 WR METALS As 0.00 mg/L
MW025 07/13188 02 5218 WR VOLS acetone 6.00 j ug/L

MW025 07/13/88 03 5219 WR ANIONS Cl 3.90 mg/L
MH025 07/13/88 03 5219 WR ANIONS F 1.30 mg/L

MW025 07/13/88 03 5219 WR ANIONS S04 180.00 mg/L

MW025 07/13/88 03 5219 WR METALS Zn 0.03 mg/L

W4025 07/13188 03 5219 WR VOLS acetone 6.00 . uZ/L
MW025 10/03/88 01 5260 GW VOLS acetone 3.00 J ug/L

SDO01 06/14/88 01 5000 so SMETAL As 4.00 mg/kg
SDO01 06/14/88 01 5000 so SMETAL Be 0.40 mg/kg
SDO01 06/14/88 01 5000 so SHETAL Cd 0.90 mg/kg

SD001 06/14/88 01 5000 SO SMETAL Cr 9.00 mg/kg
SDO01 06/14/88 01 5000 so SMETAL Cu 14.00 mg/kg
SDO01 06/14/88 01 5000 so SHETAL Pb 61.00 mg/kg
SDO01 06/14/88 01 5000 so SMETAL Hg 0.02 mg/kg

SD001 06/14/88 01 5000 so SMETAL Ni 12.00 mg/kg

S0001 06/14/88 01 5000 so SMETAL TI 4.00 mg/kg
SDO01 06/14/88 01 5000 SO SMETAL Zn 425.00 mg/kg
S0001 06/14/88 01 5000 SO SPHCS petroleum hydrocarbons 120000.00 ug/kg

S0001 06/14/88 01 5000 so SPHCS xylenes(total) 14000.00 ug/kg

S0001 06/14/88 01 5000 s0 SSMI 2-methylnaphthalene 1700.00 ug/k,

GD001 06/14/88 01 5000 SO SSEMI bis(2-ethylhexyl)phthalate 1400.00 JB ug/kg

SDO01 06/14/88 01 5000 SO SSI11 phtinanthreno 180.00 3 ug/kg
S001 06/14/88 01 5000 SO SSF2.1I anthracene 180.00 J ug/kg

SD001 0F/14/88 O 5000 :;() S3I fluorinthene 270.00 J ug/Ig

f 0D 66/14/86 01 5000 ;) :;f S I pyrelie 260.00 J ug/



Table E.1. (continued)

05/24/89

SIGNIFICANT CHEMICAL DATA FROM SITE 6

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS
LOCATION DATE INTERVAL NUMBER MATRIX METHOD

SD0I 06/14/8 01 5000 so SSEMI benzo(a)enthracene 260.00 J ug/kg
SD001 06114188 01 5000 so SSEMI chrysene 240.00 J uglkg
SDO01 06/14/88 01 5000 SO SSEII benzo(b)fluroanthene 410.00 J ug/kg
SDO01 06/14/88 01 5000 so SSEMI benzo(k)fluoranthene 330.00 J ug/kg
SD001 06/14/88 01 5000 so SVOLS acetone 190.00 B ug/kg
SDO01 06/14/88 01 5000 SO SVOLS methylene chloride 77.00 ug/kg
SD001 06/14/88 01 5000 so SVOLS xylenes(total) 930.00 D ug/kg
SDOO2 06/23/88 01 5001 so SMETAL As 3.90 mg/kg
SD002 06/23/88 01 5001 so SMETAL Be 0.70 mg/kg
SD002 06/23/88 01 5001 SO SMETAL Cr 6.00 mg/kg
SD002 06/23/88 01 5001 SO SMETAL Cu 11.00 mg/kg
SDO02 06/23/88 01 5001 so SMETAL Pb 35.00 mg/kg
SD002 06/23/88 01 5001 so SMETAL Hg 0.05 mg/kg
SD002 06/23/88 01 5001 SO SMETAL Ni 14.00 mg/kg
SD002 06123/88 01 5001 SO SMETAL Zn 52.00 mg/kg
SD002 06/23/88 01 5001 so SSSMI n-nitrosodiphenylamine 600.00 JB ug/kg
SD002 06/23/88 01 5001 SO SSEMI pentachlorophenol 180.00 3 ug/kg
SD002 06/23/88 01 5001 so SSE2I phenanthrene 100.00 J ug/kg
SD002 06/23/88 01 5001 so SSEMI fluoranthene 100.00 j ug/kg
SD002 06/23/88 01 5001 so SSEl41 pyrene 340.00 J ug/kg
SD002 06/23/88 01 5001 SO SSEMI benzo(a)anthracene 150.00 J ug/kg
SD002 06/23/88 01 5001 SO SSEMI chrysene 150.00 3 ug/kg
SDO02 06/23/88 01 5001 SO SSEMI bis(2-ethylhexyl)phthalate 720.00 JB ug/kg
SDO02 06/23/88 01 5001 SO SSEMI benzo(b)fluroanthene 110.00 J ug/kg
SD02 06/23/88 01 5001 SO SVOLS toluene 9.00 ug/kg
SDO02 06/23/88 01 5001 SO SVOLS methylene chloride 9.00 ug/kg
SD002 06/23/88 01 5001 SO SVOLS acetone 9.00 J ug/kg
SDO03 06/23/88 01 5002 SO SMETAL As 5.30 mg/kg
SDO03 06/23/88 01 5002 SO SMETAL Be 0.70 mg/kg
SDO03 06/23/88 01 5002 SO SMETAL Cr 5.00 mg/kg
SDO03 06/23/88 01 5002 SO SMETAL Cu 8.00 mg/kg
SDO03 06/23/88 01 5002 SO SMETAL Ph 15.00 mg/kg
SD003 06/23/88 01 5002 SO SMETAL Hg 0.04 mg/kg
SD003 06/23/88 01 5002 SO SMETAL NJ 7.00 mg/kg
SD003 06/23/88 01 5002 SO SMETAL Zn 12.60 mg/kg
SDO03 06/23/88 01 5002 SO SSEMI n-nitrosodiphenylamine 1100.00 B ug/kg
SDO03 06/23/88 01 5002 SO SSEMI bis(2-ethylhexyl)phthalat

3  400.00 JB ug/kg
S0003 06/23/88 01 5002 SO SVOLS methylene chloride 22.00 ug/k&
SD003 06/23/88 01 5002 SO SVOLS acetone 32.00 ug/kg
SD003 06/23/88 01 5002 SO SVOLS 2-butanone 15.00 ug/kg
S0003 06/23/88 01 5002 SO SVOLS trichloroethene 3.00 J ug/kg
S003 06/23/88 01 5002 SO SVOLS toluene 26.00 ug/kg
SDO04 06123/88 01 5003 SO SMETAL As 6.40 mg/kg
S0004 06/23/88 01 5003 SO SMETAL Be 0.40 mg/kg
SD004 06/23/88 01 5003 so SMETAL Cd 0.90 mg/kg
SD004 06/23/88 01 5003 SO SMETAL Cr 4.00 mg/kg
.50004 06/23/88 01 5003 SO SMETAL Cu 10.00 mg/kg
SD004 06/23/88 01 5003 SO ZMETAI, P% 29.00 IrA/kg



Taole E.1. (continued)

05/24/89

SIGNIFICANT CHEMICAL DATA FROM SITE 6

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS

LOCATION DATE INTERVAL NUMBER MATRIX METBOD

SDCO04 06/23/88 01 5003 so SMETAL Hg 0.07 mg/kg

SD004 06/23/88 01 5003 SO SMETAL Ni 37.00 mg/kg

SDO04 06/23/88 01 5003 SO SMETAL Zn 112.00 mg/kg

SDO04 06/23/88 01 5003 so SPHCS petroleum hydrocarbons 11000.00 ug/kg

SDO04 06/23/88 01 5003 so SSEMI bis(2-ethylhexyl)phthalate 3700.00 B ug/kg

SDO04 06/23/88 01 5003 SO SSEMI n-nitrosodiphenylamine 2100.00 B ug/kg

SDO04 06/23/88 01 5003 SO SSEMI phenanthrena 2000.00 ug/kg

SDO04 06/23/88 01 5003 SO SSEMI anthracene 420.00 3 ug/k&

SDO04 06/23/88 01 5003 SO SSEI fluoranthene 2700.00 ug/kg

SD004 06/23/88 01 5003 SO SSIEI benzo(a)anthracene 1000.00 j ug/kg

s0004 06/23/88 01 5003 SO SS4I chrysene 1100.00 . us/kg

SDO04 06123/88 01 5003 SO SVOLS acetone 23.00 uglkg

SD004 06/23/88 01 5C03 SO SVOLS vinyl chloride 2.00 J ug/kg

SDO04 06/23/88 01 5003 SO SVOLS methylene chloride 2.00 J ug/kg

S004 06/23/83 01 5003 SO SVOLS 1,1-dichloroethane 6.00 1 ug/kg

SDO04 06/23/88 01 5003 SO SVOLS 1,2-dichloroethene (total) 6.00 J ug/kg

S0005 06/23/85 01 5024 SO SME:AL As 5.90 mIg/k

SD005 06/23/88 01 5004 SO SHETAL Be 0.60 mg/kg

S005 06/23/83 01 5004 SO SMETAL Cr 3.00 mg/k&

SDO05 06/23/88 01 5004 SO SMETAL Cu 6.00 mg/kg

5005 086/3/88 01 5004 SO SMETAL Pb 7.00 mg/kg

SD005 06/23/88 01 5004 SO SMETAL Hg 0.04 mg/kg

SD005 06/23/88 01 5004 SO SMETAL Ni 6.00 mg/kg

S0005 06/23/88 01 5004 SO SHETAL Zn 6.80 mg/kg

SD005 06/23/88 01 5004 SO SSEMI n-nitrosodiphenylamine 1600.00 B ug/kg
SDO05 06/23/88 01 5004 SO SSEMI pentachlorophenol 150.00 J ug/kg

SDOOS 06/23/88 01 5004 SO SS1I phenanthrens 250.00 J ug/kg
SD005 06/23/88 01 5004 SO SSE4I fluoranttene 630.00 J ug/kg

SDO05 06/23/88 01 5004 SO SSEMI pyrene 640.00 J ug/kg

SD00S 06/23/88 01 5004 SO SSE24I benzo(a)anthracene 220.00 J ug/kg

SDO05 06/23/88 01 5004 SO SS1I bie(2-ethylhexyl)phthalate 2600.00 B ug/kg

SDO05 06/23/88 01 5004 SO SSEMI benzo(b)fluoranthene 220.00 J ug/kg

SDO05 06/23/88 01 5004 SO SS1I2 benzo(k)fluoranthens 280.00 J us/kg

SD006 06/23/88 01 5005 SO SMETAL As 2.50 mg/kg

SDO06 06/23/88 01 5005 SO SMETAL Be 0.80 mg/kg

SDO06 06/23/88 01 5005 SO SMETAL Cr 6.00 mg/kg

SDO06 06/23/88 01 5005 SO SMETAL Cu 9.00 mg/kg

SDO06 06/23/88 01 5005 SO SHETAL Pb 14.00 mg/kg

SDO06 06/23/88 01 5005 SO SMETAL HS 0.04 mg/kg

SD005 06/23/88 01 5005 SO SMETAL Ni 6.00 mg/kg

!D&05 06/23/88 01 5005 SO SIETAL Zn 19.60 mgikg

.0005 06/23/88 01 5005 SO SSEMI bis(Z-ethylhoxyl)phthalato 860.00 B ug/kg

ED006 06/23/58 01 5005 SO SSEMI diethylphthalate 44.00 J ug/k 8

SD 06 06/23/88 01 5005 50 SSEMI n-nitroaodiphertylamine 330.00 JB ug/kg
3 D . -1G /ZJ3 0f r05 C) 57 EMI dI-n-hat.vlht.ha1mte 54.00 J ug/k 8

SDO06 06/23/88 01 5005 50 SVOLS acetone 7.00 J up/kg

SD001 06/23/88 01 5006 so SMETAL As 0.60 mg/kg
.D00 06/23/88 01 %006 SO SMETAL Cr 2.00 mg/kg



Table E.I. (continued)

05/24/89

SIGNIFICANT CHEMICAL DATA FROM SITE 6

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS
LOCATION DATE INTERVAL NUMBER MATRIX METHOD

SD007 06/23/88 01 5006 SO SMETAL Cu 8.00 mg/kg
SD007 06/23/88 01 5006 SO SMETAL Fb 9.00 mg/kg
SDO07 06/23/88 01 5006 SO SMETAL Hg 0.02 mg/kg
SDO07 06/23/88 01 5006 so SMETAL Zn 22.60 mg/kg
SD007 06/23/88 01 5006 so SSEMI bis(2-ethylhexyl)phthalate 1300.00 B ug/kg
SD007 06/23/88 01 5006 SO SSE2I n-nitrosodipheiylamine 300.00 JB ug/kg
SD007 06/23/88 01 5006 SO SSEMI di-n-butylphthalate 68.00 1 ug/ks
SD007 06/23/88 01 5006 so SVOLS acetone 20.00 ug/kg
SDOC7 06/23/88 01 5006 SO SVOLS methylene chloride 2.00 J ug/kg
SD008 06/23/88 01 5007 so SMETAL As 6.70 mg/kg
SDO08 06/23/88 01 5007 SO SMETAL Be 0.20 mg/kg
SD008 06/23/88 01 5007 SO SMETAL Cd 0.50 mg/kg
SD008 06/23/88 01 5007 SO SMETAL Cr 3.00 mg/kg
SD008 06/23/88 )1 5007 SO SMETAL Cu 5.00 mg/kg
SDO08 06/23/88 01 5007 SO SMETAL Pb 18.00 mg/kg
SDO08 06/23/88 01 5007 SO SMETAL Hg 0.08 mg/kg
SDO08 06/23/88 01 5007 SO SMETAL Ni 11.00 mg/kg
SD008 06/23188 01 5007 SO SMETAL Zn 88.30 mg/kg
SD008 06/23/88 01 5007 SO SSEMI bis(2-othylhexyly)phthalate 3400.00 B ug/kg
SD008 06/23/88 01 5007 SO SSEMI n-nitrosodiphenylamine 2600.00 B ug/kg
SDO08 06/23/88 01 5007 SO SSEMI phenanthrene 23000.00 ug/kg
SD008 06/23/88 01 5007 SO SSE2I1 anthracene 2600.00 ug/kg
SD008 06/23/88 01 5007 so SSE24I fluoranthene 47000.00 D ug/kg
SD008 06/23/88 01 5007 so SSE1I pyrene 41000.00 D ug/kg
SAn08 06123/88 01 5007 SO SSEII benzo(a)anthrecene 23000.00 us/kg
SD008 06/23/88 01 5007 SO SSEMI chrysene 20000.00 ug/kg
SD008 05/23/88 01 5007 SO SSEMI benzo(b)fluoranthene 23000.00 ug/kg
SD008 06/23/88 01 5007 SO SSEMI benzo(k)fluoranthene 17000.00 ug/kg
SD008 06/23/88 01 5007 SO SSEMI benzo(e)pyrene 15000.00 ug/kg
SD008 06/23/88 01 5007 SO SSEMI indeno(1,2,3-cd)pyrene 12000.00 ug/kg
SDO08 06/23/88 01 5007 SO SSEMI benzo(g,hi)perylene 19000.00 ug/kg
SD008 06/23/88 01 5007 SO SSEmI ecenaphthylene 590.00 J ug/kg
SD008 06/23/88 01 5007 so SSEMI ecenaphthene 770.00 1 ug/kg
SDU08 06/23/88 01 5007 SO SSEMI dibenzofuran 760.00 J ug/kg
SD008 06/23/88 01 5007 SO SSE24I fluorene 1300.00 1 ug/kg
SD008 06123/88 01 5007 SO SVOLS acetone 46.00 ug/kg
SD009 06/23/88 01 5008 SO SMETAL Zn 44.00 mg/kg
So009 06123/88 01 5008 SO SMETAL Ni 8.00 mglkg
SDO09 06/23/88 01 5008 so SMETAL Hg 0.05 mg/kg
SDO09 06/23/88 01 5008 SO SMETAL Pb 19.00 rg/kg
SD009 06/23/88 01 5008 SO SE.TAI. Cu 8.00 mg/kg
SD009 06123188 01 5008 SO SMETAL Cr 4.00 mg/kg
5009 06/23/88 01 5008 SO SMTAL Be 0.50 mg/kg
SO09 06/23/88 01 5038 so SMETAI. As 2.60 mg/kg
DO09 06/23/88 01 5008 SO SPEST dieldrin 41.00 D ug/kg

:T0 2 3, '3 3, 1ZI"Z 1 1 1 3 3, .;O C, s r. 4 , ", -i JOit. (O ug/kg

:2)009 06/21/88 01 008 0 SI'EST 4,4' DDT 65.00 ug/kg
,5.009 0'/23/88 01 5008 :10 S:; 1 I phr.mtit hr one 230 0.00 ug/kg



Table E.1. (continued)

05/24/89

SIGNIFICANT CHEMICAL DATA FROM SITE 6

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS

LOCATION DATE INTERVAL NUMBER MATRIX METHOD

SDO09 06/23/88 01 5008 so SSEMI fluoranthene 3400.00 ug/kg

SDO09 06/23/88 01 5008 so SSEMI pyrene 3100.00 ug/kg

SDO09 06/23/88 01 5008 so SSEMI bis(2-ethylhexyl)phthalate 2700.00 B ug/kg

SDO09 06/23/88 01 5008 so SSEMI naphthalene 190.00 J ug/kg

SD009 06/23/88 01 5008 so SSEMI acenaphthene 240.00 J ug/kg

SD009 06/23/88 01 5008 so SSEMI fluorene 270.00 J ug/kg

SD009 06/23/88 01 5008 so SSEMI n-nitroaodiphenylamine 1400.00 JB ug/kg

SD009 06/23/88 01 5008 SO SSEMI anthracene 520.00 J ug/kg
SD009 06/23/88 01 5008 so SSEMI benzo(a)anthracene 1400.00 J ug/kg

SD009 06/23/88 01 5008 so SSEMI chrysene 1500.00 J ug/kg

SDO00 06/23/88 01 5008 so SSEMI benzo(b)fluoranthene 1600.00 J ug/kg

SD009 06/23/88 01 5008 so SSEMI benzo(k)fluoranthene 1700.00 J ug/kg

SD009 06/23/88 01 5008 so SSEMI benzo(a)pyrene 1200.00 J ug/kg

SD009 06/23/88 01 5008 so SSEMI benzo(g,h,il)perylene 1400.00 J ug/kg

SD009 06/23/88 01 5008 SO SVOLS methylene chloride 2.00 J ug/kg

SDO09 06/23/88 01 5008 SO SVOLS acetone 14.00 ug/kg

SD010 06/23/88 01 5009 SR SMETAL Zn 56.20 mg/kg

SDO10 06/23/88 01 5009 SR SMETAL Ni 7.00 mg/kg

SD010 06/23/88 01 5009 SR SHETAL Hg 0.15 mg/kg

SD010 06/23/88 01 5009 SR SHETAL Pb 31.00 mg/kg

SD010 06/23/88 01 5009 SR SFETAL Cu 8.00 mg/kg

SDO10 06/23/88 01 5009 SR SMETAL Cr 5.00 mg/kg

SD010 06/23/88 01 5009 SR SMETAL Be 0.40 mg/kg

SD010 06/23/88 01 5009 SR SMETAL As 4.50 mg/kg

SDO10 06/23/88 01 5009 SR SPHCS petroleum hydrocarbons 6000.00 ug/kg

SDO10 06/23/88 01 5009 SR SSEMI bis(2-ethylhexyl)phthalate 2500.00 B ug/kg

SDO10 06/23/88 01 5009 SR SSEMI pyrene 3000.00 ug/kg

SD010 06/23/88 01 5009 SR SSEMI fluoranthene 3400.00 ug/kg

SDO10 06/23/88 01 5009 SR SSEMI n-nitrosodiphenylamine 2200.00 B ug/kg

SDO10 06/23/88 01 5009 SR SSEMI phenanthrene 1700.00 J ug/kg

SD010 06/23/88 01 5009 SR SSMI enthracene 330.00 J ug/kg

SD010 06/23/88 01 5009 SR SSEMI benzo(a)anthracene 1500.00 J ug/kg

SD010 06/23/88 01 5009 SR SSE1I chrysene 1700.00 J ug/kg

SDO0 06/23/88 01 5069 SR SSEMI benzo(b)fluoranthene 1800.00 3 ug/kg

SD010 06/23/88 01 5009 SR SS1I benzo(k)fluoranthene 1700.00 J ug/kg

SD010 06/23/88 01 5009 SR SSEMI benzo(a)pyrene 1400.00 3 ug/kg

SD010 06/23/88 01 5009 SR SSEMI benzo(g,h,i)perylene 1400.00 J ug/kg

SDO10 06/23/88 01 5009 SR SVOLS methylene chloride 19.00 ug/kg

SD010 06/23/88 01 5009 SR SVOLS acetone 37.00 ug/kg

SD011 06/24/88 01 50!0 SO SMETAL Zn 20.30 mg/kg

3D011 06/24/88 01 5010 so SMETAI. Ni 5.00 mg/kg

SU011 06/24/88 01 5010 SO SMETAL Hg 0.02 rrg/kg

SDO11 06/24/88 01 5010 so SMETAL Pb 14.00 mg/kg

SD011 06/24/88 01 5010 SO SWETAL Cu 0.00 mg/kg

SD011 06/24/88 01 5010 SO :T TAt, Cr 4.00 mg/kg
ro il 06/24/88 01 5010 SO SMETAL Be 0.30 mg/kg4Dal1 06/24/88 01 5010 SO :;METAL, As 5.00 mg/kg

SO1 01 12/4 18 8 31 5010 so b Ps( -t, Ihy IlIxy I )l,fh. I llto 3000.00 13 iA/kg

, 'I/



Table E.1. (continued)
05/24/89

SIGNIFICANT CHEMICAL DATA FROM SITE 6

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS
LOCATION DATE INTERVAL NUMBER MATRIX METHOD

SD011 06/24/88 01 5010 SO SSEMI n-nitrosodiphenylamine 800.00 JB ug/kg
SD011 06/24/88 01 5010 SO SSEMI phenanthrene 380.00 J ug/kg
SD011 06/24/88 01 5010 SO SSEMI fluoranthene 880.00 3 ug/kg
SD011 06/24/88 01 5010 so SSEMI pyrene 840.00 J ug/kg
SD011 06/24/88 01 5010 so SSE4I benzo(a)anthracene 250.00 1 ug/kg
SD011 06/24/88 01 5010 SO SSEMI chrysene 480.00 J ug/kg
SD011 06/24/88 01 5010 so SSEMI benzo(b)fluoranthene 340.00 3 ug/kg
SDO11 06/24/88 01 5010 so SSEMI benzo(k)fluoranthene 440.00 J ug/kg
SD011 06/24/88 01 5010 so SVOLS methylene chloride 22.00 ug/kg
SD011 06/24/88 01 5010 SO SVOLS acetone 24.00 ug/kg
SD012 06/24/88 01 5012 SO SMETAL Zn 18.50 mg/kg
SD012 06124/88 01 5012 so SMETAL Ni 20.00 mg/kg
SD012 06/24/88 01 5012 SO SMETAL Pb 37.00 mg/kg
SD012 06/24/88 01 5012 SO SMETAL Cu 7.00 mg/kg
SD012 06/24/88 01 5012 so SMETAL Cr 5.00 mg/kg
SD012 06/24/88 01 5012 SO SMETAL Be 0.70 mg/kg
SDO12 06/24/88 01 5012 SO SMETAL As 5.30 mg/kg
SDO12 06/24/88 01 5012 SO SSEMI bis(2-ethylhexyl)phthalate 1300.00 B ug/kg
SDO12 06/24/88 01 5012 SO SSE2I n-nitrosodiphenylamine 270.00 JB ug/kg
SD012 06/24/88 01 5012 SO SVOLS methylene chloride 25.00 us/kg
SD012 06/24/88 01 5012 SO SVOLS acetone 15.00 ug/kg
SD013 10/02/88 01 5247 SO SMETAL As 2,90 mg/kg
SD013 10102188 01 5247 SO SMETAL Be 0.50 mg/kg
SD013 10/02/88 01 5247 SO SMETAL Cd 1.20 mg/kg
SD013 10/02/88 0 5247 SO SMETAL Cr 15.00 mg/kg
SD013 10/02/88 01 5247 SO SMETAL Cu 8.00 mg/kg
SD013 10/02/88 01 5247 SO SMETAL Pb 184.00 mg/kg
SD013 10/02/88 01 5247 so SMETAL Hg 0.06 mg/kg
SD013 10/02/88 01 5247 SO SMETAL Ni 8.00 mg/kg
SD013 10/02/88 01 5247 SO SMETAL Zn 158.00 mg/kg
SD013 10/02/88 01 5247 SO SSEMI n-nitrooodiphenylamine 420.00 J ug/kg
SDO13 10/02/88 01 5247 SO SSEMI bis(2-ethylhexyl)phthalete 860.00 83 ug/kg
SD013 10/02/88 01 5247 SO SVOLS methylene chloride 26.00 B ug/kg
S0013 10102/88 01 5247 SO SVOLS acetone 18.00 B ug/kg
SD014 10/02/88 01 5248 SO SMETAL As 5.80 mg/kg
SD014 10/02/88 01 5248 SO SMETAL Be 0.70 mg/kg
SD014 10/02/88 01 5248 SO SMETAL Cd 1,40 mg/kg
SD014 10/02/88 01 5248 SO SMETAL Cr 14.00 mg/kg
13014 10/02/88 01 5248 so SMETAL Cu 8.00 mg/kg
SD014 10/02/88 01 5248 so SMETAL Pb 98.00 mg/kg
SD014 10/02/88 01 5248 SO SMETAL Hg 0.05 mg/kg
SD014 10/02/88 01 5248 SO SMETAL Ni 12.00 mg/kg
SD014 10/02/88 01 5248 SO SMETAL Zn 140.00 mg/kg
Sf014 10/02/88 01 5248 so SSEMI n-nitrosodiphenylamine 650.00 J ug/kg
SD014 10/02188 01 5248 50 SSE21 pyrene 190.00 J. ug/kg
Sf014 10/02/88 01 5248 so SSEMI bis(2-ethylhexyl)phthalatp 520.00 BJ u/kg
SDO14 10/02/88 01 5248 so SVOLS methylene chloride 25.00 B ug/kg
sD014 10/02/88 01 5248 SO SVOLS Acetone 60.00 B ug/kg



Table E.I. (continued)

05/24/89

SIGNIFICANT CHEMICAL DATA FROM SITE 6

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS

LOCATION DATE INTERVAL NUMBER MATRIX METHOD

SDO14 10/02/88 01 5248 SO SVOLS toluene 1.00 J ug/kg
SDO1S 10/02/88 01 5249 SO SMETAL As 5.80 mg/kg

SDO15 10/02/88 01 5249 so SMETAL Be 0.80 mg/kg

SDO15 10/02/88 01 5249 SO SMETAL Cd 1.30 mg/kg

S015 10/02/88 01 5249 SO SMETAL Cr 17.00 mg/kg

SDO15 10/02/88 01 5249 so SMETAL Cu 12.00 mg/kg

SD015 10/02/88 01 5249 so SMETAL Pb 102.00 mg/kg

SD015 10/02/88 01 5249 SO SMETAL Pb 102.00 mglkg

SDO15 10102/88 01 5249 SO SMETAL Hg 0.05 mg/kg

SDO15 10/02/88 01 5249 so SMETAL Ni 12.00 mg/kg

SD015 10/02/88 01 5249 so SMETAL Zn 150.00 mg/kg

SDO15 10/02/88 01 5249 so SSEMI n-nitrosodiphenylamine 91.00 J ug/kg

S015 10/02/88 01 5249 SO SSEMI butylbenzylphthalate 110.00 J ug/kg

SDO15 10/02/88 01 5249 so SSEMI bis(2-ethylhexyl)phthalate 540.00 BJ us/kg

SDO15 10/02/88 01 5249 so SVOLS methylene chloride 32.00 B ug/kg

SDO15 10/02/88 01 5249 SO SVOLS acetone 68.00 B ug/kg

SD016 10/02/88 01 5250 SO SMETAIL As 7.10 mg/kg

SD016 10/02/88 01 5250 SO SMETAL Be 1.00 mg/kg

SD016 10/02/88 01 5250 SO SMETAL Cd 1.40 mg/kg

SDO16 10/02/88 01 5250 so SMETAL Cr 15.00 mg/kg

SD016 10/02/88 01 5250 so SMETAL Cu 9.00 mg/kg

S016 10/02/88 01 5250 SO SMETAL Pb 38.00 mg/kg

SD016 10/02/88 01 5250 SO SMETAL Hg 0.04 mg/kg

SD016 10/02/88 01 5250 SO SMETAL Ni 18.00 mg/kg

SD016 10/02/88 01 5250 so SMETAL Ti 0.40 mg/kg

SD016 10/02/88 01 5250 so SMETAL Zn 118.00 mg/kg

5016 10/02/88 01 5250 SO SSE I n-nitrosod' gnylamine 150.00 J ug/kg

SD016 10/02/88 01 5250 so SSEMI phenanthrc..j 690.00 3 ug/kg

SD016 10/02/88 01 5250 so SSEMI anthracene 87.00 3 ug/kg

SD016 10/02/88 01 5250 so SSEMI di-n-butylphthalate 150.00 J ug/kg
SD016 10/02/88 01 5250 SO SS24I fluoranthene 1300.00 ug/kg

SD016 10/02/88 01 5250 SO SSI pyrene 1100.00 ug/kg

SD016 10/02/88 01 5250 SO SSEMI benzo(a)anthracene 230.00 3 ug/kg

SD016 10/02/88 01 5250 SO SSEMI chrysene 530.00 J ug/kg

SDO16 10/02/88 01 5250 SO SSE I benzo(b)fluoranthene 540.00 J ug/kg

SD016 10/02/88 01 5250 SO SSE I benzo(k)fluoranthene 240.00 J ug/kg

SD016 10/02/88 01 5250 SO SSE4I benzo(e)pyrone 190.00 3 ug/kg

SD016 10/02/88 01 5250 SO SSE I indeno(1,2.3-cd)pyrene 190.00 J uglkg

SD016 10/02/88 01 5250 SO SSE2I dlbenzo(a,h)anthracene 86.00 J ug/kg

SD016 10/02/88 01 5250 SO SSFMI benzo(gh,i)perylene 220.00 J ug/kg

SDO16 10/02/88 01 5250 so SSFMI bis(2-ethylhexy1)phthaIate 390.00 BJ ug/kg

SOI6 10/02/88 01 5250 so SVOLS methylene chloride 27.00 B ug/kg

SDOIS 10/02/88 01 5250 S) SVOLS acetone 30.00 B ng/kg

WSOOO 09/28/88 01 5234 WT VOLS 1,2-dichloroethene (total) 15.00 ug/L

WSO01 09/28/88 01 5234 WT VOLS trichloroethene 2.00 3 ug/L

WSO01 11/18/88 01 5304 WT VOLS vinyl chloride 4.00 J ug/L

WSO01 11/18/88 01 5304 WT VOLS acetone 13.00 ug/L

WS001 11/18/88 01 5304 WT VOLS 1,2-dichloroethene (total) 31.00 ug/L



Table E.I. (continued)

05/24/89

SIGNIFICANT CHEMICAL DATA FROM SITE 6

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS

LOCATION DATE INTERVAL NUMBER MATRIX METHOD

WS001 11/18/88 01 5304 WT VOLS trichloroethene 3.00 J ug/L

WS001 11/18/88 01 5304 WT VOLS chlorobenzene 9.00 ug/L

WS003 09/28/88 01 5236 WT VOLS hydrocarbon #1 7.00 JE ug/L

WS003 09/28/88 01 5236 WT VOLS hydrocarbon #2 6.00 JB ug/L

WS003 09/28/88 01 5236 6T VOLS hydrocarbon #3 4.00 JP u/L

WS003 09/28/88 01 5236 WT VOLS acetone 4.00 J .&/L

WS004 11/18/88 01 5305 WT VOLS vinyl chloride 7.00 J ug/L

WS004 11/18/88 01 5305 WI VOLS methylene chloride 1.00 3 ug/L

WS004 11/18/88 01 5305 WT VOLS acetone 15.00 ug/L

WS004 11/18/88 01 5305 WT VOLS 1,2-dichloroethene (total) 46.00 ug/L

WS004 11/18/88 01 5305 WT VOLS trichloroethene 5.00 ug/L

WS005 11/18/88 01 5316 WT VOLS acetone 11.00 ug/L

WS005 11/18/88 01 5306 WT VOLS 1,2-dichloroethene (total) 2.00 3 ug/L



Table E.I. (continued)

05/24/89

SIGNIFICANT CHEMICAL DATA FROM SITE 7

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS

LOCATION DATE INTERVAL NUMBER MATRIX METHOD

W005 06/16/88 03 5033 so SVOLS methylene chloride 13.00 ug/kg
W005 06/16/88 03 5033 SO SVOLS acetone 390.00 EB ug'kg
W4305 06/16/88 03 5033 so SVOLS 2-butanone 23.00 usiks

H-005 06/16/88 03 5033 SO SVOLS 1.1,1-trichloroethane 2.00 J ug/kg
W S005 06/16/88 06 5034 so SVOLS acetone 200.00 B ug/kg
WS005 06/16/88 06 5034 so SVOLS methylene chloride 6.00 ug/kg

MW005 05/16/88 06 5034 so SVOLS 2-butanone 8.00 J ug/kg
MW005 06/16/68 09 5035 so SVOLS acetone 93.00 B ug/kg
H005 06/16/68 09 5035 so SVOLS metbylene chloride 10.00 ug/kg

MW005 06/16/88 12 5036 SO SVOLS methylene chloride 23.00 ug/k&

MW005 06/16/88 12 5035 so SVOLS acetone 79.00 B ug/kg

M0O05 07/08/88 01 5176 GW ANIONS Cl 7.80 mg/L
MWO05 07/086/88 01 5176 GW ANIONS F 1.80 mg/L

MW005 07/08/68 01 5176 GW ANIONS S04 200.00 mg/L
MWO05 07/08/88 01 5176 GW METALS As 0.01 mg/L

WOOGS 07/08/88 01 5176 GW METALS Pb 0.01 mg/L
WOOS 07/08/88 01 5176 GW VOLS acetone 4.00 J ug/L
MW006 06/16/88 03 5037 so SVOLS methylene chloride 12.00 ug/kg
MW006 06/16/88 03 5037 so SVOLS acetone 310.00 EB ug,kg

MWO06 06/16/88 03 5037 SO SVOLS 2-butanone 28.00 ug/k&
MW008 06/16/88 06 5038 so SVOLS acetone 450.00 E ug/kg

MW006 06/16/88 06 5038 SO SVOLS 2-butanone 20.00 ug/kg

MWO06 06/16/89 06 5038 SO SVOLS methylene chloride 12.00 ug/kg

MW006 06/16/88 06 5039 SR SVOLS acetone 400.00 E ug/ka
£W006 06/16/88 06 5039 SR SVOLS 2-butanone 19.00 ug/kg

£W006 06/16/S8 06 5039 SR SVOLS methylene chloride 7.00 ug/kg

MWO06 06/16/68 09 5040 so SVOLS methylene chloride 19.00 B ug/kg

MWO06 06116/88 09 5040 so SVOLS acetone 100.00 ug/kg

MW006 06/16/88 12 5041 so SVOLS methylene chloride 6.00 ug/kg
MW006 06/16/88 12 5041 so SVOLS acetone 52.00 ug/kg
14.OOo 07/13/88 01 5220 GW ANIONS Cl 7.60 mg/L
MW006 07/13/88 01 5220 GW ANIONS F 2.50 mg/L
MWO06 07/13/88 01 5220 GW ANIONS S04 230.00 mg/L

MW006 07/13/88 01 5220 GW METALS Pb 0.00 mg/L

MW4006 07/13/88 01 5220 GW METALS Zn 0.01 mg/L
MW006 07/13/88 01 5220 GW PHCS petroleum hydrocarbons 11.00 JB ug/L

MW006 07/13/88 01 5220 GW VOLS acetone 5.00 J ug/L
MW006 07/13/88 02 5221 WR ANIONS Cl 7.50 m/L
3WO06 07/13/88 02 5221 WR ANIONS F 2.60 mg/L

4W006 07/13/88 02 5221 WR ANIONS S04 240.00 mg/L

M4006 07/13/88 02 5221 6R PHCS petroleum hydrocarbons 82.00 8 u3lh
111006 07/13/88 03 5222 WR ANIONS C1 7.00 mg/L
341006 07/13/88 03 5222 WR ANIONS SO. 230.00 mg/i.
414006 07/13/88 03 5222 WR ANIONS F 2.60 ri.gL

MW4G06 07/13/88 03 5222 WR METALS Zn 0.01 mg/l.
1114006 07/13/88 03 522. WR PHCS petroleun hy,|rocail .. s 2.00 JB /l.

1"W06 10/04/88 01 52,9 (,W VOL. Ac 0 tn 4.00 . ug/.
t';08 06/1//88 03 048 SO SVOI.S acetone 110.01)



Table E.I. (continued)

05/24/89

SIGNIFICANT CHEMICAL DATA FROM SITE 7

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS

LOCATION DATE INTERVAL NUMBER MATRIX METHOD

MW008 06/17/88 03 5048 so SVOLS methylene chloride 19.00 B ug/kg

MW008 06/17/88 06 5049 so SVOLS methylene chloride 24.00 B ug/kg

W008 06117/88 06 5049 so SVOLS acetone 16.00 B ug/kg

WO08 06/17/88 09 5050 SO SVOLS methylene chloride 29.00 B ug/kg

MWO08 06/17/88 09 5050 so SVOLS acetone 30.00 B ug/kg

MW008 06/17/88 09 5051 SR SVOLS methylene chloride 15.00 B ug/kg

M008 06/17/88 09 5051 SR SVOLS acetone 16.00 B ug/kg
W008 07/11/88 01 5187 GW VOLS acetone 5.00 3 ug/L

MW008 07/13/88 01 5224 GW ANIONS C1 13.00 mg/L
MW008 07/13/88 01 5224 GW ANIONS F 0.80 mg/L

HW008 07/13/88 01 5224 GW ANIONS S04 110.00 mglL

MW008 07/13/88 01 5224 GW METALS Zn 0.02 mg//L

MWO08 07/13/88 01 5224 GW METALS Pb 0.02 mg/L

MiW008 07/13/88 01 5224 GW METALS Cd 0.01 mg/L

MW008 10/05/88 01 5292 GW VOLS methylene chloride 1.00 JB ug/L

MWO08 10/05/88 01 5292 GW VOLS acetone 21.00 B ug/L

MW008 10/05/88 01 5292 GW VOLS 2-butanone 1.00 JB ug/L



Table E.1. (continued)
05/241/89

SIGNIFICANT CHEMICAL DATA FROM SITE 8

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS
LOCATION DATE INTERVAL NUMBER MATRIX METHOD

MW011 06/17/88 03 5058 so SVOLS acetone 74.00 B ug/kg
MWO11 06/17/88 03 5058 SO SVOLS methylene chloride 12.00 ug/kg
HWO11 06/17/88 03 5058 so SVOLS 2-butanone 6.00 j ugfkg
MW011 06/17/88 06 5059 so SVOLS methylene chloride 12.00 ug/kg
t.W011 06/17/88 06 5059 so SVOLS acetone 220.00 B ug/k&
MW011 06117/88 06 5059 SO SVOLS 2-butanone 29.00 ug/kg
HWO11 06/17/88 09 5060 SO SVOLS methylene chloride 14.00 ug/kg
MW011 06/17/88 09 5060 SO SVOLS acetone 220.00 B ug/kg
MW011 06/17/88 09 5060 50 SVOLS 2-butanone 26.00 ug/kg
MW011 06/17/88 09 5060 SO SVOLS toluene 1.00 . ug/kg
*W011 06/17/88 09 5061 SR SVOLS methylene chloride II.00 ug/kSW011 06/17/88 09 5061 SR SVOLS acetone 260.00 B ug/kg

MW011 06/17/88 09 5061 SR SVOLS 2-butanone 25.00 ug/kg
MWO11 06/17/88 12 5062 SO SVOLS acetone 100.00 B ug/kg
M4011 06/17/88 12 5062 so SVOLS methylene chloride 10.00 ug/kg
MWoll 06/17/88 12 5062 so SVOLS 2-butanone 7.00 J ug/k&
MW011 06/17/88 15 5063 So SVOLS acetone 22.00 B ug/k&
MW011 06/17/88 15 5063 so SVOLS methylene chloride 10.00 u8/kg
MWO11 07/10/88 01 5179 GW ANIONS Cl 10.00 m&]L
MWO11 07/10/88 01 5179 GW ANIONS F 4.70 mg/L
MWO11 07/10/88 01 5179 GW ANIONS SO4 2700.00 mg/L
MW011 07/10/88 01 5179 GW METALS Zn 0.02 mg/L
FN011 07/10/88 01 5179 GW VOLS acetone 5.00 J ug/L
M011 07/10/88 02 5180 WR ANIONS CI 10.00 rg/L
MW011 07/10/88 02 5180 WR ANIONS F 4.70 mg/L
MW011 07110/88 02 5180 WR ANIONS S4 2700.00 mg/L
MWO11 07/10/88 02 5180 WR METALS Zn 0.02 mg/L
M011 07/10/88 03 5181 WR ANIONS Cl 10.00 mg/L
Mw011 07/10/88 03 5181 WR AN-ONS F 4.70 mg/L
MW011 07/10/88 03 5181 WR ANIONS SO4 2700.00 mg/L
MW011 07/10/88 03 5181 WR METALS Zn 0.02 mg/L
M4W011 10/04/88 01 5271 GW VOLS acetone 4.00 J ug/L
M4015 06/19/88 03 5081 so SVOLS methylene chloride 12.00 ug/kg
MW015 06/19188 03 5081 so SVOLS acetone 12.00 ug/kg
MWO15 06/19/88 06 5082 so SVOLS acetone 36.00 ug/kg
MW015 06/19/88 06 5082 so SVOLS methylene chloride 8.00 ug/kg
14015 06/19/88 09 5083 So SVOLS methylene chloride 10.00 ug/kg
MWO15 06/19/88 09 5083 s0 SVOLS acetone 78.00 ug/kg

M4015 06/19/88 09 5083 SO SVOLS 2-butanone 3.00 J ug/kgMWO15 06/19/88 12 5084 so SVOLS methylene chloride 8.00 ug/kg
W5015 06/19/88 12 5084 SO SVOLS acetone 28.00 ug/kg
M015 07/12/88 01 5198 GW ANIONS Cl 26.00 mg/L
WO15 01/12/88 01 5198 GW ANIONS F 1.40 mg/L
MWO 15 07/12/88 01 5198 GW ANIONS SO4 160.00 /L
MW015 07/12/88 01 5198 GW ANIONS C1 25.90 mg/L
mwo15 07/12/88 01 5118 GW ANIONS F 1.40 mg/I.
MW015 01/12/88 01 5198 Om ANIONS rO4 156.00 mg/L
MW015 07112188 01 5198 GW METALS Zn 0.11 mg/.



Table E.1. (continued)
05/24/89

SIGNIFICANT CHEMICAL DATA FRCt4 SITE 8

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS

LOCATION DATE INTERVAL NUMBER MATRIX METHOD

MO15 07/12/88 01 5198 CG4 METALS Cu 0.06 mg/L

M4015 07/12/88 01 5198 GW VOLS acetone 2.00 JB ug/L

HW015 10/04188 01 5275 GW VOLS acetone 4.00 3 ug/L
14016 06/19/88 03 5086 so SVOLS methylene chloride 9.00 ug/kg

1W016 06/19/88 03 5086 SO SVOLS acetone 24.00 ug/kg

14016 06/19/88 03 5086 SO SVOLS toluene 1.00 1 ug/kg
MWO16 06/19/88 06 5087 so SVOLS methylene chloride 8.00 ug/kg

MW016 06/19/88 06 5087 so SVOLS acetone 78.00 ug/kg

MW016 06/19/88 06 5087 so SVOLS 2-b, tanone 5.00 3 us/kg

"4016 06/19/88 09 5088 so SVOLS methylene chloride 26.00 ug/kg

M4016 06/19/88 09 5088 SO SVOLS acetone 100.00 ug/kg

144016 06/19/88 09 5088 SO SVOLS 2-butanone 10.00 3 ug/kg

M016 06/19/88 12 5089 SO SVOLS methylene chloride 10.00 B ug/kg

MW016 06/19/88 12 5089 SO SVOLS acetone 59.00 B ug/kg

1W016 06/19/88 15 5090 SO SVOLS methylene chloride 11.00 B ug/kg

14016 06/19/88 15 5090 SO SVOLS acetone 51.00 B ug/kg

HW016 07/12/88 01 5195 GW ANIONS Cl 25.00 mg/L

MW016 07/12/88 01 5195 GW ANIONS F 2.40 mg/L
MW016 07/12/88 01 5195 GW ANIONS S04 350.00 mg/L

MW4018 07/12/88 01 5195 GW METALS Zn 0.01 mg/L

MW016 07/12/88 01 5195 GW VOLS acetone 2.00 JB ug/L

W016 10/04/88 01 5273 GW VOLS acetone 4.00 J ug/L

SWO03 03/11/88 01 0015 GW VOLS hexane 11.00 ug/L

SW003 03/11/88 01 0015 GW VOLS acetone 7.00 B3 ug/L

SWO03 03/11/88 01 0015 GW VOLS 4-methyl-2-pentanone 2.00 J ug/L

SW003 10/05/88 01 5290 GW VOLS methylene chloride 2.00 J ug/L

SW003 10/05/88 01 5290 GW VOLS acetone 8.00 38 ug/L

SWO04 03/11/88 01 0016 GW PHCS petroleum hydrocarbons 190.00 ug/L

SW004 03/11/88 01 0016 GW VOLS hexane 24.00 ug/L

SW004 03/11/88 01 0016 GW VOLS 1-pentene,2-methyl- 15.00 ug/L
SW004 03/11/88 01 0016 GW VOLS acetone 5.00 J ug/L

SWO04 10/05/88 01 5291 GW PHCS toluene 1.00 ug/L

SWO04 10/05/88 01 5291 GW VOLS methylene chloride 2.00 JB ug/L

SW004 10/05/88 01 5291 GW VOLS acetone 15.00 B ug/L



Table E.I. (continued)
05/24189

SIGNIFICANT CHEMICAL DATA FROM. SITE 9

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS
LOCATION DATE INTERVAL NUMBER MATRIX METHOD

HWO12 06/18/88 03 5065 so SVOLS methylene chloride 10.00 B ug/kg
W4012 06/18/88 03 5065 so SVOLS acetone 51.00 B ug/kg
MW012 06/18/88 06 5066 SO SVOLS methylene chloride 9.00 B ug/ks

MW012 06/18/88 06 5066 SO SVOLS acetone 410.00 BE ug/kg
MW012 06118/88 06 5066 so SVOLS 2-butanone 58.00 ug/kg

MW012 06/18/88 09 5067 so SVOLS methylene chloride 7.00 B ug/kg
MW012 06/18/88 09 5067 SO SVOLS acetone 130.00 B ug/kg
MW012 06/18/88 09 5067 SO SVOLS 2-butanone 12.00 ug/kg
MWO12 06/18/88 12 5068 SO SVOLS methylene chloride 2.00 J ug/kg
Kf4012 06/18/88 12 5068 SO SVOLS acetone 160.00 B ug/kg

MW012 06/18/88 12 5068 SO SVOLS 2-butanone 30.00 ug/kg
MW012 06/18/88 15 5069 so SVOLS methylene chloride 3.00 J ug/kg

MW012 06/18/88 15 5069 so SVOLS acetone 20.00 B ug/kg
MWO12 06/18/88 18 5070 SO SVOLS acetone 12.00 B ug/kg

MW012 07/09/88 01 5177 GW ANIONS C1 3.80 mg/L
MW012 07/09/88 01 5177 GW ANIONS F 1.90 mg/L

MW012 07/09/88 01 5177 GW ANIONS S04 770.00 mg/L
MW012 07/09/88 01 5177 GW VOLS acetone 22.00 ug/L
MW012 07/09/88 01 5177 GW VOLS 2-butanone 3.00 J ug/L

K4013 06/18/88 03 5071 so SVOLS methylene chloride 2.00 J ug/kg
1W013 06/18/88 03 5071 so SVOLS acetone 11.00 JB ug/kg
MW013 06/18/88 06 5072 so SVOLS methylene chloride 2.00 J ug/kg
1W013 06/18/88 06 5072 so SVOLS acetone 150.00 B ug/kg

MW013 06/18/88 06 5072 so SVOLS 2-butanone 35.00 ug/kg

MW013 06/18/88 09 5073 so SVOLS methylene chloride 2.00 J ug/kg
MW013 06/18/88 09 5073 so SVOLS acetone 45.00 B ug/kg

MW013 06/18/88 09 5073 so SVOLS 2-butanone 19.00 ug/kg

MW013 06/18/88 12 5074 so SVOLS methylene chloride 28.00 ug/kg
MWO13 06/18/88 12 5074 SO SVOLS acetone 140.00 ug/kg

H4013 06/18/88 12 5074 so SVOLS 2-butanone 14.00 ug/kg

MWO13 06/18/88 12 5074 SO SVOLS 4-methyl-2-pentanone 2.00 J ug/kg
144013 06/18/88 12 5074 so SVOLS toluene 3.00 J ug/kg
MW013 07/08/88 01 5175 w ANIONS Cl 20.00 mg/L
MW013 07/08/88 01 5175 GW ANIONS F 3.20 mg/L
MW013 07/08/88 01 5175 W ANIONS S04 140.00 mg/L

MW013 07/08/88 01 5175 Gw METALS .n 0.02 m/L
MW013 07/08/88 01 5175 GW VOLS acetone 4.00 J ug/L

14017 06/19/88 03 5091 so SVOLS methylene chloride 10.00 B ug/kg
MW017 06/19/88 03 5091 so SVOLS acetone 24.00 B ug/kg
144017 06/19/88 06 5092 so SVOLS acetone 34.00 B ug/kg

W4017 06/19/88 09 5093 SO SVOLS methylene chloride 18.00 B ug/kg

M4017 06/19/88 09 5093 SO SVOLS acetone 6.00 JB ug/kg
MW017 06/19/88 09 5093 SO SVOLS toluene 6.00 B ug/kg

MW017 06/19/88 12 5094 so SVOLS methylene chloride 17.00 B ug/kgI10 06/19/88 12 5094 so SVOLS acetone 9.00 JB ug/kg
MW017 06/19/88 12 5094 so SVOLS toluene 9.00 B u&/kg

MW017 06/19/88 15 5095 SO SVOLS methylene chloride 17.00 B ug/kg

MW017 06/19/88 15 5095 SO SVOLS acetone 32.00 B ug/kg



Table E.1. (continued)
05/24/89

SIGNIFICANT CHE4ICAL DATA FROM SITE 9

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS

LOCATION DATE INTERVAL NUMBER MATRIX METHOD

MW017 06/19/88 15 5095 so SVOLS toluene 7.00 B ug/kg

MW017 07/13/88 01 5215 GW ANIONS Cl 34.00 mg/L

MW017 07/13/88 01 5215 GW ANIONS F 2.90 mg/L

M..017 07/13188 01 5215 GW ANIONS S04 620.00 mg/L

MWl017 07/13/88 01 5215 G ' METALS Zn 0.02 mg/L

t44017 07/13/88 01 5215 GW VOLS acetone 6.00 j ug/L

MW017 10/04/88 01 5272 GW VOLS acetone 6.00 J ug/L

SW002 03/11/88 01 0014 GRW VOLS acetone 7.00 BJ uS/L

SW002 10/05/88 01 5289 GW PHCS toluene 2.00 ug/L

SW002 10/05/88 01 5289 GW VOLS methylene chloride 2.00 JB ug/L

SW002 10/05/88 01 5289 GW VOLS acetone 7.00 JB ug/L

SW002 10/05/88 01 5289 GW VOLS carbon disulfide 4.00 J ug/L



Table E.1. (continued)

05/24/89

SIGNIFICANT CHEMICAL DATA FRCM SE CORNER

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS

LOCATION DATE INTERVAL NUMBER MATRIX METHOD

tW003 06/15/88 03 5022 so SVOLS acetone 88.00 ug/kg

MWO003 06/15/88 03 5022 so SVOLS acetone 31.00 B ug/kg

HWO03 06/15/88 03 5022 SO SVOLS methylene chlorde 26.00 JB ug/kg

MW4003 06/15/88 03 5022 SO SVOLS methylene chloride 5.00 J ug/kg

MW003 06/15/88 06 5023 so SVOLS methylene chloride 4.00 JB ug/kg

MW003 06/15/88 06 5023 so SVOLS acetone 4.00 .B ug/kg
HW003 06/15/88 06 5023 so SVOLS chloroform 3.00 JB ug/kg

1W003 06/15/88 09 5024 SO SVOLS methylene chloride 8.00 B ug/kg

1W003 06/15/88 09 5024 SO SVOLS acetone 4.00 JB ug/kg

MWO03 06/15/88 09 5024 SO SVOLS chloroform 2.00 JB ug/kg

MW003 06/15/88 12 5025 SO SVOLS methylene chloride 100.00 B ug/kg

l4J003 06/15/88 12 5025 so SVOLS acetone 12.00 B ug/kg

MW003 06/15/88 12 5025 SO SVOLS chloroform 2.00 JB ug/kg

MW003 06/15/88 15 5027 so SVOLS methylene chloride 3.00 JB ug/kg

MW003 06/15/88 15 5027 SO SVOLS acetone 10.00 1 ug/kg

144003 06/15/88 15 5027 SO SVOLS chloroform 2.00 JB ug/kg

144003 07/12/88 01 5197 WR ANIONS Cl 4.00 mg/L

MW003 07/12/88 01 5197 WR ANIONS F 0.40 m&[L

144003 07/12/88 01 5197 WR ANIONS N03 0.70 mg/L

MW003 07/12/88 01 5197 WR ANIONS SO4 72.00 mg/L

MWO03 07/12/88 01 5197 WR METALS Be 0.07 mg/L

MW003 07/12/88 01 5197 WR METALS Zn 0.03 mg/L

M44003 07/12/88 01 5197 WR METALS Na 110.00 mg/L

MW003 07/12/88 01 5197 WR METALS K 3.00 mg/L

MW003 07/12/88 01 5197 WR METALS Ca 53.00 mg/L

MW003 07/12/88 01 5197 WR METALS Mg 13.00 mg/L

MWO03 07/12/88 01 5197 WR SEMI diacetone alcohol 50.00 JA ug/L

MW1003 07/12/88 01 5197 WR SEMI unknown #1 4.00 JB ug/L

MW003 07/12/88 01 5197 WR SEMI possible ketone 9.00 3 ug/L

MW1003 07/12188 01 5197 WR SEMI unknown #2 5.00 J ug/L

144003 07/12/88 01 5197 WR SEMI poas alkoxy/hydroxy/alkene 17.00 3B ug/L

MO03 07/12/88 01 5197 WR VOLS hexamethylcyclotr1iloxane 9.00 JP ug/L

144003 07/12/88 01 5197 WR VOLS hydrocarbon #1 21.00 JB ug/L

MWO03 07/12/88 01 5197 WR VOLS hydrocarbon #2 6.00 JB ug/L

MW4003 07/12/88 01 5197 WR VOLS hydrocarbon #3 4.00 JP ug/L

MW1003 07/12/88 01 5197 WR VOLS hydrocarbon #4 5.00 3P ug/L

MW1003 07/13/88 01 5214 GW ANIONS Cl 3.80 mg/L

W003 07/13/88 01 5214 GW ANIONS F 1.40 mn/L

MW003 07/13/88 01 5214 GW ANIONS S04 62.00 mg/L

MW003 07/13/88 01 5214 GW METALS Zn 0.02 mg/L

MW003 07/13/88 01 5214 GW SEMI bis(2-ethylhexyl)phthalate 14.00 ug/L

MW4003 01/13/88 01 5214 OW SEMI di-n-butylphthalate 110.00 ug/L

W003 07/13/88 01 5214 GW SEMI bis(2-ethylhexyl)phthalate 14.00 ug/L

MW003 07/13/88 01 5214 GW VOLS acetone 6.00 . ug/L

MW003 10/04/88 01 5279 GW VOLS acetone 4.00 J ug/L

111004 06/15/88 03 5028 SO 3VOLS methylene chloride 2.00 J3 ug/kg

44004 06/15/88 03 5028 so %VO.S acetone 10.00 J u/kK
'?W Q04 06/1 /88 03 W28 0 V,: chloroforin 2.00 JH hg/kg



Table E.1. (continued)
05/24/89

SIGNIFICANT CHEMICAL DATA FROM SE CORNER

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS
LOCATION DATE INTERVAL NUMBER MATRIX METHOD

MW004 06/15/88 06 5029 so SVOLS methylene chloride 3.00 JB uglkg
HW004 06/15/88 06 5029 SO SVOLS chloroform 2.00 JB us/kg
1W004 06/15/88 09 5030 SO SVOLS methylene chloride 2.00 JB us/kg
1W004 06/15/88 15 5032 so SVOLS methylene chloride 6.00 B ug/kg
H4007 06/16/88 03 5042 SO SVOLS acetone 250.00 E us/kg
MW007 06/16/88 03 5042 SO SVOLS 2-butanon. 14.00 ug/kg
1W007 06/16/88 03 5042 SO SVOLS methylene chloride 8.00 B ug/kg
W44007 06/16/88 06 5043 SO SVOLS acetone 97.00 ug/kg
144007 06/16/88 06 5043 SO SVOLS methylene chloride 9.0D B ug/kS
1W007 06/16/88 06 5043 SO SVOLS 2-butanone 3.00 J ug/kg
MW007 06/16/88 06 5044 SR SVOLS acetone 120.00 ug/kg
MW007 06/16/88 06 5044 SR SVOLS methylene chloride 11.00 B ug/kg
MW007 06/16/88 09 5045 SO SVOLS acetone 190.00 ug/kg
1W007 06/16/88 09 5045 SO SVOLS methylene chloride 15.00 B us/kg
HW007 06/16/88 12 5046 SO SVOLS acetone 45.00 uS/kg
1W007 06/16/88 1'- 5046 SO SVOLS methylene chloride 8.00 B ug/k8
1W007 06/16/88 12 5047 SR SVOLS acetone 180.00 ug/kg
M44007 06/16/88 12 5047 SR SVOLS methylene chloride 9.00 B ug/kg
1W007 07/10/88 01 5182 GW ANIONS Cl 14.00 mg/L
14007 07/10/88 01 5182 GW ANIONS F 3.10 mg/L
1W007 07/10/88 01 5182 GW ANIONS S04 520.00 mg/L
1W007 07/10/88 01 5182 GW VOLS acetone 4.00 J ug/L
MW007 10/04/88 01 5270 GW VOLS acetone 4.00 J ug/L



Table E.I. (continued)

05/24/89

SIGNIFICANT CHEMICAL DATA FROM UPGRADIENT

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS

LOCATION DATE INTERVAL NUMBER MATRIX METHOD

MW024 06/21/88 09 5140 SO SVOLS methylene chloride 14.00 ug/kg

MW024 06/21/88 09 5140 so SVOLS acetone 26.00 ug/kg
MW024 06/21/88 09 5141 SO STCLP acetone 36.00 ug/L

H4024 06/21/88 09 5141 so STCLP 4-methyl-2-pentanone 20.00 ug/L
MW024 06/21/88 09 5141 so SVOLS methylene chloride 2.00 J ug/kg

HW024 06/21/88 18 5145 SO SVOLS methylene chloride 14.00 ug/kg

MW024 06/21/88 18 5145 so SVOLS acetone 15.00 ug/kg

MW024 06/21/88 27 5148 SO SVOLS methylene chloride 17.00 ug/kg

MW024 06/21/88 27 5148 SO SVOLS acetone 22.00 ug/kg

MW024 06/21/88 36 5151 SO SVOLS methylene chloride 16.00 ug/kg

MW024 06/21/88 36 5151 So SVOLS acetone 11.00 J ug/kg

14024 07/11/88 01 5188 GW ANIONS Cl 35.00 mg/L
K4024 07/11/88 01 5188 GW ANIONS F 1.60 mgiL

144024 07/11/88 01 5188 GW ANIONS S04 190.00 mg/L

MW024 07/11/88 01 5188 GW METALS Pb 0.01 mg/L
H4024 07/11/88 01 5188 GW METALS Zn 0.04 mg/L
MWO24 07/11/88 01 5188 GW VOLS acetone 5.00 J ug/L

MW024 07111/88 01 5188 GW VOLS chloroform 2.00 J ug/L
M4024 07/11/88 01 5188 GW VOLS trichloroethene 2.00 J ug/L

MW024 10/03/88 01 5252 GW VOLS trichloroethene 2.00 J ug/L

MW027 06/23/88 09 5162 SO SVOLS methylene chloride 10.00 B ug/kg
MW027 06/23/83 09 5162 SO SVOLS acetone 7.00 JB ug/kg

MW027 06/23/88 09 5162 SO SVOLS 2-butanone 6.00 1 ug/kg

MW4027 06/23/88 18 5163 so SVOLS methylene chloride 12.00 B ug/kg
MW027 06/23/88 18 5163 so SVOLS acetone 17.00 B ug/kg
1W027 06/23/88 18 5163 SO SVOLS 2-butanone 24.00 ug/kg

HW027 07/10/88 01 5186 GW ANIONS C1 17.00 mrg/L

MW027 07/10/88 01 5186 GW ANIONS F 1.20 mg/L
MW027 07/10/88 01 5186 GW ANIONS S04 390.00 mg/L

MW027 07/10/88 01 5186 GW VOLS acetone 7.00 J8 ug/L
MW027 10/03/88 01 5253 GW VOLS acetone 6.00 JB ug/L



Table E.1. (continued)
05/24/89

SIGNIFICANT CHE4ICAL DATA FROM BEDROCK

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS
LOCATION DATE INTERVAL NUMBER MATRIX METHOD

CH001 07/11/88 01 5194 GW ANIONS Cl 27.00 mg/L
CH001 07/11/88 01 5194 GW ANIONS F 3.00 mg/L
CH001 07/11/88 01 5194 GW ANIONS S04 990.00 tag/L
CH001 07/11/88 01 5194 GW METALS Zn 0.01 mg/I
CH001 07/11/88 01 5194 GW VOLS methylene chloride 1.00 J ug/L
CH001 07/11/88 01 5194 GW VOLS acetone 5.00 J ug/L
CH001 10/03/88 01 5258 GW VOLS acetone 8.00 3 ug/L
CH002 07/14/88 01 5227 GW ANIONS C1 190.00 mg/L
CH002 07/14/88 01 5227 GW ANIONS F 2.50 mg/L
CH002 07/14/88 01 5227 GW ANIONS S04 180.00 m&/L
CH002 07/14/88 01 5227 GW METALS Cu 0.03 mg/L
CH002 07/14/88 01 5227 GW METALS Pb 0.00 mg/L
CH002 07/14/88 01 5227 GW SEMI phenol 5.00 1 ug/L
CH002 07/14/88 01 5227 GW SEMI benzoic acid 48.00 J ug/L
CH002 07/14/88 01 5227 OW SEMI bis(2-ethylhexyl)phthalate 20.00 J ug/L
CH002 07/14/88 01 5227 GW SEMI di-n-butylphthalate 2.00 3 ug/L
CH002 07/14/88 01 5227 GW VOLS acetone 93.00 ug/L
CH002 07/14/88 01 5227 GW VOLS 2-butanone 13.00 ug/L
Cf002 07/14/88 01 5227 GW VOLS methylene chloride 2.00 J ug/L
CH002 07/14/88 02 5229 WR ANIONS C1 222.00 mg/L
CH002 07/14/88 02 5229 WR ANIONS F 2.70 mg/L
CH002 07/14/88 02 5229 WR ANIONS S04 172.00 mg/L
CH002 07/14/88 02 5229 WR METALS Cu 0.03 mg/L
CH002 07/14/88 02 5229 WR METALS Na 460.00 mg/L
CH002 07114/88 02 5229 WR METALS K 32.00 mg/L
CH002 07/14/88 02 5229 WR METALS Ca 26.00 mg/L
CH002 07/14/88 02 5229 WR METALS Mg 0.00 mg/L
CH002 07/14/88 02 5229 WR VOLS chloroethane 89.00 ug/L
CH002 07/14/88 02 5229 WR VOLS acetone 78.00 ug/L
CH002 07/14/88 02 5229 WR VOLS carbon disulfide 5.00 ug/L
CH002 07114/88 02 5229 WR VOLS ethylbanzene 1.00 1 ug/L
CH002 07/14/88 02 5229 WR VOLS hydrocarbon #1 7.00 JB ug/L
CH002 07/14/88 02 5229 WR VOLS hydrocarbon #2 5.00 JB ug/L
CH002 07114/88 02 5229 WR VOLS methylene chloride 2.00 3 ug/L
CH002 07/14/88 02 5229 WR VOLS toluene 1.00 JB ug/L
CH002 10/05/88 01 5282 OW VOLS methylene chloride 1.00 3 ug/L
CH002 10/05/88 01 5282 GW VOLS acetone 61.00 ug/L
CH002 10/05/88 01 5282 GW VOLS 2-butanone 5.00 J ug/L
C11003 07/14/88 01 5230 GW ANIONS Cl 120.00 mg/L
CH003 07/14/88 01 5230 GW ANIONS F 3.50 mg//L
CH003 07/14/88 01 5230 GW ANIONS S04 590.00 mg/L
CH003 07/14/88 01 5230 GW METALS Pb 0.00 mg/L
CH003 07/14/88 01 5230 0N PHCS toluene 1.00 ug/L
CH003 07/14/88 01 5230 GW VOLS methylene chloride 2.00 1 ug/L
CH003 07/14/88 01 5230 GW VOLS acetone 5.00 J ug/L
CR003 07/14/88 01 5230 GW VO].s carbon disulfide 3 00 ,] ug/L
C1003 07/14/88 02 5231 WR ANIONS Cl 130.00 mg/L
CR003 01/14/88 02 5231 WR ANIONS F 3.70 mg/IL



Table E.I. (continued)

05/24/89

SIGNIFICANT CHEMICAL DATA FROM BEDROCK

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS

LOCATION DATE INTERVAL NUMBER MATRIX METHOD

CH003 07/14/88 02 5231 WR ANIONS S04 640.00 mg/L

CHO03 07/14/88 02 5231 WR METALS Zn 0.03 mg/L

CH003 07/14/88 02 5231 WR VOLS methylene chloride 2.00 J ug/L

CH003 07/14/88 02 5231 WR VOLS acetone 6.00 J ug/L

CH003 07/14(88 02 5231 WR VOLS carbon disulfide 4.00 j ug/L

CE003 07/14/88 03 5232 WR ANIONS Cl 150.00 mg/L

CH003 07/14/88 03 5232 WR ANIONS F 3.50 mg/L

CH003 07/14/88 03 5232 WR ANIONS S04 300.00 mg/L

CH003 07/14/88 03 5232 WR METALS Zn 0.02 mg/L

CH003 07/14/88 03 5232 WR VOLS methylene chloride 2.00 3 ug/L

CH003 07/14/88 03 5232 WR VOLS acetone 6.00 J ug/L

CH003 07/14/88 04 5233 WR ANIONS C. 145.00 mg/L

CH003 07114/88 04 5233 WR ANIONS F 1.40 mg/L

CH003 07/14/88 04 5233 WR ANIONS S04 694.00 mg/L

CH003 07/14/88 04 5233 WR METALS Ba 0.03 mgiL

CH003 07/14/88 04 5233 WR METALS Na 350.00 mg/L

CH003 07/14/88 04 5233 WR METALS K 2.50 mg/L

CH003 07/14/88 04 5233 WR METALS Ca 62.00 mg/L

CH003 07/14/88 04 5233 WR METALS Mg 23.00 mg/L

CH003 07/14/88 04 5233 WR VOLS methylene chloride 2.00 J ug/L

CH003 07:14/88 04 5233 WR VOLS carbon disulfide 2.00 J ug/L

CH003 07/14/88 04 5233 WR VOLS vinyl acetate 4.00 J ug/L

CH003 07/14/88 04 5233 WR VOLS toluene 1.00 JB ug/L

CH003 07/14/88 04 5233 WR VOLS ethylbenzene 1.00 J ug/L

CH003 07/14/88 04 5233 WR VOLS hydrocarbon #1 8.00 JB ug/L

CH003 07/14/88 04 5233 WR VOLS hydrocarbon #2 6.00 JB ug/L

CH003 10/03/88 01 5251 GW VOLS acetone 5.00 1 ug/L

I
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Table E.1. (continued)
05/24/89

SIGNIFICANT CHEMICAL DATA FROM LATERAL6. HYDRAN

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL A,. "YTE RESULT CODE UNITS

LOCATION DATE INTERVAL NUMBER MATRIX METHOD

MW023 06/22/88 03 5153 so SPBCS petroleum hydrocarbons 16000.00 ug/kg

MW023 06/22188 03 5153 so SVOLS methylene chloride 7.00 ug/kg

MW023 06/22/88 03 5153 SO SVOLS acetone 160.00 ug/kg

W023 06/22/88 03 5153 so SVOLS 2-butanone 52.00 ug/kg

W4023 06/22/88 03 5153 so SVOLS toluene 6.00 ug/kg
MW023 06/22/88 06 5154 SO SVOLS methylene chloride 19.00 ug/kg

W023 06/22/88 06 5154 SO SVOLS acetone 310.00 E ug/kg

W023 06/22/88 06 5154 so SVOLS 2-butanone 93.00 ug/kg

MW,.023 06/22/88 06 5154 so SVOLS toluene 22.00 ug/kg

MW023 06/22/88 06 5154 so SVOLS trichloroethene 4.00 J uglkg
MW023 06/22/88 06 5155 SR SVOLS methylene chloride 17.00 ug/kg

FM023 06/22/88 06 5155 SR SVOLS acetone 220.00 ug/kg

Kd023 06/22/88 06 5155 SR SVOLS toluene 6.00 ug/kg

W023 06/22/88 06 5155 SR SVOLS 2-butanone 43.00 ug/kg

?W023 06/22/88 09 5156 SO SVOLS methylene chloride 12.00 B ug/kg
W%023 06/22/88 09 5156 SO SVOLS acetone 47.00 B ug/kg

MW023 06/22/88 09 5156 so SVOLS 2-butanone 63.00 ug/kg

li.023 06/22/88 12 5157 so SVOLS methylene chloride 14.00 B ug/kg

MW023 06/22/88 12 5157 SO SVOLS acetone 20.00 B ug/kg

MW023 06/22/88 12 5157 so SVOLS 2-butanone 16.00 ug/kg

MW4023 07/10/88 01 5183 GW ANIONS C1 10.00 mg/L

MW 23 07/10/88 01 5183 GW ANIONS F 2.90 mg/L

MW023 07/10/88 01 5183 GW ANIONS S04 270.00 mg/L

MW,023 07/10/88 01 5183 GW METALS Zn 0.02 mg/L

MW023 09/30/88 01 5244 GW PHCS toluene 3.00 ug/L



Table E.1. (continued)

05/24/89

SIGNIFICANT CHE1ICAL DATA FROM N/A

4 SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS

LOCATION DATE INTERVAL NUMBER MATRIX METHOD

DO01 03/09/88 02 0002 Gw PHCS petroleum hydrocarbons 880.00 ug/L

DWool 03/09/88 02 0002 GW PHCS petroleum hydrocarbons 120.00 ug/L

DW001 03/09/88 02 0002 GW VOLS cyclopentane rethyl- 160.00 ug/L

DWOO 03/09/88 02 0002 GW VOLS pentane,3-methyl- 10.00 ug/L

DW001 03/09/88 02 0002 GW VOLS hexane 320.00 ug/L

DW02 03/09/88 01 0003 GW PHCS petroleum hydrocarbons 100.00 ug/L

iWO 03/09/88 01 0003 GW VOLS acetone 92.00 ug/L

.W00Z 03/09/88 01 0003 GW VOLS 1-pentene,2-methyl- 14.00 ug/L

DWO02 03/09/88 01 0003 GW VOLS hexane 41.00 ug/L

DW002 03/09/88 01 0003 GW VOLS 1,2 dichloroethene 1.00 3 ug/L

DWO02 03/09/88 02 0004 GW VOLS 1.2-dichloroethene (total) 27.00 ug/L

DWO03 03/10/88 01 0009 GW VOLS hexane 12.00 ug/L

DWO03 03/10/88 01 0009 GW VOLS acetone 7.00 JB ug/L

DW003 03/10/88 01 0009 GW VOLS 4-methyl-2-pentanone 2.00 JB ug/L

DW004 03/08/88 01 0005 GW VOLS acetone 4.00 J ug/L

0W004 03/09/88 02 0006 GW PHCS petroleum hydrocarbons 100.00 ug/L

DWO04 03/09/88 02 0006 GW VOLS hexane 38.C0 ug,'L

D1004 03/09/88 02 0006 GW VOLS 1-pentene,2-methyl- 25.00 ug/L

DW004 03/09/88 02 0006 GW VOLS acetone 5.00 J ug/L

DW005 03/09/88 01 0007 GW PHCS petroleum hydrocarbons 70.00 ug/L

DW005 03/09/88 01 0007 GW VOLS acetone 5.00 J ug/L

DW005 03/09/88 01 0007 GW VOLS 1-pentene, 2-methyl. 7.00 u;iL

DW005 03/09/88 01 0007 GW VOLS hexane 19.00 ug/L

DW005 03/11/88 02 0019 GW VOLS acetone 2.00 J ug/L

SWool 03/11/88 01 0013 GW PHCS xylenes(total) 1.00 ug/L

SWool 03/11/88 01 0013 GW PHCS petroleum hydrocarbons 120.00 mg/L

S4001 03/11/88 01 0013 GW VOLS hexane 110.00 ug/L

SW001 03/11/88 01 0013 GW VOLS cyclopentane,methyl- 50.00 ug/L

SW001 03/11/88 01 0013 GW VOLS acetone 40.00 B ug/L

w001 10/05/88 01 5283 GW VOLS acetone 11.00 ug/L



Table E.I. (continued)

05/24/89

SIGNIFICANT CHEMICAL DATA FRCM WATER TRUCK

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS

LOCATION DATE INTERVAL NUMBER MATRIX METHOD

OT000 06/20/88 01 5133 SW ANIONS Cl 160.00 mg/L

OTOOO 06/20/88 01 5133 SW ANIONS F 1.90 mg/L

OTOO 06/20/88 01 5133 SW ANIONS SO4 150.00 mg/L

OTOO 06/20/88 01 5133 SW METALS Pb 0.00 mg/L

OTOOO 06/20/88 01 5133 SW VOLS acetone 10.00 ug/L

OTOO 06/20/88 01 5133 SW VOLS chloroform 46.00 ug/L

OTOO0 06/20/88 01 5133 SW VOLS bromodichloromethane 26.00 ug/L

OTOO0 06/20/88 01 5133 SW VOLS dibromochloromethane 17.00 ug/L

OT000 06/20/88 01 5133 SW VOLS 4-methyl-2-pentanone 8.00 . ug/L



Table E.1. (continued)

05/24/89

SIGNIFICANT CHEMICAL DATA FROM FIRE HYDRANT

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS

LOCATION DATE INTERVAL NUMBER MATRIX METHOD

OTOO 06/20/88 02 5134 SW ANIONS Cl 170.00 m8/L

OT000 06/20/88 02 5134 SW ANIONS F 1.90 mg,'L

OTOO 06/20/88 02 5134 SW ANIONS S04 150.00 mg/L

OTOO 06/20/88 02 5134 SW VOLS chloroform 55.00 ug/L

OTOO 06/20/88 02 5134 SW VOLS bromodichloromethane 28.00 ug/L

OT000 06/20/88 02 5134 SW VOLS dibromochloromethans 17.00 ug/L

OT000 06/20/88 02 5134 SW VOLS 4-methyl-2-pentanone 4.00 J ug/L

OT000 06/20/88 02 5134 SW VOLS 4-methyl-2-pentanone 5.00 J ug/L

$
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Table E.1. (continued)

05/24/89

SIGNIFICANT CHEMICAL DATA FRO4 EQUIPMENT RINSE

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS

LOCATION DATE INTERVAL NUMBER MATRIX METHOD

ER002 07/14/88 01 5228 RI PHCS toluene 1.00 ug/L

ER002 07/14/88 01 5228 RI VOLS carbon disulfide 4.00 J ug/L

ER002 07/14/88 01 5228 RI VOLS toluene 1.00 3 ug/L

ER005 03/10/88 01 0011 RI VOLS chloroform 10.00 ugIL

ER005 03/10/88 01 0011 RI VOLS hexane 7.00 ug/L

ER005 03/10/88 01 0011 RI VOLS unknown 12.00 ug/L

ER005 09/30/88 01 5239 RI VOLS toluene 1.00 J ugIL

ER009 06/17/88 08 5055 RI PHCS petroleum hydrocarbons 52.00 ug/L

ER009 10/05/88 01 5288 RI VOLS acetone 8.00 1 ug/L

ER011 06/17/88 16 5064 RI VOLS methylene chloride 3.00 J ug/L

ER011 06/17/88 16 5064 RI VOLS acetone 4.01 JB u/L

ER014 06/18/88 12 5080 RI VOLS acetone 21.00 B ug/L

ER015 06/19/88 12 5085 RI VOLS acetone 12.00 B ug/L

ER015 06/19/88 12 5085 RI VOLS carbon disulfide 9.00 ug/L

ER016 10/04/88 01 5274 RI VOLS acetone 5.00 J ug/L

ER017 07/13/88 01 5216 RI PHCS petroleum hydrocarbons 2.00 JB ug/L

ER017 07/13/88 01 5216 RI VOLS toluene 1.00 J ug/L

ER019 06/20/88 09 5124 RI VOLS acetone 8.00 3 ug/L

ER019 06/20/88 09 5124 RI VOLS carbon disulfide 3.00 J ug/J

ER019 07/07/88 01 5167 RI PHCS toluene 1.00 ug/L

ER021 07/08/88 01 5171 RI PHCS toluene 2.00 ug/L

ERO21 07/08/88 01 5171 RI VOLS acetone 3.00 J ug/L

ER021 07/08/88 01 5171 RI VOLS toluene 2.00 J ug/L

ER021 10/04/88 01 5265 RI VOLS methylene chloride 1.00 JB ug/L

ER021 10/04/88 01 5265 RI VOLS acetone 5.00 JB ug/L

ER023 06/22/88 12 5158 RI VOLS acetone 6.00 J ug/L

ER023 07/10/88 01 5184 RI PHCS toluene 2.00 ug/L

ER023 07/10/88 01 5184 RI VOLS acetone 6.00 JB ugIL

ER023 07/10/88 01 5184 RI VOLS toluene 2.00 J ug/L

ER024 06/21/88 36 5152 RI VOLS carbon disulfide 2.00 j ug/L

ER026 06/23/88 09 5161 RI PHCS petroleum hydrocarbons 130.00 ug/L

ER026 06/23/88 09 5161 RI VOLS acetone 7.00 J ug/L

ER028 11/01/88 08 5298 RI PHCS benzene 2.80 ug/L

ER028 11/01/88 08 5298 RI VOLS acetone 6.00 J ug/L

ER028 11/01/88 08 5298 RI VOLS carbon disulfide 33.00 ug/L

ER028 11/18188 01 5302 RI VOLS acetone 11.00 ug/L

ER028 12/15/88 01 5309 RI VOLS methylene chloride 1.00 J ug/L

ER028 12/15/88 01 5309 RI VOLS acetone 11.00 u&tL

1)- 10



Table E.. (continued)

05/24/89

SIGNIFICANT CHEMICAL DATA FROM FIELD BLANK

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS

LOCATION DATE INTERVAL NUMBER MATRIX METHOD

FBO05 03/11/88 01 0022 DI VOLS chloroform 8.00 ug/L

F8005 09/30/88 01 5240 DI PHCS toluene 1.00 ug/L

FBOD5 09/30/88 01 5240 DI VOLS acetone 7.00 3 ug/L

FBO05 09/30/88 01 5240 DI VOLS toluene 1.00 3 ug/L

FB021 07/08/88 01 5172 DI PHCS toluene 2.00 ug/L

FB021 07/08/88 01 5172 DI VOLS acetone 5.00 3 ug/L

FB021 07/08/88 01 5172 DI VOLS toluene 2.00 J ug/L

F8028 11/01/88 01 5299 DI PBCS benzene 3.30 ug/L

FB028 11/01/88 01 5299 DI VOLS acetone 5.00 1 ug/L

FB028 11/18/88 01 5303 DI VOLS acetone 11.00 ug/L

FB028 12/15/88 01 5310 DI VOLS acetone 15.00 ug/L

FB028 12/15/88 01 5310 DI VOLS benzene 3.00 J ug/L

I
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Table E.1. (continued)

05/24/89

SIGNIFICANT CHElMICAL DATA FROM TRIP BLANK

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS
LOCATION DATE INTERVAL NUMBER MATRIX METHOD

TBOO0 03/04/88 01 0008 DI VOLS chloroform 5.00 ug/L

TB000 03/04/88 02 0012 DI VOLS acetone 4.00 JB ug/L
TB000 03/04/88 02 0012 DI VOLS chloroform 5.00 ug/L

TB000 03/04/88 02 001Z DI VOLS 4-methyl-2-pentanone 3.00 38 ug/L

TB000 03/04/88 02 0012 DI VOLS unknown 7.00 ug/L

TB000 03/04/88 02 0012 DI VOLS unknown 7.00 ug/L

TBOOO 06/15/88 01 5101 DI VOLS methylene chloride 1.00 3 ug/L

TB000 06/15/88 01 5101 DI VOLS acetone 6.00 JB u&/L

TB000 06/15/88 02 5102 DI VOLS methylene chloride 8.00 JB ug/L

TBOOO 06/16/88 03 5103 DI VOLS methylene chloride 3.00 J ug/L
TBOOO 06/17/88 04 5104 DI VOLS methylene chloride 2.00 J ug/L

TB000 06/17/88 04 5104 DI VOLS acetone 7.00 JB ug/L

TB000 06/15/88 05 5105 DI VOI methylene chloride 4.00 J ug/L
TB000 06/15/88 05 5105 DI VOLS acetone 14.00 B ug/L

TB000 06/15/88 06 5106 DI VOLS methylene chloride 3.00 JB ug/L

TB000 06/15/88 06 5106 DI VOLS acetone 6.00 J8 ug/L

TB000 06/15/88 07 5107 DI VOLS methylene chloride 2.00 JB ug/L

TB000 06/15/88 07 5107 DI VOLS acetone 7.00 JB ug/L
TB000 06/15/88 08 5108 DI VOLS methylene chloride 1.00 1 ug/L

TB000 05/15/88 09 5109 DI VOLS methylene chloride 1.00 J ug/L

TB000 06/15/88 10 5110 DI VOLS methylene chloride 1.00 J ug/L

TB000 06/15/88 11 5111 DI VOLS methylene chloride 2.00 J ug/L

TBOOO 06/15/88 12 5112 DI VOLS methylene chloride 2.00 3 ug/L

TB000 06/15/88 12 5112 DI VOLS acetone 3.00 J ug/L

TBO00 07/07/88 01 5113 DI VOLS methylene chloride 1.00 JB ug/L

TB000 07/07/88 01 5113 DI VOLS acetone 7.00 J ug/L

TB000 07107/88 01 5113 DI VOLS 4-methyl-2-pentanone 2.00 .3 ug/L

TB000 07/07/88 02 5114 DI VOLS benzene 8.00 ug/L

TB000 07/07/88 02 5114 DI VOLS toluene 7.00 B ug/L

TB000 07/07/88 02 5114 DI VOLS ethylbenzene 3.00 J ug/L

TB000 07/07/88 02 5114 DI VOLS rylanes(total) 1.00 1 ug/L

TB000 07/07/88 02 5114 DI VOLS hydrocarton #1 6.00 JB ug/L

TB000 07/07/88 02 5114 DI VOLS hydrocarbon #? 4.00 JB ug/L

TB000 07/07/88 03 5115 DI VOLS methylene chloride 1.00 JB ug/L

TB000 07/07/88 03 5115 DI VOLS acetone 4.00 3 ug/L

TB000 07/07/88 03 5115 DI VOLS toluene 2.00 J ug/L

TB000 07/07/88 05 5117 DI VOLS acetone 3.00 J ug/L

TB000 07/07/88 05 5117 DI VOLS 2-butanone 1.00 3 ug/L

TB000 07/07/88 05 5117 DI VOLS toluene 2.00 J ug/L

TB000 07/07188 06 5118 Di VOLS acetone 3.00 J ug/L

TB000 07/07/88 06 5118 DI VOLS toluene 2.00 J ug/L

TB000 07/07/88 07 5119 DI VOLS acetone 4.00 J ug/L

TB000 07/07/88 07 5119 DI VOLS toluene 2.00 J ug/L

TBO00 07/07/88 08 5120 DI VOLS toluene 2.00 J ug/L

TB000 07/07/88 09 5199 DI VOLS acetone 5.00 JB ug/L

TB000 07/07/88 09 5199 DI VOLS toluene 2.00 J ug/L

TB000 071071/88 11 5225 DI VOLS acetone 12.00 ug/L

T8000 07/07/88 11 5225 DI VOLS methylene chloride 2.00 J ug/L



Table E.1. (continued)
05/24/89

SIGNIFICANT CHEMICAL DATA FROM TRIP BLANK

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS

LOCATION DATE INTERVAL NUMBER MATRIX METHOD

TBOOO 07/07/88 11 5225 DI VOLS toluene 2.00 3 us/L

TB0O 07107188 12 52Z6 DI VOLS acetone 29.00 ug/L

TBOOO 07/07/88 12 5226 DI VOLS toluene 2.00 3 ug/L

TBOOC 07/07/88 13 5234 DI VOLS toluene 2.00 J ug/L

TB00O 07/07/88 14 5235 DI VOLS toluene 2.00 J ug/L

TBOO0 07/07/88 14 5236 DI VOLS toluene 3.00 J ug/L

TB000 09/23/88 01 5245 DI VOLS acetone 63.00 ug/L

TBOOO 09/23/88 02 5246 DI VOLS acetone 130.00 ug/L

TB0O 09/23/88 04 5280 DI VOLS acetone 19.00 ug/L

TBOOO 09/23/68 05 5294 DI VOLS acetone 33.00 B ug/L

TB0O 11/01/88 01 5300 DI VOLS acetone 29.00 ug/L

TB00O 11/18/88 01 5308 DI VOLS acetone 9.00 3 u8/L

TBOOO 12/15/88 01 5312 DI VOLS acetone 17.00 ug/L

TBOOO 09/23/88 03 5315 DI VOLS acetone 66.00 ug/L



Table E.2. Target compound list

Detection limits (dilution factor -1

Volatile organic Soil Water

compounds (ug/Kg dry weight) (gL

chlorome thane 14 10

bromomethane 14 10

vinyl chloride 14 10

chloroethane 14 10

methylene chloride 7 5

acetone 14 10

carbon disulfide 7 5

1, l-dichloroethene 7 5

1, 1-dichioroethane 7 5

1, 2-dichloroethene (total) 7 5

chloroform 75

1, 2-dichloroethane 7 5

2 -butanone 14 10

1,1,1- trichloroe iane 7 5

carbon tetrachloride 7 5

vinyl acetate 14 10

bromodichlorome thane 7 5

1, 2-dichioropropane 7 5

cis- 1, 3-dichioropropene 7 5

trichloroethene 7 5

dibromochlorome thane 7 5

1,1,2- trichloroethane 7 5

benzene 7 5

trans- , 3-dichloropropene 7 5

bromoform 75

4-methyl-2-pentanone 14 10

2 -hexanone 14 10

te trachl1oroethene 7 5

1,1,2,2-tetrachloroetiane 7 5

t o luene 7 5

ClIorobecnzene 7 5
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Table E.2. (continued)

Detection limits (dilution factor - 1)

Volatile organic Soil Water

compounds (continued) (gg/Kg dry weight)

ethylbenzene 7 5

styrene 7 5

total xylenes 7 5

Analytical method 8240 624

Detection limits (dilution factor 1)

Soil Water

JP-4 components (gg/kg dry weight)

Total petroleum hydrocarbons 5000 50

Analytical method 8015 8015, 418.1

Benzene 50 0.5

Toluene 100 1

Ethyl Benzene 400 4

Xylenes (total) 400 4

Detection limits (dilution factor = I)

Base/neutral and acid extractable Soil Water

Semi-volatile organics (BNA) (ug/kg dry weight) OzgL)

phenol 330 10

bis (2-chloroethyl)ether 330 10

2-chlorophenol 330 10

1,3-dichlorobenzene 330 10
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Table E.2. (continued)

Detection limits (dilution factor-- 1)

Base/neutral and acid extractable Soil Water

Semi-volatile org-anics (BNA) (mz/kg dry weight) (&L

1 ,4-dichlorobenzene 330 10

benzyl alcohol 330 10

1,2 -dichlorobenzene 330 10

2 -methylphenol 330 10

bis(2-chloroisopropyl)ether 330 10

4-methylphenol 330 10

n-nitroso-di-n-propylamine 330 10

hexachioroethane 330 10

nitrobenzene 330 10

isophorone 330 10

2 -nitrophenol 330 10

2 .4-dimethyiphenol 330 10

benzoic acid 1,600 50

bis(2-chloroethoxy)methane 330 10

2 ,4-dichlorophenol 330 10

1,2 ,4-trichlorobetizene 330 10

naphthalene 330 10

4-chioroaniline 330 10

hexachlorobULadietie 330 10

4- chloro -3 -methylphenol 330 10

2 -methylnaphthalene 330 10

hexac-ilorocyclopentadiene 330 10

2,4, 6-trichiorophenol 330 10

2,4, 5-trichiorophenol 1,600 50

2- chloronaphthalene 330 10

2 -nitroaniline 1,600 50

dimethyl phthalate 330 10

acenaphthylene 330 10

2, 6-dinitritoluene 330 10

3 -nitroaniline 1,600 50

acenaphthene 330 10

2 .4-dinitrophenol. 1,600 50
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Table E.2. (continued)

Detection limits (dilution factor =1

Base/neutral and acid extractable Soil Water
Semi-volatile organics (BNA). (ug/kg dry weight). g-

4-nitrophenol 1,600 50
dibenzofuran 330 10

P2 ,4 -dinitrotoluene 330 10
diethylphthalate 330 10
4 -chlorophenyl-phenylether 330 10
fluorene 330 10
4-nitroaniline 1,600 50
4 ,6 -dinitro-2-methylphenol 1,600 50
n-nitrosodiphenylamine' 330 10
4 -bromophenyl -phenylether 330 10
hexachlorobenzene 330 10
pentachiorophenol 1,600 50
phenanthrene 330 10
anthracene 330 10
di-n-butylphthalate 330 10
fluoranthene 330 10
pyrene 330 10
butylbenzylptithalate 330 10
3,3' -dichlorobenzidine 660 20
benzo (a) anthracene 330 10
chrysene 330 10
bis(2-ethylhexyl)phthalate 250 10
di-n-octylphthalate 330 10
benzo(b) fluoranthene 330 10
benzo(k) fluoranthene 330 10
benzo(a)pyrene 330 10
indeno(l .2, 3 -cd)pyrene 330 10
dtbenzo(a ,h)anthiracene 330 10
benzo(g,i, i)perylene 330 10

Analytical method 8270 625

'Detected as dipheriylamine
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Table E.2. (continued)

Detection limits (dilution factor = 1)

Soil Water
Pesticides and PCBs (mg/kg dry weight)

a-BHC 
8.0 0.050

f-BHC 
8.0 0.050

6-BHC 
8.0 0.050

I-BHC (lindane) 
8.0 0.050

heptachlor 
8.0 0.050

aldrin 
8.0 0.050

heptachlor epoxide 
8.0 0.050

endosulfan I 
8.0 0.050

dieldrin 
16 0.10

4,4'-DDE 
16 0.10

endrin 
16 0.10

endosulfan II 
16 0.104,4'-DDD 
16 0.10

endosulfan sulfate 16 0.10
4,4'-DDT 

16 0.10
methoxychlor 

80 0.50
endrin ketone 

16 0.10
a-chlordane 

80 0.50
-y-chlordane 

80 0.50
toxaphene 

160 1.0
Aroclor 1016 

80 0.50
Aroclor 1221 

80 0.50
Aroclor 1232 

80 0.50
Aroclor 1242 

80 0.50
Aroclor 1248 

80 0.50
Aroclor 1254 

160 1.0
Aroclor 1260 

160 1.0

Analytical method 8080 608
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Table E.2. (continued)

Detection limits (dilution factor = 1)

Soil Water

Priority pollutant metals (uE/kg dry weight) (gg/L)

antimony 3 0.03

arsenic 0.3 0.002

beryllium 0.1 0.001

cadmium 0.5 0.005

chromium 1 0.01

copper 1 0.01

lead 3 0.002

mercury 0.02 0.001

nickel 2 0.02

selenium 0.2 0.002

silver 0.5 0.005

thallium 0.2 0.002

zinc 0.5 0.005

Analytical method SW846, including Cold Vapor Atomic

Absorption Spectroscopy - mercury;

Graphite Furnace Atomic Absorption

Spectroscopy - arsenic, selenium, lead,

thallium; the remaining metals were

analyzed by Inductively Coupled Argon

Plasma Spectroscopy.

Ii
I
I
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APPENDIX F

EVALUATION OF QUALITY ASSURANCE/QUALITY CONTROL
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Evaluation of Quality Assurance/Quality Control

I. lABORATORY QA/QC

The following tables, F.1 through F.6, summarize the results of method

blanks, surrogate spike recoveries, holding time compliance, duplicate

sample agreement, and matrix spike/matrix spike duplicate recoveries.

Tables F.A and F.2 summarize the frequency and distribution of

contaminants found in the method blanks. Although the majority of blanks

(61%) had contamination of some kind, the compounds were generally below

reporting levels. The preponderance of acetone and methylene chloride is

not surprising, as both are common lab solvents. Similarly, the blank

results with other common solvents, 2-hexanone, 4-methyl-2-pentanone, and

chloroform, are also due to the laboratory. Since site data shows mostly

jet fuel contamination with traces of chlorinated solvents, these blank

results do not affect the sample data.

Table F.3 lists the surrogate spike recoveries which are outside CLP

limits. Due to the small number of samples in this category, including two

lab blanks and three samples from sites of known contamination, the overall

surrogate results do not affect the review of sample data. The high

bromofluorobenzene and nitrobenzene surrogate recoveries on samples 5000 and

5053, and the high dibutylchlorendate recoveries on samples 5170 and 5234-

5236 suggest a high bias in the analytical results for these categories.

Fortunately, only traces of benzene were found in a few of these samples.

Thus, even with a high bias the data could be used. The low surrogate

recoveries for the semi-volatiles phenol D-5 and 2-fluorophenol in samples

5168 and 5170, and the low dibutylchlorendate recoveries in samples 5217 and

5219 indicate a low bias for these compounds. Since the volatile and

petroleum hydrocarbon analyses of these samples were unaffected, the results

are acceptable for evaluating JP-4 constituents.

Table F.4 lists the samples which exceeded holding times. Analyses or

extractions beyond the contractual time limits were I day for the volatiles

listed, 5 days for BNAs and PCB/pesticides, and varied from I to 4 days for

the petroleLm hydrocarbons. Recent studies by ORNL suggest that holding

times may be extended in certain cases without sample loss (Maskarinec,

et al. 1988). For example, volatiles preserved with IIll were found to be

stable for at least 56 lays in water. Semi-volatile compounds in the study
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appeared to be stable indefinitely in the extraction solvent. Maintaining

semi-volatile sample integrity is dependent on meeting the holding time from

sample collection to extraction, thus minimizing degradation due to

photochemical and microbial processes. In view of the ORNL study, and the

fact that the samples in Table F.4 were analyzed close to contractual

deadlines, there appears to be no reason to reject the data. Also, these

analytical results were used only for screening and trend evaluation, and

not for regulatory compliance.

Tables F.5 and F.6 show the degree of precision in the duplicate and

triplicate analyses submitted to the lab. Replicate agreement was generally

good, with the exception of sediments SD009 and SDO10 (samples 5008 and

5009, Table F.6), which were collected next to each other from the drainage

ditch at the northwest corner of the base. In order to avoid releasing

volatile compounds during collection, the samples were not homogenized and

subsampled. As a result, one sample contained pesticides but no petroleum

hydrocarbons, while the other contained petroleum hydrocarbons but no

pesticides. Both samples contained polynuclear aromatics in excellent

agreement. Both the pesticides and petroleum hydrocarbons were present in

trace quantities; the discrepancy probably indicates an erratic distribution

of these compounds along the ditch.

Table F.7 contains the matrix spike/matrix spike duplicate (MS/MSD)

recoveries outside contract laboratory program (CLP) limits. Overall,

MS/MSD results are acceptable, with the exception of the six samples noted

in the table. Arsenic and selenium data in samples 5179-5181 were rejected

due to no recovery on the spikes. The l,l-dichloroethene data is not

considered to be a problem since one sample was an equipment rinse (5161)

and two were soil samples (5032 and 5125). None of the soil samples at the

base showed significant chlorinated solvents and since the water in the

wells from which these soil samples were taken also showed no chlorinated

solvents, the poor recoveries do not affect the data interpretation.
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Table F.6. Duplicate sample agreement, field numbers 5008 and 5009

Compound 5008 5009

4,4' -DDE 30

4,4' -DDT 65

arenaphthene 240J

acetone 14 37

anthracene 520 330J

as 2.6 4.5

be 0.5 0.4

benzo(a) anthracene 1400J 1500J

benzo(a)pyrene 1200J 1400J

benzo(b)fluoranthene 1600J 1800J

benzo (g,h,i)perlyene 1400J 1400J

benzo(k)fluoranthene 1700J 1700J

bis (2 -ethylhexyl)phthalate 2700B 2500B

chrysene 1500J 1700J

cr 4 5

cu 8 8

dieldrin 47D

fluoranthene 3400 3400

fluorene 270OJ

hg 0.05 0.15

methylene chloride 2J 19

n-nitrosodiphenylamine 1400JB 2200B

naphthalene 1 90J

ni 8 7

pb 19 31

petroleum hydrocarbons 6000

phenanthrene 2300 1700

pyrene 3100 3000

zn 44 56
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II. FIELD QA/QC

Samples collected for field QA/QC include equipment rinsates,

field blanks, and trip blanks. Significant analytical results for these

samples can be found in Tables F.8, F.9, and F.10, respectively.

Equipment Rinsates

Petroleum hydrocarbons (TPHCs) were found in rinsate blank samples

5055, 5161, and 5216, at concentrations of 52, 130, and 2 pg/L,

respectively. Sample 5216 also had TPHCs in the associated method blank.

Sample 5055 was collected by running deionized water through the 5-ft

continuous sampler. In this case, prior to decontamination, the sampler had

penetrated a zone of JP-4 contamination during the drilling of MW009. It is

quite likely that residual TPHCs were transferred to the equipment rinsate

blank during collection. Sample 5161 (130 Ag/L TPHCs) was taken after

drilling to 9 ft at MW026. The presence of TPHCs in this rinsate is

unexplained, as MW026 is not associated with any contamination. The last

sample from the previous well at which the sampler was used, MW023, is also

clean. Fortunately, the sample collected after each of the rinsate blanks

containing TPHCs showed no detectable TPHCs. Thus, the three high rinsate

blanks did not affect data quality.

Field Blanks

Six field blanks were taken during the program. Three of the field

blanks had traces of contamination. The analytes detected were chloroform

(8 Mg/L), acetone (up to 15 pg/L), benzene (up to 3.3 ug/L), and toluene (up

to 2 pg/L). Based on the site history and the results from the groundwater

and soil samples, the acetone and chloroform are believed to be due to

laboratory contamination and may be disregarded: the laboratory reported

that toluene was frequently present in laboratory method blanks. Toluene

and benzene, however, were also found throughout the site and TPHCs were

found in some of the equipment rinsates. Thus, contamination in the field

from toluene and benzene cannot be ruled out without further review.

Fortunately, a review of samples collected subsequent to the field blanks

shows that even if tile field blanks were contaminated in the field, the

contamination did not carry over to subsequent samples. The samples
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Table F.8. Significant analytical results from equipment rinsates.

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS

LOCATICN DATE INTERVAL NUMBER MATRIX METHOD

EROO2 07/14/88 01 5228 RI PHCS toluene 1.00 ug/L

ERO02 07/14/88 01 5228 RI VOLS carbon dfsutfide 4.00 J ug/L

ERO02 07/14/88 01 5228 RI VOLS toluene 1.00 J ug/L

EROO5 03/10/88 01 0011 RI VOLS chloroform 10.00 ug/L

ERO5 03/10/88 01 0011 RI VOLS hexane 7.00 ug/L

ERO05 03/10/88 01 0011 RI VOLS unknown 12.00 ug/L

ERO05 09/30/88 01 5239 RI VOLS toluene 1.00 J ug/L

ERO09 06/17/88 08 5055 RI PHCS petroleum hydrocarbons 52.00 ug/L

ER009 10/05/88 01 528 RI VOLS acetone 8.00 J ug/L

ER011 06/17/88 16 5064 RI VOLS methylene chloride 3.00 J ug/L

ER011 06/17/88 16 5064 RI VOLS acetone 4.00 JS ug/L

ER014 06/18/88 12 5080 RI VOLS acetone 21.00 B ug/L

ER015 06/19/88 12 5085 RI VOLS acetone 12.00 B ug/L

ERO15 06/19/88 12 5085 RI VOLS carbon disulfide 9.00 ug/L

ER016 10/04/88 01 5274 RI VOLS acetone 5.00 J ug/L

ER017 07/13/88 01 5216 RI PHCS petroleum hydrocarbons 2.00 JR ug/L

ER017 07/13/88 01 5216 RI VOLS toluene 1.00 J ug/L

ER019 06/20/88 09 5124 RI VOLS acetone 8.00 J ug/L

ER019 06/20/88 09 5124 RI VOLS carbon disulfide 3.00 J ug/L

ER019 07/07183 01 5167 RI PHCS toluene 1.00 ug/L

ER021 07/08/88 01 5171 RI PHCS toluene 2.00 ug/L

ER021 07/08/88 01 5171 RI VOLS acetone 3.00 J ug/L

ER021 07/08/88 01 5171 RI VOLS toluene 2.00 J ug,'L

ER021 10/04/88 01 5265 RI VOLS ethylene chloride 1.00 JB ug/L

ER021 10/04/88 01 5265 RI VOLS acetone 5.00 JB ug/L

ER023 06/22/88 12 5158 RI VOLS acetone 6.00 J ug/L

ER023 07/10/88 01 5184 RI PHCS toluene 2.00 ug/L

ER023 07/10/88 01 5184 RI VOLS acetone 6.00 J8 ug/L

ER023 07/10/88 01 5184 RI VOLS toluene 2.00 J ug/L

ER024 06/21/88 36 5152 RI VOLS carbon disuLfide 2.00 J ug/L

ER026 06/23/88 09 5161 RI PHCS petroLeum hydrocarbons 130.00 ug/L

ERO26 06/23/88 09 5161 RI VOLS acetone 7.00 J ug/L

ER028 11/01/88 08 5298 RI PHCS benzene 2.80 ug/L

ER028 11/01/88 08 5298 RI VOLS acetone 6.00 J ug/L

ER028 11/01/88 08 5298 RI VOLS carbon disulfide 33.00 ug/L

ER028 11/18/88 01 5302 RI VOLS acetone 11.00 ug/L

ER028 12/15/88 01 5309 RI VOLS methylene chloride 1.00 J ug/L

ER028 12/15/88 01 5309 RI VOLS acetone 11.00 ug/L

I
I
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Table F.9. Significant analytical results from field blanks.

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS

LOCATION DATE INTERVAL NUMBER MATRIX METHCO

FBO05 03/11/88 01 0022 DI VOLS chloroform 8.00 ug/L

FO05 09/30/88 01 5240 DI PHCS toluene 1.00 ug/L

FBO05 09/30/88 01 5240 D VOLS acetone 7.00 J ug/L

FBO05 09/30/88 01 5240 DI VOLS totuene 1.00 1 ug/L

FBO21 07/08/88 01 5172 DI PHCS toluene 2.00 ug/L

F8021 07/08/88 01 5172 DI VOLS acetone 5.00 J ug/L

FB021 07/08/88 01 5172 DI VOLS toluene 2.00 1 ug/L

F8028 11/01/88 01 5299 DI PHCS benzene 3.30 ug/L

FB028 11/01/88 01 5299 DI VOLS acetone 5.00 1 ug/L

F8028 11/18/88 01 5303 DI VOLS acetone 11.00 ug/L

FBO23 12115/88 01 5310 D VOLS a.etone 15.00 ug/L

F8028 12/15/88 01 5310 DI VOL. benzene 3.00 J ug/L
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Table F.IO. Significant anaytical results from trip blanks.

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS

LOCATION DATE INTERVAL NUMBER MATRIX METHOD

T8000 03/04/88 01 0008 DI VOLS chloroform 5.00 ug/L

TBO00 03/04/88 02 0012 DI VOLS acetone 4.00 J9 ug/L

TBOOO 03/04/88 02 0012 DI VOLS chloroform 5.00 ug/L

TBO00 03/04/88 02 0012 D1 VOLS 4-methyt-2-pentanone 3.00 J8 ug/L

TBO00 03/04/88 02 0012 DI VOLS unknown 7.00 ug/L

TBO00 03/04/88 02 0012 D1 VOLS unknown 7.00 ug/L

TBOOO 06/15/88 01 5101 DI VOLS methylene chloride 1.00 J ug/L

TBOOO 06/15/88 01 5101 DI VOLS acetone 6.00 JS ug/L

TBOOO 06/15/88 02 5102 DI VOLS methylene chloride 8.00 J8 ug/L

T8000 06/16/88 03 5103 DI VOLS methylene chloride 3.00 J ug/L

TBOOO 06/17/88 04 5104 DI VOLS methylene chloride 2.00 J ug/L

TBOQO 06/17/88 04 5104 01 VOLS acetone 7.00 JS ug/L

TBO00 06/15/88 05 5105 DI VCLS methylene chloride 4.00 J ug/L

TBO00 06/15/88 05 5105 DI VOLS acetone 14.00 B ug/L

TBO00 06/15/88 06 5106 DI VOLS methylene chloride 3.00 JS ug/L

TBO00 06/15/88 06 5106 D VOLS acetone 6.00 JS ug/L

T8000 06/15/88 07 5107 DI VOLS methylene chloride 2.00 JB ug/L

TBO00 06/15/88 07 5107 DI VOLS acetone 7.00 JS ug/L

TBOOO 06/15/a8 08 5108 D1 VOLS methylene chloride 1.00 1 ug/L

TBO00 06/15/88 09 5109 DI VOLS methylene chloride 1.00 J ug/L

T3000 06/15/88 10 5110 DI VOLS methylene chloride 1.00 1 ug/L

TB000 06/15/8 11 5111 DI VOLS methylene chloride 2.00 1 ug/L

TBO00 06/15/88 12 5112 DI VOLS methylene chloride 2.00 J ug/L

TBO00 06/15/88 12 5112 DI VOLS acetone 3.00 J ug/L

TBO00 07/07/88 01 5113 DI VOLS methylene chloride 1.00 J3 ug/L

T8000 07/07/88 01 5113 01 VOLS acetone 7.00 J ug/L

T800 07/07/88 01 5113 DI VOLS 4-rethyl-2-pentanone 2.00 JB ug/L

T8000 07/07/88 02 5114 DI VOLS benzene 8.00 ug/L

T00 07/07/88 02 5114 0I VOLS toluene 7.00 a ug/L

TBOO0 07/07/88 02 5114 DI VOLS ethylbenzene 3.00 1 ug/L

TBO00 07/07/88 02 5114 DI VOLS xyLenes(total) 1.00 4 ug/L

18000 07/07/88 02 5114 D VOLS hydrocarbon #1 6.00 JS ug/L

78000 07/07/88 02 5114 0 VOLS hydrocarbon #2 4.00 J9 ug/L

TBO00 07/07/88 03 5115 DI VOLS methylene chloride 1.00 J8 ug/L

TBOOO 07/07/88 03 5115 0I VOLS acetone 4.00 1 Ug/L

TBO00 07/07/88 03 5115 DI VOLS toluene 2.00 J ug/L

T8000 07/07/88 05 5117 DI VOLS acetone 3.00 J ug/L

T8000 07/07/88 05 5117 D1 VOLS 2-butanone 1.00 4 ug/L

T8000 07/07/88 05 5117 DI VOLS toluene 2.00 1 ug/L

TBOO 07/07/88 06 5118 DI VOLS acetone 3.00 J uq/L

TB("O 07ln7!88 06 5118 DI VOLS toluene 2.00 1 ug/L

TBC 07/07/88 07 5119 DI VOLS acetone 4.00 1 ug/L

TBOGO 07/07/88 07 5119 DI VOLS toluene 2.00 J ug/L

TBOCO 07/07/88 08 5120 D VOLS toluene 2.00 1 ug/L

T8000 07/07/ 88 09 5199 DI VOLS acctone 5.00 J3 ug/L

T8000 07/07/88 09 5199 DI VOLS toLuene 2.00 1 uU/L

78000 07/07/88 11 5225 0I VOLS acetcne 12.00 ug/L

T3000 07/07/88 11 5225 01 VCLS methylene chLoride 2.00 1 u,/L
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Table F.10. (continued)

SAMPLE SAMPLE SAMPLE FIELD SAMPLE ANALYTICAL ANALYTE RESULT CODE UNITS
LOCATION DATE INTERVAL NUMBSER 14ATRIX METHO

TBOOC 07/07/88 11 5225 DI VOLS totuene 2.00 J ug/L
T8000 07/07/88 12 5226 DI VOLS acetone 29.00 ug/L
T8000 07/07/88 12 5226 DI V0LS totuene 2.00 .1 ug/L
T8000 07/07/88 13 5234 DI VOLS totuene 2.00 .1 ug/L
TROOO 07/07/88 14 5235 01 VOLS totuene 2.00 1 ug/L
T80OO 07/07/88 14 5236 DI VOLS totuene 3.00 .1 ug/L
TB000 09/23/88 01 5245 DI VOLS acetone 63.00 ug/L
T6000 09/23/88 02 5246 of VOLS acetone 730.00 ug/L
T8000 09/23/88 04 5280 DI VOLS acetone 19.00 ug/L

79000 09/23/88 05 5294 DI VOLS acetone 33.00 a ug/L
T800O 11/01/88 01 5300 DI VOLS acetone 29.00 ug/.
TBOOO 11/18/88 01 5308 DI VOLS acetone 9.00 J tig/L
T8000 12/15/88 01 5312 01 VOLS acetone 17.00 ug/L
T800O 09/23/88 03 5315 DI VOLS acetone 66.00 ug/L



collected subsequent to the field blank with field numbers 5240 and 5172

(which contained toluene) did not contain any toluene. The sample

subsequent to field blank 5299 (which contained benzene) did not contain any

benzene. The sample subsequent to field blank 5310, which had 3.3 pg/L

benzene, had 270 ug/L of TPHCs, a value much higher that any of the blanks.

Thus, it may be concluded that the traces of contamination reported in the

field blanks have had no impact on the interpretation of data from the site.

Trip Blanks

There were 37 trip blanks submitted during the program. Many of the

trip blanks had traces of the same solvents mentioned previously.

Chloroform, 4-methyl-2-pentanone, acetone, and methylene chloride are all

believed to be due to laboratory contamination. Traces of toluene (up to

2 pg/L), benzene (8 pg/L), ethylbenzene (3 pg/L), and xylenes (I pg/L) were

also detected. Of these last four analytes, all but the benzene were listed

as estimated values. This result indicates that values under 10 pg/L should

be interpreted with caution. Thus, no decisions were made as to whether a

site was definitely contaminated at low levels unless the data were verified

with repeat samples.

Finally, as shown below, acetone and methylene chloride were present in

many of the samples collected during the sampling program:

% of samples in which compound was detected

Maximum All samples
concentration collected

in samples including
water (pg/L)/ water, soil, Trip Equipment Field

Compound soil (pg/kg) and blanks blanks rinses blanks

Acetone 250/600 66 55 52 50

Methylene
chloride 13/220 47 39 4 0

Both compounds are common laboratory solvents; since neither are markers of

JP-4, th*-y have been attributed to contamination during sample preparati.on

at the lib)oratory. Although acetone is found in the exhaust gases of
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gasoline and diesel engines, it was reaso-ted that other volatile exhaust

products should have been detected as well. Contamination in storage in

Grand Junction, Colorado has been ruled out since the sample bottles were

purchased sealed and pre-cleaned from I-Chem, Inc. Acetone is not used in

the cleaning procedures, and the bottles are oven-dried prior to being

capped. Neither solvent is used or stored by ORNL/CAT in Grand Junction,

Colorado.

Contamination in storage at the base has also been ruled out. A

HAZWRAP QA/QC specialist audited the field work in June 1988. An

observation from that audit was that sampling equipment and bottles were

stored in a room which contained various chemical compounds for use at the

base. The location and quantities of all equipment and chemicals in the

room were listed. The sample bottles were in unopened, sealed boxes and all

sampling equipment was decontaminated before use (Pickering 1988). All

equipment was subsequently moved to a "clean" conference room for storage.

Total time in the storage room with the various chemicals was four days.

Contamination from the storage room has also been ruled out because several

cases of sample bottles were never unloaded into this storage room but were

kept in the sarpling vehicle for immediate use. The acetone and methylene

chloride were detected beginning with the first sample collected in June

1988 (5013).

III. ANALYTICAL RESULTS FROM LABORATORY QA/QC SAMPLES

Tab'_ .11 lists all samples collected at the base and the associated

method blank, surrogate, and matrix spike which applies to that sample. The

table of contents for this table lists each sample collected at the base and

the page number of the analytical report for the respective QA/QC sample.
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TABLE F.11. Analytical reports from laboratory QA/QC samples

SAMPLE ID # FIELD ANALYTE METHOD SURROGATE MATRIX
BLANK SPIKE

FODW001GWO308801 0001 VOA 31,32 173 226
FODW001GWO309802 0002 VOA 29,30 173
FODWO02GW0309801 0003 VOA 31,32 173
FODWO2GW0309802 0004 VOA 31,32 173
FODWO04GW0308801 0005 VOA 31,32 173
FODW004GW0309802 0006 VOA 31,32 173
FODW005GW0309801 0007 VOA 31,32 173
FOTB000RI0304801 0008 VOA 31,32 173
FODWO03GW0310801 0009 VOA 33,34 174 227
FOSWO05GWO310801 0010 VOA 33,34 174
FOERO05RIO310801 0011 VOA 33,34 174
FOTB000RI0304802 0012 VOA 33,34 174
FOSWOO1GW0311801 0013 VOA 39,40 174
FOSWO02GW0311801 0014 VOA 39,40 174
FOSW003GW0311801 0015 VOA 39,40 174
FOSW004GW0311801 0016 VOA 37,38 174
FOSWOO5GWO311802 0017 VOA 35,36 174
FOSWO05VR0311803 0018 VOA 35,36 174
FODW005GW0311802 0019 VOA 35,36 174
FODW005GW0311803 0020 VOA 37,38 174
FODVO06CW0311801 0021 VOA 35,36 174

PHC 264,265
FOFBO05RIO311801 0022 VOA 37,38 174
FOTB0OORI0304803 0023 VOA 37,38 174
FOSDO01SO0614801 5000 VOA 100,101 201 240

BNA 132,133 216 251
PHC 151,152,155 266
PEST\PCB 169 225 275
METALS 279

FOSD002SO0623801 5001 VOA 105

BNA 134,135 214
PHC 157,158
PEST\PCB 170 223

FOSDO03SO0623801 5002 VOA 105

BNA 134,135 214
PHC 153,156
PEST\PCB 170 223

FOSDO04SO0623801 5003 VOA 106

BNA 134,135 214
PuC 157,158
PEST\PCB 170 223

FOSD005SO0623801 5004 VOA 106
BNA 134,135 214
PHC 157,158
PEST\PCB 170 223

FOSDO06SO0623801 5005 VOA 106
BNA 134,135 214
PIC 153,156
PEST\PCB 170 223
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TABLE F.11. (continued)

SAMPLE ID # FIELD ANALYTE METHOD SURROGATE MATRIX
# BLANK SPIKE

FOSDO07SO0623801 5006 VOA 106
BNA 134,135 214
PHC 157,158
PEST\PCB 170 223

FOSD008SO0623801 5007 VGA 106
BNA 134,135 214
PHC 157,158
PEST\PCB 170 223

FOSD009SO0623801 5008 VOA 106
BNA 134,135 214
PHC 157,158
PEST\PCB 170 223

FOSD010SR0623801 5009 VOA 107
BNA 134,135 214
PHC 153,156
PEST\PCB 170 223

FOSDO11SO0624801 5010 VOA 107
BNA 134,135 214
PHC 157,158
PEST\PCB 170 223

FOSDO12SO0624801 5012 VOA 107
BNA 134,135 214
PHC 157,158
PEST\PCB 170 223

FOMWO01SO00614803 5013 VOA 100 201
PHC 151,152,155

157,158
FOMW001SO0614806 5014 VOA 100 201

PHC 151,152,155
FOMW001S00614809 5015 VOA 101 201

PHC 151,152,155
FOMWO01S00614812 5016 VOA 101 201

PHC 151,152,155
FOER001RI0614812 5018 VOA 44,45 178 228

PHC 253
FOMWO02SO0614803 5019 VOA 101 201

PHC 151,152,155
FOMW002SO0614806 5020 VOA 102 201

PHC 155
FOMW002SO0614809 5021 VOA 102 201

PHC 155
FOMW003SO0615803 5022 VOA 103,104 201

PHC 155
FOMW003SO0615806 5023 VOA 102 201

PHC 151,152,155
FOMW003SO0615809 5024 VOA 102 201

pliC 155
FOMWO03SO0615812 5025 VOA 102 201

PIIC 155
FOMW003R10615813 5021 VOA 103 201

PI[C 155
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TABLE F.11. (continued)

SAMPLE ID # FIELD ANALYTE METHOD SURROGATE MATRIX
# BLANK SPIKE

FOMWO04SO0615803 5028 VOA 103 201
PHC 151,152,155

FOMW004SO0615806 5029 VOA 103 201
PHC 151,152,155

FOMW0'O04SO0615809 5030 VOA 103 201
PHC 155

FOMV004SO0615812 5031 VOA 103 201
PHC 155

FOMW004SO0615815 5032 VOA 103 201 241
PHC 155

FOMW005SO0616803 5033 VOA 81 196
FOMW005SO0616806 5034 VOA 88 196

PHC 155
FOMW005SO0616809 5035 VOA 88 196

PHC 155
FOMW005SO0616812 5036 VOA 88 196 242

PHC 155 267
FOMW006SO0616803 5037 VOA 88 196

PHC 155
FOMWO06SO0616806 5038 VOA 89 196

PHC 155
FOMW006SR0616806 5039 VOA 89 196

PHC 155
FOMWO06SO0616809 5040 VOA 90 196

PHC 155
FOMWO06SO0616812 5041 VOA 89 196
FOMWO07SO0616803 5042 VOA 90 196
FOMWO07SO0616806 5043 VOA 90 196
FOMWO07SR0616806 5044 VOA 90 196
FOMWO07SO0616809 5045 VOA 90 196
FOMWO07SO0616812 5046 VOA 90 196
FOMWO07SR0616812 5047 VOA 90 196
FOMW8OOSO0617803 5048 VOA 90 196
FOMWO08SO0617806 5049 VOA 91 197
FOMWO08SO0617809 5050 VOA 91 197
FOMWO08SR0617809 5051 VOA 91 197
FOMWO09SO0617803 5052 VOA 92 197
FOMW009SO0617806 5053 VOA 92,93 197
FOMWO09SO0617806 5054 TCLP 117 206 250
FOER009RI0617808 5055 VOA 41 175
FOMW010SO0617803 5056 VOA 93 197
FOMWO10SO0617806 5057 VOA 93 197
FOMWO11SO0617803 5058 VOA 93 197
FOMWO11SO0617806 5059 VOA 93 197
FOMWOIlISO0617809 5060 VOA 93 197
FOMWI1ISR0617809 5061 VOA 93 197
FOMWOI1SO0617812 5062 VOA 93 197
FOMWOISO0617815 5063 VOA 93 197 243

PIIC 268
FOEROIIRI0617816 5064 VOA 41 175
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TABLE F.11. (continued)

SAMPLE ID # FIELD ANALYTE METHOD SURROGATE MATRIX
# BLANK SPIKE

FOMW012SO0618803 5065 VOA 94 198
PHC 152

FOMW012SO0618806 5066 VOA 94 198
PHC 152

FOMW012SO0618809 5067 VOA 94 198
PHC 152

FOMW012SO0618812 5068 VOA 95 198
PHC 152

FOMWO12SO0618815 5069 VOA 95 198
PHC 152

FOMWO12SO0618818 5070 VOA 95 198
PHC 152

FOMW013SO0618803 5071 VOA 95 198
PHC 152

FO0W13SO0618806 5072 VOA 95 198
PHC 152

FOMWO13SO0618809 5073 VOA 95 198
PHC 152

FOMWO13SO0618812 5074 VOA 96 198
PHC 152

FOMW014SO0618803 5075 VOA 96 198
PHC 153,156

FOMW014SO0618806 5076 VOA 96 198
PHC 152

FOMW014SR0618806 5077 VOA 198
PHC 152

FOMWO14SO0618809 5078 VOA 198 244
PHC 152 269

FOMW014SO0618812 5079 VOA 198
PHC 152

FOER014RI0618812 5080 VOA 42 176,198
FOMWO15SO0619803 5081 PHC 153
FOMW015SO0619806 5082 VOA 97 199

PHC 153
FOMWO15SO0619809 5083 VOA 97 199

PHC 153
FOMWO15SO0619812 5084 VOA 97 199

PHC 153
FOER015RI0619812 5085 VOA 42 176
FOMWO16SO0619803 5086 VOA 97 199

PHC 153
FOMW016SO0619806 5087 VOA 97 199

PUC 153
FOMW016SO0619809 5088 VOA 97 199

PHC 153
FOMW016SO0619812 5089 VOA 98 199

PI[C 153
FOMW016SO0619815 5090 VOA 98 199

PUIC 153,156
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TABLE F.11. (continued)

SAMPLE ID # FIELD ANALYTE METHOD SURROGATE MATRIX

# BLANK SPIKE

FOMW017SO0619803 5091 VOA 98 199

PHC 153,156

FOMWO17SO0619806 5092 VOA 98 199

PHC 153,156

FOMW017SO0619809 5093 VOA 110 202

PHC 157,158

FOMW017SO0619812 5094 VOA 110 202

PHC 157,158

FOMWO17SO0619815 5095 VOA 109 202

PHC 154,157,158

159
FOMW018SO0620803 5096 VOA 110 202

PHC 154,157,158

159
FOMW018SO0620806 5097 VOA 109 202 245

PHC 154,157,158

159
FOMWO18SR0620806 5098 VOA 110 202

PHC 154,157,158

159
FOMWO18SO0620809 5099 TCLP 119 186
FOMW0185O0620812 5100 VOA 110 202

PHC 159
FOTBOOORIO615801 5101 VOA 45 178

FOTBOOORI0615802 5102 VOA 45 178
FOTB000RI0616803 5103 VOA 41 175
FOTB000RI0617804 5104 VOA 41 175

FOTB000RI0615805 5105 VOA 41 175
FOTB000R10615806 5106 VOA 42 176

FOTBOOORIO615807 5107 VOA 42 176

FOTB000RI0615808 5108 VOA 63 185

FOTB000R10615809 5109 VOA 63 185
FOTBO00R10615810 5110 VOA 43 177

FOTBOOORIO615811 5111 VOA 46 179
FOTB000R10615812 5112 VOA 179
FOTBOOORIO707801 5113 VOA 49 180

FOTB000RI0707802 5114 VOA 47,48
FOTB000RI0707803 5115 VOA 49 180

FOTBOOORI0707805 5117 VOA 52 179
FOTBOOOR10707806 5118 VOA 52 179
FOTBOOOR10707807 5119 VOA 54 182

FOTB000RI0707808 5120 VOA 54 182

FOMWO19SO0620803 5121 VOA 109 202

PIC 154,157,158
159

FOMWO19SO0620806 5122 VOA 111 203

PIC 154,157,158
159

FOMW019SO0620809 5123 VOA 112 203

PUC 154,157,158

159
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TABLE F.11. (continued)

SAMPLE ID # FIELD ANALYTE METHOD SURROGATE MATRIX
# BLANK SPIKE

FOER019RI0620809 5124 VOA 63 185
FOMW020SO0620803 5125 VOA ill 175 246

PHC 154,157,158 270
159

FOMW020SO0620806 5126 VOA ill 203
PHC 159

FOMW020SO0620809 5127 VOA ill 203
PHC 159

FOMIW020SO0620812 5128 VOA ill 203
PHC 159

FOMW020SO0620803 5129 VOA ill 203
PHC 159

FOMW021SO0620806 5130 VOA 113 203
PHC 159

FOMW021SO0620809 5131 VOA 112 203
PHC 159

FO4WO21SO0620806 5132 TCLP 186
FOOTOOOSW0620801 5133 VOA 63 185

BNA 126,127 211

PEST\PCB 165 220
ANIONS 172

FOOTO00SW0626802 5134 VOA 64,65 185
BNA 126,127 211
PEST\PCB 165 220
ANIONS 172 283

FOMW022SO0621803 5135 VOA 99 200
PHC 154

FOMW022SO0621806 5136 VOA 99 200
PHC 154

FOMW024SO0621809 5140 VOA 99 200
PHC 154

FOMW024SO0621809 5141 TCLP 118 207
F0MW024SO0621818 5145 VOA 99 200

PHC 154
FOMW024SO0621827 5148 VOA 99 200

PHC 154
FOMW024SO0621836 5151 VOA 99 200

PHC 154 271
FOER024RI0621836 5152 VOA 43 173
FOMW023SO0622803 5153 VOA 107
FOMW023SO0622806 5154 VOA 107

PHC 153,156
vC WO23SR0622806 5155 VOA 107

PHC 156
FOMW023SO0622809 5156 VOA 108

PHC 156
FOMW023SO0622812 5157 VOA 1.08

PU1C 156
FOER023RI0622812 5158 VOA 179

PU1C 138
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TABLE F.11. (continued)

SAMPLE ID # FIELD ANALYTE METHOD SURROGATE MATRIX
BLANK SPIKE

FOMW026SO0623803 5159 VOA 108

PHC 156
FOMW026SO0623806 5160 VOA 108

PHC 154,157,158

159

FOER026RI0623809 5161 VOA 46 179 229

PHC 138
FOMW027SO0623809 5162 VOA 108

PHC 156

FOMW027SO0623818 5163 VOA 108 247

PHC 156 272

FOMWO19GWO707801 5165 VOA 49 180

PHC 139 255

ANIONS 284
FOER019RI0707801 5167 VOA 50 180

PHC 138,139
FOMWOO1GWO707801 5168 VOA 50 180

BNA 120,121 208

PHC 138,139
PEST\PCB 162 217

FOMWO20GW0708801 5169 VOA 50 200

PHC 138,139

FOMWO21GW0708801 5170 VOA 50 200

BNA 120,121 208
PUC 138,139

PEST\PCB 162 217
FOER021RI0708801 5171 VOA 40 180

PHC 138,139
FOFBO21RI0708801 5172 VOA 51 180

PHC 138,139
FOMWO26GW0708801 5173 VOA 51 180

PUC 138,139
FOMWO18GW0709801 5174 VOA 52 181

PHC 140
FOMW013GW0708801 5175 VOA 51 180

PHC 139

FOMW005GW0708801 5176 VOA 51 180
P{C 139

FOMWO12GW0709801 7177 VOA 52 181

PHC 140
FOMW011GWO710801 5179 VOA 52 181 230

PHC 140,141,143

METALS 277,278
FOMWOIIWRO710802 5180 VOA 52 181 230

PHC 140,141,143
METALS 277,278

FOMWOIIWRO710803 5181 VOA 52 181 230

PIC 140,141,143
METALS 277,278

FOMWOO7GWO710801 5182 VOA 52 181

PHC 140,141,143
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TABLE F.11. (continued)

SAMPLE ID # FIELD ANALYTE METHOD SURROGATE MATRIX
# BLANK SPIKE

FOMWO23GWO710801 5183 VOA 53 181
PHC 140,142

FOER023RIO710801 5184 VOA 52 181
PHC 140,142

FOMWOO2GWO710801 5185 VOA 53 181
PHC 140,142

FOMW027GWO710801 5186 VOA 53 181
PHC 140,142

FOMW008GW0711801 5187 VOA 54 182
PHC 141

FOMWO24GWO711801 5188 VOA 55 182
PHC 141

FOMWO27GW0711801 5189 BNA 122,123 209
PEST\PCB 163 218

FOMWO14GWO711801 5190 VOA 55 182
PHC 141 256

FOMWO1OGWO711801 5191 VOA 55 182
PHC 141,143

FOMWO09GWO711801 5192 VOA 55 182
PHC 140,141,142

143
FOEROO9RIO711801 5193 VOA 55 182

PHC 141,143
FOCHOO1GWO711801 5194 VO& 55 182

PHC 141,143
FOMWO16GWO712801 5195 VOA 56 183

PHC 141
FOMWO25WR0712801 5196 VOA 47,66
FOMWO03WRO712801 5197 VOA 47,66
FOMWO15GWO712801 5198 VOA 56,57 183 231

PHC 141
ANIONS 285

FOTBOOORI0707809 5199 VOA 57 183
FOTBOOORI0707810 5200 VOA 47,48 232
FOMWOO3GWO713801 5214 VOA 58 184

BNA 124,125 210
PHC 140,142
PEST\PCB 164 219

FOMWO17GWO713801 5215 VOA 58 184
PHC 140,142

FOER017R10713801 5216 VOA 59 184

PHC 141,142
FOMW025GW0713801 5217 VOA 60 184

BNA 124,125 210
PHC 141,142
PEST\PCB 164 219

FOMWO25WRO713802 5218 VOA 59 184
BNA 124,125 210
PIIC 141,142

PEST\PCB 164 219
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TABLE F.11. (continued)

SAMPLE ID # FIELD ANALYTE METHOD SURROGATE M4ATRIX

BLANK SPIKE

FOMW25R713803 5219 VOA 59 184
BNA 124,125 210
PHC 141,142
PEST\PCB 164 219

FOMWOO6GWO173801 5220 VOA 59 184
PHC 142

FOMW006WR0713802 5221 VOA 59 184
PHC 142

FOMWO06WR0713803 5222 VOA 60 184
PHC 142

FOTBOOORIO707811 5225 VOA 60 184
FOTB000R10707812 5226 VOA 60 184
FOCH002GWO714801 5227 VOA 61 187

BNA 128,129 212
PHC 141,143
PEST\PCB 166 221

FOER002RI0714801 5228 VOA 61 187
PHC 141,143

FOCH002WR0714802 5229 VOA 47,48
FOCHO03GWO714801 5230 VOA 61 187

BNA 128,129 212
PHC 140,141,143
PEST\PCB 166 221

FOCH003WR0714702 5231 VOA 61 187
BNA 128,129 212
PHC 140,141,143
PEST\PCB 166 221

FOCH003WR0714803 5232 VOA 61 187
BNA 128,129 212
PHC 140,141,143 257
PEST\PCB 166 221

FOWS001WT0928801 5234 VOA 62,68 187,188
BNA 130,131 213
PHC 144
PEST\PCB 167 222

FOWS002WT0928801 5235 VOA 62,68 187,188
BNA 130,131 213
PHC 144

PEST\PCB 167,168 222
FOWS003WT0928801 5236 VOA 68 188

BNA 130,131 213
PHC 144
PEST\PCB 167 222

FOMW014GW0930801 5237 VOA 68 188
PHC 134

FOSW005GW0930801 5238 VOA 70 188
PHC 144,147

FOER005RI0930801 5239 VOA 69 188
PHC 144,147

FOFBOOSRIO930801 5240 VOA 69 188
PHC 144,147
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TABLE F.11. (continued)

SAMPLE ID # FIELD ANALYTE METHOD SURROGATE MATRIX
# BLANK SPIKE

FOMWO18GW0930801 5241 VOA 69 188
PHC 144

FOMW026GW0930801 5242 VOA 69 188
PHC 144

FOMWOlOGWO930801 5243 VOA 69 188
PHC 144,147

FOMWO23GW0930801 5244 VOA 69 188 233
PHC 144,147 254

FOTBO00RI0923801 5245 VOA 70 188
FOTBOOORI0923802 5246 VOA 70 188
FOSD013SO1002801 5247 VOA 114 204

BNA 130,137 215
PHC 160
PEST\PCB 171 224

FOSDO14SO1002801 5248 VOA 115 204
BNA 136,137 215

PHC 160
PEST\PCB 171 224

FOSD015SO1002801 5249 VOA 115 204
BNA 136,137 215
PHC 160
PEST\PCB 171 224

FOSD016SO1002801 5250 VOA 115 204 248
BNA 136,137 213 252
PHC 160 273
PEST\PCB 171 221 276
METALS 280,281,282

FOCH003GWIO03801 5251 VOA 77 192

PHC 144,147
FOMWO24GWIO03801 5252 VOA 79 192

PHC 144,147
FOMWO27GWI003801 5253 VOA 78 192

PHC 144,147
FOMWOO5GW1003801 5254 VOA 79 192

PHC 144,147
FOMWO12GWI003801 5255 VOA 79 192

PHC 144,147
FOMWO13GWI003801 5256 VOA 79 192

PHC 144,147
FOMWO14GWI003801 5257 VOA 79 192

PUC 144,147
FOCHOOIGWI003801 5258 VOA 79 192

PHC 144,147
FOMWOOIGW1003801 5259 VOA 79 192

PlIC 144,147
FOMWO25GWI003801 5260 VOA 80 192

PUC 144,147
FOMWO23GW1003801 5261 VOA 79 192 234

PHC 145,147 258
FOMW020GW1004801 5262 VOA 71 189

PUC 145,147

F-26



I

TABLE F.11. (continued)

SAMPLE ID # FIELD ANALYTE METHOD SURROGATE MATRIX
# BLANK SPIKE

FOMWO19GW1004801 5263 VOA 72 189
PHC 145,147

FOMW021GWI004801 5264 VOA 72 189
PHC 145,146,147

FOERO21RI1004801 5265 VOA 72 189
PHC 145,147

FO=;OlW100D4801 5266 VOA 72 189 235
PHC 145,147 259

FOMWO18WRl04802 5267 VOA 72 189 235
PHC 145,147 259

FOMWO18WRl04803 5268 VOA 72 189 235
PHC 145,147 259

FOMWO06GW1004801 5269 VOA 75 191
PHC 145

FOMWO07GW1004801 5270 VOA 73 190
PHC 145

FOMW011GWI004801 5271 VOA 73 190
PHC 145

FOMW017GWI004801 5272 VOA 73 190
PHC 145

FOMWO16GW1004801 5273 VOA 75 191
PHC 145

FOERO16RI1004801 5274 VOA 75 191
PHC 145

FOMWO15GW1004801 5275 VOA 75 191
PHC 145

FOMWOO2GW1004801 5276 VOA 74 190 236
PHC 146 260

FOMWO02WRl04802 5277 VOA 74 190 236
P{C 146 260

FOMWO02WRl004803 5278 VOA 74 190 236
PHC 146 260

FOMW003GW1004801 5279 VOA 75 191
PHC 145

FOTBOOOR10923804 5280 VOA 75 191
FOMWO26GW1005801 5281 VOA 75 191

PHC 146
FOGHOO2GWIO05801 5282 VOA 75 191

PHC 146
FOSWOOIGWI005801 5283 VOA 75 191

PHC 146
FOMWOIOGWIO05801 5284 VOA 74 190 237

PHC 146 261
FOMWOIOWRIO05802 5285 VOA 74 190 237

PHC 146 261
FOMWOIOWRIO05803 5286 VOA 74 190 237

PUG 146 261
FOMWOO9GW1005801 5287 VOA 74 190

PUC 146
FOEROO9RIIO05801 5288 VOA 74 190

PHC 146
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TABLE F.11. (continued)

SAMPLE ID # FIELD ANALYTE METHOD SURROGATE MATRIX
# BLANK SPIKE

FOSWO02GW1005801 5289 VOA 76 191
PHC 146

FOSWO03GWI005801 5290 VOA 76 191
PHC 146

FOSWOO4GW1005801 5291 VOA 75 191
PHC 146

FOMWO08GW1005801 5292 VOA 76 191
FHC 146

FOSWO05GW1005801 5293 VOA 76 191
PHC 146

FOTB000RI0923805 5294 VOA 76 191
FOMW028SO1101803 5295 VOA 116 205 249

PHC 161 284
FOMW028SO1101807 5296 VOA 116 205

PHC 161
FOMW028SO1101809 5297 VOA 116 205

PHC 161
FOER028RI1101808 5298 VOA 81 193

PHC 148
FOFBO28RII1O1801 5299 VOA 81 193

PHC 148
FOTBOOORIII01801 5300 VOA 81 193
FOMW028GW1118801 5301 VOA 82 194

PHC 149
FOER028RI1118801 5302 VOA 82 194

PHC 149
FOFB028RI1118801 5303 VOA 82 194

PHC 149
FOWSOOIWT1118801 5304 VOA 83 194

PHC 149
FOWS004WT1118801 5305 VOA 83 194

PHC 149
FOWSO05WT1118801 5306 VOA 84 194

PHC 154 262
FOMWO28GW1118802 5307 VOA 84 194 238

PHC 149
FOTBOOORIIII8801 5308 VOA 84 194
FOER028RI1215801 5309 VOA 84 195 239

PHC 150 263
FOFBO28RI1215801 5310 VOA 86 195

PHC 140
FOMWO28GWI215801 5311 VOA 86 195

PHC 150
FOTBOOORI1215801 5312 VOA 86 195
FOTBOOORI0923803 5315 VOA 80 192

F-28



INTER NATNAL ANALYTICAL
TEC - NOCLCGY
COROCR.ATION SERVICES

5815 Midalebrock Pike * Knoxville. Tennessee 37921 - 615-588-6401

CERTIFICATE OF ,ANALYSIS

TO: Martin Mfarietta Energy Systems, Inc. DATERE.ODTED: April 29, 1988
ATTN: Vs. Susan R. Rizk PiOJE7CCDE: MMOK 40893
P. 0. Box P, MS 440 CRDE'TMJMEDE: 118-02242-0L-292
Oak Ridge, TN 37831 PAGE 18 CF 22

Sample Description: VBLKI (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration

Comocund (u2/liter) Comoound (uo/l iter)

chloromethane 1O. U 1,2-dichloropropane 5 U
bromomethane 10. U cis-l,3-dichloropropene 5 U
vinyl chloride 10. U trichloroethene 5 U
chlorcethane 10. U dibromochloromethane 5 U
methylene chloride I J 1,1,2-trichloroethane 5 U
acetone 10. U benzene 5 U
carbon disulffde 5 U trans-1,3-dichloropropenc 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10. U
1,2-dichloroethene (total) 5 U 2-hexanone 10. U
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10. U toluene 5 U
1,I,1-trichioroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10. U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for th.
sample.

J - Indicates an estimated value less than the detection limit.
B - Analyte was found in the blank as well as the sample.

Date Analyzed: 03/15/88
Dilution Factor: 1

This method blank applies to the following sample: FOOWO1GWO3O9-8-02. F,;m. x ' 2

Laboratory Manager

TI|
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INTER.NAT.ONAL ANALYTICAL
TECHNOLOGY SERVICES./CORPOR.XTION SERVICES

5315 Middlebrcck Pike e Knoxville. Tennessee 37921 • 615-588-6401

CERTIFICATE OF ANALYSIS

70: Martin Marietta Energy Systems, Inc. DATERE.?CRTED: April 29, 1983
ATTN: 1s. Susan R. Rizk PROJECT CODE: MMOK 40893
P. 0. Box P, 1MS 440 ORDERNUMBER: 11B-02242-0L-292
Oak Ridge, TN 37831 PAGE 19 OF 22

Sample Description: VBLK1 (Water)

TE,',TIVELY IDENTIFIED COMPOUNDS

CAS Concentration (^)

Tentative Identification (1) Number (ug/liter)

None detected

Remarks: (I) Identification is based on computer search of N.B.S. Library.

(2) Concentration is based on a response factor of 1.00 relative to the
internal standard.

Apnv by Laboratory Manager

5 t I .. . -' in or



W INTE.AT:CNAL ANALYTICALT E C H N OL OG Y.T "" -- -
CCRPCR. T-ON SERVICE S

5815 Middlerock Pike *Knoxville. Tennessee 27921 * 615-5e8.640I

CERTIFICATE OF ANPLYSIS

TO: Martin Marietta Energy Systems, Inc. DATE REPnTED: April 29, 1988
ATTN: JAs. Susan R. Rizk PROJECT COE: 1MOK 40893
P. 0. Box P, 1AS 440 CRDERNTNJMBER: 11-02242-DL-292
Oak Ridge, TN 37831 PAGE 20 CF 22

Sample Description: VBLK2 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Compound (ua/liter) Comoound (ua/liter)

chloromethane 10. U 1,2-dichlioropropane 5 U
bromomethane 10. U cis-1,3-dichloropropene 5 U
vinyl chloride 10. U trichloroethene 5 U
chloroethane 10. U dibromochloromethane 5 U
methylene chloride 1 J 1,1,2-trichloroethane 5 U
acetone I0. U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10. U
1,2-dichloroethene (total) 5 U 2-hexanone 10. U
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
Z-butanone 10. U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbcn tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10. IJ styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for t
sam pl e.

J - Indicates an estimated value less than the detection limit.
3 - Analyte was Found in the blank as well as the sample.

Date Analyzed: 03/16/88
Dilution Factor: 1

This method blank applies to the following samples: FODWO1GWO308-8-01,
FOOWOIGWO308-8-O1 MS, FOOWO1GWO308-8-01 MSD, FOOWO2GWO309-8-01, FODWOZGWO309-8-02,
FOOWO4GWO308-8-01, FOOWO4GWO309-8-02, FODWO5GWO309-8-01, FOTBOORIO304-8-Ol.

Laboratory Manager

Tdle
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SINT-RINATIONAL ANALYTICAL
CORPORAkTION SERVICES

5815 Middlebrook Pike * Knoxville. Tennessee 37921 *615.588-6401

CER~TIFICATE OF AINAL-YSIS

TO: Martin Marietta Energy Systems, Inc. DATE REPORTED: April 29, 1988
ATTN: 14s. Susan R. Rizk PROJECT CODE: MMOK 40893
P. 0. Box P, MS 440 ORDER NUMBER: 1IB-02242-OL-292
Oak Ridge, TN 37831 PAGE 21 CF 22

Sample Description: VBLK2 (W4ater)

TENTATIVELY IDENTIFIED COMPOUNDS

CAS Concentration()
Tentative Identification (1) Number (uq/liter)

None detected

Remarks: (1) Identification is based on computer search of N.8.S. Library.

(2) Concentration is based on a response factor of 1.00 relative to the
internal standard.

Laboratory Manager

Till*
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SINTTRN"ATTiONAL ANALYTICAL
TECHNOLOGY /" . -
CORFORATION SERVICES

5815 Mi debrook Pike * Knoxville. Tennessee 37921 -615-58.8-C401,

CERTIFICATE OF ANALYSIS

TO: Martin Marietta Energy Systems, Inc. DATERE.ORT: April 29, 1988
ATTN: Ms. Susan R. Rizk PROJECT'CCDE: SMOK 40894

P. 0. Box P, MS 440 ORDERNUIM-ER: I1B-02242-DL-293
Oak Ridge, TN 37831 PAGE 32 OF 40

Sample Description: VBLKI (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentrat ior

Comoound (u9/liter) Comoound (uo/l iter)

chloromethane 10. U 1,2-dichloropropane 5 U
bromomethane 10. U cis-1,3-dichloropropene 5 U
vinyl chloride 10. U trichloroethene 5 U
chloroethane 10. U dibromochloromethane 5 U
methylene chloride 3 J 1,1,2-trichloroethane 5 U
acetone 10. benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 4 J
1,2-dichloroethene (total) 5 U 2-hexanone 10. U

chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U

2-butanone 10. U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10. U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for
sample.

J - Indicates an estimated value less than the detection limit.
B - Analyte was found in the blank as well as the sample.

Date Analyzed: 03/16/88
Dilution Factor: 1

This method blank applies to the following samples: FOOWO3GW0310-8-01,
FOSWO5GWO310-8-O1, FOERO5RIO310-8-01, FOTBOORI0310-8-02.

Appravd ty#/ Laboratory Manager

ITtle
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INTERNATIONAL ANALYTICALTECHNOLOGY
CORPORATION SERVICES

5815 Midd!ebrock Pike e Knoxville. Tennessee 37921 * 615.588-6401

CERTIFICATE OF ANALYSIS

TO: Martin Marietta Energy Systems, Inc. DATEREPORTED: April 29, 1988

ATTN: 14s. Susan R. Rizk PROJECT CODE: 11MOK 40894

P. 0. Box P, MS 440 ORDER NUMBER: IIB-02242-DL-293
Oak Ridge, TN 37831 PAGE 33 OF 40

Sample Description: VBLK1 (Water)

TENTATIVELY IDENTIFIED COMPOUNDS

CAS Concentration (:
Tentative Identification (1) Number (ug/liter)

1-propanol,2,2-dimethyl 75-84-3 6

Remarks: (1) Identification is based on computer search of N.B.S. Library.

(2) Concentration is based on a response factor of 1.00 relative to the
internal standard.

App-,d by jLaboratory Manager

f '



TERNTICNAL ANALYTICALiT --C HINC L CG Y : .
6CCRPRATION SERVICES "

5815 Mid:Iebrcck Pike * Knoxville. Tennessee 37921 • 615-588-6401

CERTIFICATE OF ANALYSIS
Martin Varietta Energy Systems, Inc. April 29, 1988

To: ATTN: 14s. Susan R. Rizk DATE RE?(CRTED: MMOK 40894
P. 0. Box P, MS 440 PROJECTCODE: 1IB-02242-OL-293
Oak Ridge, TN 37831 CRDE SRNUMBER: 34 40

PAGE OF __

Sample Cescription: VBLKIA (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration ConcentrationCompound (uo/liter) Comoound (u/liter)

chloromethane 10. U 1,2-dichloropropane 5 Ubromomethane 10. U cis-1,3-dichloropropene 5 Uvinyl chloride 10. U trichloroethene 5 Uchloroethane 10. J dibromochloromethane 5 Umethylene chloride I J 1,1,2-trichloroethane 5 Uacetone 10. U benzene 5 Ucarbon disulfide 5 U trans-l,3-dichloropropene 5 Ul,-dichloroethene 5 U bromoform 5 U1,1-dichloroethane 5 U 4-methyl-2-pentanone 10. U1,2-dichloroethene (total) 5 U 2-hexanone 10. Uchlorofor m 5 U tetrachloroethene 5 U1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U2-butanone 10. U toluene 5 Ul,l,l-trichloroethane 5 U chlorobenzene 5 Ucarbon tetrachloride 5 U ethylbenzene 5 Uvinyl acetate 10. U styrene 5 Ubromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for t
sample.

J - Indicates an estimated value less than the detection limit.
8 - Analyte was found in the blank as well as the sample.

Date Analyzed: 03/16/88
Dilution Factor: I

This method blank applies to the following samples: FOOWO6GWO311-8-Ol,
FOOWO6GW0311-8-01 MS, FOOWO6GW311-8-01 MSD, FOSW05GWO311-8-02, FOSWO5GWO311-8-03,
FOOWO5GWO31 i-8-02. a '

i=ApprovedW Laboratory manager
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IN TE.RNATIONAL ANALYTICAnL' :
TECHNOLOGY ANALYTICAL
CORPORATION SERVICES "

5815 Middlebrook Pike - Knoxville. Tennessee 37921 6 515-588-6401

CERTIFICATE OF ANALYSIS

ro: Martin Marietta Energy Systems, Inc. DATE REORTED: April 29, 1988
ATTN: Vs. Susan R. Rizk PROJECT CODE: 4MMOK 40894
P. 0. Box P, MS 440 ORDER NUMBER: 118-02242-0L-293
Oak Ridge, TN 37831 PAGE 35 OF 40

Sample Description: VBLK1A (Water)

TENTATIVELY IDENTIFIED COMPOUNDS

CAS Concentration )
Tentative Identification (1) Number (uol/liter)

None detected

Remarks: (1) Identification is based on computer search of N.B.S. Library.

(2) Concentration is based on a response factor of 1.00 relative to the
internal standard.

pp-ed by k4 Laboratory Manager

Title

by Ax~~r !.n- Ato,1 nrrAf- -nU h
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INT RENAT!0NAL ANALYTICAL "TT EC H4 N OL O G Y .--- :
CeRCRAT:ON SERVICES

5815 Midclebrook Pike o Knoxville. Tennessee 37921 * 615-588-6401 ,

CERTIFICATE OF ANALYSIS

Martin :Aarietta Energy Systems, Inc. April 29, 1988
ro: ATTN: Ms. Susan R. Rizk A7RE"ORTED: MMOK 40894

P. 0. Box P, MS 440 PROJEC COCDE: 11B-02242-DL-293
Oak Ridge, TN 37831 CRER .NIUMBER: 36 40

PAGE - CF

Sample Description: VBLK2 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comound (ua/liter) Comcound (uolliter)

chloromethane 10. U 1,2-dichloropropane 5 U
bromomethane 10. U cis-1,3-dichloropropene 5 U
vinyl chloride 10. U trichloroethene 5 U
chloroethane 0* U dibromochloromethane 5 U
methylene chloride 5 U 1,1,2-trichloroethane 5 U
acetone 10. IU benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10. U
1,2-dichloroethene (total) 5 U 2-hexanone 10. U
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10. U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10. U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for th
sample.

J - Indicates an estimated value less than the detection limit.
B - Analyte was found in the blank as well as the sample.

Date Analyzed: 03/17/88
Dilution Factor: I

This method blank applies to the following samples: FOFBO5R[O311-8-01,
FOTBOOR[0304-8-03, FODWOSGWO311-8-03, FOSWO4GWO311-8-01.

vPr Laboratory Manager

l~ f l _..,r _'fe-I &f. I . A ~e.rfrcfl A '.?;".n or [ Y. c; ,* - :r. . tI ::lr, 0n !i' ,L% T..L !,.
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INTERNATIONAL ANALYTICAL
CORPORATION SERVICES :

5815 Middlebrock Pike - Knoxville. Tennessee 37921 a 61 5-588-601

CERTIFICATE OF ANALYSIS

To: Martin Marietta Energy Systems, Inc. DATEREPORTED: April 29, 1988
ATTN: Ms. Susan R. Rizk PROJECTCODE: MMOK 40894
P. 0. Box P, MS 440 ORDERNUMBER: 118-02242-DL-293
Oak Ridge, TN 37831 PAGE 37 CF 40

Sample Description: VBLK2 (Water)

TENTATIVELY IDENTIFIED COMPOUNDS

CAS Concentration (
Tentative Identification (1) Number (ug/liter)

None detected

Remarks: (1) Identification is based on computer search of N.B.S. Library.

(2) Concentration is based on a response factor of 1.00 relative to the
internal standard.

Appmv- Laboratory Manager

Tleh
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INTERNATIONAL ANALYTICALT-EHNOLOGY """"::

oR. YCRATION SERVICES .

815 Middlebrook Pike o Knoxville. Tennessee 37921 e 615-588-6401 "-'

CERTIFICATE OF AN.AL!YSIS

ro: Martin iMarietta Energy Systems, Inc. DATEREPnlRTED: April 29, 1988

ATTN: Ms. Susan R. Rizk pROJECT CODE: 1AMOK 40894

P. 0. Box P, MS 440 CRDE.R NJMBER: 11B-02242-OL-293

Oak Ridge, TN 37831 PAGE 38 OF 40

Sample Description: VBLKF2 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration

Cornocund ('d/liter) Compound (ua/liter)

chIoromethane 10. U 1,2-dichloropropane 5 U

bromomethane 10. U cis-1,3-dichloropropene 5 U

vinyl chloride 10. U trichloroethene 5 U

chloroethane 10. U dibromochloromethane 5 U

methylene chloride 5 U 1,1,2-trichloroethane 5 U

acetor.e 12 benzene 5 U

carbon disulfide 5 U trans-l,3-dichloropropene 5 U

1,1-dichloroethene 5 U bromoform 5 U

1,1-dichloroethane 5 U 4-methyl-2-pentanone 10. U

1,2-dichlorcethene (total) 5 U 2-hexanone 10. U

chloroform 5 U tetrachloroethene 5 U

1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U

2-butanone 10. U toluene 5 U

1,1,1-trichloroethane 5 U chlorobenzene 5 U

carbon tetrachloride 5 U ethylbenzene 5 U

vinyl acetate 10. U styrene 5 U

bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the deteL )n limit for t,-:
sample.

J - Indicates an estimated value less than the detection limit.
B - Analyte was found in the blank as well as the sample.

Date Analyzed: 03/17/88
Dilution Factor: I

This method blank applies to the following samples: FOSWOIGWO311-8-01,
FOSW02GWO311-8-01, FOSWO3GWO31i-8-01.

Aopcved t Laboratory Manager

,rw1.
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INTERNAT:ONAL ANALYTICAL
TECHNOLOGY
CORPORATION SERVICE S

5815 Middlebrook Pike a Knoxville. Tennessee 37921 615-588-6401

CERTIFICATE OF ANALYSIS

to: Martin Marietta Energy Systems, Inc. DATEREPORTED: April 29, 1988
ATTN: Vs. Susan R. Rizk PROJECT CODE: IMFOK 40894
P. 0. Box P, MS 440 ORDERNUMBER: 118-02242-DL-293
Oak Ridge, TN 37831 PAGE 39 OF 40

Sample Description: VBLKF2 (Water)

TENTATIVELY IDENTIFIED COMPOUNDS

CAS Concentration (2
Tentative Identification (1) Number (uo/liter)

None detected

Remarks: (1) Identification is based on computer search of N.B.S. Library.

(2) Concentration is based on a response factor of 1.00 relative to the
internal standard.

Appo Laboratory Manager

Title
1'-40



INTLERNATIONIAL ANALYTICAL
TECHNOLOGY
CORPORATION SERVICES

5815 MiCalecrock Pike * Kncxvile. Terressee -7921 615-5 8-6-401

CERTIFICATE OF ANALYSIS
Martin Marietta Energy Systems, Inc. July 22, 1988

c: ATTN: Mr. Stuart Gaza A7 C R7-D: MMOK 41496
P. 0. Box P, MS 440 .RC2c7CCDE 1B-02242-HM-514 & 518
Oak Ridge, TN 37831 CRZEiNUMBER: 1 61

PAGE- OF

Sample Description: VBLK1 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (ug/liter) Comoound (ug/liter)

chloromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibromochloromethane 5 U
methylene chloride 5 U 1,1,2-trichloroethane 5 U
acetone 15 benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene* 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for thr
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 06/23/88
Dilution Factor: I

This method blank applies to the following samples: 5055, 5064, 5103, 5104, 5105.

Arzrrcve ty

" 7.:!e

, ' 4/



F INTERNATIONAL ANALYTIC AL
TECHNOLOGY
CORPORATION SERVICES

5815 Middlebrook Pike a Knoxville. Tennessee 37921 * 615-588-6aoi

CERTIFICATE OF ANALYSIS

~. Martin Marietta Energy Systems, Inc. DA ECTD August 2, 1988
ATTN: Mr. Stuart Goza PRC:EC-CODE: MMOK 41507
P. 0. Box P, MS 440 ORDERNUBER: 11B-02242-HM519 & HM524
Oak Ridge, TN 37831 PAGE 1 OF 56

Sam~ple Description: VBLK1 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concen * ration Concentration
Comoound (u'g/liter) Cornoound (,ug/liter)

chloromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichioroethene 5 U
chloroethane 10 U dibromochioromethane 5 U
methy~ene chloride 2 J 1,1,2-trichioroethane 5 U
acetone 5 j benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichioroethene S U bromoform 5 U
1,1-dichloroethane 5 U 4-rethyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachioroethene 5 U
1,2-dichioroethane 5 U 1,1,2,2-tetrachioroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for t..a
Sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 06/24/88
Dilution Factor: 1

This method blank applies to the following samples: 5107, 510 , 5085, 5080.

Arproved ty Operations Migager

7. 11,?2
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m INTERNATIONAL ANALYTICAL
TECHNOLOGY SRIE

5815 Midcdetrook Pike e Knoxville. 7ennessee -1792! 6 615- 588-6-:01

CER.TIFICATE OF NKAIYSIS

:o Martin Marietta Energy Systems, Inc. DA-T=E?-C- D: August 2, 1988
ATTN: Mr. Stuart Gaza .iCCCD: MMOK 41539
P. 0. Box P, MS 440 c rzDEzN UWB ER: 11B-02242-HM530
Oak Ridge, TN 37831 PAGEL1 OF 21

Sample Description: VBLK1 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (ua/liter)_ Comocund (uglliter)

chloromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1 ,3-dichl oropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chioroethane 10 U dibromochioromethane 5 U
methylene chloride 5 U 1,1,2-trichloroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoforim 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichioroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachioroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane S U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichioromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for th
j ~sample.

J-Indicates an estimated value less than the detection limit.

Date Analyzed: 06/30/88
Dilution Factor: I

This method blank applies to the following samples: 5152, 5110.

Appr~vedt' Laboratory Manager

131



[~INTER AIONAL ANALYTICAL
TECHNOLOGY

ED CORPORATION SERVICES
5815 Middlebrook Pike 9 Knoxville, Tennessee 37921 *615.588.6401

CERTIFICATE OF.ANALYSIS

c* Martin Marietta Energy Systems, Inc. DA7E RE?0RTED: August 4, 1988
ATTN: Mr. Stuart Goza PRC.JE=, CODE: MMOK 41482
P. 0. Box P, MS 440 CIRDE.ZNUBER: 1IB-02242-HM515
Oak Ridge, TN 37831 PAGE 1 OF 5

Sample Description: VBLK1 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentrati on
Comoound (ug/liter) Comoound (ug/liter)

chloromethane 10 U 1,2-dichioropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chlorcet,4ane 10 U -dibromochloromethane 5 U
methylene chloride 5 U 1,1,2-trichloroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichioroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichioroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachioroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5SU
bromodichloro', ethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for tne
sample.

J - Irdicates an estimated value less than the detection limit.

Date Analyzed: 06/22/88
Dilution Fictor: 1

This method blank applies to the following samples: 5018, 5018 MS.

Appnl 141 Laboratory Manager



[INTERNATIONAL ANALYTICAL
TECHNOLOGY SERVICESCORPORATION SERVICES

5815 Middlerock Poke e Knoxvile. Tennessee 37921 * 615-588-6401

CERTIFICATE OF A.NALYSIS
.C: Martin Marietta Energy Systems, Inc. DA7RE.CRTED: August 4, 1988

ATTN: Mr. Stuart Goza PRCJEC7CODE: MMOK 41482
P. 0. Box P, MS 440 ORDERNUBE;: 11B-02242-HM515
Oak Ridge, TN 37831 PAGE 4 OF 56

Sample Description: VBLK2 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Compound (ug/liter) Comoound (ug/liter)

chloromethane 10 U 1,2-dichioropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibromochloromethane 5 U
methylene chloride 5 U 1,1,2-trichloroethane 5 U
acetone 7 J benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 06/23/88
Dilution Factor: 1

This method blank applies to the following samples: 5018 MSD, 5101, 5102.

- Laboratory Manager

A ',a2'~''2'



E INTERN4ATION4AL ANALYTICAL
TECHNOLOGY
CORPORATION SERVICES

5815 Middlebrook Pike a Knoxville. Tennessee 37921 *61 5-528-6401

CERTIFICATE OF ANAL-YSIS

LO: Martin Marietta Energy Systems, Inc. D7ETD: August 4, 1988

ATTN: Mr. Stuart Gaza PROJECT CODE: MMOK 41549
P. 0. Box P, MS 440 OCEZNUMBEIZ: 118-02242-HM525
Oak Ridge, TN 37831 PAGE....L...OF 83

Sample Description: VBLK3 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentratior
Comoound (ug/liter) Comoound (ug/liter)

chloromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichioroethene 5 U
chloroethane 10 U dibromochloromethane 5 U
mnethylene chloride 5 U 1,1,2-tnichloroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichioroethene 5 U bromoform 5 U
1,1-dichioroethane 5 U 4-methyl-.2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachioroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene S U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for tile
Sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 07/05/88
Dilution Factor: 1

This method blank applies to the following samples: 5111, 5161, 5161 MS. 5161 MSD,
5112, 5153.

Apprvedb 61 Laboratory Manager

r :n N 2,



Oak Ridge Gaseous Diffusion Plant
Analytical Chemistry Department

VOA (TCL) ORICS "LYSIS DATA SHEETS
TENTATIVELY ICE]TIFIED COMPOUNDS

AnaLIS ID: 880811-044 Customer Sample ID: VLK 1617
Laboratory: Organic Mass SDectroscoov L3boratorv Customer: HERRCN
Sample Matrix: I4TER File ID: ) 01617
Level: (low/med): LOW Date Received: 11-AUG-1988
Dilution Factor: 1.0 Date Analyzed: 11-UG-i988

-Moisture: not dec.
Concentration Units

Number TICs found: 2 (u(/L or ug/Xg): uo/L

I CAS NUA8ER I COPOLND Wd-E I RT I EST. CONC. I Q

I. I PROBABLE HYDROCARBC4 $1 I 17.45 I 8 1 J
I 2. 1 PROBABLE HYDROCARBON 42 1 20.26 1 5 1 J

3. _ _ _ I
4. I I I _

1 6. I ___

7. 1 _ _
lB.__ _ _ _ _ _ _ _ _ _I __ _ _I __ _ _I _

19, t _ _ _ _ _ _ __I __ _ _I_ __ _ _ _

10. 1 ____________ 1 _ _ _ _1_____ _ _

I11. 1 _ _
112. I I I113. _____ I I
I 14. 1 I I I

1 15. 1 1 1 I
1 16. _ 1 _

17, . I _____ I___118. _ I 
I 19. 1 _ I _

20. I _ ±
121. 1 _ _

122. 1 I I I
123. I _ I
124. __ _ I
1 25. I _ __

126. [ ___

12. 1 _128. I I ____

12. 29.I _

130. I I 1 I

Data Reporting Qualifiers:

U - Comoound was analyzed for but not detected. The number is the attainable detection limit for the sample.
B - Analyte was found in the reagent blank as well as the sample.
J - Indicates an estimated value.
NO - Not detected.
A - Aldol condensation product.
D - Secondary dilution.
E - Exceeds initial calibration ranqe.
P - Probable Identification.

v-4 7



ALYSIS DATA REPORT Page 1 of I

AnaL!S :D: 380812-081 Customer Sanole ID: V8LK 01630
Lacoratarv: Organic Mass Spectroscopy Laboratory Customer: FORBES FIELD

File 'D: ) i1630 Samole Matrix: .TER
Instrument ID: HP!970-1 Requisition Number:
Authori:ed By: 0. C. Canada Date Samole Received: 12-AUG-L?88

VIA - Volatile Orqanic Compounds (TEL)

Date Extracted/Prepared: Date Analyzed: 12-AUG-1988
Preparation Procedure Number: PURGE & TRAP Analysis Procedure Number: EPA-24

Percent Moisture: Dilution Factor: 1.0
Percent Moisture (decanted): Analyst: GJ PARDUE JR

Associated Blank: 880812-081

AS uQ/L CAS uB/L

74-3-3 Cdhoromethane IOU 79-00-5 1,1,2-Trichloroethane 5U
74-33- Bromomethane 10U 71-43-2 Benzene
75-01-4 Vinyl Chloride 1OU 10061-02-6 trans-1,3-Oichloropropene 5U
75-00-3 Chloroethane IOU 110-75-3 2-Chloroethylvinvl ether IOU
75- 39-2 Methylene Chloride 5U 75-25-2 Bromoform 4 J
G7-'4-l Acetone 17 108-10-1 4-Methyl-2-pentanone 4 J
75-9-0 Carbon Disulfide 5U 591-73-i 2-Hexanone IOU
75-5-4 1,:-Dichloroethene 5U 127-18-4 Tetrachloroethene 51
75-34-3 1,--0ichloroethane 5U 7?-34-5 1,1,2,2-Tetrachloroethane 8

li-QO-5 trans-1,2-Oichloroethene 5U 108-8-3 Toluene 51U
67-ig-3 Chloroform 5U 108-90-7 Chlorobenzene 5U

107-06-2 1,2-0ichloroethane 5U 100-41-4 Ethyl benzene 51
78-?3-3 2-3utanone 1OU 100-42-5 Styrene 51U

71-T5-i 1,1,1-Trichloroethane 5 U 1330-20-7 Xylene (total) 51
56-Z3-5 Carbon Tetrachloride 51U

108-095-4 Vinyl Acetate IOU
75-27-4 Bromodichloromethane 5U
78-37-5 1,2-Oichloroprooane 5U

40061-31-5 cis-. ,3-Dichloropropene I1U
79-01-6 Trichloroethene 5U
124-48-1 Dibromochloromethane 51U

Data Reportin9 ualifiers:

U - Comoound was analyzed for but not detected. The number is the attainable detection limit for the samole.
8 - Analvte was found in the reagent blank as well as the sample.
J - Indicates an estimated value.
NO - Not detected.

A - Aldol condensation product.
D - Secondary dilution.
E - Exceeds initial calibration range.

Amount Amount Percent
Surrocate Comoound Spiked Recovered Recovered

TOLUENE-08 50 51.0 102.0
8RCtIOFLUOROBEZEE 50 52.0 104.0
1,2-DICHLOROET-W E-04 50 48.0 96.0

.4



Oak Ridoe Gaseous Diffusion Plant
Analytical Chemistry Department

VOA (TCL) ORGANICS ANALYSIS DATA SVE-ES

TENTATiVEUY IDENTIFIED CUIPOUNOS

AnaLIS ID: 80812-181 Customer Samole ID: VBLX 01620
Laboratory: Orqanic Mass Soectroscopy Laboratory Customer: FORBES FIELD
Saole Matrix: IWTER File I: > 01630
Level: (l1ow/med): LCi.W Date Received: 12-AUG-1988
Dilution FactoT: 1.0 Date Analyzed: 12- UG-!983
% Moisture: not dec.

Concentration Units
Number TICs found: (uc/L or uy/Kg): uo/t.

I CAS NLBER I CCIPOLUN WAE I RT EST. CCNC. I 0 1

. hydrocarbon 41 I 17.34 16 1 JP
1 2. 1 hydrocarbon #2 1 20.13 1 5 JP I
1 . I

4 .

1 10.
13.
14.
I . I I
10. __!113. __________________ ____ _____ I__

14. _____ I ____________ ____________

13. ___

24.

I 1. __ _ _ 1 ______________________I___

16. _ I

17. 27I
128.

30.

122.. I I
123. I I

. a i I i t
2. - N d t
127. I I
128. I I I
I2. I I I
130. I I

Data Reportin 9 Oualifiers:

U - Compound was analyzed for but not detected. The number is the attainable detection limit for the sample.
8 - Analvte was found in the reagent blank as well as the sanpie.
J- 1ndicztes an estimated 'value.
NO - Not detected.

A - Aldol condensation product.
0 - Secondary dilution.
E - Exceeds initial calibration ranqe.
P - Probable Identification.

V."-."++



INTERNATIONAL ANALYTICAL - -

TECHNOLOGY
CORPORATION SERVICE S

5815 MidalebroCk P~ke * Knoxville. Tennessee 3792! 615-588-6401 ~-

CERTIFICATE OF AINALYSIS

ro: Martin Marietta Energy Systems, Inc. D A7 Eln rf --D: August 17, 1988
ATTN: Mr. Stuart Goza P RC jEZI--C-'D E: MMOK 41608
P. 0. Box P, MS 440 CRCER NUMBER: 11B-02242-HM537
Oak Ridge, TN 37831 PAGE......... C F 38.~....

Sample Description: VBLK1 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (ug/liter) Comoound (uaI/l iter)

chioromethane 10 U 1,2-dichioropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibromochloromethane 5 U
methylene chloride 1 J 1,1,2-trichioroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropere 0
1,1-dichioroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 2 J
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 07/11/88
Dilution Factor: 1

This method blank applies to the following samples: 5115, 5113, 5165.

Laboratory Manager



INTERNATIONAL ANALYTICAL
TECHNOLOGY
CORPORATIONSEVCS

5815 Middletrock Pke * rKncvile. Tenresse-a72 615586C

CERTIFICATE OF ANALYS

ro. Martin Marietta Energy Systems, Inc. :A 7E 2E ?C R -=:) August 17, 1988
ATTN: Mr. Stuart Gaza ?JCCCE. MMOK 41608
P. 0. Box P, MS 440 CO E RNU M B E: 11B-02242-HM5317
Oak Ridge, TN 37831 SAE...i.... CF 38

Sample Description: VBLK2 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound ('ia/liter) Comoound ('.Ig/liter)

chloromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibrornochloromethane 5 U
methylene chloride 5 U 1.,1,2-trichloroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichioroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachioroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichioroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
~sample.

J-Indicates an estimated value less than the detection l 4mit.

Date Analyzed: 07/12/88
Dilution Factor: 1

4 This method blank applies to the following samples: 5167, 5168, 5169, 5170, 5171.

A~pc:.d ~ Laboratory Manager

Ac-



INTERNATIONAL ANALYTICAL -
TECHNOLOGY
CORPORATION SERVICES

5815 Middletrock Pke * Knoxville. Tenressee 3792 .615-588-6-101 -

CERTIFICATE OF ANAL-YSIS

.C: Martin Marietta Energy Systems, Inc. DAT7E .ZcRT-ED: August 17, 1988
ATTN: Mr. Stuart Goza PrCJECT CODE. MMOK 41608
P. 0. Box P, MS 440 CRCE.N'UMBER: 11B-02242-HM537
Oak Ridge, TN 37831 PAGE___-IT. CF --38

Sample Description: VBLK3 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentratior
Compound (ug/liter) Comoound (u/liter)

chloromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibromochloromethane 5 U
methylene chloride 1 J 1,1,2-trichloroethane 5 U
acetone 10 U benzene 5 U
ca bon disulfide 5 U trans-1,3-dichloropropene 5 U
l,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for -.,e
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 07/12/88
Dilution Factor: I

This method blank applies to the following samples: 5172, 5173, 5175, 5176.

4&ro ,t /7

Apprr Laboratory Manager

. ~................................................................nn



INTERNATIONAL ANALYTICALTECHNOLOGY -"-- ""CORPORATION SERVICE S

5815 Middletrook Pike Knoxville. Terressee 37921 6,5-588-6101

CERTIFICATE OF ANALYSIS

.0: Martin Marietta Energy Systems, Inc. DATREOR07E:D: August 18, 1988
ATTN: Mr. Stuart Goza PRCJEC, CODE: MMOK 41616
P. 0. Box P, MS 440 OCE.NUMBEI: 11B-02242-HM538
Oak Ridge, TN 37831 PAGE__ _I OF 24

Sample Description: VBLK1 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (ug/liter) Comoound (ug/liter)

chloromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibromochloromethane 5 U
methylene chloride 5 U 1,1,2-trichloroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 07/13/88
Dilution Factor: 1

This method blank applies to the following samples: 5117, 5118, 5174, 5177, 5179,
5180 MS, 5181 MSD, 5182.

Ap rc'vJ/ Laboratory Manager

,I{

I *y.'.;: :2A. >t> 2
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TECHNOLOGY AAYIA
L~EJCORPORATION SERVICE S

5815 Middlebrook P ke a Knoxville. Tennessee 37921 6 15-588-64O1

CERTIFICATE OF ANALYSIS

70. Martin Marietta Energy Systems, Inc. D A 7E2E C RED: August 18, 1988
ATTN: Mr. Stuart Goza PROiEC7 CODE: MMOK 41616
P. 0. Box P, MS 440 CrCE.-'ZNUMBER: 11B-02242-HM538
Oak Ridge, TN 37831 PAGE. .OF.... 24

Sample Description: VBLK2 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Cornmound (uc/liter) Comoound (ugj/liter)

chloromethane 10 U 1,2-dichloropropale 5 U
bromomethane 10 U cis-1,3-dichloropropele 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibromochloromethane 5 U
methylene chloride I J 1,1,2-trichloroethane 5 U
acetone 3 J benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichioroethene 5 U brornoform 5 U
1,1-dichioroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichioroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachioroethene 5 U

1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethale 5 U
Z-butanone 10 U toluene 5 U
1,1,1-trichlor-oethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 07/13/88

Dilution Factor: 1

Thi5 method blank applies to the following samples: 5183, 5184, 5185, 5186.

Approv-d by Laboratory Manager

n - r
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<



INTERNATIONAL ANALYTICAL
TECHNOLOGY
CORPORATION SERVICE S

5815 MiddletroCk Pke * Knoxville. Tennessee 37921 *6',5-588-6-101

CERTIFICATE OF ANALYSIS

0: Martin Marietta Energy Systems, Inc. DA7E2'E?C 177ED: August 18, 1988
ATTN: Mr. Stuart Goza ?rZCj=E C0CE. MMOK 41624
P. 0. Box P, MS 440 C RE2 NUM 3E R: 11B-02242-HM54O
Oak Ridge, TN 37831 PAGE.. .. OF 28

Sam'ple Description: VBLK1 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concent ration
Comcound (ug/liter) Comoound (uIg/liter)

chloromethane 10 U 1,2-dichioropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichioroethene 5 U
chioroethane 10 U diibromochloromethane 5 U
methylene chloride 1 J 1,1,2-trichloroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoforn 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichioroethene (total) 5 U 2-hexanone 10 U
chloroform ~ 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachioroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 07/13/88
Dilution Factor: 1

This method blank applies to the following samples: 5119, 5120, 5187.

Laboratory Manager



INTERNATIONAL ANALYTICAL
TECHNOLOGY
CORPORATION SERVICE S

5815 Middlebrook P ke * K~noxville. Tennessee 37921 * 615-588-64101

CERTIFICATE OF ANTALYSIS

ro Martin Marietta Energy Systems, Inc. C A:-.E 2EPCR 7 ZD August 18, 1988
ATTN: Mr. Stuart Goza P7ZOJECG7CODES MMOK 41624
P. 0. Box P, MS 440 CE NUM BER: IIB-02242-HM540
Oak Ridge, TN 37831 P. AGE 5.... OF 7&.....

Sample Description: VBLK2 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (ug/liter) Comoound (uqi/Iit er)

chloromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichioroethene 5 U
chioroethane 10 U d ibromochioromethane 5 U
methylene chloride 5 U 1,1,2-trichloroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichioroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichioroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U tol uene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U -Compound was analyzed for but not detected. The number is the detection limit for the
SampDle.

J -Indicates an estimated value less than the detection limit.

Date Analyzed: 07/14/88
Dilution Factor: I

This method blank applies to the following samples: 5188, 5190, 5191, 5192, 5193, 5194.

Arrvedny/ Laboratory Manager



INTERNA7T"IONAL ANALYTICAL
TrCHNOLOGY
CORPORATION SERVICE S

5815 Middletrock P-e 9 K~noxville. Teir'essee 1-7921 3 15-588-6-10

CERTIFICATE OF AINAL-YSIS

o* Martin Marietta Energy Systems, Inc. C.-.T -'E F IC R 7::D: August 19, 1988
ATTN: Mr. Stuart Gaza '? COJE:Z C D E: MMOK 41637
P. 0. Box P, MS 440 CR.Z.V NMBE.Z: 11B-02242-HI1541
Oak Ridge, TN 37831 -AE 1 OF 12

Sample Description: VBLK1 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (uquliter) Comoound (ug/liter)

chloromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichioroethene 5 U
chloroethane 10 U dibrornochloromethane 5 U
methylene chloride 5 U 1,1,2-trichloroethane 5 U
acetone 3 J benzene 5 U
carbon disulfide 55 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoforn 5 U
1,1-dichloroethane D 4-methyl-2-pentanone 10 U
1,2-dichioroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetr-achloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichioroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U.
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for theI Sample,
J-Indicates an estimated value less than the detection limit.

Date Analyzed: 07/14/88

O ilution Factor: 1

This method blank applies to the following samples: 5195, 5198, 5198 MS.

.ArVI~~' Laboratory Manager

5]1



INTERNATIONAL AAYIA
TECHNOLOGY
CORPORATION SERVICE S

5815 Micc~etrCCk P-ke * Knoxville. Th'nressee 3'* 6 15-588-6-1

CERTIFICATE OF.A-NALYSIS

-C Mar:tin Marietta Energy Systemis, Inc. ATE ECZ:ED: August 19, 1988
ATTN: Mr. Stuart Goza P RC JE C- C -D E: MMOK 41637
P. 0. Box P, MS 440 CORZ DER NUM3E27. : 11B-02242-HME4.
Oak Ridge, TN 37831 PAGE.....i.... CF 12..

Sample Description: VBLK2 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (uo/liter) Comroound (Ua/liter)

chioromiethane 10 U 1,2-dichloropropane 5 U
bromornethane 10 U cis-1,3-dic'nloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chlloroeth ane 10 U dibromochioromethane 5 U
methylene chloride 5 U 1,1,2-trichloroethane 5 U
acetone 2 J benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U broroform 5 U
1,1-dichioroethane 5 U 4-rethyl-2-pentanone 10 U
1,2-dichioroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachioroethene 5 U
1,2-dichioroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-b'itanone 10 U tol uene 5 U
1 ,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichiorornethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 07/15/88
Dilution Factor: 1

This method blank applies to the following samples: 5198 MSO, 5199.

~" Laboratory Manager



INT ERNATIONAL AAYIA
TECHNOLOGY AAYIA
CORPORATIONSEVCS

5815 Midcreorcck :--e * Knroxville. Tennressee 3792, ~~6C

CERTIFICATE OF ANALYSIS

7. Mar.ti Marietta Energy Systems, Inc. :T EC7D August 22, 1988
ATTN: Mr. Stuart Goza PERCEO7- CCE: MMOK 41649
P. 0. Box P, MS 440 C 7 2E. Z";U MB E. 11B-02242-HM544
Oak Ridge, VN 37831 PAGE 1 F4

Sample Description: VBLK1 (Water)

VOLATILE ORGANIC TARGET COMPOUND LTST

Concentration Concentration
Comoound (uo/liter) Comoound (ua/liter)

chlororrethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chilori.de 10 U trichloroethene 5 U
chioroethane 10 U dibromochloromethane :5 U
methylene chloride 1 J 1,1,2-trichioroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-rethyl-2-pentanone 10 U
1,2-dfchloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachioroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
Sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 07/15/88
Dilution Factor: 1

This method blank applies to the following samples: 5214, 5215.

CLaboratory Manager

~, a ~ ..~'s ~ 7.



INTERNATIONAL ANALYTICAL
LiCORPORATION SERVICE S

-5815 Midcdebrook P!ke 9 .<ncxville, Tennessee 37921 6 615-588-6-Ci

CER~TIFICATE OF ANALYSIS

1c Ma rtin Marietta Energy Systems, Inc. DAEEC~E: August 22, 1988
ATTN: Mr. Stuart Goza ?IZC.EC7CODE: 14MOK 41649
P. 0. Box P, MS 440 CRCER N-LM3ER: 11B-02242-HM544
Oak Ridge, TN 37831 ?AGE ..... L... CF AL.1.

Sample Description: VBLK2 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comound (ucg/liter) Comoound (ug/liter)

chloromiethane 10 U 1,2-dichioropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichioroethene 5 U
chloroethane 10 U dibromochioromethane 5 U
methylene chloride 5 U 1,1,2-tkrichioroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-l,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichioroethene (total) 5 U 2-hexanone 10 U
chl oroform 5 U tetrachloroethene 5 U
1 2-dichlioroethane 5 U 1, 1,2,2-tetrachl oroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 07/16/88
Dilution Factor: 1

This method blank applies to the following samples: 5216, 5217, 5218, 5219, 5220, 5221.

'"~~" Laboratory Manager



m INTrRNATIONAL ANALYTICALTE HNQLOGY
CORPORATION SERVICE S

5815 midclebrcCk Pike * Knoxville. Tenressee 3792, -5860

CERTIFICATE OF ANMaLYSIS

7C Martin Marietta Energy Systems, Inc. CA7E''E?(-.rTED: August 22, 1988
ATTN: Mr. Stuart Goza ?rZC.EC7C-.DE. MMOK 41649
P. 0. Box P, MS 440 C RZ --.ZNUM BEZ: 1IB-02242-HM544
Oak Ridge, TN 37831 P. ̂.G ELL11 OF 41.....

Sample Description: VBLK3 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (ua/liter) Comoound (.uc/l iter)

chiorornethane 10 U 1,2-dichloropropane 5 U
bromcmethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichioroethene 5 U
chloroethane 10 U dibromochioromethane 5 U
methylene chloride 5 U 1,1,2-trichloroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 0 bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachioroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachioroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J-Indicates an estimated value less than the detection 7imit.

Date Analyzed: 07/17/88
Dilution Factor: I

This method blank applies to the following samples: 5222, 5225, 5226.

APrc- t 7 Laboratory Manager

ALS 'i r .... !



INTERNATIONAL ANALYTIC AL "TECHNOLOGY
CORPORATION SERVICE S

5815 Middleorook Pike • Knoxville. Tennessee 37921 * 615-588-601-

CERTIFICATE OF ANALYSIS

-0 Martin Marietta Energy Systems, Inc. CATE.ECRTEZ: August 23, 1988

ATTN: Mr. Stuart Goza PRC=,C CODE: MMOK 41655
P. 0. Box P, MS 440 CRCE2.NUMBE.2: 11B-02242-HM545
Oak Ridge, TN 37831 ?AGE ILOF 33

Sample Description: VBLK1 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentrat iorn
Comoound (ua/liter) Comoound (.igl/liter)

chloromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibromochloromethane 5 U
methylene chloride 5 U 1,1,2-trichloroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U Compound was analyzed for but not detected. The number is the detection limit for t..e
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 07/18/88
Dilution Factor: 1

This method blank applies to the following samples: 5227, 5228, 5230, 5231, 5232.

Acrrrved Laboratory Manager

7.:



I INTERNATIONAL ANALYTICAL -

TECHNOLOGY
CORPORATION SERVICE S

5815 Midd~eorok P'ke * Kn~oxville. Tenn'essee 37921 6' 65-588-6.0,

CERTIFICATE OF ANALYSIS

7- Martin Marietta Energy Systems, Inc. 0 A7= E PC RiT=: August 23, 1988
ATTN: Mr. Stuart Gaza ?!ZOJrEC CODE. MMOK 41655
P. 0. Box P, MS 440 C:L[E.R.NUMBEZ: 113-02242-HM545
Oak Ridge, TN 37831 PAGE 7 OF 33

Sample DJescription: VBLK2 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
______ (u1c/1iter) Comoound (ug/liter)

10 U 1,2-dichioropropane 5 U
3ri,:c7et'ae 10 U cis-1,3-dichloropropene 5 U
vfivl :.i~orade 10 U trichioroethene 5 U
c. ;or ,etlane 10 U dibromochioromethane 5 U
rmet.yiena chlorilde 5 U 1,1,2-trichioroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichioroethane 5 U 4-rethyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroformi 5 U tetrachioroethene 5 U
1,2-dichioroethane 5 U 1,1,2,2-tetrachioroethane 5 U
2-butanone 10 U tol uene 5 U
1,1,1-trichioroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichioromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 07/19/88
Dilution Factor: 1

This method blank applies to the following samples: 5234, 5235.

Ar.PrCed byV Laboratory Manager



jjINTER~NATIONAL ANALYTICAL
TECHNOLOGY
CORPORATION SERVICE S

5815 Middlebrook Pke 9 Knoxville. Tennessee 37921 *615-588-6-11

CERTIFICATE OF ANALYSIS

7C Martin Marietta Energy Systems, Inc. CA-,T EcRE TE:: August 11, 1988
ATTN: Mr. Stuart Gaza ?IZCZDCE. MMOK 41517
P. 0. Box P, MS 440 C RCE2 WM BER: 1IB-02242-HM520
Oak Ridge, TN 37831 PAGE I OF 62

Sample Description: VBLK3 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (og/liter) Comoound (uo/liter)

chioromethane 10 U 1,2-dichloropropane 5 U
brornomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibromochlorornethane 5 U
methylene chloride 5 U 1,1,2-trichloroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachioroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloramethane 5 U total xylenes 5 U

U -Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J Indicates an estimated value less than the detection limit.

Date Analyzed: 07/02/88
Dilution Factor: 1

This method blank applies to the following samples: 5108, 5109, 5124, 5133.

Aproved y Laboratory Manager



I INTERNATIONAL ANALYTICAL
TECHNOLOGY
CORPORATION SERVICES '

5815 Middlebrook P-ke * Knoxville. Tennessee 3792: i 15-588-6:01-

CERTIFICATE OF ANALYSIS

,o Martin Marietta Energy Systems, Inc. cA7TEEcCTED: August 11, 1988
ATTN: Mr. Stuart Goza PRCIC C-CE. MMOK 41517
P. 0. Box P, MS 440 C EINu MBER: 11B-02242-HM520
Oak Ridge, TN 37831 FAGE___i_._CF __62 _

Sample Description: VBLK4 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (ug/liter) Compound (ja/liter)

chloromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibromochloromethane 5 U
methylene chloride 5 U 1,1,2-trichloroethane 5 U
acetone 10 benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-rethyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 2 J
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated valie less than the detection limit.

Date Analyzed: 07/02/88
Dilution Factor: I

This method blank applies to the following sample: 5134.

Aprcj-1tY/ Laboratory Manager

Im INN ., . . .



~jINTERNATIONALANLTCL-
TECHNOLOGY
CORPORATION SERVICE S

5815 Midcetrock Pke K ncxville. Tennressee 2-7921 *615-588-3-401

CER~TIFICATE OF AINALYSf S

rc- Martin Marietta Energy Systems, Inc. DA -1E ?ZEC rl7E : August 11, 1988
ATTN: Mr. Stuart Goza ?RCJEr-CCE. MMOK 41517
P. 0. Box P, MS 440 C RE."NI M3E2: IIB-02242-HM520
Oak Ridge, TN 37831 ?AGE.... q CF 62.

Sample Description: VBLK5 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (ug/liter) Comoound (ug/liter)

chlorornethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichioroethene 5 U
chioroethane 10 U dibromochloromethane 5 U
methylene chloride 5 U 1,1,2-trichloroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichioroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-.2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachioroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachioroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane S U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for tile
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 07/03/88
Dilution Factor: I

This method blank applies to the following sample: 5134.

Arprov-,! ty Laboratory Manager

-- ~~~ AV--*.



NLYSIS DATA REPORT Page 1 of I

AnaLS 1D: 880811-044 Customer Sa ple ID: VBL.K1617
Laboratory: Organic Mass Spectroscopy Laboratory Customer: HERRON

File iD: ) 01617 Sample Matrix: IATER
Instrument ID: HP59708 Requisitnon Number:
Authori:ed 9y: D. C. Canada Date Sample Received: 11-AUG-1988

VOA - Volatile Organic Compounds (TCL)

Date Extracted/Prepared: 11-AU.-1988 Date Analyzed: 11-AUG-1988
Preparation Procedure Number: PURGE & TRAP Analysis Procedure Number: EPA-624

Percent Moisture: Dilution Factor: 1.0
Percent Moisture (decanteo): Analyst: GJ PARDUE JR

Associated Blank: BLANK

CAS u o/L CAS uq/L

74-87-3 Chloromethane IOU 79-00-5 1,l,2-Trichloroethane 5U
74-33-9 Bromomethane IOU 71-43-2 Benzene 5U
75-01-4 Vinyl Chloride IOU 10061-02-6 trans-1,3-Dichloropropene 51U
75-10-3 Chloroethane IOU 110-75-8 2-Chloroethylvinyl ether IOU
75-09-2 Methylene Chloride 5U 75-25-2 Bromoform 3 J
67-i4-1 Acetone IOU 108-10-1 4-Me thyl-2-pentanone IOU
75-15-3 Carbon Disulfide 5U 591-78-i 2-Hexanone IOU
75-35-4 l,1-Oichloroethene 5 127-18-4 Tetrachloroethene 1
74-24-3 1,1-Dichloroethane 5U 79-24-5 1,1,2,2-Tetrachloroethane 7

156-0-5 trans-l,2-Oichloroethene 5U 108-88-3 Toluene !U
67-ii-3 Chloroform 5U 108-9-7 Chlorobenzene 5U
107-06-2 1,2-Sichloroethane SU 100-41-4 Ethyl benzene 1 J
78-93-3 2-gutanone IOU 100-42-5 Styrene .5U
71-53-4 1,1,1-Trichloroethane 51 1330-20-7 Xylene (total) 5U
56-73-5 Carbon Tetrachloride 5U

108-05-4 Vinyl Acetate IOU
75-27-4 Bromodichloromethane 5U
78-37-5 1,2-Oichloropropane 5U

10061-01-5 cis-1,3-Dichloropropene 5U
79-I-i Trichloroethene 5U
124-48-1 Dibromochloromethane 5U

Data Reporting Qualifiers:

U - Compound was analyzed for but not detected. The number is the attainable detection limit for the sample.
8 - Analyte was found in the reagent blank as well as the saple.
J - Indicates an estimated value.
NO - Not detected.
A - Aldol condensation product.
D - Secondary dilution.
E - Exceeds initial calibration range.

Amount Amount Percent
Surrogate Compound Spiked Recovered Recovered

TOLUENE-08 50 51 102.0

BRIOFLUOROBENZ8ENE 50 49 98.0
1, 2-DICiiLCRCET1-WE-04 50 48 ?6J

1.. -- (I



ITERNATIONAL AAYIA
CORPORATIONSERICS

CERTIFICATE OF ANALYSIS

artin Marietta Energy Systems, Inc. 2A7E-z TD October 31, 1988
ATTN: Mr. Stuart Gaza PRCJ= CODE. MMOK 42047
P. 0. Box P, M4S 440 CR-'Z ~NWBEZ: 11B-02242-HM641
Oak Ridge, TN 37831 PAGE..LI. CF ...29.....

Sample Description: VBLK1 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (ua/l iter) Comoound (gltr

chloromethane 10 U 1,2-dichloropropane 5 U
brornomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichioroethene 5 U
chloroethane 10 U dibromochloromethane 5 U
methylene chloride 5 U 1,1,2-trichioroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichioroethene 5 U bromoform 5 U
1,1-dichioroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichioroethen:- (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichioroethane 5 U 1,1,2,2-tetrachioroethane 5 U
2-butanone 10 U toluene 5 U
1.1.1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

.3 - Indicates an estimated value less than the detection limit.

Date Analyzed: 10/10/88
Dilution Factor: 1

This 7ethod blank applies to the following samples: 5234, 5235, 5236, 5237.

=7 Laboratory Manager



INTERNATIONAL ANALYTICAL
TECHNOLOGY
CORPORATION SERVICES

5815 MidaleroCk Pike 9 KnOxville. Tennessee 37921 * 615-588-6401

CERTIFICATE OF ANALYSIS

,c artin Marietta Energy Systems, Inc. :A7ERE.crD: October 31, 1988
ATTN: Mr. Stuart Goza PR C -C1CCE: MMOK 42047
P. 0. Box P, MS 440 CRE.2NWBER: 11B-02242-HM641
Oak Ridge, TN 37831 PAGE _5____OF ..

Sample Description: VBLK2 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (ua/l iter) Comoound (ug/liter)

chloromethane 10 U 1,2-dichloropropane 5 U
bromometiane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibromochloromethane 5 U
methylene chloride I J 1,1,2-trichloroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-ethyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethen 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 10/11/88

Dilution Factor: I

This method blank applies to the following samples: 5244, 5244 MS, 5244 MSD, 5239, 5240,
5241, 5242, 5243.

. "Ity'/ Laboratory Manager



j jINTERNATIONAL AAYIA
TECHNOLOGY
CORPORATION SERVICES

5815 Mieclecrock Pike * Knoxville. Tenressee 37921 5 15- 588-6-101 -s--

CERTIFICATE OF ANALYSIS

C Martin Marietta Energy Systems, Inc. D ATEEI- 7 October 31, 1988
ATTN: Mr. Stuart Gaza PqcJE-(:c-.cZE. MMOK 42047
?. 0. Box P, MS 440 C r CER NUMB ER: 11B-O2242-HM641
Oak Ridge, TN 37831 PAGEJ14--OF 39

Sample Description: VBLK3 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concent rat ion Concentration
Comoound (uo/liter) Comoound (ug/liter)

chloromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichioroethene 5 U
chloroethane 10 U dibromochloromethane 5 U
met-hylene chloride 5 U 1,1,2-trichioroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-I ,3-di chioropropene 5 U
1,1-dichloroethene 5, U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichioroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
brornodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.

Oate Analyzed: 10/12/88
Dilution Factor: 1

This -ethod blank applies to the following samples: 5245, 5246, 5238.

Laboratory Manager

AU~i



hiINTER AIONAL AAYIA
L2CORPORAkTION SERVICES

5815 Middletrook P kee* Knoxvlfle. Tenressee 37921 *61 5-588-6401

CER~TIFICATE OF ANALYSIS

.0 Martin Marietta Energy Systems, Inc. RZD REC7 D coer3,18

ATTN: Mr. Stuart Goza CZE= CMBE: IMMOK 42068
P. 0. Box P, MS 440 CPAGN71ME- .11- 4-M4
Oak Ridge, TX 37831 11-OA4-H64

Sample Description: VBLK1 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Cornoound (ua/liter) Comoound (ug/liter)

chloromethane 10 U 1,2-dichioropropane 5 U
bromrorethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichioroethene 5 U
chloroethane 10 U dibromochioromethane 5 U
methylene chloride 1 1 1,1,2-trichioroethane 5 U
acetone 9 3 benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichioroethane 5 U 4-methyl-2-pentanone 10 U
I,2-dichloroethene (total) 5 U 2-hexanone 2 J
chloroform, 5 U tetrachioroethene 5 U
1,2-dichioroethane 5 U 1,1,2 ,2-tetrachl oroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichioroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U -Compound Y'as analyzed for but not detected. The number is the detection limit for the
s amplIe.

I - Indicates an estimated value less than the detection limit.

Date Analyzed: 10/13/88

Dilution Factor: 1

This mqethod blank applies to the following sample: 5262.

~pm:~1~yElLaboratory -Manager



E]INTERNATIONAL ANALYTICAL
TECHNOLOGY
CORPORATION SERVICES

5815 Micciecrock PRke e K~noxville. Tennessee 37921* 615-588-6401

CERTIFICATE OF ANALYSIS

7 Martin Marietta Energy Systems, Inc. DA7EiECRE October 31, 1988
ATTN: Mr. Stuart Goza nor=T =CE: MMOK 42068
P. 0. Box P, MS 440 C R rER NI BE R: 11B-02242-HM647
Oak Ridge, TN 37831 PAGE...3..CF 51

Sample Description: VBLK2 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concent rati on Concentration
Comound ('jq/liter) Comoound (uoi/liter)

chioromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chioroethane 10 U dibromochloromethane 5 U
methylene chloride 2 J 1,1,2-trichloroethane 5 U
acetone 4 J benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2- 'pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachioroethene 5 U
1,2-dichioroethane 5 U 1,1,2,2-tetrachioroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichioromethane 5 U total xylenes 5 U

U -Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J -Indicates an estimated value less than the detection limit.

Date Analyzed: 10/13/88
Dilution Factor: 1

This method blank applies to the following samples: 5263, 5264, 5265, 5266-68, 5266-63 MS,
5266-68 MSD.

ArCPVedY LVIaboratory Manager



(]INTERNATIONAL ANALYTICALI TECHNOLOGY
CORPORATION SERVICES

5815 midclebrock Pike * Knoxville. Tennessee 37921 *615-588-64101

CERTIFICATE OF ANALYSIS

70 Martin Marietta Energy Systems, Inc. :DATE 7E?0R7-rD. October 31, 1988

ATTN: Mr. Stuart Goza P RC.JEZ-C - CE. MMOK 42068
$P. 0. Box P, MS 440 ORrEZNUMBE:Z: 11B-02242-HM647

Oak Ridge, TN 37831 PAGE 9 CF 51.

Sample Description: VBLK2A (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration

Comoound (ug/liter) Comoound (1ug/liter)

chiororiethane 10 U 1,2-dichlaoropane 5 U

bromomethane 10 U cis-1,3-dichloropropene 5U

vinyl chloride 10 U trichloroethene5U
chloroethane 10 U dibromochioromethane 5 U

methylene chloride 1 J 1,1,2-trichloroethane 5U

acetone 10 U benzene5
carbon disulfide 5 U trans-1,3-dichloropropene 5 U

1, 1-dichioroethene 5 U bromoforni 5 U

1,1-dichloroethane 5 U 4-methyl-2-pentaloe 10 U

1,2-dichloroethene (total) 5 U 2-hexanofle 10 U

chloroform 5 U tetrachloroethele 5 U

1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethale 5 U

2-butanone 10 U toluene 5 U

1,1,1-trichioroethane 5 U chlorobelzefe 5U
carbon tetrachloride 5 U ethylbeflzene5
vinyl acetate 10 U styrene 5 U

bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the

sample.
J - Indicates an estimated value less than the detection limit.

Date Analyzed: 10/13/88
Dilution Factor: 1

This method blank applies to the following samples: 5270, 5271, 5272.

Aprrcved ty] Laboratory Manager



jjINTERNATIONAL AAYIA
TECHNOLOGY AAYIA
CORPORATION SERVICES

5815 Midolebrook Pike a Knoxville. Teressee 37921 6 15-588-6401

CERTIFICATE OF ANALYSIS

-C Martin Marietta Energy Systems, Inc. DA7Z RE pOL-R 7 - October 31, 1988
ATTN: Mr. Stuart Goza PR.JECTCCCE: MMOK 42068
P. 0. Box P, MS 440 CRrZ NLMBE: IIB-02242-HM647
Oak Ridge, TN 37831 PAGE 13 OF 51

Sample Description: VBLK3 (Wate1 '1

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comocund (ug/liter) Comoound (ualliter)

chloromethane 10 U 1,2-dichloropropane 5 U
bromornethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibromochloromethane 5 U
methylene chloride 5 U 1,1,2-trichloroethane 5 U
acetone i0 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dic'nloroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachioroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichioromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

j- Indicates an estimated value less than the detection limit.

Date Analyzed: 10/14/8
Dilution Factor: 1

This ,nethod blank applies to the following samples: 5276, 5276-78 MS, 5276-78 MSO, 5234,
5234-86 11S, 5234-86 MSD, 5237, 5288.

*~~e~zv Laboratory Manager



EjINTERNATIONAL AAYIA
TECHNOLOGY
CORPORATION SERVICES

5815 Middletrock Pike * Knoxville, Tennessee 37921 *615-588-6401

CERTIFICATE OF ANALYSIS

-o Martin Marietta Energy Systems, Inc. .Z E no -7E October 31, 1988
ATTN: Mr. Stuart Gaza P~JCCD.MMOK 42068
P. 0. Box P, MS 440 CRCE NUBE: 11B-02242-HM647
Oak Ridge, TN 37831 PAGE 20 OF 5.L.

Sample Description: VBLK4 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (ug/liter) Comoound (ua/liter)

chioromethane 10 U 1,2-dichioropropane 5 U
bromornethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichioroethene 5 U
chloroethane 10 U dibromochioromethane 5 U
methylene chloride 5 U 1,1,2-trichloroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichioroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichioroethene (total) 5 U 2-hexanone 10 U
chloroformi 5 U tetrachioroethene 5 U
1,2-dichioroethane 5 U 1,1,2,2-tetrachioroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichioroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichioromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 10/14/8
Dilution Factor: I

This method blank applies to the following samples: 5269, 5273, 5274, 5275, 5279, 5230,
5231, 5282, 5283.

.Acprcv- =Y Laboratory Manager

'7!'



INTERNATIONAL ANALYTICALUETECHNOLOGY
__ _CORPORATION SERVICES

5815 Middlebrook Pike 9 Knoxville. Tennessee 37921 *615-588-6401

CER~TIFICATE OF ANALYSIS

~o Martin Marietta Energy Systems, Inc. [)A7~?RT: October 31, 1988
ATTN: Mr. Stuart Gaza PZOJEC-1 CODE. MMOK 42068
P. 0. Box P, MS 440 ORER NUMBE: 11B-02242HM647
Oak Ridge, TN 37831 PAGE 30 OF 51

Sample Description: VBLK5 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comciound (u/liter) Comoound (j, 1 /l iter)

chloromethane 10 U 1,2-dichioropropafle 5 U
bromonethane 10 U cis-1 ,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibromochloromethane 5 U
methylene chloride 1 3 1,1,2-trichloroethane 5 U
acetone 7 J benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoforni 5 U
1,1-dichloroethane 5 U 4-methyl -2-pentanone 10 U
l,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichioroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 1 1 toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U -Compound was analyzed for but not detected. The numter is the detection limit for the
sample.

J Indicates an estimated value less than the detection limit.

Date Analyzed: 10/14/88
Dilution Factor: 1

This method blank applies to the following samples: 5294, 5293, 5292, 5291, 5290, 5239.

ArCVP-1 ry Laboratory Manager



EjINTERNATIONAL AAYIA
TECHNOLOGY ANERVICS

5815 Middlebrook Pike 0 Knoxville, Tennessee 37921 e 615-588-6401

CERTIFICATE OF ANALYSIS

Martin Marietta Energy Systems, Inc. November 1, 1988
ATTN: Mir. Stuart Goza DAE REPTED: MMOK 42062
P. 0. Box P, MS 440 PROJECT CODE: 11B-02242-HM644
Oak Ridge, TN 37831 ORDER NUMBER: 1 57

PAGE - OF___

Samiple Description: VBLK1A (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (ug/liter)- Cornoound (ug/l iter)_

chioromethane 10 U 1,2-dichioropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibromochioromethane 5 U
methylene chloride 5 U 1,1,2-trichioroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1 ,l-dichloroethane 5 U 4-rethyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform ~ 5 U tetrachioroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride S U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U -Compound was analyzed for but not detected. The number is the detection limit for the

J Indicates an estimated value less than the detection limit.

Date Analyzed: 10/11/88
jDilution Factor: 1

This method blank applies to the following sample: 5251.

Approved bvj Laoaoytanager



jjIN'TERNATIONAL ANALYTICAL
TECHNOLOGY
CORPORATION SRIE

5815 Middlebrook Pike a Knoxville. Tennessee 37921 e 615-588-6401

CERTIFICATE OF ANALYSIS

,0 Martin Marietta Energy Systems, Inc. DA7 REPORTED: November 1, 1988
ATTN: Mr. Stuart Gaza PRZOJECT CODE: 14MOK 42062
P. 0. Box P, MS 440 ORDERNUBE: 11B-02242-HM644
Oak Ridge, TN 37831 PAGE 3... OF 57L....

Sample Description: VBLK2 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (ug/liter) Compound (pa/liter)

chloromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibromochioromethane 5 U
methylene chloride I J 1,1,2-trichloroethane 5 U
acetone 4 J benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichioroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2--pentanone 10 U
1,2-dichioroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachioroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichioroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichioromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 10/12/88
Diluticn Factor: 1

This method blank applies to the following sample: 5253.

Approvedy IYLaboratory Manager

-78



I]INTERNATIONAL ANALYTICAL 
._TECHNOLOGY 1.

CORPORATION SERVICES
5815 Middlebrook Pike * Knoxville, Tennessee 37921 *615-588-6401

CERTIFICATE OF ANALYSIS

.O. Martin Marietta Energy Syst-ems, Inc. DAEERE: November 1, 1988
ATTN: Mr. Stuart Goza PRCj1ECF"CODE: M4MOK 42062
P. 0. Box P, MS 440 ORDER NUMBER: 118B02242-HM644
Oak Ridge, TN 37831 PAGE 5 OF 57

Sample Description: VBLK2A (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentrati on
Comoound (jig/liter) ComDound (uxo/liter)

chioromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibromochloromethane 5 U
methylene chloride 5 U 1,1,2-trichloroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-miethyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodlchloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
~sample.
J-Indicates an estimated value less than the detection limit.

Date Analyzed: 10/13/88
Oil ution Factor: 1

This method blank applies to the following samples: 5261, 5261 MS, 5261 MSD, 5252, 5254,
5255, 5256, 5257, 5258, 5259.

Acpmvod by .aboratory Manager



INTERNATIONAL ANALYTICALTTECHNOLOGY SRIE

5815 Middlebrook Pike e Knoxville, Tennessee 37921 *615-588-6401 I

CER~TIFICATE OF ANALYSIS

'o Martin Marietta Energy Systems, Inc. )ATEZEPCTED: November 1, 1988
ATTN: Mr. Stuart Gaza P!RCJEC-1CODE: MMOK 42062
P. 0. Box P, MS 440 ORDEIRNUMBE: 11B-02242-HM644
Oak Ridge, TN 37831 PAGE..5. OF q

Sample Description: VBLK4 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (ug/liter) Conioound (uo/lVter)

chloromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chioroethane 10 U dibroniochioromethane 5 U
methylene chloride 1 3 1,1,2-trichloroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichioroethene 5 U bromoform 5 U
1,1-dichioroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloruethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichioroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
s arpl1e.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 10/13/8
Dilution Factor: I

This method blank applies to the following samples: 5260, 5315.

Aopraved by-/ Laboratory Manager



IN]flTERNATIONAL ANALYTICAL
CORPORATION SERVICES

5815 Midd'etrook P!Ke 9 K~noxvile. Tenressee 37921 .615-588-6-01

CERTIFICATE OF ANALYSIS

SMartin Marietta Energy Systems, Inc. CAEEC7DNovember 18, 1988
ATTN: Mr, Stuart Goza PROJECT7COCE. MMOK 42231
P. 0. Box P, MS 440 CRC2 NUMBER: 1IB-02242-HM682
Oak Ridge, TN 37831 PAGE 1 OF 16

Sample Description: VBLK1 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (Ug/liter) Compound (1ug/liter)

chioromethane 10 U 1,2-dichioropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibromochloromethane 5 U
methylene chloride 5 U 1,1,2-trichloroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1 ,2-di chloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U -Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J -Indicates an estimated value less than the detection limit.

Date Analyzed: 11/04/88
Dilution Factor: I

This method blank applies to the following samples: 5298, 5299, 5300.

____ ~ 4 -2

A:~:~ ~v Laboratory Manager



INTERNATIONALANL ICL
TvZCHNOLOGYLiCORPORATION SERVICE S

5815 .ModecrOCK P:A * Knoxville Ter-Pssee 3-92! 5-58836-01

CERTIFICATE OF AN.ALYSIS

-~Martin Marietta Energy Systems, Inc. C - , PCRT - December 6, 1988
ATTN: Mr. Stuart Goza PRjCCC.MMOK 42335
P. 0. Box P, MS 440 PCJE"TCCMER 11B-02242-HM680
Oak Ridge, TN 37831 PG'1 OF17

Sample Description: VBLK3 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concent ration
Comoound (juo/liter) Comoound (ug/liter)

chloromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chioroethane 10 U dibromochloromethane 5 U
methylene chloride 5 U 1,1,2-trichloroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromofori 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U -Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J -Indicates an estimated value less than the detection limit.

Date Analyzed: 11/28/88
Dilution Factor: 1

This method blank applies to the following samples: 5301, 5302, 5303.

4Jc-
AL-mPIo Lbra toryMaae

.' -8 7"r :



FjINTERNAT IONAL ANALYTICAL
TECHNOLOGY
CORPORATIONSEVCS

5815 %M1cj eroCK P )<e 0 r("Cxv:!e Terressee 37,921 0,3 5-8-4

CERTIFICATE OF ANALYSIS

7CMartin Marietta Energy Systems, Inc. ~ A ~December 6, 1988
ATTN: Mr. Stuart Gaza A - cEP c MMOK 42335
P. 0. Box P, MS 440 PRCO2EC-, CODE: 11B-rn?242-HM68O
Oak Ridge, TN 37831 CRCE2 MIJMAE2; 5 17

PAGE -__ OF___

Sample Description: VBLK2 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concent ration Concentration
Compound (ug/liter) Comoound (ug/liter)

chioromethane 10 U 1,2-dichioropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichioroethene 5 U
chioroethane 10 U dibromochioromethane 5 U
methylene chloride 1 0 1,1,2-trichioroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromofirm 5 U
1,1-dichioroethane 5 U 4-methyl-2-pentanone 5 j
1,2-dichioroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 11/23/88
Dilution Factor: 1

This method blank applies to the following samples: 5304, 5305.

Labbra ory Manager



m NTERNATIONAL ANALYTICAL
TCHNOLOGY

CORPORATION SRIE
58' Midc:e~rCCK Pk 9 Knoxville 7e!-essee 372 5~6O

CERTIFICATE OF ANALYSIS

Martin Marietta Energy Systems, Inc. -AE~?RE December 6, 1988
ATTN: Mr. Stuart Goza -A= (?rz-MMOK 42335
P. 0. Box P, MS 440 .. C'C OE11B-02242-HM680
Oak Ridge, TN 37831 C R C ER NU~M BE- 8 17

PAGE____ OF___

Sample Description: VBLK1 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concent rati on
Compound (ucj/liter) Compound (ug/liter)

chloromethane 10 U 1,2-dichloropropane 5 U
brornomethane 10 U ci s-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibromochloromethane 5 U
methylene chloride 5 0 1,1,2-trichioroethane 5 U
acetone 10 LI benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichioroethene 5 1U bromoform 5 U
1 ,1-dichloroethane 5 U 4-methyl -2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 11/22/88
Dilution Factor: 1

This method blank applies to the following samples: 5308, 5307, 5307 MS, 5306,
5307 MSD.

A~:Vv.'1~:y Laboratory Manager



~jINTERNATION4AL ANALYTICAL
TECHNOLOGY
CORPORATION S R IE

'5515 Mi~dlecrCok Pike a Kncxville. Te-i-essee 37a21 *'~5 ~*21~

CER~TIFICATE OF ANALYSIS

* X artii Melarietta Energy Systems, Inc. A 7 C, 7'-': January 9, 1989
ATTN: S. R. Rizk, K-25 ? COEWCO MMOK 42490
P. 0. 3ox 2003 C .ZNZ! "B7 118-02242-TU880
Oak Ridge, TN 37831-7440 PAGE...L...I.. CF 11..

Sample Description: VBLK1 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concent rati on Concentration
Comnoo.ind (vg/liter) Compound (ug/liter)

chloromethane 10 U 1,2-dichioropropane 5 U
bromonethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichioroethene 5 U
chloroethane 10 U dibromochloromethane 5 U
methylene chloride 5 U 1,1,2-trichioroethane 5 U
acetone 10 U benzene 5 U
carbon disilfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichioroethane 5 U 4-methyl -2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
s ampl1e.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 12/20/88
Dilution Factor': 1

This method blank applies to the following samples: 5309, 5309 11S, 5309 14SD.

Laboratory Manager



INTERNATIONAL ANALYTICAL--
TECHNOLOGYCORPORATION

CERTIFICATE OF ANALYSIS

-C Martin '4arietta Energy Systems, Inc. ZA 7--: 77D January 9, 1989
ATTN: S. R. Rizk, K-25 RC.CrC©,E MMOK 42490
P. 0. Box 2003 CRE. NUMBER 11B-02242-TU880
Oak Ridge, TN 37831-7440 ?AG--4__ O 11

Sample Description: VBLK2 (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Compound (ug/liter) Compound (ug/liter)

chloromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibromochloromethane 5 U
methylene chloride I J 1,1,2-trichloroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bronoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 12/21/88
Dilution Factor: 1

This method blank applies to the following samples: 5312, 5310, 5311.

Laboratory Manager

1-86



Ej] ERNATIONALU ANALYTICAL
TECHNOLOGYSRVCS'

5815 Middlebrcck P~ke a Knioxville. Te!-ressee -7921, 61,-~-6O

CERTIFICATE OF ANALYSIS
Mlar':,n Marietta Lnergy 5ystems, inc. Quly 22, 19BE

7.ATTN: Mr. Stuart Gaza 'A ~~ MMOK 41496
P. 0. Box P, MS 440 ?!RCJ7EC7CC-0E: 1IB-02242-HM-514 &518
Oak Ridge, T4 37831 C R.: --2NMBE2: 8 61

PAGE - OF___

Sample Desciption: VBLK1 (Soil)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (ug/kg dry weight) Comcound (ual/kg dry weight

chloromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chioroethane 10 U dibromochloromethane 5 U
methylene chloride 5 U 1,1,2-trichioroethane 5 U
acetone 15 benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1 ,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-rethyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chlorofori 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2;-tetrachloroethane 5 U
2-butanone 10 U toluenet 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.

' ate Analyzed: 06/23/88
Dilution Factor: 1

This method blank applies to the following sample: 5033.

A.pvat upera y~ns manager 4/--



INTERNATIONAL ANALYTICAL -

TECHNOLOGYCORPORATION SERVICES
5815 Middetrcok Pike e Kncxvile. Tenressee 37921 6115-588-6401

CERTIFICATE OF ANA LYSIS

Martin Marietta Energy Systems, Inc. July 22, 1988
rC ATTN: Mr. Stuart Goza ZA7 E.G17E: MMOK 41496

P. 0. Box P, MS 440 ?!OJREC7CODE: 11B-02242-HM-514 & 518
Oak Ridge, TN 37831 CRE2. NUMEER: 10 61

PAGE.__ OF

Sample Description: VBLK2 (Soil)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (ug/kg dry weight) Comoound (ug/kg dry wei gi

chloromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibromochloromethane 5 U
methylene chloride 5 U 1,1,2-trichloroethane 5 U
acetone 2 J benzene 5 U
carbon disulfide 5 U trans-l,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachioroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene; 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for t1!
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 06/24/88
Dilution Factor: 1

This method blank applies to the following samples: 5034, 5035, 5036, 5036 MS,
5036 MSO, 5037.

Arrvpd y Operations Manager6./

W--88
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* INTERNATIONAL ANALYTICAL -
TECHNOLOGY 

-NA1Y°IC-1
CORPORATION SERVICES

5815 MidClebrcck Pike e Knoxvile. Terressee 37921 , 615-588-6,:01

CERTIFICATE OF ANALYSIS
Martin Marietta Energy Systems, Inc. July 22, 1988

*c* ATTN: Mr. Stuart Goza :A7--RE.=tRTED: MMOK 41496
P. 0. Box P, MS 440 P!ZC!, CODE: IIB-02242-HM-514 & 518
Oak Ridge, TN 37831 C ZE.R:NMBEZ: 16 61

PAGE - CF

Sample Description: VBLK3 (Soil)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (uq/kg dry weight) Comoound (ug/kg dry weight

chloromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibromochloromethane 5 U
methylene chloride 5 U 1,1,2-trichloroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2"-tetrachloroethane 5 U
2-butanone 10 U toluene' 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 2 J

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 06/24/88
Dilution Factor: 1

This method blank applies to the following samples: 5038, 5039, 5041.

7.1to
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E]INTrRNATIONAL ANALYTIC AL
TECHNOLOGY
CORPORATION SRIE

5815 Midalebrock Pike e Kncxville, Tennessee 27921 6 145-.641

CERTIFICATE OF.AN.ALYSIS
Martin Marietta--Energy Systems, Inc. July 22, 1988

*~ATTN: Mr. Stuart Goza Z:A7-zEPCIP720: MMOK 41496
P. 0. Box P, MS 440 ?!CJ7EC7CC0DE: 118-02242-HM-514 & 518
Oak Ridge, TN 37831 CRCERNU.MBE. 20 61

PAGE____ CF ___

Sample Description: VBLK4 (Soil)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentrati on
Comoound. (uglkg dry weight), Comoound (ug/kg dry weig :1.

chloromethane 10 U 1,2-dichioropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroet, ne 10 U dibromochioromethane 5 U
methylene chloride 1 3 1,1,2-trichloroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichioroethene (total) 5 U 2-hexanone 10 U
chloroform. S U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene% 5 5U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for t
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 06/27/88
Dilution Factor: 1

This method blank applies to the following samples: 5040, 5042, 5043, 5044, 5046,
5047, 5045, 5048.

Acr~rt t pe 10 m anagi



INENATIONAL ANALYTICAL
TCHNOLOGY SRIE

5815 MiddlecrcCk P'ke * K~noxville. Terressee -12-21 a 515-588-6401

CERTIFICATE OF ANALYSIS
m~artin Flarietta Energy Systemns, Jn. uly ZZ, i988-
ATTN: Mr. Stuart Gaza AE ECZ: MMOK 41496
P. 0. Box P, MS 440 1rC:E!--C C DE: IIB-02242-HM-514 & 518
Oak Ridge, TN 37831 C7CZ.NLWBE: 29 61

PAGE-___ OF ___

Sample Description: VBLK5 (Soil)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comcound (ualkg dry weight) Cornoound (pg/kg dry weiah-

chloromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chlorcethane 10 U dibromochloromethane 5 U
methylene chloride 8 1,1,2-trichloroethane 5 U
acetone 3 J benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2:-tetrachloroethane 5 U
2-butanone 10 U toluene% 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Comoound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 06/27/88
Dilution Factor: 1

This method blank applies to the following samples: 5049, 5050, 5051.

Arr.-cVP<1 y uLerat ons manaqer



INj IER.ATIQNAL ANALYTICALTECHNOLOGY SRIE

5815 Smicclecrock Pike * Knoxville. Tennessee 379271 61 5-588-64C1

CER~TIFICATE OF ANALYSIS
-ti~n Marietta Energy Systems, Inc. July 2Z, 1988

ATTN: Mr. Stuart Goza :A~w~: MMOK 41496
P. 0. Box P, MS 440 Pr'c._C C'CE; 118-02242-HM-514 & 518
Oak-Ridge, TN 37831 C F 'E 'ZN LUBE Z: 33 61

FAGE-___ CF ___

Sample DesCription: VBLK6 (Soil)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentratior
Gomoound (uq/kg dry weight) Cornoound (uqlkg dry weic

chloromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibromochloromethane 5 U
methylene chloride 3 J 1,1,2-t1richloroethane 5 U
acetone 4 J benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroformi 5 U tetrach.loroethene 5 U
1,2-dichioroethane 5 U 1,1,2,2 -tetrachloroethane 5 U
2-butanone 1 J toluene% 5U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene I1J
bromodichloromethane 5 U total xylenes 1 J

U - Compound was analyzed for but not detected. The number is the detection limit for t,.e
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 06/29/88
Dilution Factor: 1

This method blank applies to the following samples: 5052, 5053.

Arprrvea y 9perations managqer
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INTER NATIONALANLIICL
CHNOLOGYSERVICES

5815 MidcoKPke e Knoxville. Tennressee 17C-21 6 1 5-588-6-IC1

CER~TIFICATE OFA.N.AlYSIS

Martin Marietta Energy Systems, Inc. July 22, 1988
C* ATTN: Mr. Stuart Goza A7 Z EFC 7Z MMOK 41496
P. 0. Box P, MS 440 ?CE ZE. 11B-02242-HM-514 &518
Oak Ridge, TN 37831 CRCE. NUMSE.Z: 36 61

PAGE -___ CF ___

Sample Description: VBLK7 (Soil)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentrati on Concentration
Ccmoound (ug/kg dry weight) Comoound (ug/kq dry weigh:

chloromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibromochloromethane 5 U
methylene chloride 5 U 1,1,2-trichloroethale 5 U
acetone 2 J benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropele 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-peltanorne 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform.. 5 U tetrachloroethene 5 U
1,2-dichloroethale 5 U 1,1,2,2-tetrachloroethale 5 U
2-butanone 10 U toluene' 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U -Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J -Indicates an estimated value less than the detection limit.

Date Analyzed: 06/30/88
Dilution Factor: 1

This method blank applies to the following samples: 5053 DL, 5056, 5058, 5059, 5060,
5061, 5062, 5063, 5063 MS, 5063 MSD, 5057.

DL Dilution

$Aprcef 0petions Managei,/



F~INTERNATIONALANL ICL
TECHNOLOGY-
CORPORATIONSEVCS/

5815 Micdlecrock P ke * Knoxville. Tennessee 37921 6 15-588-641

CERTIFICATE OF AINALYSIS

rc- Martin Marietta Energy Systems, Inc. 1)A7' 'EPORTE: August 2, 1988
ATTN: Mr. Stuart Goza PRICJEC7 CCCE: MMOK 41507
P. 0. Box P, MS 440 C REZEN UM BE. : 11B-02242-HM519 & HM524
Oak Ridge, TN 37831 PAGE 7 OF 5

Sample Description: VBLK1 (Soil)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (ug/kg dry weight) Comoound (ug/kg dry weigfic)

chloromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1.,3-dichloropropene 5 U
vinyl chloride 10 U trichioroethene 5 U
chloroethane 10 U dibromochloromethane 5 U
methylene chloride 2 J 1,l,2-triciloroethane 5 U
acetone 5 J benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-nethyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachioroethene - 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichioroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
Sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 06/24/88
Dilution Factor: 1

This method blank applies to the following samples: 5065, 5066, 5067.

APmveIfy rY tXrtions Manager~

I~~~~P.'fl~~~~~ iAO~?n'r.:'~:r ~':ccl n - em 41



E~INTERNATIONAL ANALYTICALI TECHNOLOGY
CORPORATION SERVICES

5815 MidaleoroCk P:ke e Knoxville. Terressee 37921 5 15-588-6401

t CERTIFICATE OF ANMaIYSIS

1C Martin Marietta Energy Systems, Inc. CA TE -EGR -1- : August 2, 1988
ATTN: Mr. Stuart Gaza ?!EZCJEZ=CODE: MMOK 41507
P. 0. Box P, MS 440 CRERENUMBE"Z: IIB-02242-HM519 & HM524
Oak Ridge, TN 37831 PAGE....J I~ I OF CZ

Sam~ple Description: VBLK2 (Soil)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (uo/kg dry weight) Comoound (uglkg dry weight'

chloromethane 10 U 1,2-dichioropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibrornochloromethane 5 U
methylene chloride 5 U. 1,1,2-trichloroethane 5 U
acetone 4 J benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropeie 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichloroethenle (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichioroethane 5 U 1,1,2,2-tetrachioroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichioroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 06/25/88
Dilution Factor: 1

This method blank applies to the following samples: 5068, 5069, 5070, 5071, 5072, 5073.

AitC~? ~ /Perations Marr 6er



INTERNATIONAL ANALYTIC AL
TECHNOLOGYSEV ES-

5815 Midd~eCrcck Pke * Knoxville. Terressee 37921 6 15- 588-3-1

CER~TIFICATE OF AINALYSIS

L artin Marietta Energy Systems, Inc. PRCJz7ECRCZ-D August 2, 1988
ATTN: Mr. Stuart Goza CRE~UB.: MMOK 41507
P. 0. Box P, MS 440 CRAGUM E"Z 11 HM524
Oak Ridge, TN 37831--I

Sam~ple Description: VBLK3A (Soil)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (ug/kg dry weight) Comoound (ug/kg dry weight'

chloromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibromochloromethane 5 U
methylene chloride 5 U 1,1,2-trichioroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromof orm 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichioroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachioroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for t'a
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 06/28/88
Dilution Factor: 1

This method blank applies to the following samples: 5074, 5075, 5076.

Ar~ro~lby Opetations Manager4!

~ As~ ~ t: vvri n. r--. : n e mlcr~l



IN TERNATIONAL ANALYTICAL
CORPORATION S R I E

5815 Midebrock Pike a Knoxville. Tennessee 37921 *615-588-6401i

CERTIFICATE OF NIALYSIS

o: Martin Marietta Energy Systems, Inc. :,A77- RECFRTEZ: August 2, 1988
ATTN: Mr. Stuart Goza ?IZC.TEC CE. MMOK 41507
P. 0. Box P, MS 440 C1'DEZ NUMBER: 11B-02242-HM519 & HM524
Oak Ridge, TN 37831 PAGE.Z.... 29 F ... 5

Sample Description: VBLK5 (Soil)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (ug/kg dry weight) Comoound (ug/kg dry weight'

chioromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibromochlor-omethane 5 U
methylene chloride 5 U 1,1,2-trichioroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl--2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 06/29/88
Dilution Factor: 1

This method blank applies to the following samples: 5082, 5083, 5084, 5086, 5087, 5088.

dp r-ations Manage?(



[~INT RNAT IONAL ANALYTICAL
CORPORATION SERVICES

5815 miacaecrOCk ?-ke * K(noxville. Tennessee.77921. 6'15~-588--:0O1

CERTIFICATE OF A-NALJYSIS

.0. Martin Marietta Energy Systems, Inc. D : E? ?C R. -- : August 2, 1988
ATTN: Mr. Stuart Goza PrCJE-C ,CC DE. MMOK 41507
P. 0. Box P, MS 440 C~ENUMSE1: 11B-02242-HM5i9 & HM524
Oak Ridge, TN 37831 PAGE..1.5 OF ...56

Sample Description: VBLK6 (Soil)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentratior
Cc-moound (uq/kg dry weight) Comoound (ug/kg dry weignt.

chloromethane 10 Ii 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chioroethane 10 U dibromochloromethane 5 U
methylene chloride I 3 1,J,2-trichloroethane 5 U
acetone 5 3 benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-m~ethyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 1 3
chloroform, 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride S U ethylbenzene 5U
vinyl acetate 10 U styrene5U
bromodichloromethane 5 U total xylenes 5 U

U -Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J Indicates an estimated value less than the detection limit.

Date Analyzed: 06/30/88
Dilution Factor: 1

This method blank applies to the following samples: 5089, 5090, 5091, 5092.

ty perations Manag! r



IN7E.NATIONAL N L TC L/-

CRPORATION SERVICES
581 MidlerioK 'ke o Knoxville. Tennessee 37921 5 15-583-6aoi

CERTIFICATE OF ANAL-YSIS

r0: M1artin Marietta Energy Systems, Inc. DA~ClE:August 2, 1988
ATTN: Mr. Stuart Gaza Pf.WjE=cTc cE: MMOK 41539
P. 0. Box P, MS 440 CIZCER NUMBE2: 11B-02242-HM530
Oak Ridge, TN 37831 PAGE..i..OF 21

Sample Description: VBLK2 (Soil)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (ug/kg dry weight) Comocund (ug,/kg dry weight'

chioromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibromochloromethane 5 U
methylene ch'loride 5 U 1,1,2-trichloroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichlorcethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichioroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U -Compound was analyzed for but not detected. The number is the detection limit for the
Sample.

J -Indicates an estimated value less than the detection limit.

Date Analyzed: 07/01/88
Dilution Factor: 1

This method blank applies to the following samples: 5135, 5136, 5140, 5145, 5151, 5148.

7"



E INTERNATIONAL ANALYTIC AL
TECHNOLOGY
CORPORATION SERVICES

5815 MidClebrock PRke * Knoxville. Tennessee.37921 6 615-588-6401

CER~TIFICATE OIFAN.ALYSIS

~o Martin Marietta Energy Systems, Inc. DAEEC~E: August 4, 1988
ATTN: Mr. Stuart Goza ?DJE. CDE MMOK 41482
P. 0. Box P, MS 440 CRCEZ NUBE: 118-02242-HM515
Oak Ridge, TN 37831 PAGE 8 OF 56

Sample Description: VBLK3 (Soil)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound .(;zg/kg dry weight) Comoound (ug/kg dry weigh-)

chioromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibromochloromethane 5 U
methylene chloride 5 U 1,1,2-trichloroethane 5 U
acetone 10 benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-,nethyl-2-pentanone 10 U
1,2-dichloroethene (total) S U 2-hexanone 2 J
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 06/23/88
Dilution Factor: 1

This method blank applies to the following samples: 5000 (1:5), 5013, 5014, 5000 MS
(1:125), 5000 MSO (1:125).

A~prcvedby&' Laboratory Manager

1(Ole



INTERNATIONAL ANALYTICAL
CORPORATION SERVICES /7Y

4 5815 Middletrock P~ke * Knoxville, Tennessee 37921 6 15-588-641

CERTIFICATE OF ANALYSIS

7,Martin Marietta Energy Systems, Inc. :1A=RRD*:1 August 4, 1988
ATTN: Mr. Stuart Goza ? CJE CZE: MMOK 41482
P. 0. Box P, MS 440 CRDE.R.NUMBER: 118B02242-HM515
Oak Ridge, TN 37831 PA.GE 13 CF 56

Sample Description: VBLK4 (Soil)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (ug/kg dry weight) Comoound ('jIg/kg dry weight'

chloromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibromochioromethane 5 U
methylene chloride 5 U 1,1,2-trichioroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U b rono fo ra 5 U
1,1-dichioroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichlorornethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 06/24/88
Dilution Factor: I

This method blank applies to the following samples: 5015, 5016, 5019, 5000 (1:125) RE.

AprV-11W Laboratory Manager

PJ~ ...... ).'*~r.....................................!



ITERNATIONAL ANALYTICAL
SERVICES

5815 Middlebrook Pike e Knoxville. Tenr~essee 37921 5 615-5-88-6401

CERTIFICATE OF ANALYSIS

70. Martin Mari etta Energy Systems, Inc. CA7E EZi-CR7E: August 4, 1988

ATTN: Mr. Stuart Gaza ?RCEZ700CDE: MMOK 41482

P. 0. Box P, MS 440 C R CE. ZNZWBER 7: IIB-02242-HM515

Oak Ridge, TN 37831 P.AGE .. 17 -OF 56

Sample Description: VBLK5 (Soil)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound ('ag/kq dry weight) Comoound (ug/kg dry weigiit,

chloromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibromochloromethane 5 U

methylene chloride 1 J 1,1,2-trichloroethane 5 U
acetone 7 J benzene 5 U

carbon disulfide 1 J trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10 U
1 ,2-di chl oroethene (total) 5 U 2-hexanone 10 U
chloroform 2 J tetrachloroethele 5 U

1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U

1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene U

bromodichloromethane 5 UJ total xylenes 5 U

U -Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J -Indicates an estimated value less than the detection limit.

Date Analyzed: 06/24/88
Dilution Factor: 1

This method blank applies to the following samples: 5020, 5021, 5023, 5024, 5025.

Ar~pmvd bW Laboratory Manager

Tie

F.- 10()
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INTERNATIONAL ANALYTICALH ETECHNOLOGY
__ _CORPORATION SERVICES

5815 MiddeoroCk Pke 9 Knoxville, Tennessee 37921 *615588-6401

CERTIFICATE OF ANALYSIS

~c Martin Marietta Energy Systems, Inc. D 7~-: August 4, 1988
ATTN: Mr. Stuart Gaza PROE7 CE MMOK 41482
P. 0. Box P, MS 440 CRCE-ZNbMBE:-: 11B-C2242-HM515
Oak Ridge, TN 37831 PAGE 22 CF 56

Sample Description: VBLK6 (Soil)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (ug/kg dry weight) Comoound (ug/kg dry weight'

chloromethane 10 U 1,2-dichloropropane 5 U
bromornethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroeth~ene 3
chioroethane 10 U dibromochloromethane 5 U
methylene chloride I J 1,1,2-trichioroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U brornoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 1 J tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 07/01/88
Dilution Factor: 1

This method blank applies to the following samples: 5027, 5028, 5029, 5030, 5031, 5032,
5022 (1:5), 5032 MS, 5032 M.SQ.

AC;rrv-l t Laboratory Manager



EjINTERNATIONAL ANALYTICAL
TECHNOLOGY
CORPORANTION SERVICES

5815 Middlebrook Pike e Knoxville. Tennessee 217921 6 615-5a88-610 1

CER~TIFICATE OF ANALYSIS

c* Martin Marietta Energy Systems, Inc. AT ERD: August 4, 1988
ATTN: Mr. Stuart Gaza PRZC:ECODE MMOK 41482
P. 0. Box P, MS 440 C R!E 7 NUM B E: 1IB-02242-HM515
Oak Ridge, TN 37831 PAGE 32 OF 56

Sample Description: VBLK7 (Soil)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (ug/q~k dry weight) Comoound (uglkg dry weighr.)

chioromethane 10 U 1,2-dichioropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibromochioromethane 5 U
methylene chloride 5 U 1,1,2-trichloroethane 5 U
acetone 4 J benzene5
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U brornoforrn 5 U
1,1-dichiloroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichioroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachioroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachioroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichioromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 07/02/88
Dilution Factor: 1

This method blank applies to the following sample: 5022 (Rerun).

APPV-dtY/ Laboratory Manager

Ale,



INTERNATIONAL ANALYTICAL
TECHNOLOGY
CORPORATION SERVICES "S.. -

5815 Middlecrcck Pike e Knoxville. Tennessee 37921 5-5-588-6401

CERTIFICATE OF ANTALYSIS

.c- Martin Marietta Energy Systems, Inc. DA722ECRTED: August 4, 1988
ATTN: Mr. Stuart Goza ?.C:ECTCODE: MMOK 41549
P. 0. Box P, MS 440 CIRZERNMBE2: 11B-02242-HM525
Oak Ridge, TN 37831 PAGE___&8. CF 83

Sample Description: VBLK1 (Soil)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (ug/kg dry weight) Comoound (ug/kg dry weight'

chloromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibromochloromethane 5 U
methylene chloride 5 U 1,1,2-trichloroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chlorofori 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 07/01/88
Dilution Factor: I

This method blank applies to the following samples: 5001, 5002.

prod by Laboratory Manager
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INTERNATIONAL ANALYTIC AL
TECHNOLOGY
CORPORATION SERVICES "

5815 Middlebrook Pike * Knoxville. Tennessee ,7921 915-588-6,01

CERTIFICATE OF ANALYSIS

7C Martin Marietta Energy Systems, Inc. DATE -ECR7,_ August 4, 1988
ATTN: Mr. Stuart Goza P RC C C E: MMOK 41549
P. 0. Box P, MS 440 CIZCER NLMBE;Z: 11B-02242-HM525
Oak Ridge, TN 37831 PAGE 11 CF 8 1

Sample Description: VBLK2 (Soil)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentratior
Comoound (ug/kg dry weight) Comoound (ug/kg dry wei .t

chloromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibromochloromethane 5 U
methylene chloride 5 U 1,1,2-trichloroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-rethyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 2 J
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for tie
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 07/04/88
Dilution Factor: 1

This method blank applies to the following samples: 5003, 5004, 5005, 5006, 5007, 5008.

A prnv d -Iy Laboratory Manager

7;}tlp
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E~IINTERNATIONAL ANALYTICAL
E...5TECHNOLOGY

CQRPORAIO0N SERVICES
5815 Middlebrock Pike 9 Knoxville. Tennessee 37921 *615-588-6401

CERTIFICATE OF.AN.AlYSIS

'C: Martin Marietta Energy Systems, Inc. D7EIT: August 4, 1988
ATTN: Mr. Stuart Gaza ?RZCJEC-rCODE: MMOK 41549
P. 0. Box P, MS 440 CROERNUMBER: 11B-02242-HM525
Oak Ridge, TN 37831 PAG 18 OF 83

Sample Description: VBLK4 (Soil)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (ug/kql dry weight) Comoound (ugIkg dry weight,

chioromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dfbromochloromethane 5 U
methylene chloride 5 U 1,1,2-trichloroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane S U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 07/06/88
* Dilution Factor:1

This method blank applies to the following samples: 5009, 5010, 5012, 5153, 5154, 5155.

A~rrvedb/ Laboratory Manager



[ INTERNATIONAL ANALYTICAL --
TECHNOLOGYCORPORATON S ERVI CE S

5815 Middleorock Pike * Kncxville. Tennessee 37921 * 615-588-6401

CERTIFICATE OF ANALYSIS

,c Martin Marietta Energy Systems, Inc. DAEp--D August 4, 1988
ATTN: Mr. Stuart Goza PtCJ CODE: MMOK 41549
P. 0. Box P, MS 440 CQCE.NBE": IIB-02242-HM525
Oak Ridge, TN 37831 PAGE 25 OF 83

Sample Description: VBLK5 (Soil)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentrati on Concentration
Comocund (ug/kg dry weight) Comoound (ug/kg dry weight)

chloromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibromochloromethane 5 U
methylene chloride I J 1,1,2-trichloroethane 5 U
acetone 2 J benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 07/05/88
Dilution Factor: I

This method blank applies to the following samples: 5163, 5163 MS, 5163 MSD, 5162, 5160,
5159, 5157, 5156.

Acrd byj Laboratory Manager

!--v n N' ', r-i.'

. . . . ."'A. .. ,



I7
~NLENA T IONAL ANALYTICAL

L!CCRPORATION SERVICES
5815 miccjlebrock P-e * Knoxville. Ter'essee 21792! 6'55826-:01

CERTIFICATE OF AN.AIYSIS

ro Martin Marietta Energy Systems, Inc. c;-=7E= RC~7 August 11, 1983
ATTN: Mr. Stuart Goza ?7,CjE=CCCE. MMOK 41517
P. 0. Box P, MS 440 C RCER VCM BE. : IIB-02242-HM520
Oak Ridge, TN 37831 ?a.GE 11 OF.52

Sam~ple Description: VBLK1C (Soil)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Cornoound (ug/ka dry weight) Cornoound (uaq/ka dry weight

chloromethane 10 U 1,2-dichloropropane U
bromornethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichioroethene 5 U
chloroethane 10 U dibromoc'nloromethane 5 U
methylene chloride 5 1,1,2-trichloroethane 5 U
acetone 6 3 benzene 5 U
carbon disulfide 5 U trans.-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichioroethane 5 U 4-riethyl-2-pentanone 10 U
l,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 43J
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 1 1

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 07/01/88
Dilution Factor: 1

This method blank applies to the following samples: 5095, 5097, 5097 MS, 5097 MSO, 5121.

Laboratory Manager



INTERNATIONAL AAYIA
TECHNOLOGY ANERVICS

5815 MiACetrcc; Knoxville. Te'nessee 379,7" *,78-6o

cERTI. iCATE OF AN.IYSIS

7C Martin Marietta Energy Systems, Inc. : 7TRC--7D August 11, 1988
ATTIN: Mr. Stuart Gaza -- o:EZ C cc;-:. MMOK 41517
P. 0. Box P, MS 440 C '( --: NU:M 3ER: 118-02242-HM520
Oak Ridge, TN 37831 E 15i CF 62

Sample Description: VBLKID (Soil)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Compound (ug/kg dry weight) Cormound (ug/kg dry weight)

chloromethane 10 U 1,2-dichioropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibromochloromethane 5 U
methylene chloride 3 J 1,1,2-trichioroethane 5 U
acetone 4 J benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichioroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachioroethane 5 U
2-butanone 10 U toluene 3 J
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for tho
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 07/02/8
Dilution Factor: 1

This method blank applies to the following samples: 5093, 5094, 5096, 5098, 5100.

Laboratory Manager

A~~ A 17A



INTERNATIONAL ANALYTICAL
TECHNOLOGY ANALYTICAL
CORPOR.ATION SERVICE S

5815 Midctezrcc- P'Ke K i-cxvlle, Teinessee 3792, - :5-588-34G1 ."

CERTIFICATE OF ANALYSIS

Martin Marietta Energy Systems, Inc. P ,TCzE August 11, 1988
ATTI: Mr. Stuart Goza MMOK 41517

P. 0. Box P, MS 440 113-02242-HM520Oak Ridge, TN 37831 ... Gr2

Sample Description: VBLK!B (Soil)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (ug/kg dry weight) Comoound (ug/kg dry weight

chloromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride I0 U trichloroethene 5 U
chloroethane 10 U dibromochloromethane 5 U
methylene chloride I J 1,1,2-trichloroethane 5 U
acetone 6 J benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10 j
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 07/01/88
Dilution Factor: I

This method blank applies to the following samples: 5125, 5125 MS, 5125 MSD, 512?,
5127, 5129, 5126, 5128.

Laboratory Manager

4__7



INTERNAT IONAL ANALYTICAL
TECHNOLOGY SRIE

4815 Midc!e~rcc P,- ~e Knroxville. Te'-res-zee 37921 *~5586C

CER.T FICATE OF ANALYSIS

7-C Martin Marietta Energy Systems, Inc. A-,7E C ri7. August 11, 1983
ATTN: M'r. Stuart Gaza P 7c.,E .- c CDE. 1MMOK 41517
P. 0. Box P, MS 440 C RE RNUMI E-Z: 113-02242-Ht4520
Oak Ridge, TN 37831 ?AG E2In OF 62

SainpPie DeSC,'iptiOn: VBLK2 (Soil)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentrati on Concent rat ion
Comound (ujg/kg dry weight) Comocund (ug/kg d ry weiahtL'

chloromethane 10 U 1,2-dichloropropane 5 U
bromcmethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroeijhane 10 U dibromochloromethane 5 U
methylene chloride 5 U 1,1,2-trichloroethane 5 U
acetone 4 J benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2--pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachioroethane 5 U
2-butanone 10 U toluene 5 U
',1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for t'l
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 07/02/18
Dilution Factor: 1

This mnethod blank applies to the following samples: 5123, 5131.

Laboratory Manager

AAa



~j INTERNATIONAL ANALYTICAL -- ,*,-

TE:CHNOLOGY
CORPORATION SERVICE S

4-815 Middleorock P-ke * Knoxville. Terressee 37921 5 15-583-640'

CERTIFICATE OF AINALYSIS

7,- Martin Marietta Energy Systems, Inc. D A 77E P 0 R ED! August 11, 1988
ATTN: Mr. Stuart Goza ?1ZCJ-E=CE. MNOK 41517
P. 0. Box P, MS 440 C11ZCE.Z WM--E;Z: 11S-02242-HtM520
Oak Ridge, TN 37831 PAGE......331. CF 62..

Sample Description: VBLK6 (Soil)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (ug/kg dry weight) Comoound (ug/kg dry weight'

chioromethane 10 U 1,2-dichloropropane 5 U
brcmomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichioroethene 5 U
chloroethane 10 U dibromochioromethane 5 U
methylene chloride 5 U 1,1,2-t1richloroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichioroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U -Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J -Indicates an estimated value less than the detection limit.

Date Analyzed: 07/04/88
Dilution Factor: 1

This method blank applies to the following sample: 5130.

Apprve tyV aboratory Manager

7.r



INTERNATIONALANL ICL-HETECHNOLOGY
___CORPORATION SERVICE S

5815 Middlebrook Pike & Knoxville, Tennessee 37921 *615-588-6401

CERTIFICATE OF ANALYSIS

10. Martin Marietta Energy Systems, Inc. DEEPRD. November 1, 1988
ATTN: Mr. Stuart Goza P!qOJEC71CODE: MMOK 42062
P. 0. Box P, MS 440 ORDER NUMBE-: IIB-02242-HM644
Oak Ridge, TN 37831 PAGE 19 OF 57

Sample Description: VBLK1 (Soil)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comocund, (lug/kg dry weight) Compound (uglkg dry weight)

chioromethane 10 U 1 ,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichioroethene 5 U
chioroethane 10 U dibromochioromethane 5 U
methylene chloride 3 J 1,1,2-trichloroethane 5 U
acetone 10 benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichioroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 10 U
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,l,2,2-tetrachloroethane 5 U
2-butanone 1 j toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride' 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 10/06/8
Dilution Factor: 1

This method blank applies to the following sample: 5247.

AppMvwd1y tLaboratory Manager



SINTERNATIONAL ANALYTICAL
TECHNOLOGY . ~'
CORPORATION SERVICE S ,:

5815 Middlebrook Pike e Knoxville. Tennessee 37921 *615-588-6401

CERTIFICATE OF ANALYSIS

ro Martin Marietta Energy Systems, Inc. D7ERE'November 1, 1988

ATTN: Mr. Stuart Goza P.qOJECr CODE: MMOK 42062
P. 0. Box P, MS 440 0 R DER INUM BER: 118B02242-HM644
Oak Ridge, TN 37831 PAGE 21 OF 975L

Sample Description: VBLK3 (Soil)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (ualkg dry weight) Comoound (un/k2 dry weight)

chloromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
chloroethane 10 U dibromochloromethane 5 U
methylene chloride 1 J 1,1,2-trichloroethane 5 U
acetone 9 J benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
l,t-dichloroethane 5 U 4-rethyl-2-pentanone 10 U
1,2-dichioroethene (total) 5 U 2-hexanone 2 J
chloroform 5 U tetrachioroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
-sample.

'I-Indicates an estimated value less than the detection limit.

Date Analyzed: 10/13/88
Dilution Factor: 1

$This method blank applies to the following samples: 5250, 5250 MS, 5250 MSD, 5248, 5249.

APP-1v- ty ILaboratory Manager



EjINTERNATIONAL ANALYTICAL....TECHNOLOGY SRIE

5815 MideorcCk P~e a Kncxvile. Ternessee 3792~ 615- 588-6-'01

CERTIFICATE OF ANALYSIS

Martin Marietta Energy Systems, Inc. November 18, 1988
ATTN: Mr. Stuart Goza PRC11COCE' MMOK02423168
P. 0. Box P, MS 440 CRE NUME B 024 H68
Oak Ridge, TN 37831 PAGE 6 OF 1

Sample Description: VBLK2 (Soil)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
ComDound (jg/kg dry weight) Compound (ug/kg dry weight)

chloromethane 10 U 1,2-dichioropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichloroethene 5 U
':hloroethane 10 U dibromochloromethane 5 U
methylene chloride 1 J 1,1,2-trichloroethane 5 U
acetone 7 J benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichioroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl-2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 1 j
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichioromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 11/04/88
Dilution Factor: 1

This method blank applies to the following samples: 5295 3', 5295 3' MS, 5295 3' MSD,
5296 6', 5297 9'.

Laboratory Manager



3]INTERNATIONAL
TECHNOLOGY ANALYTICAL ~ -

CORPORATION SRIE
5815 Middlebook Pke * K~noxville. Tennessee 37921 *615-588-6401 -~L'

CERTIFICATE OF ANALYSIS

Martin Marietta Energy Systems, Inc. ZA 7- E PC R-iz: August 2, 1988
ATTN: Mr. Stuart Goza PRCJEC7 CCDE MMOK 41507
P. 0. Box P, MS 440 ORE2 E.NtUMBE"Z: 1IB-02242-HM519 & HM524
Oak Ridge, TN 37831 PAGE..2- OF r~.

Sam~ple Description: TCLP Blank Extraction (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (ug/liter) Comoound (ug/liter)

chioromethane 10 U 1,2-dichioropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichioroethene 5 U
chloroethane 10 U dibromochloromethane 5 U
methylene chloride S U 1,1,2-trichloroethane 5 U
acetone 11 terzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichioroethane 5 U 4-methyl-2-pentanone 1 J
1,2-dichloroethene (total) 5 U 2-hexanone 2 J
chloroform 5 U tetrachioroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 4 J toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vi'nyl acetate 10 U styrene 5 U
brornodichloromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for th-

J-Indicates an estimated value less than the detection limit.

Date Analyzed: 06/28/88
Dilution Factor: 1

I This method blank applies to the following samples: 5054, 5054 MS, 5054 MSD.

A~prved y "'Operations Mar' e



CiIIN'TERNATIONAL ANALYTICALLTECHNOLOGYSEVCST:
5815 Middlebrook Pike * Knoxville. 7enressee .37921 *61--488-6-101

CERTIFICATE OF.AINALYSIS

ro: Martin Marietta Energy Systems, Inc. DATE* E?CRTED: August 2, 1988
ATTN: Mr. Stuart Gaza ?!RCJrE-CTCODE; MMOK 41539
P. 0. Box P, MS 440 CRCE"NUMBE: 113-02242-HM530
Oak Ridge, TN 37831 PAE 1 OF ..... 21L...

Sample Description: TCLP ExtractiAon Blank (Water)

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (ug/liter)_ Comoound (ug/liter)

chloromethane 10 U 1,2-dichioropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichioroethene 5 U
chioroethane 10 U dibromochioromethane 5 U
methylene chloride 5 U 1,1,2-trichioroethane 5 U
acetone 10 U benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichloroethene 5 U bromoform 5 U
1,1-dichloroethane 5 U 4-methyl -2-pentanone 10 U
1,2-dichloroethene (total) 5 U 2-hexanone 2 J
chloroform 5 U tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane -5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichioromethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for trie
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 07/28/88
Dilution Factor: 1

This method blank applies to the following sample: 5141.

Acpve b / Laboratory Manager

Arcrede"I t -! P4,-.ecan 9



E IN-1ERNATIONAL ANALYTICAL
TCHNOLOGY SRIE

5815 Middleorook P0 ke 9 Knoxville. Tennessee 37921 * 1 5-488-6,IC I

CERTIFICATE OF ANALYSIS

10o Martin Marietta Energy Systems, Inc. C :A 71E ,ZE? CR-1zD: August 16, 1988
ATTN: Mr. Stuart Goza ?!RCEZCCE: MMOK 41517
P. 0. Box P, MS 440 CRC2 NMBE: IIB-02242-HM520
Oak Ridge, TN 37831 PAGE 50.S.L. OF 2..

Sample Description: TCLP Extraction Blank

VOLATILE ORGANIC TARGET COMPOUND LIST

Concentration Concentration
Comoound (,.q/liter) Comoound (ug/liter)

chloromethane 10 U 1,2-dichloropropane 5 U
bromomethane 10 U cis-1,3-dichloropropene 5 U
vinyl chloride 10 U trichioroethene 5 U
chloroethane 10 U dibrornochloromethane 5 U
methylene chloride 5 1,1,2-trichloroethane 5 U
acetone 22 benzene 5 U
carbon disulfide 5 U trans-1,3-dichloropropene 5 U
1,1-dichioroethene 5 U bromofori 5 U
1,1-dichioroethane 5 U 4-methyl-2-pentanone 24
1,2-dichioroethene (total) 5 U 2-hexanone 10 U
chloroform. 1 J tetrachloroethene 5 U
1,2-dichloroethane 5 U 1,1,2,2-tetrachloroethane 5 U
2-butanone 10 U toluene 5 U
1,1,1-trichloroethane 5 U chlorobenzene 5 U
carbon tetrachloride 5 U ethylbenzene 5 U
vinyl acetate 10 U styrene 5 U
bromodichlorornethane 5 U total xylenes 5 U

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.

Date Analyzed: 06/21/88
Dilution Factor: 1

Acpc ' Laboratory M~anage~r



INT--RNATIONAL ANALYTICAL
TECHNOLOGY SRIE

5815 Midetrcok Pke a Knoxville. Tenressee 317021 5. 65-5'88-6401

CERTIFICATE OF ANALYSIS

iro Martin Marietta Energy Systems, Inc. A7'.ZESD: August 17, 1988
*ATTN: Mr. Stuart Goza ?R~C' T=CODE: MMOK 41608
*P. 0. Box P, MS 440 CENUMBE".: IIS-02242-HM537

Oak Ridge, TN 37831PAE 1 OF3

Sample Description: SBLK1 (Water)

SEMI VOLATILE TARGET COMPOUND LIST

Concentration Concentration
Comoound (ug/liter) Comoound (ug/liter)

phenol 10 U bis(2-chloroethoxy)methane 10 U
bis(2-chloroethyl)ether 10 U 2,4-dichlorophenol 10 U
2-chioropohenol 10 U 1,2,4-trichlorobenzene 10 U
1,3-dichlorobenzene 10 U naphthalene 10 U
1,4-dichlorobenz-ene 10 U 4-chioroaniline 10 U
benzyl alcohol 10 U hexachiorobutadiene 10 U
1,2-dichlorobenzene 10 U 4-chloro-3-methylphenol 10 U
2-methylphenol 10 U 2-.methylnaphthalene 10 U
bisC2-chloroisopropyl)ether 10 U hexachiorocyclopentadiene 10 U
4-piethyiphenol 10 U 2,4,6-trichlorophenol 10 U
n-nitroso-di-n-propylamine 10 U 2,4,5-trichiorophenol s0 U
hexachloroethane 10 U 2-chloronaphthalene 10 U

* nitrobenzene 10 U 2-nitroaniline so U
isophorone 10 U dimethyl phthalate 10 U
2-ni trophenol 10 U acenaphthylene 10 U

*2,4-dimethylphenol 10 U 2,6-dinitrotoluene 10 c6
benzoic acid 50 U

Date Extracted: 07/12/88
Date Analyzed: 07/21/88
Dilution Factor: 1

U - Compound was analyzed for but not detected. The number is the detection limit for t-e
sample.

J1 - Indicates an estimated value less than the detection limit.

This method blank applies to the following samples. 5168, 5170.

Appovd b(VLaboratory Manager



rI
INTERNATIONAL ANALYTICALTECHNOLOGY

CORPORATION SERVICES

5815 Miccletrock Pike o Knoxville. Tenressee 37921 615-588-6401

CERTIFICATE OF ANALYSIS

7': Mar:in Marietta Energy Systems, Inc. :7-E E"CIR7ED: August 17, 1988
ATTN: Mr. Stuart Goza P.RCJZ-COE MMOK 41608
P. 0. Box P, MS 440 C R0 .EU'ZMEB: 11B-02242-HM537
Oak Ridge, TN 37331 PAGE IS OF 38

Sample Description: SBLK1 (Water)

SEMIVOLATILE TARGET COMPOUND LIST (continued)

Concentrati on Concentration
Comoound (ug/liter) Comoound (ug/liter)

3-nitroaniline 50 U anthracene 10 U
acenaphthene 10 U di-n-butylphthalate 10 U
2,4-dinitrophenol 50 U fluoranthene 10 U
4-nitrophenol 50 U pyrene 10 U
dibenzofuran 10 U butylbenzylphthalate 10 U
2,4-dinitrotoluene 10 U 3,3'-dichlorobenzidine 20 U
diethylphthalate 10 U benzo(a)anthracene 10 U
4-chlorophenyl-phenylether 10 U chrysene 10 U
fl uorene 10 U bis(2-ethylhexyl)phthalate 25
4-nitroaniline 50 U di-n-octylphthalate 10 U
4,6-dinitro-2-methylphenol 50 U benzo(b)fluoranthene 10 U
n-nitrosodiphenylaminel 10 U benzo(k)fluoranthene 10 U
4-bromophenyl-phenylether 10 U benzo(a)pyrene 10 U
hexachlorobenzene 10 U indeno(1,2,3-cd)pyrene 10 U
pentachlorophenol 50 U dibenzo(a,h)anthracene 10 U
phenanthrene 10 U benzo(g,h,i)perylene 10 U

Date Extracted: 07/12/88
Date Analyzed: 07/21/88
Dilution Factor: I

U - Compound was analyzed for but not detected. The number is the detection limit for th
sample.

J - Indicates an estimated value less than the detection limit.
I - Detected as diphenylamine.

" Laboratory Manager

9A1



I INT ERNATIONAL AAYIA
CORPORATION SERVICE S '3I

5815 Midd!ebrock P-ke e Knoxville. Tennessee 3792 * 615-588-6-101

CER~TIFICATE OF AINALYSIS

IC: Martin Marietta Energy Systems, Inc. C :A -E -EC R: August 18, 1988
ATTN: Mr. Stuart Goza F C.EOC - CE. MMOK 41624
P. 0. Box P, MS 440 C R CE2 B E R: 11B-02242-HM540
Oak Ridge, TN 37831 PG 3C

Sam~ple Description: S3LK1 (Water)

SEMI VOLATILE TARGET COMPOUND LIST

Concentration Concentration
Comoound (ug/liter) Compound (ug/liter)

phenol 10 U bis(2-chloroethoxy)methane 10 U
bis(2-chlorcethyl)ether 10 U 2,4-dichlorophenol 10 U
2-chlorophenol 10 U -1,2,4-trichlorobenzene 10 U
1,3-dichlorobenzene 10 U naphthalene 10 U
1,4-dichlorobenzene 10 U 4-chioroaniline 10 U
benzyl 'alcohol 10 U hexachiorobutadiene 10 U
1,2-dichlorobenzene 10 U 4-chloro-3-methylphenol 10 U
2-methyl phenol 10 U 2-methylnaphthalene 10 U
bis(2-chloroisopropyl)ether 10 U hexachiorocyclopentadiene 10 U
4-methyiphenol 10 U 2,4,6-trichlorophenol 10 U
n-nitroso-di-n-propylamine 10 U 2,4,5-trichlorophenol 50 U
hexachioroethane 10 U 2-chloronaphthalene 10 U
nitrobenzene 10 U 2-nitroaniline 50 U
isophorone 10 U dimethyl phthalate 10 U
2-nitrophenol 10 U acenaphthylene 10 U
2,4-dimethyiphenol 10 U 2,6-dinitrotoluene 10 U
benzoic acid 50 U

Date Extracted: 07/13/88
Date Analyzed: 07/21/88
Dilution Factor: 1

U - Compound was analyzed for but not detected. The number is the detection limit for t e
sample.

J - Indicates an estimated value less than the detection limit.

This method blank applies to the following sample: 5189.

Ap~C/e ~ Laboratory Manager

F - I'



INjTERNATIONAL AAYIAU CORPORATIOL
TECHNOLOGY SRIE

5815 Middlecrook Pike * Knoxville, Tennessee 327921 6 615-588-6-401

CERTIFICATE OF ANALYSIS

c Martin Marietta Energy Systems, Inc. 117k 'EC7Z August 18, 1988
ATTN: Mr. Stuart Gaza P'C E7 COOL~ MMOK 41624
P. 0. Box P, MS 440 C E.C--2NUM -'Z ': 1IB-02242-HM540
Oak Ridge, TN 37831 PAGE 14.L. CF .21....

Sample Oescription: SBLK1 (Water)

SEMI VOLATILE TARGET COMPOUND LIST (continued)

Concentration Concentration
Comocund (,.4a/liter) Comoound (ug/liter)

3-nitroaniline 5O U anthracene 10 U
acenaphthene 10 U di-n-butylphthalate 10 U
2,4-dinitrphenol 50 U fluoranthene 10 U
4-nitrophenol 50 U pyrene 10 U
dibenzofuran 10 U butylbenzylphthalate 10 U
2,4-dinitrotoluene 10 U 3,3'-dichlorobenzidine 20 U
diethylphthalate 10 U benzo(a)anthracene 10 U
4-chlorophenyl-phenylether 10 U chrysene 10 U
fi uorene 10 U bis(2-ethylhexyl)phthalate 10 U
4-nitroaniline 50 U di-n-octylphthalate 10 U
4,6-dinitro-2-methylphenol 50 U benzo(b)fluoranthene 10 U
n-ni trosodiphenyl ami nel 10 U benzo(k)fluoranthene 10 U
4-bromophenyl-phenylether 10 U benzo(a)pyrene 10 U
hexachlorobenzene 10 U indeno(1,2,3-cd)pyrene 10 U
pentachiorophenol 50 U dibenzo(a,h)anthracene 10 U
phenanthrene 10 U benzo(g,h,i)perylene 10 U

Date Extracted: 07/13/88
Date Analyzed: 07/21/88

j Dilution Factor: 1

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.
1 - Detected as diphenylamine.

g A~rov~I Laboratory Manager



INTERNATIONAL AAYIA
TECHNOLOGY
CORPORATION SERVICE S

5815 Middletrock P~ke K inoxville. Tenressee 3792', e 615-588-6401

CERTIFICATE OF AINALYSIS

C:Martin Marietta Energy Systems, Inc. CA:7 TE L' C r"7 --D: August 22, 1988
ATTN: Mr-. Stuart Goza PRCJ'E= COCE; MMOK 41649
P. 0. Box P, MS 440 CERDE.Z \R:V1ER: 118-02242-HM544
Oak Ridge, TN 37831 PAGE...16.. .. CF 41

Samiple Description: SBLK1 (Water)

SEMI VOLATILE TARGET COMPOUND LIST

Concentration Concentration
Comoound (uq/liter) Comoound (ug/liter)

phenol 10 U bis(2-chloroethoxy)methane 10 U
bis(2-chloroethyl)ether 10 U 2,4-dichiorophenol 10 U
2-chlorophenol 10 U 1,2,4-trichlorobenzene 10 U
1,3-dichlorobenzene 10 U naphthalene 10 U
1.4-dichlorobenzene 10 U 4-chioroaniline 10 U
benzyl alcohol 10 U hexachlorobutadiene 10 U
1,2-dichlorobenzene 10 U 4-chloro-3-methylphenol 10 U
2-methyiphenol 10 U 2-methylnaphthalene 10 U
bis(2-chloroisopropyl)ether 10 U hexachiorocyclopentadiene 10 U
4-methylphenol 10 U 2,4,6-trichiorophenol 10 U
n-nitroso-di-n-propylamine 10 U 2,4,5-trichiorophenol 50 U
hexachioroethane 10 Ul 2-chloronaphthalene 10 U
nitrobenzene 10 U 2-nitroaniline 50 U
isophorone 10 U dimethyl phthalate 10 U
2-nitrophen.jl 10 U acenaphthylene 10 U
2,4-dimethyiphenol 10 U 2,6-dinitrotoluene 10 U
benzoic acid 50 U

Date Extracted: 07/18/88
Date Analyzed: 07/21/88
Dilution Factor: 1

U - Compound was analyzed for but not detected. The number is the detection limit for t1
Sample.

J - Indicates an estimated value less than the detection limit.

This method blank applies to the following samples: 5214, 5217, 5218, 5219.

Appowd Ifl Laboratory Manager



I NTERNATIONAL ANALYTICAL
TECHNOLOGY

CORPORATION SERVICES
I5815 MiCdlebrock P:ke * Knloxville. Tennessee 37921 * 615-5-88-6-1IW

CERTIFICATE OF AUNAL-YSIS

ro: Martin Marietta Energy Systems, Inc. [)A-zEC R TzD: August 22, 1988
ATTN: Mr. Stuart Gaza PRCJECTCODE MMOK 41649
P. 0. Box P, MS 440 ORE-NrMBEI~ 11B-02242-HM9544
Oak Ridge, TN 37831 PAG 2 17 L..CF 41

Sample Description: SBLK1 (Water)

SEMIVOLATILE TARGET COMPOUND LIST (continued)

Concentration Concentration
Comoound (ug/liter) Comoound (u.g/liter)

3-nitroaniline 50 U anthracene 10 U
acenaphthene 10 U di-n-butylphthalate 10 U
2,4-dinitrophenol 50 U fluoranthene 10 U
4-nitrophenol 50 U pyrene 10 U
dibenzofurar 10 U butylbenzylphthalate 10 U
2,4-dinitrotoluene 10 U 3,3'-dichlorobenzidine 20 U
diethylphthalate 10 U benzo(a)anthracene 10 U
4-chlorophenyl-phenylether 10 U chrysene 10 U
fi uorene 10 U bis(2-ethylhexyl)phthalate 10 U
4-nitroaniline 50 U di-n-octylphthalate 10 U
4,6-dinitro-2-methylphenol 50 U benzo(b)fluoranthene 10 U
n-nitrosodiphenylaminel 10 U benzo(k)fluoranthene 10 U
4-bromophenyl-phenylether 10 U benzo(a)pyrene 10 U
hexachlorobenzene 10 U indeno(1,2,3-cd)pyrene 10 U
pentachlorophenol 50 U dibenzo(a,h)anthracene 10 U
phenanthrene 10 U benzo(g,h,i)perylene 10 U

Date Extracted: 07/18/8
Date Analyzed: 07/21/88
Dilution Factor: 1

U - Compound was analyzed for but not detected. The number is the detection limit for V
sample.

J - Indicates an estimated value less than the detection limit.
I - Detected as diphenylamine.

Apprnvpcij Laboratory Manager

j 7.



INT--RNATIONAL ANALYTICAL
CORPORATION SERVICES 7

5815 Midcle!Drcok Pke a Knoxville. Tennessee'1792. * 6!5-588-611

CER~TIFICATE OF AN.ALYSIS

ro: Martin Marietta Energy Systems, Inc. D)AT7EZE?CR~rED: August 11, 1988
ATTN: Mr. Stuart Goza ?ERCJJCOCE. MMOK 41517

pP. 0. Box P, MS 440 CREZ ENUlv-E.: IIB-02242-HM520
Oak Ridge, TN 37831 ?AGE..'if;...CF 62

Sample Description: SBLK1 (Water)

SEMI VOLATILE TARGET COMPOUND LIST

Concentration Concentrat ior
Comoound (uc/liter) Comoound (ug/liter)

phenol 10 U bis(2-chloroethoxy)methane 10 U
bis(2-chloroethyl)ether 10 U 2,4-dichlorophenol 10 U
2-chiorophenol 10 U 1,2,4-trichlorobenzene 10 U
l,3-dichlorobenzene 10 U naphthalene 10 U
1,4-dichlorobenzene 10 U 4-chloroaniline 10 U
benzyl alcohol 10 U hexachiorobutadiene 10 U
1,2-dichlorobenzene 10 U 4-chloro-3-methylphenol 10 U
2-methiylphenol 10 U 2-methylnaphthalene 10 U
bis(2-chloroisopropyl)ether 10 U hexachlorocyclopentadiene 10 U
4-methyl phenol 10 U 2,4,6-trichlorophenol 10 U
n-nitroso-di-n-propylamine 10 U 2,4,5-trichlorophenol 50 U
hexachloroethane 10 U 2-chloronaphthalene 10 U
nitrobenzene 10 U 2-nitroaniline 50 U
isophorone 10 U dimethyl phthalate 10 U
2-nitrophenol 10 U acenaphthylene 10 U
2,4-dirnethyiphenol 10 U 2,6-dinitrotoluene 10 U
benzoic acid 50 U

Date Extracted: 06/24/88
Date Analyzed: 07/08/88
Dilution Factor: 1

U - Compound was analyzed for but not detected. The number is the detection limit for t e
sample.

J - Indicates an estimated value less than the detection limit.

This method blank applies to the following samples: 5133, 5134.

Aprvot Laboratory Manager



ITERNATIONAL AAYIA~ CARPORATIOLTCHNOLOGY SRIE
5815 Middlebrook Pke e Knoxville. Tennessee 37921 o 615-588-6,101

CERTIFICATE OF ANALYSIS

ro Martin Marietta Energy Systems, Inc. 0 A TE RE?C R 7ED: August 11, 1988
ATTN: Mr. Stuart Goza PROJECT CODE: MMOK 41517
P. 0. Box P, MS 440 CRDER NUMBER: 1B-02242-HM520
Oak Ridge, TN 37831 PAGE..37. OF A..2...

Sample Description: SBLK1 (Water)

SEMI VOLATILE TARGET COMPOUND LIST (continued)

Concentration Concentration
Cornoound (',i/liter) Comoound (ug/liter)

3-nitroaniline 50 U anthracene 10 U
acenaphthene 10 U di-n-butylphthalate 10 U
2,4-dinitrophenol 50 U fluoranthene 10 U
4-nitrophenol 50 U pyrene 10 U
dibenzofuran 10 U butylbenzylphthalate 10 U
2,4-dinitrotoluene 10 U 3,3a-dichlorobenzidine 20 U
diethylphthalate 10 U benzo(a)anthracene 10 U
4-chlorophenyl-phenylether 10 U chrysene 10 U
fi uorene 10 U bis(2-ethylhexyl)phthalate 10 U
4-nitroaniline 50 U di-n-octylphthalate 10 U
4,6-dinitro-2-rnethylphenol 50 U benzo(b)fluoranthene 10 U
n-nitrosodiphenylaminel 10 U benzo(k)fluoranthene 10 U
4-bromophenyl-phenylether 10 U benzo(a)pyrene 10 U
hexachlorobenzene 10 U indeno(1,2,3-cd)pyrene 10 U
pentachlorophenol 50 U dibenzo(a,h)anthracene 10 U
phenanthrene 10 U benzo(g,h,i)perylene 10 U

Date Extracted: 06/24/88
Date Analyzed: 07/08/88
Dilution Factor: 1

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.
1 - Detected as diphenylamine.

j Arprove'lby 'Laboratory Manager

7 ! /.

............................



SINTERNATIONAL-mU. ~CHNLOGYANALYTICAL
L~CORPORATION SERVICES

5815 Middlebrook Pike o Knoxville. Tennessee 37921 9 615-588-01

CER~TIFICATE OF ANALYSIS

Io Martin Marietta Energy Systems, Inc. DAEIE07D August 23, 1988
ATTN: Mr. Stuart Goza PRO.JEC7 OODE MMOK 41655
P. 0. Box P, MS 440 ORDE MU AER: 11B-02242-HM545
Oak Ridge, TN 37831 PAGE..11LOF 33

Sample Description: SBLK1 (Water)

SEMI VOLATILE TARGET COMPOUND LIST

Concentration Concentration
Compound (ug/liter) Compound (ug/liter)

phenol 10 U bis(2-chloroethoxy)methane 10 U
bis(2-chloroethyl)ether 10 U 2,4-dichlorophenol 10 U
2-chlorophenol 10 U 1,2,4-trichlorobenzene 10 U
1,3-dichlorobenzene 10 U naphthalene 10 U
I,4-dichlorobenzene 10 U 4-chioroaniline 10 U
benzyl alcohol 10 U hexachlorobutadiene 10 U
1,2-dichlorobenzene 10 U 4-chloro-3-methylphenol 10 U
2-methylphenol 10 U 2-methylnaphthalene 10 U
bis(2-chloroisopropyl)ether 10 U hexachlorocyclopentadiene 10 U
4-methylphenol 10 U 2,4,6-trichlorophenol 10 U
n-nitroso-di-n-propylamine 10 U 2,4,5-trichlorophenol 50 U
hexachloroethane 10 U 2-chloronaphthalene 10 U
nitrobenzene 10 U 2-nitroaniline 50 U
isophorone 10 U dimethyl phthalate 10 U
2-nitrophenol 10 U acenaphthylene 10 U
2,4-dimethylphenol 10 U 2,6-dinitrotoluene 10 U
benzoic acid 50 U

Date Extracted: 07/19/88
Date Analyzed: 07/22/88
Dilution Factor: 1

U -Compound was analyzed for but not detected. The number is the detection limit for th-
sample.

J Indicates an estimated value less than the detection limit.

This method blank applies to the following samples: 5227, 5230, 5231, 5232.

Appovd / Laboratory Manager



INTENAO NAG L ANALYTICALf ITEHNOGY
CRPORATION SERVICES

5815 Middlebrook Pike * Knoxville. Tennessee 37921 *615-588-6401

CERTIFICATE OF ANALYSIS

7o Martin Marietta Energy Systems, Inc. DA7T- EPC17ED: August 23, 1988
ATTN: Mr. Stuart Goza PROCJECT CODE: MNOK 41655
P. 0. Box P, MS 440 ORDERNMBE: 11B-02242-HM545
Oak Ridge, TN 37831 PAGE. 12.A..OF 33

Sample Description: SBLK1 (Water)

SEMI VOLATILE TARGET COMPOUND LIST (continued)

Concentration Concentration
Compound (ug/liter) Compound (u~gliter)

3-nitroaniline 50 U anthracene 10 U
acenaphthene 10 U di -n-butyl phthal ate 10 U
2,4-dinitrophenol 50 U fluoranthene 10 U
4-nitrophenol 50 U pyrene 10 U
dibenzofuran 10 U butylbenzylphthal ate 10 U
2,4-dinitrotoluene 10 U 3,3'-dichlorobenzidine 20 U
diethylphthalate 10 U benzo(a)anthracene 10 U
4-chiorophenyl-phenylether 10 U chrysene 10 U
fi uorene 10 U bis(2-ethylhexyl)phthalate 10 U
4-nitroaniline 5O U di-n-octylphthalate 10 U
4,6-dinitro-2-methylphenol 50 U benzo(b)fluoranthene 10 U
n-nitrosodiphenylaminel 10 U benzo(k)fluoranthene 10 U
4-bromophenyl-phenylether 10 U benzo(a)pyrene 10 U
hexachlorobenzene 10 U indeno(1,2,3-cd)pyrene 10 U
pentachlorophenol 50 U dibenzo(a,h)anthracene 10 U
phenanthrene 10 U benzo(g,h,i)perylene 10 U

Date Extracted: 07/19/88
Date Analyzed: 07/22/88
Dilution Factor: 1

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J- Indicates an estimated value less than the detection limit.
1 - Detected as diphenylamine.

A ppooiy Laboratory Manager



j7 INTERNATIONAL AAYIATEmCHNOLOGY AAYIA
SCORPORATON SERVICES

5815 Middlebrook Pike * Knoxville. Tennessee 37921 *615.588-6401 4

CERTIFICATE OF ANALYSIS

:0 Martin Marietta Energy Systems, Inc. D~~OlD October 31, 1988
ATTN: Mr. Stuart Goza PR0jr-= CODE 11MOK24247 64
P. 0. Box P, MS 440 Cr-DrE.\JTNUMBER: 19B02439M4
Oak Ridge, TN 37831 PAGE 19 OF __

Sample Description: SBLK1 (Water)

SEMIVOLATILE HAZARDOUS SUBSTANCE LIST COMPOUNDS

Concent ration Concentration
Cornoound (uo/liter) Comoound (u(3/1 iter)

phenol 10 U bis(2-chloroethoxy)methane 10 U
bis(2-chloroethyl)ether 10 U 2,4-dichiorophenol 10 U
2-chlorophenol 10 U 1,2,4-trichlorobenzene 10 U
1,3-dicnloroben~ene 10 U naphthalene 10 U
1,4-dichlorobenzene 10 U 4-chloroaniline 10 U
benzyl alcohol 10 U 1--xachlorobutadiene 10 U
1,2-dichlorobenzene 10 U -chloro-3-methylphenol 10 U
2-methylphenol 10 U 2-methylnaphthalene 10 U
bis(2-chloroisopropyl)ether 10 U hexachlorocyclopentadiene 10 U
4-methyiphenol 10 U 2,4,6-trichiorophenol 10 U
n-nitroso-di-n-propylanine 10 U 2,4,5-trichlorophenol 50 U
hexachioroethane 10 U 2-chloronaphthalene 10 U
nitrobenzene 10 U 2-nitroaniline 50 U
isophorone 10 U diniethyl phthalate 10 U
2-nitrophenol 10 U acenaphthylene 10 U
2 ,4-dimethylphenol 10 U 2,6-dinitrotoluene 1U U
benzoic acid 50 U

Date Extracted: 10/04/88
Date Analyzed: 10/11/88
Dilution Factor: 1

U - Compound was analyzed for but not detected. The number is the detection limit for the
sampole.

.- Indicates an estimated value less than the detection limit.

This method blank applies to the following samples: 5234, 5235, 5236.

,~cvy ~'Laboratory Manager

f.-l i()



[I EINOLOGY 
-

INERATONLANALYTICAL....
CORPORATION SERVICES

5815 Middlebrook Pike e Knoxville. Tennessee 37921 *615-588-6401 -- '-

CERTIFICATE OF ANALYSIS

Mc-artin Marietta Energy Systems, Inc. DATE 2ECIR7D October 31, 1988
ATTN: Mr. Stuart Gaza PROJEC-1 COCE: MMOK 42047
P. 0. Box P, MS 440 CRrE;Z NUMBER: 11B-02242-HM641
Oak Ridge, TN4 37831 PAGE 20Zf.... OF 10.....

Sample Description: SBLK1 (Water)

SEMIVOLATILE HAZARDOUS SUBSTANCE LIST COMPOUNDS (continued)

Concentration Concentration
Comoound ('.Ia/liter) Comoound (via/liter)

3-nitroaniline 50 U anthracene 10 U
acenaphthene 10 U di-n-butylphthalate 10 U
2,4-dinitrophenol 50 U fluoranthene 10 U
4-nitrophenol 50 U pyrene 10 U
di benzof uran 10 U butylbenzylphthalate 10 U
2,4-dinitrotoluene 10 U 3,3'-dichlorobenzidine 20 U
diethylphthalate 10 U benzo(a)anthracene 10 U
4-chiorophenyl-phenylether 10 U chrysene 10 U
fluorene 10 U bis(2-ethylhexyl)phthalate 10 U
4-nit6roaniline 50 U di-n-octylphthalate 10 U
4,6-di ni tro-2-methyl phenol 50 U benzo(b)fluoranthene 10 U
n-nitrosodiphenylaminel 10 U benzo(k)fluoranthene 10 U
4-bromophenyl-phenylether 10 U benzo(a)pyrene 10 U
hexachlorobenzene 10 U indeno(1,2,3-cd)pyrene 10 U
pentachlorophenol 50 U dibenzo(a,h)anthracene 10 U
phenanthrene 10 U benzo(g,h,i)perylene 10 U

Date Extracted: 10/04/88
Date Analyzed: 10/11/88
Dilution Factor: 1

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.
I - Detected as diphenylamine.

Ar-rrce- CY Laboratory Manager



IERNATIONA.L ANALYTICAL
TECHNOLOGY SRIE

5815 Middletrook Pike e Knoxville, Tennessee 37921 0 61 5-588-6401

CER~TIFICATE OF ANALYSIS

10: Martin Marietta Energy Systems, Inc. A7ECRD: August 4, 1988
ATTN: Mr. Stuart Goza PROJECT CODE: M4MOK 41482
P. 0. Box P, MS 440 ORCER NUJMBER: 11B-02242-HM515
Oak Ridge, TN 37831 PAGF 35 OF 56

Sample Description: SBLK1 (Soil)

SEMIVOLATILE TARGET COMPOUND LIST

Concentration Concent rat ion
Comoound (ug/kg dry weight) Comoound (ug/kg dry weigi~c)

phenol 330 U bis(2-chloroethoxy)methane 330 U
bis(2-chloroethyl)ether 330 U 2,4-dichlorophenol 330 U
2-chlorophenol 330 U 1,2,4-trichlorobenzene 330 U
1,3-dichlorobenzene 330 U naphthalene 330 U
1,4-dichlorobenzene 330 U 4-chloroaniline 330 U
benzyl alcohol 330 U hexachlorobutadiene 330 U
1,2-dichlorobenzene 330 U 4-chloro-3-methylphenol 330 U
2-methylphenol 330 U 2-rethylnaphthalene 330 U
bis(2-chloroisopropyl)ether 330 U hexachlorocyclopentadiene 330 U
4-methylphenol 330 U 2,4,6-trichlorophenol 330 U
n-nitroso-di-n-propylamine 330 U 2,4,5-trichlorophenol 1,600 U
hexachloroethane 330 U 2-chloronaphthalene 330 U
nitrobenzene 330 U 2-nitroaniline 1,600 U
isophorone 330 U dimethyl phthalate 330 U
2-nitrophenol 330 U acenaphthylene 330 U
2,4-dimethyiphenol 330 U 2,6-dinitrotoluene 330 U
benzoic acid 1,600 U

Date Extracted: 06/20/88
Date Analyzed: 07/06/88
Dilution Factor: 1

U - Compound was analyzed for but not detected. The number is the detection limit for t '
sample.

J - Indicates an estimated value less than the detection limit.

This method blank applies to the following samples: 5000, 5000 MS, 5000 MSO.

Appmvod Laboratory Manager

~r~.'l e AlrfC l Az~oz'aulon P IA.o- f ' a ' n t, 4 A'
ri :3 'r tIj n 74 ; 1n.nt '- , I~ ~



INTER NATIONAL ANALYTICALT~]ECHNOLOGY
CORPORATION SERVICE S

5815 Middlebrook Pike 9 Knoxville. Tennessee 37921 .515-588-6401

CERTIFICATE OF ANALYSIS

ro: Martin Marietta Energy Systems, Inc. 0 A7E Z oR -: August 4, 1988
ATTN: Mr. Stuart Gaza P!RCJEC-1CZ'-,E; MMOK 41482
P. 0. Box P, MS 440 C Rr- ENUM 3E: 1IB-02242-HM515
Oak Ridge, TN 37831 ?AGz 36 OF 56

Sample Description: SBLK1 (Soil)

SEMIVOLATILE TARGET COMPOUND LIST (continued)

Concentration Concentrati on
Comoound (ug/kg dry weight) Comoound (ug/kg dry weight'

3-nitroaniline 1,600 U anthracene 330 U
acenaphthene 330 U di-n-butylphthalate 330 U
2,4-dinitrophenol 1,600 U fluoranthene 330 U
4-nitrophenol 1,600 U pyrene 330 U
dibenzofuran 330 U butylbenzylphthalate 330 U
2,4-dinitrotoluene 33 0 U 3,3'-dichlorobenzidine 660 U
diethylphthalate 330 U benzo(a)anthracene 330 U
4-chlorophenyl-phenylether 330 U chrysene 330 U
fi uorene 330 U bis(2-ethylhexyl)phthalate 280 J
4-nitroaniline 1,600 U di-n-octylphthalate 330 U
4,6-dinitro-2-methylphenol 1,600 U benzo(b)fluoranthene 330 U
n-nitrosodiphenylaminel 330 U benzo(k)fluoranthene 330 U
4-bromophenyl-phenylether 330 U benzo(a)pyrene 330 U
hexachlorobenzene 330 U indeno(1,2,3-cd)pyrene 330 U
pentachlorophenol 1,600 U dibenzo(a,h)anthracene 330 U
phenanthrene 330 U benzo(g,h,i)perylene 330 U

Date Extracted: 06/20/88
Date Analyzed: 07/06/88
Dilution Factor: 1

U -Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J -Indicates an estimated value less than the detection limit.
1 -Detected as diphenylarnine.

Api~vdty0' Laboratory Manager

Til.



E]TECHNOLOGY AAYIA
CORPORATION SERVICES '(

5815 Middlebrook Pike * Knoxville. Tennessee 37921 *615-588-6401

CERTIFICATE OF ANALYSIS

10: Martin Marietta Energy Systems, Inc. DATE REPORTED: August 4, 1988
ATTN: M~r. Stuart Gaza P!ROJEC- C D E; MMOK 41549
P. 0. Box P, MS 440 R D ERNUMB ER: 11B-02242-HM525
Oak Ridge, TN 37831 PAGE....2.. OF All..S...

Sample Description: SBLK1 (Soil)

SEMIVOLATILE TARGET COMPOUND LIST

Concentration Concentration
Cornoound (uglkg dry weight)_ Compound (ug/kg dry weight)

phenol 330 U bis(2-chloroethoxy)methane 330 U
bis(2-chloroethyl)ether 330 U 2,4-dichlorophenol 330 U
2-chiorophenol 330 U 1,2,4-trichlorobenzene 330 U
1,3-dichlorobenzene 330 U naphthalene 330 U
1,4-dichlorobenzene 330 U 4-chloroaniline 330 U
benzyl alcohol 330 U hexachlorobutadiene 330 U
1,2-dichlorobenzene 330 U 4-chloro-3-methylphenol 330 U
2-fnethylphenol 330 U 2-methylnaphthalene 330 U
bis(2-chloroisopropyl)ether 330 U hexachlorocyclopentadiene 330 U
4-methylphenol 330 U 2,4,6-trichlorophenol 330 U
n-nitroso-di-n-propylamine 330 U 2,4,5-trichlorophenol 1,600 U
hexachloroethane 330 U 2-chloronaphthalene 330 U
nitrobenzene 330 U 2-nitroaniline 1,600 U
isophorone 330 U dimethyl phthalate 330 U
2-nitrophenol 330 U acenaphthylene 330 U
2,4-dimethylphenol 330 U 2,6-dinitrotoluene 330 U
benzoic acid 1,600 U

Date Extracted: 06/28/88
Date Analyzed: 07/12/88
Dilution Factor: 1

U - Compound was analyzed for but not detected. The number is the detection limit for t!
sample.

J - Indicates an estimated value less than the detection limit.

This method blank applies to the following samples: 5001, 5002, 5003, 5004, 5005, 5006,
5007, 5007 (1:12), 5008, 5009, 5010, 5012.

Arroved by Laboratory Manager

"1 ' I A r '..7:v r:



I
i INTERN4ATIONAL A A Y IA --.CHNOLOGYANALYTICAL

TECHNOLOGY.
CORPORATION SERVICES

5815 Middlebrook Pike ,,Knoxville. Tennessee 37921 * 615-588-6401

CERTIFICATE OF ANALYSIS

to: Martin Marietta Energy Systems, Inc. DATE"ECRTED: August 4, 1988
ATTN: Mr. Stuart Goza PROjEC7, CODE: MMOK 41549
P. 0. Box P, MS 440 ORDERNUMBER: 118-02242-HM525
Oak Ridge, TN 37831 PAGE .2I OF 81

Sample Description: SBLK1 (Soil)

SEMIVOLATILE TARGET COMPOUND LIST (continued)

Concentration Concentration
Comoound (u5/kg dry weight) Comoound (ug/kg dry weight'

3-nitroaniline 1,600 U anthracene 330 U
acenaphthene 330 U di-n-butylphthalate 330 U
2,4-dinitrophenol 1,600 U fluoranthene 330 U
4-nitrophenol 1,600 U pyrene 330 U
dibenzofuran 330 U butylbenzylphthalate 330 U
2,4-dinitrotoluene 330 U 3,3'-dichlorobenzidine 660 U
diethylphthalate 330 U benzo(a)anthracene 330 U
4-chlorophenyl-phenylether 330 U chrysene 330 U
fl uorene 330 U bis(2-ethylhexyl)phthalate 400
4-nitroaniline 1,600 U di -n-octyl phthal ate 330 U
4,6-dinitro-2-methylphenol 1,600 U benzo(b)fluoranthene 330 U
n-nitrosodiphenylaminel 91 J benzo(k)fluoranthene 330 U
4-bromophenyl-phenylether 330 U benzo(a)pyrene 330 U
hexachlorobenzene 330 U indeno(1,2,3-cd)pyrene 330 U
pentachlorophenol 1,600 U dibenzo(a,h)anthracene 330 U
phenanthrene 330 U benzo(g,h,i)perylene 330 U

Date Extracted: 06/28/88
Date Analyzed: 07/12/88
Dilution Factor: 1

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.
I - Detected as diphenylamine.

AsppVnby ~Laboratory Manager

7;1!e



j]INTERNATIONAL ANALYTICAL I ~-
TECHNOLOGY / .

ID CORPORATION SRIE
5815 Middlebrook Pike 9 Knoxville, Tennessee 37921 *615-588.6401

CERTIFICATE OF ANALYSIS

Martin Marietta Energy Systems, Inc. November 1, 1988
TO ATTN: Mr. Stuart Gaza DATE REPORTED: 14MOK 42062

P. 0. Box P, MS 440 PR~OJECT CODE- 11B-02242-HI1644
Oak Ridge, TN 37831 ORDERNUMBEZ: 27 57

PAGE____ OF___

Sample Description: S3LK1 (Soil)

SEMI VOLATILE TARGET COMPOUND LIST

Concentration Concentration
Compound (ug/kg dry weight) Compound (ug/kg dry weight)

phenol 330 U bis(2-chloroethoxy)methane 330 U
bis(2-chloroethyl)ether 330 U 2,4-dichlorophenol 330 U
2-chiorophenol 330 U 1,2,4-trichlorobenzene 330 U
1,3-dichloroberizene 330 U naphthalene 330 U
1,4-dichlorobenzene 330 U 4-chloroaniline 330 U
benzyl alcohol 330 U hexachlorobutadiene 330 U
1,2-dichlorobenzene 330 U 4-chloro-3-rnethylphenol 330 U
2-methylphenol 330 U 2 -methyl naphth alIene 330 U
bis(2-chloroisopropyl)ether 330 U hexachiorocyclopentadiene 330 U
4-methyiphenol 330 U 2,4,6-trichloraphenol 330 U
n-nitroso-di-n-propylamine 330 U 2,4,5-trichlorophenol 1,600 U
hexachioroethane 330 U 2-chloronaphthalene 330 U
nitrobenzene 330 U 2-nitroaniline 1,600 U
isophorone 330 U dimethyl phthalate 330 U
2-nitrophenol 330 U acenaphthylene 330 U
2.4-dimethylphenol 330 U 2,6-dinitrotoluene 330 U
benzoic acid 1,600 U

Date Extracted: 10/11/88
Date Analyzed: 10/14/88
n~lution Factor: 1

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.

This method blank applies to the following samples: 5247, 5248, 5249, 5250, 5250 MS,
5250 MSD.

Approveii'by LIVIQI U IQhIIUkYC;I

1-1 16



TEHNOLOGY ANA.IYTICAL 0655860

CO~i RPORATION SRIE d
5815 MdlbokPike 0Knoxville, Tennessee 37921 655860

CERTIFICATE OF ANALYSIS

ro: Martin Marietta Energy Systems, Inc. DA-E ECRTED: November 1, 1988
ATTN: Mr. Stuart Gaza PROJEC7 CODE: MMOK 42062
P. 0. Box P, MS 440 CRD)EZ'NBER- IIB-02242-HM644
Oak Ridge , TN 37831 PAGE' 28 OF5

Sample Description: SBLK1 (Soil)

SEMI VOLATILE TARGET COMPOUND LIST (continued)

Concentrat~on Concent ration
Compound (tg/kg dry weight) Comoound (1ug/kg dry weight)

3-nitroaniline 1,600 U anthracerie 330 U
acenaphthene 330 U di-n-butylphthalate 330 U
2,4-dinitrophenol 1,600 U fluoranthene 330 U
4-nitrophenol 1,600 U pyrene 330 U
dibenzofuran 330 U butylbenzylphthalate 330 U
2,4-dinitrotoluene 330 U 3,3'-dichlorobenzidine 660 U
diethylphthalate 330 U benzo(a)anthracene 330 U
4-chlorophenyl-phenylether 330 U chrysene 330 U
fluorene 330 U bis(2-ethylhexyl)phthalate 250 J
4-nitroaniline 1,600 U di-n-octylphthalate 330 U
4,6-dinitro-2-methylphenol 1,600 U benzo(b)fluoranthele 330 U
n-nitrosodiphonylaminel 330 U benzo(k)fluoranthene 330 U

4-bromophenyl-phenylether 330 U benzo(a)pyrene 330 U
hexachlorobenzene 330 U indeno(1,2,3-cd)pyrene 330 U
pentachlorophenol 1,600 U dibenzo(a,h)anthracene 330 U
phenanthrene 330 U benzo(g,h,i)perylene 330 U

Date Extracted: 10/11/88
Date Analyzed: 10/14/88
Dilution Factor: 1

U -Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J Indicates an estimated value less than the detection limit.
1I Detected as diphenylamine.

Approv.d bV' L abortr Mn a e r

T,1I



E7~1 INTERNATIONAL
TECHNOLOGY ANALYTICAL
CORPORATION SERVICES

5815 Middlebrook Pike e Knoxville. Tennessee '37921 * 615-5a8-6401

CERTIFICATE OF ANALYSIS

Martin Marietta Energy Systems, Inc. July 22, 1988
-o ATTN: Mr. Stuart Goza DATE <E.-CRTED: MMOK 41496

P. 0. Box P, MS 440 PRCJECTCODE: 11B-02242-HM-514 & 518
Oak Ridge, TN 37831 CRDER NUMBER: 60 61

PAGE__ OF

Sample Description: Method Blank Summary

Concentration units are ug/liter (ppb)

Method Method Method Method
Blank Blank Blank Blank
7/7/88 7/8/88 7/9/88 7/11/88

Benzene 0.5 U 0.5 U 0.5 U 0.5 U
Toluene I U 1 U 1 U 1 U
Ethyl Benzene 4 U 4 U 4 U 4 U
Xylenes (Total) 4 U 4 U 4 U 4 U
Total Petroleum Hydrocarbons 50 U 50 U 50 U 50 U

Date of Analysis: 7/7/88 7/8/88 7/9/88 7/11/88

U - Compound was analyzed for but not detected. The number is the detection limit for t .
sample.

Avy Opera tnns Manager '-

fa rec;-qt LIAl.'-I 38
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3INTERNATIONAL ANALYTICALTECHNOLOGY "° =

CORPORATION SERVICES

5815 Middletrook Pike e Knoxville. Tennessee 37921 * 615-588-6401

I CERTIFICATE OF ANALYSIS

TO: Martin Marietta Energy Systems, Inc. DATE REPORT7ED: August 17, 1988
ATTN: Mr. Stuart Goza PROJECT CODE MMOK 41608
P. 0. Box P, MS 440 ORDER NUMBER: 11B-02242-HM537
Oak Ridge, TN 37831 PAGE_32__OF 38

Sample Description: Method Blank Summary (Water)

Concentration units are ug/liter (ppb)

Benzene 0.5 U 0.5 U
Toluene 1 U I U
Ethyl Benzene 4 U 4 U
Xylenes (total) 4 U 4 U
Total Petroleum Hydrocarbons 50 U 50 U

Date of Analysis: 07/11/88 07/12/88

I U - Compound was analyzed for but not detected. The number is the detection limit for the

sample.

L
I

APOVd~A~Laboratory M~anager

.I. [ I .. .,. *,.. ..>v ... ... . ....... . , ,' : .. ., V., ".',"'..... ... 1-,-.. - ... - '



m INTERNATIONAL ANALYTICAL
TECHNOLOGY
CORPORATION SERVI CE S -

5815 Middlebrock Pike a Knoxville. Tennessee 37921 e 615-588-641 .-- '1--

CERTIFICATE OF ANALYSIS

ro: Martin Marietta Energy Systems, Inc. DA7EREOKRTED: August 18, 1988
ATTN: Mr. Stuart Goza PROJCEC"CODE MMOK 41616
P. 0. Box P, MS 440 CRDERNUMBER: IIB-02242-HM538
Oak Ridge, TN 37831 PAGE -- 17 CF 2A

Sample Description: Method Blank Summary (Water)

Concentration units are ug/liter (ppb)

07/27-28/38 07/28/88 07/29/88
Method Blank Method Blank* Method Blank*

Benzene 0.5 U 1 U I U
Toluene 1 U 1 U I U
Ethyl Benzene 4 U I U 1 U
Xylenes (total) 4 U 1 U I U
Total Petroleum Hydrocarbons 50 U 20 U 20 U

Date of Analysis: 07/27,28/38 07/28/38 07/29/88

U - Compound was analyzed for but not detected. The number is the detection limit for t _
sample.

*Analysis performed by gas chromatography/mass spectroscopy.

Appovitv Laboratory Manager -



INTERNATIONAL ANALYTICAL
TECHNOLOGY SERVICESCORPORATION SE RVIC E S "

5815 Middlebrook Pike e Knoxville. Tennessee 37921 o 615-588-6401

CERTIFICATE OF ANALYSIS

ro: Martin Marietta Energy Systems, Inc. DATEREPORTED: August 18, 1988
ATTN: Mr. Stuart Goza PROJECT CODE MMOK 41624
P. 0. Box P, MS 440 ORDER NUMBER: 11B-02242-HM540
Oak Ridge, TN 37831 PAG224. OF 29

Sample Description: Method Blank Summary (Water)

Concentration units are ug/liter (ppb)

Benzene 0.5 U 0.5 U 0.5 U 0.5 U
Toluene 1 U 1 U 1 U I U
Ethyl Benzene 4 U 4 U 4 U 4 U
Xylenes (total) 4 U 4 U 4 U 4 U
Total Petroleum Hydrocarbons 50 U - 50 U 50 U 50 U

Date of Analysis: 07/25/88 07/26/88 07/28/88 07/30/88

i

4U - Compound was analyzed for but not detected. The number is the detection limit for the

sample.

I

J-- ~Appm, ve~Iby ," Laboratory Manager

I + I



INTERNATIONAL ANALYTICAL
TECHNOLOGY .ERVICESCORPORATION S R I ES" .

5815 Midlebrook Pike * Knoxville. Tenressee 37921 * 615-588-6401

CERTIFICATE OF ANALYSIS

ro: Martin Marietta Energy Systems, Inc. DAT E REO ORTED: August 22, 1988
ATTN: Mr. Stuart Goza PROJECT CODE: MMOK 41649

P. 0. Box P, MS 440 ORDER NUMBER: 11B-02242-HM544
Oak Ridge, TN 37831 PAGE S 3._CF 41

Sample Description: Method Blank Summary (Water)

Concentration units are ug/liter (ppb)

Benzene I U I U 1 U 1 U
Toluene 1 U 1 U 1 U I U
Ethyl Benzene I U 1 U I U 1 U
Xylenes (total) I U I U 1 U 1 U

Total Petroleum Hydrocarbons 6 J 13 J 16 J 18 J

Date of Analysis: 7/29/88 7/30/88 8/01/88 8/02/88

U - Compound was analyzed for but not detected. The number is the detection limit for ''e
sample.

J - Indicates an estimated value less than the detection limit.

Analysis performed by gas chromatography/mass spectroscopy.

APproved 4 y

Laboratory Manager

- I'91



I
' INTERNATIONAL ANALYTICAL ~<

TECHNOLOGY ANAYTCACORPORATION SERVICES

58 15 Middlebrook Pike e Knoxviile. Tennessee 37921 615-588-6401

CERTIFICATE OF ANALYSIS

ro Martin Marietta Energy Systems, Inc. DATEREPORTED: August 23, 1988
ATTN: Mr. Stuart Goza PROJECT CODE: MMOK 41655
P. 0. Box P, MS 440 ORDER NUMBER: 11B-02242-HM545
Oak Ridge, TN 37831 PAGE.31aOF 33

Sample Description: Method Blank Summary (Water)

Concentration units are vg/liter (ppb)

Benzene 0.5 U 0.5 U
Toluene 1 U 1 U
Ethyl Benzene 4 U 4 U
Xylenes (total) 4 U 4 U
Total Petroleum Hydrocarbons 50 U 50 U

Date of Analysis: 7/26/88 7/28/88

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

i

Approvedty Laboratory Manager

Aproe



S INTERNATIONAL-
LL. c UNOOGYANALYTICAL
TECHNOLOGY. /.....
CORPORATION SERVICES

5815 Middleorook Pike * Knoxville. Tennessee 37921 6615-588-6401

CERTIFICATE OF ANALYSIS

TcO Martin Marietta Energy Systems, Inc. DATERE.:RTED: October 31, 1988
ATTN: Mr. Stuart Goza PROJECrCcDE: MMOK 42047
P. 0. Box P, MS 440 ORDERNUMBER: 11B-02242-HM641

Oak Ridge, TN 37831 PAGE_39_ OF 39

Sample Description: Method Blank Summary

Concentration units are ug/liter (ppb)

Benzene 0.5 U 0.5 U 0.5 U
Toluene 1 U 1 U 1 U
Ethyl Benzene 4 U 4 U 4 U
Xylenes (total) 4 U 4 U 4 U
Total Petroleum Hydrocarbons 50 U 50 U 50 U

Date of Analysis: 10/5/88 10/6/88 10/7/88

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

Arpovpedby gLaboratory Manager

S..-m.. ,.,,,,.,A -. ,. m m m lm.-'mlmm ialr IJBN m m I



I
INTERNATIONAL ANALYTICAL
TECHNOLOGY
CORPORATION SERVICES

5815 Middlebrook Pike * Knoxville. Tennessee 37921 e 615-588-6-101

E CERTIFICATE OF ANALYSIS

.c Martin Marietta Energy Systems, Inc. DATEREPO1ORTIED: October 31, 1988
ATTN: Mr. Stuart Goza PROJECTCODE: MMOK 42068
P. 0. Box P, MS 440 ORDER NUMBER: 11B-02242-HM647
Oak Ridge, TN 37831 PAGE 50 OF 51

Sample Description: Method Blank Summary

Concentration units are ug/liter (ppb)

Benzene 0.5 U 0.5 U 0.5 U 0.5 U

Toluene I U 1 U I U 1 U
Ethyl Benzene 4 U 4 U 4 U 4 U
Xylenes (total) 4 U 4 U 4 U 4 U
Total Petroleum Hydrocarbons 50 U 50 U 50 U 50 U

Date of Analysis- 10/10/88 10/11/88 10/12/88 10/13/88

U - Compound was analyzed for but not detected. The number is the detection limit for the

sample.

I /../'

Acrce ty.' Laboratory Manager

7.'e



INTERATIONA ANALYTICALTECHNOLOGY

CORPORATION SERVICES
5815 Middlebrook Pike e Knoxville. Tennessee 37921 615-588-6401

CERTIFICATE OF ANALYSIS
-~ DATE REPORTED:

o '. artin Marietta Energy Systems, Inc. DATE EPORTD: October 31, 1988
ATTN: Mr. Stuart Goza PROJECTCODE. MMOK 42068
P. 0. Box P, MS 440 ORDER NUMBER 11- 42-HM647
Oak Ridge, TN 37831

Sample Description: Method Blank Summary

Concentration units are jg/liter (ppb)

Benzene 0.5 U 0.5 U
Toluene 1 U 1 U
Ethyl Benzene 4 U 4 U
Xylenes (total) 4 U 4 U
Total Petroleum Hydrocarbons 50 U 50 U

Date of Analysis: 10/14/88 10/20/88

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

7

.Apv-ty ,Laboratory Manager

r':::: V. .



INTERNATIONAL ANALYTICAL
IE iCORPORATION7 %

CHNOLOGYSERVICES '

5815 Middlebrook Pike * Knoxville. Tennessee 37921 *615-588-6401

CERTIFICATE OF ANALYSIS

Martin Marietta Energy Systems, Inc. DATE REPOR~TED: November 1, 1988
r. ATTN: Mr. Stuart Gaza POETCD-MMOK 42062
P. 0. Box P, MS 440 ORE UBR 11B-02242-HM644
Oak Ridge, TN 37831 PAGINtME 50 OF 57

Sample Description: Method Blank Summary (Water)

Concentration units are ug/liter (ppb)

Benzene 0.51 O .5 U 0.5U 0.5 U
Tol uene 1 U 1 U 1 U 1 U
Ethyl Benzene 4 U 4 U 4 U 4 U
Xylenes (total) 4 U 4 U 4 U 4 U
Total Petroleum Hydrocarbons 50 U 50 U 50 U 50 U

Date of Analysis: 10/06/38 10/07/88 10/10/88 10/11/88

U -Compound was analyzed for but not detected. The number is the detection limit for the
sample.

Arppmvpdtby /Laboratory Manager



TECHNOLOGYCORPORATION SERVICES

5815 Micileorook Pke * Kncxville Tennessee 37921 • 61 5-58-64-01 , ; -

CERTIFICATE OF ANALYSIS

,0 Martin Marietta Energy Systems, Inc. DATEREPORTED: November 18, 1988
ATTN: Mr. Stuart Goza PROJECTCODE: MMOK 42231
P. 0. Box P, MS 440 ORDER NUMBER: 11B-02242-HM682
Oak Ridge, TN 37831 PAGE 13 OF 16

Sample Description: Method Blank Summary (Water)

Concentration units are jig/liter (ppb)

Benzene 0.5 U

Toluene 1 U

Ethyl Benzene 4 U

Xylenes (total) 4 U

Total Petroleum Hydrocarbons 50 U

Date of Analysis: 11/08/88

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

Aro-v-y" y  Laboratory Manager

I *'

7'.

. . . . . . . . . . . .. . .



INTEUNATIONAL ANALYTICALTECHNOLOGY -A-ALY-TICAL "-

LL!CORPORATION SERVICES
5815 MiddlebrooK P:ke 9 Knoxville, Tennessee 37921 * 615-588-6-101

CERTIFICATE OF ANALYSIS

Martin Marietta Energy Systems, Inc. DATE REORTD December 6, 1988
ATTN: Mr. Stuart Goza PROJECT CODE MMOK 42335
P. 0. Box P, MS 440 ORDER NMBER 1-02242-HM680

Oak Ridge, TN 37831 PAGE'_1 OF 17

Sample Description: Method Blank Summary (Water)

Concentration units are ug/liter (ppb)

Benzene 0.5 U 0.5 U 0.5 U 0.5 U
Toluene 1 U 1 U 1 U 1 U

Ethyl Benzene 4 U 4 U 4 U 4 U

Xylenes (total) 4 U 4 U 4 U 4 U
Total Petroleum Hydrocarbons 50 U NA 50 U 50 U

Date of Analysis: 11/21/88 11/22/88 11/23/88 12/01/88

U - Compound was analyzed for but not detected. The number is the detection limit for the

sample.
NA - Not analyzed.

AprPMV~dtyY / Laboratory Manager

I- 9 .



INTERNATIONAL ANALYTICAL
TECHNOLOGYCORPORATION SE RVIC E S"-•-

581 5 Mdieorock P:ke * KncxvIle. Tennessee 37921 15-58-C1 -5890

CERTIFICATE OF ANALYSIS

Martin 'Marietta Energy Systems, Inc. DAT- RE.CR-ED January 9, 1989

ATTN: S. R. Rizk, K-25 PRCrCTCODE MMOK 42490

P. 0. Box 2003 C R C .NUM B-E: 11B-02242-TU880

Oak Ridge, TN 37831-7440 PAGE Q CF 11

Sample Description: Method Blank Summary (Water)

Concentration units are pg/liter (ppb)

Benzene 0.5 U 0.5 U 0.5 U

Toluene I U I U I U
Ethyl Benzene 4 U 4 U 4 U
Xylenes (Total) 4 U 4 U 4 U
Total Petroleum Hydrocarbons 50 U 50 U 50 U

Date of Analysis: 12/28/88 12/23/88 12/29/88

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

7-

Laboratory Manager

.-1 ')



*U INTERNATIONAL ANAIYTICAL -4

CORPORATION SERVICES
5 15 Middletrock Pike * Knoxville. Tennessee 37921 e 615-588.-a01

CERTIFICATE OF ANALYSIS

Martin Marietta Energy Systems, Inc. July 22, 1988
o: ATTN: Mr. Stuart Goza DATzRE.CRTzD: MMOK 41496

P. 0. Box P, MS 440 PROJECTCODE: 11B-02242-HM-514 & 518
Oak Ridge, TN 37831 CRDERNMBER: 61 61

PAGE-CF __OF

Sample Description: Extraction Blank Summary

Concentration units are Ug/kg (ppb)

Blank A Blank B Blank C

Benzene 50 U 50 U 50 U
Toluene 100 U 100 U 100 U
Ethyl Benzene 400 U 400 U 400 U
Xylenes (Total) 400 U 400 U 400 U
Total Petroleum Hydrocarbons 5,000 U 5,000 U 5,000 U

Date of Extraction: 6/30/88 6/30/88 6/30/88
Date of Analysis: 7/6/88 7/6/88 7/6/88

U - Compound was analyzed for but not detected. The number is the detection limit:for the
sample.

Aprave y 0Yrations ManagerK<

1 '
~~IaP~IL' 279r

------------------------------------ --------------------------------- .

A ni



I ] INTERNATIONAL ANALYTICAL -

TECHNOLOGY SERVICES /
CORPORATION S ERVICES

5815 Middlebrock Pike * Knoxville, Tennessee 37921 * 615-588-6-01

CERTIFICATE OF ANALYSIS

ro. Martin Marietta Energy Systems, Inc. DATEREPORTED: August 2, 1988

ATTN: Mr. Stuart Goza ORDER NCBER: MOK 41507

P. 0. Box P, MS 440 11B-02242-HM519 & HM524

Oak Ridge, TN 37831 PAGE-- 5 . OF 5

Sample Description: Method Blank Summary (Soil)

Concentration units are pg/kg (ppb)

Extraction 7/12/88 7/13/88
Blank Method Blank Method Blank

Benzene 50 U 50 U 50 U

Toluene 100 U 100 U 100 U

Ethyl Benzene 400 U 400 U 400 U

Xylenes (Total) 400 U 400 U 400 U

Total Petroleum Hydrocarbons 5,000 U 5,000 U 5,000 U

Date of Extraction: 6/30/88 ......

Date of Analysis: 7/06/88 7/12/88 7/13/88

U - Compound was analyzed for but not detected. The number is the detection limit for t a

sample.

Approved by

Operations Manager

F- 1 5:1

AccrP!0f d by the Amnecan Aso-::Itcn fr i ' ,crei n]ton he .erico 3 9 A5

'it iesimrj s -n the I irn r. -- ALA I>rscrr It : :I



INTERNATIONAL ANALYTICAL -658840
TECHNOLOGYCORPORATION S ERVI C E S :Z .,

5815 Middlebrook Pike e Knoxville. Tennessee 37921 615-588-6401

CERTIFICATE OF ANALYSIS

DATE EORTED:Ags2,18

Martin Marietta Energy Systems, Inc. RECT August 2, 1988
ATTN: Mr. Stuart Goza ORDER NCBE. MMOK 41507
P. 0. Box P, MS 440 11B-_242-HM519 & HM524
Oak Ridge, TN 37831 56 s6

Sample Description: Method Blank Summary (Soil)

Concentration units are ug/kg (ppb)

7/14/88 7/29/88
Method Blank Method Blank

Benzene 50 U 50 U
Toluene 100 U 100 U
Ethyl Benzene 400 U 400 U
Xylenes (Total) 400 U 400 U
Total Petroleum Hydrocarbons 5,000 U 5,000 U

Date of Extraction: ......
Date of Analysis: 7/14/88 7/29/88

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

T

T________________________________________

- mmm~.,,mmmmmmm m mmm mmm m • i um m im-



E[ INTERNATIONAL ANALYTIC AL
TECHNOLOGY ANALYTICAL
CORPORATION SERVICE S

5815 Middlebrook Pike e Knoxville. Tennessee 37921 , 615-588-6401

CERTIFICATE OF ANALYSIS

Lo: Martin Marietta Energy Systems, Inc. DATERECRTED: August 2, 1988
ATTN: Mr. Stuart Goza PROJECTCODE: MMOK 41539
P. 0. Box P, MS 440 ORDER NUMBER: 11B-02242-HM530
Oak Ridge, TN 37831 PAGE 20 OF 21

Sample Description: Method Blank Summary (Soil)

Concentration units are ug/kg (ppb)

7/21/88
Method Blank Extraction Blank

Benzene 50 U 50 U
Toluene 100 U 100 1I
Ethyl Benzene 400 U 400 U
Xylenes (Total) 400 U 400 L
Total Petroleum Hydrocarbons 5,000 U 5,000 U

Date of Extraction: --- 7/01/88
Date of Analysis: 7/21/88 8/02/88

U Compound was analyzed for but not detected. The number is the detection limit for th
s amp I e.

Approtvd by / Laboratory Manager

7,fle

I. ..... .



ITERNATIONAL ANALYTICAL - ,-' [E TECHNOLOGYSE ICS;CORPORATON SERVICES "

5815 Middlebrook Pike 9 Knoxville. Tennessee 37921 o 615-588-6401

CERTIFICATE OF ANALYSIS

TO: Martin Marietta Energy Systems, Inc. DATE REPORTED: August 4, 1988
ATTN: Mr. Stuart Goza PROJECTCODE. MMOK 41482
P. 0. Box P, MS 440 ORDER NUMBER: 11B-02242-HM515
Oak Ridge, TN 37831 PAGE 53 OF 56

Sample Description: Method Blank Summary (Soil)

Concentration units are ug/kg (ppb)

6/27/88 7/06/88 7/07/88 Extraction
Method Blank Method Blank Method Blank Blank

Benzene 50 U 50 U 50 U 50 U
Toluene 100 U 100 U 100 U 100 U
Ethyl Benzene 400 U 400 U 400 U 400 U
Xylenes (Total) 400 U 400 U 400 U 400 U
Total Petroleum Hydrocarbons 5,000 U 5,000 U 5,000 U 5,000 U

Date of Extraction: 5........ 6/30/88
Date of Analysis: 6/27/88 7/06/88 7/07/88 7/06/88

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

L

j ~pb Laboratory Manager

n~m m mlmlu ira i~imlllm 
- ., , , -
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Ej INTERNATIONAL ANALYTICAL
ANALYTICALIO7TECHNOLOGYCORPORATION SERVICES . . -

5815 Middlebrook Pike * Knoxville. Tennessee 37921 9 615-588-6401

CERTIFICATE OF ANALYSIS

to: Martin Marietta Energy Systems, Inc. DATE RE.CRTED: August 4, 1988
ATTN: Mr. Stuart Goza PROJECTCODE: MMOK 41549
P. 0. Box P, MS 440 ORDER NUMBER: 11B-02242-HM525
Oak Ridge, TN 37831 PAGE-- CC R

Sample Description: Method Blank Summary (Soil)

Concentration units are ug/kg (ppb)

7/29/88 7/30/88
Method Blank Method Blank

Benzene 50 U 50 U
Toluene 100 U 100 U
Ethyl Benzene 400 U 400 U
Xylenes (Total) 400 U 400 U
Total Petroleum Hydrocarbons 5,000 U 5,000 U

Date of Analysis: 7/29/88 7/30/88

U - Compound was analyzed for but not detected. The numbee is the detection limit for V
sample.

Appmvd by Laboratory Manager

Tile

w 'IIk(:



INTERNATIONALAN JXL
TECHNOLOGYCORPORATION SERVICES. ....

5815 Middlebrook Pike * Knoxville. Tennessee 37921 * 615-588-6401

CERTIFICATE OF ANALYSIS

ro: Martin Marietta Energy Systems, Inc. DATEI EORTED: August 4, 1988
ATTN: Mr. Stuart Goza PROJECTCODE: MMOK 41549
P. 0. Box P, MS 440 ORDER NUMBER: 11B-02242-HM525
Oak Ridge, TN 37831 PAGE An OF .1

Sample Description: Method Blank Summnary (Soil)

Concentration units are ug/kg (ppb)

8/01/88 8/02/88
Method Blank Method Blank Extraction Blank

Benzene 50 U 50 U 50 U
Toluene 100 U 100 U 100 U
Ethyl Benzene 400 U 400 U 400 U

Xylenes (Total) 400 U 400 U 400 U
Total Petroleum Hydrocarbons 5,000 U 5,000 U 5,000 U

Date of Extraction: --- 7/01/88
Date of Analysis: 8/01/88 8/02/88 8/02/88

U - Compound was analyzed for but not detected. The number, is the detection limit for the
sample.

I

J ','d'y&/Laboratory Manager

nile

['-157
Accrecied by the Axrencfln A& .7:iction iOr Lcbor/1cry Accm" "jioicn in the c.e micoil l-g '

-i o -II, ",s .n,. ,= n . m u 1 h : .AA AMA r. -r-, Ar r n



m INTERNATIONAL ANALYTICAL
TECHNOLOGY
CORPORATION SERVICE S

5815 Midfebrook Pike e Knoxville. Tennessee 37921 *615-588-6401

CERTIFICATE OF ANALYSIS

ro. Martin Marietta Energy Systems, Inc. DATE REPOtTED: August 16, 1988
ATTN: Mr. Stuart Goza PROJECT CODE: MMOK 41517
P. 0. Box P, MS 440 ORDER NUMBER: 11B-02242-HM520
Oak Ridge, TN 37831PAE 5 OF 9

Sample Description: Method Blank Summary (Soil)

Concentration units are Uglkg (ppb)

08/01/88 08/02/8
Extraction Blank Method Blank Method Blank

Benzene 50 U 50 U 50 U
Tol uene 100 U -100 U 100 U
Ethyl Benzene 400 U 400 U 400 U
Xylenes (total) 400 U 400 U 400 U
Total Petroleum Hydrocarbons 5,000 U .5,000 U 5,000 U

Date of Extraction: 07/01/88----
Date of Analysis: 08/02/88 08/01/88 08/02/88

U - Compound was analyzed for but not detected. The number is the detection limit for the
Sample.

Ar~ov~by Laboratory Manager



INTERNATIONAL ANALYTI CAL
TECHNOLOGY A
CORPORATION SERVICES

58 15 Midd!etrcck Pike Knoxvile. Tennessee 37921 a15-5- 0 "36-01

CERTIFICATE OF ANALYSIS

to Martin Marietta Energy Systems, Inc. DAT REPCERT: August 16, 1988
ATTN: Mr. Stuart Goza PR.OjEC,COCE. MMOK 41517
P. 0. Box P, MS 440 ORER2 NUMBER: 11B-02242-HM52
Oak Ridge, TN 37331 PAGE E - CF __62_

Sample Description: Method Blank Summary (Soil)

Concentration units are ug/kg (ppb)

08/03/88 08/09/38 08/02/88*
Method Blank Method Blank Method Blank

Benzene 50 U 50 U 100 U
Toluene 100 U 100 U i00 U
Ethyl Benzene 400 U 400 U 100 U
Xylenes (total) 400 U 400 U I00 U
Total Petroleum Hydrocarbons 5,000 U 5,000 U 2,000 U

Date of Extraction: .........
Date of Analysis: 08/03/88 08/09/88 08/02/88

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

*Analysis performed by gas chromatography/mass spectroscopy.

Laboratory Manager

2... :



INTERNATIONAL ANALYTICALTECHNOLOGY-- "

CORPORATION SERVICES
5815 Middlebrook Pike e Knoxville. Tennessee 37921 * 615-588-6401

CERTIFICATE OF ANALYSIS

ro: Martin Marietta Energy Systems, Inc. DATEREPORr"ED: November 1, 1988
ATTN: Mr. Stuart Goza P!qOJECTCDE: MMOK 42062
P. 0. Box P,- MS 440 ORDERNUMBER: 11B-02242-HM644
Oak Ridge, TN 37831 PAGE. 53 OF 57

Sample Description: Method Blank Summary (Soil)

Concentration units are ug/kg (ppb)

Benzene 50 U 50 U
Toluene 100 U 100 U
Ethyl Benzene 400 U 400 U
Xylenes (total) 400 U 400 U
Total Petroleum Hydrocarbons 5,000 U 5,000 U

Date of Analysis: 10/07/88 10/10/88

Compound was analyzed for but not detected. The number is the detection limit for the
Sample.

Armv.Niy Laboratory manager

...................... ,..1



[flINTERNATIONAL ANALYTICALTECHNOLOGY
CORPORATION SERVICES

58' 5 Mcc!eorcck P:Ke e Knoxville Tennessee 37921 *61 5-588-6-:31

CER~TIFICATE OF ANALYSIS

*~Martin Marietta Energy Systems, Inc. DA-.rREPCr7D November 18, 1988
ATTN: Mr. Stuart Gaza PRCIECTCODE. MMOK 42231
P. 0. Box P, MS 440 CRDE2NUME. 11B-02242-HM682
Oak Ridge, TN 37831 PAGE 16 OF 16

Sample Description: Method Blank Summary (Soil)

Concentration units are u.g/kg (ppb)

Benzene 50 U

Tol uene 100 U

Ethyl Benzene 400 U

Xylenes (total) 400 U

Total Petroleum Hydrocarbons 5,000 U

Date of Extraction: 11/04/88
Date of Analysis: 11/07/88

U -Compound was analyzed for but not detected. The number is the detection limit for the
sample.

Laboratory Manager

7



INTERNATIONAL ANALYTICAL -
TECHNOLOGY .ERVICESCORPORATION SERVICES -. -

5815 Mic etrCK Pke * Kncxville. Tenressee 37921 * 615-588-6401

CERTIFICATE OF ANALYSIS

to Martin Marietta Energy Systems, Inc. DA7E.7<ERTED: August 17, 1988
ATTN: Mr. Stuart Goza =RCirEC7CODE; MMOK 41608
P. 0. Box P, MS 440 C1CE2NUMBE2: 11B-02242-HM537
Oak Ridge, TN 37831 PAGE 24 OF 38

Sample Description: PBLK1 (Water)

PESTICIDE AND PCB TARGET COMPOUND LIST

Concentration Concentration
Comoound (ug/l iter) Compound (nu/liter)

a-BHC 0.050 U endosulfai sulfate 0.10 U
s-BHC 0.050 U 4,4'-DDT 0.10 U
S-BHC 0.050 U methoxychlor 0.50 U
y-BHC (lindane) 0.050 U endrin ketone 0.10 U
heptachlor 0.050 U a-chlordane 0.50 U
aldrin 0.050 U y-chlordane 0.50 U
heptachlor epoxide 0.050 U toxaphene 1.0 U
endosulfan 1 0.050 U Aroclor 1016 0.50 U
dieldrin 0.10 U Aroclor 1221 0.50 U
4,4'-DE 0.10 U Aroclor 1232 0.50 U
endrin 0.10 U Aroclor 1242 0.50 U
endosulfan II 0.10 U Aroclor 1248 0.50 U
4,4'-DDD 0.10 U Aroclor 1254 1.0 U

Aroclor 1260 1.0 U

Date Extracted: 07/12/88
Date Analyzed: 07/21/88
Dilution Factor: 1

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

This method blank applies to the following samples: 5168, 5170.

,:.:r.,,-Vv Laboratory Manager



INTERNATIONAL ANALYTICAL
TECHNOLOGY SRIE

5815 Mic~e:rcck Pike * Knoxville. Tenrnessee 37921 *615-588-6401

CIERTIFICATE OF ANALYSIS

r. Martin Marietta Energy Systems, Inc. DATZ E.?CTED: August 18, 1988
ATTN: Mr. Stuart Goza rWJCCCOCE; MMOK 41624
P. 0. Box P, MS 440 C r 2E.2N LWBE R: 11B-02242-HMS4O
Oak Ridge, TN 37831 PAGE..18& OF .29...~.

Sam~ple Description: PBLK1 (Water)

PESTICIDE AND PCB TARGET COMPOUND LIST

Concentration Concentration
Comoound -(ug/l iter) Cornoound (ug/liter)

a-BHC 0.050 U endosulfan sulfate 0.10 U
a-BHC 0.050 U 4,4.'-DDT 0.10 U
a-BHC 0.050 U rethoxychlor 0.50 U
y-BHC (lindane) 0.050 U endrin ketone 0.10 U
heptachlor 0.050 U cL-chlordane 0.50 U
aidrin 0.050 U y-chlordane 0.50 U
heptachlor epoxide 0.050 U toxaphene 1.0 U
endosulfan I 0.050 U Aroclor 1016 0.50 U
dieldrin 0.10 U Aroclor 1221 0.50 U
4,4'-DDE 0.10 U Aroclor 1232 0.50 U
endrin 0.10 U Aroclor 1242 0.50 U
endosulfan 11 0.10 U Aroclor 1248 0.50 U
4,4'-000 0.10 U Aroclor 1254 1.0 U

Aroclor 1260 1.0 U

f Date Extracted: 07/13/88
Date Analyzed: 07/21/88' Dilution Factor: 1

U - Compound was analyzed for but not detected. The number is the detection l imit for. the
sample.

This method blank applies to the following sample: 5139.

AprCVe itzy /Laboratory Manager

'I_ 1 -1-V r " 1- - " 7



INTERNATIONAL ANALYTICAL
TECHNOLOGY

CORPORATION SERVICES
5815 Midc!etrock Pike * Knoxville. Tenressee 37921 , 615-588-6401

CERTIFICATE OF ANALYSIS

O Martin Marietta Energy Systems, Inc. DATREPCRTED: August 22, 1988
ATTN: Mr. Stuart Goza PROJ-=rCODE MMOK 41649
P. 0. Box P, MS 440 CRDE.NUMBEZ: 11B-02242-HM544
Oak Ridge, TN 37831 PAG.E 27 OF 41

Sample Description: PBLK1 (Water)

PESTICIDE AND PCB TARGET COMPOUND LIST

Concent rati on Concentrat ion
Compound (uo/liter) Compound (ug/liter)

a-BHC 0.050 U endosulfan sulfate 0.10 U
5-BHC 0.050 U 4,4'-DOT 0.10 U
6-BHC 0.050 U methoxychlor 0.50 U
y-3HC (lindane) 0.050 U endrin ketone 0.10 U
heptachlor 0.050 U a-chlordane 0.50 U
aldrin 0.050 U y-chlordane 0.50 U
heptachlor epoxide 0.050 U toxaphene 1.0 U
endosulfan I 0.050 U Aroclor 1016 0.50 U
dieldrin 0.10 U Aroclor 1221 0.50 U
4,4'-DDE 0.10 U Aroclor 1232 0.50 U
endrin 0.10 U Aroclor 1242 0.50 U
endosulfan I 0.10 U Aroclor 1248 0.50 U
4,4'-DOD 0.10 U Aroclor 1254 1.0 U

Aroclor 1260 1.0 U

Date Extracted: 07/18/88
Date Analyzed: 07/22/88
Dilution Factor: I

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

This method blank applies to the following samples: 5214, 5217, 5218, 5219.

Laboratory Manager

-. I '

I I : ' -,:,, '. .."... .". ... .'. . : ' , ' ; .. .". ...



SINTERNATIONALAN L TICA- -

TECHNLOGYANALYTIC AL

TECHNOLOGY SERVICE-S

5815Mid~eoc~kP:ke e Knoxville. Teressee '"921 6* 65-58-61

CERTIFICATE OF ANALYSIS

ro: Martin Marietta Energy Systems, Inc. DATEPR7E D August 11, 1988
ATTN: Mr. Stuart Goza PrC.E.C ;E MMOK 41517
P. 0. Box P, MS 440 CICE.R M,=ER: 11B-02242-HM520
Oak Ridge, TN 37831 PAGE A CF _62__

Sample Description: PBLK1 (Water)

PESTICIDE AND PCB TARGET COMPOUND LIST

Concentration Concentration
Comoound (, /liter) Comoound (ug/liter)

a-BHC 0.050 U endosulfan sulfate 0.10 U
3-BHC 0.050 U 4,4'-DDT 0.10 U
5-BHC 0.050 U methoxychlor 0.50 U
y-BHC (lindane) 0.050 U endrin ketone 0.10 U
heptachlor 0.050 U a-chlordane 0.50 U
aldrin 0.050 U y-chlordane 0.50 U
heptachlor epoxide 0.050 U toxaphene 1.0 U
endosulfan I 0.050 U Aroclor 1016 0.50 U
dieldrin 0.10 U Aroclor 1221 0.50 U
4,4'-DDE 0.10 U Aroc - 1232 0.50 U
endrin 0.10 U Arocior 1242 0.50 U
endosulfan II 0.10 U Aroclor 1248 0.50 U
4,4'-DDD 0.10 U Aroclor 1254 1.0 U

Aroclor 1260 1.0 U

I
Date Extracted: 06/24/88
Date Analyzed: 07/07/88
Dilution Factor: 1

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

This method blank applies to the following samples: 5133, 5134.

A p ¢-by

Laboratory Manager

a~Ia .'-.



INTERNATIONAL ANALYTICAL -
TECHNOLOGY -.-.CORPORATION S ERVI C E S ...-,

5815 Midoleorook Pike e Knoxville. Tennessee 37921 * 615-588-6401

CERTIFICATE OF ANALYSIS

7c Martin Marietta Energy Systems, Inc. CA.RE. CRTED: August 23, 1988
ATTN: Mr. Stuart Goza ?Q 'CCODE: MMOK 41655

P. 0. Box P, MS 440 CR ERMMBEZ: 11B-02242-HM545
Oak Ridge, TN 37831 PAGE 22 CF 33

Sample Description: PBLKI (Water)

PESTICIDE AND PCB TARGET COMPOUND LIST

Concentration Concentration
Comoound ('ig/1 iter) Comoound (vg/liter)

a-BHC 0.050 U endosulfan sulfate 0.10 U
s-BHC 0.050 U 4,4'-DDT 0.10 U
5-BHC 0.050 U methoxychlor 0.50 U
y-BHC (lindane) 0.050 U endrin ketone 0.10 U
heptachlor 0.050 U a-chlordane 0.50 U
aldrin 0.050 U y-chlordane 0.50 U
heptachlor epoxide 0.050 U toxaphene 1.0 U
endosulfan I 0.050 U Aroclor 1016 0.50 U
dieldrin 0.10 U Aroclor 1221 0.50 U
4,4'-DDE 0.10 U Aroclor 1232 0.50 U
endrin 0.10 U Aroclor 1242 0.50 U
endosulfan I[ 0.10 U Aroclor 1248 0.50 U
4,4'-DDD 0.10 U Aroclor 1254 1.0 U

Aroclor 1260 1.0 U

Date Extracted: 07/19/88
Date Analyzed: 07/22/88
Qilution Factor: I

U - Compound was analyzed for but not detected. The number is the detection limit for th
sample.

This method blank applies to the following samples: 5227, 5230, 5231, 5232.

,;y Laboratory Manager



Ej] INTERNATIONAL ANALYTIC AL
TECHNOLOGY
CORPORATION SERVICES

5815 Mlcclecrock PTke o KncxviIe. Tenressee 37921 * 615-588-6401

CERTIFICATE OF ANALYSIS

7C Martin Marietta Energy Systems, Inc. A7-ZEPCR -ED: October 31, 1988
ATTN: Mr. Stuart Goza PROJEC7CCDE: MMOK 42047
P. 0. Box P, MS 440 C ERNUMBE3: 1IB-O2242-HM641
Oak Ridge, TN 37831 PAGE 28 OF 39

Sample Description: PBLK1 (Water)

PESTICIDE AND PCB TARGET COMPOUND LIST

Concentration Concentration
Compound ('4/liter) Comoound (ua/i iter)

a-3HC 0.050 U endosulfan sulfate 0.10 U
a-3HC 0.050 U 4,4'-DDT 0.10 U
5-3HC 0.050 U methoxychlor 0.50 U
y-3HC (lindane) 0.050 U endrin ketone 0.10 U
heptachlor 0.050 U a-chlordane 0.50 U
aldrin 0.050 U y-chlordane 0.50 U
heptachlor epoxide 0.050 U toxaphene 1.0 U
endosulfan 1 0.050 U Aroclor 1016 0.50 U
dieldrin 0.10 U Aroclor 1221 0.50 U
4,4'-DE 0.10 U Aroclor 1232 0.50 U
endrin 0.10 U Aroclor 1242 0.50 U
endosulfan II 0.10 U Aroclor 1248 0.50 U
4,4'-DDD 0.10 U Aroclor 1254 1.0 U

Aroclor 1260 1.0 U

Date Extracted: 10/04/88
Pate Analyzed: 10/11/88
Dilution Factor: 1

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

This 7ethod blank applies to the following samples: 5234, 5235, 5236.

Ly- ffi•i- ,7 /" • A



RATONAL ANALYTICALTECHNOLOGY
CORPORATION SERVICES

5815 M c(ecrcok Pike e Knoxville. Tenressee 37921 615-588-6401 '

CERTIFICATE OF ANALYSIS

7 Martin Marietta Energy Systems, Inc. :AT-,=E CRTE: October 31, 1988
ATTN: Mr. Stuart Goza PRZ.7CT CCE: MMOK 42047
P. 0. Box P, MS 440 CRDERNUJMBER: 11B-02242-HM641
Oak Ridge, TN 37831 PAGE 29 CF '7o

Sample Description: PBLK2-ST ('Water)

PESTICIDE AND PC3 TARGET COMPOUND LIST

Concent rat ion ConcentrationCkomoound (t/l iter) Comoound (ua/liter)

a-8.HC 0.050 U endosulfan sulfate 0.10 U
3-3HC 0.050 U 4,4'-DDT 0.10 U
6-BHC 0.050 U methoxychlor 0.50 Uy-BHC (lindane) 0.050 U endrin ketone 0.10 U
heptachlor 0.050 U a-chlordane 0.50 U;Ildrin 0.050 U y-chlordane 0.50 U
heptachlor epoxide 0.050 U toxaphene 1.0 U
endosulfan 1 0.050 U Aroclor 1016 0.50 U
dieldrin 0.10 U Aroclor 1221 0.50 U
4,4'-ODE 0.10 U Aroclor 1232 0.50 U
endrin 0.10 U Aroclor 1242 0.50 Uendosulfan II 0.10 U Aroclor 1248 0.50 U
4,4'-DDD 0.10 U Aroclor 1254 1.0 U

Aroclor 1260 1.0 U

Date Extracted: 10/12/88
Date Analyzed: 10/12/88
Dilution Factor: I

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

This method blank applies to the following sample: 5235.

Arr,,-- - Laboratory Manager



IN TERNATIO NA L  ANALYTICALTECHNOLOGY

CORPORATION SERVICES
5815 Middletrook Pike * Knoxville. Tennessee 37921 615-588-6401

CERTIFICATE OF ANALYSIS

rc: Martin Marietta Energy Systems, Inc. DATERE.?CRTED: August 4, 1988
ATTN: Mr. Stuart Goza PROJECTCODE: MMOK 41482
P. 0. Box P, MS 440 CRDrE.NbMBE*: 11B-02242-HM515
Oak Ridge, TN 37831 PAGE 41 OF 56

Sample Description: PBLK! (Soil)

PESTICIDE AND PCB TARGET COMPOUND LIST

Concent rat ion Concentration
Comoound (ug/kg dry weight) Compound (ug/kg dry weight)

a-BHC 8.0 U endosulfan sulfate 16 U
s-BHC 8.0 U 4,4'-DDT 16 U
6-BHC 8.0 U methoxychlor 80 U
y-BHC (lindane) 8.0 U endrin ketone 16 U
heptachlor 8.0 U a-chlordane 80 U
aldrin 8.0 U y-chlordane 80 U
heptachlor epoxide 8.0 U toxaphene 160 U
endosulfan 1 8.0 U Aroclor 1016 80 U
dieldrin 16 U Aroclor 1221 80 U
4,4'-DDE 16 U Aroclor 1232 80 U
endrin 16 U Aroclor 1242 80 U
endosulfan II 16 V Aroclor 1248 80 U
4,4'-DDD 16 U Aroclor 1254 160 U

Aroclor 1260 160 U

Date Extracted: 06/20/88
Date Analyzed: 07/13/88
Dilution Factor: 1

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

This method blank applies to the following samples: 5000, 5000 (1:5), 5000 MS, 5000 MSD.

XPP-V~dby Laboratory Manager

-IW



E INTERNATIONAL ANALYTIC AL
TECHNOLOGY
CORPORATION SERVICES "

5815 Midclebrook Pike * Knoxville. Tennessee 37921 * 615-588-6401

CERTIFICATE OF ANALYSIS

ro: Martin Marietta Energy Systems, Inc. DATE RE.?ORTED: August 4, 1988
ATTN: Mr. Stuart Goza PROJEC7CODE: MMOK 41549
P. 0. Box P, MS 440 ORDERNUMBER: 11B-02242-HM525
Oak Ridge, TN 37831 PAGE-.50 OF 83

Sample Description: PBLKI (Soil)

PESTICIDE AND PCB TARGET COMPOUND LIST

Concentration Concentration
Comoound (ug/kg dry weight) Compound (ug/kg dry weight)

a-BHC 8.0 U endosulfan sulfate 16 U
8-BHC 8.0 U 4,4'-DDT 16 U
S-8HC 8.0 U methoxychIor 80 U
y-BHC (lindane) 8.0 U endrin ketone 16 U
heptachlor 8.0 U a-chlordane 80 U
aldrin 8.0 U y-chlordane 80 U
heptachlor epoxide 8.0 U toxaphene 160 U
endosulfan 1 8.0 U Aroclor 1016 80 U
dieldrin 16 U Aroclor 1221 80 U
4,4'-DOE 16 U Aroclor 1232 80 U
endrin 16 U Aroclor 1242 80 U
endosulfan II 16 U Aroclor 1248 80 U
4,4'-DDD 16 U Aroclor 1254 160 U

Aroclor 1260 160 U

Date Extracted: 06/28/88
Date Analyzed: 07/12/88
Dilution Factor: I

U - Compound was analyzed for but not detected. The number is the detection limit for I e
sample.

This method blank applies to the following samples: 5001, 5002, 5003, 5004, 5005, 5006
5007, 5007 (1:100), 5008, 5008 (1:5), 5009, 5009 (1:5), 5010, 5012.

Appmveby Laboratory Manager

U.!I,

I: .l /(



E 'IINTERNATIONAL AAYIA
EETECHNOLOGY AAYIA

CORPORATIONSEVICS

5815 Middlebrook Pike * Knoxville. Tennessee 37921 *615-588-6401 ..---

CERTIFICATE OF ANALYSIS

Martin Marietta Energy Systems, Inc. November 1, 1988
ATTN: Mr. Stuart Goza DA7E ',EPORTED: MMOK 42062
P. 0. Box P, MS 440 PROJ.E-T CODE: 118-02242-HM644
Oak Ridge, TN 37831 C R ER NTUM B E R 39 57

PAGE____ OF __

Sample Description: PBLK1 (Soil)

PESTICIDE AND PCB TARGET COMPOUND LIST

Concentrati on Concentration
Compound (un/kg dry weight) Comoound (uglkg dry weight)

a-BHC 8.0 U endosulfan sulfate 16 U
5-3HC 8.0 U 4,4'-DDT 16 U
S-SHC 8.0 U methoxychior 80 U
y-3HC (lindane) 19.0 U endrin ketone 16 U
heptachlor 8.0 U a-chlordane 80 U
aldrin 8.0 U y-chlordane 80 U
heptachlor epoxide 8.0 U toxaphene 160 U
endosulfan I 8.0 U Aroclor 1016 80 U
dieldrin 16 U Aroclor 1221 80 U
4,4'-DDE 16 U Aroclor 1232 80 U
endrin 16 U Aroclor 1242 80 U
endosulfan 11 16 U Aroclor 1248 80 U
4,4'-000 16 U Aroclor 1254 160 U

Aroclor 1260 160 U

Date Extracted: 10/11/88
Date Analyzed: 10/17/88
Dilution Factor: 1

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

This method blank applies to the following samples: 5247, 5248, 5249, 5250, 5250 DL,
5250 MS, 5250 MS DL, 5250 MSD, 5250 MSD DL.

01- Dilution

Apr , by LaorLoDry ar-ay

_n FIT\



jj INTERNATIONAL ANALYTICAL
TECHNOLOGY
CORPORATION SERVICES

5815 Micezorock Pike * Knoxville. Tennessee 37921 * 615-588-6-01

CERTIFICATE OF ANALYSIS

Martin Marietta Energy Systems, Inc. DATE ,E.CRTED: September 22, 1988
T ATIN: Mr. Stuart Goza PRO2'EC CODE ?4VK 41953

P. 0. Box P, MS 440 ORDER NJ MBER: IB-O2242-M629
Oak Ridge, TN 37831 PAGE 1 OF 7

Sample Description: Two (2) water samples received June 22, 1988

Concentration uniits are mg/liter (ppm)

Sodium Calcium Potassium Maqnesium Manganese

Preparation Blank 0.2 U 0.09 i U 0.03 U 0.002 U
5133 131 E 28.2 8 10.6 0.002
5134 158 E 30.0 9 10.4 0.002

U - Compound was analyzed for but not detected. The number is the detection limit for
the sample.

E - Value exceeded calibration range, but was within instrument linear range.

A rcvea :/ Laboratory Manager

'-7.::



INTERNATIONAL ANALYTICAL
TECNCLOGY -
COR CRATION SERVICES

5815 Middietrock Pike * Knoxville. Tennessee 37921 • 615-588-6401

CERTIFICATE OF ANALYSIS

ro: Martin Marietta Energy Systems, Inc. DATERE?"ORTED: April 29, 968
ATTN: Ms. Susan R. Rizk PROJECrCODE: MMOK 40893
P. 0. Box P, MS 440 CRDERNUMBER: 113-02242-OL-292
Oak Rifge, l'Nl 37831 PAGE 22 OF 22

WATER SURROGATE PERCENT RECOVERY SUMMARY

VOLATILE
Sample Toluene-D8 8F8 1,2 Dichloroethane-04
.No_. (88-II0%)* (86-115%)* (76-114%,)*

VSLKI 102 102 96
FOOW01GW0309-3-02 103 109 107
VBLK2 100 101 98
FOOWOlGWO308-3-01 103 104 101
F00W01GW0308-8-01 MAS 105 106 104
FOOWOGWO308-8-01 M4S0 100 100 99
F00W02G0309-8-01 104 104 103
FOOW02GW309-8-02 105 105 104
F00W04GW0308-8-01 105 104 106
FO0W04GW0309-8-02 104 105 106
F00W05GW0309-8-01 100 100 102
FOTBOORIO304-8-01 94 94 97

*Values in parenthesis represent USEPA contract required QC limits.

- Laboratory M4anager

? :[2. P * - .A - for



I TE cNOLOGY .ANALYTICAL
LL CORPORATION SERVICES

5815 Middletrock Pike :<onoxvile. Tenressee 37921 * 615-588601-

CERTIFICATE OF ANALYSIS

TO: iartin 1arietta Energy Systems, Inc. DATEREPORTED: April 29, 1983
ATTN: 1s. Susan R. Rizk PROJECT CODE: MKOK 40894
P. 0. Box P, MAS 440 ORDER NUMBER: 11B-02242-OL-293
Oak Ridge, TN 37831 PAGE 40 OF 40

WATER SURROGATE PERCENT RECOVERY SUMMARY

VOLATILE
Sample Toluene-D8 BF3 1,2 Oichloroethane-04No. (88-110%)* (86-115%)* (76-11.4,'.)*

VBLKI 102 105 100
FODWO3G'40310-3-01 97 103 96
FOS05GW0310-8-O1 98 106 97
FOEROSRfO310-8-0! 102 103 107
FOTBOORIO304-8-02 97 97 10.
VBLKF2 98 109 92
FOS;01GW0311-8-01 96 109 92
FOS1OZGWO311-8-01 95 113 97
FOS403G''031 1-8-01 97 112 89
VBLKIA 99 98 96
FOW06GW 0311-8-01 98 96 96
FOOW06GW0311-8-01I MS 99 97 94
FOOWO6GWO311-8-01 MSO 98 99 98
FOSWOSGW0311-8-02 I00 100 100
FOSWOSGW0311-8-03 99 99 101
FOOWO5GW0311-8-02 101 104 102
VBLK2 103 107 93
FOFBO5RI0311-8-01 102 103 96
FOTBOOR 10304-3-03 102 104 97
FOOW05GWO311-8-03 102 102 98
FOSW04Gw0311-8-01 96 96 93

*Values in parenthesis represent USEPA contract required QC limits.

C4, C-
Laboratory Manager

Title

_Tl mi



j]INTERNATIONAL ANAL YTI CAL
TECHNOLOGY - -

CORPORAflON SERVICES
'-815 MicdlecrcCk Pke o Knoxville. Tennessee 37921 6 15-3a-8-E:G1

CERTIFICATE OF.AINALYSIS

Martin Marietta Energy Systems, Inc. July 22, 1988
rc: ATTN: Mr. Stuart Gaza CAI7En rftiT-D: MMOK 41496

P. 0. Box P, MS 440 ?!qCJE- CODE: 113-02242-HM-514 & 518
Oak Ridge, TN 37831 CIPERJUME: 7 61

PAGE -__ OF___

WATER SURROGATE PERCENT RECOVERY SUMMARY

VOLATILE
Sample Toluene-08 BF3 1,2 Dichloroethane-04

VBLK1 101 94 106
5055 104 100 110
5064 108 100 110
5103 107 103 112
5104 101 95 104
5105 106 104 112

*Values in parenthesis represent USEPA contract required QC limits.

Armid-f 0pI t1ons-a ai~
7.1

Ow*itI



E I NTERNATIO14AL ANALYTICAL
CRPORATION 'CHNQLOGYSERVICES

58a15 Middletrcok Pke e Knoxville. Tennes see 3 7921 * 615-588-6401

CER~TIFICATE OF ANALYSIS

10: Martin Marietta Energy Systems, Inc. DAHEC~E: August 2, 1988
ATTN: Mr. Stuart Gaza PROJECT CODE: MMOK 41507
P. 0. Box P, MS 440 ORDER NMBER: 1B-02242-HM519 & HM524
Oak Ridge, TN 37831 PAGE 6 OF 56

WATER SURROGATE PERCENT RECOVERY SUMMARY

VOLATILE
Sample Toluene-08 BF3 1,2 Oichloroethane-04'

No. (88-1100%)* (86-115V/'* (76-114%)*

VBLK1 97 107 101
5107 100 97 93
5106 97 106 103
5085 101 103 100
5080 91 97 10~2

*Values in parenthesis represent USEPA contract required QC limits.

Apprav.d by 0rions M1anager

V, r : ~ ~ i '.;:-rflf :':,I'.,~*



j INTERNATIONAL ANALYTICAL
TECHNOLOGY
CORPORATION SERVICES

5815 Middletrook Pike • Knoxville. Tennessee 37921 1 615-588-6-1- -

CERTIFICATE OF ANALYSIS

ro: Martin Marietta Energy Systems, Inc. DATE R. CRTE"D: August 2, 1988

ATTN: Mr. Stuart Goza PROJEC-CODE: MOK 41539
P. 0. Box P, MS 440 CRDERINLMBER: 11B-02242-HM53O
Oak Ridge, TN 37831 PAGE 4 CF 21

WATER SURROGATE PERCENT RECOVERY SUMMARY

VOLATILE

Sample Toluene-D8 BFB 1,2 Dichloroethane-04No. (88-110%)* (86-I15%)* (76-114%)*

VBLK1 98 96 91
5152 94 95 90
5110 93 98 89

*Values in parenthesis represent USEPA contract required QC limits.

Approved W Laboratory Manager

o 17

l~ ~i ,, .=: ,:,, .- '.. . 2. X........ . cr , . A!" rr,':; . ,,:T: .. ..fl .. ...... I ,



E INTERNATIONAL ANALYTICALTECHNCLOGYCORPORATION SERVICES

5815 MiClebrock Pike * Knoxvi1le. Tennessee 37921 * 615-588-6401 6

CERTIFICATE OF ANALYSIS

"C Martin Marietta Energy Systems, Inc. DAT.E.:EORTED. August 4, 1988
ATTN: Mr. Stuart Goza PROJECT CODE: MMOK 41482
P. 0. Box P, MS 440 CRZE.NMBETZ: 1IB-02242-HM515
Oak Ridge, TN 37831 PAGE__7 _ F 56

WATER SURROGATE PERCENT RECOVERY SUMMARY

VOLATILE
Sample Toluene-08 BFB 1,2 Dichloroethane-04
-No. (88-II0%)* (86-I!5%)* (76-i14%.)*

VBLK1 99 102 93
5018 95 101 94
5018 MS 104 104 91
VBLK2 107 103 96
5018 MSD 97 96 93
5101 96 93 94
5102 103 104 97

*Values in parenthesis represent USEPA contract required QC limits.

Apprved W Laboratory Manager

Tt7,



INTERNATIONAL ANALYTICAL 1-886.O

CORPORATION ER*<oV'IC TnESe 72

TO: Martin Marietta Energy Systems, Inc. DA7TlE E?CRTED: August 4, 1988
ATTN: Mr. Stuart Goza PrZCJE-C7L CODE; MMOK 41549
P. 0. Box P, MS 440 0RCEINUMBER: 11B-O2242-HM525
Oak Ridge, TN 37831 PAGE.. 7...OF 83

WATER SURROGATE PERCENT RECOVERY SUMMARY

VOLATILE
Sample Toluene-08 BFB 1,2 Dichloroethane-04

VBLK3 97 101 93
5111 97 101 95
5161 98 100 99
5161 MS 99 102 103
5161 MS0 97 97 101
5112 100 104 101
5158 98 102 104

*Values in parenthesis represent USEPA contract required QC limits.

Appmvel by Laboratory Manager

dl,,



j INTERNATIONAL ANALYTICAL
TECHNOLOGY
CORPORATION SERVICES

5815 MidCdetrock P'ke * Knoxville Tennessee 37921 * 615-588-54,1

CERTIFICATE OF ANALYSIS

7c. Martin Marietta Energy Systems, Inc. DATE C-ERTD: August 17, 1988
ATTN: Mr. Stuart Goza PROJECT CODE. MMOK 41608
P. 0. Box P, MS 440 C[DER. NUBER: 11B-02242-HM537
Oak Ridge, TN 37831 PAGE 16 OF 38

WATER SURROGATE PERCENT RECOVERY SUMMARY

VOLATILE

Sample Toluene-D8 BFB 1,2 Dichloroethane-04
No. (88-110)* (86-115%)* (76-114)*

VBLKI 102 104 91
5115 98 100 91
5113 99 101 94
5165 102 104 96
VBLK2 99 99 95
5167 99 99 95
5168 100 98 95
5169 98 96 94
5170 102 102 98
5171 107 104 101
VBLK3 94 96 79
5172 95 97 81
5173 96 99 85
5175 94 96 85
5176 97 98 86

*Values in parenthesis represent USEPA contract required QC limits.

,AprcdJ ty Laboratory Manager

L '.77



INTERNATIONAL ANALYTIC AL
"CORPORATION SERVICES

5815 Midc!eorook Pke o Knoxville. Tenressee 37921 * 615-588-364C1 

CERTIFICATE OF ANALYSIS

ro: Martin Marietta Energy Systems, Inc. DATE RECRTED: August 18, 1988
ATTN: Mr. Stuart Goza PROJECTCODE: MMOK 41616
P. 0. Box P, MS 440 CRDERINUMBER: 11B-02242-HM538
Oak Ridge, TN 37831 PAGE14 OF 24

WATER SURROGATE PERCENT RECOVERY SUMMARY

VOLATILE
Sample Toluene-D8 BFB 1,2 Oicnloroethane-D4
No. (88-!10-%)* (86-11503)* (76-114%m)*

VBLK1 99 102 87
5117 102 102 84
5113 96 98 79
5174 99 107 77
5177 103 107 90
5179-81 101 105 92
5179-81 MS 103 97 91
5179-81 MSD 103 101 87
5182 103 105 83
VBLK2 102 101 97
5183 106 101 103
5184 101 98 90
5185 100 97 92
5186 101 101 96

*Values in parenthesis represent USEPA contract required QC limits.

Appvedb', Laboratory Manager

Ir



INTERNATIONAL ANALYTICALTECHNOLOGY ,...,.
CORPORATION SERVICES

5815 Midd1erook P:ke * Kncxvifle. Tennessee 37921 e 615-588-6401

CERTIFICATE OF ANALYSIS

iC: Martin Marietta Energy Systems, Inc. DATE RE?RTD: August 18, 1988
ATTN: Mr. Stuart Goza PRCJEC"CODE: MMOK 41624
P. 0. Box P, MS 440 CRDE NIBM: 11B-02242-HM540
Oak Ridge, TN 37831 PAGE .12. CF 28

WATER SURROGATE PERCENT RECOVERY SUMMARY

VOLATILE
Sample Toluene-D8 BF3 1,2 Dichloroethane-4

No. (88-110%)* (86-115v1)* (76-114%1)*

VBLK1 96 95 83
5119 103 96 86
5120 96 86 77
5187 95 92 79
VBLK2 93 90 90
5188 95 87 90
5190 98 90 90
5191 103 92 91
5192 105 88 82
5193 99 91 86
5194 100 91 83

*Values in parenthesis represent USEPA contract required QC limits.

Approvdb6 Laboratory Manager

T e

'"- I ,



I
INTERNATIONAL ANALYTICALTECHNOLOGY AAYIA
CORPORATION SERVICES

5815 Micd!ebrock Pike e Kncxville Tennessee 37921 * 615- 588-601

CERTIFICATE OF ANALYSIS

ro: Martin Marietta Energy Systems, Inc. DATE REORTE:: August 19, 1988
ATTN: Mr. Stuart Goza PROJEC7, CODE' MMOK 41637
P. 0. Box P, MS 440 RCE.RNUMBER: 11B-02242-HM541
Oak Ridge, TN 37831 PAGE ..OF.-.1

WATER SURROGATE PERCENT RECOVERY SUMMARY

VOLATILE
Sample Toluene-D8 BFB 1,2 Dicnloroethane-04
No. (88-1!0%')* (86-1!5%)* (76-114w.)*

VBLK1 102 104 93
5195 97 99 80
5198 95 99 78
5198 MS 93 99 77
VBLK2 93 107 88
5198 MSO 98 98 87
5199 94 96 97

*Values in parenthesis represent USEPA contract required QC limits.

Aprov!I ty Laboratory Manager

AAA.h



E INTERNATIONAL ANALYTICAL
TECHNOLOGY SRIECORPORATION SERVICES ;

5815 MidCletrock Pke o Knoxville. Tennessee 37921 o 615-588-6,"

CERTIFICATE OF ANALYSIS

:0: Martin Marietta Energy Systems, Inc. DA7ERE.?ORTE-: August 22, 1988
ATTN: Mr. Stuart Goza PROJECT CODE. MMOK 41649
P. 0. Box P, MS 440 CRDER. NUMBER: 11B-02242-HM544
Oak Ridge, TN 37831 PAGE 15 OF 41

WATER SURROGATE PERCENT RECOVERY SUMMARY

VOLATILE
Sample Toluene-08 BFB 1,2 Dichloroethane-04
No. (88-II0%) - 5)* (76-I140e)*

VBLK1 100 103 99
5214 96 98 85
5215 97 100 89
VBLK2 97 98 93
5216 100 100 88
5217 96 98 89
5218 100 101 93
5219 98 100 90
5220 96 97 88
5221 98 99 89
VBLK3 96 96 95
5222 105 101 93
5225 105 107 100
5226 96 98 91

*Values in parenthesis represent USEPA contract required QC limits.

Appoeby Laboratory Manager

le
I-18H



App~roved by

*~ INTERNATIONAL ANALYTICAL
TECHNOLOGY
CORPORATION SERVICE S

5815 Mfidd!etroCk P'ke * <noxville, Tennessee 37921 * 1 5-588-6,C1

CERTIFICATE OF ANALYSIS

To: Martin Marietta Energy Systems, Inc. DATEIREPORTED August 11, 1988
ATTN: Mr. Stuart Gaza PROJECT CODE: MMOK 41517
P. 0. Box P, MS 440 crzcE~zTJmE: IIB-02242-HM520
Oak Ridge, TN 37831 PAGE 10 OF 62

WATER SURROGATE PERCENT RECOVERY SUMMARY

VOLATILE
Sample Toluene-08 BF3 1,2 Oichloroe-thane-04

VBLK3 100 109 89
5108 100 107 90
5109 98 104 94
5124 104 111 99
5133 99 104 92
VBLK4 99 103 96
5134 102 104 100
VBLK5 97 101 96
5134 Rerun 105 104 114

*Values in parenthesis represent USEPA contract required QC limits.

Appove by Laboratory Manager

A I -



INTERNATIONAL ANALYTICAL ~"-
T ECHNOLOGYCORPORATION SERVICES - / .

5815 Midalecrcck P~ke a K~noxville. Tennessee 37921 *6558~O

CERTIFICATE OF ANALYSIS

rc Martin Marietta Energy Systems, Inc. DATE REPCR.ED: August 16, 1988
ATTN: Mr. Stuart Goza PROJECTCODE. MMOK 41517
P. 0. Box P, MS 440 CRDER MMBER: 11B-02242-HM520
Oak Ridge, TN 37831 PAGE.Z.OF 62

WATER SURROGATE PERCENT RECOVERY SUMMARY

VOLATILE
Sample Toluene-08 BFB 1,2 Dicnloroethane-D4
No. (88-110%)* (86-115%)* (76-114".)*

TCLP Extraction -lank 94 102 100
5099 95 99 95
5132 103 99 95

*Values in parenthesis represent USEPA contract required QC limits.

Arrrov#od y ~Laboratory Manager

1 '80



i INTERNATIONAL ANALYTICAL---..:-
TECHNOLOGY ANALYTICACOTROATIONLRPORATION SERVICES

5815 Middlebrook Pike e Knoxville. Tennessee 37921 * 615-588-6401:

CERTIFICATE OF ANALYSIS

ro Martin Marietta Energy Systems, Inc. DATEE. PRTED August 23, 1988
ATTN: Mr. Stuart Goza PROJECTCODE: MMOK 41655
P. 0. Box P, MS 440 ORDER NUMBER: 11B-02242-HM545
Oak Ridge, TN 37831 PAGE 10 CF 33

WATER SURROGATE PERCENT RECOVERY SUMMARY

VOLATILE
Sample Toluene-D8 BFB 1,2 Dichloroethane-D4
No. (88-110%)* (86-115%)* (76-114%)*

VBLK1 94 95 91
5227 95 97 88
5228 94 93 87
5230 91 91 85
5231 102 100 93
5232 100 97 94
VBLK2 93 94 93
5234 90 92 88
5235 97 98 95

*Values in parenthesis represent USEPA contract required QC limits.

Apprcvedby Laboratory Manager

/'b



INTERNATIONAL ANALYTICAL- --
TECHNOLOGY ANALYTICAL
CORPORATION SERVICES

5815 MiCafebrock Pike e Knoxville, Tennessee 37921 * 615-588-6401

CERTIFICATE OF ANALYSIS

Martin Marietta Energy Systems, Inc. DAT REPR-.D October 31, 1988

ATTN: Mr. Stuart Goza PR.OJECI CODE MMOK 42047
P. 0. Box P, MS 440 ORDERNUMBEI: 11B-02242-HM641
Oak Ridge, TN 37831 PAG s9

WATER SURROGATE PERCENT RECOVERY SUMMARY

VOLATILE
Sample Toluene-08 BF3 i,2 Oicnloroethane-04
No. (88-110%)* (86-115%)* (76-114%)*

VBLK1 99 97 94
5234 98 95 91
5235 99 96 92
5236 101 99 94
5237 104 102 97
VBLK2 109 109 103
5244 105 104 103
5244 MS 102 102 99
5244 MSD 103 102 98
5239 104 103 101
5240 105 105 101
5241 104 105 100
5242 105 102 100
5243 103 104 104
V3LK3 97 99 97
5245 93 95 91
5246 100 102 96
5238 99 106 92

*Values in parenthesis represent USEPA contract required QC limits.

Arr - '."- = 
tv Laboratory Manager

1 88
............................



j]INTERNATIONAL ANALYTICAL
TECHOLOGY E CS

5815 Miodleorcol< Pik 0 K~noxville. Ten'nessee 37921 o 6158-60

CER~TIFICATE OF ANALYSIS

Martin Marietta Eniergy Systems, Inc. DA -E RE ? CIRT October 31, 1988
ATTN: Mr. Stuart Goza oJrcD. MO 426
P. 0. Box P, MS 440 CRDETNUBE: 11B0242M6

Oak Ridge, TN 37831 PAGR W ER 1IB-2242HM64

WATER SURROGATE PERCENT RECOVERY SUMMARY

VOLATILE
Sample Toluene-D8 BF3 1,2 Dichloroethane-D4

VBLKJ 100 100 94
5252 95 97 101
VBLK2 100 103 97
5263 97 100 99
5254 99 103 102
5265 99 101 92
5266-68 99 108 100
5266-68 MS 100 104 99
5266-68 MSO 101 104 101

*Values in parenthesis represent USEPA contract required QC limits.

arprc--dty vLaboretory Manager



INTERNATIONAL ANALYTICAL
TECHNOLOGY ANERVICASCORPORATION SERVICES. . .

5815 Middlet1rook Pike e Knoxvile. Tennessee 37921 * 615-588-64C,

CERTIFICATE OF ANALYSIS

DATE REPORTED: October 31, 1988
Martin Marietta Energy Systems, Inc. P0OJEC1CCDE: O 98
ATTN: Mr. Stuart Goza CRDERuMBE : MMOK 42068
P. 0. Box P, MS 440 118A-QE242-HM647
Oak Ridge, TN 37831

WATER SURROGATE PERCENT RECOVERY SUMMARY

VOLATILE
Sample Toluene-O8 3FB 1,2 Dicnloroethane-D4
No. (88-110%)* (86-1153)* (76-114%)*

VBLK2A 101 106 98
5270 102 102 100
5271 96 97 94
5272 99 102 97
VBLK3 101 103 96
5276 104 107 98
5276-78 MS 99 103 96
5276-78 MSD 103 102 100
5234 101 101 94
5284-86 MS 102 103 93
5234-86 MSD 106 109 98
5237 102 107 95
5288 99 100 94

*Values in parenthesis represent USEPA contract required QC limits.

.rmv-1 n,-' Laboratory Manager

- • llmml I I im . ll II ll I m i lllm-i I-



TECHNOLOGYCORPORATION SERVICES

5815 Middfebrock Pke * Knoxville. Tennessee 37921 e 615-588-6401,

CERTIFICATE OF ANALYSIS

Martin Marietta Energy Systems, Inc. DA7, FpRT-:: October 31, 1988
ATTN: Mr. Stuart Goza PROJEC7CCDE: MMOK 42068
P. 0. Box P, MS 440 ORDER NUMBE: 11B-02242-HM647
Oak Ridge, TN 37831 ?AG_ 39 CF 51

WATER SURROGATE PERCENT RECOVERY SUMMARY

VOLATILE
Sample Toluene-D8 3F3 1,2 Dicnl oroethane-04
No. (88-1!0%)* (86-115%)* (76-114%) *

VBLK4 98 96 94
5269 97 98 99
5273 98 103 100
5274 95 101 95
5275 94 99 95
5279 99 103 97
5280 101 109 101
5281 93 97 100
5232 97 104 100
5233 96 101 95
'IBLK5 95 98 89
5294 95 102 91
5293 95 105 95
5292 99 104 94
5291 97 104 96
5290 99 106 92
5289 93 98 91

*Values in parenthesis represent USEPA contract required QC limits.

. .;.

p.,e=Iv Laboratory Manager

I7



SINTERNATIONAL A AYICL =-[i] ECHNLOGYANALYTICALTECHNOLOGY
CORPORATION SERVICES

5815 Middlebrook Pike * Knoxville, Tennessee 37921 * 615-588-6401

CERTIFICATE OF ANALYSIS

ro Martin Marietta Energy Systems, Inc. DA7EREPORTED: November 1, 1988
ATTN: Mr. Stuart Goza PROJEC7 CODE: MMOK 42062
P. 0. Box P, MS 440 ORDER NUMBER: 11B-02242-HM644
Oak Ridge, TN 37831 PAGE 18 OF 57

WATER SURROGATE PERCENT RECOVERY SUMMARY

VOLATILE
Sample Toluene-08 BFB 1,2 Dichloroethane-04
No. (88-II0w%)* (86-I15%)* (76-114%)*

VBLKIA 97 99 97
5251 100 104 102
VBLK2A 98 98 95
5261 97 95 94
5261 MS 107 99 97
5261 MSD 99 96 94
5252 101 99 93
5254 102 99 96
5255 100 98 92
5256 103 100 96
5257 104 101 96
5258 95 94 91
5259 105 101 96
VBLK4 101 106 98
5260 99 100 94
5315 99 100 97
VBLK2 107 91 94
5253 96 86 93

*Values in parenthesis represent USEPA contract required QC limits.

Appre Lr M gr
Appvveb~/Laboratory Manager

Thi



C7 I INTERNATIONAL ANALYTICAL
TECHNOLOGY SERVICESCORPORATION SE RVICE S°-' -

5815 MiccdeDrook P'ke * Knoxvlle Te'-essee 37921 o 615-588-6-i

CERTIFICATE OF ANALYSIS

,c Martin Marietta Energy Systems, Inc. DA7EREPCR7ED November 18, 1988
ATTN: Mr. Stuart Goza PR1CJECTCODE. MMOK 42231
P. 0. Box P, MS 440 CRCE. NUMBER: 11B-02242-HM682
Oak Ridge, TN 37831 PAGE._ OF 16

WATER SURROGATE PERCENT RECOVERY SUMMARY

VOLATILE

Sample Toluene-D8 BFB 1,2 Dichloroethane-04
No. (88-110%)* (86-115%)* (76-114%)*

5298 102 99 92

5299 99 98 89

5300 102 99 92

VBLK1 98 98 91

*Values in parenthesis represent USEPA contract required QC limits.

Atr".,, ty J/ Laboratory Manager



[j INTERNATIONAL ANALYTICAL
TECHNOLOGY
CORPORATION SERVICES

58 5 .M'cce~'cc 'e . K'cxvile -e'nessee 3-921 * 615- 8-6.C1 .. :

CERTIFICATE OF ANALYSIS

Martin Marietta Energy Systems, Inc. _ATERECPJED December 6, 19887C ATTN: Mr. Stuart Goza PRO-ECT OOE. MMOK 42335

P. 0. Box P, MS 440 CRDERNUMBER: 11B-02242-HM680
Oak Ridge, TN 37831 PAGE 13 CF 17

WATER SURROGATE PERCENT RECOVERY SUMMARY

VOLATILE
Sample Toluene-D8 BFB 1,2 Dicnlor"thane-D4
No. (88-110%)* (86-115%)* (76-1.14%)*

VBLK1 .101 103 99
5308 105 103 100
5307 103 102 97

5307 MS 101 102 105
5306 90 89 94
5307 MSD 101 99 97
VBLK2 107 103 95
5304 108 101 90
5305 110 103 91
VBLK3 110 107 102
5301 107 110 100
5302 109 103 89
5303 101 96 88

*Values in parenthesis represent USEPA contract required QC limits.

Q-

Av-rcved ty Laboratory Manager

I - .**7.':

L __....__ ...... _'_'_"_......___"_:____"__'_...._'___......._'_........



INTERNATIONAL
TECHNOLOGY ANALYTICAL
CORPORATION SERVICES

5815 M..:erOC. k :e * <ncxviue -e,-essee 3792 65-5-'1

CERTIFICATE OF ANALYSIS

-- 'A R R EDJanuary 9, 1989

:o Martin Marietta Energy Systems, Inc. -MMOK 42490
ATTN: 5. R. Rizk, K-25 RCcc= 11-02242-TU880
P. 0. Box 2003 o0:ER. NU ER- z B8 4T8
Oak Ridge, TN 37831-7440 -AGE 8 C

WATER SURROGATE PERCENT RECOVERY SUMMARY

VOLATILE

Sample Toluene-D8 BFB 1,2 0ichloroethane-04

No. (88-II0%* (86-I15%)* (76-114%)*

VBLKI 97 99 98

5309 95 95 114

5309 MS 91 96 106

5309 MSD 92 94 109

V3LK2 98 93 85

5312 98 94 86

5310 99 93 88

5311 99 91 87

*Values in parenthesis represent USEPA contract required QC limits.

L

:.' -' Laboratory Manager



INTERNATIONAL ANALYTICALTECHNOLOGY .....CORPORATION SERVICE S

5815 Midcletrcck P ke * Knoxville. Tenressee 37921 0 515-5 8--O-

CERTIFICATE OF ANALYSIS
Martin Marietta Energy Systems, Inc. July 22, 1988

7 ATTN: Mr. Stuart Goza :A7ErE: : MMOK 41496
P. 0. Box P, MS 440 PROJEC7CODE; IIB-O2242-HM-514 & 518
Oak Ridge, TN 37831 CRDERIN BER: 47 61

PAGE.- CF __

SOIL SURROGATE PERCENT RECOVERY SUMMARY

VOLATILE
Sample Toluene-D8 BFB 1,2 Oichloroethane-04
No. (81-117V)* (74-121%)* (70-121%)*

VBLK1 101 94 106
5033 106 97 116
VBLK2 107 103 116
5034 104 95 109
5035 102 95 108
5036 108 103 113
5036 MS 101 93 104
5036 MSD 100 99 103
5037 104 97 101
VBLK3 107 99 92
5038 100 105 108
5039 101 105 104
5041 103 109 il
VBLK4 101 110 103
5040 99 109 116
5042 97 106 118
5043 98 105 119
5044 98 107 117
5046 97 110 118
5047 99 109 121
5045 97 110 116
5048 95 104 120

*Values in parenthesis represent USEPA contract required QC limits.

Ar=pve Oprations Man er

Ac::.' P A* e r. r.~lAson~ A~r , :: A ez:!cncr :nf? , nern:,:cq
w sIr!



INTERNATIONAL ANALYTICAL
TECHNOLOGY .
CORPORATION SERVICES

5815 Middlebrook Pike e Knoxville. Tenressee 37921 * 615-588-,01.,

CERTIFICATE OF ANALYSIS

Martin Marietta Energy Systems, Inc. July 22, =988
? ATTN: Mr. Stuart Goza :A E . RE:: MMOK 41496

P. 0. Box P, MS 440 PROJEC7CODE 11B-02242-HM-514 & 518
Oak Ridge, TN 37831 CRCERINUMBER: 48 61

PAGE___ OF __

SOIL SURROGATE PERCENT RECOVERY SUMMARY

VOLATILE

Sample Toluene-D8 BF3 1,2 Dichloroethane-04
No. (81-I17%)* (74-!21%)* (70-121w%)*

VBLK5 10i 103 100
5049 100 103 98
5050 99 102 101
505i 102 104 103
VBLK6 102 109 101
5052 99 112 107
5053 89 455** 110
VBLK7 98 104 101
5053 DL 98 109 112
5056 10i 113 119
5058 95 109 . 117
5059 98 108 116
5060 96 105 107
5061 93 106 109
5062 93 105 103
5063 94 104 101
5063 MS 94 107 101
5063 MSD 91 113 100
5057 98 116 99

DL = Dilution

*Values in parenthesis represent USEPA contract required QC limits.
V*values are outside of contract required QC limits.

pm Oplrations Manar "

r,1/, r1:27 -I~: ...-/



INTERNATIONAL ANALYTICALTECHNOLOGY .,/,. .CORPORATION S R I ELL.I ~SERVICES

5815 Middlebrook Pike * Knoxville. Tennessee 37921 0 615-588-6401

CERTIFICATE OF ANALYSIS

TO: Martin Marietta Energy Systems, Inc. DAT-RE.?ORTED: August 2, 1988
ATTN: Mr. Stuart Goza PROJECT CODE: MMOK 41507
P. 0. Box P, MS 440 ORDE7N-JMBER: 11B-02242-HM519 & HM524
Oak Ridge, TN 37831 PAGE 40 OF 56_

SOIL SURROGATE PERCENT RECOVERY SUMMARY

VOLATILE
Sample Toluene-08 BFB 1,2 Dichloroethane-D4
No. (81-117%)* (74-121V)* (70-121)*

VBLK1 97 107 101
5065 107 113 110
5066 95 102 109
5067 97 107 108
VBLK2 99 100 97
5068 100 97 103
5069 96 97 99
5070 94 97 100
5071 101 104 104
5072 103 98 100
5073 98 92 101
VBLK3A 105 106 101
5074 102 103 99
5075 96 100 101
5076 98 98 100
VBLK4 104 105 97
5077 103 99 93
5078 101 99 89
5078 MS 101 100 94

5078 MSD 95 99 88
5079 94 99 88
5081 97 96 88

*Values in parenthesis represent USEPA contract required QC limits.

Ap b erations Manager

ACC.', h . ' Arn encnfn A.soso: orn if Wto rOy Acc-I rIOn .n in .'- r!emcal 93..

& & ~ ~ .~~ I t"oirj. :dtd n ihea 2 irTP.? AALA% Cre. ,ory o .crw..jI:- c ,



INTERNATIONAL ANALYTICAL
TECHNOLOGY
CORPORATION SERVICES

5815 Midaleorook Pike * Knoxville. Tennessee 37921 * 615-588-6-"01

CERTIFICATE OF ANALYSIS

IC: Martin Marietta Energy Systems, Inc. CAE-.RD- August 2, 1988

ATTN: Mr. Stuart Goza PROJECrCODE: MMOK 41507
P. 0. Box P, MS 440 ORDERNUMBER: 11B-02242-HM519 & HM524
Oak Ridge, TN 37831 PAGE 41 OF 56

SOIL SURROGATE PERCENT RECOVERY SUMMARY

VOLATILE
Sample Toluene-08 BFB 1,2 Dichloroetnane-04

No. (81-117%.)* (74-121%)* (70-121%)*

VBLK5 103 102 99
5082 96 92 95
5083 97 101 101
5084 97 100 92
5086 97 90 95
5087 100 99 95
5088 90 94 94
VBLK6 92 94 84
5089 92 93 84
5090 97 93 79
5091 98 89 103
5092 91 89 81

!

*Values in parenthesis represent USEPA contract required QC limits.

AD- " $erations Managr"

Accmc~ r'( Pd y A:-?r-'n AssoZnatwrw 'cr',:: :!l~fl.f

!fivr;n',



INTERNATIONAL
TECHNOLOGY ANALYTICAL
CORPORATION SERVICES

58'5 Midd!etrocK P.Ke Kncxvile. Tennessee 37921 o 615-588-6-C1

CERTIFICATE OF ANALYSIS

7:. Martin Marietta Energy Systems, Inc. DA7ERE-CR7-KD: August 2, 1988
ATTN: Mr. Stuart Goza PrzCJECrCrDE: MMOK 41539
P. 0. Box P, MS 440 CRDE.ENUMBER: 11B-02242-HM530
Oak Ridge, TN 37831 PAGE----.12.CF 21

SOIL SURROGATE PERCENT RECOVERY SUMMARY

VOLATILE

Sample Toluene-D8 BF3 1,2 Dicnloroethane-04
No. (81-117%)* (74-1210%)* (70-121%.)*

VBLK2 99 Il1 102
5135 98 109 95
5136 95 116 98
5140 93 120 103
5145 88 114 97
5151 86 119 100
5148 88 121 110

*Values in parenthesis represent USEPA contract required QC limits.

Ap"-'y f/Laboratory Manager

Title

F-200
Accredited ty t'e Amrerican Asso .wt:on fot U3i ratory AcCreditalion n ihe C _iem crl 93-9



E INTERNATIONAL ANALYTICAL
TECHNCLOGY
CORPORAkTION SERVICE S

5815 Middlecrcck PiKe e Kncxvide. Tennessee 37921 615-585--C"

CERTIFICATE OF ANALYSIS

MC: artin ,1arietta Energy Systems, Inc. DATE-EpZ--7D: August 4, 1983
ATT: Mr. Stuart Goza PR CJECT C -CIE: MMOK 41482
P. 0. Box P, MS 440 COER NB ER: 11B-02242-HM515
Oak Ridge, TN 37831 PAGE 34 C:: 56

SOIL SURROGATE PERCENT RECOVERY SUMMARY

VOLATILE
Sample Toluene-08 BF3 1,2 Dichloroethane-04
No. (81-17%")* (74-121%)* (70-121%)*

V3LK3 105 114 103
5000 (1:5) 103 142** i0!
5k)C') , (1:125) 99 102 103
500] MSD (1:125) 94 111 110
5013 110 105 93
501-1 109 115 100
'IV LK 105 108 99

0-3 99 97
50!6 100 105 96
5019 103 104 101
5000 (1:125) RE 104 115 102
7BLK5 99 101 87
5020 104 106 91
5021 96 98 82
5023 107 105 90
5024 101 101 85
5025 100 97 86
VBLK6 109 107 108
5027 110 109 111
5023 113 113 112
5029 105 106 113
5030 104 102 110
5031 110 108 113f 5032 Ill 116 129
5022 (1:5) 95 103 101
5032 MS 108 107 126
5032 MSD 108 116 130
VBLK7 106 105 102
5022 (Rerun) 99 99 96

'lalues in parenthesis represent USEPA contract required QC limits.

"Values are outside of contract required QC limits.

RE Rerun //-__/_-___-_t___"_

Ap IVI by Laboratory Manager

r-!itTi ty

.... .....



E j INTERNAT!ONAL ANALYTICAL
TECHNOLOGY SERVYICScoR POR. .ION S ERVI C ES : ..

55:5 ,Macc~e ,crcc.--P e o K.OxV'ile 7ere-essee 37921 3 G15-5,-1---

CERTIFICATE CF AiNAnLYSIS

Martin Marietta Energy Systems, Inc. A.r* E Auu I, 1988

(C-'7.'7 C C E:. S ,18
ATTN: Mr. Stuart Goza C "E NU Z- MOK 41517'1' 4 0113 - CS"?- 2 - IM 5
P. 0. Box P, MS 44 PAGE ..41517
Oak Ridge, TN 37331

SOIL SURROGATE PERCENT RECOVERY SUMMARY

VCLA[ILE
Sap Ie Toluene-38 3F3 1,2 Dic;Joroet.nane-D4

o. 8!-1 7" ) (74 12!%')* (70-! 1 )

V 3 K 1 93 96 9:,)
1/ L<1D 103 101 93
5.193 i06 101 92
5094 110 105 97
5095 93 91 91
5096 98 86 24
5097 105 101 98
5098 i03 101 92
5100 l0.1 110 90
5121 103 107 93

5o - 4 L;e MS lot 96 89
MSD 107 101 92

, pa 1 r-ntu ii rep r2s r SEPA cont rc re2'Li red QC I Un i ts

Laboratory t-lanager



W INTERNATICNAL ANALYTICAL
TECHNCLCGY ANALYTICAL
CORPORATION SERVICE S

53 5 Midclecrcck Pke * K-ncxvi:e. Tecressee 37921 * 615-5 8-64C1 

CERT:F1CATE OF ANALYSIS

7c Martin Marietta Energy Systems, Inc. A7-REPCr7D: August 11, 19
ATTN: Mr. Stuart Goza P-CJEJ7. CCDE. MMOK 41517
P. 0. Box P, MS 440 RC NU-BI ER: I1B-02242-HM520
Oak Ride, TN 37831 PAGE CF 6 2

SOIL SURRCGATE" PERCENT RECOVERY SUMMARY

VOLAT ILE
a-:Ie Toliene-D8 1,2 OicnIioroethane-C4

'/3LK13 96 93 92;

5125 .C 97
5126 MS 97 04 96
5i26 MSo 96 99 93
5-92 99 10i 93
515 95 100 92

5127 92 97 q
5613 31 79 82

9 99 101
'iLK2 102 103 96
5123 9:6 97 93
5131 99 98 95
'B L:< 6 107 114 101
5130 103 121 100

*/'laues in pir2nthiesis USEPA contract required QC I imit.

7 . 2.

/,/7 / t-'
,'"(~~* A __'/ ,," '-'4

1 , IH I"/l r" _i_|,] ' t



SINTERNATIONAL ANALYTI CAL-:-<-
TECHNOLOGY ANALYTICAL
CORPORATION SERVICES

5815 Mid:ebrock Pike * Kncxville. Tennessee 37921 * 61 5-588-6.:01

CERTIFICATE OF ANALYSIS

7 artin Marietta '7nergy Systems, Inc. DATE, TED: November R, 1953
ATTN: Mr. Stuart GozaPNC EC7Cc, E: 0,K 4,20C-62
P. 0. Box P, MS 440 C NE.,.JME. llB-O2242-HM644
Oak Ridge, TN 37831 PAGE9 CF 7

SOIL SURROGATE PE-,R.ENT RECOVERY SUMMARY

VOL._TLE

sarrDI e ToIuer,-j8 BF3 1,2 icnloroethane-04
"o. (81-1!7%!* (74-12!,)* (70-!2!)*

'3LK3 100 a 94
5250 104 23 91
5250 MS 99 92
5250 ,ISD 106 3 3 96
52tq 102 90 97
5249 115 102 108
'/9LK1 94 101 97
5247 35 69** 91

,l'o; in ,arentnf s is represent USCPA contract required OC limits.
ar ots i de of contract required QC limits.

/ /,L" horitry ' n(. 1,/-



E INTERNATIONAL ANALYTICALTECHNOLCGY _- - "
CORPORATION SERVICES

CERTIFICATE OF ANALYSIS

-: Martin Marietta Energy Systems, Inc. ,.. . November 18, 193
ATTN: Mr. Stuart Goza CMMK 422311
P. 0. Box P, MS 440 .113-'2242-HM62
Oak Ridge, TN 37331 PAG 2' 1_CF16

SOIL SURROGATE PERCz.NT RECOVERY SUMMARY

VOLATILE
Sample Toluene-D8 Fb, 1,2 Dicnloroechane-D4
- . (81-117%)._* (74-1211%)* (70-!1M )*

V2LK 2 9i 94 89

5295 3' 93 93 97

5295 3' MS 91 97 94

5295 3' MSD 89 96 94

5295 6' .3 105 89

5297 9' 94 101 104

*'a .. _ ii parenthesis represent USEi)A contract required QC limits.

:7 Lakorli-.o0ry 'r



INTERNATIONAL ANALYTICALTECHNOLOGY
cORPORATION SERVICES

53:5 ,,idCecroc.< P:ke * Kcxvile. Tennessee 3792, 61 5-5 8--C*

CERTIFICATE OF ANALYSIS

:. :4artin Marietta Energy Systems, Inc. DA- August 2, 198
ATTN: Mr. Stuart Goza P RCJJC C DE: MMOK 41507
P. 0. Box P, MS 440 CFLE7Z NUMBE: 1IB-O2242-HM519 & HMY52
Oak Ridge, TN 37831 PAGE -__5 _CF 56

WATER SURROGATE PERCENT RECOVERY SUMMARY

VOLATILE
Sample Toi uene-O8 BF3 1,2 Oicnloroe2t.nane-D4No. (q3- 1l0 * (86-t15.)* __ 7__-__ ______

TCLP Extraction Blank 103 103 99
5054 110 111 100
5054 MS 102 105 93
5054 MSO 95 95 89

*Values in parenthesis represent USEPA contract required QC limits.

,'r ','" :', Opt2-A- i oif1S Idntjr V



SINTERNATIONAL ANALYTICALTECINOL'OGY - "'

CORPORTION SERVICES
5:S Micclecrcc,- Pike * K cxvile. Te , nessee 37921 1

CERTIFICATE OF AMNAIYSIS

,c: Martin Marietta Energy Systems, Inc. DA7EcrTED: August 2, 1983
ATTN: Mr. Stuart Goza POJEOCCCCE: 1,1MOK 41539
P. 0. Box P, MS 440 CRDE. NUMBEZ: 113-02212-HM530
Oak Ridge, Th 37831 PAGE_ 15 OF ?

WATER SURROGATE PERCENT RECOVERY SUMMARY

VOLATI LE

Sample Toluene-D8 BF3 1,2 Dicnloroetiane-O4

5141 93 83 79
TCLP Extraction Blank 103 93 93

Values in parenthesis represent USEPA contract required QC limits.

' : ""': L iL- or t rvs .antl:



INT ERNATIONAL ANALYTICAL
TECHNOLOGY SRIE

CE T =ICATL-E OF ANALYSIS

7C 'art in Marietta Energy Systems, Inc. :A T7 :E C RE : August 17, 1983
ATTh1: Mr. Stuart Goza =7C- _E. MMdK 41608
P. 0. Box ?, MS 'IQI 11-~UME~ 3-02242-HM537
,"-- Ridce, T4 327331 :)-G 21 OF '

WATER SURRCGA7TE PERCE.W RECOVERY SUMMARY

_______________________ SE'4140LA71I Z

L 6

Nir- 2-Fiuoro- Ter-nhenyl- 2-Fluoc- Tribromo-
3 e3enz- ne-15 3i :2 enyl 014 Phenol -05 Phenol Phenol

7.53 73 8'- 05 3** 15**

706-) 79 86 6 ~ 12** . I
22L:KI 79 34i 1133 63 93

~/ iuin parenthesi s represent IJSEPA contract requi red QC 1 imi _*s
"'Tia1ues ar-2 outs ide of corltr.3c rPqu i red 04C limits.

%i i ('-"



C1INTERNATIONAL ANALYTICAL
H MTECHENOLOGY

CORPORATI!ON SERVICE S

C:E:'ZF:CATE OF ANALYSIS

.1 Martin Marietta Energy Systems, Inc. Z.AjE EPS17ED: August 13, 1983
ATTN: Mr. Stuart Goza Z020Cj7ccE: MMOK 41624
P. 0. Box ?, MS 440 0:ER UME!h IIB-02242HMEI1O
Oak Ridge, TN 37331 PAGE-17 W-2

WATER SURROGATE PERCENT RECOVERY SUMMARY

SEMI-VOLAT:LEc
2,4,6

Nitro- 2-Fl uorc- Terphenyl- 2-Flucro- Tribr-of-
SamplIe Benzene-D5 Biphenyl 014 Phenol-D5 Phenol Phenol

5:89 73.gt 100 22 39 82
S3LK1 56 64 91 26 46 33

*111 ins in pirenthes is represent USEPA contract requi red QC limits.

/f/) ( C



INTERNATIONAL ANALYTICAL
CORPORATION SERVICES

48 15 Mid c~ecrccv, -?e 9 KtncxvriiIe. Ter f"essee 3792 -9 ~5-6,:c

CERTIFITCATE" OF ANIALYS-S

C Martin Marietta Energy Systems, Inc. r.XTE .D Augu st 22, 1983
ATTN: Mr. Stuart Gaza . ZjC-7=-CDE. MMOK 41649
P. 0. Box P, MS 440 CR DE RZ N1 BE R: 11B-O2242-HM544
Cak Ridge, TN 37331 ?A-n 5O ::

WATER SURROGATE PE"RCENT RECOVEIRY SUM''MARY

SEMI-VOLATILE
2,4,6

Nitro- 2-Fluoro- Terphenyl- 2-Fluoro- Tribrorno-
Sa2 ~ Benzene-05 Bi phenyl 014 Phenol -D5 Phenol Phenol

59211 59 73 101- 33 60 95
52 17 73 87 106 25 42) 74
5213 72 82105 27 44 67
5219 51 70 107 23 49 81
S 3L.K 1 so 92 111 33 57 91

'13ales in parenthesis represent IJSEPA contract required QC limits.

1 -a o i~r Ld1(,



INTERNATIONAL ANALYTICAL
TECHNOLOGY SEVIE

5215 Actewccx Pse e '<rx~ie Tenressee 37921 3 15-528-640!'

CE. 1,F11CATE OF aNTALYSIS

Martin Marietta Energy Systems, Ic. August 11, 1983
ATTN: Mr. Stuart Goza F Z ' .1MK 41517
P. 0. Box P, MS 440 *~ iB 0222 112
Oak Ridge, TN 37331PG -t O -- 1

WATER SURROGATE PERCENT RECOVERY SUMMARY

SEMI-VOLATILE

Nitro- 2-?:1ucro- Terphenyl- 2-Fluoro- Tribromo-
Sam~ple Senzane-05 Biphenyl 014 Phenol-D5 Phenol Phenol
No. (35- 1140)* (43-1161)* (33 140V* (10-JQ* (21-1OO%)* (10-123%)-

5133 71 69 33 23 53 76
5134 74 74 89 27 43 70
SBLKI 82 74 26 34 53 73

4/3a uas in parenthes is represent ISEPA contract re2qui redI QC luiits.



flINTERNATIONAL ANALYTICAL
TECHNOLOGY
CORPORATION SERVICES

58 15 Middlenrook Pike K noxville. Tennessee 37921 *615-583-6-1

CERTIFICATE OF ANALYSIS

Martin Marietta Energy Sys.ems, Inc. :,-,=-RE PC RZD August 23, 1988
ATTN: Mr. Stuart Goza DRCjE-r--lCCDE. MMOK 41655
P. 0. Box P, MS 440 II ~ 1B-02242-HM545
Oak Ridge, TN 37331 PAGE 21 CF 33

WATER SURROGATE PERCENT RECOVERY SUMMARY

SEMI-VOLATILE
2,4,6

Nitro- 2-Fluoro- Terphenyl- 2-;Fluoro- Tribrorno-
Sam-ple Benzene-D5 Bilph enyl 014 Phenol-OS Phenol Phenol

5227 l1 37 1112 70 111
5230 63 75 ill 37 66 9,
5231 76 83 108 39 69 97
5232 85 90f 117 41 73 91
S B IK1 67 73 100 32 60 81

*T/alues in parenthesis represent USEPA contract required QC limits.

~QV'fl ~ Laboratory Manaqi~r



INTERNATIONAL ANALYTICALTECHNOLOGY ...
CORPORATION SERVICES

5815 Vc,,!etrcc Pke 0 Krcxv !e Tenressee 27921 * 61 5-588-64C1 

CERTIFICATE OF ANALYSIS

Martin Marietta Energy Systems, Inc. DA. E.ECR.-E2: October 31, 1988
ATTN: Mr. Stuart Goza rzC rC- .C... MMOK 42047
?. 0. Box P, MS 440 C RCE.-LN2E: 11302242-HM641
Oak Ridge, TN 37831 PAGE 27 CF 39

WATER SURROGATE PERCENT RECOVERY SUMMARY

SEMI -VOLATILE
2,4,6

Nit,-o- 2-Fluoro- Terphenyl- 2-Fluoro- Tribromo-
Sample Benzene-25 Biphenyl 014 Phenol-D5 Phenol PhenolNo. (35-I14%")* (13-I156v)* (33-141%)* (10 -9 4') (1-100%)* 10-12 3%*

5234 79 77 90 36 52 71

5235 79 77 90 36 52 71
5226 73 68 84 34 48 56
SBLK1 44 53 57 25 46 74

*•alues in parenthesis represent USEPA contract required QC limits.

1
" f ,' , ,-

• .:.., -.- [aboratory anil(]er__

-I



INTERNATIONAL ANALYTICAL
TECHNOLOGY .ERICECORPORATION S ERVI C E S '; "

5815 MdiCd!etrcck Pke * Knoxville. Tennessee 37921 6 615-588-6401

CERTIFICATE OF AN'ALYSIS

Tc Martin Marietta Energy Systems, Inc. ZATEqEmRTED August 4, 1988

ATTN: Mr. Stuart Goza P.JEr'ECODE: MMOK 41549
P. 0. Box P, MS 440 CRDERNUMBE.: 11B-02242-HM525
Oak Ridge, TN 37331 PAGE 58 CF 83

SOIL SURROGATE PERCENT RECOVERY SUMMARY

SEMI-VOLATILE
2,4,5

Nitro- 2-Fluoro- Terphenyl- 2-Fluoro- Tribromo-
Sample Benzene-05 Biphenyl 014 Phenol-D5 Phenol Phenol
No. (23-120%)* (30-116%)-* (18-137%)* ,(24-!!3%)l* (25-121%* (13- 122%)*

5001 71 74 99 71 70 86
5002 71 74 85 71 64 80
5003 90 75 82 70 68 72
5004 73 72 96 76 67 91
5005 75 78 92 75 71 76
5006 50 52 64 49 48 52
5007 89 79 96 66 68 70
5007 (1:12) 72 85 132 49 66 113
5008 63 71 80 62 63 65
5009 57 66 70 57 60 63
5010 80 77 92 74 73 78
5012 60 56 67 66 61 43
SBLK1 62 55 72 63 56 41

*Values in parenthesis represent USEPA contract required QC limits.

Laboratory Manager

""'y.; ' . 1,\ " : " .... ' ".. .• ' . . :.. . .



EjINTERNA10ONAL ANALYTICAL
TECHNOLOGY
CORPORATION SERVICE S -

5815 tMidd~etrook P ke * Knoxville. Tennessee 37921 *615-588-64101

CERTIFICATE OF ANALYSIS
Martin Marietta Energy Systems, Inc. Nvme ,18

*- ATN: 11r. Stuart Goza DA PWE:MMOK 42062
P. 0. Box P, MS 440 P!ROJE=CCDE; 11B-02242-HM644
Oak Ridge, TN 37831 CRDEZNU-MBE': 38 57

PAGE_____ CF____

SOIL SURROGATE PERCENT RECOVERY SUMMARY

SEMI-VOLATILE
2,4,6

Nitro- 2-Fluoro- Terphenyl- 2-Fluoro- Tribromo-
Sample Benzene-05 Biphenyl 014 Phenol-D5 Phenol Phenol

'1o. (23-120-1)- (30-115 .)* (18-137-.* (24-113%)* (25-12 l-)-* (19-122%)*

5247 49 50 103 47 55 30
52-1 65 56 94 57 66 44

52977 32 80 61 63 60
5250 73 67 105 27 65 35
5250 MS 77 64 100 63 65 35
5250 MSD 66 65 101 72 67 46
S 3 L-K1 70 70 74 51 65 66

4IJalues in parenthesis represent USEPA contract required QC limits.



m INTERNATIONAL ANALYTIC AL -
TECHNOLOGYCORPOIZA7ON SERVICES

5815 Midcecrcck ?-ke * <rncxvii~e. Tennessee 37921 *615-588-64IC1

CERTIFICATE OF ANALYSIS

: Martin Marietta Energy Systems, Inc. DA--_REPORTZD: August 4, 1988
ATTN: Mr. Stuart Goza P.rOJEC-, CCDE MMOK 41482P. 0. Box P, MS 440 CRDERNUMlZBE : 11B-02242-HM515
Oak Ridge, TN 37831 PAGE 40 CF 56

SOIL SURROGATE PERCENT RECOVERY SUMMARY

SEMI-VOLATILE
2,4,6

Nitro- 2-Fluoro- Terphenyl- 2-Fluoro- Tribromo-
Sample Benzene-05 Biphenyl 014 Phenol-05 Phenol Phenol

No. (23-120%)* (30-115%)* (18 -37)* (24-113%)* (26-121%)* (18-122%)*

5000 241** 87 74 70 69 78
5000 MS 118 70 82 73 78 80
5000 MSD 139** 90 86 77 76 90
SBLK1 94 79 98 103 89 89

*Values in parenthesis represent USEPA contract required QC limits.
**Values are outside of contract required QC limits.

A,,pmov.-y/ Laboratory Manager

I"..:B

-i -. ' , ,



F~INTERNATIONAL AAYIA
CORPOATIONSERVICES

5815 Middlecrock Pike * Knoxville. Tenressee 2-7921 *615-388-8401

CER.TIFICATE OF AdNALYSIS

ro. Martin Marietta Energy Systenis, Inc. DA-LE ZE?CrT--D: August 17, 1988
ATTN: Mr. Stuart Goza P!RCiEC7 CODE; MMOK 41608
P. 0. Box P, MS 440 CIRDE2NUMBER: 11B-02242-HM537
Oak Ridge, TN 37831 PAGE .. 2.L OF 38i.....

WATER SURROGATE PERCENT RECOVERY SUMMARY

PESTICIDE
Sample Oibutylcnlorendate
No. (24-1540.)*

5168 104
5170 182**
PBLKI 95

*V/alues in parenthesis represent USEPA advisory QC limits.
**Values are outside of contract required QC limits.

Appnv~~y Laboratory Manager



INTERNATIONAL AAYIA
TECHNOLOGY AAYIA
CORPORATION SERVICES

5315 Mic--etrcck Pike * Knoxville. Ternes see 217921 oi 6;5 -588-6401

CERTIFICATE OF AINALYSIS

ro: Martin Marietta Energy Systems, Inc. DA:7 E ?cR7=D August 18, 1988
ATTN: Mr. Stuart Goza ?RO ;Er- CODE. MMOK 41624
P. 0. Box P, MS 440 CR(CER.NLWM3E:h IIB-02242-HM540
Oak Ridge, TN 37831 PAGE ...... Fl 29

WATER SURROGATE PERCENT RECOVERY SUMMARY

PESTIC IDE
Sample Dibutyichiorendate

No. (24-15410)*

5189 83
POLK1 99

*Values in parenthesis represent USEP'A advisory QC limits.

Apprved t" Laboratory Manager



INTERNATIONAL ANALYTICALTECHNOLOGY ,_.....

CORPORATION SERVICES
5815 Middlecrcck Pke e rncxville. Tenressee 37921 5-5-4C1 .

CERTIFICATE OF ANALYSIS

rC: Martin Marietta Energy Systems, Inc. :ATE RTD. August 22, 1988
ATTN: Mr. Stuart Goza PRCJECTCODE: MMOK 41649
P. 0. 3ox P, MS 440 Ci<DERNUMBE .: 11B-02242-HM544
Oak Ridge, TN 37831 PAGE 32 OF 41

WATER SURROGATE PERCENT RECOVERY SUMMARY

PESTICIDE

Sample Di butyl chi o rendate
No. 124-154%)*

5214 90
5217 3**
5218 94
5219 I**

PBLK1 94

*Values in parenthesis represent USEPA advisory QC limits.
**Values are outside of contract required QC limits.

/ L

,t ",' "'y Laboratory Manager



INTERNATIONAL ANALYTICAL
TECHNOLOGY SERVICE.SCORPORATION S E RVI C E S +...'

5815 Micdlecrcck Pike * Knoxville. Ter nessee 37921 65-588-64C1

CERTIFICATE OF ANALYSIS

rc: Martin Marietta Energy Systems, Inc. DATEZE.PC RTED: August 11, 1988
ATTN: Mr. Stuart Goza P7ZCJECTCCDE. MMOK 41517
P. 0. Box P, MS 440 CR:_E2R NU3 ,BER: IIB-02242-HM520
Oak Ridge, TN 37831 PAGE___6_OF 62

WATER SURROGATE PERCENT RECOVERY SUMMARY

PESTICIDE

Sample DibutylcniorendateNo. (24-154%)*

5133 102
5134 103
PBLK1 95

*Values in parenthesis represent USEPA advisory QC limits.

Laboratory Manager



INTERNATIONAL~CHNLOGYANALYTICAL
CORPOATION SERVICES

5815 Middletrock Pike * Knoxville. Tennessee 37921 *615-583-6-01

CERTIFICATE OF ANALYSTS

~o Martin Marietta Energy Systems, Inc. AT E? ED August 23, 198
ATTN: Mr. Stuart Goza Pfzc:Ec--CODCE: MMOK 41655
P. 0. Box P, MS 440 C RD E RNUML 3E i 11B-02242-HM545
Oak Ridge, TN 37831 PA-G E 27 CF 33

WATER SURROGATE PERCENT RECOVERY SUMMARY

PESTICIDE
Sample Dibutyichlorendate
No. (24-154%)*

5227 89
5230 89
5231 97
5232 96
PBLK1 87

*Values in parenthesis represent USEPA advisory QC limits.

Apf-.ove2 t~ Laoatr anager

LI _TX,



INTERNATIONAL ANALYTICAL
TECHNOLOGY SE-VICESCORPORATION SERVICES -.-

5815 Micole!rcok Pike e Knoxville. Tennessee 37921 * 615-588-6401

CERTIFICATE OF ANALYSIS

7c Martin Marietta Energy Systems, Inc. DATEPECIZTED October 31, 1988
ATTN: Mr. Stuart Goza PIzCjE-,CC DE. MMOK 42047
P. 0. Box P, MS 440 CRDER NLWBE:Z: 11B-02242-HM641
Oak Ridge, TN 37831 PAGE 33 _ 0

WATER ",URROGATE PERCENT RECOVERY SUMMARY

PESTICIDE
Sample DibutylchIorendate
No. (24-154%)*

5234 95
5235 92
5236 96
PBLK1 193**
PBLK2 94

*Values in parenthesis represent USEPA advisory QC limits.
**Values are outside of contract required QC limits.

Api' '~ • Laboratory Manager



INT~AERNATIONAL ANALYTICAL
TECHNOLOGY SEVIESI 'v

5815 Middlecrock Pike Knoxville. Tennessee 37921 615-588-6401

CERTIFICATE OF ANALYSIS

tO: Martin Marietta Energy Systems, Inc. DATERECRTED: August 4, 1988
ATTN: Mr. Stuart Goza PROJECICODE: MMOK 41549
P. 0. Box P, MS 440 ORDER NUMBE-R: 11B-02242-HM525
Oak Ridge, TN 37831 PAGe- 71 OF 83

SOIL SURROGATE PERCENT RECOVERY SUMMARY

PESTICIDE
Sample Dibutylchlorendate
No. (20-150%)*

5001 80
5002 75
5003 93
5004 85
5005 96
5006 57
5007 52
5007 (1:100) 0
5008 100

5008 (1:5) 97
5009 84
5009 (1:5) 98
5010 85
5012 87
PBLKI 88

*Values in parenthesis represent USEPA advisory QC limits.

D = Surrogate diluted out

Appmved by /Laboratory Manager

".....1 .... ., . .. .. ,'



E INTERNATIONAL ANALYTICAL
TECHNOLOGY
CORPORATION SERVICE S

5815 Middlebrook Pike * Knoxville. Tennessee 37921 * 615-588-6401 .

CERTIFICATE OF ANALYSIS

ro Martin Marietta Energy Systems, Inc. DA-ETE. RTED: November 1, 1988
ATTN: Mr. Stuart Goza PROJ'ECICODE: MMOK 42062
P. 0. Box P, MS 440 ORDERNUMBER: 11B-02242-HM644
Oak Ridge, TN 37831 PAGE 45 OF._57L____

SOIL SURROGATE PERCENT RECOVERY SUMMARY

PESTICIDE
Sample Dibutylchlorendate
No. (20-150%)*

5247 91
5248 71
5249 83
5250 68
5250 DL 60
5250 MS 93
5250 MS DL 86
5250 MSD 93
5250 MSO DL 58
PBLK1 78

*alues in parenthesis represent USEPA advisory QC limits.

OL Dilution

ppmvedby Lahoratory Manager

..................................



ERTINTERNATIONAL ANALYTIC AL
TECHNOLOGY
CORPORATION SERVICES .-

5815 Middletrook Pike 9 Knoxville. Tennessee 37921 - 615-588-6401

CERTIFICATE OF ANALYSIS

TO: Martin Marietta Energy Systems, Inc. DATE RE.0CRTED: August 4, 1988
ATTN: Mr. Stuart Goza PROJECT CODE. MMOK 41482
P. 0. Box P, MS 440 ORDER N-JMBEZ: 11B-02242-HM515
Oak Ridge, TN 37831 PAGE 44 OF 56

SOIL SURROGATE PERCENT RECOVERY SUMMARY

PESTICIDE
Sample Dibutylchlorendate
No. (20-150%)*

5000 88
5000 (1:5) 86
5000 MS 79
5000 MSD 92
PBLK1 77

*Values in parenthesis represent USEPA advisory QC limits.

Appvved by /Laboratory Manager

TilloI
,. '? '?,.



,1
/

INTERNATIONAL ANALYTICAL -=:TECHNOLOGYSE VC S ':.CORPORATION SERVICES :':'!

" 5815 Middlebrock Pike * Knoxville. Tennessee 37921 * 615-588-6401

CERTIFICATE OF ANALYSIS

Martin Marietta Energy Systems, Inc. DATE EF RTED: April 29, 1988ATTN: 14s. Susan R. Rizk PROJECTCODE: 14MOK 40893
P. 0. Box P, ?S 440 ORDERNUMBER: 118-02242-DL-292
Oak Ridge, TN 37831 PAGE 17 OF 22

Sample Description: FQOI4OjGWO3O8-8-O1

WATER VOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample MS
Added Conc. Conc. 4S ,Compound (uq/1 i ter). (ug/l iter). (ug/l iter). R, -

1,1-dichloroethene 50. 5 U 56 112
trichlorcethene 50. 5 U 46
benzene 50. 5 U 51 1''.
toluene 50. 5 U 50. 100
chlorobenzene 50. 5 U 51 1'

Conc.
Spike 'SO
Added .onc. MSD %

Compound (u g/liter) fug/liter) Rec. RPD

i,1-dichloroethene 50. 55 110
trichloroethene 50. 45 90. 2
benzene 50. 49 98
toluene 50. 50. 100chlorobenzene 50. 50. 100

RPO Relative Percent Difference
U = Compound was analyzed for but not detected. The number is the detection limit fnr

sample.

Laboratory Manager

'f~led by f." Ame. cn Am-.tr f or tahv1,rIcl Im I
%ei of lesflry. ' t 4:4d n ~. ~ AAA Ott .cIoy 4



/
' INTE-RNATIONAL ANALYTICALTECHNOLOGY

CORPORATION SERVICES
5815 Middlebrock Pike - Knoxville. Tennessee 37921 * 615-588-6.101

CERTIFICATE OF AINALYSIS

ro: Martin Marietta Energy Systems, Inc. DATE RE.ORTED: April 29, 1988
ATTN: Ms. Susan R. Rizk PROJECTCODE: MMOK 40894
P. 0. Box P, MS 440 ORDER NUMBER: 11B-02242-DL-293
Oak Ridge, TN 37831 PAGE 31 CF 40

Sample Description: FODW03GW0310-8-01 //d' 2/yo n

WATER VOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample 1AS
Added Conc. Conc. MS

Comoound (Vq/liter) (uo/liter) (u/liter) Rer

1,1-dichloroethene 50. 5 U 54 I0E
trichloroethene 50. 5 U 49 9R
benzene 50. 5 U 51 l0
toluene 50. 5 U 51 102
chlorobenzene 50. 5 U 52 104

Conc.
Spike MSD
Added Conc. MSD 

Compound (ua/l i ter) (ug./liter) Rec.R

1,1-dichloroethene 50. 55 110 -2
trichloroethene 50. 48 96 2
benzene 50. 50. 100 2
toluene 50. 51 102 0
chlorobenzene 50. 52 104 0

RPD - Relative Percent Difference
U = Compound was analyzed for but not detected. The number is the detection limit for

sample.

I

41 Laboratory Manager

'-" /

Ar.e !ie-3 by ~4A~ro w s~o ~bn'r ',~, lI'.



[ jINTERNATIONAL AAYIA
TECHNOLOGY
CORPORATION SERVICES

5815S Middlebrook Pike e K<noxville. Tennessee 37921 e 615-588-64101

CERTIFICATE OF ANALYSIS

LO. Martin Marietta Energy Systems, Inc. DTEOTD: August 4, 1988

ATTN: Mr. Stuart Goza PROJECT CODE. MMOK 41482
P. 0. Box P, MS 440 O rDE2 N UMkB EIR: 11B-02242-HM515
Oak Ridge, TN 37831 PAGE 3 OF 56

Sample Description: 5018

WATER VOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Con c.
Spike Sample MS
Added Conc. Conc. M S

Comocund (ugc/liter) (uglliter) (ug/liter) Rec.

1,1-dichioroethene so 5 U 41 82
trichloroethene 50 5 U 49 98
benzene 50 5 U 53 106
tol uene 50 5 U 58 116
chlorobenzene 50 5 U 61 122

Conc.
Spike MSD
Added Conc. MSD % 1

Compound (ug/liter) (mg/liter) Rec. RPO

1,1-dichloroethene 50 39 78 5
trichloroethene 50 50 100 -2
benzene 50 49 98 8
tol uene so 51 102 13
chlorobenzene 50 59 118 3

RPO = Relative Percent Difference

U - Compound was analyzed for but not detected. The number is the detection limit for t..2
sample.

A~ppmved v Laboratory Manager

aara ACC~~~ !jed ty r# Amer, -n %5-v:::i~Cnl !rr n-criArdIioli



EjINTERNATIONAL AAYIA
TECHNOLOGY AAYIA

CORPR~f~t~SERVICES

5815 Midaleorck Pike -@ incxville. Tennessee 37921 615-588-6401

CERTIFICATE OF ANALYSIS

DATEt ECR-TED: August 4, 1988Martin Marietta Energy Systems, Inc. PROJEC'TCODE.
ATTN: Mr. Stuart Goza C1DENUB MMOK 41549
P. 0. Box P, MS 440 ORDR UME: .Z 4 H..

Oak Ridge, TN 37831 oAE 188 4-M2

Sample Description: 5161

WATER VOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conic.
Spike Sample MS

CopudAdded Conc. Conc. MS
Co~ud(ug/l iter). (1.1/ i te-r) (ug/liter) Rec.

1,1-dichloroethene 50 5 U 23 46*
trichloroethene 50 5 U 46 92
benzene 50 5 U 47 94
tol uene 50 5 U 54 108
chlorobenzene 50 5 U 58 116

Conc.
Spike MSD

CooudAdded Conc. MSD % .
Cooud(ug/liter). (ug/liter) Rec. RPD

1,1-dichloroethene 50 22 44* 4
trichioroethene 50 48 96 -
benzene 50 47 94 0
tol uene 50 54 108 0
chlorobenzene 50 59 118 -2

RPD - Relative Percent Difference

'U - Compound was analyzed fo'r but not detected. The number is the detection limit for the
sample.

*Asterisked values are outside USEPA advisory QC limits.

Ap-e by Laboratory Manager

Title



SINTERNATIONAL ANALYTICALTECHNOLOGY 2-_

CORPORATION SERVICES "

5815 Midcdebrock Pike e Knoxville. Tennessee 37921 * 615-588-64C1 

CERTIFICATE OF ANALYSIS

:o Martin Marietta Energy Systems, Inc. DAT -R .n RTED: August 18, 1988
ATTN: Mr. Stuart Goza PROJEC7CODE. MMOK 41616
P. 0. Box P, MS 440 ORCERNUMBER: 11B-02242-HM538
Oak Ridge, TN 37831 PAGE. 7 OF 24

Sample Description: 5179, 5180, 5181

WATER VOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample MS
Added Conc. Conc. MS "

Comoound (ug/liter) (ug/liter) (ua/liter) Rec.

1,1-dichloroethene 50 5 U 50 100
trichloroethene 50 5 U 49 98
benzene 50 5 U 52 104
toluene 50 5 U 52 104
chlorobenzene 50 5 U 52 104

Conc.
Spike MSD
Added Conc. MSO %

Compound (ug/l iter) (ug/liter) Rec. RPO

1,1-dichloroethene 50 51 102 -2
trich1oroethene 50 47 94 4
benzene 50 52 104 0
toluene 50 53 106 -2
chlorobenzene 50 53 106 -2

RPD = Relative Percent Difference

U - Compound was analyzed for but not detected. The number is the detection limit for t,.e
sample.

Aprovedby Laboratory Manager

T"rle

'-2 iC)
nV 7.,1wo :( - 11.

vir :r !'.~i-:or A ccn n !tonrrxc



EjTrCHNOLOGY AAYIA
CORPORATION SERVICES

5815 Middlebrook Phke * Knoxville. Tennessee 317921 *615-588-64:01

CERTIFICATE OF ANALYSIS

rc Martin Marietta Energy Systems, Inc. DATE 2U CR7:: August 19, 1988
ATTN: Mr. Stuart Gaza PrZOjEC7 CODE. MMOK 41637
P. 0. Box P, MS 440 CRDERNUMBER: 11B-02242-HM541
Oak Ridge, TN 37831 ?AGE...4A. CF 1..2...

Sample Description: 5198

WATER VOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample MS
Added Conc. Conc. MS%

Comoound (ug/l iter). (tic/liter), (ua/liter) Rec.-

1,1-dichloroethene s0 5 U 48 96
trichioroethene 5O 5 U 52 104
benzene 50 5 U 50 100
tol uene s0 5 U 47 94
chlorobenzene 50 5 U 54 108

Conc.
Spike MS0
Added Conc. MSO %%

Compound (ug/l it er) (ug/liter) Rec. RPD

1,1-dichioroethene 50 50 1OO -4
trichloroethene 50 51 102 2
benzene s0 55 110 -10
toluene 50 52 104 -10

chlorobenzene so 53 106 2

RPO - Relative Percent Difference

U - Compound was analyzed for but not detected. The number is the detection limit for theg sample.

Apved tVY Laboratory Manager



Oak Ridge Gaseous Diffusion Plant

Analytical Chemistry Department
Results of Analyses

AnaLIS ID: 880714-070 Project: Gill AM Customer Sample ID: TB-5200
Customer: FORBES FIELD Requisition Number:

Date Sampled: Date Sample Received: 14-JUL-1988
Sampled By: Date Sample Completed: 17-AUG-1988

Material Description: WELL WATERS

Activ. Preparation Analysis QA Dat
Number Procedure No. Procedure No. Analysis Result Units Analyst File Number Compl. e

* Comments from the Organic Mass Spectroscopy Laboratory

TR VOLATILE MATRIX SPIKEFiATRIX SPIKE DUPLICATE RECOVERY

SPIKE SAMPLE MS MS QC
ADDED CONC CCNC % LIMITS

COMPOIND (ug/!.) (ug/L) (ug/L) REC * REC.

1,1-Dichloroethene 50.00 0.00 42.00 83 61-145
Trichloroethene 50.00 0.00 46.00 91 71-120
Benzene 50.00 0.00 47.00 93 76-127
Toluene 50.00 0.00 51.00 101 76-125
Chlorobenzene 50.00 0.00 47.00 94 75-130

SPIKE MSD MSD
ADOED Ctt C % % QC LIMITS

CCMPOLI4D (ug/L) (ug/L) REC # RPD # RPD REC.

1,1-Dichloroethene 50.00 43.00 86 3 14 61-145
Trichloroethene 50.00 57.00 114 22* 14 71-120
Benzene 50.00 48.00 96 3 11 76-127
Toluene 50.00 60.00 120 17* 13 76-125
Chlorobenzene 50.00 56.00 111 16* 13 75-130

* Values outside of qc limits

Program Manager: MS Miller
Date Approved: 17-AUG-1968

[2- 32



(J INTE NATIONAL ANERYTICA -TECHNOLOGYCORPORATON S ERVI C E S-,.7 ..

5815 Micclecrcck Pike e Knoxville. Tennessee 37921 61, 5-588-6-01

CERTIFICATE OF ANALYSIS

Martin Marietta Energy Systems, Inc. . October 31, 1988ATTN: Mr. Stuart Goza p., C MMOK 42047
P. 0. Box P, MS 440 C.CLME- : IB-02242-HM641
Oak Ridge, TN 37831 ?AGE 13 CF 39

Sample Description: 5244

Concentration units are ug/liter (ppb)

1WATER VOLATILE MATRIX SPIKE/MATRiX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample MS MS % QC
Added Conc. Conc. Rec. Limits Rec.

1,1-dichloroethene 50 5 U 50 100 61 - 145trichloroethene 50 5 U 49 98 71 - 120benzene 50 5 U 49 98 76 - 127toluene 50 5 U 50 100 76 - 125chlorobenzene 50 5 U 51 102 75 - 130

Conc.
Spike MSO MSD % QC Limits
Added Conc. Rec. RPD RPD Rec.

1,1-dichloroethene 50 51 102 -2 14 61 - 145trichloroethene 50 51 102 -4 14 71 - 120benzene 50 51 102 -4 11 76 - 127toluene 50 52 104 -4 13 76 - 125chlorobenzene 50 53 106 -4 13 75 - 130

RPO = Relative Percent Difference

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

Armv':.-d Laboratory ianager

7.A:

I '



INTERNATIONAL ANALYTICAL
TECHNOLOGY
CORPORATION SERVICES

5815 Middlebrook Pike * Knoxville. Tennessee 37921 * 615-588-6401

CERTIFICATE OF ANALYSIS

:o Martin Marietta Energy Systems, Inc. DATEERE-: November 1, 1988
ATTN: Mr. Stuart Goza PZOJECTCODE: MMOK 42062
P. 0. Box P, MS 440 ORDE.-NUMBE.-: 11B-02242-HM644
Oak Ridge, TN 37831 PAGE 14 OF 57

Sample Description: 5261

Concentration units are ug/liter (ppb)

WATER VOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample MS MS % QC
Added Conc. Conc. Rec. Limits Rec.

1,1-dichloroethene 50 5 U 46 92 61 - 145
trichloroethene 50 5 U 51 102 71 - 120
benzene 50 5 U 51 102 76 - 127
toluene 50 5 U 51 102 76 - 125
chlorobenzene 50 5 U 52 104 75 - 130

Conc.
Spike MSD MSD . % QC Limits
Added Conc. Rec. RPD RPD Rec.

1,1-dichloroethene 50 46 92 0 14 61 - 145
trichloroethene 50 51 102 0 14 71 - 120
benzene 50 51 102 0 11 76 - 127
toluene 50 50 100 2 13 76 - 125
chlorobenzene 50 51 102 2 13 75 - 130

RPO = Relative Percent Difference

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

Aprove/ Laboratory Manager

I-2 V
,-." " ' '........... . : c" r'n "'rr ,'"" m " ' '" -.. .."



INTERN ATIONAL ANAIYTI CA1
T TECHNOLOGYANLYIL

CORPORATION SERVICES -

581 M crOcc Pke e ,<noxvile. 7er-ressee 379'71 -3~158-6C -

581 .Mic. - .

CERTIFICATE OF ANALYSIS

:' Mar:in Marietta Energy Systems, Inc. October 31, 1988
ATTN: Mr. Stuart Goza FMMOK-:E 14M-0 42063
P. 0. Box P, MS 440 RC.JECC r E. 118-02242-HM647
Oak Ridge, TN 37831 8AGE* _CF

Sample Description: 5266-68

Concentration units are ug/liter (ppb)

WATER VOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample MS MS % QC
Added Conc. Conc. Rec. Limits Rec.

1,1-dichloroethene 50 5 U 47 94 61 - 145

trichloroethene 50 5 U 51 102 71 - 120
benzene 50 5 U 56 112 76 - 127

toluene 50 5 U 55 110 76 - 125

chlorobenzene 50 5 U 58 116 75 - 130

Conc.
Spike MSD MSD % % QC Limits
Added Conc. Rec. RPO RP Rec.

1,1-dichloroethene 50 46 92 2 14 61 - 145

trichloroethene 50 50 100 2 14 71 - 120

benzene 50 54 108 4 11 76 - 127

toluene 50 54 108 2 13 76 - 125
chlorobenzene 50 58 116 0 13 75 - 130

' RPD Relative Percent Difference

jU - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

M

p ,vey ,,Laooratory anager

I



Ej] INTERNATIONAL ANALYTICAL
TECHNOLOGY AN....CA
CORPORATION SERVICES

58I, MidclecrOcK Prke e Kncxvule. Tennessee 37921 615-588-i.0-

CERTIFICATE OF AIN.lYSIS

-C Martin Marietta Energy Systems, Inc. cA R ECFD: October 31, 1983
ATTN: Mr. Stuart Goza P.RC C--CDE ; MMOK 42068
P. 0. BOX P, MS 440 CZE.-rEJMBEER: 11B-02242-HM647
Oak Ridge, TN 37831 ,AG 5CF F__1_

Sample escription: 5276-78

Concentration units are Lg/liter (ppb)

WATER VOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample M4S MS I QC
Added Conc. Conc. Rec. Limits Rec.

1,1-dichloroetherie 50 5 U 46 92 61 - 145
trichloroethene 50 5 U 51 102 71 - 120
benzene 50 5 U 50 100 76 - 127
toluene 50 5 U 51 102 76 - 125
chlorobenzene 50 5 U 51 102 75 - 130

Conc.
Spika MSD MSO % QC Limits
Added Conc. Rec. RPD RPO Rec.

1,1-dichloroethene 50 46 92 0 14 61 - 145
trichloroethene 50 51 102 0 14 71 - 120
benzene 50 50 100 0 1i 76 - 127
toluene 50 50 100 2 13 76 - 125
chlorobenzene 50 52 104 -2 13 75 - 130

RPD = Relative Percent Difference

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

Ar v d.y Laboratory M4anaqer

JAAif



jjj INTERNATIONAL ANALYTICAL
TECHNOLOGY
CORPORATION SERVICES

5815 MV:c3ecrOCk P ke & Krcxvile. Tennessee 37921 * 615-5-8-641

CERTIFICATE OF ANALYSIS

.C Martin Marietta Energy Systems, Inc. DA7E--:C October 31, 1988
PP'0Z~r. CODE MO 26

ATTN: Mr. Stuart Goza RDE2NUMBE2" MMOK426
P. 0. Box P, MS 440 PAG2  11B-O 242-HM6"7
Oak Ridge, TN 37331 .

Sample Description: 5284-86

Concentration units are ug/liter (ppb)

WATER VOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample MS MS % QC
Added Conc. Conc. Rec. Limits Rec.

1,1-dichloroethene 50 5 U 44 88 61 - 145

trichloroethene 50 5 U 50 100 71 - 120

benzene 50 5 U 48 96 76 - 127

toluene 50 5 U 49 98 76 - 125
chlorobenzene 50 5 U 50 100 75 - 130

Conc.
Spike MSD MSD % % QC Limits
Added Conc. Rec. RPD RPD Rec.

1,1-dichloroethene 50 46 92 -4 14 61 - 145

trichloroethene 50 53 106 -6 14 71 - 120

benzene 50 51 102 -6 11 76 - 127

toluene 50 52 104 -6 13 76 - 125

chlorobenzene 50 53 106 -6 13 75 - 130

RPO = Relative Percent Difference

U - Compound was analyzed for but not detected. The number is the detection limit for the

sample.

Acprveyv- Laboratory Manager

i !,JIL.~* : '.?S I
l [; l ' .,.. :.... ...,.,,.:.. .. ....., . _, ". , -.. .. " . .. , ,, .,. .:,... .. , ......

a&AII I II kI I•



I INTERNATIONAL ANALYTICAL
TZCHNOLOGY
CORPCRATION SERVICES

5815 Mie-cck Pke * Kncxville. Tennessee 3792 , 61 5-588.5-,01.

CERTIFICATE OF ANALYSIS
-* Martin Marietta Energy Systems, Inc. December 6, 1988

ATTN: Mr. Stuart Goza PMCMOKCODE IO242335
P. 0. Box P, MS 440 R C E 118-02242-HM680
Oak Ridge, TN 37831 CRERNMBERF12  17

PAGE-____ OF __

Sample Description: 5307 (Water)

Concentration units are ug/liter (ppb)

VOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample MS MS % QC
Added Conc. Conc. Rec. Limits Rec.

1,1-dichloroethene 50 5 U 44 88 59 - 172

trichloroethene 50 5 U 45 90 62 - 137

benzene 50 4 J 52 96 66 - 142

toluene 50 5 U 48 96 59 - 139

chlorobenzene 50 5 U 52 104 60 - 133

Conc.
Spike MSD MSD % QC Limits

Added Conc. Rec. RPD RPD Rec.

1,1-dichloroethene 50 42 84 5 22 59 - 17,

trichloroethene 50 44 88 2 24 62 - 13:

benzene 50 49 90 6 21 66 - 142

toluene 50 49 98 -2 21 59 - 13,

chlorobenzene 50 51 102 2 21 60 - 13

RPD = Relative Percent Difference

U - Compound was analyzed for but not detected. The number is the detection limit for th(

sample.
J - Indicates an estimated value less than the detection limit.

Arrm.,,. t ' Laboratory Manager

r'tIe

F.'-? H



jj INTERNATIONAL ANALYTICAL - -
TECHNOLOGY
CORPORATION SERVICE S

58'. 5 MFod'ecrock P:ke * Kncxvile. Ten.essee 37921 5: 5- 32.- 'C 1 .

CERTIFICATE OF ANALYSIS

7. Martin Marietta Energy Systems, Inc. A7E?.7E- January 9, 1989
ATTN: S. R. Rizk, K-25 PI.CECTCOZE. MMOK 42490
P. 0. Box 2003 CRZR NvBER 1IB-02242-TU880
Oak Ridge, TN 37831-7440 PAGE3. CF --1-1

Sample Description: 5309

Concentration units are jg/liter (ppb)

WATER VOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample MS MS% QC
Added Conc. Conc. Rec. Limits Rec.

1,1-dichloroethene 50 5 U 51 102 61 - 145
trichloroethene 50 5 U 52 104 71 - 120
benzene 50 5 U 42 84 76 - 127
toluene 50 5 U 47 94 75 - 125
chlorobenzene 50 5 U 48 96 75 - 130

Conc.
Spike MS0 MSD % QC Limits
Added Conc. Rec. RPD RPD Rec.

1,1-dichloroethene 50 49 98 4 14 61 - 145
trichloroethene 50 52 104 0 14 71 - 120
benzene 50 42 84 0 11 76 - 127
toluene 50 48 96 -2 13 76 - 125
chlorobenzene 50 48 96 0 13 75 - 130

RPD = Relative Percent Difference

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

Laboratory Manager

"'e



INTERNATIONAL ANALYTICAL
TECHNOLOGY
CORPORATION SERVICES

5815 Middlebrcok Pike * Knoxville. Tennessee 37921 615-588-6401

CERTIFICATE OF ANALYSIS

to: Martin Marietta Energy Systems, Inc. DATEREPCRTED: August 4, 1988
ATTN: Mr. Stuart Goza PROJECTCODE: MMOK 41482
P. 0. Box P, MS 440 CRDERNUMBER: 11B-02242-HM515
Oak Ridge, TN 37831 PAGE 10 OF 56

Sample Description: 5000 (1:125)

Concentration units are ug/kg (ppb) dry weight

SOIL VOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample MS MS %
Added Conc. Conc. Rec.

1,1-dichloroethene 7,500 750 U 6,000 80
trichloroethene 7,500 750 U 7,500 100
benzene 7,500 750 U 7,700 103
toluene 7,500 750 U 8,200 109
chlorobenzene 7,500 750 U 10,000 133

Conc.
Spike MSD MSO % %
Added Conc. Rec. RPO

1,1-dichloroethene 7,500 6,500 87 -8
trichloroethene 7,500 7,700 103 -3
benzene 7,500 8,200 109 -6
toluene 7,500 7,800 104 5
chl orobenzene 7,500 9,400 125 6

RPD = Relative Percent Difference

U - Compound was analyzed for but not detected. The number is the detection limit for th
sample.

APP by /  Laboratory Manager

T11!e

1"-240

.A.c.etf.ed by the A terc Assoz::ation or !.ino ory Accredla Iofin in the chemIcol 93-4A
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E77 INTERNATIONAL ANALYTICAL ~ 1±5TECHNOLOGY SRIECORPORATION SERVICES

5815 Middlebrook Pike * Knoxville. Tennessee 37921 9 615-588-6401

CERTIFICATE OF ANALYSIS

ro: Martin Marietta Energy Systems, Inc. DATRE OIRTED: August 4, 1988
ATTN: Mr. Stuart Goza PROJECTCODE: MMOK 41482
P. 0. Box P, MS 440 CRDEIR NUMBER: 11B-02242-HM515
Oak Ridge, TN 37831 PAGE. 31 OF 56

Sample Description: 5032

Concentration units are ug/kg (ppb) dry weight

SOIL VOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample MS MS
Added Conc. Conc. Rec.

1,1-dichloroethene 62 6 U 66 106
trichloroethene 62 6 U 54 87
benzene 62 6 U 70 113
toluene 62 6 U 68 110
chlorobenzene 62 6 U 68 110

Conc.
Spike MSD MSD % I

Added Conc. Rec. RPO

1,1-dichloroethene 62 50 81 27*
trichloroethene 62 51 82 6
benzene 62 71 114 -1
toluene 62 65 105 5
chi orobenzene 62 68 110 0

RPD = Relative Percent Difference

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

*Asterisked values are outside USEPA advisory QC limits.

App vedb / Laboratory Manager

!. -4 1
S, 

,
.n f



INTERNATIONAL ANALYTICAL -

TECHNOLOGY
CORPORATION SERVICES .

5815 MidCletrock Pike * Knoxvile. Tennessee 37921 e 615-588-6401

CERTIFICATE OF ANALYSIS

Martin Marietta Energy Systems, Inc. July 22, 1988
c ATTN: Mr. Stuart Gaza CA7RE.CRTED: MMOK 41496

P. 0. Box P, MS 440 P.ROJECT CODE: 11B-02242-HM-514 & 518

Oak Ridge, TN 37831 ORPEAGUMBE-: 14 61
PAG;____CF __

Sample Description: 5036

Concentration units are ug/kg (ppb)

SOIL VOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample MS MS %

Added Conc. Conc. Rec.

1,1-dichloroethene 62 6 U 43 69

trichloroethene 62 6 U 59 95

benzene 62 6 U 54 87

toluene 62 6 U 65 105

chlorobenzene 62 6 U 65 105

Conc.
Spike MSD MSD %

Added Cdnc. Rec. RPD

1,1-dichloroethene 62 44 71 -3

tri chl oroethene 62 58 94 -1

benzene 62 55 89 -2

toluene 62 63 102 3

chlorobenzene 62 65 105 0

RPD = Relative Percent Difference

U - Compound was analyzed for but not detected. The number is the detection limit for the

sample.

pro tV Opehat/ons Manager Z7'

ACCedilted i the A.erc n Assoz:aricn :or Loorr1cry A -cC ;tcitCn ;n :he c.emcni 93 9-d5

%old n I! ! r s 1xei nIm re I i I



TECHNOLOGYCORPORATION SERVICES

5815 Middletrcck Pike * Knoxville. Tennessee 37921 a 615-588-6-:O1

CERTIFICATE OF ANALYSIS

Martin Marietta Energy Systems, Inc. July 22, 1988
7C: ATTN: Mr. Stuart Goza DATE R=Ep'RTED: MMOK 41496

P. 0. Box P, MS 440 PROJEC(TCODE: 11B-02242-HM-514 & 518
Oak Ridge, TN 37831 CRDE-NUMBE,: 46 61

PAGE-__ F __

Sample Description: 5063

Concentration units are ug/kg (ppb)

SOIL VOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample MS
Added Conc. Conc. Rec.

1,1-dichloroethene 60 6 U 38 63
trichloroethene 60 6 U 59 98
benzene 60 6 U 58 97
toluene 60 6 U 63 105
chlorobenzene 60 6 U 70 117

Conc.
Spike MSD MSD %
Added Conc. Rec. RPO

1,1-dichloroethene 60 39 65 -3
trichIoroethene 60 58 97 1
benzene 60 57 95 2
toluene 60 62 103 2
chlorobenzene 60 70 117 0

RPD = Relative Percent Difference

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

A vy ,/uperations Mjvdger

I tI:Title



INTERNATIONAL ANALYTICAL -. *-

TECHNOLOGYCORPORATION SERVICES
5815 Middlebrook Pike * Knoxville. Tennessee 37921 * 615-588-6401

CERTIFICATE OF ANALYSIS

ro: Martin Marietta Energy Systems, Inc. DATE RECrTED: August 2, 1988
ATTN: Mr. Stuart Goza PROJECCTCODE: MMOK 41507
P. 0. Box P, MS 440 ORDERNJMBER: 11B-02242-HM519 & HM524
Oak Ridge, TN 37831 PAG> .._2_OF 56

Sample Description: 5078

Concentration units are ug/kg (ppb) dry weight

SOIL VOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample MS MS
Added Conc. Conc. Rec.

1,I-dichloroethene 60 6 U 41 68
trichloroethene 60 6 U 63 105
benzene 60 6 U 64 107
toluene 60 6 U 68 113
chlorobenzene 60 6 U 72 120

Conc.
Spike MSD MSD % %
Added Conc. Rec. RPD

1,1-dichloroethene 61 43 70 -3
trichloroethene 61 66 108 -3
benzene 61 64 105 2
toluene 61 68 111 2
chlorobenzene 61 73 120 0

RPO = Relative Percent Difference

U - Compound was analyzed for but not detected. The number is the detection limit for tne
sample.

Apmved by 'Xerations Manavvr

Accz.e,- ed ty !r.e A ,-rccfn AZ:atlcn r ',,b crfor' ,cc.redtia cn rn ,he cn",mncoi 93-
-Id ~~r'~-s 4!.-1 n !Ie c'jrnt AAfIA rrecicty ,f ~ Lr~in-



C INTERNATIONAL ANALYTICAL
TECHNOLOGY ANALYTICAL
CORPORATION SERVICES 

5815 Midalebrook Pike * Kncxviie. Tennessee 37921 6 615-588-6"01

CEIRTiFICATE OF ANAJYSIS

to: Martin Marietta Energy Systems, Inc. DAT E IEORTED: August 11, 1988
ATTN: Mr. Stuart Goza PROJECTCODE: MMOK 41517
P. 0. Box P, MS 440 CRDE2.'MBER. 11B-02242-HM520
Oak Ridge, TN 37831 PAGE 11A OF 62

Sample Description: 5097

Concentration units are ug/kg (ppb) dry weight

SOIL VOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample MS MS %
Added Conc. Conc. Rec.

1,1-dichloroethene 64 6 U 36 56
trichloroethene 64 6 U 51 80
benzene 64 6 U 53 83
toluene 64 9 58 91
chlorobenzene 64 6 U 61 95

Conc.
Spike MSD MSD % %
Added Conc. Rec. RPD

1,1-dichloroethene 64 35 55 2
trichIoroethene 64 50 78 2
benzene 64 52 81 2
toluene 64 58 91 0
chlorobenzene 64 60 94 1

RPO = Relative Percent Difference

eU - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

I

AvpIrovftJr -Laboratory Manager

x Vf r



Ei~INTERNATIONAL ANALYTICALTECHNOLOGY :- ""
CORPORATION SERVICES

5815 Middlebrook Pike * Knoxville. Tennessee 37921 * 615-588-6-01

CERTIFICATE OF ANALYSIS

: Martin Marietta Energy Systems, Inc. DA7TREPCRTED: August 11, 1988
ATTN: Mr. Stuart Goza PRCJEC7CODE: MMOK 41517
P. 0. Box P, MS 440 ORCE"Z NUMBER: 11B-02242-HM520
Oak Ridge, TN 37831 PAGE 25 CF 62

Sample Description: 5125

Concentration units are ug/kg (ppb) dry weight

SOIL VOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample MS MS .
Added Conc. Conc. Rec

1,1-dichloroethene 68 7 U 36 53w
trichloroethene 68 7 U 66 97
benzene 68 7 U 65 96
toluene 68 7 U 72 106
chlorobenzene 68 7 U 77 113

Conc.
Spike MSO MSD %
Added Conc. Rec. RPO

1,1-dichloroethene 68 36 53* 0
trich'roroethene 68 65 96 1
benzene 68 64 94 -2
toluene 68 72 106 0
chlorobenzene 68 77 113 0

RPO = Relative Percent Difference

U - Compound was analyzed for but not detected. The number is the detection limit for I e
sample.

"Asterisked values are outside USEPA advisory QC limits.

Approved -y / Laboratory Manager

2 4 6



INTERNATIONAL ANALYTICALTECHNOLOGY7,,' , -.

LL! CRPOR.IIONSERVICES 655860
5815 Middlebrook Pike o Knoxville. Tennessee 37921 615-588-6401

CERTIFICATE OF ANALYSIS

to: Martin Marietta Energy Systems, Inc. DATI IRORTED: August 4, 1988
ATTN: Mr. Stuart Goza PROJECT COD MMOK 41549
P. 0. Box P, MS 440 ORDER NUMBE1 11B-02242-HM525
Oak "Ridge, TN 37831 PAGE.2.OF 83

Sample Description: 5163

Concentration units are ug/kg (ppb) dry weight

SOIL VOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample MS MS %
Added Conc. Conc. Rec.

1,1-dichloroethene 60 6 U 25 42*
trichloroethene 60 6 U 52 87
benzene 60 6 U 48 80
toluene 60 6 U 57 95
chlorobenzene 60 6 U 65 108

Conc.
Spike MSD MSD % %
Added Conc. Rec. RPD

1,1-dichloroethene 60 24 40* 5
trichloroethene 60 53 88 -1
benzene 60 48 80 0
toluene 60 58 97 -2
chlorobenzene 60 67 112 -4

I

-U RPO = Relative Percent Difference

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

*Asterisked values are outside USEPA advisory QC limits.

Aprovedby Laboratory Manager

I A
'-)/, /
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SINTERNATIONAL ANALYTI CAL ~=-
TECHNOLOGY
CORPORAflON SERVICES o'

5815 Middlebrook Pike e Knoxville. Tennessee 37921 * 615-588-6401

CERTIFICATE OF ANALYSIS

Martin Marietta Energy Systems, Inc. November 1, 1988
'o: ATTN: Mr. Stuart Goza PRJECRTED: MMOK 42062P. M. Box P, MS 440 PROJECTCODE: 11B-02242-HM644

Oak Ridge, TN 37831 PAGDE BE: 25 57PAGE __ OF __7_

Sample Description: 5250

Concentration units are ug/kg (ppb) dry weight

SOIL VOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample MS MS % QC
Added Conc. Conc. Rec. Limits Rec.

1,1-dichloroethene 64 6 U 55 86 59 - 172
trichloroethene 64 6 U 60 94 62 - 137
benzene 64 6 U 66 103 66 - 142
toluene 64 6 U 64 100 59 - 139
chlorobenzene 64 6 U 65 102 60 - 133

Conc.
Spike MSO MSD % % QC Limits
Added Conc. Rec. RPO RPO Rec.

1,1-dichloroethene 64 57 89 -3 22 59 - 172
trichloroethene 64 62 97 -3 24 62 - 131
benzene 64 66 103 0 21 66 - 142
toluene 64 70 109 -9 21 59 - 13S
chlorobenzene 64 68 106 -4 21 60 - 13S

RPO = Relative Percent Difference

U - Compound was analyzed for but not detected. The number is the detection limit for thE
sample.

Td by/ Laboratory Manager

Title

"m ,wN nM NNj-r~ififin F-2iri A



I ~I INTERNATIONAL ANALYTICAL±5TECHNOLOGY ANALYICSLCORPORATION SE R VICE S "°

"-

5815 Micclecrcok Pke * Knoxville. Tennessee 37921 , e15-588-601-

CERTIFICATE OF ANALYSIS

-c Martin Marietta Energy Systems, Inc. . November 18, 1988

ATTN: Mr. Stuart Goza PROJECTCODE. MMOK 42231
P. 0. Box P, MS 440 CRDE.RNJMBER: 1IB-02242-HM682
Oak Ridge, TN 37831 PAGE 8 CF 16

Sample Description: 5295 3'

Concentration units are ug/kg (ppb) dry weight

SOIL VOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample MS MS % QC
Added Conc. Conc. Rec. Limits Rec.

1,1-dichloroethene 59 6 U 47 80 59 - 172
trichloroethene 59 6 U 50 85 62 - 137
benzene 59 6 U 54 92 66 - 142
toluene 59 6 U 54 92 59 - 139
chlorobenzene 59 6 U 56 95 60 - 133

Conc.
Spike MSD MSD % QC Limits
Added Conc. Rec. RPD RPD Rec.

1,1-dichloroethene 59 48 81 -1 22 59 - 172
trichloroethene 59 50 85 0 24 62 - 137
benzene 59 54 92 0 21 66 - 142
toluene 59 53 90 2 21 59 - 139
chlorobenzene 59 56 95 0 21 60 - 133

RPD = Relative Percent Difference

U Compound was analyzed for but not detected. The number is the detection limit for the
sample.

!

Amve ,,I/ Laboratory Manager

-. - . n:: r, -;! n
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INTERNATIONAL ANALYTICAL - -
TECHNOLOGY ANALYTICA1 x

5815 Middlebrook Pike e Knoxville. Tennessee 37921 e 615-588-64:01 ..

CERTIFICATE OF ANALYSIS

ro: Martin Marietta Energy Systems, Inc. DA7EREPORTED: August 2, 1988
ATTN: Mr. Stuart Goza P.RJEC-CODE: MMOK 41507
P. 0. Box P, MS 440 CRDERNUrMBER: 11B-02242-HM519 & HM524
Oak Ridge, TN 37831 PAGE 44 OF 56

Sample Description: 5054 (TCLP Extract)

VOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVER(

Conc.
Spike Sample MS
Added Conc. Conc. MS '

Comoound (ua/liter) (uq/liter) (uag/liter) Rec.

1,1-dichloroethene 50 5 U 37 74
trichloroethene 50 5 U 51 102
benzene 50 5 U 49 98
toluene 50 5 U 57 114
chlorobenzene 50 5 U 58 116

Conc.
Spike MSD
Added Conc. MSD %%

Compound (ug/l iter) (u1 g/liter) Rec. RP0

1,1-dichloroethene 50 38 76 -3
trichIoroethene 50 52 104 -2
benzene 50 49 98 0
tol uene 50 54 108 5
chlorobenzene 50 60 120 3

RPO = Relative Percent Difference

U - Compound was analyzed for but nct detected. The number is the detection lifait for h.
sample.

pd by 4rations Manag,

TlIIe

iI A~CC -e7 I3 . r.'r'.1C-n Vk& tc:I:tn !or tobcr"1rry , - Icikrnon in ihe c em jc,,I 93t



INTERNATIONAL ANALYTICAL
TECHNOLOGY
CORPORATION SERVICES

5815 Middlebrook Pike * Knoxville. Tennessee 37921 • 615-588 6401

CERTIFICATE OF ANALYSIS

rc Martin Marietta Energy Systems, Inc. DATE REPORTED: August 4, 1988
ATTN: Mr. Stuart Goza PRCJEC7 COD: MMOK 41482
P. 0. Box P, MS 440 ORDER. NUMBER: 11B-02242-HM515
Oak Ridge, TN 37831 PAGE 39 OF 56

Sample Description: 5000

Concentration units are uglkg dry weight

SOIL SEMIVOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample MS MS
Added Conc. Conc. Rec.

phenol 8,050 1,600 U 5,330 66
2-chlorophenol 8,050 1,600 U 5,100 63
1,4-dichlorobenzene 4,020 1,600 U 2,480 62
n-nitroso-di-n-propylamine 4,020 1,600 U 4,980 124
1,2,4-trichlorobenzene 4,020 1,600 U 2,770 69
4-chloro-3-methylphencl 8,050 1,600 U 4,990 62
acenaphthene 4,020 1,600 U 2,930 73
4-nitrophenol 8,050 7,700 U 4,140 51
2,4-dinitrotoluene 4,020 1,600 U 3,930 98*
pentachlorophenol 8,050 7,700 U 4,230 53
pyrene 4,020 259 J 3,090 70

Conc.
Spike MSO MSD %
Added Conc. Rec. RPO

phenol 8,110 5,630 69 -4
2-chlorophenol 8,110 5,060 62 2
1,4-dichlorobenzene 4,060 2,370 58 7
n-nit-oso-di-n-propylamine 4,060 4,350 107 15
1,2,4-trichlorobenzene 4,060 2,850 70 -1
4-chloro-3-methylphenol 8,110 7,120 88 -35*
acenaphthene 4,060 2,770 68 7
4-nitrophenol 8,110 4,780 59 -15
2,4-dinitrotoluene 4,060 3,910 96* 2
pentachiorophenol 8,110 3,570 44 19
pyrene 4,060 3,290 75 -7

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection li t.
*Asterisked values are outside USEPA advisory QC limits. M , .. ,
RPO - Relative Percent Difference _7-<-. , -to Ma-ng

Approved by Laoratory Manager

F Tale
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S INTERNATIONAL ANALYTICAL
TECHNOLOGY .
CORPORATION SERVICES "

5815 Middlebrook Pike e Knoxville. Tennessee 37921 * 615-588-64C1

CERTIFICATE OF ANALYSIS

ro. Martin Marietta Energy Systems, Inc. DATE E.ORZTEOD: November 1, 1988
ATTN: Mr. Stuart Goza PROJECTCODE: MMOK 42062
P. 0. Box P, MS 440 ORDERNUMBER: 11B-02242-HM644
Oak Ridge, TN 37831 PAGE 37 CF 57

Sample Description: 5250
Concentration units are jig/kg dry weight

SOIL SEMIVOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample MS MS %

Added Conc. Conc. Rec.

phenol 8,550 840 U 5,130 60
2-chlorophenol 8,550 840 U 5,770 67
1,4-dichlorobenzene 4,230 840 U 2,570 60
n-nitroso-di-n-propylamine 4,280 840 U 3,040 71
1,2,4-trichlorobenzene 4,280 840 U 2,600 61
4-chloro-3-methylphenol 8,550 840 U 5,800 68
acenaphthene 4,280 840 U 3,020 71
4-nitrophenol 8,550 4,100 U 6,090 71
2,4-dinitrotoluene 4,280 840 U 2,240 52
pentachlorophenol 8,550 4,100 U 4,790 56
py rene 4,280 1,130 3,740 61

Conc.
Spike MSD MSD % %
Added Conc. Rec. RPD

phenol 8,460 5,400 64 -6
2-chlorophenol 8,460 6,360 75 -11
1,4-dichlorobenzene 4,230 2,710 64 -6
n-nitroso-di-n-propylamine 4,230 3,180 75 -5
1,2,4-trichlorobenzene 4,230 2,580 61 0
4-chloro-3-methylphenol 8,460 6,440 76 -11
acenaphthene 4,230 3,120 74 -4
4-nitrophenol 8,460 6,640 78 -9
2,4-dinitrotoluene 4,230 2,230 53 -2
pentachlorophenol 8,460 5,060 60 -7
pyrene 4,230 3,820 64 -5

RP9 - Relative Percent Difference
U - Compound was analyzed for but not detected. The number is the detection limit for t e

sample.
J - Indicates an estimated value less than the detection limit. .- ,

APp'4d by 6iboratory Manager

Tile

F'- 2 '1 2



(j INTERNATIONAL ANALYTICAL
TECHNOLOGY
CORPORATION SERVICES

5815 Middlebrook Pike e Knoxville. Tennessee 37921 * 615-588-6401

CEITIFICATE OF ANALYSIS

C: Martin Marietta Energy Systems, Inc. DATE R.PORTEED: August 4, 1988
ATTN: Mr. Stuart Goza PROJECTCOD: MMOK 41482
P. 0. Box P, MS 440 ORDERNUvBE2: 11B-02242-HM515
Oak Ridge, TN 37831 PAGE 46 CF 56

Sample Description: 5018

Concentration units are ug/liter (ppb)

WATER MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample Conc. Conc.

Compound Added Result MS Rec. MSO Rec. RPD

Benzene 2.2 0.5 U 2.1 95 2.6 118 -21
Toluene 3 1 U 3 100 3 100 0
Ethyl Benzene 20 4 U 20 100 20 100 0
m-Xylene 6.4 1.3 U 6.6 103 6.6 103 0
p-Xylene 6.4 1.3 U 6.6 103 6.5 102 1
o-Xylene 6.6 1.3 U 7.0 106 6.8 103 3

RPO = Relative Percent Difference

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

g Appmvedby (/Ltaboratory Manager
title

F-2 '' 1



INTERNATIONAL ANALYTICALTECHNOLOGY" ...

CORPORATION SERVICES
5815 MiddlecrcCk Pike * Knoxvlle Tennessee 37921 * 615-588-64C1

CERTIFICATE OF ANALYSIS

*c Martin Marietta Energy Systems, Inc. DA-EZECr-,:) October 31, 1988
ATTN: Mr. Stuart Goza PROJECCDCCE: MMOK 42047
P. 0. Box P, MS 440 CRDERRN BER: 11B-O2242-HM641
Oak Ridge, TN 37831 PAGE 37 OF 39

Sample Description: 5244 (Water)

Concentration units are ug/liter (ppb)

MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample Conc. Conc.

Comoound Added Result MS Rec. MSD Rec. RPO

Benzene 2.44 0.5 U 2.70 111 2.95 121 -9
Toluene 4.8 3 9.5 135 10.0 146 -8
Ethyl Benzene 19.4 4 U 21.9 113 23.7 122 -8
Total Xylenes 19.4 4 U 22.3 115 24.2 125 -8

RPO = Relative Percent Difference

U - Compound was analyzed for but not detected. The number is the detection limit for thE
sample.

Aovmy ,' Laboratory Manager

F--2 54

r- -- :mllllll~ Al 7i. II III 1 I • m m



INTERNATIONAL ANALYTICAL -
TECHNOLOGY
CORPORATION SERVICES

5815 Micdcetrook Pke * Knoxvile. Tcrnessee 37921 6 ,15-588-61 . .

CERTIFICATE OF ANALYSIS

ro: Martin Marietta Energy Systems, Inc. DATE RE"CRTED: August 17, 1988
ATTN: Mr. Stuart Goza PROECrCODE: MMOK 41608
P. 0. Box P, MS 440 ORDER NUMBER: 11B-02242-HM537
Oak Ridge, TN 37831 PAGE .11OF 38

Sample Description: 5165

Concentration units are ug/liter (ppb)

WATER MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample Conc. % Conc. %

Comoound Added Result ,MS Rec. MSD Rec. RP9

benzene 2.2 0.5 U 2.8 127 2.8 127 0
toluene 2.6 1.1 4.1 115 3.9 108 6
ethyl benzene 20 4 U 24.8 124 24.2 121 2
m-xylene 6.4 1.3 U 8.3 130 7.8 122 6
p-xylene 6.4 1.3 U 8.7 136 8.1 126 8
o-xylene 6.6 3.4 J 10.2 103 9.7 95 8

RPO = Relative Percent Difference

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

J - Indicates an estimated value less than the detection limit.

Laboratory Manager

7 l ,eh

1" - '



SINTERNATIONqAL ANALYT IC AL----
TECHNOLOGY ANALYTICAL
CORPORATION SERVICES -

5815 Micaletrock P:ke -KnoxviIe. Tennessee 37921 . 15-588-3-1 1

CERTIFICATE OF ANALYSIS

ro. Martin Marietta Energy Systems, Inc. DA7ERE ?RTED: August 18, 1988
ATTN: Mr. Stuart Goza PrCJ7ECrCCDE. MMOK 41624
P. 0. Box P, MS 440 CRDER WMBER: 118-02242-HM540
Oak Ridge, TN 37831 PAGE_23 CF 28

Sample Description: 5190

Concentration units are ug/liter (ppb)

WATER MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample Conc. % Conc.

Compound Added Result MS Rec. MSD Rec. RPE

benzene 2.2 0.5 U 2.2 100 2.2 100 0
toluene 5 1 U 4 80 4 80 0
ethyl benzene 20 4 U 19 95 19 95 0
m-xylene 6.4 1.3 U 6.5 -102 6.3 98 4
p-xylene 6.4 1.3 U 6.1 95 6.2 97 -2
o-xylene 6.6 1.3 U 6.9 104 6.5 98 6

RPQ = Relative Percent Difference

U - Compound was analyzed for but not detected. The number is the detection limit for tte
sample.

App rve by
Laboratory Manager

Tille

F-2 5(
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E INTERNATIONAL ANALYTIC AL
TECHNOLOGY SRIE

5815 Micclenrook Pike * Knoxville. Ternessee 37921 * 15-588-6aoC1

CERTIFICATE OF ANALYSIS

SMartin Marietta Energy Systems, Inc. DATE -E-CRT-ED, August 23, 1988
ATTN: Mr. Stuart Gaza PROJECT COCE. MMOK 41655
P. 0. Box P, MS 440 ORDER NUMBER: 11B-02242-HM545
Oak Ridge, TN 37831 PAGE 30 OF 33

Sample Description: 5232

Concentration units are ug/liter (ppb)

WATER MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample *Conc. Conc.

Comoound Added Result MS Rec. MSD Rec. RPO

benzene 2.2 0.5 U 2.3 104 2.2 100 4
tol uene 5 1 U 5 100 4 80 22
ethyl benzene 20 4 U 20 100 19 95 5
m-xylene 6.4 1.3 U 6.7 105 6.3 98 7
p-xylene 6.4 1.3 U 6.3 98 6.2 97 1
o-xylene 6.6 1.3 U 6.9 104 6.4 97 7

4 RPO - Relative Percent Difference
U - Compound was analyzed for but not detected. The number is the detection limit fort

sample.

Approvedtv( Laboratory Manager



] INTERNATIONAL ANALYTICAL
TECHNOLOGY
CORPORATION SERVICES

5815 Middlebrook Pike * Knoxville. Tennessee 37921 * 615-588-6401

CERTIFICATE OF ANALYSIS

Martin Marietta Energy Systems, Inc. DATEREPRRTD: November 1, 1988
ATTN: Mr. Stuart Goza PROJECT CODE: MMOK 42062

P. 0. Box P, MS 440 CRDERNMBER: 45B-02242-HM644
Oak Ridge, TN 37831 PAGE'49 OF_57

Sample Description: 5261

Concentration units are ug/liter (ppb)

WATER MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample Conc. % Conc.

Comoound Added Result MS Rec. MSD Rec. RPD

Benzene 2.44 0.5 U 2.06 84 1.96 80 5
Toluene 4.8 1 U 4.3 90 4.0 83 8
Ethyl Benzene 19.4 4 U 13.6 70 15.5 80 -13
Total Xylenes 19.4 4 U 15.5 78 15.8 81 -4

RPO = Relative Percent Difference

U - Compound was analyzed for but not detected. The number is the detection limit for thE
Sample.

ped by //Laboratory Manager

atle
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[E INTERNATIONAL ANALYTICAL
TECHNOLOGY
CORPORATION SERVICES "' '

5815 Middlecrook Pike * Knoxville. Tennessee 37921 * 615-588-6401 -

CERTIFICATE OF ANALYSIS

M artin Marietta Energy Systems, Inc. DATE-CRPTD: Otoe 3,8 8

ATTN: Mr. Stuart Goza CrDEaNUMB: MMOK 42068
P. 0. Box P, MS 440 11B-nZ242-HM647
Oak Ridge, TN 37831 P 4F

Sample Description: 5266-68 (Water)

Concentration units are ug/liter (ppb)

MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample Conc. % Conc. %

Comoound Added Result MS Rec. MSO Rec. RPO

Benzene 2.44 0.5 U 2.51 103 2.49 102 1

Toluene 4.8 1 U 5.4 112 5.4 112 0
Ethyl Benzene 19.4 4 U 17.1 88 20.0 103 -16
Total Xylenes 19.4 4 U 18.1 93 18.7 96 -3

I

RPD = Relative Percent Difference

U - Compound was analyzed for but not-'detected. The number is the detection limit for the
sample.

!/

, Arve by,/' Laboratory M~anager

7 ~ ~ ~ ~ -IT. ' - ----.- ='-y:
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INTERNATIONAL ANALYTICALTECHNOLOGY../ _,,CORPORATION SESI Ecc~.AnoNSERVICES j_

5815 MiCdleorock Pike e Kncxvile. Tennessee 37921 * 615-588-601

CERTIFICATE OF ANALYSIS

rc M ar:in Marietta Energy Systems, Inc. DA7.E.RE-: October 31, 1988
ATTN: Mr. Stuart Goza P.ROJEC7COCE: MMOK 42068
P. 0. Box P, MS 440 CRDERINuBER: 11B-02242-HM647
Oak Ridge, TN 37831 PAGE 4. CF 5!

Sample Description: 5276-78 (Water)

Concentration units are ug/liter (ppb)

MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample Conc. % Conc. %

Comoound Added Result MS Rec. MSD Rec. RPO

Benzene 2.44 0.5 U 1.80 74 1.79 73 1
Toluene 4.8 1 U 3.5 72 3.7 76 -5
Ethyl Benze :e 19.4 4 U 14.3 74 14.5 75 -1
Total Xylenes 19.4 4 U 14.5 75 14.7 76 -1

RPO = Relative Percent Difference

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

Acrvd" Laboratory Manager

'-:7- r n so n e



INTERNATIONAL ANALYTICALTECHNOLOGY - -"''''

CORPORATION SERVICES
5815 Micletrcok Pike e Knoxviffe. Tennessee 37921 6 615--88-6401

CERTIFICATE OF ANALYSIS

o Martin Marietta Energy Systems, Inc. DAT"Z ECR = D October 31, 1988
ATTN: t1r. Stuart Goza PRJcJECTCDE: MMOK 42068
P. 0. Box P, MS 440 ORDERNUMER: 11B-02242-HM647
Oak Ridge, TN 37831 ?AGE'49 s

Sample Description: 5284-86 (Water)

Concentration units are ug/liter (ppb)

MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample Conc. Conc. %

Compound Added Result MS Rec. MSD Rec. RPD

Benzene 2.44 0.5 U 2.43 100 2.44 100 0
Toluene 4.8 1 U 5.0 103 5.0 103 0
Ethyl Benzene 19.4 4 U 19.3 99 19.3 99 0
Total Xylenes 19.4 4 U 19.6 101 19.8 102 1.0

I
I
I

RPO = Relative Percent Difference

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

/ / t

I =v~y Laboratory Manager

~ar~ ______



IN .. TERNATIONAL ANALYTICALTECHNOLOGY :-CORPORATION SERVICES

5815 Micc!ecrOoK Pke , noxvile. Tennessee 37921 * 515-528-;z'C-

CERTIFICATE OF ANALYSIS

Martin Marietta Energy Systems, Inc. DATERE nCRTE0 December 6, 1988
ATTN: Mr. Stuart Goza PrCJEC"CDE . 11B0242M5
P. 0. Box P, MS 440 ORDER NtJMBER: 11B-02242-HM680
Oak Ridge, TN 37831 PAGE_ 17 OF 17

Sample Description: 5306 (Water)

Concentration units are vg/liter (ppb)

MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample Conc. % Conc. %

Compound Added Result MS Rec. MSD Rec. RPD

Benzene 2.15 0.5 U 1.94 90 2.19 102 -12
Toluene 5 1 U 5 100 5.6 112 -11
Ethyl Benzene 9.4 4 U 10.1 107 10.6 113 -5
Xylenes (total) 19.4 4 U 26.4 136 21.2 109 22

RPD = Relative Percent Difference

U - Compound was analyzed for but not detected. The number is the detection limit for th-
sample.

cp~oved Laboratory Manager

F'- 2 6:



INTERNATIONAL ANALYTICALTECHNOLOGY..---:-.
CORPORATION SERVICE S "

5815 Mc!e-rock Pike * Kncxville. Tenressee 37921 9 61 5.588-6.C i

CERTIFICATE OF ANALYSIS

7C Martin Marietta Energy Systems, Inc. DA7 -.C7 E January 9, 1989
ATTN: S. R. Rizk, K-25 ?.CX CTCODE: MMOK 42490
P. 0. Box 2003 OR.E2 NUMBER: 1IB-02242-TU8S80
Oak Ridge, TN 37831-7440 ?AGE ---L. ,--- F 1- C - -.-

Sample Description: 5309

Concentration units are ug/liter (ppb)

WATER MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample Conc. % Conc. %

Compound Added Result MS Rec. MSD Rec. RPD

Benzene 2.5 0.5 U 2.4 96 2.4 96 0
Toluene 5.0 1 U 5.1 102 4.9 98 4
Ethyl Benzene 9.6 4 U 9.7 101 9.6 100 1
Xylenes (Total) 19 4 U 21 111 20 105 6

RPD - Relative Percent Difference

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample,.

y / Laboratory Manager

IT'j
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MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS

STANDAP0 REFERENCE MATERIAL 1010a
(ANSI and ISO TEST CHART No 2)



IT CORPORATION

IT-Knoxville Job $45 2
-Bud Gibson ?az. 3

QUALITY CONTROL RESULTS SUX.VARY
BTX

Job go. 445452 QC Report No. BTX-88-09
Field Sample Nos. "EE4917, E4918. EE4919" Date Analyzed 3-26-88
Lab Sample Nos. 3896 Laboratory Supervisor Approval:
MS/MSD Sample Nos. 3921, 3922 . _._ _ _ _

Sample Matrix:
/ X/ Water (ug/L) Dflution Factor NA

SMo'sture
/ I Other

Spike Source 8020 std 10oob

Comoound SA Blank SR MS MS MSD MSD RPD

Benzene I10 10 1100 I10 100 0

,Ethvlbenzene 1 10 1ND<0.51 1___ 10 1 10 10 I 100 1 0
Toluene 11i ND<0.51 _ __I , I1 100 1 10 I 91 1 10

Total Xvlenes 1 31 ND<0.51 ____ 30 1 97 1 29 1 947 3

ND - This compound was not detected; the limit of detection for this analysis is less t n
amount stated in the table above.

)

F-26)4



/

IT CCO-RATION

IT-Knoxville Job 445452
- Bud Gibson Page 4

QUALITY CONTROL REPORT
Volatile Fuel Hydrocarbons

JOB NO. 45452
FIELD SAMPLE NO. EE4917T, EE4918, EE4919 QC REPORT NO. 8015-88-06
LAB SAMPLE NOS:
ORIGINAL 3896 DATE ANALYZED 3-29-88
SPIKE 3946 DILUTION FACTOR NA
SPIKE-DUPLICATE 3947 SPIKE SOURCE JP-4 (Jet Fuel)
SAMPLE MATRIX:
/IXI WATER (ug/L)
/ / SOIL (ug/Kg) or (ug/g)
/ / OTHER

ORIGINAL AMT OF SPIKE PERCENT SPIKE-DUP PERCENT
COMPOUND RESULT SPIKE RESULT RECOVERY RESULT RECOVERY RPD

Jet Fuel ND<O5 1000 960 96 9OO 90 I6

ND - This compound was not detected; the limit of detection for this analysis is less tha.
amount stated in the table above.

I
I
I

I

F-2 Oi'

L



INTERNATIONAL ANAIYTICAI ."-
TECHNOLOGY ANALYTICAL
CORPORATION SERVICES r -

5815 Middletrook Pike * Knoxville. Tennessee 37921 * 615-588-6401

CERTIFICATE OF ANALYSIS

7o7 Martin Marietta Energy Systems, Inc. DATEREPORTED: August 4, 1988
ATTN: Mr. Stuart Goza PROJECTCODE: MMOK 41482
P. 0. Box P, MS 440 ORDERIuMBER: 11B-02242-HM515
Oak Ridge, TN 37831 PAGE 48 OF 56

Sample Description: 5000

Concentration units are ug/kg (opb)

SOIL MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike
Added Sample Conc. % Conc. %

Compound MS MSO Result MS Rec. MSD Rec. RPP

Benzene 2,110 2,050 250 U 2,220 105 2,200 107 -2
Toluene 2,500 2,430 500 U 3,140 126 2,840 117 7
Total Xylenes 18,700 18,700 14,400 U 34,800 109 33,900 104 5

RPD - Relative Percent Difference
U - Compound was analyzed for but not detected. The number is the detection limit for h

sample.

A vve Laboratory Manager

Title

Acc edfed by tte Ai ,encln A .sotfIor tor Wo lory A -cc-Pdfoation in l,.o, :-ernc-t-

;Pt~ii tevinl :s -7-1 in !Ie curre i % a irpIory , , ItrlrI I



INTERNATIONAL ANALYTICAL
CORPORATION SERVICES "

5815 MiCdlebrock Pike e Knoxville. Tennessee 37921 * 61S.588-,401

CERTIFICATE OF ANALYSIS

Martin Marietta Energy Systems, Inc. July 22, 1988
rO: ATTN: Mr. Stuart Goza .A.'ERTD MMOK 41496

P. 0. Box P, MS 440 PROJC7CC DE: 11B-02242-HM-514 & 518
Oak Ridge, TN 37831 CRDENUMBER: 58 61

PAGE__ CF __

Sample Description: 5036

Concentration units are ug/kg (ppb)

SOIL MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike
Added Sample Conc. Conc.

Compound MS MSD Result MS Rec. MSD Rec. RPD

Benzene 203 201 50 U 146 72 122 61 16
Toluene 241 238 100 U 176 73 152 64 13
m-Xylene 598 592 130 U 457 76 407 69 10
p-Xylene 595 589 130 U 465 78 418 71 9
o-Xylene 608 602 130 U 461 76 412 68 11

A RPD - Relative Percent Difference
U - Compound was analyzed for but not detected. The number is the detection limit for t

sample.

I

I

IAopro ,,, Upe$ptions Managee'

SAczd:1ed t e I err :n As o:.:c cn .r:tcr ,crV A.c.od:tmcln f!e cnemicl:I-
j RI e I : , ' , e - 'rT \ , . , : _ -



INTERNATIONAL ANALYTICALTECHNOLOGY- -.
CRPORATION SERVICES

5815 Midcdetrook Pike * Knoxville. T ennessee 37921 * 615-588-6-'01

CERTIFICATE OF ANALYSIS

Martin Marietta Energy Systems, Inc. July 22, 1988
r ATTN: Mr. Stuart Goza CAMERE.CRED: MOK 41496

P. 0. Box P, MS 440 PROJEC-1 CODE: 11B-02242-HM-514 & 518
Oak Ridge, TN 37831 CR.DERNWMBE R: 59 61

PAGE___ CF

Sample Description: 5063

Concentration units are ug/kg (ppb)

SOIL MATRIX SPIKE/MATRIX.SPIKE DUPLICATE RECOVERY

Conc.
Spike
Added Sample Conc. % Conc.

Compound MS MSD Result MS Rec. MSD Rec. RP

Benzene 214 213 50 U 142 66 166 78 -17
Toluene 254 253 100 U 182 72 197 78 -
m-Xylene 630 627 130 U 484 77 526 84 --

p-Xylene 628 624 130 U 479 76 517 83 -9
o-Xylene 641 638 130 U 502 , 78 553 87 -1

RPD - Relative Percent Difference
U - Compound was analyzed for but not detected. The number is the detection limit for t.

sample.

Apmve W Opera ns Kanager 6/

7ille

F-268
he~ ~ ~ ~~~~~~~~~~~~~~9 Aje9~ SO:ic rUoir A~etlo nh ~enci-.4
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INTERNATIONAL ANALYTICAL
TECHNOLOGY
CORPORATION SERVICES

5815 Middlenrook Pike * Knoxville. Tennessee 37921 * 615-588-6401 ..

CERTIFICATE OF ANALYSIS

to: Martin Marietta Energy Systems, Inc. DATE REORTED: August 2, 1988
ATTN: Mr. Stuart Goza PROJECT CODE: MMOK 41507
P. 0. Box P, MS 440 ORDERNUMBER: 11B-02242-HM519 & HM524
Oak Ridge, TN 37831 PAGE 54 OF 56

Sample Description: 5078

Concentration units are ug/kg (ppb)

SOIL MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike
Added Sample Conc. Conc. %

Compound MS MSD Result MS Rec. MSD Rec. RPD

Benzene 212 208 50 U 159 75 151 72 4
Toluene 252 248 100 U 195 77 185 74 4
m-Xylene 625 614 130 U 548 88 514 84 5
p-Xylene 622 611 130 U 546 88 503 82 7
o-Xylene 636 625 130 U 553 87 523 84 4

RPD - Relative Percent Difference
U - Compound was analyzed for but not detected. The number is the detection limit for t:

sample.

App-d by " rations ManageO/

.? (

h. ~ A~O:IIf ~t .t~''fcy L~1InIn ninune~



SCNLINTERNATIONAL ANALYTIC AL
TECHNOLOGY SERVYICSCORPORATION S ERVI C ES " '"

5815 MidCdlerook Pike * Knoxville. Tennessee .7921 * 615-588-6401 2.

CERTIFICATE OF ANALYSIS

ro: Martin Marietta Energy Systems, Inc. DA7EZREPCRTED: August 16, 1988
ATTN: Mr. Stuart Goza P.!CJECZ CODE: MMOK 41517
P. 0. Box P, MS 440 CrLE.RNUMBEZ: 11B-02242-HM520
Oak Ridge, TN 37831 PAGE 1 OF 6Z

Sample Description: 5125

Concentration units are ug/kg (ppb)

SOIL MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike
Added Sample - Conc. Conc.

Compound MS MSD Result MS Rec. MSD Rec. RP0

Benzene 207 210 50 U 155 75 170 81 -8
Toluene 245 250 100 U 177 72 195 78 -8
Total Xylenes 1,830 1,860 400 U 1,490 81 1,590 85 -5

RPO = Relative Percent Difference

U - Compound was analyzed for but not detected. The number is the detection limit for ti
sample.

~2
Laboratory Manager

1-27(0
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--N

Ej INTERNATIONAL ANALYTICAL
TECHNOLOGY -
CORPORATION SERVICE S

5815 Middlebrook Pike * Knoxville, Tennessee 37921 * 61 5-588-6401 Y

CERTIFICATE OF ANALYSIS

ro: Martin Marietta Energy Systems, Inc. DATE[ E?RTED: August 2, 1988
ATTN: Mr. Stuart Goza PROJECTCCODE: MMOK 41539
P. 0. Box P, MS 440 ORDERNUMBEZ: 11B-02242-HM530
Oak Ridge, TN 37831 PAGE 19 OF 21___

Sample Description: 5151

Concentration units are ug/kg (ppb)

SOIL MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike
Added Sample Conc. % Conc.

Compound MS MSD Result MS Rec. MSD Rec. RPD

Benzene 211 216 50 U 164 78 167 77 1
Toluene 251 256 100 U 222 88 217 85 4
m-Xylene 622 635 130 U 492 79 512 81 -2
p-Xylene 620 632 130 U 483 78 512 81 -4
o-Xylene 633 646 130 U 512 81 532 82 -1

RPO - Relative Percent Difference
U - Compound was analyzed for but not detected. The number is the detection limit for t.

sample.

Approvby( Laboratory Manager

Title

Acr diled by Ire Ar.rer:cn X s :tlirn -or faboracry Ac.ceditcton in tho c.em~c i 9 .9
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E INTERNATIONAL ANALYTICAL
TECNLGCORPORATION SERVICES

5815 Middlebrook Pik3 o Knoxville. Tennessee 37921 615-588-6-01

CERTIFICATE OF ANALYSIS

ro: Martin Marietta Energy Systems, Inc. DAT EREPO RTED: August 4, 1988
ATTN: Mr. Stuart Goza PROJECT CODE: MMOK 41549
P. 0. Box P, MS 440 ORDERNUMBER: 11B-02242-HM525
Oak Ridge, TN 37831 PAGE 78 OF 8 L

Sample Description: 5163

Concentration units are ug/kg (ppb)

SOIL MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike
Added Sample Conc. % Conc. %

Compound MS MSD Result MS Rec. MSD Rec. RPD

Benzene 202 206 50 U 162 80 164 80 0
Toluene 239 244 100 U 192 80 201 82 -2
m-Xylene 594 607 130 U 508 86 518 85 1
p-Xylene 591 604 130 U 503 85 508 84 1
o-Xylene 604 617 130 U 520 86 530 86 0

RPO - Relative Percent Difference
U - Compound was analyzed for but not detected. The number is the detection limit for ht

sample.

AppmovodbV Laboratory Manager

title

A .cre, 'Jll,,,:l 5y I. A rr-rc'irl A ss :i ?lcrt !cr LLt.r,ihrr / .. l=",'!t,'t:<n An Ii. :.,emic 9I



F ~INTERNATIONAL NLTIAIiTECHNOLOGY SERVYICS

5815 Middlebrook Pike a Knoxville, Tennessee 37921 *61 5-588-6401

CER~TIFICATE OF AiNALYSIS

70: Mar-tin Marietta Energy Systems, Inc. DATEREPORTM: November 1, 1988
ATTN: Mr. Stuart Gaza PROJEC7 CODE MMOK 42062
P. 0. Box P, MS 440 ODRNIBR 1-24-M4

Oak idge TN 7831PAGE 52 OF 57

Sample Description: 5250

Concentration units are rig/kg (ppb)

SOIL MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike
Added Sample Conc. % Conc.

Comocund MS MSD Result MS Rec. MSD Rec. RPO

Benzene 97 98 s0 U 75.4 78 75.2 771
Toluene 193 195 100 U 163 84 158 81 4
Ethyl Benzene 773 782 400 U 663 86 645 82 5
Total Xylenes 774 783 400 U 669 86 657 84 2

RPD = Relative Percent Difference

jU - Compound was analyzed For but not detected. The number is the detection limit for the
sample.

Aprvedby./ Laboratory Manager

7;11P

-- k>7 /-mo



INTERNATIONAL ANALYTICAL
CORPORATION SERVICE S

5815 Micclecrock Pke * Kncxviile Tenressee 37921 6', 5-5a8--.3-01

CERTIFICATE OF ANA LYSIS

ro Martin Marietta Energy Systems, Inc. DA7zE REPOTED: November 18, 1988
ATTN: Mr. Stuart Goza PRCJECTCOCE. MMOK 42231
P. 0. Box P, MS 440 CRfERINWMBER: 11B-02242-HM682
Oak Ridge, TN 37831 PAGEIi15_OF 16 _

Sample Description: 5295, 3'

Concentration units are ug/kg (ppb)

SOIL MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike
Added Sample Conc. % Conc. %

Compound MS MSO Result MS Rec. MSD Rec. RPD

Benzene 530 550 50 U 610 115 660 120 -4

Toluene 1,200 1,300 100 U 960 80 1,000 77 4

Ethyl Benzene 2,300 2,400 400 U 1,900 83 2,100 88 -6

Xylenes (total) 4,800 5,000 400 U 3,700 77 4,300 86 -11

RPD = Relative Percent Difference

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

Arrroved by Laboratory Manager

F -2 74



i
INTERNATIONAL ANALYTICAL"-

TECHNOLOGY - i "

CORPORATION SERVICES :

5815 MiddleDrook Pike * Kroxv:ile Tennessee 37921 * 615-588-6401 -

CERTIFICATE OF ANALYSIS

to Martin Marietta Energy Systems, Inc. DAT"ERE.ORTED: August 4, 1988
ATTN: Mr. Stuart Goza PROJECT CODE: MMOK 41482
P. 0. Box P, MS 440 ORDER NMBER: 11B-02242-HM515
Oak Ridge, TN 37831 PAGE 43 OF 56

Sample Description: 5000

Concentration units are ug/kg (ppb) dry weight

SOIL PESTICIDE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample MS MS %

Compound Added Conc. Conc. Rec.

y-BHC (Lindane) 32.3 9.8 U 26.2 81
Heptachlor 32.3 9.8 U 37.1 115
Aldrin 32.3 9.8 U 31.1 96
Dieldrin 80.7 20 U 58.9 73
Endrin 80.7 20 U 70.6 87
4,4'-DDT 80.7 20 U 74.6 92

Conc.
Spike MSD MSD %

Compound Added Conc. Rec. RPD

y-BHC (Lindane) 32.5 28.8 89 -9
Heptachlor 32.5 36.5 112 3
Aldrin 32.5 31.3 96 0
Dieldrin 81.2 58.9 72 1
Endrin 81.2 69.8 86 1
4,4'-DDT 81.2 76.3 94 -2

RPD = Relative Percent Difference

U - Compound was analyzed for but not detected. The number is the detection lim for the
sample.

Apved b / Laboratory Manager

Til' ",
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~]INTERNATIONAL ANALYTICAL
TECHNOLOGY
CORPORATION SERVICES "

5815 Middlebrook Pike * Knoxville. Tennessee 37921 e 615-588-6401 ;X

CERTIFICATE OF ANALYSIS

ro: Martin Marietta Energy Systems, Inc. DA7,r-REORTED: November 1, 1988
ATTN: Mr. Stuart Goza PROJECTCODE MMOK 42062
P. 0. Box P, MS 440 ORDER NUMBER: 11B-02242-HM644
Oak Ridge, TN 37831 PAGE* 44 OF 57

Sample Description: 5250

Concentration units are ug/kg (ppb) dry weight

SOIL PESTICIDE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample MS MS %QC
Added Conc. Conc. Rec. Limits Rec.

Lindane 34.1 10 U 29.2 86 46 - 127
Heptachlor 34.1 10 U 31.1 91 35 - 130
Aldrin 34.1 10 U 27.5 81 34 - 132
Dieldrin 85.3 20 U 60.9 71 31 - 134
Endrin 85.3 20 U 87.4 102 42 - 139
4,4'-DOT 85.3 20 U 72.9 85 23 - 134

Conc.
Spike MSD MSD % % QC Limits
Added Conc. Rec. RPD RPO Rec.

Lindane 33.8 26.5 78 10 50 46 - 127
Heptachlor 33.8 31.8 94 -3 31 35 - 130
Aldrin 33.8 26.7 79 2 43 34 - 132
Dieldrin 84.5 61.2 72 -1 38 31 - 134
Endrin 84.5 86.7 103 -1 45 42 - 139
4,4'-DOT 84.5 75.2 89 -4 50 23 - 134

RPO = Relative Percent Difference

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

Apmved b/ Laboratory Manager

.. ...



Ei INTERNATIONAL ANALYTICAL -.TECHNOLOGY- 
...CORPORATION SERVICES

5815 Midc!ebrock Pke * rncxvrlle Tennessee 37921 - 6;5-588-6'01-

CERTIFICATE OF ANALYSIS
tO: Martin Marietta Energy Systems, Inc. DA7 RECRTED* August 18, 1988

ATTN: Mr. Stuart Goza PROJECTCODE: MMOK 41616
P. 0. Box P, MS 440 CRIERNUMBER: 11B-02242-HM538
Oak Ridge, TN 37831 PAG __2__ OF 24

Sample Description: 5179, 5180, 5181

Concentration units are mg/liter (ppm)

WATER MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample Conc. % Conc.

Compound Added Result MS Rec. MSD Rec. RP'

Antimony 0.54 0.03 U 0.52 96.3 0.49 90.7 6
Beryllium 0.054 0.001 U 0.044 81.5 0.042 77.8 4.
Cadmium 0.054 0.005 U 0.050 92.6 0.050 92.6 0I Chromium 0.22 0.01 U 0.19 86.4 0.18 81.8 5.E
Copper 0.27 0.01 U 0.25 92.6 0.24 88.9 4.1
Mercury 0.010 0.0001 U 0.008 80.0 0.010 100.0 -22.2
Nickel 0.54 0.02 U 0.49 90.7 0.47 87.0 4.2
Silver 0.054 0.005 U 0.045 83.3 0.042 77.8 6.r
Zinc 0.54 0.022 0.49 86.7 0.48 84.8 2.1

I

RPO = Relative Percent Difference

I U - Compound was analyzed for but not detected. The number is the detection limit for thE
sample.

I

Approved _y Laboratory Manager

1-277e
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[ ] INTERNATIONAL ANALYTICAL -. -
TECHNOLOGY SERVICESCORPORATION SERVICES" - -

5815 MiCcletrock Pike e Knoxville. Tennessee 37921 * 615-588-6401

CERTIFICATE OF ANALYSIS

rc: Martin Marietta Energy Systems, Inc. DATE RE.ORnE: August 18, 1988
ATTN: Mr. Stuart Goza PROJECT CODE. MMOK 41616
P. 0. Box P, MS 440 CRDERNUMBE,. 11B-02242-HM538
Oak Ridge, TN 37831 PAGE 23 0F 24_

Sample Description: 5179, 5180, 5181

Concentration units are mg/liter (ppm)

WATER MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample Conc. % Conc.

Comoound Added Result MS Rec. MSO Rec. F D

Arsenic 0.044 0.03 U 0.03 U NR 0.03 U NR - -

Selenium 0.011 0.3 U 0.3 U NR 0.3 U NR - -

Lead 0.022 0.02 U 0.022 100.0 0.028 127.3 -24.0
Thallium 0.054 0.006 U 0.038 70.4 0.052 96.3 -31 1

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

RPO = Relative Percent Difference
NR = Not recovered; due to matrix interferences, the sample quantitation limit was rais d

to a level greater than or close to the spike concentration.

Approved ty Laboratory Manager

1"-? 7 ,8



INTERNATIONAL ANALYTICAL
TECHNOLOGY
CORPORATION SERVICES 3

5815 Midldlebrook Poke e, Knoxville. Tennessee 37921 615-588-6401

CEIRTIFiCATE OF ANALYSIS

ro: Martin Marietta Energy Systems, Inc. DATEREPORTED: August 4, 1988
ATTN: Mr. Stuart Goza PROJECT CODE: MMOK 41482
P. 0. Box P, MS 440 ORDER NUMBER: 11B-02242-HM515
Oak Ridge, TN 37831 PAGE 55 OF 56

Sample Description: 5000

Concentration units are mg/kg (ppm)

SOIL MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample Conc. Conc.

Comoound Added Result MS Rec. MSD Rec. RPD

Antimony 34 3 U 8 23.5 10 29.4 -22.3
Arsenic 4.0 4.0 7.9 97.5 7.2 80.0 19.7
Beryllium 3.2 0.4 3.3 90.6 3.3 90.6 0
Cadmium 3.4 0.9 4.9 117.6 4.3 100.0 16.2
Chromium 15 9 24 100.0 23 93.3 6.9
Copper 17 14 30 94.1 27 76.5 20.6
Lead 50 61 113 104.0 105 88.0 16.7
Mercury 0.10 0.02 0.11 90.0 0.10 80.0 11.8
Nickel 35 12 48 102.9 37 71.4 36.1
Selenium 1.0 2 U 2 U NR 2 U NR ---
Silver 3.1 0.5 U 2.2 71.0 2.4 77.4 -8.6
Thallium 168 4 135 78.0 136 78.6 -0.8
Zinc 50 425 523 196.0* 446 42.0* 129

RPD - Relative Percent Difference
NR = Not recovered; due to matrix interference, the sample detection limit was raised to

a level greater than the spike concentration.

*Spike added is less than four times the native analyte concentration; therefore, the

aceptance criteria do not apply.

U - Compound was analyzed for but not detected. The number is the detection limit for the

sample.

4 veby/ Laboratory Manager

F-279
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TECHNOLOGY
CORPORaION SERVICES

5815 Middletrook Pike * Knoxville. Tennessee 37921 6 615-588-6401

CERTIFICATE OF ANALYSIS

T07 Martin Marietta Energy Systems, Inc. DATE REPORTED: November 1, 1988
ATTN: Mr. Stuart Goza PROJECTCODE: MMOK 42062
P. 0. Box P, MS 440 ORDER NUMBER: 11B-02242-HM644
Oak Ridge, TN 37831 PAGE_ 55 OF 57

Sample Description: 5250

Concentration units are mg/kg (ppm)

SOIL MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample Conc. % Conc. %

Compound Added Result MS Rec. MSD Rec., RP(

Antimony 42 3 U 9 21.4 14 33.3 -43.F
Lead 39 38 72 87.2 72 87.2 0
Nickel 42 18 53 83.3 52 81.0 2.8
Zinc 44 118 150 72.7 149 70.5 3.1
Copper 25 9 29 80.0 28 76.0 5.1
Chromium 20 15 36 105.0 32 85.0 21.1
Beryllium 5.0 1.0 5.3 86.0 5.4 88.0 2.2
Cadmium 5.0 1.4 6.1 100.0 6.1 100.0 0
Silver 3.8 0.5 U 2.3 60.5 3.1 81.6 -29.6

RPO = Relative Percent Difference

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

pveby //Laboratory Manager

I,'- 28FF



E INTERNATIONAL ANALYTICAL
TECHNOLOGY
CORPORAION SERVICES

5815 Middlebrook Pike * Knoxville. Tennessee 37921 * 615-588-6401

CERTIFICATE OF ANALYSIS

ro: Martin Marietta Energy Systems, Inc. DATE E.UORTED- November 1, 1988
ATTN: Mr. Stuart Goza PROJECTCODE: MMOK 42062
P. 0. Box P, MS 440 ORDER NUMBER: 11B-O2242-HM644
Oak Ridge, TN 37831 PAGE_ 56 OF 57

Sample Description: 5250

Concentration units are mg/kg (ppm)

SOIL MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample Conc. % Conc. %

Compound Added Result MS Rec. MSD Rec. RPO

Mercury 0.10 0.04 0.13 90.0 0.13 90.0 0

RPD = Relative Percent Difference

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

Appmvedby /Laboratory Manager

I:-281



II INTERNATIONAL ANALYTICAL
TECHNOLOGY
CORPORATION SERVICES

5815 Middlebrook Pike * Knoxville. Tennessee 37921 0 615-588-6401 ,

CERTIFICATE OF ANALYSIS

r0: Martin Marietta Energy Systems, Inc. DATE REn RTED: November 1, 1988
ATTN: Mr. Stuart Goza PROJECTCODE: MMOK 42062
P. 0. Box P, MS 440 ORDEIZNUMBER: 11B-02242-HM644
Oak Ridge, TN 37831 PAGE 57 OF 57

Sample Description: 5250

Concentration units are mg/kg (ppm)

SOIL MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample Conc. % Conc. %

Compound Added Result MS Rec. MSD Rec. RPD

Arsenic 4.0 7.1 9.4 57.5 10.6 87.5 -41.4
Selenium 1.0 1 U 0.8 80.0 0.5 50.0 46.2
Thallium 5.0 0.4 4.4 80.0 4.6 84.0 -4.9

RPD = Relative Percent Difference

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

Apved by Ldboratory Manager

Title
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F j INTERNATIONAL ANALYTICAL -"=..
TECHNOLOGYCORPORATION SE RVI CE S 7

5815 Middlebrook Pike K Knoxville. Tennessee 37921 6 615-588-6401

CERTIFICATE OF ANALYSIS

ro: Martin Marietta Energy Systems, Inc. DATE REPORTED: August 16, 1988
ATTN: Mr. Stuart Goza PRCJECTCODE: MMOK 41517
P. 0. Box P, MS 440 CORCE.NU'vMBE": 11B-02242-HM520
Oak Ridge, TN 37831 PAGE 57 CF _62__

Sample Description: 5134

Concentration units are mg/liter (ppm)

WATER MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Conc.
Spike Sample Conc. Conc.

Compound Added Result MS Rec. MSD Rec. RPO

Chloride 192 171 331 84 332 84 0
Fluoride 95.6 1.92 94.4 97 95.2 98 -1
Nitrate, as N 2.44 0.5 U 2.86 117 3.02 124 -5
Phosphate, as P 261 1.5 U 284 109 289 111 -2
Sulfate 574 152 717 98 760 106 -6

RPO = Relative Percent Difference

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

Apoved b/ Laboratory Manager

-- 281.

..................................
:,.::,,:.!e,:::¢ " ..::r . n: : ",'v ' h. '' C-, : ,rv r ..% 2 r,,:,t: ".fl '' : , ] ,,



INTERNATIONAL ANALYTICALTECHNOLOGY ,..,..

CORPORATION SERVICES
5815 Middleorook Pike * Kn xville. Tennessee 37921 6 615-588-6401

CERTIFICATE OF ANALYSIS

TO: Martin Marietta Energy Systems, Inc. DATEREI"ORTED: August 17, 1988
ATTN: Mr. Stuart Goza PROJECrCODE. MMOK 41608
P. 0. Box P, MS 440 ORDE2R,0UMBER: 11B-02242-HM537
Oak Ridge, TN 37831 PAGE 36 OF 38

Sample Description: 5165

Concentration units are mg/liter (ppm)

WATER MATRIX SPIKE ANALYSIS REPORT

Conc.
Spike Sample Conc.

Comoound Added Result MS Rec.

Chloride 4.8 7.8 12.4 96
Fluoride 1.1 1.0 2.0 91
Nitrate, as N 4.8 2.5 U 4.8 100
Phosphate, as P 38 1.0 U 35 92
Sulfate 52.6 164 216 99

U - Compound was analyzed for but not detected. The number is the detection limit for t,.e
sample.

App rove by
Laboratory Manager

r tilr



m INTERNATIONAL ANALYTICAL -
TECHNOLOGY .
CORPORATION SERVICE S

5815 Middlebrcok Pike * Knoxville. Tennessee 37921 , 615-588-6401

CERTIFICATE OF ANALYSIS

ro: Martin Marietta Energy Systems, Inc. DATERE.ORTED: August 19, 1988
ATTN: Mr. Stuart Goza PROJEC"ICODE: MMOK 41637
P. 0. Box P, MS 440 ORDER /NUBER: 11B-02242-HM541
Oak Ridge, TN 37831 PAGE._1. OF_ .12.

Sample Description: 5198 (Water)

Concentration units are mg/liter (ppm)

MATRIX SPIKE ANALYSIS

Conc.
Spike Sample Conc. %

Compound Added Result MS Rec.

Chloride 47.6 26.5 67.6 86
Fluoride 4.9 1.4 5.8 90
Nitrate, as N 5.0 5.0 U 5.0 100
Phosphate, as P 91.0 10 U 99.1 109
Sul fate 58.2 160 213 91

U - Compound was analyzed for but not detected. The number is the detection limit for the
sample.

Apmved -4

Laboratory Manager

F-28 54 1 Accrd . e n:n:s ~~,r'~~ :c :nn em .... -'.



APPENDIX G

MONITORING WELL AND COREHOLE LOGS



LITHOLOGIC AND WELL-COMPLETION DIAGRAMS FOR THE

MONITORING WELLS AND COREHOLES

This appendix contains the lithologic and well-completion diagrams for

the monitoring wells and coreholes installed at Forbes Field ANGB during the

remedial investigation in 1988. MWOO1 through MW028 are alluvial monitoring

wells and CH001 through CH003 are open coreholes (cased and grouted through

alluvial sediments). The reader is referred to Plate 1 for well locations.

It is important to note that MWO04 was subsequently filled with cement and

abandoned.

The patterns used to illustrate well-construction materials and

lithology (graphic logs on the diagrams) are identified below. A brief

narrative description of each lithologic unit is provided on the diagrams,

including information regarding moisture content. In the descriptions for

the alluvial monitoring wells, colors are delineated using the nomenclature

of the Munsell Soil Color Chart. This is not true of the corehole

descriptions because the rotary drilling method used for hole installation

does not permit detailed color delineation.

Designated Patterns Used on the Lithologic and Well-Completion Diagrams

WELL CONSTRUCTION MATERIALS LITHOLOGIC SYMBOLS (cont.)

Ce ae/n!rdonile Crol D Sil. generaly yellorish-brown (s$lfstone in bedrock)

BentnifePelets ud~tne.gray

lQOJ Sand Pw-k E l Shao. dark gray to black. Carbonaceous

W01 Screen Urnestone. -~sit.. )bssii~ftro.-

LITIOLOGIC SYMBOLS Cayey Crl. lirmestoen gravel in claly

< YdlU -aad base. sand and gravel. Gravely Clay. itinesfone gratels In dark gray clay

Concrete Sandy Clay, fine to rnedssm grained in silly clay

H Claystone. red-broun 1. yloso-m~n bedrok. K ] Sand. fine to coarse grained

[-J] Vlly y, gry to brown Coal. -b-bWt.,inows F0324

G-1

I



orni Well Summcry Informction
OAK RIDGE NATIONAL LABORATORY

Prepared By F. C. GARDNER Date 6/14/88 -Page .Lof 1L

Ho'e No. MWO1 Elevation 1028.5' -Location SITE 6. DITCH INTERSECTION

Totai Depth 14.5 No. of Completions I Rig Type MOBILE B-61

Auger Size Sample Type 5' CONTINUOUS STAINLESS STEEL

Project FORBES FIELD ANGCB - Dcta Verified By P.M. KEARL Date 101161I88
EP-,H BLOWS/ SAMPLE WLL LITHOLOGYDECPTO

(FEET) 6 INTERVAL CONSTRUCTION DSRPJt

- v I

1 V FILL Gravel veneergrass roots~mixed fill material

2 __

c OH SILTY CLAY: very dark gray,(1OYR 3/1),becoming
0 0 ____ stained with limonite, plastic, nniforn,fat in part.

00 4000

7 0

00-00 0-__ CH SILTY CLAY- dakyellowis Abron,(1OY limonincr
500 eainl sil ieaudntmnt staining, plastic, ft lgtmit

6 ~ 0
00 00

0 00
7 00 00 -~ CC CLYYGAE:u o2er nua oslfru

Cieson grTYCAYaeskn yellowbrown,(JYR /),vecry

0 0 0 0- 2'lyro saner andalimestone framntsin latec
0 0 - marxudr i ae oe

o 0 0 0 BEDROCK weardsltnc yseev.ierlctbd

0 0 00
00 00

0
0 00

0 0 0 COAL:thina beddedxsftugrasy cioals tersdad inahs
0 2" grayeofn and yelowbrwnstn ragmonesi lay.

CLA00S mtONEx unrying. gYra)vel fzone e fnemc

11~ ~~~~~~~~hl 00t 14.6-BERC. 'wahrd. it lasoe vsbereitbd

0 

K 

I

16_ _ dn lns elw ron 1 R58,bnatga

0(; 20



o rn i Well Summa-iry lnforrnaton
OAK RIDGE NATIONAL LABORATORY

PeaeBy F. C. GARDNER Dote 6/14/88 Page I ofI

Hole No. MkIBO2 El evotion 1025.9' -Location SITE 6 - 35' N35E FROM1 STEEL POST

Total Depth 16.5' No. of Completions I Rig Type MOBILE B- 61

Auger S ze7x "' apeTp 5' CONTINUOUS STAINLESS STEEL

Project FORBES FIELD ANGB - Data Verified By P.M. KEARL Docte 1L38

DEPTH BLOWS/ SAMPLE WELL LIrHOLOGY DSRPI'
(FEE7) 6' NTERVAL CONSTRUCTIONDECITO

7 V7

V~FILL Gravel veneer~road base and fill material, mottled very
2 ~ Vdark brown clays and scattered pebbles.

IV C _ OH CLAY: black.(5Y 2.51),plastic fat, homogenousdry.
3 C-

N - -

4 0 - - __

0~ 0 0
0 00 0 0 _

0 00

000 CH SILTY CLAY: dark grayish brown.(2.5Y 4/2),becom-
6 0 0 __0 ing stained with limonite at 6',plastic.fat.mnottled

0 000-and discolored appearance.

0 0 0 O

0 0 0 0 0 0 - _

0 00
0

03 0 o 0 ___

0 0 0 0
0 00

00 0 -

0 0_ BED)ROCK: very weathered light olive brown.(2.5Y 5/4).
0 0 = ONO claystone with greasy gray clay initer-beds.ab11nda71t

00 0 0 _ coal part ings, 7Loncalcareoits~damp.

12 __ 00 0 0 COAL: black.very soft. sitb-b ituininoiis~thint bedded
00 0 rea col bede wit yrl ellow-b7roWn clys

13 ~00 0 C 0 0 0 CLAYSTONE: weathered yellow brown & gray clays bcd-
13 0 00 000 ded with thin coal laMinat ions, fssle, so me (lark

000 V 00 0red shale part ings. micaceoius in part,nion calcareous,

0 K

14 0 1

15 0. K 00CLAYSTONE: gray,(7.5YR N5),fissleSoflVCr-y thinly bcd-
0 0 ded, waxy, very fine -mica dissemlinated thron1gllold

0 0 0 0 abutndant plant fossil shadows. occas io nal truncated

-- 0. 0 V __



o rn i Well Surnrcry lnformction
OAK RIDGE NATIONAL LABORATORY

Prepared By F. C. CA RDNER -Dote 6/15/88 Pag~e 1L rf

Hoe No. MHWO3 Elevation 1053.7' LoainSITE: SE CORNER OF BASE

TotaDeph _1 _ No. of Completions IRig Type MOBILE B- 61

Auger Size 'Sample Type

Project FORBES FIELD ANCB Data Verified By P.M KEARL Dcte 10/116/188
DEPTH POwS SAMPLE WELL LITHOLOGY DESCRIPTION(F-T) 6- Nt47RVAL CONSTRUCT1ON

'7 ~ HOLE CORED THROUGH ASPHALT & COVCRETE.8* MANHOLE SET FLUSH
2 WITH ASPHAL

2 1 FILL FILL 3)SND & CL r BASE

____ CH SILTY CLAY: grzy.(2.51YR N75).abunndrtit limontite
V 17 '7- stain-ing plastic.fat

CH SIT CLY gra asaoeicVs.gdr ed

14
V0 a7 _.

ON LY ih lv rw.(.YG4.c-~patc
abnatsatrd oladsae prig.dne

17wa7y.

5EROA Vet the re :( jl t.lclt Vlo;bi o.(
1/~~~1 6/4) reitbis ily rVb

SAD LtYTN:t'jlieliihbat'i 2 7.)

77Verow fiine staini ng slih t aiqZssil b. lid.

17 V 7 S. .5 ' a d 9 '

L9



orn i V,10 Summocry Information
OAK RIDGE NATIONAL LABORATORY

Prepa~ed By -F C. GARDNER Date 13/15/88 Page -Lof1

Hoie No. MHWO4 Elevation NOT MEASURED Location SITE SE CORNER

Total Depth 19.5' No. of Completions 0 Rig Type MOBILE B-61

Autger Size 1! X V. Sample Type 5' CONTIINUOUS STAINLESS STEEL

r-raiect FORBES FIELD ANCB Data Verified By P.M. KEARL Dote 10/16/SB8,
DEPTH M 0"' SAmPLE WEUt LITHOLOCVOSRIYO
tEET) 6* tNtERVAL COSRUtCn DSCIP)

V VV ASPHALT ASPHALT (3")

-71 7I CONCRETE (18--)~' ~ 8- HOLE CORED THROUGH ASPHALT & CONCRETE. HOLE PLUGGCED AND
17 v v 17 ABANDONED

2 7vVvVvV1 FILFILL (9) SANAD & CLAY BASE

3 -7VV CH- SILTY CLAY. gray.(2.5YR NS),clays mottled with
7 v v 7 r= H light brown silts plastic with occasional limOnite

7 v v ___ clay~abundant limonite staining, predomintantly fine

5 7 v v v ;to medium g'rained and poorly sorted, angular.dry

7V V V - -OH SILTY CLAY: browrt.47.5YR 4/6).silts mottled with
6 7 7 7 7gray clay nuitrix.irwreasing black carboacceous and

7 v 7 coaly partings disseminated throughovl.abundant
v v v vorange lirrwnite staining with occasional yellow

7 ~ ~ ~ v 71 lmonit c nodules, damp. plast ic.

7v __v_

7__ 17 17 V etee erokyoeal

7 17 7 v/)ocsoa ad nebdfsl~ayi at

V7 V 7 1

13 2 - v v V 7 ,7f ITYNE CLY:llow Ov brown.( 2.5 I'll5Alrit~lc danti

v v v v vry fi'ndissemiated pal partngs oc~ccraional s
13-- 1 v v v~ ~~ boto of- srasstint calceou p;-y.liclson e

20 ln srcossatrdtwrdlwrcnatwt



ori Well Summary Information
OAK RIDGE NATIONAL LABORATORY

Prepared By F. C. GARDNER Dote 6/16/88 Page -Lof

Hole No. MWOS Elevoation 1047.4_____ -Location SITE 7

TtlDph13.5' No. of Completions 1Rig Type MOBILE D-61
To7 Dept -_ _ __ _ 

I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Auger Size x 4 X14Sample Type 5' CONTINUOUS STAINLESS STEEL
Prjc FORBES FIELD ANGB DaaVriidB PM KEA RL Da0O16,,881

DEP TH LOWS/ SAMPLE WELL LITHOLOGY DESCRIPTION
'rEEl) 6' NTtRVAL CONSTRUC 11N

APA7ASPHALT (3-)

CONCRETE (18"

N, 7 V8" HOLE CORED THROUGH ASPHALT & CONCRETE. 8' MANHOLE SET
7 72 VFLUSH WITH ASPHALT.

2 7 P 7VFILL (9') SAND AND CLAY BASE

3 V , 7 V

X 7 V N ___N CH SILTY CLAY: very dark gray,(7.SYR N13),.homogenouws,
V I 7 Vplastic~very fine disseminated mica throughout.

4 1 7Nabundant root mattervery slight mnoisture sheen on
V 1 7 Vfreshly exposed clay faces~earthy texture.

5 _ZZ_ Z__

6

7

081

9 ~ 0 00 ___

a__ CL SIT'LY0ry(Y41, a~lsi~iil ae
10~~~~~ __:P 0he~a cainllmntendlsicesn

0 0

0 0-(0



o rn i Well Summcry Informction
OAK RIDGE NATIONAL LABORATORY

Prepared By F. C. GARDNER Date 6/16/88 Page Ilof 2

Hole No. MW___6 Elvton 108.' Location SITE 7W6 Eeai 14 _____________________

Total Depth 15.2' No. of Completions 1 Rig Type MOBILE B-61

A,;ger Size 7' - 4! -Smple Type 5' CONTINUIOUS STAINFLESS STEEL

project FORBES FIELD ANGB - Dcta Verified By P.M. KEARL Date 10/1/88
'EP7H LOWS/ SAMPLE WELL UITHOLOGY DSRP~

FTEET) I NTERVAL DNSTJ1O ______ ______________________________________________

vASPHALT ASPHALT (3")

A CONCRETE (18")

7 17 7 1 77 va8 HOLE CORED THROUGH ASPHALT & CONCRETE. 8' MANHOLE SET
FLUSH WITH ASPHALT.

2 1' 17 FILL FILL (6") SAND AND CLAY BASE

7__ OH SILTY CLAY: very dark gray.(7.5YR AN3),occaSion7al
3 green silty streaks between 2' and 3',abundant 7-00t

___ debris from 4' to 5',becoming lighter gray © 6',
v plastic and fat organic clays,slight moistutre sheen

4 -- 1 vs, 7on freshly broken clay faces.

7

8

00 ___ OH SILTY CLAY:- dark gray,(2.5Y N4),greasy clays with,
0 p 0-0.silty interbeds. grading to a gr-ayish r-ed-brown

10 0 ___ limonite stianed interval from 8.5' to 13.5'.plastic,

12_ 0_0_0_

13 00 slghlydap

14 ~ ~ 0 0 0 BDOKwah~dcasoeylo ria(OR581

0~ 00

1260=00

00.0-(000



o rn i Well Summary Informotion
OAK RIDGE NATIONAL LABO0RATORY

Prepared By F. G. GARDNER - Date 6/16/88 Page I O 1

Hole No. MWO7 Elevation 1048.8' -Location SOUTHEAST CORAIVER

Total Depth 145' No. of Completions 1 Rig Type MOBILE B-61

Auger Size 7 "x4 Sample Type 5' CONTINUOUS STAINLESS STEEL

Project FORBES FIELD ANVGB Data verified By P.M. KEARL Date 10/16/88
OEPTH bLOWS/ SAMPLE WELL LITHOLOGYDECITN
(FEET) 6- INTERVAL CONSTRUCTION DSR~O

V ASPHALT ASPHALT (3-7)

1 CONCRETE (18')

2 v V V FILL FILL (6") SAND AND CLAY BASE

3 ____

I __ OH 01 SILTY CLAY: very dark gray,(7.5YR N'3).homogenous,
__'7 _V very plastic. organic soil.fine disseminated mica,

4 97 V abundant plant root material.

5~~ V ______

6

011 Oi SILTY CLAY: dark gray.(5Y 4/1).increasing silt
7 conte'nt~limonite stains and streaks at 5'.becoming

7__ silt ier with depth.

10 0 __

13~~~ 0 0OlSITCLYdakbonaabeocainlie-

14 ~00 00 IEJOKwahrdyloihboncasoewt

o 0 Oo b own an d rkgray c ro aw u shaley partings,wt a 13 '
15 =

16=0 lsi~eystie ihlroie



r

o rn i Well Summary Information$ OAK RIDGE NATIONAL LABORATORY

Prepared By F. G. GARDNER Date 6/17/88 Page _L of

Hole I-~ AlWO'8 Elevation 1045.0' -Location SITE 7.NE CORN'ER BLDG 662

Total Depth 11. 3' No. of Completions I Rig Type MOBILE B-61

Auger Size 7____z_4__I_ Sample Type 5' CONTINUOUS STAINVLESS STEEL

project FORBES FIELD ANGB Data Verified By P.M. KEARL Date 10/16/Z88
DEPTH BOWS/ SAMPLE WELL LITHOLOCY DESCRIPTION

(FEET) 6- NTER VAL ONSTWUCIION

1 ~ 'V _

1"7 __ CL SILTY CLA Y gray.(5Y 51). dry.scattered worm tracks
2 P limninte streaks~very fine disseminated mica.

3~ S7

4 -

5 -77 -----

& 011 O SILTY CLAY. ga.y.(5Y 51), mottled with yellow-
6 0 0 0 brown and red-brown limnonite stained streaks.

000 0 ___ faint moisture sheen. on fresh clay faces between
0- 0 7o 0 =0 7'_ and 9',occasional black carbonaceous partings
00 00 throughotlimonite stains increasing with depth.
00. 00 .

0 00

0 o 0 0

0 oo
8 0 00 000

000 00
0 0 

0
o __ __ __ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ __ _ _ _ _ _ _

00 00

0 0 o 011 SILTY CLAY: yellow brown.(10YR 56),sticky. damp,
0__0 very plastic, abuindant coal and gray clay partings.

00 0

0 ~00
0 5:= 00

x 0 0 BEDROCK: weathered yellow-brown claystone.(lOYR 5/6).
00 00

00 00 very thin relict beds, fissile. abttndant gray and
00 00
00 000 black carbonaceous interbedts. slightly damp.

12

13.

14

15.

.. Th...............................



o rn i Well Summcry Informaicon
OAK RIDGE NATIONAL LABORATORY

Prepared By, F. C. CARDNER -Date 6/171/88 page I fI

Hole No. MWO9 Elevation, 1038.5' -Location SITE 5. 27' Ajl OF BLDG 671

Total Depth 8.5 No. of Completions IRig Type MOBILE B-61

Auger Size 74 z~ Sample Type 5' CONTINUOUS STAINLESS STEEL

Project FORBES FIELD ANCB Data Verified By PM. KEARL Dcte 1011'6183
DET LW/SAMPLE LITNOLOGYDSCPTN

~iILLT 6 INTER~VAL O STRUC1ONDECITO

* c. CL SILTY CLAY: very dark gray.(2.5Y N/3).dry.occasio-
___ nal gravel chips,some gray shale part ings, distinct

odor of fuel,very slightly damp.

0

0  0 0
4 0= OH SILTY CLAY: very dark gray,(2.5Y V3).very strong

o 00o
o 0 00 0 __ - fuel odorvisible sheen,abundant red-br-own limionite

___ stains throughout.very discolore oefo .'t
0 0 0 - 7'. Increasingly initsaneblo7*
00 ____ Increasing moisture consisting of water and fuel.

BERC wet0e0elw-rw lytne(OJ /)6nebde wit gra an lc aroae
9~~~ shls o- acro

10~~~~ __ _ _ __ _ _ __00__ _ _ __ _ _ __ _ __._ _

-0 00

7 a000

0 CV1



orni DYWell Summary Information
OAK RIDGE NATIONAL LABCRATCR

Prepared By P G. 04RDANER - Date 8-17-88 Pcge_ ofI

Hole No. 10__10 Elevation - 107.' -Location SITE 5 - 96' Sir" OF, BLDG0 671!

Tcotl Depth 9.' Na. of Completions IRig Type &OIL B-Cf

A.Iger Size ~ ~Sample Tvpo 'cA7AVIS TILS TE
Proec7,t FORBE'S FIELD 11IA'GB Data Verified ByPM. KEARL Dote 1/16/Z8 8

,%PTH PLOWS/ SAMDLE ILITHOLOGY DESCRIPTION
( EET)i 6" INTERVAL CONSTRUCTION

7 7 7 __v_ CL SILYr CLAY4 dark gray (101R 4/f1) dryi friable,
7 v7 7v V7 7Vmedium dry strenglA. Roots to 1.5, limon ite

1 Istaining at f5, few gray to black carbonaceous,
2 ____ inclus ions. Few w ormn tracks.

3 _
0000 N 0 0 __

.0 00 Ci00

0 aP 00C

0 4.- 05' to 8 abundant dark gray to black shale and
0 0 =0o clay strcaks/partings, very soft, plastic, 1 t fuel

00: = 0 odor at C'.
5 00 = 00

00:: 00 0

/0 0 =:0 0-
0 0 ::0 0

6 0 0o,:o

00 -00 _

001:0 00

700 F 00 -__
0 ::0

/[ 0 0 j 0 
0

Q-

. 0~0~ - EPYA'OCAC veathe red yelow-brown (f0,r 5/6) clay-
0 &P1 0 0 s/Io ne, wvet, ca/ca reous, occasional red and gray
0 00bddn
0 0 0 shle clays/one partings, Visible r1elictbedn
0 0 0 0 planes along gray shale laminations. Bore hole

900 00 agered /0 .9.5' for well completion.

10,

1 3



o rni Well Summary Information
OAK RIDGE NATIONAL LABORATORY

Prepored By F 0 GARDNAER Octe 6-17-88 Page I of

Hole No. A'I Elevation 1040. " Location SITE 9

Total Depth 17 9" No. of Completions .. Rig Type MOBILE B-C6

Auger Size ' ',4_Sompie Type 5" COA71N/1IOUS STAINLESS STEEL

Project FORBES FIELD ,4A'B Data Verified By PM KEARL Date 10/16/88

TcPTH B.OWS/ SA PLE LITHOLOCY DESCRIPTION
( EETl 6" 11WRVAL O'NSTRUCTIONIDEC PTO

A v iry ASPALr r3

-7 V7 9 9 7V 9 8 -hr0ZT CORFD rI/R01/CR ASPI/A4LT & CcRrEESANJL _y Fz

2LI FL (3 SA.i, & CLAY BAS.

-1 - CL SILTY CLAY" dark gray (A'4/) uit/h grayish green
3 V motting, plastic. blocky noncalcareous. 1/2"

3 ery fzne grain sand stringer at 4' wet.

5

V V . CL SILTY CL.4r" dart" grayj (.441/) witlh greenzsA gray

9 7V (5B67 5/1/) silly iterbeds and partings, silt is very
7 - , 77.Imacous, noncalcareous.

-- -' VVI' VV

9 (12,772071ie) Irom 8. 5" to /0 5" (ru~sty discoloration).

0vC

0 o o 01 SILTr CZ."r dark grayj (5r 311,) plastic, greasy

oo ::V- 0 V 00

z -- CL SILTY CLA." dark grayk (gra/ ,zt greenih/ graey

___i(1/ 5r'// (silty/)s interbed ats, lt misace.

a0
0

0  n aolu t o noc t a tc reo ss. s rin ts.

0 0V 00

1 0

9- -, -. CL.SI... CLAY darkugmaymmAm m m m mim omidimed

1-0 0 - is0ry(1C5/)slyilres eymcco

000 00 _ e a 3'(3 oe

14~BERC y l r L. elloishb ra (R /0 wethreela-
oo 0 0 0- stnvsbebdig-ihlgtga es

0 00 0 - iaun (riB67 stmsat68' s hell irinteres eym s

0 catamls wet at /327(3.ne)

0 0- 0

00 0 tnvsbebdin iihlgtga es

0- 0



orni Well Summary Informationt OAK RIDGE N4TIONAL LA8O0RATORY

Prepared By FZ C 6'.4Di'ER 2ote 68-8Page 2.! of/

Hole No. A/7Wi.? E:eyat;on 1~00.' _,ocac~c SITE .9

Total Depth -90-.0 No. of Comp'etiors L.Rig Type AOBI'W B8-6/

Auger Size 7 , SaPie Type 5 ' CO0.A'TIA 'OUS STAINLVESS STEEL

FORBS FILD A'6' -Doti 'Ve'if ied B> P .41. KFARL D te 068
I~' I L , LITHZLOGY DESCRIPiON

T 77 IAL ASPIA/f (3

IY2LF'CI;RFD THIR3UVH .4.FA UZ & COVRPPS. 8 MAAH.4OLF 527 FL VS/
h;zHASP//A4L/

274 ILL /3? ) S4.iD & CL.1 BA.SE
H- ~ ~ ~ ~ 11 yj I iT CA eydr ray (5Y 7r ) ozidized~~'a and discolo red, friable at top, increasingly plastic

j and /.probable /z/l.

4

v v v v

~\ vvl SF~~irz~. 0/I SILTY CL.4Y vopry dark gray (51' 37/) occassional
___ /___ Yrcn z'M grrzy (.5fl 5/,?/y slily interbeds and

p1zrlings, very m-icaccous sticky at organic clays.

12- - ~t-

Va Va FL __o__ n

9.o *aa a
15_~~~v AMRC elwbrwv1R58)wahrdca

V, st ne da k gatlcar o a e u i c ui n

o~o o% Visible__relic _beading _at _18 _______at _______

14 ~ ~~~~~ o 00 - HSLYCA ar rytastont elwbon

15 7 _/ERC elwbon(OR58 etee ly

1-17



o rn i Well Summary Information
OAK RIDGE NATIONAL LABORATORY

Prepared By F 0. GARDNIER De6-18-88 Pae f/1

Hoe No. _______13 Elevation 1042' Location S1"E1

Total Depth 155 No. of Completions 11Rig Type A108/AS B-8/1

7 >5 / 5' 0047VA&/0US STAjrLESS STEELA-',ger Se y--4 Sample Type

P01etFOR:BES -FIELD AA67B- Data Versfed BvPRM. KEARL Datel 1 688
DP- as/SAMPLE LTOOYDESCRIPTION

( rEETrl I. .TERVAL CONSTRVJCTIONKASPHALT 4S)'jAL4T (532-

8" q0LE CORED TH1ROj1C*1 ASPHA LT & COMCPETE 8' WAAIOLE SE-T FLL'SH
MY'TH, A4SPHA.LT

2 ~ v FL~ fIL (3"5.4P & CLA)' B.4SE
V 7 9 1COIL SILTY1 (YAKr hi2ghly oxidlized gray and reddish

V,____- 6rown (5YR 4/)clay str7ong red shiale partings,
3 V dry, increasingly p/as/ic wi/h depth.

511

-6~~~~~~ -S__ OH S/LT 7'A eydr ry(5 )pa/c
VC7 V-wa ryadgre eue oe

-- liVnt nodle in grys1gnmarx

77 o GO VR7LY0A ?po2 uagza ie/
VV 01 /lW0A vr ar ry S I) budn

V7_ - fin Voo/s reebe el

V v - =-- ,-1Sone wi/h ra ey clarsok 5artings,) ocaso
7V crbsonaeorsymated scatenredue Zh;onesv/ itm

-V-r=.lnintl ndduleat/s inrasrnq w-/hdeltiwe

00 00 ie7os eebe el

0 0 0

10 -0 0 0 0



o rn i WVel SEummary lnformation
OAK RIDGE NATIONAL LAB-OPATORY

Prepared By F. C. GARDNER Date 6/18/88 Page -Lof1

Hole No. 31,14 Elevation 1035 0' Location SITE 5 DOWN- GRADIENT

Total Depth 126 No. of Complet;ans 1 Rig Type MOBILE B-61

Auce/r Siz 4____ Sapl yp CONTINUOUS STAINLESS STEEL

PoetFORBES FIELD ANCB Dato \erifed By P.4. KEARL Dz'.e 1/68

-P SAMAPLE I EL Uh00YDESCRIPTION

I _EE7) 6- INTERVAL CONSTRUCTION I_____ ___________________________________

H FiL tLL:cta atsand base.

CH SILTY CLA Y: dark gray to very dark gray.(5Y 31),
7 1 7 17-occoional red-brown lirnonite nodules and staint-

2 ',7V P VIrl g. plastic. fat, dense clays.

3 7,A7I -

'7 Q7 V

5 -

-r -1CII SILTY CLAY: very dark gray,(5Y 3,11). increasingly

6 -___ -4 stained with red-brown limonite. faint fuel odor,
6 -- plastic, sticky clays.

00 00

7 -0 0 0

0 001 0 0
01 

0
o__

8 00 00_

0 - - BEDROCK weathered yellow-brown claystone,(IOYR 5/8)
0 ~~ 0 ~ visible reic bedding. abundant carbncosai

~001 00 ~-~ snaley laminiations w~ith, occasional dr e hl
0' - " partings and carbonaceous streaks within dark
000

10 0 0 imL gray shale lamnination~s.

0 0
0 0 0 0

0
12~~~~~1 (:7______ -. 0__________

0 6 0 ..0
0F 0 0
01 00 _

00; 00

00 00I_._=SLSOf-oieycli,25 /)vr rdac~s



o rWe 'ell Summcry ioform-tion
07,< '?CE ;AT.OrAL L-AEO AT CRY

I rep-ared -Ey . 'inf.- Dote 8-19-88 Pc e I of

-" e t.. ._ _ evcticn 1034.7 Location DO/tY C'H4D1E47' OF . ITE 8

h 12 7' 'o. cf Cormp!etions Rig Type ' 41B/l-E .9- 6

h " , 'ml 4>p 5" MOtI'TZLVUS 5";T4A./VES5S STMEL"*0*e

FPORIZ'FS FI/ELD .4.1' B -ta Verified ByP.M. KEARL Dote 11,16 I8

- '.ES CSP_E : ELL ITDESCRIPTION

- O SitY'W CLAY dart- grayish brown (101' 2) silly
____ i "~ v! ___

* ____ / ~~* ___clay' mo//led u'ith red and yellow clay, abundant-_7__ organic ma/er (rools, wood debris), red inlerbed-

, r_._ dc.d ,clay nodules at 3" Very dry

. i --

_ __ _ b - 1

Sr _ o il, Si/l'Y (Z4)" 8" stringer of moderately well round-
5 /.-- _-_-___ I ed woorly sorted sand and -ravel (to 1/2") in

~ / K--~-- - sily clay Matri. Damp
' ' ": ]] 2- -_----

r--l\ ::ri--

\ 0 00 0/1 SiL7Y cLAK very dark gray (5K 21) silty clay,

0o damp withz water sheen.

TO 0 ,0

00 00 ___

0o 
0  

0 -

S 10 00 . .

-00 0 0 0
o 0  o0 --

tO~~~ 0 0 0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

00 0 0 0 BEDROOKf yello wish b ,'wn (101YR 5/8) weathered
00 000 silty clays/one mo/led with oxidized zones of gray

11 0 0 1100---- and orange clay, Con/or/ed reClict bedding, fossils

0o (Crino710ids) present2 a t /.wet at1 /2
0 0

00 0
.00 -00

0.



ornI
J__Z.___7 _______________ IP-19-89 1c-

-:- AieRIZE 207-9 61IT

c~~ _e ~~ "~Sc~e v~ ~ CO3'7YAVZOLS STAIWVLESS STEEL

ez-t- FCISFED 4C3 Ct ei~e E-,P.M1 AEARL '>- 1 <8

~011 ILT)'D ESC iPTION

0-/S (L'LA CZ4'very' dark gray (5K 3/'', /ic
* /~ =szlty clay mno/leld wi/k Small amounts Of reCd

17, 7\ 7 /72' YCU an r/o'Clay. Limes/one gravels to /12" at
3' to .5 2' stringer Of c/ranl Well rounded sand1

S1- 71 atS' gr-adin7g to Silty Clay With al/rnafting
1"~ ~~ibands of yellow and orange clazy to 7'. iic/ u~zl

\'~~~ "~I~. s/rzrrger of subanyzdar limes/one and Mkerl

~ \L ~' -g7-avels (/10 1/2')
lcr

-------- -

'-I

/ 00

' ~ CL /I CL.-:)' very dart- gray (5,1 3111) homnoycneous
o o f ------I S-11/ Clay, mZOist Uwi/k Medliumpa/iiy

0 o.i' C __

o0

0 Ll/I~)i0(pcilloo i/i brOwn7 (/0)7/e 5/1') 11.1 silty c/a1g/o

to blurisli gray si//sonie.

/ /] r



oiiti A'eII S:urrrncry Iormation

vD ,.PICKERING __?t /9/8Pe1O 1

-~ 0 W17 £ ~ 1037 3Lo a on SITE 9 - DOWN CRADIE.VT

~ oc :t~s 1 Rig; Tre MOBILE B-61

e CONVTINUOUJS 'TAIYLESS STEEL
- . FORBES FE!L .ANCB PM KEAR 11 rn 183?

F Y SCRIPTIO-4

/F h FILL i-cry dirk gray silty clay. (10 YR 31), absenint
r-oot 7natter in upper 1 foot. bcCO7ninjg m7-ottlEd withI

L _ ycllow-brwn cly, rla Iel7ouic~o7l sortcd
1,-zycyj sarzd from .1.0' to 4.5* with angutlar lime

stoiegl-l and chert fragmenzts (to 1/2**
din moctcr).

Oil01 SILTY CLAY: dark bro7 10 YR 413). sticky,
___Plastic, mait tled wvith red & yellow clay streaks,

-~ some red shriley part ings. Occasional block
CQ-.)Irru ___~ls dy

oil_01 SII.TY" CLAY: Stro71g brownV~i, (7.5)'R 4),black
- CU rbonoccous Stringers. mnottled with dar-k gr-ay

S0silty1 clays, iricreasin li??on1ite stainin~g.

/0 0 C Z.1 0 00

0" 00

1 00 00
0 0 0 0 _
0 00

2 0 0 0 0

-- I boorous H, zrliuNj & strenk througho~ u

!j-dI iI('ii(. Il10. toI.Io ot

oolp -tlo ' w I11 ,l (i 8



orni u- nar fo
C AK P.CC GE [ 'A TI C)N AL LA -=C RA TC :,Y

Ir~ralE L ZUTILIA Date -8-20-88 Pg 1

N, -1117,8 Elevotion /3.'Location ST

De~h 13-19 No. Df Corrp:etions /Rig Type -4f8IlZ- 11-8/
0 ~:e 4 _<Sme>e cTIoUS* STAJAZESS STEEL

-~:~ OEgZS -IELD 4A6!B_ Dota verified E3vPMf KEARL Dot 1__16 Oz

:E~ ~,3'S~0 A L 17L!HO700Y DESCRIPTICN -______________

S011', SILTY CZ.4) very dark- grayislL 6rown (10)P- 31/-)
*77 plastic, dam7p, few ozidiZed Pieces of red sh ale

particles anc' limestone pod 6/es abundant roots.

177

____ ~ 777 2C11 SILT)' CLAY ali~ve gray (51' 3/2, dam72p wi/h oxid-I
~ d ~ zed rod and yellow clay deco7 ming 77fl7iSt at 6.5'.

10 1- ClS_' olv S /3, ap tcy
/ 01 nzlldwl ml nou /rdadylo

" 0 la
00 I 0

I '0 0 0 -

9o0 0 000 o/F inopeesml anlaliete
I- 0 BA iljiA0 '

0 000 rock fragmnts in olive (5K '" 2) clay mzatrix.
1D .. o0 01j VPry wvet with stronq hydrocarbon odor W1eathered

00 0 0 -lytn it otred r-elict 6eddinq eot

Z) 0 0limestone stringer
0 0 71

0 A
I0



o rn i Well Summary lnforrnction
RI ~DGE NATiONAL LABCRATORY

~ J.IL ZU7'A4Y Dt 6-20-88 Pg f1

f111_19 Elevctiori 10355' Lcto SITE 1, "'300' If' OF4 A'11' 7.01A'

Ic Dept 96h No. of Comnplet ons /Pig Type A/Oil/1LIF 9-61

SI Z 7 S. a 8 ~ m p!e T y pe 5' CO. 7'AZ'O/I'S STWAVESS STEEL

FORDES FIELD A,B Dt Verified ByRM KEARL Dt! 68

:ZP' SA;L j VELL LI-HOLOGY EC iTO

~ -~OH iLT c/K vry arkbrown (fOYR 92)2 si//ly
/ ~- ~ -n clay, abUndant roots and organic ma//er -topsoil-

'v vi becomi~ng lighter and nw//tled a/ 3'.

OZ -0I SILTY CZ.LAY dark brown ('OrR 3/3,) silly clay
~~7not'/lcd wi/h dark gray /o black carbonaceous

4 I -0 streaks, few red and ye//ow oxidizeed particles
0 00 interbedded in silly clay matrix, damp p/as/ic.

- I, 0 0O

____ ~ 0 0 00 0 __ n n-iza-'

6 00, 000

90 0 0

0 0 - - -

0 00 -L-zr dEDrOC yello ish brown ( 8) 3 weatere

&E o ocdingydmpis with fae fossis prse xynot.e

inebdddi mti a '



orni eL Smmary In~f mtion
C-.< R!DCE NATIONAL LABCPATORY

Pre,-ared By JL. =11TA4A" )cte 6-20-88 Page I It

H'e!'a .110 Elev.-t'on 10369 L o c t I SITZ' 1. -300' ir' OF' S11 T.4A'

_____Depth 1__5 NO. of Completions -1Rig Type O~EBC

Sze " --____ 4 cp Type cOATIAb O&S. STA/ALES-'7S STE
2~ect FORBES FIELD ANGB Ccto Verfed ByPM. KEARL C~te 104/6 18

I., SAY'LE A ELL L T-'OLOGY ECPN
6 1:14-ERVA. CONS-RuCTl0 ES RPTC

~ ~ i v__ OH SILLTY CL.AY very dark, brown (I0KR 21/2) silty

Kv~e ~v]~ 7 clay, abundant roots, dry to 2.- topsoil -

3t~/~OHr SILTY CLAY1 dark, brown f'/OYR 312?), damnp,
oo 00 nz_ ott'led with black carbonaceous, red, and ye//ow

4 1___0 streaks.
000 00OC

J M 0 0 0

00 __0I3 0 0 --

1000 00 011 SIL.TY CZ4Y- dark reddish brown (5IP 3/83) mottled,

0 I 0 ith carbonaceous clay and red and yellowish
0 011 H-- brownz shale fragmnents, wet fromz 5.8' to 7'

001 -

0 -= 00X, C/If SILTY C/UKr olive brown (25Y 41-1), sticky plasticl
0 0 0 -0 0 wi//h few limzestone gravels ('to 8 '1 7.

I0 cr 0i ~ o
0 0

0 %0 Co -- BEI3EOCK z'wea the red silty c/a ystone, olv0 5 t

10 00 -oJo _ wilh contorted relict bedding, abundant c/am and

1__ Zn~ lenses Of gypsum77.
* 10 0

20 0 00 0O~
* [ 000 1-0

I ~ 0 0

010



orn ~ ~VelI Summary nformatlon-
OAK RIDGE NATIONAL LAeORATORY

Prepcrei By JL 171A Date C210-88 - Page Ofk

Ho'e No. ____ lvto '''Location ST ,A FT4" AA

To,,:)l Depth 13____5' No. of Completions -1Rig Type 11OBILf B-C1

Age S..amorp!e Type ~ O7AJU TILS TE
?- tFORBES FIELD ANOGB DaaVrfe yLP. KEARL Date 10z 1/88

wELL LITHDLOY DESCPIPTION

A V j1 ___v _ Oil SILTY' CLAY1 very dark brown (10YR 22,) silty
,;N 17clay dry to 29' wi//h abundant roots.

I ~~ / r_ _ ___
5 Z- -C -7 -I

0 I __oh' SILYZ'1 CLAY- olive gray (5Y 4,1,2) damp, plastic,

ol0001 0 wt/ oxidized clay nodules (pvebble size) inter-
0 0 _ bedded in silty clay matrix. Some carbonaccozis

0o 0
000 0 00 __ material present (dark gray to black streaks,,

00 7::000 strong hydrocarbon odor and visible oil hues at
5 -0 ___ 0 to 85., plastic to C' gradingq to mnore friable.

00 00 Saturated at 6.5' to 8', abundant clay nodules
00 00 (pebbe size) at 8' to 8.5'
00 000

00 0

7 00 0 0

0 0 -
70 0 21 0 _

0 0 00-
00 00 -

00 01
0 P 0 2

8 10 0 0 0

I- 000 00 __

00 0 0 __

900-00 0 __

00:::- 0 0
0 o12

0  
0 __ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _

10 0"00 120 0 %J?? ER incomplete sample-lmetnfrg ns
0 0

00 0 00C blocki'ng sampling shoe. Augered to 13.5'
0000 000 for completion.

1100 00~0 00

00 000

12 0. 0

000 0 0

0 0 0
00 00
00 0
0 0 0 0

00 00 -

00



o rn i Well Summary information
OAK RIDGE NATIONAL LABORATORY

PrprdB F. C. GARDNER Date 6/21/88 Page I of 1

Nze~o. A4T W22 Eievation 10174' Locatioi SITE 6. 20' S OF COREH-OLE 1

T'Ta. Depth 1' No. of Completion's 1Rig Type MOBILE B-61

Auger Size 7 Z : Sample Type 5' CONTINUOUS STAINLESS STEEL

prjert FORBES FIELD ANGCB D~ta Verified By P Al. KEARL Date 10Z16/88B

2EP' .'/ SAMPLE WELL LI TOLOGY DESCRIPTION
*iJELT) NTERVAL sO.ST~u'.ION

7 , C)C% GRAVEL & SAND:radbs

7__ OH- SILTY CLAY: dark grayish brown (2.5Y 4/2). somne
-i~ ro aeial. veryj fine disseMinatrd mica. abun-

dant dark gray to black organic and carbonaceous
- inafter, plastic, fat.

I 3

C - ------

0 0

---- i I 00 a -~BEDROCK. tL(a!1K2C-d ycllow-brown r~a ystone (10 YR 5M/,)
C' 0\ i otyl~-bo nudslones interbedded withlit

.0 a 0 -- li
'0 0 0 gray shzales, non-calcarcous. visible fissile relict

0001 bedding.
/0 d.0. COAL: soft, black, sub-bitumiinous, greCasy, occasionial

/\i0;I 00M claystone interbeds, vcry argillaceous.

3 .lZ 0o 0 K0 i CLAYSTONP: browtnish yellow (10 YR 6/8), very fissile.
-'0-4I -0 thin bedded with gray shales, occastinal minor

-0 St 'iners v7 r VP7SOft and wet yellowbow
9 -~0 0 a 0 Clay at 9'.

0 0 0 0----

00 - 0 0 A-uge red /tole to 16' for comnpletioan.

110 00 00

00 O

12 0 0 0

000 000

0 0 0 0

000 '00

0 00 0 0
12 0 0 0

000 0

001 00

0 00J 0' 00
0 0

0-At

I0



o rn i Well Summary information-
OAK R'DCE NATIONAL LABORATORY

__________ __________ 6-22-88 oe / t

Prepcred By L Z714 ot ________________

Hoe~o ,~'/2 Eevtin 043.9' Loaio .4 7'?i4L 6,. hTO . -10F' SPOT"

7ctc Deph 153' N. ofCornpletors Rig Type 4121,B-6
ot 7 Dept x o of // - O-CJLV E-L

-;:rScze 4 Scrmoe Type .1corIZ'oiis STVL4LESS STEL
-retFORB7ES FIELD 4Ar6 Do Verif ed EyPM KEA Dote

eLCS/. SAM'PLE DESCPOLOOYFET 6' NTERVAL, C0NST R.C' ONOEC PT N

r--,[ 4SPIL4ZT A SPqALT (3,

V7 V f 7TH A4SI.-'ALT

___ _____ YLL FiL (3-1 514AK &cL.4r R.4Sh-

___ 0/1 SILTY CLAY)- very dark gray moi/ed wi//i dart--jve > .1 renSh gray (5CK -i//) clay few sh~ale fiaginents,
/ ~ denzse, damp. p/as/ic.

7 __

V 7 _

-- -- ___Oh SILT)' ('LAY dark- gray (51' 4 1) wzl/h oxidized
- -- -ye//ow and dark gray s/ringers. u~nsratified wi/I

--- H - -- some organic debris (s/emns) a/ 7.

0 0 00
00 0 OHf SILTY ('LAY grayish brown (I0KM 312.4 moist

- 0 -0 0 ____ wi/ oxidized shale par/ic/es (ye/low and orange)
00000

00 0 0

0 0 -

0_00 0 0

00 00
00 0

0o 0 0

00 0)

0 0

L _ ____7



"'i ell S7umma-ry !nfrcrmctbc-n
OAK RDG, N.ATIONAL LABOPATORY

P'epoed Ey F C. CARDNER -o~ 6,/21188 Fo~e of

ho~ No AfW#24 F~evoto,~ 10628' LZZlUF'CRADIFN-T WFLL FOR BASE

.ctril Depth ______3.5, C'p-tn ~ Tp MOBILE B-CY

Ao~er S~e0,-e T~p COAT1AZVOLS 5>.AISLESS STEEL

Poject FORBES FIELD .4NCB Dota erej Fv P M. EARL Dote LO '/-r '8

JET "0 /S E -- .TL,,o, DESMTO N*

FILL CRAVEL & SAND FILL.ROAD BASE.

2 CL ILTY CLAY:' gray (5Y 5/1) with Ted-brow'S lirnonite
stains and nodtles, occasional v~ery dark gray !o

blick carbonaceous partings. becomin~g stcry plastic

/ _____ SILTY CLAY yellowish red (5)YR 4,/6) with gray &
V black organtc threads. trace carbonoceous matler at

5 'to 8 5'. dry. friabye red clayey mnatrix.

'17

I ~CL SILT L'1I!oictsh-broo-f (10 YR 5, 8). occasicnal
/ V ,ClOW- ret claIYS, trace Carb07naCC0zS patKiTngS a"d

1 1z oiw,l;7tz fria~te. argiltacco.s. grading to stiU'

V Vj7

CL S'ILTY Ci-f yfllov- 1, rowopl (10 YR 5/6l), lery silly.
1 r~0c"1 S I ON'l ocry fi ne car omnicoous j ,t illgs,

5 01f ratc trace moist fre (,6 to 27').

S'fN)ye [o wish br wn ()YR5 hi ot cnycr of
- __ _ .4 finLc to nfc#dlln grin Md. weltl rounded. imll

led 0d dry.

Do00 o

32 - o0 -%p C_ , S'ILTY CLAY. yellow-brown (10 YR 5,/8). slightly

~dox m p- d'z~plnfri'l between 31' api! 31.5'. OCCrlSfQUCf

00, -00

0 2:
0 0 00%Ox 

0 

0

00~ -

-- 0 - Sh 5W A D p rcto~i n7?Itty 71Mcd in i ginac i IH u1rirtz sandIf

-~~ 00 0~ with so me yellow- browrn sitl t I Otri S. zic It 074ndvd.

Illi~t I 110 Ifol'Pll4

.11



o urn"i Well Summery Information-

.AK IDE NATIONAL LABORATCOY

reae F_ G. GARDNER Date 6/22188 ?age 1 "[1

"ce N3 MW25 Eevction 1017.8' LocTtion , E 6, 8' SE OF AMI'22

- t l e t h 6 " N o . o f C o mn p e t i o n s / R i g T y p M O I L t - 6

SSam, Type o COVTIAUOUS STAINLESS STEEL

FOR13ES FIELD ANGB Dta Verified By P.H. KEARL Octe 10/6 /,8

!Sw E E 'WILL LTThO .OY DESCRIPTION
T 16- IN._RVAL _Y STJC-:N EC. IO

_ ,l GR.AVEL & SAAND: road base\ I

-- 7 OH SILTY CLAY: very dark gray (5Y 311). rich soil
* / v~ vcharacter, abundant root matter, organic debris,

7 __ dry, friable in part.

,\ -- ' I-----

,, k- --- CL SILTY' CLAY: yellow-brown (10YR 518), mottled th

-.. gray silty clays, abundant limonite stains.
I bccoming more plastic with depth.(-) 0 r . _

0 0J00  0 __

"1 o . 0 . BEDROCK weathered claystone, yellow-brown (IOYR 5/8
0 00 very silty interbeds, noncalcareous, visible
C_ 0 relict beds, coall interbeds and partings, damp.

--- / 0 COAL: black, sub-bituminous, greasy, very soft,
S0 0 abundant yellow-brown argillaceo-us interbeds, wet.

0 0 0 0
0 _

-0 0o CLAYSTONE: as above, abundant coaly interbeds,
00 -moisture sheen along relict bedding planes.

0 __

9 00 00 _0
000 co COAL: interbedded with yellow brown claystones, wet.

1,00 0 0 0

0 0 0 0 MUDSTONE: gray with minor yellow-brown silty string

0 - 0 . ers, slightly carbonaceous, noncalcareous, grading to
_ 0 . ... gray shales at 10.8'. Augered hole to 16 for

0 com plet ion

* ., 4 .j-.-.--

3o 0 0

0 0 0

)



o r-n i Well Surmery Information
OAK RID'E N'AT1ONAL AC TR

Peoe yF. G. GARDNER [Dote 612.31/88 __e of

r o'e N o ~II26 Elevctlon 1033.1' Locotion SITE 1

Totoi :eptn 14 O. of Comp!,*:0oS 1 Rig Type MO0BILE B-61

A~qe 7 Sze * X8 4 c~ 5' CONTINU'OUS STAINLESS STEEL
0 ietFORBES~ FIELD ANOB ~ Ire yP.M. KEA RL 101/,8

E ., SA.Y'LE E~'LL,, jL TI D.OGY DSPP~'
E 6" iNERV'AL P 1 STRJ CDESPIP10I

1 
-A-----

'-< ~ 1 Kf- CL SILTY CLAY: very dark gray (5Y 3/1), dry &- friale.
som7e root Mnatter, scattered limionite nodules from

/ 3. 2' 1o 5% Icreasingly sticky and more plastic at

F1 -4-

V 00 Lj oo -

00~o 10 0 __

00 ___ -

00 o0 0 __ CL-ITtCA:drk grayish brown7- (10YP 4/12), moist
00~ 0fromn 5' to 7', predominantly 7plastiC,ciam7p. stick y

7 1 00 0 ____ clays from 7' to 8.5', zlight let fucl odor.1 0 0 0 -
0 I

7 0 [0IilOA oaosF'-e

... ~ ~ 0 0 0cijtewihilyraitebs.Alvrcic

~0o 00

00

0 0

0 00 00b& udranb fwetee akga ab

1100 0 0

IL 1) rIC ,W y W t

0~



or- i VeH SummaryInomtn
CAi( RIDGE N.ATIONAL LABORA70;Y

p epe ;2Y F G. GARDN'ER Dot 6/3/8 ;e 1 0

Hoe No Vf__'7 E~e~ahoo 10599, Locctuo SE CORNER. UFXRADIEN1T WELL-

D.,.! No.~i 05 ~ C-pei:-s t; , -

Aiger S,:e 7 '!' So-pie 7ye 5" CONTINUOUS STAINLESS STEEL

P'oject FORBES FIELD ANC B -~t - ej~ Eo PM AEARL C)oe t011,,8
I. ot Lcu _IS ~ oc jPE "LL L C

FILGRAVEL & SAND ROAD BASE

V OL SILTY CLAY yc:ow-brolwn (10 YR 518). dry. friable.

:1 abunda~rt carbonaccous threads and partings from

71 5'_35

I

7-n- __t= OL SILTY CLAY ijl!ou ish. red (5Y'R 4/6), dry. friable.
V , - Very lustrous cla'js on fmesh breaks. abundant car-

/ 1 \bo' ~ anaccous threads th roiughouft. no ,walcarcous.

I:--

12_ __

-OL SI T. LY trownst yellow (7OYR 6/) ncreasing

13 tery fine dissem inated mica. noncalca reous.
13 0 pre'domninanotly friable, trace dampness at 18'.

14 000oo

16 o 0

19 o

-o % OL SILTY CLAY: (is above, increasing 17oISt are and
o o mole ;ta~tiir

I .t N N IW'IZIus d,na (7... I l o ,1 ,:wt IIa is I

silt, 1, i al O isiiiis ca btbrau niu, ,0i

aI , . Ilo n , , ,,nk "ut "1111 1 Is Ir "',.o I I



o rn i Well SumrniYlfrr tci
r-AK RIDGE NATIONAL LABORATORY

Prepcred By ~ I'E'ACDote 11-1-88 P 0 koi

Hol~e No. ________1 Elevoton /0___11 __0 _ L~cction SITE, , TAV F4)?.,J XFO O.1101'

To'cl CeptIh N~'~ o. of Complet-ors Pi Type

Auger Size 5 apeTp ' ('OAYYA'ljOIS STAJAIZESS STEEL

Protect FORBES FIELD ANGB CaaVred~ 4 KA4R De /~,

jDEP7,1 .C-S,'ISAVP,E I WAE LL Ll-Z LOOY 6- J'TPA O 37j~C ECR PTiCN

F11 I7 Oart.- topso 2, orqa 12 s grasses.hr

/ OHf SILTY CLAY) very dark brown (Ivy!? 21,/2 a,-

27 2 dry, aibzndant r-0otS.

c 0 11. ITr ('LAY- da rk 1)ro wn (7.5K!?. 414), ljrown)
h ____ I yellow and red shiale partings, organic streak,r ___ Minor roots to 3, very dry, hard, plastic.

4 --- ~ 0// O SILTZY CLAYIr dark olive-gray (5)' 31.?), d7Vi or~tanicj
0-1-P5 strcaks, yellowV and red shale partings.

0/ 00 0

' 0 L_---C,11 SILT7Y1 C,,1.4 olive (5K 4 3j ed and yellow-~/ -~::~ o~ K 5 shale partings organic streaks, tfulorat7

7 0 0

K~ ~ 71i-Zi n olrfssll/krous limestone fragmenils in olIvIe clay
0 0 0

0 0 00"

10~ 0 i0  BFIOC' S.,/PLfIIiEFSAPR S.4APFL

1200 0 0

0 0 0 1i n
0 0 0 0

0 0

~0 a 00

00 00

00 000

0' 0 0 0

I0 0 (
0~ ~ 00 3



orni Well Summary Information
C 4 A< R D GE N A T C N A L L A BO R A T OR Y 6 1 1 81 3

Prepared By J. A. RICE Dote 68/8Page 1 of

Hole No CHOl1 Elevation 1028.5' Location N"' OF TANK FARM -

Totol Depth 0' No. of Completions I_ RiTyp ROTARYI

Auger Size /, Sample Type N/A

I ro~ect FORBES FIELD ANCB D Da ta ve r; fe d 6y P.M.4. KEA RL D a.e 10/168
18E 0A S/; SAVPLE ~ E.LL L!THO'-C5Y DESCRIPTION

-~ H'2LiLITHOLOCIC DESCRIPTIONS TO 20 FEET
I H 12ARE TAKEN FROM DRILL CUTTINGS.

T 1 sliales.very soft. interbedded with sandstonesii ~ K -- wathre clim~eston

16

20 cernert micaceous.

22 -- SANDSTONE: very fine grain, well cemented, calcite
- cemnent.

24 SILTS TONE: argillaceous. platey. friable.

26

WVAS/lED,1 OUT

.SI~'SI'1 A ,ND L.A YSTOWl<: t-?lcou..ry thiil

Nddc- racqcol



o rn i Nell Sujrmory Ifrna'0-

Pi ,-IAT;C'4AL LAD ORATCRr

eod J. A. RICE D a~ 06181188 Pcge 1  f 3

0AeN. CiI E Ie v c c n 1028 5' Lc- An Wl OF TANK FARM

71l ph 70' 14o. of Complet~ors 1 pa Tvpe ROTARY

S! - /c Scmple Tyce A. "

~t FORDE$ FIELD .ANUB Dot.) \ er:e' By P.M KEARL Date 1/68

* 7~ 7 SILSTONE AND CLAYSTONE: very micaceous.
- - - ~ calcareous, Well cemented, scattered pyrite

L --1nodules.

- C(LA YSTONE- silty, slightly calcareous, poorly
-ccurentecl. interbedded with silts'orie.

* .~ I K 2  CL-IYSTONL': VC-ry argillaceous. mccdium ccment.

K Y.7 (-LA YSTONE. silty, micaccous. calcarous, -er7

5.: pyrite nodiles.

1,13f1' STONE'. IIrr,'d, CrilO id NtC InS, in tr'rbedlcd
I.: a'th sc ry a ryillaccouis, poorlyI celnenicr1

I I I 1N11ltr~fc. nl~oitic~ i '413hs l l syb l h r"I.



orni AelSun~r
A< *TO~tL L OR A CRY

e, 1 .4. RICE Dote 06/18"188 Pc3 f3

CHO I Ee cq 1028.5 Locotion NW11 OF TANK FARM

____:__ f C-p'etions 1 Rig Type ROTARY

* C--pie T)'Ce NV /A
2... .FORBES FIELD A.VCB oD;e'e vP! KEARL 0 /6te r

Ar IDESCRIPT OtN

I _______SHALE: black. carbona.ceo'us, slightly platcy.

LIMESTONE: fine crystalline, massive. crioid stems.

___ -~ ____iLIME TONE AND CLA1'STQNE. claystone is poorly

wit loer hre inhesdisplaying thin.

L 1



o rn i WNell Sumnmary Information
OAK RIDGE NATIONAL LAEORATORY

Prepared By A... RICE Date 06218Page -Lof

Hole No. CH02 Elevation 1077.8' Location NW CORNER OF BASE

Total Depth /0 No. of Completion~s 1 Rig Type ROTARY

Auger Siz-e N ArA Sample Type N/A

Project FORBES FIELD .AGB _Data Verified yPM KEARL Dote 10/16/88
ET BCS1SAMPLE I VELL LITH3LOGY 1DESCRIPTION

LITHOLOCIC DESCRIPTIONS TO 24 FEET

1 ARE TAKEN FROM DRILL CUTTINGS.

lyellov-brown clay

-1
7 clark brown. clay

-~ -~ 11gray clay

z~ii A

12

22 V silty shale.mnedium har-d

2 1- limnestone, thin bedded

-NO CORE RECOVERED

7I~ . - 1777 CIAYSONA.: poor to 11l cemented, calcarens

at) unJdaiit liMrnS10MIicsrne



orni Well Summary Information
OAK RIDGE NATIONAL LABORATORY

Prepared By. J. A. RICE - Date 06/20/88 Page 2 of 3

Hole No. CH02 Elevation 1017.8' Location NrW CORNER OF BASE

Total Depth 75' No. of Completions I Rig Type ROTARY

Auger S; le N,/A Samnple Type VINA

Project FORBES FIELD ANOCB Data verified By P.M. KEARL Date 10/L188

DEPTH SLOWS/- SAMPLE I ELL LITHOLOGY DESCRIPTIC)N
(FEET) 6" NTERVAL,1COSTRUCTION

34 __ CLAYSTONE: poor to well cemented, calcareous,
abundant limestone stringers.

36-_

38

42-__

44

46--

48

50-

52 - -__

--- LIMESTONE: massive, interbedded with poorly
A~l cemented cla ystone (<1" thick), very

54--_- fossil iferous. crinoid stemns and brachio pods.

-~ MUDS TONE: very poorly cemented, calcareous, platey,
______ 1 foot washed out. ___

SHALE:- black, carbonaceous, slightly calcareous, very
"18--. well cemented, laminated, scattered pyrite

-1 -~ nodules.___________
I JIES7'TN. massive, inter-bedded Wihthin partinlgs

6O 0 of sandLy --stne

L'I,14(ry Y.cJaV:p~tl.((lca rco u.'. abundant, lim estone

~I I I i ii iov 1(t. ~S i 7"r. a 1)1111 (1 (L I I f7 IS d. ........

; .1 I zni14



o rn i Weil Summary Inforn-i 4 Jo'n
OAK RIDGE NATIONAL LABORATO/RY

Prepared By J. A. RICE Dote 06/20/88 Page A: of 3

Hole No. CLHQ Elevation 11.' Location N1J CORNER OF BASE

Total Depth 75 No. of Comnpletions IRig Type ROTARY

Auger Size -N'/A Sample Type N/A

Project FORBES FIELD ANCH Data Verified By P.MA. KEARL Date t!O/16/880

-E-0H (SLOWS/ SAMPLE WELL LITHOLOGY DESCRIPTION
!rEET)l 6" jTER'.AL CONSTRUCTION

66 LIM1ESTONVE: massive, abundanit Fusil inids.

66 WASHED OUT

1, 8 LIMESTONE.- massive, abundant br-yozoans. shell
fr-agmnents. crinoid stems, brachio pods.

72

76



orni Well Summary Information
OAK RIDGE NATIONAL LABORATORY

Prepared lBy J. A. RICE Dote 06/27/88 Page -L of 3

Hole No. CH03 Elevation 1060.0' Location AIRCRAFT PARKING APRON, SE CORNER

Total Depth 69' t-'o. of Completions I Rig Type ROTARY

Auger Size N/A Sample Type NIA

Project FORBES FIELD2 ANUB -- Data Verified By PMA. KEARL Date1/6/8
DEPTH BLOWS/ SAmPLE WELL LITHOLOGY DESCRIPTION
(FEET) 6" iNTERVAI. ONS7RuCTION

2 j LITHOLOGIC DESCRIPTIONS TO 22 FEET

V ARE FROM DRILL CUTTINGS

8

12

100

14-

16-
7 - gray shale

718

20 7 -competent bedrock, gray sandy shale
7 - limestone stringers

22 - - _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _

LiMESTONE: massive, brachio pods, shell fragments,
1oveypoorly cemented clay at top.

24 -- S11TSTONE: yellow-brown, interbedded with limestonie.

7 -1 T1
2 6~ 1 y LIMIESTONE:' Massive, Very hard, with calcite crystals,

L lmii irtcrl, fossiliferoiis (crinoid stems).

- SUiA~bi.N black, thcilt U. Ii O)US.

(,'f) I, in ICrhCddCd Withi c(17bon(LcCoIs claijstorie. cleats.

-~36



orni Well Summary Information
OAK RIDGE NATIONAL LABORATORY

Prepared By J A. RICE Date 06/21/88 Page -L.of3

Hole No. CH03 Elevation 1060.0' - oainAIRCRAFT PARKING APRON, SE CORNER

Total Depth £9' No. of Completions .LRig Type ROTARY

Auger Size N/ZA Sample Type A/

ProJect FORBES FIELD ANGB Data Verified By P.M. KEARL Date 106 /1 8

DEP'TH SLOWS/[ SAMPLE WELL LITHOLOGY DESCRIPTION
(FEET) 6" INTERVAL CONSTRUCTfaN K CLAYSTONE: very poorly cemented, dry, plastic, some
34- carbonaceous material.

42~

-CLA YSTO NE: micaceous, very poorly cemented to
44 poorly cemented, thinly laminated.

46

48-

50 - -- SILSTONE

CLA YSTONE: micaceous, well cemented, laminated
52----shell fragments.

54

56 CLA YSTONE: medium cement, limestone stringers.

6)2



o rn i W ell Summary Information
OAK RIDGE NATIONAL LAEORATORY

Prepared Sy J. A. RICE Dole 06/21/88 Pageilof 3

1 oeN.CH03 El7evation-1060.0 Lcto AIRCRA4FT PARKING APROAM SE CORNER

Total Depth 69 No. of Completions I Rig Type ROTARY

A.jger Size NIA Sample Type N/A

Prcject FORBES FIELD ANGB Data \erfied By PM KEARL Date 10/ 16/88

DrEET)1LWS' SAPL i EL TOrOGY CE SC RIPTI 0 t

-~CLAI'STOAE: medium. cement, limestone stringers.

LIMESTONE- cfaystone stringers.

70'



APPENDIX H

TEMPEI',kTURE, pH, AND CONDUCTIVITY OF GROUNDWATER SAMPLES



TEMPERATURE, pH, AND CONDUCTIVITY OF GROUNDWATER SAMPLES

Appendix H is arranged by the sampling date and contains all parameters
4

measured in the field on groundwater samples. Some of the parameters were

not measured on all samples due to malfunction of field instruments.

Column headings are defined as follows:

Sample location:

DW - deep well (Weston) The numeric portion of the string

SW - shallow well (Weston) refers to the monitoring well or

MW - monitoring well (ORNL) corehole number where the sample

CH - corehole (ORNL) was collected

Sample date: Date the sample was collected in the field.

Sample interval: Samples of groundwater are listed according to the

ordinal sequence in which they were collected on a

given day. For example, a triplicate sample of

groundwater taken from monitoring well MW023 on

7/10/88 would have interval values of 01, 02, and 03.

Samples taken from the same well on consecutive days

would each have a sample interval of 01. In some

cases, a sample of the groundwater was collected

before and after purging to determine if the stagnant

water contained "floating product". The stagnant

water sample would have an interval of 01; the fresh

water sample would have an interval of 02.

Field number: Each sample collected is given a unique four-digit

number which is recorded in the project sample log-

book, chain-of-custody form, field data base, and

ORNL/CAT data base in Grand Junction, Colorado.

Replicate samples are numbered sequentially.
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TEMPERATURE, pH, and CONDUCTIVITY (at 25° C) OF GROUNDWATER SAMPLES

SAMPLE SAMPLE FIELD TEMPERATURE* pH* CONDUCTIVITY*
LOCATION DATE INTERVAL NUMBER CENTIGRADE uMHOS

DW0O1 03/08/88 01 0001 0.0 0.00 0
03/09/88 02 0002 14.9 6.02 1300

DWO02 03/09/88 01 0003 0.0 0.00 0
03/09/88 02 0004 18.1 7.03 1400

DWO04 03/09/88 01 0005 0.0 0.00 0
03/09/88 02 0006 16.2 6.26 720

DWO05 03/09/88 01 0007 0.0 0.00 0
DWO03 03/10/88 01 0009 18.5 6.50 1300
SWO05 03/10/88 01 0010 0.0 0.00 0
SWO01 03/11/88 01 0013 11.3 7.10 1200
SW002 03/11/88 01 0014 9.4 7.20 1600
SWO03 03/11/88 01 0015 15.2 6.70 2800
SW004 03/11/88 01 0016 15.8 6.40 3400
SWO05 03/11/88 02 0017 8.0 6.80 1000
DWO05 03/11/88 02 0019 13.0 6.20 1800

03/11/88 03 0020 0.0 0.00 0
DWO06 03/11/88 01 0021 14.4 7.10 3500
MWO19 07/07/88 01 5165 18.8 6.39 980
MWO01 07/07/88 01 5168 17.5 6.25 1600
MW020 07/08/88 01 5169 17.0 7.00 1100
MW021 07/08/88 01 5170 15.6 6.24 1300
MW026 07/08/88 01 5173 17.7 5.90 920
MWO18 07/09/88 01 5174 16.7 6.60 1200
MWO13 07/08/88 01 5175 21.4 6.00 3400
MWO05 07/08/88 01 5176 21.3 6.40 2000
MWO12 07/09/88 01 5177 20.4 6.19 4400
MWO11 07/10/88 01 5179 20.3 6.26 4300
MW007 07/10/88 01 5182 21.1 6.24 2200
MW023 07/10/88 01 5183 21.7 6.10 2500
MWO02 07/10/88 01 5185 17.1 6.15 1600
MW027 07/10/88 01 5186 17.8 6.39 1400
MWO08 07/11/88 01 5187 0.0 0.00 0
MW024 07/11/88 01 5188 18.7 6.41 1200
MWO14 07/11/88 01 5190 23.1 6.31 990
MW010 07/11/88 01 5191 18.5 6.08 650
MW009 07/11/88 01 5192 20.6 6.00 1100
CH001 07/11/88 01 5194 17.0 2400
MWO16 07/12/88 01 5195 17.2 6.20 2200
W025 07/12/88 01 5196 20.8 6.33 1100

MWO03 07/12/88 01 5197 20.6 6.54 1000
MWO15 07/12/88 01 5198 17.9 6.12 1400
MW003 07/13/88 01 5214 21.0 6.54 1000
MWO17 07/13/88 01 5215 16.7 6.20 2500
MWO06 07/13/88 01 5220 23.2 6.34 2400

* 0 or 0.00 indicates parameter was not measured
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TEMPERATURE, pH, and CONDUCTIVITY (at 25° C) OF GROUNDWATER SAMPLES

SAMPLE SAMPLE FIELD TEMPERATURE* pH* CONDUCTIVITY*
LOCATION DATE INTERVAL NUMBER CENTIGRADE uMHOS

CHOO2 07/14/88 01 5227 17.3 10.701 4200
CH003 07/14/88 01 5230 19.9 7.16 2200
MWO14 09/30/88 01 5237 0.0 0.00 0
SWO05 09/30/88 01 5238 0.0 0.00 0
MWO18 09/30/88 01 5241 0.0 0.00 0
MW026 09/30/88 01 5242 0.0 0.0U 0
MWO1O 09/30/88 01 5243 0.0 0.00 0
MW023 09/30/88 01 5244 0.0 0.00 0
CHO03 10/03/88 01 5251 17.5 0.00 2200
MW024 10/03/88 01 5252 16.4 0.00 1000
MW027 10/03/88 01 5253 16.4 0.00 1200
MWO05 10/03/88 01 5254 22.0 0.00 1700
MWO12 10/03/88 01 5255 26.0 0.00 3300
MW013 10/03/88 01 5256 23.3 0.00 2800
MWO14 10/03/88 01 5257 23.8 0.00 860
CHO01 10/03/88 01 5258 17.5 0.00 2100
MWO01 10/03/88 01 5259 21.5 0.00 1500
MW025 10/03/88 01 5260 21.6 0.00 930
MW023 10/03/88 01 5261 22.6 0.00 1900
MW020 10/04/88 01 5262 14.1 0.00 2000
MWO19 10/04/88 01 5263 15.1 0.00 950
MW021 10/04/88 01 5264 15.5 0.00 1000
MWO18 10/04/88 01 5266 14.9 0.00 1000
MWO06 10/04/88 01 5269 19.6 0.00 2000
MWO07 10/04/88 01 5270 20.3 0.00 2000
MWO11 10/04/88 01 5271 20.4 0.00 3500
MWOI7 10/04/88 01 5272 16.9 0.00 2100
MWO16 10/04/88 01 5273 20.4 0.00 1600
MWO15 10/04/88 01 5275 18.9 0.00 1100
MWO02 10/04/88 01 5276 20.1 0.00 1300
MW003 10/04/88 01 5279 18.6 0.00 850
MW026 10/05/88 01 5281 13.3 0.00 2000
CHo02 10/05/88 01 5282 11.9 0.00 3000
SWOOl 10/05/88 01 5283 14.2 0.00 1200
MWO1O 10/05/88 01 5284 14.6 0.00 660
MWO09 10/05/88 01 5287 15.6 0.00 950
SWO02 10/05/88 01 5289 0.0 0.00 0
SWO03 10/05/88 01 5290 15.3 0.00 1800
SWO04 10/05/88 01 5291 19.8 0.00 2100

MWO08 10/05/88 01 5292 15.2 0.00 750
SWO05 10/05/88 01 5293 16.3 0.00 1200
MW028 11/18/88 01 5301 0.0 0.00 0

11/18/88 02 5307 16.2 6.70 1200
12/15/88 01 5311 9.8 6.70 1500

* 0 or 0.00 indicates parameter was not measured
Measurement probably invalid; see discussion in Sect. 2.2.7.2.
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ILOCATION AND ELEVATION SURVEY

A land survey of all monitoring wells, coreholes, soil-gas locations, and

several topographic features was performed by ORNL personnel. In addition, a

number of building corners were surveyed as reference monuments which are

needed for control points. All survey points were referenced to the U. S.

Department of Commerce Environmental Science Services Administration Coast and

Geodetic Survey (USCGS), North American 1927 Datum Monuments, and Topeka

Municipal Monuments. Horizontal surveys were within +/- 1 ft. Vertical

surveys were within +/- 0.01 ft.

The equipment used by ORNL consisted of a Leitz SET3 total station and a

Nikon NT3 Autolevel. Field notes were taken in a standard hardbound transit

record book. Additional equipment included a Leitz Philadelphia level rod and

Leitz prisms using level bubbles and tripods with tribrach adaptors to hold

the sighting point plumb.

The origin horizontal control point is USCGS monument COOP, located

approximately 2500 ft southwest of the survey baseline established by ORNL and

500 ft west of the tank farm (Fig.I-l). The monument COOP is a standard brass

disk set in concrete located on top of the 130 ft Pauline grain elevator. The

monument Pauline CAA MAST, located approximately 6200 ft to the west, was used

as the reference azimuth, with the Topeka Capitol Dome serving as a secondary

azimuth check mark. All angles and distances were doubled for precision and

verification. A description of COOP and Pauline CAA MAST is provided in Fig.

1-2 and 1-3, respectively.

The baseline for the Forbes Field ANGB survey trends northwesterly to

southeasterly and is parallel to the aircraft parking ramp access road. The

baseline is directly over the water line and the fire hydrants (Fig. I-1).

Survey pins along this line consist of twelve 18 in. #5 rebar with plastic

caps driven in flush with the ground, with the exception of point FP9 which is

a PK nail set in concrete. Baseline stations FP6 and FPIO (Fig. I-1) were

located from USCGS monument COOP and used to establish the modified state

plane coordinates used for all monitoring wells, coreholes, soil-gas, and

selected building corner locations. These coordinates were used in

constructing the base map of Forbes Field ANGB. Eastings, northings, and

elevations for the monitoring wells and coreholes are provided in Table I-1.

Coordinates for the control points and building corners are listed in Table

1-2. In addition, coordinates and elevations of the unnamed tributary to the

South Branch of Shunganunga Creek are shown in Table 1-3.

The Kansas certified and licensed surveyor (C.W. Surveying) also

established the location and elevation of MW28.
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TABLE I-I
(well sites)

ELEVATION
STATION NAME EASTING NORTHING Collar Ground Water *

ORMW MWO01 2658860. 236709. 1030.66 1028.5 1025.21
ORMW MWO02 2658673. 237135. 1027.85 1025.9 1020.10
ORMW W003 * 2661090. 236043. 1053.41 1053.7 1040.95ORMW MWO04 ABANDONED ABANDONED
ORMW MW005 2660346. 236504. 1046.96 1047.4 1038.61
ORMW MWO06 2660502. 236442. 1048.62 1048.9 1039.23
ORMW MWO07 2660332. 237230. 1048.45 1048.8 1038.17
ORMW MWO08 2660206. 236326. 1046.53 1045.0 1035.30
ORMW MWO09 ** 2659493. 236847. 1040.36 1038.5 1035.55
ORMW MWO1O 2659457. 236744. 1039.38 1037.5 1033.38
ORMW MWOII 2659686. 237131. 1040.50 1040.8 1034.00
ORMW MWO12 2659454. 237386. 1040.39 1040.7 1030.76
ORMW MWO13 2659303. 237517. 1040.81 1041.2 1031.32
ORMW MWO14 2659287. 236807. 1034.60 1035.0 1031.23
ORMW M\015 2659146. 237066. 1036.58 1034.7 1027.36
ORMW MWO16 2659124. 237168. 1036.54 1032.9 1025.80
ORMW MWO17 2659152. 237319. 1039.65 1037.2 1024.89
ORMW MWO18 2658431. 236027. 1041.30 1039.4 1032.54
ORMW MW019 2658004. 236254. 1037.39 1035.5 1029.80
ORMW MW020 2658017. 235854. 1038.94 1036.9 1031.91
ORMW MW021 2658296. 236543. 1035.45 1033.4 1027.59
O.,4W MW022 2657885. 238526. 1018.91 1017.4 1016.91
ORMW MW023 2659956. 237189. 1043.63 1043.9 1034.96
OMW MW024 2661938. 235953. 1064.37 1062.8 1039.55
ORMW MW025 ** 2657889. 238520. 1019.61 1017.8 1017.06
OR.W MW026 2658325. 236583. 1036.53 1033.1 1027.35
ORMW MW027 2661647. 236245. 1061.32 1059.9 1040.38
OPM-W MW028 *** 2658497. 235854. 1041.03 1037.9 1037.75

WESTON SWOOl 2659041. 237061. 1034.42 1032.5 1025.50
WESTON SWO02 2659262. 237304. 1040.06 1038.3 1033.58WESTON SWO03 2659482. 237083. 1039.87 1037.8 1031.40
WESTON SWO04 2659463. 237289. 1039.40 1039.6 1030.65
WESTON SWO05 2659672. 236815. 1042.03 1039.6 1035.85
WESTON SWO06 2658670. 237865. 1034.42 1033.1 1023.77

COREHOLE ChOOl 2658483. 236866. 1029.66 1028.5 1015.93
CORE1IOLE CH002 2657885. 238545. 1018.11 1017.8 1000.73
COREHOLE CHO03 2661288. 236251. 1059.95 1060.0 1038.75

Note: * water levels measured between 5 July and 15 July
•* indicate wells compared to contract surveyor
•** water level measured 14 December
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T.kBLE I-2

(control monument coordinates)

ORNL G.W. SURVEYING

Station Easting Northing Easting Northing

FF1 2660696.29 235847.32
FP2 2660491.54 236056.29
FP3 2660286.78 236265.25
FP4 2660082.03 236474.22
FP5 2659877.28 236683.18
FP6 * 2659671.40 236893.30 2659671.40 236893.30
FP7 2659465.53 237103.42
FP8 2659259.63 237313.55
FP9 2659055.51 237521.88
FP10 * 2658851.39 237730.20 2658851.39 237730.20
FP11 2658645.29 237940.54
FP12 2658439.18 238150.89
COOP * 2657475.57 236127.67 2657475.57 236127.67

TF1 2658689.95 236052.51
TF2 2658668.97 236451.01
TF3 2658070.93 236417.66
TF5 2658114.12 235620.60
FH677 2658595.14 237609.98
NWC6 2657566.66 235556.82
Topeka #180 2660866.38 235681.12
DRR 2657631.17 234055.57

Building corners miscellaneous points surveyed

1 2658053.87 235480.13
674NW 2659237.12 237121.24
674SW 2659281.62 237076.34
673NW 2659387.00 236971.00
673SW 2659467.00 236891.00
671NW 2659525.00 236819.00
671SW 2659609.13 236734.00
671SE 2659636.08 236755.47
671NE 2659550.00 236841.00
670NE 2659713.33 236718.56
670NE 2659813.09 236615.27
668SW 2659505.42 236319.18
668NW 2659424.66 236403.43

NOTE: * indicates control points compared to contract surveyor
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TABLE I-3

(ditch survey locations)

Easting Northing Site Elevation

DITCH 2657833.05 238486.55 Dl 1007.6

DITCH 2657883.89 238294.03 D2 1008.0

DITCH 2658154.62 237885.38 D3 1013.0

DITCH 2658461.25 237434.85 D4 1016.5

DITCH 2658658.64 237109.95 D5 1018.7

DITCH 2658714.01 236713.60 D6 1024.9

DITCH 2659036.47 236423.84 D7

DITCH 2659012.71 236509.00 D8

DITCH 2658999.13 236556.83 D9

DITCH 2658991.08 236572.34 D1O

DITCH 2658980.08 236602.87 DI1

DITCH 2658947.39 236646.16 D12

DITCH 2658887.20 236706.76 D13

DITCH 2658859.87 236757.05 D14

DITCH 2658857.09 236664.44 DI5

DITCH 2658782.49 236583.66 D16

DITCH 2658814.25 236857.74 D17

DITCH 2658811.87 236897.61 D18

DITCH 2658784.46 236932.97 D19

DITCH 2658744.29 236981.59 D20

DITCH 2658694.60 237037.15 D21

DITCH 2658662.98 237090.98 D22

DITCH 2658660.94 237102.26 D23

Ditch water elevations measured on 10 July 1988
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Vertical control was established from a Topeka municipal vertical

control brass cap designated as Topeka #180. The brass cap is set in a

concrete curb adjacent to the aircraft parking ramp approximately 250 ft

northeast of the Civil Engineering building 760 (Fig. 1-4). The elevation

survey consisted of five independent loops, all referencing Topeka #180. In

addition, temporary bench marks located on the fire hydrants along the

aircraft parking ramp were used as secondary check points (Fig. 1-5).

An independent verification of the land survey was performed by G. W.

Surveying, a Kansas certified and licensed surveyor. The verification

surveyor checked the horizontal control and elevation of three monitoring

wells and two control points. All check locations were satisfactory except

for one elevation measurement on level circuit 5, which as for elevations of

those wells in the northwest corner of the base. The Kansas certified

surveyor performed a new survey through level circuit 5 and measurements from

the new survey were used for final data. The surveyors certificate is shown

in Fig. 1-6.
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G.W. SURVEYING
RR 1 Box 135

Carbondale, Kansas 66414

14 July 1988

Kim Woynowskie

Oak Ridge National Laboratory

Grand Junction, Colorado 81502

Job #8856

Checked horizontal control and vertical control on monitoring wells

,M03, M'09, and MW25. Also the horizontal control on control pdints

FF6 and FPIO at the Kansas Air National Guard, Forbes Field, Kansas.

The results of work performed are as follows:

STATE PLANE COORDINATES

POINT DESCRIPTION NORTH EAST ELEVATION

MW03 236,043.1779343955 2,661,089.3390534990 1053.42

MW09 236,846.3807929551 2,659,492.4979801340 1040.36

MUW25 238,519.0386393192 2,657,888.5006496380 1019.57

FP-6 236,893.3009363086 2,659,671.4046373510 1039.45

FP-10 237,730.1967913732 2,658,851.3892167330 1038.63

I hereby certify that the above is a true finding of field work performed

i by me.

DATE ____ _____ _____ ____

M'EE WAISNER R.408,"522....

(. ~. WA?, #

LS-522

.(*.......... o.

IFig. 1-6 Surveyorscetfae

I-I

!C



APPENDIX J

RISK ASSESSMENT METHODS

I

I

I

I

i



II
I

RISK ASSESSMENT METHODS

Appendix J, Risk Assessment Methods, is an independent report included as

an appendix to support the conclusions of the remedial investigation report.

This risk assessment was prepared by the Office of Risk Analysis, Oak Ridge

National Laboratory, Oak Ridge, Tennessee.

I
I
I
I



DRAFT

PRELIMINARY
RISK ASSESSMENT

FORBES FIELD AIR NATIONAL GUARD BASE

TOPEKA, KANSAS

Dennis B. Miller
C. Wilson McGinn

Robin K. White

Office of Risk Analysis
Oak Ridge National Laboratory*

Oak Ridge, Tennessee

May 22, 1989

Operated by Martin Marietta Energy Systems, Inc. Contract

No. DE-ACO5-84OR21400 with the U. S. Department of Energy.

J-2

i iim ii mi iii a it••il



TABLE OF CONTENTS

Page No.

V INTRODUCTION..............................-7

SITE BACKGROUND..................................-7

REPORT ORGANIZATION..........................J-8

SITE CHARACTERIZATION...........................J-9

Site No. 1, the Tank Farm..........................-9

Site No. 5, Fumphouse E.........................-12

Site No. 6, Surface Drainage Ditch and Storm Sewer Outflow . 1 -12

Aircraft Parking Apron Sites...................J-13

CONTAMINATION CHARACTERIZATION.....................-16

ENVIRONMENTAL PATHWAYS..........................J-26

Groundwater...........................J-26

Surface Water.............................J-28

Drainage Ditch Sediment.......................-29

Soil................................-30

Air..................................-30

Food Chain.............................-31

EXPOSURE PATHWAYS.............................-32

Exposure Analysis...........................-32

Groundwater...........................-33

Surface water.........................33

Ditch sediment........................-36

Soil.............................-36

Receptors.................................-37

Summary................................-37

EXPOSURE CHARACTERIZATION........................-39

Exposure Scenarios.........................-39

Construction Worker Scenario.................-40

Maintenance Worker Scenario..................-40

General Residential Scenario.................-40

Child Scenario.........................41

Estimation of Exposure.......................-41

J-3



Page No.

RISK CHARACTERIZATION.........................J-47

Toxicological Effects of Contaminants of Concern ......... J-47

Estimations of Risk.......................J-51

Site-specific Risk Evaluation..................J-53

Site No. 1...........................J-53

Site No. 5...........................J-54

Site No. 6...........................J-54

Site No. 7...........................62

Site No. 8...........................J-63

Site No. 9...........................J-63

The Southeast Corner.....................J-63

CONCLUSIONS..............................J-69

J -4



LIST OF FIGURES

Figure Papne No.

1 Site location map of Forbes Field ANGB ... ............ . J-10

2 Location of known groundwater wells within a 2.5 mile radius of

Forbes Field Air National Guard Base ... ............. . J-35

'j-5



LIST OF TABLES

Table Page No.

1 Indicator chemicals for Forbes Field ANGB ... ........... J-20-25

2 Location of domestic wells within a 2.5 mile radius of Forbes

Field Air National Guard Base ..... ................ J-34

3 Assumptions and calculations for construction worker scenario J-42

4 Assumptions and calculations for maintenance worker scenario J-43

5 Assumptions and calculations for general resident scenario J-44

6 Assumptions and calculations for child scenario ...... J-45

7 Exposure analysis for Site No. 1, the Tank Farm . ...... J-56-57

8 Exposure analysis for Site No. 5, Pumphouse E . ........ J-58-59

9 Exposure analysis for Site No. 6, the Drainage Ditch . . . J-60-61

10 Exposure analysis for Site No. 7, refueling hydrant,

lateral No. 3 ......... ....................... J-64

11 Exposure analysis for Site No. 8, refueling hydrant,

lateral No. 7 ......... ....................... J-65-66

12 Exposure analysis for Site No. 9, refueling hydrant,

lateral No. 8 ......... ....................... J-67-68

j -6



INTRODUCTION

This Risk Assessment (RA) for Forbes Field Air National Guard base

(ANGB) in Topeka, Kansas was prepared by the Oak Ridge National Laboratory,

Office of Risk Analysis. This report is part of the National Guard Bureau's

Installation Restoration Program (IRP), which has been implemented to

investigate and remediate contaminated sites subject to the Comprehensive

Environmental Response, Compensation, and Liability Act (CERCLA) as amended.

This RA is part of a Phase II investigation which has confirmed and quantified

hazardous substances at locations identified as potentially contaminated in

Phase I of the IRP, and evaluates the potential impact on human health. The

objective of this Risk Assessment is to determine the potential for exposure

to the contaminated media at Forbes Field A'GB and to evaluate the probability

for potential health effects that may result from this exposure.

SITE BACKGROUND

Forbes Field ANGB is located in Shawnee County approximately 2.5 miles

south of the southern boundary of Topeka, Kansas. The base is situated on 180

acres in the northeast corner of what was formerly Forbes Field Air Force

Base. The area surrounding the base is light industrial, agricultural, and

residential land. The unincorporated village of Pauline, Kansas lies

approximately 250 feet west of the base. The Shawnee County Waste Repair

Facility repairs garbage trucks and occupies a building southwest of Hangar

No. 666, approximately 50 feet from the base boundary.

Forbes Field Air Force Base was opened in 1942 and closed at the end of

World War II. The base was reopened from 1948 to 1949 and was used by Army

Air Corps reconnaissance and geodetic survey divisions. During this time, the

base was renamed Forbes Field Air Base. Forbes Field Air Base was again

reopened in 1951 to train bomber crews. Operation of the facility was

transferred to the U.S. Air Force in 1954 and the installation was renamed

Forbes Field Air Force Base. In 1973 Air Force operations at Forbes were

terminated; hcwever, the Kansas Air National Guard 190th Air Refueling Group

(190th AREFC) remained active on the base.

The facilities currently occupied by the Kansas Air National Guard

(KSANG) were built between 1954 and 1959. Aerial photos taken in 1954 show
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the majority of the Air National Guard Base as agricultural land with only the

aboveground storage tanks in existence. At present the base is a fenced and

patrolled security area.

Jet fueling and storage facilities are maintained on the base by the

190th AREFG. Facilities for jet fuel storage consist of three aboveground

tanks on the west side of the base and 26 underground storage tanks near the

three pumphouses (buildings No. 671, 674, and 678) at the west edge of the

aircraft parking apron. The total fuel capacity of the storage facilities on

the base is approximately 14 million gallons. Operational support activities

on the base include aircraft retrofitting, aircraft maintenance, ground

vehicle maintenance, and fire department training. These operations generate

and dispose of varying quantities of waste oils, recovered fuels, spent

cleaners, strippers, and solvents. Hazardous waste produced by these

procedures is disposed of by the Defense Reutilization and Marketing Office.

There are over 300 full-time employees at Forbes Field ANGB. There is

also a National Guard contingent of approximately 1100 people assigned to the

base which is present one weekend per month and for a single two-week period

during the year. National Guard personnel are on the base the duration of a

standard work day while serving their commitment. No one resides on-base.

The water supply for the base is Topeka public water from the Kansas River

Alluvium.

REPORT ORGANIZATION

After a general introduction and site background of Forbes Field ANGB,

this report will examine the site specific characterization of seven sites. A

section discusses the indicator chemicals at each site, followed by an

evaluation of the environmental fate and transport of these contaminants. The

ensuing analysis considers the potential exposure pathways and the

significance of the contamination to public health. The results of the

exposure pathway analysis are summarized with a characterization of the risk

from the contaminants at each site.
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SITE CHARACTERIZATION

Hazardous Materials Technical Center (HMTC) conducted the Phase I

investigation of the base and identified 10 potentially contaminated sites.

HMTC determined that Sites No. 2, 3, 4, and 10 did not present a contaminant

migration problem and that no further action was necessary. The remaining six

sites (Sites No. 1, 5, 6, 7, 8, and 9) were identified as requiring further

study. In addition, a groundwater contamination study by Roy F. Weston, Inc.

in 1984, discovered contamination upgradient of all identified sites. This

suggested that contamination was entering the base from an off-base source.

The HMTC identified this area as the "Southeastern Corner of Forbes Field ANGB

Property" and recommended that the area be studied in conjunction with the

previous numbered sites. Therefore, seven sites are considered in the Risk

Assessment of Forbes Field ANGB and are identified in Figure 1:

Site No. 1: Tank Farm
Site No. 5: Pumphouse E and adjacent area
Site No. 6: drainage ditch
Site No. 7: area adjacent to refueling hydrant, lateral No. 3
Site No. 8: area adjacent to refueling hydrant, lateral No. 7
Site No. 9: area adjacent to refueling hydrant, lateral No. 8
(unnumbered site): Southeast Corner of the base

Most of these sites are part of the fuel storage and distribution system and

will be discussed individually. A determination of the contamination source

at the sites was made on the basis of information in the Phase I -Records

Search and interviews with base personnel reported in the Phase II - Remedial

Investigation.

Site No. 1. the Tank Farm

Site No. 1, the Tank Farm (Figure 1), is located at the southwest corner

of the base. This site is comprised of three aboveground fuel tanks (bulk

storage tank facilities No. 55122, 55123, and 55124), a spill containment area

surrounded by an earthen berm, truck unloading hydrants, a pumphouse, a NASA

JP-7 aboveground storage tank, and underground fuel distribution lines. This

facility is currently used as a bulk jet fuel storage area. The exact date of

construction of the Tank Farm Facility is not known, although the storage

tanks are present in aerial photographs taken in 1954. West of the pumphouse

was an above ground auxiliary wing tank from a B47 (installation date

unknown), with a capacity of 600 to 700 gallons. It contained JP-4, aviation
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gas, and the sludge from the cleaning of filters. This tank and its contents

were removed in 1967 or 1968.

Two of the fuel storage tanks have a capacity of 1.98 million gallons

each, and the third has a capacity of 2.42 million gallons of jet fuel (JP-4).

All of the tanks have a floating roof design. An earthen dike four to five

feet high enclosing each tank forms a spill containment area which is coated

with a road bed surface. If an excessive amount of precipitation occurs,

these containment areas are drained through a system of controlled outlets

into the surface drainage ditch (Site No. 6). Otherwise, the outlets remain

closed.

Fuel is received daily from trucks at several hydrants along the

southeast side of the Tank Farm and is pumped by the pumphouse through

underground lines to the storage tanks or to base distribution lines. The

lines from the pumphouse to the storage tanks are buried at least 3.5 feet

underground and the lines through which fuel is distributed to the base are

approximately 8 feet below grade. Base records indicate a history of leaks

and spills of jet fuel in the Tank Farm area, with the most significant leak

occurring from tank No. 55122 in 1981. This leak from the southeast side of

tank No. 55122 (the southernmost tank) released approximately 1200 to 1400

gallons of JP-4. None of the fuel was recovered; therefore, the entire leak

either evaporated or infiltrated into the subsurface. The most recent release

at the storage tank facility occurred in 1982 when approximately 300 gallons

of JP-7 were released from NASA's aboveground fuel storage tank (this tank was

identified as Site No. 3 in the Phase I Report). Reportedly, 95% of this

spill was recovered; the remainder was lost through evaporation and/or

infiltration.

Sludge removed during fuel storage tank cleaning is a secondary

contaminant source in the Tank Farm area. The sludge consisted of jet fuel

diluted with rusty water and soap. From the 1950's to 1978 an unknown

quantity of this sludge was buried north of the storage tank facility. In

1977, 100 gallons of tank cleaning sludge were buried on the west side of the

Tank Farm (this area was identified as Site No. 2 in the Phase I Report).
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Site No. 5. Pumphouse E

Site No. 5 (Figure 1) is the area surrounding Pumphouse E (building no.

671), constructed between 1954 and 1959. The pumphouse (located about 130

feet southwest of the refueling apron) is a single story concrete block

building surrounded by a gravel strip 30 to 50 feet wide which is encircled by

grass. There are 14 underground fuel storage tanks at this site, each

holding 50,000 gallons. The tanks are located to the northeast and to the

southwest of the pumphouse. The depths to the top and bottom of these tanks

are two and 13 feet respectively. Pumphouse E serves fuel laterals 1 through

6, pumping fuel to or from the fuel distribution lines for fueling and

defueling of aircraft. Pumphouse E also pumps fuel to and from the Tank Farm

facilities via underground lines. In addition, there are base utility lines

buried between Pumphouse E and the aircraft parking ramp buried at depths of

two to seven feet.

Only one release has been documented in the area of Pumphouse E: a spill

of 2000 to 10,000 gallons of jet fuel which was accidentally discharged from

the facility in 1967. The spill of JP-4 flowed onto the ground along the

north side of the building. No fuel was recovered. Contamination in this

area was documented in 1979 or 1980 when soil visibly contaminated with fuel

was uncovered during excavation and construction activity in this area.

Stressed vegetation has also been observed within this area.

Site No. 6. Surface Drainage Ditch and Storm Sewer Outflow

Site No. 6 (Figure 1) consists of the surface drainage ditch, which

flows through the northwest side of the base and all of its tributaries

including the base storm sewer system. Two of the drainage ditch tributaries

drain the Tank Farm area. One is located north of the Tank Farm and drains

the spill containment area; the second drains the area adjacent to the truck

unloading hydrants. Another tributary drains the area southwest of the

hangars and the Shawnee County Waste Repair Facility. Most of the overland

surface water flow at the base is drained through the storm sewer system,

which empties into the drainage ditch at three locations. The largest of

these storm sewers drains all of the aircraft parking ramp and most of the

parking lots and roads near the ramp and discharges into a small ponding of

the ditch at the northwest corner of the base.
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The drainage ditch is present in 1954 aerial photos; however, a large

man-made pond existed between the Tank Farm and the present day pond. In a

1959 aerial photograph, the pond is gone and the drainage ditch appears to

follow its present course through the base. The pond is actually a pool-sized

body of water within the ditch channel created by a small dam.

The base surface drainage ditch is lined by vegetation. In the area of

the Tank Farm flow has incised the ditch to a depth of approximately six feet.

Where it exits the base at the north boundary the streambed is approximately

15 feet below the right bank of the ditch. As the stream travels along the

northwest boundary of the base, it flows within 100 feet of several private

residences and within 200 feet of U.S. Highway 75. As the stream exits the

base, it enters an area of dense vegetation and travels through several areas

of agricultural, industrial, and commercial lands before it flows into the

South Branch of Shunganunga Creek on its way to the Kansas River.

The sou-ces of contamination at Site No. 6 are spills or leaks (which

flowed into tributaries or directly into the drainage ditch) and possibly

discharge of contaminated groundwater into the ditch. It was noted in the

Phase I - Records Search that an oily sheen has been observed in the ditch and

on the pond on several occasions. Fuel has also been observed flowing into

the storm sewer system on at least one occasion. This incident occurred

during the pressurization of lateral No. 8 (Site No. 9) to locate a leak and

resulted in an unknown quantity of fuel flowing into the storm scwer catch

basin at the northwest corner of the base.

Aircraft Parking Apron Sites

Sites No. 7, 8, 9, and the southeastern corner of the base are all

located on the aircraft parking apron. The facilities and operations at these

sites are similar and, therefore, will be considered collectively. The

aircraft parking apron and the fuel distribution system were constructed

between 1954 and 1959. All of the facilities associated with Sites No. 7, 8,

9, and the southeastern corner of the base are currently in use. The aircraft

parking apron surface consists of 18 to 22 inches of concrete with 3.5 inches

of asphalt overlay. The fuel distribution system beneath the aircraft parking

apron dispenses fuel to the fuel hydrants for refueling aircraft.
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The pumphouses (laterals No. 1 through 6, and No. 20, are supplied by

Pumphouse E; laterals No. 7 through 9 are supplied by Pumphouse G) transfer

fuel through refueling headers to the fuel laterals which are buried

approximately 3.5 feet under the concrete apron. The trenches in which the

700 foot laterals are bedded are filled with a coarse sand which extends to

the undersurface of the apron. The fuel hydrants are joined with a tee

connection to the fuel laterals and are located just beneath the parking apron

where a flush mounted lid covers the connections.

Site No. 7 (Figure 1) surrounds the two southernmost refueling hydrants

on fuel lateral No. 3. The site boundary is approximately 90 feet northeast

of the west edge of the aircraft parking apron. The only documented leak at

Site No. 7 occurred in December, 1981 and involved an undetermined quantity of

jet fuel accidentally discharged from the first fuel hydrant on lateral No. 3.

Site No. 8 (Figure 1) encompasses an area surrounding the first fuel

hydrant on fuel lateral No. 7. The site boundary is approximately 20 feet

northeast of building No. 673. The Phase I - Records Search identified a jet

fuel leak of undetermined quantity from the first fuel hydrant on lateral No.

7 in July, 1982.

Site No. 9 (Figure 1) consists of the area surrounding the first fuel

hydrant on fuel lateral No. 8. The boundary of the site is approximately 30

feet east of the west margin of the aircraft parking apron. The contamination

source identified by Phase I is the jet fuel leak that occurred at the first

hydrant on lateral No. 8 in 1983 when a maximum of 3000 gallons of fuel was

lost. The leak was detected when JP-4 was observed seeping from pavement

joints adjacent to site No. 9. The lateral was pressurized to locate the leak

at which time an unknown quantity of JP-4 was released under the concrete

apron. The fuel that flowed onto the apron then migrated to a storm sewer

catch basin at the northwest corner of the base. The storm sewer drains into

the small pond (Site No. 6) at the northwest corner of the base.

The southeast corner of Forbes Field ANGB encompasses an area on the

aircraft parking apron. The parking apron extends south and east of the base

property line on property formerly owned by the Air Force Base and currently

owned by the Metropolitan Topeka Airport Authority. There is a fuel lateral

(No. 20) associated with Pumphouse E, located south of the southeastern

boundary of the base. Contamination was revealed in this area during the
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groundwater contamination study conducted by Roy F. Weston, Inc. in 1984,

suggesting an off-base source of contamination. No spills or leaks have been

reported in this area, and a source of contamination has not been identified.

The source of contamination could be past leaks from fuel laterals.w
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CONTAMINATION CHARACTERIZATION

The indicator chemicals for the sites at Forbes Field ANGB were selected

using the Superfund Public Health Evaluation Indicator Selection Process.

This evaluation was undertaken to identify a manageable number of contaminants

to be considered during exposure scenarios, to select contaminants

representative of the most toxic, mobile, and persistent chemicals at the

site, and to identify those contaminants detected in the highest

concentrations.

There were 58 contaminants found in surface water, groundwater,

sediment, and subsurface soil samples at the base. A complete record of the

contaminants is contained in appendix E of the Remedial Investigation Report

(RIR). Table I presents the 8 contaminants selected as indicator chemicals

according to sites and media. In addition, the table provides the range in

concentration, representative concentration, Applicable or Relevant and

Appropriate Requirements (ARARs), the excess cancer risk (dose x cancer

potency factor) associated with the carcinogenic indicator chemicals, and the

representative concentration toxicity (CT- representative concentration x

toxicity) for each contaminant in the various media at each site. As directed

by the Superfund Public Health Evaluation guidelines, the representative

concentration was calculated as an arithmetic mean of downgradient

contaminated samples. The CT value is used in the Indicator Selection Process

to evaluate contaminants; it is the product of the representative

concentration and the toxicity of the contaminant reported by the United

States Environmental Protection Agency (USEPA) . the Superfund Public Health

Evaluation Manual.

In the course of selecting the indicator chemicals 50 of the

contaminants identified in samples from the base were excluded from the

exposure scenarios. These contaminants can be divided into four broad groups

on the basis of the rationale for their exclusion: 1) contaminants which have

no known on-base source and are believed to have an exogenous source 2) those

that occur at concentrations below background levels 3) contaminants at

concentrations that are negligible relative to adverse human health effects 4)

and a group for which there is little toxicological information.

The chemicals believed to originate off-base were found in samples of

ditch sediment from Site No. 6. Since there is no known source for pesticides
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on base, pesticides (dieldrin, 4,4-DDT, and 4,4-DDE) found in sediment sample

SD09, (taken from the ditch near the northwest boundary of the base, see Plate

I of the RIR) were eliminated from consideration as indicator contaminants.

Considering the agricultural development of the area, these pesticides most

likely derive from an off-base source. Likewise, polynuclear aromatic

hydrocarbons (PAHs) found in the sediment samples from the drainage ditch were

also excluded from the evaluation of base contaminants. These chemicals are

common by-products of the incomplete burning of fossil fuel and consequently

are often found in roadside sediment. The samples containing PAHs are limited

to areas in the drainage ditch that receive roadway runoff.

In addition to excluding pesticides and PAHs, lead was also eliminated

at this stage of the indicator selection process. The distribution of lead

observed in ditch sediment samples suggests that lead is probably associated

with road dust, which is not associated with any of the sites now under

investigation. Therefore, under IRP guidelines lead cannot be considered in

this risk assessment.

Several studies have linked lead contamination to motor vehicle

emissions. Lead concentrations as high as 0.1% were found in analyses of

roadway dust preformed by Hopke et al. (1980). Lagerwerff and Speeht (1970)

demonstrated the existence of a lead concentration gradient associated with

roadway proximity. This study revealed that the amount of lead in soil

decreased with distance from the road and with depth. Getz et al. (1977)

ascertained that the highest lead concentrations are typically within 65 feet

of roadways and that the volume of traffic has a direct effect on the levels

of lead in roadside soil.

Lead is present in concentrations exceeding the regional background

level in several sediment samples (SDI, SDI3, SDI4, SDI5, and SDI6, see Plate

I of the RIR) from the drainage ditch tributary to the southeast of the Tank

Farm. All of the sediment samples with anomalously high lead concentrations

are associated with the road used by fuel tankers to access the Tank Farm

pumphouse hydrants to download JP-4. Lead in this area is not correlated to

any known spills or leaks and is hydraulically either upgradient or isolated

from all potentially contaminated IRP sites. Although not a typical

component, trace amounts of lead are found in JP-4 (0.09 mg/L, Chassemi et

al., 1984). However, the suite of contaminants expected from JP-4
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contamination are not present. Conversely, the diesel fuel used by the fuel

tankers contains <0.49 to 2.0 mg/L of lead (Ghassemi et al., 1984) and

contaminants associated with road dust and runoff (PAHs) are evident in this

area.

The access road to the Tank Farm pumphouse hydrants is used daily by

fuel tankers to download JP-4. The road provides access to the downloading

hydrants, which are located west of the tributary. The road consists of an

entrance lane paralleling the west side of the tributary and an exit lane

paralleling the east side of the tributary. The access road crosses the

tributary approximately 1600 feet downstream from the Tank Farm entrance.

Samples SDI, SDI3, SDl4, and SD15 have the highest lead concentrations found

in ditch sediment and are located inside the loop created by the fuel tanker

access road, encircling the tributary.

There is clearly a decrease in lead with increased distance from the

Tank Farm fuel downloading area. The samples within this area are within 50

feet of the tanker access road and had an average lead concentration of 111.25

mg/L. Sample SD16 ,taken approximately 650 feet downstream from the fuel

tanker access road, demonstrates an appreciable decline to 38.0 mg/L in lead

content. A sample (SD5) taken 1000 feet downstream of the road contained 7.0

mg/L of lead, well below the regional background of 23.8 mg/L (Fleischhauer,

1988). Drainage ditch sediment samples from the base boundary were also below

background. The dependence of the lead concentration gradient on sample

distance from the fuel tanker access road suggests that the source of lead is

not an IRP site.

Therefore, although lead is a trace component of JP-4, the lead

concei1crations in the ditch sediments are most likely associated with motor

vehicle exhaust from the Tank Farm access road and nearby base entrance,

deposited in ditch sediment directly or via road runoff. These levels, then,

may be regarded as an anomaly associated with proximity to the Tank Farm fuel

downloading area and not reflections of effects associated with site

contamination.

Most of the contaminants detected below background levels are metals, in

both soil and sediment samples. Except for lead, all of the metals occur at

concentrations less than regional background levels. Although many of these
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metals may be trace constituents of JP-4, their concentrations are not

t indicative of contamination by jet fuel.

Several contaminants were removed from further consideration as

potential human health hazards due to low concentrations and relatively low

toxicity. These chemicals have a hazard index rating that was well below one

(1): acetone, benzoic acid, bromodichloromethane, and phenol. In addition,

some of these contaminants were found in only one sample.

The remaining contaminants excluded from the exposure scenarios are

predominantly hexanes and pentanes. The limited quantitative toxicologic

information on these chemicals inhibits attempts at evaluating their

individual effects on public health. However, the concept of using indicator

chemicals enables such contaminants to be represented in the exposure scenario

analysis by contaminants of similar chemical properties and known toxicity

(as is the case with benzene, toluene, and xylene in the present assessment).
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ENVIRONMENTAL PATHWAYS

The following section is an evaluation of the environmental pathways and

their site-specific characteristics which might affect contaminant migration

from the seven potentially contaminated areas previously described. The

pathways that have contaminants or the probability of future contamination and

that have the capability of transporting their contamination to humans are

groundwater, surface water, sediment, and soil. Evaluations of these pathways

will include discussions of site groundwater and surface water flow and soil,

sediment, and contaminant-specific characteristics which might affect the

transfer and transformation mechanisms of the contaminants of concern. In

addition to these discussions, a limited evaluation is made of the transport

of contaminants through the air and food chain.

Groundwater

Groundwater is located in two units beneath Forbes Field ANGB: a water

table aquifer composed of silty-clay glacial drift on top of unconsolidated

weathered shale and limestone, and the Nodaway Coal Member of the Howard

Limestone, a confined bedrock aquifer. The aquifers are separated by the

confining Aarde Shale Member of the Howard Limestone Formation. The Severy

Shale is located beneath the two aquifers at depths below ground level of

approximately 32 feet at the southeastern corner and 16 feet at the northwest

corner of the base. The permeability of the Severy Shale was below the

detection limits used in packer-tests and is approximately 30 to 55 feet

thick. This formation is, therefore, a plausible and considerable barrier to

the vertical migration of water. Due to the impermeable nature of this

formation, only the aquifers above the Severy Shale are pathways.

The potentiometric surface of the aquifer in the unconsolidated zone

ranges from a depth of approximately 2.5 feet in the northwest section of the

base to 19 feet in the southeast corner. The Nodaway Coal layer is

approximately two feet thick and lies about 30 feet beneath the surface at the

southeastern corner and 20 to 25 feet below the surface in the central area of

thp base. The hydraulic conductivity values obtained for the water table

aquifer range from less than 0.1 feet/day to 2.0 feet/day, and the Nodaway

Coal aquifer has a hydraulic conductivity of 3.2 feet/day. The groundwater

flow in both aquifers is typically to the northwest.
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The unconsolidated aquifer and Nodaway Coal are discrete aquifers

beneath the southeastern area of the base; however, because the topography is

steeper than the dip of the Nodaway Coal, this coal layer is truncated by the

land surface and becomes part of the weathered bedrock in the northwest area

of the base. The subsurface location at which the Nodaway Coal is

incorporated into the unconsolidated aquifer is illustrated in Figure 2.11 of

the RIR. This representation of the intersection of the Nodaway and the

weathered bedrock is a point of discharge for the water in the coal aquifer

into the water table aquifer. It has been demonstrated in the Remedial

Investigation Report that the bedrock aquifer beneath the base is not in

hydraulic communication with downgradient bedrock aquifers. This is based on

core holes that establish the Nodaway Coal, which is the only bedrock aquifer

beneath the base above the Severy Shale, as part of the unconsolidated aquifer

in the northwestern section of the base. Therefore, if migration of

contaminants off-base were to occur, contaminants would be confined to the

unconsolidated aquifer.

Presumably most of the water in the unconsolidated aquifer is discharged

into the unnamed tributary of the South Branch of Shunganunga Creek (Lhe base

drainage ditch). Discharge of the aquifer into the ditch is evidenced by the

continuous flow in the ditch even during the drought endured by this area in

the summer of 1988. However, it is difficult to determine if there is

complete discharge of the aquifer into the ditch. Therefore, groundwater in

the water table aquifer could feasibly migrate off-base. However, the low

hydraulic conductivity and the discontinuous nature of the water table aquifer

minimize the possibility of the migration of contaminated water in the

unconsolidated aquifer. The absence of contaminants in groundwater samples

taken from wells downgradient of the sites supports this contention.

Anthropogenic pathways which may increase the possibility of groundwater

migrating off-base consist of the trenches for domestic water and gas lines

which cross the base from north to south along the western side. These lines,

buried above the fuel line trenches, are approximately six to eight feet deep

at the northwestern corner of the base, at least four feet above the top of

the storm sewer.

The evaluation of the extent of groundwater contamination in the

aquifers beneath Forbes Field ANGB is based on the presence of contaminants
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that have been determined to be a potential threat to human health at present

concentrations. The examination of downgradient well samples containing these

contaminants indicates that Site No. 1, the Tank Farm, and Site No. 5, the

area surrounding Pumphouse E are contributing contamination to the

groundwater. Lower concentrations of indicator chemicals were found in

groundwater samples associated with Sites No. 8, 9 and the southeast corner.

The degree of contamination in the groundwater beneath Forbes Field ANGB

may be affected by several sources which are difficult to evaluate

quantitatively. These potential sources include the fuel lateral trenches

beneath the aircraf, parking apron at Sites No. 7, 8, 9, and the southeast

corner (which could forseeably contain fuel) and the underground storage tank

pit associated with Pumphouse E. If fuel is ponding in the trenches, the

silty-clay glacial soils may contain the fuel to the extent that the trenches

act as conduits for the JP-4.

Another consideration arising from the probable ponding of fuel in the

lateral trenches is the property of bulk hydrocarbons that produces an

increase in the hydraulic conductivity of clay-rich soils (J. Dragun, 1988).

This process does not permanently alter the soil permeability and is reversed

when water replaces the hydrocarbons within interparticle pore spaces. The

rejuvenation of the natural soil properties, however, is improbable at the

base due to the inhibition of recharge by the parking apron. Regardless of

the potential for this process to occur, the effect it would have on the

transport of contaminants off-base would be negligible due to the excessive

distance to receptors and the low hydraulic conductivity.

Although the Remedial Investigation Report suggests that contaminant

transport via groundwater is unlikely, the remote possibility of future

transport cannot be excluded. Therefore, in order to consider all conceivable

scenarios, groundwater will be considered as a potential contaminant pathway.

A comprehensive treatment of the potential adverse health effects associated

with the contamination at Forbes Field ANGB is ensured by considering the off-

base migration of contaminated groundwater.

Surface Water

Surface water is the most obvious route by which contaminants could be

transported from the base. It is also a primary environmental pathway for the
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transport of contaminated sediments and discharged groundwater. Forbes Field

ANGB is located between two drainage divides that are located to the east and

southwest and direct all surface runoff for the sites to an unnamed tributary

of the South Branch of Shunganunga Creek (drainage ditch).

The drainage ditch begins in the vicinity of the Tank Farm and flows

north-northwest exiting the base at the northwestern corner. The drainage

ditch receives discharge from tributaries (which drain the Tank Farm) and the

storm sewer drainage system (which drains the aircraft parking apron). It is

also a point of discharge for the unconsolidated aquifer. Records indicate

that the South Branch of Shunganunga Creek has experienced periods of no flow;

however, the drainage ditch continually contained water during the dry summer

of 1988, an indication of groundwater recharge.

The drainage ditch is a viable migration pathway for contaminated

surface water and spills which occur on the base. Contamination was found in

surface water samples taken from the upper section of the ditch; however, no

contamination was found in samples taken at the base boundary. This restricted

pattern of contaminated surface water samples indicates that the contaminants

are most likely not being transported off-base in ditch flow. The ditch could

receive contaminated discharge from the unconsolidated aquifer; however, the

migration of contaminants in the groundwater is not substantiated. The

potential also exists for the stream to transport contaminated drainage ditch

sediments in suspension during periods of high-energy flow.

Drainage Ditch Sediment

Sediment samples were taken in the drainage ditch (Site No. 6) and at

two downstream locations, approximately one and two miles from the base (see

Plate 1 of the RIR). The high clay content of the area soils results in a high

adsorption capacity, a property that may assist the migration of contaminants

off-base in stream sediment. Therefore, contaminated sediments in the

drainage ditch (Site No. 6) could be transported within the sediment load

during periods of high flow.

The samples containing contaminants are restricted to the upper section

of the ditch which drains the area to the southeast of the Tank Farm.

Evidence of the migration of contaminants in the drainage ditch is not

indicated by similar contaminant concentrations in downstream samples. Access
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to this area is limited to base personnel and the probability of contaminated

particles becoming airborne is mitigated by the grass cover and water in the

ditch.

Soil

There are two soils underlying Forbes Field ANGB, Ladysmith and Pawnee.

Ladysmith soils, the predominant soils on the base, consist of two types of

moderately well-drained silty clay loams that occur on 0% to 1% and 1% to 3%

upland slopes. These upland soils have a high capacity to hold water and

extend to a depth of 58 inches. The Pawnee clay loam is a deep, well-drained

sol developed on an upland glacial till occurring on 3% to 7% slopes. These

soils extend to a depth of 79 inches and also have a high moisture capacity.

The permeability of the soils which cover the base is within the range of 0.20

to 0.63 inch/hour.

Since surface soil samples were not taken it is not possible to assess

the extent of contamination in this medium. However, the surface of the base

is entirely covered by asphalt, concrete, building, gravel, and lawn.

Therefore, the potential for migration of surface soil off-base is minimal.

The extent of contamination in the subsurface soil, based on the

presence of contaminants that have been determined to be a threat to human

health at present concentrations, is limited to a single sample (MW21, see

Plate I of the RIR) from Site No. 1, the Tank Farm. Lower levels of indicator

chemicals were present in soil samples associated with all sites except the

southeast corner. The leaching of these contaminants into the groundwater is

a mechanism by which the soil contaminants may enter a migration pathway,

however, there is no contamination in downgradient wells to indicate that this

is occurring. The subsurface soil is not considered a viable environmental

pathway for the transport of these contaminants to the air or surface water

unless excavated or otherwise disturbed.

Air

Air monitoring performed at the sites with a photoionization detector

indicated that volatilization of JP-4 to the atmosphere is insignificant.

Therefore, it was determined that more extensive air monitoring was not

necessary.
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There is limited potential for jet fuel which has leaked to the

subsurface to volatilize into the air and subsequently migrate off-base.

Approximately 75% of the base is covered by road bed, asphalt, concrete, or

buildings, with the remainder covered with grass. The tight clay soils

similarly impede the escape of volatiles. The drainage ditch is the only area

in which soil is exposed and from which contaminants in the soil could escape.

Food Chain

The food chain is an environmental pathway that may provide an indirect

route for contaminants to reach the public via biological uptake by

agricultural products or game animals, but data on food chain contamination

are not available for the area surrounding the base. Since contaminated

groundwater appears to be confined to sites of past fuel spills, it is

unlikely to migrate off-base and be used for crop irrigation. Therefore, this

route is not considered to be a potential contaminant pathway.
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EXPOSURE PATHWAYS

Discussion of exposure will focus on defining the current and potential

routes of exposure at the base and describing the scenarios used to evaluate

carcinogenic and noncarcinogenic risk. This discussion will include an

explanation of the calculations used to quantify the different exposure

pathways being considered and will conclude with an assessment of the

probability of exposure for the receptors identified on and off the base.

Exposure Analysis

To determine if human exposure occurs as a result of contamination at

Forbes Field ANGB, current and potential routes of exposure and associated

receptors have been identified for each medium capable of serving as an

environmental transport pathway. Environmenta3 media considered as possible

transport pathways for the Forbes Field ANGB are ground water, surface water,

sediments, and subsurface soils. Each of these environmental pathways will be

evaluated in terms of potential exposure both on- and off-base via three

exposure routes: ingestion, inhalation, and dermal absorption. The data

necessary to evaluate these pathways quantitatively are available for all

media on-base; except for two sediment samples taken north of the base in the

continuation of the drainage ditch (Site No. 6), no off-base data are

available.

If an exposure pathway exists (i.e., there is a link between a

contaminated environmental media and a receptor), then there is a probability

of exposure, regardless of the concentration of contaminants in that

environmental medium. However, the presence of a completed exposure pathway

does not necessarily imply that the receptors involved will incur adverse

health effects. Adverse health effects associated with exposure are dependent

upon exposure factors and the concentration and toxicological properties of

the chemicals involved. The likelihood of the occurrence of adverse effects

will be evaluated in the Risk Characterization section.

The following discussions identify the human exposure routes associated

with each of the environmental transport pathways identified in the

contaminated (or potentially contaminated) areas of the base. Each exposure

pathway will be discussed in light of the current or potential exposure that

may result from each of these environmental transport pathways.
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Groundwater. Exposure to on-base groundwater via ingestion is unlikely

because the base is on a public water system and maintains no groundwater

drinking wells, eliminating ingestion of contaminated ground water as an

exposure pathway. Further, these circumstances also preclude the possibility

of inhalation exposure to volatile constituents present in the ground water

under normal base conditions. Excavation or construction projects occurring

in the area of ground water contamination may result in contact with

groundwater, increased volatilization, and some possibility of inhalation

exposure for workers. Dermal absorption of contaminants in groundwater would

also be possible in these situations. The probability of inhalation and

dermal exposure during the excavation at sites where groundwater is known to

be contaminated is deemed moderate.

Off-base, the chief prospect for human exposure to ground water which

might be potentially contaminated is via ingestion of private well water. The

available data for private wells is limited to wells installed since July 1,

1974 and registered with the Kansas Department of Health and Environment.

Table 2 lists the registered domestic wells in the vicinity of the base, and

Figure 3 shows their location. Registry information indicates that these

wells do not involve the contaminated aquifer, thus eliminating possibility of

exposure via these wells. In addition, these wells are isolated from the

groundwater system beneath the base by divides or gradient and could not

receive base groundwater. However, without comprehensive private well data

and off-base groundwater data, off-base ground water exposures cannot be

absolutely negated.

Surface water. Characteristics of the drainage ditch and activities

which occur in its vicinity make routine contact with contaminated surface

waters unlikely. Maintenance or grounds-keeping activities performed at the

base provide possible opportunities for surface water exposure. Although

exposure could conceivably occur through inadvertent ingestion or inhalation

of volatile contaminants, probability of exposure via these pathways is

extremely unlikely (primarily because of low flow in the ditch and low

concentrations of contaminants in the water) and is not considered a concern.

Dermal contact is somewhat more likely and could occur during various grounds-

keeping activities and roitine base maintenance procedures. Because surface

water contamination appears only in samples taken in the ditch's upper
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ORNL-DWG 89-6108R

TO
TOPEKA

TRAILER

PAULINE5

PAULINE CENTRAL
ELEMENTARY SCHOOLA

EAST AND THE SHAWNEE A 2
COUNTRY DAY SCHOOL F, F

1 2.5 MILE RADWU

AREA OF CONCERN

MAJOR HIGHWAYS 1 MILE

A GROUNDWATER WELLS

Figure 2. Location of known groundwater wells within a 2.5 mile radius
of Forbes Field Air National Guard Base.
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reaches, contaminants are probably not being transported off-base in ditch

flow. However, the possibility of off-base migration has not been completely

eliminated and should be considered. Contact with off-base surface water is

most probable for children playing in the creek. As with the on-base

evaluation, ingestion and inhalation exposure are possible but not likely and

so are not considered to be pathways of concern. Again, exposure to

contaminated surface water off-base is possible primarily through dermal

absorption.

Ditch sediment. Site characteristics and conditions prevent routine

contact with contaminated ditch sediments. As with exposure to contaminated

surface water, on-base exposure to ccntaminated sediments is most likely to

occur during maintenance, grounds-keeping, or other sediment-disturbing

activities. Ingestion exposure is not probable during these activities.

Because of fugitive dust generation and volatilization, these activities could

increase the potential for inhalation exposure. However, the amount of

contaminants liberated to the atmosphere from sediment by either fugitive

dusts or airborne volatiles would be negligible because of the restraining

nature of the grass cover and constant flow in the ditch. Particularly for

sediment-disturbing activities such as grading or ditch excavation, exposure

via dermal contact again presents the most likely route of human exposure.

Contact with sediment off-base is most likely to occur with children

playing in the creek. Off-base exposure via either the ingestion or

inhalation exposure routes is unlikely to occur. However, the probability of

dermal contact by children playing in the creek is high.

Soil, Because most of the base is covered by either buildings,

asphalt, tarmac, or grass, exposure to contaminated site soils is unlikely.

Documented spills or leaks occurred before 1984 and involved volatile

chemicals, which would not be expected to persist on the surface. Contact

with any contamination remaining in the subsurface is also highly improbable

under normal conditions. Contact with subsurface contamination could occur if

contaminated sites were involved in construction or excavation. In these

situations, the most likely routes of exposure would be inhalation of fugitive

dusts or volatilized constituents and dermal absorption.

Given the hydrogeo'ogical character of the site, contaminant migration

via the movement of on-base groundwater to off-base subsurface soils is not
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likely to have occurred. Therefore, off-base subsurface soils are not

considered in this exposure analysis.

Receptors

Based on information provided by the site characterization and the site

visit, three major groups of receptors were identified: base personnel,

contractors working on the base, and off-base residents in the surrounding

communities. On-base personnel consist of 300 National Guard and civilian

workers. An additional 1100 National Guard personnel train at the base one

weekend a month and one two-week period out of each year, but do not live on

the base during this time (No personnel, at any time, reside on the base).

People working at the base perform a wide variety of jobs including fuel

handling, plane maintenance, grounds keeping, and facility maintenance

projects at various locations on-base. The significance of this human

presence lies in the possible exposure of personnel to contaminated soil,

groundwater, surface water and air during maintenance and excavation projects

that may be occurring now or in the future.

The nearest off-base population consists of the 4000 residents of the

unincorporated village of Pauline. Pauline is made up of single family

residences, trailer parks, several small businesses, and schools. The Pauline

Central Grade School-East and the Shawnee Country Day Care Center adjoin the

northern base boundary, north of the Tank Farm (Site No. I). Drinking water

in this community is primarily supplied through the municipal water supply.

The Kansas Department of Health Water Well Program registry indicates that no

registered private wells are in this area (see Table 2 and Figure 3); no field

verification has been conducted to identify wells not contained in the well

registry. The stream (which receives the Site No. 6 drainage ditch effluent)

flows within 100 feet of several private residences of this community and

within 200 feet of U.S. Highway 75. Farther north of the base, several small

businesses, residences, and trailer parks abut U.S. Highway 75, which leads

into Topeka, Kansas approximately 2.5 miles to the north. The remaining area

around the base is agricultural.

Summary

Based on an examination of site conditions, it is unlikely that routine

contact with contaminated media will occur under normal conditions for
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receptors either on or off Forbes Field ANGB. However, some receptors may

come into contact with contamination under specific situations:

Base Workers

Base workers could be exposed to site contaminants under one of

two situations: routine maintenance/grounds-keeping activities or

excavation/construction activities. Grounds-keeping or

maintenance activities could expose workers to contaminated

surface waters via dermal absorption and to sediments via

inhalation or dermal absorption. In addition, excavation or

construction could expose workers to contaminated ground water and

subsurface soils via inhalation or dermal contact.

Off-Base Residents

Resident exposure to base contamination is extremely unlikely

unless there are private, unregistered wells which draw from the

contaminated water table aquifer. Should these wells exist, then

exposure could occur via ingestion, inhalation, or dermal

absorption during routine domestic use.

Children Off-Base

In addition to other residents, children playing in the creek,

which exits from Site 6 north of the base, could be exposed to

contaminated surface water and sediments via dermal absorption.
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EXPOSURE CHARACTERIZATION

In order to quantify the exposures which on-base workers and off-base

adults and children might receive, a series of exposure scenarios have been

developed to conservatively estimate the exposure to contaminants under the

situations described in the previous section. Quantitative estimates of

exposure are derived from contaminant concentrations in environmental media,

assumptions about exposure frequency, and human intake estimates for the

pertinent exposure pathways. The following sections present the scenarios

developed for each of the receptor groups, the assumptions used in evaluating

these scenarios, and the resulting estimates of exposure.

Exposure Scenarios

Exposure scenarios have been developed to represent the most likely

situations, both on- and off-base, under which human exposure could occur.

Since there is no receptor-specific exposure information, or where no data are

available (as in the case of current off-base exposure to groundwater), an

estimation of the most probable (but conservative) conditions of exposure must

be made. Modeling to predict future concentration levels has not been

undertaken.

For this risk characterization, estimates of contaminant concentrations

at points of exposure are assumed to correspond with measured concentrations

found in the nearest contaminated media. Under these conservative

assumptions, any resulting absence of adverse health risks would suggest that

no further action is required, provided future contaminant releases from the

IRP sites is not a possibility. Alternatively, if a scenario shows a

potential for adverse health effects, a more realistic assessment may be made

after collection of more appropriate data. This method focuses future data

collection toward those contaminated media which have the greatest potential

to adversely affect human health.

For this assessment, risks faced by the receptor groups previously

identified will be analyzed using the following scenarios:

1) a construction worker scenario to examine worker exposure

to contaminated ground water and subsurface soils during

excavation or construction;
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2) a maintenance worker scenario to examine worker exposure to

contaminated surface water and sediments during routine

maintenance or grounds-keeping activities;

3) a general residential scenario to evaluate exposures to

contaminated ground water in the eventuality that

unregistered wells exist in the upper aquifer, and

4) a child scenario to evaluate effects on children exposed to

contaminated surface water and sediments while playing in

the creek.

Each scenario will be discussed with respect to the media and exposure factors

that apply. Tables 3 through 6 outline the assumptions used in evaluating

these scenarios.

Construction Worker Scenario. The construction worker scenario applies

to on-base construction that might occur in the future at contaminated sites,

potentially exposing base or contractor personnel to contaminated ground water

or subsurface soils. There is no current possibility for exposure via these

media because the base is supplied by municipal water and there are no areas

of exposed subsurface soil on-base. For this analysis, we have assumed that

the known concentrations in the contaminated media are the same concentrations

to which workers are exposed. The actual period of exposure and contaminant

concentrations that a worker may be subject to is also difficult to predict,

so we have used the most conservative estimation of exposure in the

construction scenario (see Table 3).

Such a worst-case-scenario should result in the most conservative risk

estimates, providing a margin of safety over actual risk levels. If none of

the contaminants are demonstrated to be at hazardous levels using this

conservative analysis, no further action is required.

Maintenance Worker Scenario. The maintenance worker scenario analyzes

exposure to contaminated surface water and sediment during routine maintenance

or grounds-keeping activities. As with the construction worker scenario,

conservative exposure conditions have been assumed (see Table 4), and worker

exposure to contaminants is assumed to be at the same concentrations measured

in surface water and sediment.

General Residential Scenario. The general residential scenario applies

to exposure through ground water. This scenario considers adults who could be
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living in the vicinity of the base for their entire lifetime, utilizing

contaminated ground water via private wells in the water table aquifer. This

scenario examines exposure through three routes: ingestion of contaminated

drinking water, inhalation of volatile contaminants during showering, and

dermal absorption of contaminants during showering. Exposure concentrations

are assumed to equal measured concentrations in ground water. Other

assumptions used in this scenario are explained in Table 5.

It should be emphasized that this scenario is not valid for all

residents surrounding Forbes Field ANGB; rather it only applies to those

residents who might be utilizing private wells drawing from the contaminated

water table aquifer. Further, this scenario is a conservative estimate of

risk which should be used only to determine whether additional information

should be collected to confirm or negate the existence and use of such wells.

Child Scenario. The child scenario will examine the impacts of off-base

exposure to contaminated surface water and sediments. While it is true that

adults could also be exposed to these contaminated media, conditions at the

site and characteristics of the ditch/creek make children the most likely

receptors. As with the previous scenarios, conservative assumptions will be

utilized to ensure that risk estimates are not underpredicted (see Table 6).

Estimation of Exposure

In order to quantitatively assess human exposure, and eventually

determine the potential for adverse health effects, an estimate of exposure

has been calculated using the scenarios presented in Tables 3 through 6.

Calculation of the exposure dose follows a standard equation (Equation 1),

which can be modified to reflect the site-specific conditions for the medium

being evaluated. Values from Tables 3 through 6 are used to calculate the

exposure dose for the contaminated or potentially contaminated media under

each exposure scenario. Exposure calculations used for each exposure scenario

are also presented in Tables 3 through 6.

J
I
I

IJ -41

I



Table 3 Assumptions and Calculations for Construction Worker Scenario

Assumes a one year consruchion project with a 70 kg adul. working eight hours per day, five days per
week, 50 weeks per year, for one year out of a lifetime.

Groundwater

Ingestion: not considered

Inhalation: Inhalation Rate = 9.6 m3/8 hr day

Exposure =C mg/rn3 x 9.6 m3/d x 8 hr/d x 5 dlwk x 50 wk/yr

70 kg x 24 hr/d x 365 ct/yr x 70 yr

Dermal Absorption: Dermal Absorption Constant =.024 I/cm2 - d
Exposed Skin Surface = 4000 cm2

Exposure =C mg/I x .024 Icm2 -d x 4000 cm 2 x 8 hr/ct x 5 d/wk x 50 wk/yr

70 kg x 24 h/d x 365 ct/yr x 70Oyr

soil

Ingestion: not considered

Inhalation: Inhalation Rate = 9.6 m3/8 hr day

Exposure C mg/rn' x 9.6 m'/d x 8 hr/d x 5 d/wk x 50 wk/yr

70 kg x 24 hr/d x 365 d/yr x 70Oyr

Dermal Absorption: Soil Adhercd = 9400 mg/8 hr day

Exposure =C mg/kg x 9400 mg/d x .001 g/mg x .001 kg/g x 8 hr/d x 5 d/wk x 50 wk/yr

70 kg x 24 h/d x 365 cl/yr x 70Oyr
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Table 4 Assumptions and Calculations for Maintenance Worker Scenario

Assumes a 70 kg adult working eight hours per day, five days per week, 50 weeks per year, for one year
for a 40 year career

Surface water

Ingestion: not considered

Inhalation: not considered

Dermal Absorption: Dermal Absorption Constant = .024 I/cm2 - d
Exposed Skin Surface = 4000 cm 2

Exposure =C mg/I x .024 Ilcm2-d x 4000 cmz x 8 hr/d x 5 d/wk x 50 wklyr x 40 yr

70 kg x 24 h/d x 365 d/yr x 70Oyr

Sediment

Ingestion: not considered

Inhalation: Inhalation Rate = 9.6 m3/8 hr day

Exposure =C mg/rn' X 9.6 m'/d x 8 hr/d x 5 dwk x 50 wkyr x 40yr

70 kg x 24 hr/d x 365 d/yr x 70Oyr

Dermal Absorption: Soil Adhered = 9400 mg/d x .001 g/mg x .001
kg/g = .0094 kg/d

Exposure C Cmg/kg x.0094 kg/d x8 hr/d x 5d/vk x50 wk/r x 40yrj 70 kg x 24 h/d x 365 d/yr x 70Oyr
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Table 5 Assumptions and Calculations for General Resident Scenario

Assumes a continuous, lifetime exposure for 70 kg adults.

Groundwater

Ingestion: Water Ingestion Rate = 2 1/d

Adult Exposure = C mg/I x 2 l/d

70 kg

Inhalation: Exposure Duration = Half-hour exposure, once a day, 70 years
Inhalation Rate = .958 m3/hr (23 m3d 24 hr/d)

Exposure = C mg/m3 x .958 m3/hr x .5 hr/d

70 kg x 24 hr/d

Dermal Absorption: Dermal Absorption Constant = .024 i/cm2 
- d

Exposed Skin Surface = 4000 cm'

Exposure = C mg/I x .024 lI/cm 2-d x 4000 cm' x .5 hr/d

70 kg x 24 h/d
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Table 6 Assumptions and Calculations for Child Scenario

Assumes episodic exposure for a 30 kg child over a len year period (ages 1-11).

Surface water

Ingestion: not considered

Inhalation: not considered

Dermal Absorption: Dermal Absorption Constant = .024 11cm 2 - d
Exposed Skin Surface =1800 cm2

Exposure C Cmg/I x.0241/CM2 -d x 1800cm2 x4 hr/d x 5 dfwkx52 wk/yrx 10 yr

30 kg x 24 h/d x 365 d/yr x 70Oyr

Sediment

Ingestion: not considered

Inhalation: not considered

tDermal Absorption: Exposure Duration = 4 hrld, 5 d/wk
Soil Adhered = 5250 mgld x .001 g/mg x .001 kg/g =.0053 kgld

Exposure C mg/kgx.0053 kgd x 4hr/d x 5 dwkx52 wk/yr x 10 yr

30 kg x 24 hr/d x 365 d/yr x 70 yr
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(Equation i) ED - C x ER x AF x EF
BW

Where:
ED - exposure dose

C - concentration of contaminant in the medium being evaluated

ER - exposure rate (ingestion rate, inhalation rate, etc.)

AF = absorption factor (a unit-less number assumed to be 100%
unless known specifically)

EF - exposure factor (the ratio of time an individual is

exposed to the standard lifetime; indicates duration and
frequency of exposure period; for continuous, lifetime
exposure, the EF equals 1)

BW = body weight of exposed individual in kg.
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RISK CHARACTERIZATION

To determine the health implications associated with base contamination,

the Risk Characterization section integrates the toxicological properties of

the chemicals of concern, the estimations of exposure, and the comparison of

exposure estimates to health guidelines and standards. This integration

allows analysis of the risks faced by each receptor group at each site, using

the estimations presented in the Exposure Characterization section. The

following sections discuss the toxicological characteristics of the

contaminants of concern, the methods used to estimate risk, and the estimated

risks posed by conditions at each of the seven base sites.

Toxicological Effects of Contaminants of Concern

The following contaminant-specific discussions present the

noncarcinogenic and carcinogenic health effects associated with the principle

contaminants of concern found at Forbes Field ANGB. Of the nine contaminants

of concern at Forbes, most are volatile or semi-volatile organics associated

with noncarcinogenic toxic effects. Three have been linked with carcinogenic

potential: benzene and vinyl chloride are known human carcinogens (Class A

compounds under the U.S. EPA Weight of Evidence Classification);

trichloroethylene is a suspected human carcinogen (Class B2).

Benzene. Benzene is the simplest member of the aromatic hydrocarbon

series. Although some benzene is naturally occurring, the majority of benzene

released into the atmosphere is man-made. Benzene is used as an intermediate

in the manufacture of numerous plastics, synthetic rubbers and fibers, and

resins. Benzene also is a component of gasoline, occurring in concentrations

of up to 5%. The most significant source for the release of benzene to the

environment is the combustion of gasoline.

Benzene is toxic, especially to hemopoietic (blood-cell-forming)

tissues. There is also evidence that it affects the immune system. Acute

exposure to benzene produces drowsiness, dizziness, and headaches. Chronic

exposure may affect normal blood production, possibly resulting in severe

anemia and internal bleeding. Benzene may also cause spontaneous abortions

and miscarriages in pregnant women.

Benzene is a human carcinogen and has been linked, in particular, to

occurrences of acute myelogenous leukemia and other blood related disorders in

both animals and humans. Animal bioassays have shown benzene to be a causal

J -47



agent in the development of leukemia and other cancers. Benzene is considered

a human carcinogen and has been rated by the EPA as a weight-of-evidence Group

A carcinogen.

1l.-Dichloroethane. 1,1-Dichloroethane (ethylidene chloride) is used as

a cleaning solvent and degreaser and in the manufacture of 1,1,1-

trichloroethane. The major sources of environmental concentrations of 1,1-

dichloroethane are volatilization during use and in production of 1,1,1-

trichloroethane.

Inhalation of 1,1-dichloroethane is known to cause liver and kidney

damage. Repeated or prolonged exposure can lead to irritation of the lungs,

skin, and eyes. Evidence from carcinogenicity studies of animals suggests

that 1,l-dichloroethane may be a potential carcinogen. However, it has not

been rated by the EPA in the carcinogenic potential classification scheme.

Ethylbenzene. Ethylbenzene occurs primarily as an intermediate in the

production of styrene. It is also used in combination with xylene as a

diluent in the paint industry and as an additive in gasoline and aviation

fuels.

Inhalation is the predominant route of ethylbenzene exposure, resulting

primarily in irritation to the skin, eyes, and upper respiratory tract.

Exposure to high concentrations can lead to narcosis, dizziness, drowsiness,

and general weakness. Inhalation can exacerbate the symptoms of obstructive

airway diseases, and aspiration of small amounts may cause extensive edema and

hemorrhaging of lung tissue. The data are insufficient to make conclusive

evaluations of the toxicity of ethylbenzene in humans, but there is cause for

concern over possible liver and kidney damage since these organs are the

primary centers of metabolism and excretion, respectively.

Toluene. Toluene (methylbenzene) is a component of gasoline, used as a

solvent base in paints, as an additive in cosmetics, and as a production agent

of other chemicals. The predominant sources of toluene in the environment are

emissions from motor vehicles, aircraft exhaust, and cigarette smoke.

Toluene is most readily absorbed after inhalation with as much as 60%

being retained in humans. Toluene may also enter the body by dermal

absorption; absorption of toluene in the gastrointestinal tract occurs less

readily. Toluene is distributed in the highest concentrations to adipose

tissue followed by bone marrow, adrenals, kidneys, liver, brain, and blood.
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The critical target organs for toluene are those comprising the central

nervous system.

Acute occupational exposure to toluene in the range of 200 to 1500 ppm

has caused dose-related effects to the central nervous system. The symptoms

are characterized by initial central nervous system excitative effects

(euphoria and hallucinations) followed by progressive impairment of

consciousness, eventually resulting in seizures and coma. Chronic exposure

has resulted in some evidence of neurological effects such as encephalopathy,

optic atrophy, and equilibrium disorders.

The results of inhalation, ingestion, and dermal absorption

carcinogenicity studies of animals have been negative for toluene. There are

no available data on the human carcinogenicity of toluene. Toluene is rated

by the EPA classification as weight-of-evidence Group D, carcinogenicity

unknown.

l,ll-Trichloroethane. 1,1,1-Trichloroethane (methyl chloroform) is a

volatile chlorinated hydrocarbon that is used as an industrial solvent and in

consumer products. Volatilization during production and use is the primary

source of l,l,l-trichloroethane in the atmosphere. There are no known natural

sources of l,l,l-trichloroethane emissions.

Inhalation is the primary and most rapid route by which 1,1,1-

trichloroethane is absorbed by the body, though it may enter the body through

absorption by the gastrointestinal tract. After absorption it is distributed

to all parts of the body. The lipophilic nature of l,l,l-trichloroethane

results in deposition in the brain and the colostrum of nursing mothers, as

well as into the fetus during pregnancy. The amount of the chemical

metabolized, unlike other chlorinated solvents, is limited to six percent of

the retained dose.

The chronic exposure to l,l,l-trichloroethane at ambient air levels

commonly encountered appears to be extremely low. Acute effects produced by

exposure to higher levels (>350 ppm) are symptomatic of neurological

disfunction including disturbances of equilibrium, lightheadedness, and

irritation of the throat. Although the liver is the primary site of 1,1,1-

trichloroethane metabolism, liver damage has not been conclusively evident

from exposure to the chemical. Narcosis (which may occur from exposure to

levels in excess of 5000 ppm) is the major health concern associated with
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exposure to 1,1,1-trichloroethane. No epidemiologic studies investigating

human carcinogenicity are available, and the results of animal studies have

been inconclusive. Therefore, 1,1,1-trichloroethane cannot be classified as

to its human carcinogenicity.

Trichloroethene. The chlorinated hydrocarbon trichloroethene is used as

a solvent in many industries, as a degreasing agent in the drycleaning

industry and in the manufacture of organic chemicals. The predominant source

of trichloroethene in the environment is the result of volatilization during

its production. Trichloroethene can also be formed during the process of

water chlorination.

The principal exposure routes to trichloroethene are inhalation and

ingestion. It is readily absorbed by the skin, gastrointestinal tract, and

lungs where up to 28% of the dose may be retained. A major factor in the

toxicity of trichloroethene is its metabolic conversion to active

intermediates (2,2,3-trichloroxirane and dichloroacetic acid) that are

responsible for some of the long term effects.

Acute exposure to trichloroethene produces depression of the central

nervous system (incoordination and unconsciousness) and inhibits cardiac

function. Occupational subjection to chronic exposure levels of

trichloroethene has been reported to cause liver damage. There is no evidence

that the chemical accumulates in the body upon repeated exposure.

The carcinogenic potential of trichloroethene has been indicated in

several studies performed in rats and mice. Trichloroethene exposure resulted

in a significant increase in hepatocellar carcinomas, kidney tubular

adenocarcinomas, and pulmonary adenocarcinomas. The information on the human

carcinogenicity associated with trichloroethene exposure is limited and

inconclusive; therefore, it has been designated as a weight-of-evidence Group

B2 by the EPA.

Vinyl chloride. Vinyl chloride is used in the production of polyvinyl

chloride (PVC). The majority of the emissions of vinyl chloride to the

environment are linked to the plastic industries. There are no known natural

sources of vinyl chloride emission.

Vinyl chloride is absorbed readily after inhalation or ingestion;

however, animal data suggest that dermal absorption is minor. Acute exposure

causes central nervous system depression and the exposed individual will
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experience lightheadedness, dizziness, nausea, and a blurring of vision.

Chronic vinyl chloride exposure is known to produce a number of maladies

including a decreased number of platelets in the blood, an enlarged spleen and

decreased pulmonary function, swelling and shortening of the fingers, and

nodular growths on the bottom of the hands and forearms. Chronic exposure has

also been linked to an increased rate of birth defects. Vinyl chloride

disease has occurred in people occupationally exposed to high levels of vinyl

chloride with complications involving the liver, central nervous system, and

peripheral circulation and nerves. Vinyl chloride is acutely hepatotoxic.

The occupational exposure to vinyl chloride has also been linked to

human cancer. Its carcinogenicity is most evident by the increased incidence

of liver cancer associated with exposure to vinyl chloride. Other cancers

associated with vinyl chloride exposure include tumors of the brain, central

nervous system, the lungs and respiratory tract, the digestive tract, and the

lymphocytic/hematopoietic system. Vinyl chloride is considered a human

carcinogen and has been rated by the EPA as a weight-of-evidence Group A

carcinogen.

Xylene. Xylene is a mixture of the ortho, meta, and para isomers. The

principal uses of xylene are as a fuel additive, as a solvent, and as an

intermediate in the chemical industry.

Acute exposure to xylene has narcotic effects on the central nervous

system and may also effect the liver, kidneys, and the gastrointestinal tract.

Symptoms produced by the exposure to 200 ppm include nausea, vomiting,

abdominal pain and loss of appetite. Xylene has been reported to cross the

human placenta and may retard brain development in children. Chronic exposure

to xylene results in symptoms similar to those associated with acute exposure

but more severe. Regular exposure to high levels of xylene vapors may produce

euphoria followed by depression and characterized by paresthesia, tremors,

apprehension, impaired memory, weakness, vertigo, headache, and anorexia. Due

to the paucity of data on the carcinogenicity of xylene it is designated by

the EPA as a weight-of-evidence Group D, carcinogenicity unknown.

Estimations of Risk

Two measures are used to quantify the noncarcinogenic and carcinogenic

Ihazards associated with these contaminants of concern. Calculations of the

U.S. EPA Hazard Index (Superfund Public Health Evaluation, 1986) have been
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used to indicate the toxic potential for noncarcinogens present on the base.

Estimations of lifetime excess cancer risk have been used to indicate the

carcinogenic potential present at the site.

Noncarcinogenic Hazards. The Hazard Index is the ratio of exposure to a f
compound to the compound-specific Rfd or AIC (Equation 2). The RfD is an

estimate of a lifetime daily exposure (mg/kg/day) below which there is little

appreciable risk of deleterious effects. For chemicals that have no RfD, EPA

Acceptable Intake Chronic (AIC) values are used. These values, also expressed

as daily exposure doses (mg/kg/day), are long-term acceptable intake levels

below which ad-verse health effects are not expected. When the Hazard Index is

greater than 1, there is the potential for noncarcinogenic adverse effects to

occur.

(Equation 2) Hazard Index - Exposure Dose
RfD or AIC

Carcinogenic Risk. Carcinogenic risks are usually expressed in terms

of the probability that an individual will develop cancer from a lifetime of

exposure to a specific contaminant. This risk is termed excess because the

estimated risk is in addition to the risk of cancer presented by other

sources.

The U.S. EPA has provided quantitative estimates of the human cancer

risk for some compounds. These estimates, known as Cancer Potency Factors

(CPF), represent the 95% upper limit on the lifetime probability that the

carcinogen will cause cancer at a dose of one mg/kg/day. The potential excess

cancer risk from a lifetime of exposure can be estimated by multiplying the

CPF by the estimated daily exposurc (mg/kg/day):

(Equation 3)

Excess Cancer Risk - CPF(mg/kg/day)-' x Exposure (mg/kg/day)

The resulting value is the unitless excess cancer isk, which represents

an upper limit on the probability that cancer will occur at a rate beyond that

expected in the general population.

J-52



In general, excess cancer risks below 1 x 10-6 or 10-7 (i.e., one excess

case in one million people or one in ten million people exposed) are

considered insignificant. Under varying circumstances, regulators have found

risks in the range of 1 x 10-7 to I x 10-4 to be acceptable (see Travis and

Frey, 1988). Risk higher than 1 x 10-4 indicates a potential for

carcinogenic effects and is of concern.

Site-specific Risk Evaluations

The noncarcinogenic and carcinogenic risks posed by the contaminants of

concern at each site have been estimated using the four exposure scenarios

developed in the Exposure Characterization (see Tables 3 through 6). Not all

scenarios will be applied to each site. The worker construction scenario will

be used at all seven sites to assess potential risks to on-base workers under

future construction/excavation conditions. In addition, potential risks from

surface water contamination at Site No. 6 (the drainage ditch) will be

assessed using the maintenance worker scenario and the off-site child

scenario. Finally, the resident scenario will be used at Sites 1, 5, 8, and 9

to characterize risks that may be present if the contamination is travelling

off-base in the upper aquifer and is being utilized in off-site private wells.

This scenario will be evaluated using data from on-base samples at each of the

four sites (i.e., Sites No. 1, 5, 8, and 9).

Site No. 1. Exposure to contamination at Site No. I is likely only under

the construction worker scenario. Under this scenario, workers could be

exposed to four of the contaminants of concern (benzene, ethylbenzene,

toluene, and xylene) via inhalation or dermal absorption of contaminants in

either groundwater or subsurface soils. Estimation of possible exposures via

volatilization from groundwater assumes that 100% of the concentrations found

in groundwater will volatilize and be inhaled by the receptors. Estimation of

dermal absorption exposures assumes a 100% absorption across the skin barrier.

Table 7 presents the results of the Site No. I risk characterization for

each route of exposure under the construction worker and resident scenarios.

Evaluation of construction worker exposures to contaminated groundwater and

subsurface soil indicates a negligible probability of carcinogenic effects

(range: 1.6 x 10
-
5 to 4.8 x 10-9) resulting from either inhalation or dermal

absorption of benzene. In addition, the hazard indices for these exposure

routes are well below levels of concern (range: 5 x 10-6 to 2 x 10-2).
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Analysis of the resident scenario also shows no probability of

developing carcinogenic or noncarcinogenic effects from off-base exposure to

site groundwater. This scenario assumes that resident exposure in groundwater

equals the concentrations currently measured on site; actual exposures, and

thus, actual risks (should such off-site wells be identified) would be even

lower.

Considering the conservative assumptions used, concentrations of

contaminants of concern at Site No. 1 are not expected to adversely impact

either workers or off-base residents under the simulated conditions.

Site No. 5. Risks presented by contamination at Site No. 5, Pumphouse E,

are also evaluated using the construction worker and resident scenarios (Table

8). Benzene, ethylbenzene, toluene and xylene are the contaminants of concern

present in site groundwater. In site soils, toluene, l,l,1-trichloroethane

and xylene are the contaminants of concern. Evaluation of risks posed by

inhalation or dermal absorption of these contaminants under the construction

worker scenario again indicates no potential for adverse effects in on-base

workers.

Calculation of the hazard index for the resident scenario is well below

the acceptable level and indicates no potential for noncarcinogenic effects.

However, estimation of carcinogenic risks to off-base residents from exposure

to contaminated groundwater does indicate an excess cancer risk (2.6 x 10-4).

This risk is only slightly outside the range of acceptability. The combined

influence of regional hydrogeology, the low hydraulic conductivity and

discontinuous nature of the water table aquifer, the significant effect of

dilution on the concentration, and the distance to receptors makes the actual

probability of exposure minimal. Further, the conservative assumptions used

(in conjunction with the effects expected from distance, dilution, and

dispersion) make it most likely that any actual risks would be significantly

lower, and consequently, well within acceptable levels.

Site No. 6. Because conditions at Site No. 6, the Drainage Ditch, make

current or future exposure most probable during routine maintenance and

grounds-keeping, only the maintenance worker scenario was used to evaluate

risks to on-base workers. Risks to off-base receptors from this site were

evaluated using the child scenario since children playing in the creek off-

base are the most likely potential receptors. Contaminants of concern are
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found only in ditch surface waters and sediments. No indicator chemicals are

found in the groundwater at Site No. 6, eliminating the need to evaluate

exposures to this medium.

Contaminants of concern present in on-base and off-base surface waters

and sediments are presented in Table 9. Trichloroethene and vinyl chloride

are of concern in surface waters. On-base, sediments are contaminated with

vinyl chloride and l,l-dichloroethane. Ma4ntenance worker contact with ditch

surface water involves exposure to two carcinogens: trichloroethene and vinyl

chloride. Levels of trichloroethene contained in the surface water are

associated with a low excess cancer risk (10-6), which is not regarded as a

health concern. Risk estimates associated with dermal absorption of vinyl

chloride indicate an increased potential for excess cancer risk (2.3 x 10-3).

The actual risk incurred by ,-.,ers from exposure to vinyl chloride in

the surface water at Site No. o ; mitigated by several factors which are not

considered in the maintenarze worker scenario. This scenario assumes 100%

absorption, while in actuality vinyl chloride is poorly absorbed across the

skin. In studies using rhesus monkeys Hefner et al. (1975) determined that

less than 0.1% of vinyl chloride was dermally absorbed. Also, the very high

volatility of vinyl chloride (Henry's Law Constant - 8.19E-02 atm-m3/mol)

would reduce the actual exposure concentrations. The combined effect of the

high volatility and low dermal absorption of vinyl chloride would reduce

actual concentrations well below those used in risk calculations. However,

the influence of dermal absorption and volatility on vinyl chloride exposure

concentration has not been quantitatively determined for humans and thus

cannot be included in the calculation of risk.

In addition, concentrations of vinyl chloride appear to decrease in

downszream surface water (based on samples WS04, WSOI, and WS05; vinyl

chloride was not detected in WS05, see Plate 1 of the RIR). Exposure to the

levels of vinyl chloride assumed in the risk calculations is limited to the

headwater area of the drainage ditch. Thus, exposure to vinyl chloride may

not be occurring at a frequency or intensity that would produce carcinogenic

effects in workers who might come in contact with surface water.

Inherent in a worst-case-scenario is the over-estimation of risk due to

the use of an excessive exposure period. The period of vinyl chloride

exposure used in the maintenance worker scenario is the duration of an average

J-55



N N .) V)0 0O 0
a w wI U').

x xw w
V) 0 n'TNMMN0000 0000

wwww ww

N ) N) N N t N0

0 U0 0 0 0
L. IW a LLWIa WaaL CL n a) a)

N uO N N T.0F- F-0 X0X
I- F- W

000000 000 0000
0 www W a0 W, I WIWW'4. 000 1 UN a 00-Ll

a ... .. 0 -
-. MN - N -inNr ( f inC2O

N00 N0000 0000 0
wwwww LLW WWjWWw LL WW~Lr)DCN - 0.0m LA It 0 N N 0.0%

0 0

NNin- -- 0 000-
000 000co 0000 0o0

iwwww m I I
7

++ 1+
e0 WWUJ WWj.Ww 0 LWWw'4- 000 6 N~fW V)c 04- 000Mx ... N.... I ..

M-Cco P'in.- -N

CL 0000+ 000 0000 0000
it -3wCww NIWW Z 5- WWWWW

a: nU I z. . . .n . . . .
C~~ NN0- O- vN - . N - a% -iN

0j 0 Z 4N
0 0

5- 0
0

-US 00000 00000 0 00000000
5.F- Z ss Ii i IIIzIIIIw ZI I I+ Z50114w z 0WWWW owwww 0 owwww OZ11W+x-' 0000UV) 0000U) Z 0W00'aN 0o0O'N

-l 0Z I . . I.I w .... CD0nN

cr a -. C
0 ZiF- Of i w w

uL w l x cx

ow (X 00
>~ Ww4 -N Z N

M - L-

(k U14 Ci M C 4 CflZO 0 0 0 0 00 - - I- I-u-
co 0 r- r E5.
a. "La w al w fLu w w a. wx 0 1W l x IW wx 0 m zx 1W z 0 ) 5- 0) U 0 0 ZLaZW U, Id LVZ N IfS IF- 0 N m N zO 0 z Na: z Cr z 0- Id cl Zwww www us wmw awTC ZmZW 4 ZDW' Zi Z W ZWId Z 4Z CD WZ 4 a: W C W4- z~WZ-4 3Cq N >- :3W E N)--:) WC N >-fl :wX N >. )Wm Wr- -I of4 lx ZI4 -j. -j4 z i- x z m 44-TC wx I- 0 >- w WI- 0>- a Z - 0 - Id WI-0)Q- m~ Cw -x 0 CO Ws- X U m 0ws- x 0 MfWws- X

.1-56



1 0 0

a:Ca u

w

N D ' 1 11)

%D 0N D 0
0t 0 0 ~0 0

Lr I 1- 14 I
D.0 0 a. 0l

0 X
wj F- w

V Ln V m--o0 )
Co00 000 0000

II I I 11+ F- II II
..j WWWUJ a LUWWW j WWWW

0 V) .OQN r'. 000 D- %0 V (7%N
01~~ . ..D

coc CCN -inMN X: CO UsN-

N D D% )N
00000 0

L wII I LL W

0CE ct 00.' V X

a 0

Z c00 0000 000
0 1 1 + II I I II I1I4+
Ca 0 WWW IWWLWW 0 WUW

coo. 00 ~(CD m ) . 000

LL.

z 0000 0000 0000
I- I I IWW I- W I IWIW I

w :) w . =Ln*., Ow ..

CE 0r ar 0

0 M M M iN .inMMiN - M M M
z L C0 0 00 U, U00ODL C0 00 0

Z IW W I IWWA IOWIIIWWZII W

U, W

>- Ca W
J U, N

z4-i

W 0 -1 CC i -i
(x - : C z a:

:) Ca 0 Ca 0 Ca
U, w -: - -
0 CL r- F - Z

I w 0 xW w a IWt W k u Ca Ca Z 0 Ca z
Id w z Id U, I

-z N 0 N CD N
CE 0~ z - z X: z

0 a: c zcoz w J zCDZWw z w w.. w z -i w .jw z a: w aw z
i :) Ow N -)OW a: N > )W r N > )W
D 0W CD Z xj i I zII C zz i iJ
a: Ofz w I-o0)- z w- 0 > W W Fd- 0>

LO-- w CDW- Xm CW-X 0 w

.J-57



LfI V)U

0 0

mu m

I I I

- !.- - N --

N l ' Ur)

CL aN 9 LL
N~ C L

0-- NVMN SNN

C WWW I W WUW 0 WW W WWW4- CCC 11 Wf~0 U. WC '*"'-
-k I~ N 9-- C 0 -

UM N

wIW LWWW LL W W WW LLnVI )m0.0 U7\ u5 a)- 0.
a:N- N C) C T W0) a:F-I

I---
00N00- NN- -NN

I+m I I +IW W I w I IW C IW
111Nw 4- coC el -N- (4-0CC

MM-MN-MN -'N-

0I -N-00mt -NN (7%0) %DE. 0CC CCCC 000CCZ4 4 w w)II I * + III
0. ZD-'N- WwNCO Z N.- wmw-* N-'-Cwro NM'.- C-.-.-

C0 LoC

H r "' 00000 CJC C ; MM CC M00CC0 Cz zili ZI II 1 000i ZIUl -- ow'''w aW W .- W WCL.WlYE~0 U-CU U- ) EU 00~ o00%X CC .I. . I . I. u C0k
0L z 0. 0:MMcr . . .a. I

Lfl 10 -4Cu l

>- 0 w CW
J '-N T N
a: Uj uJw

W I-C
CPJ I- z I-

W) C F- (r 6- C r C C C

W X W 0 D a:4 I C W I
0 C UN Cc :N a: 0 T- 0

C- CL -DL
C 1: w Ge r w r C z -IL k Il z0 u fzw l'-C III m 0 Il WW z1 Z WIW C WIII I l C n70 UC N-CWU N-~ C C0L G3 -C Ccz WH) 0- W(z a: C - U C-H III- Owl- Ii (LIII U,- II l' C

ca: zm w zmz a: 1-58i

WA j II -l r I -l iII -za ~



00 %

-NC' N

U000

N
00 t0 0

i-ui I IIL
.4i aW L LL. W - XL w

0C: * U' EX0~

'C0 'C

C000 000 0000
I' lIi I II+ I- lII I

-J WWW W W .4w WWW
Di- -O0MN 'i. 000 f- .'.MN

a: -CO0 a% MN a: - M'-%

N It t D N
0 0000 0

U. w - LWWW UW

0 U ,' i .4 0 .... u* .
w N Cra CNv m m N m

Z 0 0

z -"-0 -ONO -'-0
0 000 0000 000
U I +m n+ I + I I+

0 WLLjw IWWWW 0 WWW
La- 000 E M N1 V 4 000

w ... I \ . . (
-MnN O'0'- M N -MnN

wE
LA

0
I iNTN -N-N MfNVN
0.0000 0000 0000

I -i + + ++ II II
I- w WWW -WWLW WWWWI

cl N- 000-M- *MN- _j-W 00n-
0t CO a)-N , CO-N

00

z u,

w -- Mn- z *-n

0. ZWLI 0. WW 0. ww
0 - M '0 V- uin-na).ov)U-M0V

of C , T. c

(x wi 0 w

>- u W
.4 VI N

W 0 a:
i .. -iz

Dfl -1 0 -1 0 -1
LA w C: > Cr - cc
0 (X u L) I U
0.' U-Li - 0.

x r 0 Z ECa iW w W W 0 WLw w z Ix U, x
- z U N0 L) N m u N

OH ZOZW a: zmozw .4 ZOZW
.4 'D w N >- :DW a: N >-f)W X N -) W
0 01.0 ZI.. 3I JI4. J 11.4.4 ( zm-i
X ci z WHO 0>- z WHO >- w wF H>-

H (D- OUJH'C m-- afW' 0 cWH'

J 51)



01 1*

t0 0
I41 I

aw I

m m

000

(mm

x00 0 :xo
aWL w w

0 co

I~ I I0 w w w

NO0WI 000 00 0
I+ I +

WW WWM LjM
U-N 0O uN

-1 0

I m N
U 00 0

- 0 1~wo0 4. 6-V1(-
Wm a'f

CD O6
a:E

ay 00 co 00 00 I I z .++ I IW uj a: I w w ww w w a z r.)W V

xL .4 0n
a- 0

0
0 U

Z m m a. 8m m m.00 0 -00 00w "'. 1I -0 UIII
'4 Z- OCa 000 zww win a O u. 000U. 000

a: NuV W tA N %a N'aL z L) MJ
U. W LA W
'.- u w z

in CL wNO
a: z

> - -- Iw

Sz L-j
La E ra: w wa az . -j .. i z z .i znr 0 C 0 a: cc 0 X: a(4 ) '- U W (41M' U m -. m0 F- -ZW I- -W- I- '-aI CY M wo Zu tL ow aL rowx LiO w " WI wo W-0 a W-0w - C t-a ix x aa( 0 1 ixaT Ul UWO - Z UOO Ul UOOmC 0.41 00 .4. .4.4- -T: Uz m- II =: 3T Xa0% w 0OU LilI UU U UU. .4 a: -.W cC: 1.4 1.4 J0 a: .40.4 LLt r U)- Ucc )- I E >(D (Ya - z I- Z-aa: :)w a- -Z - w -I- (40 0'- 0 :

.1-60)



~'000

w

I4 +

CL

0 0

I'I

Lo

z 
%o cc

ckI

I- 0

Wzw
a: 00V

a. II V

0 0

zz
>- u.

rji
z0
Li. - a

w xz

x - 0 U-c
w a: L

a 0 -

co (Xa EWO"

(E : w Of.

I- inC0

J-61



I
I

work life. Although this period of exposure is excessive, the actual duration

of worker contact with surface water in this area of the ditch is difficult,

if not impossible, to determine. Certainly the period of actual worker

exposure to vinyl chloride in surface water would be less than the average

work life. Therefore, the actual worker risk associated with exposure to

vinyl chloride would be less than that predicted from the exposure scenario.

The actual risk associated with dermal absorption of vinyl chloride in

surface water at Site No. 6 is less than the estimate for excess cancer risk

(2.3 x 10-3). The exposure scenario applied is mitigated by several factors

which greatly reduce the actual risk from exposure to vinyl chloride: the low

dermal absorption and high volatility of vinyl chloride, the limited area of

contamination, and the excessive exposure duration used in risk calculations.

Evaluation of the maintenance worker scenario for contact with ditch

sediments also indicates a low possibility of adverse health effects via

inhalation; contact via dermal absorption is not associated with any adverse

effects. Inhalation of suspended sediment particles is associated with a

slight increase in excess cancer risk (2.1 x 10-4) from exposure to vinyl

chloride. However, these findings must be considered in light of mitigating

site conditions. Vinyl chloride (the carcinogenic agent) was detected in only

one sediment sample. The absence of vinyl chloride in other sediment samples

and its appearance in decreasing concentrations in the surface water reduce

the likelihood that workers could contact it at a level and a frequency which

would induce adverse effects.

Evaluation of off-base risks posed by Site No. 6 is limited to the child

scenario. This scenario evaluates risks posed by dermal contact with either

ditch surface water or sediment. Regardless of the exposure route considered,

no adverse carcinogenic or noncarcinogenic effects are associated with

children playing in the ditch/creek after its exit from the base.

Site No. 7. Because of the site's location in the interior of the base

and the nature of the contaminants present, only the construction worker

scenario was evaluated for this site, the Refueling Hydrant, lateral number 3

(Table 10). Analysis of construction worker exposure to both groundwater and

subsurface soil for both inhalation and dermal absorption pathways indicates

no potential for either noncarcinogenic or carcinogenic effects.
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Site No. 8. Exposure at Site No. 8, Refueling Hydrant, lateral no. 7, is

possible under either the construction worker or off-base resident scenarios.

At this site, under either scenario, receptors could be exposed to only one

contaminant of concern (toluene, a noncarcinogen). Under the construction

worker scenario, exposure could occur via either inhalation or dermal

absorption of contaminated groundwater or surface water; under the resident

scenario, exposure could occur via ingestion, inhalation, or dermal absorption

of groundwater. Hazard indices for all routes of exposure for both scenarios

indicate no potential for adverse health effects from this site (Table 11).

Site No. 9. Exposure at Site No. 9, Refueling Hydrant, lateral no. 8,

is possible under the construction worker and off-base resident scenarios. As

with Site No. 8, exposure at this site is limited to a single compound,

toluene. Calculation of hazard indices for both worker and resident scenarios

indicates that site concentrations of toluene are not expected to produce

adverse health effects in either receptor group (Table 12).

The Southeast Corner. No contaminants of concern were detected in

environmental media at the southeast corner. Consequently, there is no

potential for carcinogenic or noncarcinogenic health effects from exposure to

contaminated media at the southeast corner.
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CONCLUSIONS

Consideration of all factors evaluated in this risk assessment generally

indicates that contamination found at Forbes Field ANGB poses little, if any,

risk of adverse health effects to either on- or off-base human receptors.

Analysis of the environmental and human exposure pathways associated with the

seven sites at the base shows that contamination is relatively localized and

is generally confined to the base itself. Although contamination does occur

in base groundwater (the most likely medium for off-base transport),

environmental conditions at the base suggest that:

1) the potential migration of contaminants in groundwater to

off-base areas appears to be confined to the unconsolidated

aquifer, and

2) the probability of contaminants migrating off-base within

the unconsolidated aquifer to an exposure point (at levels

adverse to human health) is reduced by the confining

hydrologic nature of the unconsolidated aquifer (contaminant

movement has not been evidenced by contaminated samples from

wells downgradient from the sites), the effect of dilution

on contaminant concentrations, and the absence of registered

private wells in the vicinity of the base.

In addition to confinement of base contamination and limited potential

for migration, this analysis also suggests that base conditions limit the

potential for exposure under both current and future conditions. Under these

simulations, we can conclude with a reasonable margin of safety that Sites No.

1, 7, 8, 9 and the Southeast Corner pose no adverse health effects from

current or future exposure to the pathways considered. These conclusions will

not apply to these sites if exposure occurs in a manner inconsistent with the

exposure scenarios evaluated.

Further, the risks associated with exposures to contamination at Sites

No. 5 and 6 are very likely overestimates of actual risks present. At Site

No. 5, the excess cancer risk associated with off-base ingestion and dermal

absorption of contaminated groundwater must be qualified by the following

factors:

J
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1) The excess cancer risk associated with off-base ingestion and

dermal absorption of potentially contaminated groundwater is only

slightly outside the range of acceptability.

2) There are no known off-base wells drawing from the

contaminated aquifer, thus eliminating a point of exposure.

3) Estimations of the off-base risk assume exposure at the

point of contact is equal to concentrations measured in the

groundwatur on-base. Actual exposure concentration should

be much lower, greatly reducing the risk.

4) There is no evidence that benzene is moving in the

groundwater at Site No. 5 and may, in fact, be confined on-

base due to the nature of the aquifer.

Thus, the probability of carcinogenic effects in off-base receptors from this

site is unlikely.

Risks estimated from worker exposure to contaminated surface water and

sediment at Site No. 6 are mitigated by a similar set of qualifying factors:

I) Carcinogenic effects are linked to dermal absorption of vinyl

chloride-contaminated surface water.

2) Simulation of surface water exposure assumes 100% absorption

across the skin barrier. In actuility, vinyl chloride is

poorly absorbed dermally and is highly volatile, and

exposure concentrations would, therefore, be much lower.

3) The period of actual worker exposure to vinyl chloride in surface

water would be less than the duration of the average work life

used to estimate risk.

Thus, consideration of these factors make it unlikely that significant risks

are posed by Site No. 6 to on-base workers performing routine maintenance

around the site.

Finally, estimations of exposure and risk for all sites at Forbes Field

ANGB have been made using the most cautious assumptions possible. This

conservatism makes it extremely unlikely that conditions present at the base

pose risks which exceed those estimated here and provide a more than adequate

margin of safety for concluding that contamination at Forbes Field ANGB is

unlikely to pose significant human health risks.
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