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ABSTRACT

This report presents the results of a radiological

survey of the West Lake Landfill, St. Louis County,

Missouri, performed by Radiation Management Corporation

during the spring and summer of 1981. Measurements were

made to determine external radiation levels, concentrations

of airborne contaminants and the identity and concentrations

of subsurface deposits. Results indicate that large volumes

of uranium ore residues, probably originating from the

Hazelwood, Missouri, Latty Avenue site, have been buried at

the West Lake Landfill. Two areas of contamination,

covering more than 15 acres and located at depths of up to

20 feet below the present surface, have been identified.

There is no indication that significant quantities of

contaminants are moving off-site at this time.
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I. INTRODUCTION

In August 1980, Radiation Management Corporation (RMC),

under contract to the U. S. Nuclear Regulatory Commission

(NRC), performed radiological evaluations of four burial

grounds[l]. The first of these sites selected for

evaluation was the West Lake Landfill in St. Louis County,

Missouri. An initial site visit was completed in August

1980, and a preliminary radiological survey was completed

in November 1980. The detailed radiological evaluation was

performed in the spring and summer of 1981.

The purpose of this survey was to clearly define the

radiological conditions of the West Lake Landfill site. The

results of this survey should be sufficient to allow an

engineering evaluation to be performed to determine whether

remedial actions should and can be taken.

The methods used to evaluate this site include the

following:

1) measurement of external gamma exposure

rates 1 meter above the

beta-gamma count rates

surfaces;

2) measurement of radionuclide

in surface soils;

3) measurement of radionuclide

in subsurface deposits;

4) measurement of gross

surfaces and

1 cm above

concentrations

concentrations

activity and



radionuclide concentrations in surface and

subsurface water samples;

5) measurement of radon flux emanating from

surfaces;

6) measurement of airborne radioactivity; and

7) measurement of gross activity in

vegetation.

These measurements were performed on-site using two

mobile facilities designed by RMC. A small number of

samples were returned to the RMC radiological laboratories

in Philadelphia for analysis for nuclides which could not be

detected in the field, and for quality assurance checks on

the field measurements. A set of reference background

measurements were made at three locations in the St. Louis

area, near West Lake Landfill. In addition, a series of

non-radiological measurements were performed to identify

the possible presence of toxic or hazardous agents known or

believed to have been buried at this landfill.
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II. SITE CHARACTERISTT(s

The West Lake Landfill is located on St. Charles Rock

Road just west of the Taussig Road intersection in

Bridgeton, Missouri. The site is about one (1) mile

northwest of Route 270 and approximately 1-1/2 miles east of

the Missouri River. It is located in a combined

rural-industrial area, and is bounded on three sides by farm

land and on the fourth by St. Charles Rock Road, beyond

which are located several commercial and industrial

establishments. The nearest residential area is a trailer

park located about 3/4 of a mile southeast of the landfill.

The site is approximately 200 acres and consists of a

quarry, stone and limestone processing and storage areas,

and several active and inactive landfills (Figure 1), which

are open to the public during normal working hours. West

Lake Landfill keeps track of entries for the purpose of

assessing fees for disposal; however, access is not

controlled for other reasons. Users are prohibited from

disposing of hazardous materials at this site by current

Missouri state law.

Studies indicate the landfill is on the alluvial

floodplain of the Missouri River. This fact prompted

the Missouri Geological Survey, in 1973, to propose

classification of the site as hazardous under the then

existing operating procedures. In addition, samples from

perimeter monitoring wells taken in 1977 and 1978
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indicated some movement of leachate into monitoring wells,

based on chemcial (not radiological) analyses. However,

recent studies by the Department of Natural Resources

indicate little or no surface or sub-surface movement of

materials from the site[2]. Leachate from the active

sanitary landfill is collected and treated on-site. At

this time there is no evidence of significant ground water

contamination; however, geological reports indicate a

potential for such problems.

In May 1976, the St. Louis Post-Dispatch[31 printed a

story alleging that radioactive material had been

erroneously dumped in the West Lake Landfill in 1973. The

source of this material was identified as the Cotter

Corporation, Hazelwood, Missouri, Latty Avenue Site.

An NRC investigation conducted by Region III in 1976

[4] concluded that about 7 tons of U308, contained in 8700

tons of leached barium sulfate residues, had been mixed with

about 39,000 tons of soil at Latty Avenue and the entire

volume disposed of at the West Lake Landfill. The earlier

study by the Post- Dispatch (1976) claimed only 9000 tons

(presumably the leached barium sulfate residues) had been

buried, and that the remaining material had not been

disposed of at West Lake. The Post-Dispatch alleged that

the contractor hauling the dirt had admitted falsifying

invoices for about 40,000 tons of soil. Discussions with

site personnel indicated that a large quantity of soil from

Latty Avenue had indeed been dumped at West Lake, although

4
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the exact amount was unknown.

A fly-over radiological survey (ARMS flight), performed

for the NRC in 1978, showed external radiation levels as

high as 100 uR/hr in the area indicated by West Lake

personnel as containing the Latty Avenue material. In

addition, this survey revealed another possibly contaminated

zone in a fill area previously believed to be "clean".

Figure 2 shows the results of the 1978 aerial survey.

The area in the southeast fill was believed to contain

Latty Avenue material, while that on the northeast boundary

was previously unidentified.

In addition to radioactive material, it is known that

hazardous chemical wastes have been disposed of at this

landfill. Since disposal was unregulated prior to 1973,

little is known about the actual materials present. However,

it is believed that aside from normal landfill materials,

there are chemical industrial wastes in the landfill.

Among the chemical wastes believed to be present are:

waste ink halogenated intermediates

pigments aromatics

oily sludges oils

esters wastewater sludges

alcohols heavy metals

insecticides herbicides
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III. RADIOLOGICAL U1RVEP METHODS

(A) Measurement of External Radiation Levels

The two areas of contamination were gridded and

surveyed for both gamma radiation levels at one meter above

the surface, and beta-gamma levels at the ground surface.

The basic pattern at each contaminated area was survey

blocks defined by a 10 meter grid system. External gamma

levels at one meter were recorded at each grid point (i.e.

at each intersection of two grid lines). Initially, precise

exposure rate measurements at a few specially selected grid

points were made with a sensitive Tissue Equivalent

Ionization Chamber System (described in Appendix I). At the

same time, NaI scintillation detector (described in Appendix

I) measurements were made and a conversion factor for the

NaI count rate versus uR/hr established (See Figure 1-3).

Once this factor was confirmed, the scintillation detector

was used for all grid measurements at relatively low

exposure rates. For the few higher rates encountered, a

Geiger-Mueller portable survey instrument was used.

At each grid point, an end window G-M tube (described

in Appendix I) was used for surface measurements. An open

and closed window reading was made at 1 cm, and the ratio of

the two used to indicate the presence or absence of surface

contamination.
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(B) Measurement of Surface Radioactivity

Based on the external surface measurements, surface

soil samples were collected for analysis from both

contaminated areas. These samples were collected from

locations on-site where surface deposits were indicated, as

well as locations where the drainage characteristics

indicated the possibility that radioactive materials may

have been carried or washed away from original burial

locations. The soils were dried, ground and sealed in 500 ml

aluminum cans for counting on the intrinsic germanium (IG)

gamma ray spectroscopy system (described in Appendix I).

Vegetation on-site consisted only of grass and common

weeds. Off-site, crops are grown on farm land immediately

north and west of the site. Since the possibility of

contamination exists here, crop samples were collected where

indicated by surface measurements. These samples were

dried, crushed and counted as described above.

(C) Measurements of Subsurface Radioactivity

Since it was known that most, or all, of the

radioactive materials at the West Lake Landfill have been

buried, extensive subsurface monitoring and sampling was

required. The purpose of this activity was to determine the

depth and lateral extent of subsurface contamination.

A series of holes through and bordering the

contaminated deposits were drilled and lined with 4-inch PVC

7



casing. Each hole was then scanned with a 2" by 2" NaI(TI)

scintillation detector and rate meter system.

Representative holes were then logged using an in situ

gamma measurement system consisting of an intrinsic

germanium (IG) detector coupled to a multichannel analyzer

(described in Appendix I). Field analyses were then made,

both qualitatively and quantitatively, thereby eliminating

time consuming laboratory analyses and expensive core

sampling of each hole. Measurement intervals ranged from 6"

to 24", depending upon factors such as hole depth and

activity. An occasional core sample was taken to verify the

in situ measurements and to confirm the presence or absence

of non-gamma emitting nuclides such as Th-230.

(D) Measurement of Radioactivity in Water

Whenever possible, water samples were taken from the

bore holes and two off-site monitoring wells. Samples were

also taken from standing water, run off water, and leachate

liquids. Samples were filtered, evaporated and counted for

gross activity, or were filtered and sealed in Marinelli

beakers for gamma spectroscopic analysis.

(E) Measurement of Airborne Radioactivity

Measurements were made to determine if the material

buried on-site is a source of airborne radioactivity. The

isotopes of concern are Ra-226, Ra-224 and/or Ra-223, which

decay to Rn-222, Rn-220 and Rn-219. This may result in the

8



emanation of radon from the soil, and movement of radon and

daughters off-site.

These measurements may be used to determine Rn flux

emanation as a source term for off-site dose calculations,

or as an indication of the presence of radium at or below

the surface. Additional on-site Rn daughter measurements

were made to perform working level (WL) determinations.

Radon flux measurements which are to be related to

off-site dose calculations were of no value for Rn-219, due

to its very short (4 sec) half-life. Therefore, only its

long-lived daughters are of concern for off-site exposures.

In addition, if the parent (Ra-223) is not within a few

millimeters of the surface, Rn-219 is not likely to emanate

into the atmosphere [5].

Due to these considerations, only Rn-222 and Rn-220

fluxes were measured. The principal measurement technique

was collection of a filtered gas sample from an accumulator

and subsequent counting in a radon gas analyzer (described

in Appendix 1). Sequential alpha counting, starting

immediately after sampling, allowed separation of Rn-222

from Rn-220 (if present). Repetitive samples were taken

from several locations during the survey period in an effort

to evaluate the effect of fluctuations between individual

measurements, due to varying meteorological and soil

conditions. A second method using charcoal canisters was

also employed as a check on the accumulator technique.

9



The presence of Rn-219 was determined by detection of

its daughters deposited on high volume particulate sample

filters, using gamma spectroscopy. Total Rn daughter levels

were also estimated by gross alpha activity on particulate

filters. From this, a total working level (WL)

determination was made.
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IV. SURVEiY RESULTS

(A) External Radiation Levels

Two areas of elevated external radiation levels have

been identified by this survey. Figure 3 shows the two

areas as they existed in November, 1980, at the time of the

preliminary RMC site survey. As can be seen, both areas

contained locations where levels exceeded 100 uR/hr at 1

meter, and in Area 2, gamma levels as high as 3-4 mR/hr were

detected. The total areas exceeding 20 uR/hr were about 3

acres in Area 1 and 9 acres in Area 2.

External gamma levels measured in May and July of 1981

are shown in Figure 4. These levels had decreased

significantly, especially in Area 1, due to continuing

activities at the landfill. In both cases, contaminated

areas were covered with additional fill material. RMC

estimates -that about 4 feet of sanitary fill was added to

the entire area denoted as Area 1, and that an equal amount

of construction fill was added to most of Area 2. As a

result, only a small region of a few hundred square meters

in Area 1 exceeds 20 uR/hr. In Area 2, the total area

exceeding 20 uR/hr decreased by about 10%, and the highest

levels are now about 1600 uR/hr, near the Shuman building.

Both areas were marked off in a 10 m by 10 m grid, based

on a north-south line erected from a boundary marker, as

laid out by a surveying team, as a reference line. Grid

11



designations are shown in Figures 5 and 6. At each grid

point, external gamma levels at 1 m, and beta-gamma count

rates at 1 cm, were measured. Results of these measurements

are given in Tables 1 and 2.

Beta-gamma measurements at 1 cm from the surface are

given in count rates, rather than dose rates, due to the

difficulty in measuring beta dose rates accurately with end

window G-M tubes. Large differences between open- and

closed-window readings indicate the possibility of surface

contamination. Little surface contamination was found in

Area 1, as would be expected due to fresh land fill cover

over nearly the entire area.

Several isolated spots of surface contamination in Area

2 were indicated by beta-gamma measurements, and later

confirmed by surface soil sampling. These spots are

generally located near the northwest edge of Area 2, which

includes the berm that bounds the landfill at that point.

Some erosion and run-off is evident along the top of the

fill, apparently uncovering deposits of radioactive material

in the process. Thus far, fresh construction fill has not

been added here, due to the inaccessibility of these spots.

A second region of surface contamination is found just

north of the Shuman building. It is not clear why material

appears on the surface here, except that it is possible that

some digging or excavation has occurred here in the past.
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(B) Surface Soil Analyses

A total of 61 surface soil samples were gathered and

analyzed on-site for gamma activity. Samples were normally

stored 10 to 14 days to allow ingrowth of radium daughters.

Concentrations of U-238, Ra-226 (from PB-214 and Bi-214),

Ra-223, Pb-211 and Pb-212 were determined for each sample.

Locations of surface soil samples are shown in Figures 7 and

8, and the results in Table 3.

In all soil samples nothing other than uranium and/or

thorium decay chain nuclides and K-40 was detected. Off-site

background samples were on the order of 2 pCi/g for Ra-226.

On-site samples ranged from about 1 to 21,000 pCi/g Ra-226,

and from less than 10 to 2,100 pCi/g U-238. In those cases

where elevated levels of Ra-226 were detected, the

concentrations of U-238 were generally anywhere from a

factor of 2 to 10 lower. In cases of elevated sample

activity, daughter products of both U-238 and U-235 were

found.

In general, surface activity was limited to Area 2, as

indicated by the surface beta-gamma measurements. Only two

small regions in Area 1 showed contamination, both located

near the access road across from the site offices.

In addition to on-site gamma analyses, a set of 12

samples were submitted to the RMC radiochemical laboratories

for thorium and uranium radiochemical determinations. The

13



results of these measurements are shown in Table 4. They

show that all samples contain high levels of Th-230. The

ratio of Th-230 to Ra-226 (Bi-214) is about 20, which

indicates an "enrichment" of thorium in these residues, as

discussed in Section V.

(C) Subsurface Soil Analysis

Subsurface contamination was assessed by extensive

"logging" of holes drilled through the landfill at locations

known or thought to contain radioactive materials. Several

holes were drilled in areas known to contain contamination,

then additional holes were drilled outward in all directions

until no further contamination was encountered. A total of

43 holes were drilled, (11 in Area 1 and 32 in Area 2),

including 2 off-site water monitoring wells. All holes were

drilled with a 6-inch auger and lined with 4-inch PVC

casing. The location of these auger holes is shown in

Figures 9 and 10.

Each hole was scanned with a 2-inch by 2-inch NaI(TI)

detector and rate meter system for an initial indication of

the location of subsurface contamination. Based on the

initial scans, certain holes were selected for detailed

gamma logging using the IG detector and MCA. A total of 19

holes were logged in this manner.

The results of the NaI(TI) counts and IG analyses are

shown in Table 5. Concentrations of Bi-214, as determined

14



by the IG system, ranged from less than 1 to 19,000 pCi/g.

For those holes where both NaI(Tl) and IG counts were made,

a good correlation between gross NaI(Tl) counts and Ra-226

concentrations, as determined by in situ analysis of the

daughter Bi-214 by the IG system, was found. Figure 11 is a

plot of NaI(Tl) count rate versus IG determination of

Ra-226, and shows a nearly linear relationship between the

two at concentrations near the action criteria. The

conclusion is that the NaI(Tl) data is a good estimation of

the Ra-226 concentration in soil, so long as the

radionuclide mix is reasonably constant. In the case of

West Lake Landfill, this has been shown to be the case.

It was determined that the subsurface deposits extended

beyond areas where surface radiation measurements exceeded

action criteria. Figures 12 and 13 show the approximate

area of subsurface contamination versus the area of elevated

surface radiation levels. The total difference in areas is

on the order of 5 acres.

The variations of contamination with depth are shown in

Figure 14. As can be seen, the surface elevations vary by

about 20 feet, with the highest elevations at locations of

fresh fill. Contamination (> 5 pCi/g Ra-226) is found to

extend from the surface, in several areas, to a depth of

about 20 feet below surface, in two cases. In general, the

subsurface contamination appears to be a continuous single

layer, ranging from two to fifteen feet thick, located

15



between elevations of 455 feet and 480 feet and covering

16 acres total area.

In Figures 15-19, representations of the subsurface

deposits are provided based on auger hole measurements.

These representations are consistent with the operating

history of the site, which suggests that the contaminated

material was moved onto the site within a few days' time,

and spread as cover over fill material. Thus, one would

expect a fairly continuous, thin layer of contamination, as

indicated by survey results.

(D) Water Analyses

A total of 37 water samples were taken during this

survey, 4 in the fall of 1980, and the remainder in the

spring and summer of 1981. Results of water analyses are

shown in Table 6.

None of the sample alpha activities exceeded the MPC for

Ra-226 (the most restrictive nuclide present) in water for

unrestricted areas. Only one sample exceeded the EPA gross

alpha activity guidelines for drinking water and that was a

sample of standing water near the Shuman building. Several

samples, including all the leachate treatment plant samples,

exceeded the EPA gross beta drinking water standards.

Subsequent isotopic analyses indicated that all the beta

activity can be attributed to K-40. None of the off-site

samples exceeded either EPA standard.
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(E) Airborne Radioactivity Analyses

Both gaseous and particulate airborne radioactivity

were sampled and analyzed during this study. Since it was

known that the buried material consisted partially or

totally of uranium ore residues, the sampling program

concentrated on measuring radon and daughters in the air.

Two methods were used: the first was a scintillation flask

method for radon gas and the second was analysis of filter

paper activity for particulate daughters.

A series of grab samples using the accumulator method

(described in Appendix I) were taken between May and August

of 1981. A total of 111 samples from 32 locations were

collected. Results can be found in Table 7. Radon flux

levels ranged from 0.2 pCi/sq.m-s in low background areas to

868 pCi/sq.m-s in areas of surface contamination.

At three locations, repetitive measurements were made

over a period of two months. These results are plotted in

Figure 20. As can be seen, significant fluctuations were

observed at two locations. The fact that these fluctuations

were real and not measurement artifacts was later confirmed

by duplicate charcoal canister samples, as described below.

A total of 35 charcoal canister samples were gathered

at 19 locations over a three month period. The results are

listed in Table 8, and show levels ranging from 0.3

pCi/sq.m-s to 613 pCi/sq.m-s. On 24 different occasions,
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the charcoal canisters and accumulator were placed in

essentially the same locations, at the same time, for

duplicate sampling. The results of this side-by-side study

are presented in Table 9, and show generally good

correlation between the two methods.

A set of 10 minute high volume particulate air samples

were taken to determine both short-,lived radon daughter

concentrations and long-lived gross alpha activity. Sample

results are shown in Table 10. The highest levels were

detected in November, 1980, near and inside the Shuman

building. Only these two samples exceed MPC for radon

daughters for unrestricted areas.

In addition to the routine 10 minute samples, five 20

minute high volume air samples were taken and counted

immediately on the IG gamma spectroscopy system. The

purpose of these analyses was to detect the presence of

Rn-219 daughters. All samples were taken near surface

contamination and are listed in Table 11. In addition to

Rn-222 daughter gamma activities, Rn-219 daughters were

detected by measuring the low abundance gamma rays of

Pb-211. Concentrations of Rn-219 daughters ranged from

6E-11 uCi/cc to 9E-10 uCi/cc.

(F) Vegetation Analysis

Vegetation samples included weed samples from on-site

locations and farm crop samples (winter wheat) from the

18



northwest boundary of the landfill. This location was

chosen due to possible run off from the fill into the farm

field. No elevated activities were found in these samples.

(G) Non-Radiological Analysis

Six composite samples were submitted to the RMC

Environmental Chemistry Laboratory for priority pollutant

analysis. Five samples were taken from auger holes (one

from Area 1 and four from Area 2) and the sixth from the

West Lake leachate treatment plant sludge. The results,

shown in Table 12, indicate a significant presence of

organic solvents in Area 2 samples. The results of the

leachate sludge analysis were not as high as any of the soil

samples.

A chemical analysis of radioactive material from both

areas was also performed by RMC labs and reported in Table

13. Results show elevated levels of barium and lead in most

cases.

(H) Background Measurements and Remedial Action Criteria

Various off-site locations were selected for reference

background measurements. The results of these measurements

are summarized in Table 14, and can be compared with the

established NRC target criteria for remedial action, for

this project, shown in Table 15.
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V. CONCLUSIONS

Based on survey results, it is evident that the West

Lake Landfill contains two areas of surface and/or

subsurface contamination. These deposits yield detectable

external radiation levels in both areas. However, only an

area of less than 0.1 acre in Area 1 exceeds 20 uR/hr,

while about 8 acres in Area 2 exceeds the 20 uR/hr criteria.

The highest reading detected in the most recent survey was

1.6 mR/hr in Area 2, near the Shuman Building.

Analyses of soil samples from both areas, as well as

in situ measurements, show that the contaminants present at

West Lake consist of uranium and uranium daughters.

Chemical analyses reveal high concentrations of barium and

sulfates in the radioactive deposits. These results tend to

confirm the reports that this contaminated material is

uranium and uranium ore, contained in leached barium sulfate

residues, and presumably transferred from the Latty Avenue

Site in Hazelwood, Missouri.

Analysis of soils also shows a high Th-230 to Ra-226

ratio. Since the target criteria for Ra-226 is the most

restrictive of those contaminants present, it has been

assumed that Ra-226 would be the controlling radionuclide

for remedial action determinations. However, since Th-230

levels may be from 5 to 50 times higher than Ra-226

concentrations, this assumption may be erroneous. It is

likely that high concentrations of thorium resulted from
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separation of both uranium and radium from the ores, thus

"depleting" the ores of uranium and radium, or, "enriching"

the residues in thorium. This "enrichment" would also be

evident in the U-235 chain, despite the short half-lives of

Th-227 and Th-231, since the long-lived Pa-231 would remain

in the residues. The concentrations of Pa-231, inferred from

Ra-223 determinations, are also shown to be high.

Auger hole measurements show that nearly all the

contamination present is located below the landfill

surface,although a few locations near the northwest berm in

Area 2 show surface, or near surface, deposits. These

deposits range from 2 to 15 feet in thickness, and appear to

form a contiguous layer covering an area of about 14 acres

(68,000 sq.yd.) in Area 2 and about 2 acres (10,000

sq.yd.)in Area 1. If an average thickness of 2 yards is

assumed, the estimated total volume is 150,000 cu.yd., which

corresponds to roughly 170,000 tons of soil. This implies

that if the source of contamination was the Latty Avenue

material, the original volume of 40,000 tons has been

diluted by a factor of about 4, which is not unexpected,

with the continual movement and spreading of materials

during fill operations.

As discussed previously, the auger hole measurements

detected deposits exceeding 5 pCi/g Ra-226 within a few feet

of the surface, in areas where surface external radiation

levels were indistinguishable from normal background levels.
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These results confirm suspected difficulties in detecting

buried materials with surface measurements, even when using

relatively sensitive portable survey instruments.

At no time has radioactivity in off-site water samples

been above any applicable guidelines. These results

indicate that the buried ore residues are probably not

soluble and are not moving off-site via ground water. On-

site samples have shown some gross beta activity above EPA

drinking water guidelines (attributable to K-40); however,

gross alpha and Ra-226 levels are within limits. The

absence of significant contamination in the leachate liquid

or sludge is consistent with the implication that the buried

material is not moving through the landfill.

As would be expected, radon flux emanation rates were

highest at locations of surface, or near surface,

contamination. At locations where the material is covered

by several feet of fill, flux levels are near background

rates.

Particulate air samples established indicated the

presence of Rn-222 and Rn-219 daughters near the locations

of surface deposits. However, concentrations are very low,

and do not exceed allowable levels for unrestricted areas,

except in one location. In general, cover of a few feet of

fill reduces airborne concentrations to near background

levels.
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The fact that West Lake is an active landfill presents

several serious problems for performing radiological

assessments and remedial actions. In the first place, as

the landfill conditions change, so do the surface

radiological characteristics. These changes were evident in

the reduction of radiation levels in Area 1 between November

1980, and May 1981. It is possible that future landfill

activities will obscure all detectable surface radiation

levels at the site.
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Figure 1. Aerial view of West Lake Landfill, St. Louis County, Missouri
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Figure 5. Grid locations for radiological survey, Area 1.
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Figure 7. Location of surface soil samples, Area 1.
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sectional areas shown in Figures 15 and 16.
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Figure 12. Location of subsurface contamination and surface radiation levels, Area 1.
The shaded area shows a lateral contour for 5pCi/g Ra-226, regardless of
depth. The cross hatched area shows the surface locations which exceed
20uR/hr at 1 meter.



0 00 0 0 0 0 0 0 0 0 0 0 0 0
4 UO U - . ,, . Z 0I I ~•,- I II I I I I

0 0 0 0 0 0 0 0 0 0
ILO -fi > 3 .-111I11111

0 0
1. gP

0 0 00000 0 00 0 0 0 0
K U I C 1

0 0 000
31• P

0B

OC

0D

OE

OF

OG

ON

000 "00 I !

.ý 00 -- _

- - - . x: ,

o0

0J-
OK

OM

ON

00-

OP

00

Os

OS

0u -

0vU

OV

OW

OX

02
0. -

O -O"

Oa

Oc-

Od
.0..

00 -

Os

]

7 ...

-.. . . . . . . ' l I

I / N

•'• : ,,. i i i i i i i / i i i i i i I I i"• I S
P'/r•1 4 I IIII III IN

/ I['11 -,/

1/1v/XZxz "I,

4

LA

;1"

.I//• .... ... .

I I I

I I I Ii II
1// I I I I .I L'

f-I-I-I- * ,11lt1~t

El

j
vi-

- > 20pR/hr at1 meter i

- > 5pCi/g Ra-226
subsurface deposits

. . . . . . . . . .

I IL . . . . . . . . . .

l-t11 N'I Ial..4 LI II I I I
1 :t 

:r I •q..l.I.I...II I I I IJ~"'*I ~F I I I I I I I II I I
I I I I I I *f I..,'I I I I I +-+-t----1-----t-t----1-I--t-¶ I,:

I I I I 'I I I I I I I I I I I I I I I r

Figure 13. Location of subsurface contamination and surface radiation level, Area 2.
The shaded area shows a lateral contour for 5pCi/g Ra-226, regardless of
depth. The cross hatched area shows the surface location which exceeds
20uR/hr at 1 meter.
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Figure 17. Cross section C-C (from Figure 10) showing subsurface deposits in Area 2.
Blackened areas indicate the estimated location of contamination exceeding
5pCi/g Ra-226, based on surface and auger hole measurements.

-e



I--- 100'---o-j

t>5pCi/g
Ra -226

D D
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Table 1

Gamma Radiation Levels and Beta-Gamma
Count Rates at Grid Locations in Area 1

Grid
Location

GO0E
HOE
IGOE
JO0E
K00E
LO0E
MOOE
NO0E
POOH
POOI
Q00I
POOJ
Q00J
P00K
Q00K
COOF
DOOF
EOOF
FOOF
GOOF
HOOF
IOOF
JOOF
KOOF
LOOF
MOOF
NOOF
O00F
EO0G
FOOG
GO0G
HOOG
IOOG
JOOG
KOOG
LOOG
MOOG
NO00G
OOOG
EOOH
FOOH
GOOH
HOOH
IOOH

NaI
Count Rate

(c/min)

1000
900

1200
800
800

1200
800
760

1100
1200
1000
1100
1200
1100
1200
900
900

1100
1200

900
1000
1200
2000
2700
2100
1500
1000

800
1100
1000

900
1000
1200
1000
1600
1300
2200
1300

1100
900

1100
1200
1000

Exposure
Rate

(uR/hr)

10
9

11
8
8

11
8
7

10
11
10
10
11
10
11

9
9

10
11

9
10
11
16
20
17
12
10

8
10
10

9
10
11
10
13
11
17
11

10
9

10
11
10

Beta-Gamma Count
Rate w/window

(c/min)

30
60
30
40
20
20
40
40
50
40
50
50
40
40
30
40
30
40
30
40
40
40
40
50
40
60
40
30
20
30
40
20
30
30
60
40
60
30
50
40
30
30
50
40

40
50
50
40
30
30
40
30
50
30
50
50
60
30
50
50
40
50
40
40
40
40
50
50
60
60
60
30
30
60
40
40
30
40
70
50
50
40
40
40
30
50
40
50

Beta-Gamma Count
Rate w/o window

(c/min)
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Table 1, cont.

Grid
Location

JOOH
KOOH
LO0H
MOOH
NOOH
O00H
EOOI
FOOI
GOQI
HOOI
I00I
J00I
KOQI
LOOI
MOOI
NO0I
000I
EO0J
FOOJ
GOOJ
HOOJ
I0OJ
J00J
KOOJ
LO0J
MOOJ
NOOJ
000J
EOOK
FOOK
GOOK
HOOK
IOOK
JOOK
KOOK
LOOK
MOOK
NOOK
O00K
EO0L
FOOL
GO0L
HOOL
I00L
JO0L
KOOL
LO0L

NaI
Count Rate

(c/min)

1000
1000
1100
1200
1500

1000
1000

800
1000
1100
1000
900

1000
900

1100
1100
1100
1200
1300
1200
1100
1000
1100
1000
1200

900
900

1000
900

1000
1100
800
900
900

1000
900
800
900
800

1000
900
9oo

1000
1000
1000
900

Exposure
Rate

(uR/hr)

10
10

11
12

10
10

8
10
10
10

9
10

9
10
10
10
10

10
10

10

11
9
9

10
.9

10
10
8
9
9
10
9
8
9
8

10
9
9

10
10
10
9

Beta-Gamma Count
Rate w/window

(c/min)

50
20
20
50
50
40
40
30
30
50
30
30
30
30
40
40
30
40
30
50
50
50
30
40
40
50
40
40
50
40
50
50
50
40
40
30
30
30
40
40
50
40
40
50
50
50
20

Beta-Gamma Count
Rate w/o window

(c/min)

40
50
50
40
80
40
30
40
30
40
60
40
40
40
40
40
50
60
40
40
50
50
30
40
50
40
30
40
50
50
50
60
50
40
40
30
60
40
40
60
50
40
60
50
60
50
30
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Table 1, cont.

Grid
Location

MOOL
NOO0L
O000L

HOOM
HOOMJ00M

KOOM
LOOM
MO0M
NO OM
00CM
FOON
GO ON
HOON
IOON
JOON
KOON
LOON
MOON
GO 00
HO 00
1000
J00N
KOON

NaI
Count Rate

(c/min)

1100
100-0

900
900

1100
1000
1000

800
1000
1100
1000
1000
1000

900
1000
1100

900
900
800
900

1100
1000
1100
1000
1200
1000

Exposure
Rate

(UR/hr)

Beta-Gamma Count
Rate w/window

(c/min)

Beta-Gamma Count
Rate w/o window

(c/min)

10
10

9
7
10
10
10

8
10
10
10
10
10

9
10
10

9
9
8
9

10
10
10
10
11
10

30
50
20
30
20
30
40
30
40
40
30
30
30
30
30
30
40
40
40
40
30
40
20
20
30
40

40
40
40
40
30
40
50
40
40
30
30
50
40
50
30
30
30
50
60
30
30
60
30
30
40
50
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Table 2

Gamma Radiation Levels and Beta-Gamma
Count Rates at Grid Locations in Area 2

Grid
Location

NaI
Count Rate

(c/min)

Exposure
Rate

(uR/hr)

BOOF
COOE
COOF
COOG
DOO0B
DOOC
DOOD
DOOE
DOOF
DOOG
DOOH
DOOI
DOOJ
EOOA
EQOB
EOO0C
EOOD
EOOE
EOO0F
EOO0G
EO OH
EOOI
EOO0J
FOOA
FOOB
FOOC
FOOD
FOOE
FOOF
FOOG
FOOH
FOOI
FOOJ
GOOA
GOO0B
GOO0C
GOOD
GOO0E
GOOF
GOO0G
GOOH
GO 01
GOO0J
HOOA

600
600
600
700
800
800
700
500
600
700
800
700

1100
500
800
800
700
700
500
500
800
700
900
800
900
800
900

1000
500
800
700
800
800
800
900
800
900
700

1000
1000

800
800
800
800

10
10
10
11
12
12
11
9

10
11
12
11
15
9

12
12
11
11
9
9

12
11
13
12
13
12
13
14
9

12
11
12
12
12
13
12
13
11
14
14
12
12
12
12

Beta-Gamma Count
Rate w/window

(c/min)

40
20
20
30

20
20
20
30
50
30
30

30
20
30
30
30
30

40
30
30
30
40
50
30
30

30
40
30
30
40
30
30
20

Beta-Gamma Count
Rate w/o window

(c/min)

40
20
30
40

40
20
20
50
50
50
40

30
20
30
40
30
30

40
30
40
30
40
50
40
30

40
40
40
40
40
40
30
40
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Table 2, cont.

NaI Exposure Beta-Gamma Count Beta-Gamma Count
Grid Count Rate Rate Rate w/window Rate w/o window

Location (c/min) (uR/hr) (c/min) (c/min)
-------------- ---------- -------- ---------------- ----------------

HOOB 800 12 - -
HOOC 800 12 30 30
HOOD 1000 14 30 40
HOOE 900 13 40 40
HOOF 800 12 30 30
HOOG 800 12 30 40
HOOH 700 11 30 30
HOOI 600 10 30 30
HOOJ 900 13 30 30
HOOK 800 12 40 60
HOOL 800 12 30 50
IOOA 900 13 - -
IOOB 1000 14 - -
I00C 1000 14 30 30
IOOD 900 13 40 40
IOOE 800 12 40 40
IOOF 800 12 20 40
IOOG 900 13 30 40
IOOH 800 12 30 30
1001 600 10 40 40
IOOJ 900 13 40 40
IOOK 900 13 40 60
IOOL 1100 15 40 80
JOOA 900 13 - -
JOOB 800 12
J00C 900 13 - -
JOOD 1000 14 30 50
JOOE 900 13 40 40
JOOF 1200 16 30 40
JOOG 1000 14 40 40
JOOH 800 12 40 40
J00I 600 10 40 50
JOOJ 900 13 30 30
JOOK 900 13 40 40
JOOL 600 10 30 30
KOOB 1000 14 - -
KOOC 1100 15 - -
KOOD 1200 16 40 50
KOOE 1100 15 40 60
KOOF 2000 23 30 40
KOOG 1400 18 40 40
KOOH 1000 14 40 40
KOOI 1000 14 40 60
KOOJ 800 12 20 30
KOOK 800 12 30 30
KOOL 800 12 20 40
LOOB 1000 14
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Table 2, cont.

Grid
Location

LO0C
LOOD
LO0E
LOOF

* LOOG
LOOH
LOOI
LO0J
LOOK
LO0L

* L73E
MO B
MO0C
MOOD
MOOE
MOOF
MO0G
MOOH
MOOI
MOOJ
MOOK
MOOL
NO0B
NO0C
NOOD
NO0E
NOOF
NO0G
NOOH
NOOI
NOOJ
NOOK
NO0L
000C
QOOD
O00E
O00F
O00G
O00H
000I

* 0003
O00K
O00L
POOD
POOE
POOF
P00G

NaI
Count Rate

(c/min)

Exposure
Rate

(uR/hr)

Beta-Gamma Count
Rate w/window

(c/min)

Beta-Gamma Count
Rate w/o window

(c/min)

1100
1800
2600
2500

>50000
7000
2300
1300
2100
700

>50000
1100
1500
1900
3700
8000
3600
5000
7000
1800

900
900

1200
1300
1600
2000
3300
1000
1000

47000
2300
1000

900
1200
1100
1400
1400

900
1000

900
>50000

1500
600

1100
1200
1000
1000

15
21
27
27

640
55
25
17
24
11

400
15
19
22
35
60
35
44
55
21
13
13
16
17
20
23
32
14
14

210
25
14
13
16
15
18
18
13
14
13

840
19
10
15
16
14
14

50
40

940
2100

70
140

40
50
40

80
80
50
40
80
60
30
30

30
40

680
30
40
30

50
40
40
20

4800
50
20

40
30

50
40

1000
2200

120
140
80
50
60

80
90
50
50
90
70
40
60

40
50

1020
30
50
50

60
40
50
40

5200
50
20

60
50

49



Table 2, cont.

Grid
Location

POOH
POOI
P00J
P00K
POOL
POOM
POON
Q00E
Q00F
QO0G
Q00H
Q00I
Q00J
Q00K
Q00L
QOOM
Q00N
ROOF
RO0G
RO0H
ROOI
RO0J
ROOK
RO0L
ROOM
ROON
R000
SO0G
SOOH
SOOI
SOOJ
S00K
SOOL
SOOM
SOOiN
S000
SOOP
TOOG
TOOH
TOOI
TOOJ
TOOK
TOOL
TOOM
TOON
TOOO
TOOP

NaI
Count Rate

(c/min)

1100
1000
1000

20000
3300
500
500

1000
900

1000
1000

800
800
800

1200
1300

600
1000
900
900

1000
800
900

1000
700
700
600
800
900
900

1000
900

1200
6000

500
2300

800
800

1100
1000

900
1000
1000
1600
2500
3100

16000

Exposure
Rate

(uR/hr)

14
14
14

115
32

9
9

14
13
14
14
12
12
12
16
17
10
14
13
13
14
12
13
14
11
11
10
12
13
13
14
13
16
48

9
25
12
12
15
14
13
14
14
20
27
31
98

Beta-Gamma Count
Rate w/window

(c/min)

30
50

400
240
130

30
30
30
30
30
40
70
20

40
30
40
40
60
40
40
20

30
40
50
40
40
80
30
90
30

30
30
40
60

180
70

600

Beta-Gamma Count
Rate w/o window

(c/min)

50
60
50

300
130

40
40
60
40
40
40
70
40

40
30
40
40
60
40
50
30

60
50
60
40
40
80
30
90
40

50
40
40
70

200
70

700

50



Table 2, cont.

Grid
Location

TOOQ
TOOR
TOOS
UOOH
U00I
U00J
UOOK
UO0L
UMOM
U0ON
U000

* UOOP
UO0Q
UOOR
UooS
V00J
VOOK
VO0L
VOOM
VOON
V000
Vo op
V00Q
VOOR
VOOS
WOOK
WOOL
WOOM
WOON
WOO0
WooP
WOO0
WOOR
WOOS
XOOK
XOOL
XOOM
XOON
xooo
X00P
XOOQ

* XOOR
XOOS
Y0OI
YO0J
YOOK
YOOL

NaI
Count Rate

(c/min)

Exposure
Rate

(uR/hr)

Beta-Gamma Count
Rate w/window

(c/min)

Beta-Gamma Count
Rate w/o window

(c/min)

1500
500
700
700
900
800
700
900

1000
2800
3500

>50000
35000

1500
1000

800
900

1000
900
900

13000
4700

12000
5000

700
800
800
800
900

1000
2100

40000
20000

1100
900

1100
1100
1000
1100
4000

12000
>50000

1500
1000
1300
1600
1600

19
9

11

13
12
11
13
14
29
34

450
170

19
14
12
13
14
13
13
85
42
80
44
11
12
12
12
13
14

120
190
115

15
13
15
15
14
15
37
80

740
19
14
17
20
20

30
30

40
50
40

100
20

1300
400

40

40
50
40
40

500
70

170
100

30
30
40
50

600
900
140

40
40
30

120
300

1900

40
40

50
50
50

140
80

1500
720

40

40
50
40
40

500
70

190
100

30
30
50
50

800
1100

170

40
40
50

160
400

2000

51



Table 2, cont.

Grid
Location

YOOM
YOON
Y000
Y0OP
YOOQ
YO0R
Y00S
ZOO0
ZO0J
ZOOK
ZOOL
ZooM
ZOON
Z000
ZOOP
ZOOQ
ZOOR
zoos
aOOI
aOOJ
aOOK
aOOL
aO M
a0ON
aOOO
aOOP
a00Q
aOOR
aOOS
bOOI
bOOJ
bOOP
bOOQ
bOOR
bOOS
cOON
cO00
cOOP
cOOQ
cOOR
cOOS
dOOO
dOOP
dOOQ
dOOR
dOOS
dOOT

NaI
Count Rate

(c/min)

1100
3000
1700
2100
9000

40000
3600
800

1000
1800
3200
3700
5000
3300
1900
2400

12000
2600

900
900

1300
1800
1900
1200
1300
1000
2200
2300
2600
900
900
800
700

2400
2400

700
700

1000
1300
1900
1800
1400

2000
2000

900

Exposure
Rate

(uR/hr)

15
30
20
24
66

190
35
10
14
21
32
35
44
32
22
26
80
27
13
13
17
21
22
16
17
14
24
25
27
13
13
12
11
26
26
11
11
14
17
22
21
18

23
23
13

Beta-Gamma Count
Rate w/window

(c/min)

40
30
40
40

200
1000

40
40
70
80

120
110

80
50
50

300

40
20
50
60

120
90
40
20
60
70

40
30
60

40
50
60
50

40
30
30
60

Beta-Gamma Count
Rate w/o window

(c/min)

40
50
50
60

280
1400

40
50
90
80

150
130
120

60
60

380

50
40
90
80

140
100

40
30
60

100

50
70
90

40
50
80
80

60
50
60
70

52



Table 2, cont.

Grid
Location

d0OU
dOOV
dooW
dOOX
eOOL
eOOO
e950
eOOP
e95Q
e95R
e95S
e95T
e95U
e95V
e95W
e95X
e95Y
e95Z
eO a
fOOK
fOOL
f000
f57Q
fOOR
fOOS
fOOT
fOOU
fOOV
foow
fOOX
fOOY
fooz
fOOa
fOOM
gOOK
gOOL
gooM
gOOO
gooP
gOOQ
gOOR
gOOS
gOOT
gOOU
gOOV
g0OW
gOOX

NaI
Count Rate

(c/min)

1800
2200
2500

700
600

1700
1000

1000
1300
1800
2500
3500
3400
4000
3000
1500
1700
2300

600
700

1100
3400
2700
2700
4500
6000

50000
6000
6000
1500
1000
1000

700
600
600

2000
2000
3300

21000
8000
6000

15000
11000

7000
2500

Exposure
Rate

(uR/hr)

Beta-Gamma Count
R ate w/window

(c/min)

21
24
27
11
10
14
14

14
17
21
27
34
33
37
30
19
20
25
10
11
15
33
28
28
41
50

230
50
50
19
14
14

10
10
10
2323
32

120
62
50
95
77
56
27

50
100

30
70

70
40
40

100
120
100

50
70
90
60
50
40

60

1060
120
100

50
40
30
60
50
80
60
80
50
70

300

180
110

50

Beta-Gamma Count
Rate w/o window

(c/min)

50
100

30
70

100
40
80

100
140
100

60
80

100
60
80
60

60

1080
140
100

60
40
50
60
50
90
90

110
90

100
420

260
140

60

53



Table 2, cont.

Grid
Location

gO0Y
gOOZ
gOOa
hOOK
hO0L
hO0M
hOON
hO00
hOOP

* hOOQ
hOOR
hOOS
hO T
hOOU
hO0V
hOOW
hOOX
hOOY
hOOZ
hO0a
h7 2P
iOOK
iOOL
i0OM
iOON
iOOO

* i0oP
* iOOQ

iOOR
iOOS
iOOT
iOOU
i0ov
iOOW
iOOX
iOOY
ioow
j 00K

jOOL

jOONj000

j00SjOOQ
j OOR
jOOS
jOOT
j0OU

NaI
Count Rate

(c/min)

Exposure
Rate

(uR/hr)

Beta-Gamma Count
Rate w/window

(c/min)

Beta-Gamma Count
Rate w/o window

(c/min)

2200
1500
1000

700
800
900

1000
3100

17000
>50000

27000
45000

4000
6500

10000
3800
1000
1800
700
700

800
900

1700
8000

36000
>50000
>50000

30000
800

1600
3000
2200
1400
1000
1500
800
900

2000
6000

10000
20000
16000
21000

1900
1200
1000

24
19
14
11
12
13
14
31

105
1050

140
205

37
52
72
36
14
21
11
11

12
13
20
60

175
1600
1170

155
60
20
30
24
18
14
19
12
13
23
49
70

115
98

120
22
16
14

90
50
30
30
70
70

70
180

4200
560
900
150
170
240
200

60
50
20
40

8000
40
60
90

110
1000
7200
2800

900
180

40
130

40
40
70
60
60
90

130
130
400
410
560

70
50
60

120
70
30
30
70
80

70
280

4200
660

1080
150
190
250
300

80
50
30
40

9400
50
60

110
110

1100
8400
3600
1120

300
40

180

60
60
70
60
80
90

160
180
420
500
700

90
60
60

54



Table 2, cont.

Grid
Location

joovj 00W
joox
jooy
kOOL
kOOM
kOON
kO00
k00P
k00Q
k00R
kOOS
kOOT
kOOU
kOOV
k00W
kOOX
kOOY

IOOM

100L

loom

10ON
1000

looR

100Q
100R
lOOS
kOOT
10Ou

kOOV

100W

kOOX
kOOY
mOOL

m000

looP
l00Q

100R

l00S

NaI
Count Rate

(c/min)

1800
1200
1000
1100
1000
1100
1000
1000
1100
1400
7500
1100
1100
1700
1700
700
700

1000
900
900
800
900
700
900
800

1200
1200
1100

900
800
700
700
900

1000

Exposure
Rate

(uR/hr)

Beta-Gamma Count
Rate w/window

(c/min)

Beta-Gamma Count
Rate w/o window

(c/min)

21
16
14
15
14
15
14
14
15
18
58
15
15
20
20
11

14
13
13
12
13
11
13
12
16
16
15
13
12
11
11
13
14

70
70
50
60
70
90
60
70
80
40

140
50
30
60
50
40
40
40
70
70
70
80
60
50
40
40
60
60
30
80
60
40
30
40

70
80
50
60
70

110
90
90

110
40

180
50
50
60
60
40
50
50
70
80
70
90
70
50
40
50
70
80
40
80
60
40
50
40

* Reading >50,000 on NaI,
tube with beta shield.

reading was made with end window GM



Table 3

Surface Soil Sample Radionuclide Concentrations
(pCi/g), by Gamma Analysis

Location Sample K-40 U-238 Ra-226 Pb-214 Bi-214 Ra-223 Rn-219 Pb-211 Pb-212
--------------------- --------------------------- ----- ----- ----- ----- ----- ----- ----- ------

GOOC Area 2, Berm 2.4EI 2.1EO 2.lEO 2.lEO

i00Q Area 2, Near Shuman Bld 3.0E2 8.6E2 9.6E2 7.6E2 1.6E2 3.1E2 3.6E2
ZOON Area 2, Road Surface 4.4E1 6.0E2 6.6E2 5.4E2 2.0El 2.0El
O00J Area 2, Near Berm 5.7E2 2.3E3 2.5E3 2.0E3 6.0E2 7.8E2 9.6E2
OOG Area 2, Near Berm 2.lEl 1.0El I.lEl 9.6E0
NOOI Area 2, Near Berm 5.5E2 2.0E3 2.0E3 2.1E3 4.9E2 7.9E2 8.9E2
MOOE Area 2, Berm l.3El 3.9E1 4.2EI 3.6E0
FOOC Area 2, Berm l.4El l.7E0 1.9E0 l.5E0
SOOK Area 2, Near Gravel Pile 3.2EI 3.9E0 3.9E0
i0oP Area 2, Near Shuman Bldg 8.3E2 4.0E3 4.4E3 3.6E3 9.6E2 9.6E2 1.5E3
SOOL Area 2, Near Gravel Pile 2.8EI 2.5E0 2.4E0 2.6E0
hOOQ Area 2, Near Shuman Bldg 1.5E2 3.0El 3.4E2 2.6E2 1.7E2 1.9E2 1.5E2
SPEC Off-site Bkg Earth City 2.6E1 2.5E0 2.5E0 2.5E0
iOOP Area 2, Duplicate 6.4E2 2.7E3 3.0E3 2.4E3 2.3E3 1.2E3 l.IE3
SPEC Off-site Bkg Earth City l.9El ------ 2.7E0 2.5E0 2.9E0
Z000 Area 2, Road Surface 2.8EI 5.2E1 5.7E1 4.8EI 3.lEl 3.lEl 3.4EI
SPEC Leachate Treatment Sludge ------------ 6.9E0 7.9E0 5.9E0
NOOI Area 2, Near Berm 7.6E2 7.1E3 1.0E4 4.2E3 2.2E3 2.0E3 1.8E3
SPEC Area 1, Base 6 Near Road 6.5E2 2.4E3 2.7E3 2.1E3 1.6E3 1.4E3 1.0E3
POOI Area 2, Near Berm 1.7El l.0E0 7.OEO 7.3E0 6.8E0
SPEC Area 1, Base 7 Near Road 3.7E1 2.7E2 3.4E2 2.1E2 2.9E1 5.8EI 2.2E0
SPEC Leachate Treatment Sludge ---------------- 2.3E0 2.3E0
SPEC Area 1, Base 6 Near Road 6.5E2 2.7E3 3.1E3 2.5E3 1.2E3 I.1E3 9.5E2
SPEC Area 1, Base 5 Brown Soil 3.9E2 I.IE3 1.6E3 8.2E2 2.8E2 3.8E2 3.7E2
SPEC Area 1, Base 5 Black Soil ------ 3.1E2 6.8E2 7.8E2 5.8E2 3.1E2 3.2E2 3.2E2
SPEC Off-site Bkg Taussig Road 3.2EI 2.5E0 2.4E0 2.6E0 ------------ ------ 2.4E0
SPEC Area 1, Base 5 White Soil 2.1E3 2.1E4 2.3E4 1.9E4 5.3E3 5.3E3 5.0E3
i0oP Area 2, Duplicate 6.2E2 3.5E3 3.7E3 3.2E3 1.3E3 1.3E3 1.7E3
JOOG Area 1, Hot Spot 3.4EI 9.7EI I.IE2 8.3EI 4.3EI 4.3EI 4.6EI
MOOH Area 1, Low Level Area 2.2E1 2.7E0 2.6E0 2.8E0 ------------ ------ 3.OEO
KOOF Area 1 2.0El 3.7E0 3.6E0 3.8E0 ------------ ------ 2.lEO
SPEC Area 1, East Berm 2.4EI 2.6E0 2.2E0 2.9E0



Table 3 cont.

Location Sample K-40 U-238

I0OL Area 1
SPEC Area 1, East Berm 1.8E1
POOH Area 1, Near Road 3.OEl
N62H Area 1 2.5E1
OlJ Area 1, Near Berm 9.4E2
L73E Area 2, Side of Hill 3.8E2
KOOF Area 1 3.9E1
N62H Area 1, Fill 2.7E1
NOOF Area 1, Fill
JOOG Area 1, Fill
K66E Area 1, Near Parking Lot
I00I Area 1, Fill 3.1El

Ra-226 Pb-214 Bi-214 Ra-223 Rn-219 Pb-211 Pb-212

2.9E0 3.2E0 2.6E0 ---------- 2.3E0
2.4E0 2.2E0 2.6E0
4.3E0 5.2E0 3.3E0 -------------- 1.8EO
4.1EO 3.4E0 4.7E0 ----------- 3.OEO
4.2E3 4.6E3 3.9E3 2.0E3 2.1E3 2.1E3
l.IE3 1.2E3 1.0E3 4.5E2 4.6E2 3.8E2
4.4E0 5.2E0 3.5E0
3.lEO 3.lEO 3.lEO ----- 1-------.3E0
2.6E0 3.OEO 2.IEO ------------ 2.6E0
2.3E0 3.5E0 1.IEO ----- 1-------------.5E0
1.5E1 1.7El 1.3E1
3.8E0 3.8E0 ----- ----- 1.6E0



Soil Radiochemical Analysis

Table 4

Bi-214 from Gamma Spectroscopy

Sample

Area 1 Surface (1980)

Area 1 Surface (1980)

Area 1 Borehole 1 (1980)

Area 2 Surface (1980)

Area 2 Surface (1980)

Base 5 Surface (1981)

Base 6 Surface (1981)

Borehole 11 (1981)

NIlJ Surface (1981)

O1lJ Surface (1981)

-----------------Activity pCi/gm------------------
U-238 Th-230 Bi-214

(All +/- 25%) (All +/- 25%) (All +/- 25%)

3.8 82 2.1

12 597 25

21 188 44

175 6,095 1,488

18 338 9.4

101 178,000 19,000

54 46,100 2,600

82 29,200 1,800

127 27,200 2,000

1.0 52,000 3,900



Auger Hole NaI Counts and IG Analysis

Table 5

Borehole #*
Depth

00
01
02
03
04
05
06
08
10
12
14
16
18
20
22
24
26
28
30
32
34
36

Radionuclide Concent
Bi-214 U-238

1 .6E2Gross NaI

>50 ,000
>50,000
>50,,000
>50,000
>50,000
20,000

4,500
2,200
2,000
1,500
1,300

800
800
800
500
150

1,000
1,300

500
700

1,400
1,800

Ra-226

1 .6El
7 .5E2
2 .2E4
4 .0E3
1 .3E3
2 .4El
3 .9E0
2 .3E0
2 .3E0
1 .9E0
1 .8E0
1 .3E0
1 .2E0
8.IE-l
6 .5E-1
2.5E-1
6 .3E-1
8.7E-1
4 .3E-1
1 .3E0
2.4EO
1 .4E0

Ra-226

8.4E2
1 .5E4
7 .0E3
2.3E1
6 .2E0
4.7EO
3 .5E0
1 .8E0
1.7E0

Pb-214

1 .6E2
6.5E2
2 .4E4
3 .0E3
1 .2E3

3 .5E0
2.3E0
2.4EO
2.2EO
1 .9E0
1 .2E0
1 .6E0
7.4E-2
4.0E-I
2.8E-1
7 .2E-1
8.4E-1

1 .EO
2.5EO
1 .5E0

1 .7E2
9E2
1 .9E4
4.8E3
1 .4E3
2 .4El
4.3EG
2 .2E0
2.2E0
1 .6E0
1 .7E0
1 .3E0
8.OE-l
8.7E-1
9.OE-l
2 .lE-I
5.4E-1
8.9E-1
4.3E-1
1 .2E0
2.2EO
1 .2E0

1 .7E2

9.3E1

rations [pCi/g]
Ra-223 K-40

1 .IE3

8.0E0l~lE3 -----

1.4El
1.3E1
1.3E1
9.7E0
1.OEl
3.3E0
1.OEl
2.5E0
1.5E0
6.3E0
1.2El
3.OEO
6.1EO
6.1EO
1.2El

Pb-211

1 .4E2
.4.2E3
2.1E2

Pb-211

64 El

Pb-212

7.2E-1
8.3E-1

6 .3E-1
3 .9E-1
3.OE-1
3 .2E-1

3 .IE-1
5.7E-1
2.1E-I
4.2E-1
5.4E-1

Pb-212
Borehole

Depth

00
01
02
03
05
07
09
11
13

#3
Gross NaI

>50,000
>50,000
>50,000

1,400
2,300
3,000
1,800
1,000

600

Pb-214

7.8E2
1 .3E4
5.3E3
1 .4E1
5.8E0
4.9EO
4.2EO
2.1EO
1.4E0
4.6E0

Radionuclide Concentrations
Bi-214 U-238 Ra-223

8.4E2
1.9E4 1.4E3
8.7E3
3.2E1
6.6E0
4.4E0
2.8E0 3.6E0
1.5E0
2.OEO
4.4E0 4.7E0

[pCi/g I
K-40

1.2E1
8.9E0
6 .9E0
8.2E0
4.1EO

4.2E015 .1,800 4.5E0



Table 5, cont.

Borehole #3, cont.
Depth Gross NaI

17 1,000
19 500
21 500
23 700
25 600
27 900
29 1,000

Borehole #4
Depth

00
01
02
03
04
06
08
10
12
14
16
18
20
22
24
26
28
30
32
34

Gross NaI

>50,000
>50,000
>50,000
14,000
2,900
1,100
1,200
1,500
2,600
1,500
1,400
1,100

800
1,100
1,200
1,000

700
1,300
1,500
1,700

Ra-226

9.0E-1
2 .9E-1
5 .OE-l
1 .OEO
3 .3E-1
9.7E-1
5.4E-1

U-238

5.3E2

Ra-226

1 .BE0
2.5E0
3 .4E0
1 .7E0

Pb-214

1.1EO
3 .E-1
7 .E-1
1.1EO
3.7E-1
1.1EO
4.8E-1

Pb-214

1 .5E2
2 .1E3
1 .2E2
2.8E0
1 .6E0
1 4EO
1 .7E0
2.7E

1 .7E0
1 .OEO
8.0E-1
7.6E-1
1 .1E0
7 .5E-1
4 .8E-1
7 .E-I
8.7E-1
9.5E-1
1 .9E0

Pb-214

2 .9E0
3 .7E0

Radionuclide Concentrations
Bi-214 U-238 Ra-223

7.3E-1
2.1E- -
2.2E-1
8.7E-1
2.9E-1
8.4E-1
6.OE-1

Radionuclide Concentrations [pCi/g]
Bi-214 Ra-226 Ra-223 K-40

1.7E2 1.3E2 9.5E1
1.7E3 2.5E3 9.8E2
9.El 1.5E2 3.6E0
2.1EO 3.5E0 3.8E0
1.6E0 1.6E0 3.6E0
1.5E0 1.2E0 8.6E-1 4.IEO
1.9E0 1.5E0 9.OE-1 7.1EO
2.8E0 2.5E0 8.3E-1 9.3E0

1.6E0 1.7E0 7.OE-1 7.OEO
1.2E0 8.4E-1
8.EI-I 8.OE-I 8.5E0
8.6E-1 6.6E-1
.1EO 1.1EO 7.7E0
8.1E-1 7.OE-I 1.6E-1
4.2E-1 5.4E-1 6.6E0
7.2E-1 7.OE-1
9.9E-1 7.5E-1 1.4E1
9.5E-1 9.5E-1 1.5El
2.2E0 1.6E0 1.3El

[pCi/g]
K-40

6 .4E0
2.2E0
2.OEO
6 .3E0

6.5EO
7 .6E0

Pb-211

Pb-211

9.9El
1 .2E3

3 .8E0

Pb-211

Pb-212

4.4E-1

5.3E-1

5.4E-1

Pb-212

3 .8E-1

4.IEI
3.5E-1
3.0E-I

6.4E-1

5.5E-1

Pb-212

9.2E-1

Borehole #5
Depth Gross NaI

00 1,800
02 1,500
04 2,700
06 1,600

Radionuclide Concentrations
Bi-214 U-238 Ra-223

1.7E0
2.OEO 3.4E0
3.1EO

[pCi/g]
K-40

6 .3E0
4.0 EO
4.4EQ

1.5E0 1.9E0 --- --- 1.JE1
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Borehole #5, cont.
Depth Gross NaI

08 1,000
10 3,000
12 1,700
14 1,000
16 700
18 500

Radionuclide Concentrations

Borehole #6
Depth

00
02
04
06
07
08
09
10
11
12
13
15

Gross NaI

2,000
2,000
3,200
3,500
6,000

26,000
>50,000
43,000

>50,000
16,000
2,600
1,100

Ra-226

1 .3E0
4 .3E0
2 .lEO
1 .8E0
8.3E-1
8.9E-1

U-238

2.2E1

1 .6E1
3 .9E1

4.4El

U-238

Pb-214

1 .6E0
4 .3E0
1 .gE0
1 .3E0
6 .OE-l
6 .8E-1

Pb-214

7.3EO

2.5E0
2 .1EO
1 .5El
2.1El
4.OE1
5.8E1
3 .6E2
9.9El
6 .4E0

Pb-214

3 .7E0
1 .4E0
1.1EO
1 .1EO
1 .IEO
1 .2E0
1,2E0
1 .lEO
1.1EO
1 .2E0
1 .8E0

Bi-214

1 .OEO
4.3E0
2 .3E0
2.3E0
1 .lEO
1 lEO

U-238

Radionuclide Concentrations [pCi/g]
Bi-214 Ra-226 Ra-223 K-40

8.3E0 6.4E0 7.4E0 9.4E0

3.OEl .OEl 2.OE1
2.2EI 2.1El 1.9El
1.7El 1.3E1 8.1EO
2.2EI 2.1El 1.8E1
4.1El 4.OEI 3.6El
5.3E1 6.3E1 4.El -
2.8E2 2.3E2 2.0E2
9.1El 1.IE2 3.9El -
7.2E0 5.5E0 4.4E0 8.5E0

Ra-223
[pCi/g]
K-40

1 OE1.
4.7E0
2 .9E0
3 .OEO
2.1EO
2.1EO

Pb-211

2.2E0

Pb-211

1.2E1

1 .9E1
1 .6E1

1 .5E1

4.01E
1 .7E2
5.6El

Pb-211

Pb-212

2.0 EO

Pb-212

Pb-212

4 .9E-1

8.3E-1
8.E-1

7 .E-1

4.7E-1
8.4E-1

Borehole #E
Depth

00
02
04
06
08
10
12
14
16
18
20

Gross NaI

2,000
1,500
1,100
1,400
1,400
1,500
1,400
1,600
1,000
1,400
1,700

Radionuclide Concentrations
Bi-214 Ra-226 Ra-223

4.OEO 3.4E0 1.5E0
1.5E0 1.3E0
1.2E0 9.2E-I
1.1EO 1.1EO
1.1EO l.1EO
1.2E0 1.1EO
1.1EO 1.3E0
l.1EO l.1EO
1.3E0 8.2E-1
1.4E 1.lEO
2.OEO 1.6E0 1.lEO

IpCi/g]
K-40

5.2E0
6.5E0
4.7E0
1 .IEl
1 .lEl
1 .lEl
1 .3E1
1 .5E1
1 .lEI
1 .4E



Table 5, cont.

Borehole #S
Depth

00
02
03
04
06
08
10
12
14
16
18
20
22

Radionuclide Concentrations
Gross NaI

1,400
22,000
11,000
2,000

600
1,000

900
1,000

700
1,100
1,300
1,000
1,200

Borehole #10
Depth Gross NaI

00 7,000
01 35,000
02 >50,000
03 >50,000
04 35,000
05 13,000
06 4,500
08 2,000
10 1,800
12 2,000
14 500

U-238

4 .6El

2 .7E0

7 .6E-1

U-238

7.3E1
1 .2E1
4.9E0

Ra-226

8.4E1
3 .6E3
1 .3E4
1 .7E3
7 .OEO
4.9E0

Pb-214

2.2E0
5.6E1
5.4E0
1 .3E0
7.OE-I
9.8E-1
8.0E-I
1.1E0
7.7E1
1 .OEO

1 .IEO
1 .3E0

Pb-214

3 .5E0
1 .4E1
4.2E2
4.8E2
2.5E1
9.4E0
1 .2E1
1 .3E1
1 .2E2
1 .6E1
5.1EO

Pb-214

6 .6E1
2.9E3

1 .1E3
5.3E0
4.6E0

Bi-214

2.3E0
5.6E1
4.2EO
1 .3E0
8.4E-1
7 .8E-1
9.5E-1
1 .3E0
8.3E-1
1.OEO

1 .2E0
1 .3E0

Ra-226

2 .OEO
5.5El
6 .5E0
1 .4E0
5.6E-1
1 .2E0
6 .5E-1
1 .OEO
7 .OE-l
1.0 EO

9.8E-1
1 .2E

Ra-223

3 .5El

IpCi/g ]
K-40

1 .IEI
1 .2E1
9.3E0
3 .8E0
6 .1EO
5 .EO
8.1EO
4.9E0

8.7E0
9.5E0

IpCi/g]
K-40

3 .6E0
3 .6E0

4.2E0
3 .OEO

Radionuclide Concentrations
Bi-214 Ra-226 Ra-223

3.3E0 3.7E0 9.4E-1
9.2E0 l.8El 4.4E0
3.7E2 4.8E2
4.4E2 5.2E2
1.8E1 3. E1
8.3E0 1.El
1.4El 1.OE1 3.9E0
1.lE 1.5El
1.3E2 1.0E2 7.OEI
1.8E1 1.3El I.IEl
6.IEO 4.OEO 2.7E0

Pb-211

3 .lEl

1 .6E0

Pb-211

5.0EO

4.5EI
1 .lEl

Pb-211

7.1EO

Pb-212

3.2E-1

3 .4E-I
5.OE-I
4.7E-1

5.3E-1

Pb-212

3 .IE-1
2.4E-1

Pb-212

7.4E0

Borehole #]
Depth

00
01
02
03
04
05

Gross NaI

>50 ,000
>50 000
>50 000
>50 000
30,000
22,000

Radionuclide Concentrations
Bi-214 U-238 Ra-223

1.0E2 2.2El
4.4E3 7.7E2
1.3E4 2.9E3
.2E3
8.6E0
5.2E0 3.6E0

[pCi/g]
K-40

5.6E0

1.3E1
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Borehole #11, cont.
Depth Gross NaI

06 20,000
07 20,000
08 20,000
09 20,000

Borehole #16
Depth Gross NaI

02 6,000
03 9,000
04 33,000
05 48,000
06 35,000
07 9,000
08 6,000
09 15,000
10 35,000
11 >50,000
12 >50,000
13 >50,000
14 >50,000
15 >50,000
16 >50,000
17 37,000
18 8,000
19 6,000

Borehole #17
Depth Gross NaI

00 700
02 600
04 300
06 250
08 300
10 300
12 400
14 700

Radionuclide Concentrations
Ra-226

7.1EO
8.3E0
1.3E1

U-238

1.3E1

2.8El
6.5E1

1 .2E1

1 .7E2
1 .9E2
1 .2E2
3 .3E2

1.3E1

U-238

Pb-214

7 .4E0
8.8E0
1.5E1

Pb-214

1.4E1
1.8El
5.0El
1 .IE2
1 .2E2
4.8El
1 .4El
1 .5E1
5.8El
3 .8E2
5 .IE2
2.4E2
5.4E2
9.2E3
7.7E3
8.2E1
2.9El
3 .4El

Pb-214

1.2EO
5.4E-1
3 .3E-1
2.6E-1
2.4E-1
2.9E-1
2.7E-1
5.9E-1

Bi-214

6 .7E0
7 .8E0
1 .2E1

U-238 Ra-223

4 .6EO

2.OEl

IpCi/g]
K-40

1 .5E1
1 .IE1
1 .OE

Ra dionuclide Concentrations [pCi/g]
Bi-214 Ra-226 Ra-223 K-40

1.6E1 1.1EI 4.3E0 6.2E0
2.2E1 1.5E1 6.9.EO 7.9E0
5.9EI 4.2E1 2.OEl 5.OEO
1.3E2 9.8E1 5.6E1 1.OE1
1.4E2 1.0E2 7.8E1 6.7E0
5.5E1 3.IEI 3.IEI
1.5E1 1.2E1 4.8E0 3.7E0
1.7El 1.3El 7.OEO 4.lEO
6.6EI 5.OEI 7.5E1 2.3E0
4.5E2 3.1E2 1.7E2
6.0E2 4.8E2 3.0E2
2.4E2 2.4E2 7.2E1
4.7E2 6.OE 2.4E2
6.9E3 1.IE4
6.lE3 9.2E3
8.lEl 8.3E1 1.6E1 5.7E0
3.OE1 2.7E1 6.1EO0

A I PI ~ a a. Ar..ar) -- --

Pb-211

5.8E0

Pb-211

6 .1EO
8.8E0
1.6El
3 .7E1
4.3El
2.OE1

5.5EO
2.5El
1 .4E2
1 4E2
2.6E1
4.0E2

2.6El
1.5El
1.9E1

Pb-211

Pb-212

Pb-212

8.2E-1

8.5E-1
2.8EO

Pb-212

1.3E-1
1 .8E-I

2 .IE-I
6 .5E-1

0O 0•J O9 J

Radionuclide Concentrations
Bi-214 Ra-226 Ra-223

l.1EO 1.2E0
5.3E-1 5.4E-I
3.7E-1 2.9E-1
2.4E-1 2.7E-I
2.9E-1 1.9E-1
3.6E-1 2.2E-I

2.7E-I
5.3E-1 6.5E-I

[pCi/g]
K-40

4.4EO
2.3E0
1.8EO
1 .9E0

2.OEO
3 .OEO
4.7EO
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Borehole #17, cont.
Depth Gross Nal

16 1,500
18 800
20 3,000
22 1,000

Borehole #18
Depth Gross NaI

00 1,000
02 1,500
04 1,100
06 1,000
08 600
10 600
12 1,100
14 1,000
16 1,000
18 1,200

Borehole #19
Depth Gross NaI

00 1,000
02 1,700
04 2,100
06 4,400
07 28,000
08 >50,000
09 17,000
10 4,600
12 1,000
14 600
16 500

Radionuclide Concentrations
U-238

U-238

U-238

3 .3El
4.2El
2.7E1

Pb-214

1 .2E0
1 .5E0
8.5EO
1 .6E0

Pb-214

1 .3E0
9.3E-1
9.9E-1
4 .1E-l
5.7E-1
7 .7E-1
6 .7E-1
7 .6E-I

Pb-214

1 .3E0
3 .9E0
3 .9E0
6 .OEO
3 .7El
3 .4E2
1 .9El
4.2E0
6 .5E-1
8.6E-1
6 .4E-1

Bi-214

1.5E0
9.OEO
1 .7E0

Ra-226

1 .2E0
1 .4E0
8.OEO
1 .5E0

Ra-223

2 .9E0

Radionuclide Concentrations
Bi-214 Ra-226 Ra-223

1.3E0 1.2E0 7.2E-1
1.OEO 8.3E-1
1.1EO 8.8E-1
3.3E-1 4.8E-1
6.5E-1 4.9E-1
9.4E-1 6.lE-l
7.2E-1 6.IE-I
1.OEO 5.OE-1

Radionuclide Concentrations
Bi-214 Ra-226 Ra-223

1.4E0 1.3E0
4.3E0 3.4E0 2.1EO
4.2E0 3.5E0
6.3E0 5.8E0 2.3E0
3.5E1 3.9E1 2.2EI
3.4E2 3.4E2 2.3E2
1.7El 2.2EI 5.3E0
3.9E0 4.4E0
6.OE-I 7.OE-I
1.1EO 6.4E-1
7.1E-I 5.7E-1

[pCi/g]
K-40

1 .El
5.3E0
6.5E0
4.3E0

[pCi/gI
K-40

7.8EO

6 .90E
2.5E0
2.5E0

[pCi/g]
K-40

1 .6E0
4 * 4EO
1.4El
1.0El
1.3E1
7 .5E0

6.lEO
4.9E0

2.4E0

Pb-211

Pb-211

Pb-211

2.5El
2 .3E2
1.3El

Pb-212

Pb-212

4.8E-1

Pb-212

4 .IE-I
8.1E-I
8.6E-1

2 .lE-I



Table 5, cont.

Borehole #20
Depth Gross NaI

00 10,000
01 23,000
02 9,000
03 2,200
05 900
07 700
09 1,000
11 1,600
13 1,200
15 1,100
17 500

Borehole #21
Depth Gross NaI

00 14,000
01 13,000
02 1,300
03 1,300
04 7,000
05 46,000
06 >50,000
07 >50,000
08 >50,000
09 32,000
10 9,000
11 4,300
12 6,000
13 7,000
14 7,000
15 10,000
16 8,000
17 ,000
18 3,500
20 3,000

Radionuclide Concentrations
U-238

U-238

2.IEI

1 .8E1
1.7El
4 .5E2
3 .2E1

5.6E0

5 .6E0

Pb-214

8.9EO
7 .2El
1 4El
2.7E0
1 .3E0
1 .2E0
1 .5E0
1 .9E0
1 .2E0
1 .2E0
7 .OE-l

Pb-214

3 .4El
1 .3El
1 .2E0
1 .3E0
5.4EO
6 .2E1
6 .6E2
3 .2E3
7.3El
3 .6El
2 .2E1
1 .5E1
5.8E0
81 .EQ
1 .3El
1 .lEl
6 .5E0
6 .1EO
5.7E6
6 .9E0

Bi-214

3 .8E0
6 .BE1
9.9E0

1.4 EO
1 .2E0
2.0 EO
1 9EO
1 .3E0
1.3EO
7.7E-1

Ra-226

1 .4El
7 .6El
1 .7El
2.7E0
1 .IEO
1 .lEO
1 .OEO
1 .8E0

1.1EO
6 .4E-I

Ra-223

6 .9E0
4.3El
2.9gEQ

[pCi/g]
K-40

6 .8E0
1 .OEl
8.2EQ
6.0E0

9.9E0
1 .5E1
2.7El

1 .8E0

Ra idionuclide Concentrations [pCi/g]
Bi-214 Ra-226 Ra-223 K-40

4.2El 2.7E1
1.3El 1.2El 3.2E0 1.8E0
9.5E-1 1.4E0 2.1EO
1.3E0 1.3E0
5.2E0 5.6E0
6.OEl 6.4El 3.2E1 9.2E0
5.4E2 7.8E2
2.8E3 3.7E3 8.3E2
6.7E1 7.9E1 2.9EI
3.6El 3.5El 9.3E0 8.2E0
2.8E1 2.OE1 1.9E0 5.6E0
1.7E1 1.2E1 3.3E0
6.2E0 5.4E0 5.9E0
8.8E0 7.3E0 3.8E0 1.IE1
1.5E1 1.IEI 6.1EO 1.IEI
1.3El 9.4E0 5.3E0 9.4E0
7.2E0 5.7E0 3.2E0 4.4E0
7.1EO 5.2E0 3.7E0 3.lEO
6.4E0 4.4E9 2.7E0 3.OEO
o ivl•,n =,: rlk"n A A n- -

Pb-211

3 .9E1
1 .7El

Pb-211

2.IEI
3 .3E2
1.5E3
3 .2E1
1 .2E1

5.1EQ

Pb-212

1 .3E0
1 .2E0
6 .6E-1
3 .6E-1

Pb-212

8.5E-1

6 .7E-1

U o - LU S.p ,.JjrjU 0 1mIu
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Borehole #U
Depth

00
01
02
03
04
06
07
08
10
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Ra
Gross NaI

10,000
13,000
11 ,000

4,300
5,500
4,500
5,000
5,000
4,300
7,000
4,000
7,000
9,000
8,000
3,500
7,000
9,000

13,000
10,000
24,000

>50,000
>50,000
>50,000

U-238

2.0El
1 .9E1

9.4EO
1 .OE

1 .5El
9.1EO

7 .3E0
1 .8El

Pb-214

2.4El
3 .2E1
2 .8E1
5.6EO
1 lEl
8.1EO
8 .9EO
1 .OEl
1 .5E1
1 .4El
1 .4El
1 .3El
2.3El
2.3E1
7 .4E0
1 .8E1
1 .7El
3 .5E1
1 .lEl
1 .9El
5.8E3
7.0E2
6 .4E2

Pb-214

6 .5E-1
5.6E-1
9 .IE-l
6 .3E-1
5.1E-1
4.9E-1
3 .7E-1
7 .lE-1
5.1E-1
8.1E-1

dionuclide Concentrations [pCi/g]
Bi-214 Ra-226 Ra-223 K-40

2.7E1 2.1El 1.6El 2.7E0
3.8El 2.5E1 1.5E1 5.9E0
3.2E1 2.5EI 1.6El 4.lEO
6.3E0 4.9E0 2.2E0 4.1EO
1.2E1 8.8E0 5.9E0 6.5E0
9.4E0 6.7E0 5.4E0 3.8E0
1.OEl 7.3E0 5.4E0 6.3E0
1.3E1 8.4E0 7.1EO 3.7E0
1.8El 1.2E1 7.3E0 2.8E0
1.7E1 I.IEl 4.1EO
1.6El I.IEl 6.9E0 2.9E0
1.6E1 1.IEl 4.7E0 4.8E0
2.9E1 1.7El 1.3E1 3.7E0
2.8EI 1.9E1 1.6E1 2.OEO
8.3E0 6.4E0 5.OEO 2.3E0
2.OE1 1.5E1 6.1EO0
2.OEI 1.4El 1.2El 3.8E0
4.OEl 3.OE1 2.5E1 3.7E0
I.IEl 1.IEl 3.5E0 3.6E0
1.6E1 2.1El 4.1EO 4.3E0
5.8E3 5.8E3 3.0E2
6.4E2 7.5E2 2.9E2

K Arl~~ *A A7 7 ----

Pb-211

1 .7El
1 .5E1

5.7E0

6 .6E0
5 .EO

6 .1EO

1.OEl
1.1El

1.5E1

6 .3E0
2.6E2
3 .3E2
3 .4E2

Pb-211

1.7E0

Pb-212

5.6E-1

6 .7E-1

3 .6E-1
7 .OE-l

Pb-212

5.6E-1
4.5E-l

3 .8E-I

3 .1E-I
8.0E-1

0 0

Borehole #31
Depth Gross Nal U-238

00 1,200
02 900
04 1,500
06 1,000
08 800
10 800
12 1,500
14 1,100
16 1,000
18 1,500 8.5E-1

Radionucl
Bi-214

5.6E-1
5.9E-1
9.3E-1
6.4E-1
4.5E-1
5.2E-1
3 .7E-1

8.6E-1

ide Concentrations
Ra-226 Ra-223

7.4E-1
5.3E-1
8.9E-I
6.3E-1
5.7E-1
4.5E-1

7.IE-1
5.1E-I
7.7E-1

IpCi/g I
K-40

7 .8E0

6 .5E0
6 .IEO

3 .7E0
1.3El
4.OEO
8.1EO



Table 5, cont.

Borehole M31, cont.
Depth Gross NaI

20 600
22 1,300
24 1,300

Borehole #32
Depth Gross NaI

00 16,000
01 >50,000
02 17,000
03 5,000
04 1,300
06 1,700
08 1,700
10 1,700
12 1,600
14 1,600
16 1,800
18 1,900

U-238

U-238

Pb-214

4 .9E-1
7 .lE-l
1 .1EO

Pb-214

8.3EO
1 .5E2
4 .9El
3 .1EO
3 .1EO
1.7EO
1 .9E0
1 .8E0
1.6E0
2.6E0
1 .7E0
9.3E-1

Radionuclide Concentrations
Bi-214 Ra-226 Ra-223

4.8E-1 5.OE-1
8.4E-1 5.9E-1
1.IE-1 1.OEO

Radionuclide Concentrations
Bi-214 Ra-226 Ra-223

6.5E0 1.OEl 2.OEO
1.4E2 1.6E2 1.IE2
4.1El 5.7EI 2.OE1
2.1EO 4.2E0
2.1EO 4.2E0
1.9E0 1.4E0
2.2E0 1.6E0
2.OEO 1.5E0
1.7E0 1.5E0
2.7E0 2.4E0
1.5E0 1.9-E0
8.7E-1 9.9E-1

[pCi/g ]
K-40

6 .2E0

[pCi/g]

K-40

2.2E0

3 .9E0

8.2E0
1.2E1
1 .2El

1.4El

Pb-211

Pb-211

6.9E1
1.9El

Pb-212

6.2E-1

Pb-212

3 .IE-1

3 .8E-I

6 .OE-l

7 .IE-1
8.5E-1



Auger Hole NaI (TI) Counts

Table 5, cont.

Borehole #2

Depth NaI CPM

ft
00 700
01 1,300
02 1,000
03 1,000
04 1,400
05 1,000
06 1,400
07 1,400
08 1,300
09 1,200
10 1,000
11 700
12 800
13 800
14 1,200
15 3,500
16 11,000
17 2,500
18 1,400
19 1,000
20 1,000
21 800
22 1,000
23 800
24 800
25 800
26 1,500
26 1,500
27 1,000
28 800
29 600
30 600
31 500
32 700
33 1,000
34 1,000
35 1,000

Borehole #7

Depth NaI CPM

ft
00 >50,000
01 >50,000
02 >50,000
03 23,000
04 7,000
05 3,600
06 1,300
07 1,000
08 1,000
.09 1,100
10 1,000
11 1,100
12 1,200
13 1,400
14 1,200
15 1,200
16 1,400
17 1,500
18 1,700
19 1,700
20 4,000
21 2,200
22 2,000

Borehole #23

00 1,100
01 1,100
02 700
03 1,200
04 1,300
05 900
06 600

Borehole #12

Depth NaI CPM

ft
00 1,000
01 1,500
02 1,300
03 2,000
04 3,000
05 3,500
06 1,500
07 1,000
08 800
09 700
10 700
11 500
12 500
13 350
14 350
15 500
16 350
17 900
18 900
19 1,000
20 1,500
21 1,500
22 1,300
23 500
24 600

Borehole #24

01 1,200
02 2,000
03 1,600
04 1,800
05 1,600
06 1,500

Borehole #13

00
01
02
03
04
05
06

900
1,300

800
600
700
400
500
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Table 5, cont.

Borehole #13 Borehole #23 Borehole #24

Depth

ft
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

NaI CPM

400
700

1,000
900
600
600
900
600
500
600
700

1,000
800
900
800
800
700
900

Depth

ft
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22

NaI CPM

400
300
300
300
400
400
500
600
600
400
500
700
600
600
500
400

Depth

ft
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

1,000
1,000

300
700

1,000
1,800
1,200
1,500

700
600
500

1,000
900

1,200
1,500

800
500
500

Nal CPM

Borehole #25 Borehole #26 Borehole #27

00
01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

1,200
1,900
1,800
2,600
2,400
2,200

12,000
19,000

5,000
1,900
1,700

800
1i,100

800
500
700
800
500
500
700
400
400
400
400
900

1,000
600

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

1,600
2,500
2,600
3,500

19,000
10 ,000

2,100

1,300
800
500
500
500
600
500
600

1,100
800
600
900

1,200
1,000
1,200

900
600
500
800

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

1,300
1,800
1,200
1,200
1,300

600
700
300
300
600
700
700
600

1,000
1,300

800
900
500
400
500
500
700

1,000
1,000
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Table 5, cont.

Borehole #25

Depth NaI CPM

ft
27 400
28 500
29 600
30 700
31 700
32 1,000
33 1,700
34 1,100
35 1,000
36 1,600
37 1,700
38 1,100

Borehole #28

01 1,600
02 1,200
03 600
04 700
05 1 ,000
06 1,500
07 1,400
08 1,100
09 1,400
10 1,800
11 1,900
12 2,800
13 2,900
14 9j,000
15 32,000
16 4,200
17 2,000
18 1,600
19 1,200
20 1,300
21 1,100
22 500
23 500

Borehole #26

Depth NaI CPM

ft
27 500
28 500
29 600
30 500
31 600
32 700
33 900
34 600
35 800
36 1,500
37 1,500
38 1,000
39 1,000

Borehole #29

01 1,300
02 1,300
03 1,300
04 1,000
05 800
06 1,200
07 1,800
08 1,400
09 2,000
10 2,000
11 1,200
12 1,200
13 1,500
14 1,700
15 1,300
16 600
17 500
18 500
19 600
20 700
21 600
22 600
23 500

Borehole #27

Depth NaI CPM

Borehole #30

01 600
02 600
03 800
04 300
05 500
06 400
07 500
08 300
09 600
10 1,100
11 600
12 800
13 700
14 1,000
15 1,200
16 800
17 300
18 250
19 400
20 500
21 700
22 600
23 500
24 400
25 600
26 1,200
27 500
28 300
29 300
30 600
31 500
32 400
33 400
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Table 5, cont.

Borehole #33

Depth NaI CPM

ft
01 1,900
02 1,200
03 800
04 700
05 600
06 1,000
07 1,000
08 800
09 800
10 500
11 500
12 400
13 300
14 00
15 400
16 500
17 900
18 900
19 1,000
20 1,100
21 800
22 800

Borehole #34

Depth NaI CPM

ft
01 2,600
02 1,300
03 1,400
04 1,000
05 1,500
06 11,500
07 1,000
08 400
09 300
10 400
11 500
12 800
13 700
14 500
15 600
16 900
17 600
18 700
19 1,300
20 800
21 400
22 300
23 300

Borehole #35

Depth

ft
01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22

NaI CPM

10,000
38,000

>50,000
>50,000
22,000
22,000
1,500
1,500

800
700
700
600

00
1,100
1,400
1,400

800
700
600
600
600
700

Borehole #36 Borehole #37 Borehole #38

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21

1,200
700
900

1,600
1,800
2,500
5,000
1,700
1,000

800
900
700
700
800
500
500
600
900
800
700
600

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

1,500
1,400
1,100
1,100
1,200
1,500
1,700

800
800
800

1,000
1,600
1,400
1 ,500
1,700
1,900
1,800
1,400

900
1,000
1,500

600
600
500

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23

7.000
7,000
8,000

12,000
22,000

>50 ,000
>50,000
>50,000
>50,000
>50,000
>50,000
21,000
7,000
5,000
1,600
1,000
1,000

600
800
600
400
700

1,000
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Table 5, cont.

Borehole #39

Depth NaI CPM

Borehole #40 Borehole #41

ft
01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20

3 ,000
11,000
4,000

1,900
1,000
1,500
1,000

700
500
500
400
500
400
800

1,200
1 ,300

900
600
700

1,000

Depth

ft
01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22

NaI CPM

7,000
26,000

6,000
2,100
1,600
1,900
3,500
5,000
3,200
1,500

800
1,200
1,500
1,500
1,300
1,000

800
600

1,200
1,200
1,300
1,300

Depth

ft
01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

NaI CPM

1 ,400
1,400
1,200
1,500
1,900
1,200

700
600
700

1,000
1,000
1,300
1,000

600
600
600
500
500
200
200
300
300
300
500
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Water Sample Analysis Results
Table 6

Sample
No.

7001
7002
7003
7004
7009
7010
7011
7012
7013
7014
7015

S7016
7017
7018
7019

7020
7021
7022
7023
7024
7025
7026
7027
7028
7029
7030
7031

7032
7033
7034
7035

Date Location

6/8/81
6/9/81
6/10/81
6/11/81
6/29/81
6/29/81
6/18/81
6/18/81
6/3/81
6/3/81
6/3/81
6/3/81
7/10/81
7/10/81
6/29/81

6/17/81
7/20/81
7/10/81
7/10/81
7/10/81
7/21/81
6/17/81
5/11/81
4/29/81
4/29/81
7/28/81
7/28/81

7/30/81
7/30/81
7/28/81
7/28/81

Surface Water North of Shuman Building
Surface Water West of Shuman Building
Drainage Pipe at NE Boundary
Stream Beneath Earth City Expressway (offsite)
Borehole #14
Borehole #15
Borehole #14
Borehole #15
Middle Leachate Treatment Lagoon
North Leachate Treatment Lagoon
South Leachment Treatment Lagoon
Sludge Drainage Pipe
Borehole #14
Borehole #15
Surface Pond North of Entrance on St. Charles
Rock Road
Borehole #15
Tap Water
Middle Leachate Treatment Lagoon
North Leachate Treatment Lagoon
South Leachment Treatment Lagoon
Settling Pond at North Boundary of Site
Borehole #14
Standing Water at Earth City Background Site
Standing Water at NW Corner of Shuman Building
West Ditch Runoff
Pond at North Boundary of Site
Surface Pond North of Entrance on St. Charles
Rock Road
Missouri River Water
Missouri River Water
North Leachate Treatment Lagoon
Middle Leachate Treatment Lagoon

Gross Alpha

pCi/l
3.11EO +/-8.8%
8.00EO +/-9.9%
1.56E0 +/-22%
1.04E0 +/-14%
4.50E0 +/-39%
2.60E0 +/-52%
3.12E0 +/-47%
7.10EO +/-31%

-I.04E0 +/-275%
1.35E0 +/-55%
2.43E0 +/-55%

-I.21E0 +/-234%
5.20E-1 +/-115%
6.76E0 +/-32%
1.91E0 +/-60%

Gross Beta

pCi/l
2.25E1 +/-3.0%
2.34E1 +/-4.4%
9.88E0 +/-6.8%
1.97E1 +/-4.8%
2.23EI +/-14%
1.52EI +/-17%
1.06E1 +/-20%
1.66E1 +/-16%
1.30E2 +/-5.7%
1.36E2 +/-5.5%
1.03E2 +/-6.4%
9.89EI +/-6.5%
3.36E1 +/-11%
3.61El +/-11%
3.OOEI +/-12%

8.84E0
1 .56E0
3 .45E0

-2 .95E0
-1 .56E0
1 .56E0

-8.66E-1
1 .04EO
4.52EI

-2.08E0
5.20E-1
-1 .39E0

-2 .6E0
1 .04E0

-1 .39E0
1 .04E0

+/-28%
+/-67%

+/-141%
+/-189%
+/-179%
+/-67%

+/-332%
+/-82%

+/-6.2%
+/-131%
+/-115%
+/-203%

+/-102%
+/-82%

+/-203%
+/-82%

3.OlEl
2.91El
1.07E2
1.22E2
8.67EI
3.65EI
3.89E1
3.25E1
8.78E1

-3 .62E0
3.51E1
2.63E1

2.63EI
2.90El
1.03E2
8.45E1

+/-12%
+/-6 2%

+/ --1- %
+/-5.8%
+/-6.9%
+/-11%
+/-10%
+/-l2%+/-6.9%

+/-137%
+/-11%
+/-13%

+/-13%
+/-12%

+/-6.3%
+/-7.0%



Table 6, cont.

Sample
No. Date Location Gross Alpha Gross Beta

pCi/l
-2.95E0

pCi/l
+/-189% 6.96E17036 7/28/81 South Leachate Treatment Lagoon

1
2
3
4

11/80
10/80
10/80
11/80

Leachate Observation Well
Off-site Sample Well 3, West Boundary of Landfill
Off-site Sample Well 4, North Boundary of Landfill
Settling Pond North of Landfill

7 .3E0
1.5 El
2.9E0
2.9E0

+/-120%
+/-17%
+/-29%

+/-150%

8.0El
4.IEl
7 .6E0
2.6El

+/-7.7%

+/-25%
+/-10%
+/-26%

+/-110%

Sample
No. Date

7014
7015
7016
7022
7028

6/3/81
6/3/81
6/3/81
7/10/81
4/29/81

Isotopic Analysis
Location K-40 pCi/l Ra-226 pCi/l

North Leachate Treatment Lagoon 1.38E2 +/-15% 1.20E0 +/-21%
South Leachate Treatment Lagoon 1.36E2 +/-16% 3.92E0 +/-233%
Sludge Drainage Pipe 1.02E2 +/-15% 2.40E0 +/-290%
Middle Leachate Treatment Lagoon 1.04E2 +/-18% 2.40E0 +/-290%
Standing Water at NE Corner Shuman Bldg. 1.24E2 +/-28% 1.15E0 +/-195%



Radon Flux Measurements Using Accumulator Method

Table 7

Date Time Location
--------- ----------------------------

Environmental Conditions Flux

04/21
04/21
04/22
04/22
04/23

09:33
10:21
11:48
12:38
08:24

Base
Base
Base
Base
Base

1
2
1
3
1

(Area
(Area
(Area
(Area
(Area

2,
2,
2,
2,
2,

Ol1J)
L38K)
011J)
M99H)
011J)

04/23 09:12 Base 3 (Area 2, M99H)

04/23 10:00 Base 2

04/24 08:38 Base 3

04/24 08:40 Base 1

04/24 09:29 Base 2

04/27 09:05 Base 3
04/29 08:52 Base 3

04/29 09:36 Base 1

04/29 11:10 Base 4

(Area 2, L38K)

(Area 2, M99H)

(Area 2, 011J)

(Area

(Area
(Area

2, L38K)

2, M99H)
2, M99H)

pCi/sq.m-s
10 degrees C, damp ground, moderate wind 28
10 degrees C, damp ground, moderate wind 6.7
15 degrees C, soaked ground, 1 hour after rain 332
15 degrees C, soaked ground, 1 hour after rain 1.7
15 degrees C, damp ground, sunny, last rain approx. 293
12 hours
15 degrees C, damp ground, sunny, last rain approx. 7.9
12 hours
15 degrees C, damp ground, sunny, last rain approx. 5.9
12 hours
7 degrees C, damp ground, cloudy, last rain approx. 2.7
2 days
7 degrees C, damp ground, cloudy, last rain approx. 9.8
2 days
7 degrees C, damp ground, cloudy, last rain approx. 1.5
2 days
21 degrees C, hot, ground dry, sunny 2.2
18 degrees C, sunny, last rain approx. 12 hours, 14
light breeze
18 degrees C, sunny, last rain approx. 12 hours, 540
light breeze
18 degrees C, sunny, last rain approx. 12 hours, 63
light breeze
Cloudy, drizzle, last heavy rain approx. 1 day 43
Cloudy, drizzle, last heavy rain approx. 1 day 33
Cloudy, drizzle, soaked ground, no wind 177
7 degrees C, windy, wet ground, last rain approx. 269
12 hours
10 degrees C, windy, ground dry at surface, sunny 34
10 degrees C, windy, ground dry at surface, sunny 1.5
15 degrees C, cloudy, moderate wind, ground moist 8.5
15 degrees C, cloudy, moderate wind, ground moist 243
13 degrees C, light wind, soaked ground, rain approx. 28
12 hours ago

(Area 2, 011J)

(Area 2, i0OP)

05/04
05/04
05/05
05/06

05/07
05/07
05/08
05/08
05/11

10:05
15:34
09:44
09:49

09:32
10:48
09:45
10:28
11:43

Base
Base
Base
Base

Base
Base
Base
Base
Base

11
1
1

(Area
(Area
(Area
(Area

2,
2,
2,
2,

011J)
0113)
0113)
0113)

1 (Area 2, 011J)
3 (Area 2, M99H)
3 (Area 2, M99H)
4, (Area 2, iOOP)
4 (Area 2, iHOP)



Table 7, cont.

Date Time Location Environmental Conditions Flux

05/12 11:15 Base 4 (Area 2, iOOP)
05/12 12:08 Base 1 (Area 2, OllJ)

05/13 10:10 Base 4 (Area 2, iOOP)

05/13 10:50 Base 1 (Area 2, 01lJ)

05/14
05/14
05/15
05/18

05/19
o 05/19

05/19
05/20
05/20
05/20
05/21
05/21
05/27
05/27
05/27
05/28
05/28
05/29
06/02
06/03
06/04
06/04
06/08
06/09
06/09
06/10
06/11

10:30
11:04
09:51
10:13

09:44
10:24
10-24
10:01
10:41
11:23
09:53
10:27
08:51
09:33
10:12
08:43
11:44
09:14
08:45
14:54
09:03
10:10
11:37
09:21
10:39
11:17
10:16

Base
Base
Base
Base

Base
Base
Base
Base
Base
Base
Base
Base
Base
Base
Base
Base
Base
Area
Base
Base
Base
Area
Base
Base
Base
Area
Area

5
6
6
6

(Area
(Area
(Area
(Area

1 (Area
4 (Area
6 (Area
1 (Area
4 (Area
6 (Area
1 (Area
4 (Area
6 (Area
1 (Area
4 (Area
4 (Area
4 (Area
2, kOOR
6 (Area
4 (Area
1 (Area
2, IOOF
4 (Area
4 (Area
8 (Area
2, M62J
2, UOOP

2,
1,
2,
1,

2,
2,
1,
2,
2,
1,
2,
2,
1,
2,
2,
2,
2,

2,
2,
2,

2,
2,
1,

)
IO0A)
IO0A)
IOOA)

011J)
100OP)
I00A)
OllJ)
i00P)
IOOA)
011J)
i0oP)
IOOA)
011J)
i0OP)

iO0P)
i00P)

IO0A)
iOOP)
OllJ)

i0oP)
i00P)

1001)

15 degrees C, windy, cloudy, last rain approx. 1
15 degrees C, windy, cloudy, last rain approx. 1
day
13 degrees C, cloudy, ground moist, last rain
approx. 8 hours
13 degrees C, cloudy, ground moist, last rain
approx. 8 hours
13 degrees C, cloudy, light wind, drizzle
13 degrees C, cloudy, light wind, drizzle
15 degrees C, sunny, light wind
10 degrees C, cloudy, heavy rain last 2 days,
strong wind
10 degrees C, drizzle, ground soaked
10 degrees C, drizzle, ground soaked
10 degrees C, drizzle, ground soaked
18 degrees C, no wind, sunny, ground damp
18 degrees C, no wind, sunny ground damp
18 degrees C, no wind, sunny ground damp
21 degrees C, sunny, no wind, dry soil
21 degrees C, suny, no wind, dry soil
21 degrees C, sunny, light breeze, dry soil
21 degrees C, sunny, light breeze, dry soil
21 degrees C, sunnny, light breze, dry soil
28 degrees C, dry soil, last rain 2 days 29.90"
28 degrees C, dry soil, last rain 2 days 29,90"
29 degrees C, damp soil, light wind
30 degrees C, dry soil, 29.90" hg
32 degrees C, slight wind, dry soil 29.85 hg
34 degrees C, light wind, dry soil
39 degrees C,. no wind, damp soil
33 degrees C, dry soil, moderate breeze
33 degrees C, dry soil, slight breeze
33 degrees C, dry soil, strong wind
21 degrees C, dry soil, no wind 29.92"
18 degrees C, dry soil, light breeze

dh

hg
hg

pCi/sq.m-s
ay 310

18

206

30

43
376
380
188

8.0
17

538
276
119
353
212
406
350
596
865
400
397
1.8
620
580
388
0.6
245
579
3.0
1.3

38



Table 7, cont.

Date Time Location
-------- ----------------------------

Environmental Conditions Flux

06/11
06/11
06/11
06/12
06/12
06/12
06/12
06/15
06/15
06/23
06/23
06/29

- 07/06
* 07/06

07/08
07/08
07/10
07/10
07/16
07/17
07/20
07/22
07/24
07/24
07/28
07/28
07/29
07/29
07/29
07/29
07/30
07/30
07/30
07/31

10:39
12:07
12:20
09:56
10:08
11:20
11:30
10:03
10:15
10:17
13:50
10:03
10:20
11:24
14:00
14:30
10:19
10:09
10:49
10:10
10:25
11:25
08:14
08:31
09:05
09:23
08:09
08:26
10:04
10:50
08:09
08:16
0 9:20
10:08

Area 2, TOOP
Area 2, hOOX
Area 2, jOOW
Area 2, UOOP
Area 2, TOOP
Area 2, hOOX
Area 2, jOOW
Area 2, IOOL
Area 2, JOOL
Earth City, offsite bkg
Taussig Rd, offsite bkg
Area 2m UOOP
Base 4 (Area 2, iOOP)
Taussig Rd, offsite bkg
Area 2, J30L
Area 2, H040
Taussig Rd, offsite bkg
Old St. Charles Rock Rd Bkg
Area 1, MIOG
Area 1, MIOG
Base 6 (Area 1, IOOA)
Old St. Charles Rock Rd Bkg
Area 1, MIOG
Area 2, p07S
Area 2, p07S
Area 1, MIOG
Base 8 (Area 1, 1001)
Area 2, p07S
Old St. Charles Rock Rd Bkg
Taussig Road offsite bkg
Area 2, p07S
Area 1, OOOM
Old St. Charles Rock Rd Bkg
Area 1, OOOM

18 degrees
18 degrees
18 degrees
26 degrees
26 degrees
26 degrees
26 degrees
29 degrees
29 degrees
27 degrees
27 degrees
n/a
Damp soil,
Damp soil,
31 degrees
31 degrees
Damp soil,
Damp soil,
26 degrees
25 degrees
30 degrees
26 degrees
24 degrees
24 degrees
23 degrees
23 degrees
18 degrees
18 degrees
21 degrees
21 degrees
23 degrees
23 degrees
23 degrees
24 degrees
30.25" hg

C
C
C,
C,
C
C
C
C,
C
C
C

dry soil, light breeze
dry soil, light breeze
dry soil, light breeze
damp soil, light breeze
damp soil, light breeze
damp soil, light breeze
damp soil, light breeze
dry soil, gusty, 760.5mm
dry soil, gusty, 760.5mm
damp soil, no wind 30.14
damp soil, no wind 30.14

?9.98"
?9.98"
2 9,98"
29.98"
hg
hg
hg
hg

hg
hg
hg
hg

pC

slight breeze
slight breeze
C, dry soil, slight breeze, 30.20" hg
C, dry soil, slight brze, 30.20" hg
started to rain during accumulation
started to rain during accumulation
C, damp soil, 29.96" hg
C, dry soil, no wind, 30.02" hg
C, damp soil, mild wind, 29.86" hg
C, damp soil, no wind 30.10" hg
C, damp soil, light wind, 30.06" hg
C, damp soil, light wind, 30.05" hg
C, damp soil, mild wind, 30.06" hg
C, damp soil, mild wind, 30.06" hg
C, damp soil, light wind, 30.21" hg
C, damp soil, light wind, 30.21" hg
C, damp soil, light wind, 30.21" hg
C, damp soil, light wind, 30.21" hg
C, dry soil, sunny, light wind, 30.21" hg
C, dry soil, sunny, light wind, 30.21" hg
C, dry soil, sunny, light wind, 30.21'hg
C, very dry soil, sunny, light wind,

Ci/sq.m-2
85

1.8
1.9

14
35

0.6
1.0
0.8
0.7
0.5
1.5

16
138
0.3
0.4
0.4
0.3
1.0

22
14
59

<0.1
15

168
34
61

0.5
173
0.3
0.2

38
3.2
0.2
2.0



Table 7, cont.

Date Time Location

07/31 10:13 Area 1, EOOF

Environmental Conditions Flux

pCi/sq.m-2
0.5

08/03
08/03
08/04
08/04
08/05
08/05
08/06
08/06
08/07
08/07
08/17

-.,08/17

08/18
08/18
08/19
08/19

10:11 Area 1, EOOF
10:14 Area 1, OOOM
09:05 Area 1, EOOF
09:11 Area 1, OOOM
09:21 Area 1, EOOF
09:25 Area 1, QOOM
08:35 Area 1, EOOF
08:40 Area 1, MIOG
09:08 Area 2, p07S
09:15 Base 8 (Area 1, 1001)
10:05 Area 2, IOOF
10:10 Area 2, IOOL
09:14 Area 2, IOOL
09:17 Area 2, IOOF
09:34 Area 2, IOOL
09:40 Area 2, IOOF

24 degrees C,
30.25" hg
25 degrees C,
25 degrees C,
29 degrees C,
29 degrees C,
28 degrees C,
28 degrees C,
27 degrees C,
27 degrees C,
27 degrees C,
27 degrees C,
20 degrees C,
20 degrees C,
18 degrees C,
18 degrees C,
18 degrees C,
18 degrees C,

very dry soil, sunny, light wind,

dry soil,
dry soil,
dry soil,
dry soil,
dry soil,
dry soil,
dry soil,
dry soil,
dry soil,
dry soil,
dry soil,
dry soil,
dry soil,
dry soil,
dry soil,
dry soil,

light wind, 29.94"
light wind, 29.94"
light wind, 30.04"
light wind, 30.04"
light wind, 30.07"
light wind, 30.07"
light wind, 30.01"
light wind, 30.01"
light wind, 30.01"

light wind, 30.01"
light wind, 30.08"
light wind, 30.08"
no wind, 30.11" hg
no wind, 30.11" hg
no wind, 30.11" hg
no wind, 30.11" hg

hg
hg
hg
hg
hg
hg
hg
hg
hg
hg
hg
hg

3.4
0.4
6.4
0.5
9.6
9.6
0.4
5.1
122
0.4
0.6
0.3

<0.1
0.5
0.3
0.4



Radon Flux Measurements Using the Charcoal Canister Method

Table 8

Date Location
Sampling
Time (sec) Enviromental Conditions Flux

06/02
06/03
06/03
06/04
06/10
06/10
06/11
06/11
06/18
06/12
06/23

- 06/24
S06/30

06/30
07/01
07/06
07/08
07/08
07/10
07/15
07/16
07/17
07/20
07/22
07/23
07/28
07/28
07/29
07/29
07/30
07/30
07/31
07/31
08/05

Base 6 (Area 1, I00a) 6,000
Base 4 (Area 2, iOOP) 4,980
Base 4 (Area 2, iOOP) 1,200
Base 1 (Area 1, Ol1J) 7,200
Base 8 (Area 2, 1001) 55,320
Area 2, MOOI 18,000
Area 2, LOOG 60,300
Area 2, UCOP 22,500
Area 2, 100S 54,900
Area 2, TOOP 17,640
Earth City, offsite bkg 21,600
Taussig Road, offsite bkg 61,200
Area 2, p00J 55,320
Area 2, UOOP 20,940
Old St. Charles Rd, bkg 20,040
Area 2, iCOP 50,400
Area 1, H25N 14,100
Area 2, J30L 50,140
Area 1, IOOL 22,540
Old St. Charles Rock Rd, bkg 54,540
Area 1, MIOG 22.380
Area 1, MIOG 57,240
Base 6 (Area 1, IOOA) 5,880
Old St. Charles Rock Rd, bkg 68,640
Area 1, MlOG 60,960
Area 1, MIOG 61,560
Area 2, p04S 63,240
Area 1, 1001, Base 6 57,540
Area 1, 0001 57,960
Area 2, p04S 55,080
Area 1, OOOM 56,820
Area 1, EOOF 56,340
Area 1, OOM 56,220
Area 1, EOOF 52,800

30 degrees C,
32 degrees C,
32 degrees C,
34 degrees C,
21 degrees C,
21 degrees C,
18 degrees C,
18 degrees C,
n/a
26 degrees C,
27 degrees C,
n/a
n/a
n/a
n/a

dry soil,
dry soil,
dry soil,
dry soil
dry soil,
dry soil,
dry soil,
dry soil,

29.90" hg
light wind, 29.85" hg
light wind, 29.85" hg

light wind
no wind, 29.92" hg
no wind, 29.92" hg
light breeze
light breeze

damp soil, light breeze, 29.98" hg
damp soil, no wind, 30.14" hg

Damp soil, light breeze
31 degrees C, dry soil, slight breeze, 30.20"
31 degrees C, dry soil, slight breeze, 30.20"
Damp soil, during rain
n/a

hg
hg

pCi/sq.m-s
362

29
613
147
2.0
2.3
163

44
2.2

30
0.9
0.8
8.7

74
0.8
178
0.9
0.3
0.6
1.6

24
14
13

0.3
4.5
9.1

32
0.4
1.3
212
7.6

hg 0.4
hg 5.2

0.6

26 degrees C,
25 degrees C,
30 degrees C,
26 degrees C,
n/a
23 degrees C,
23 degrees C,
18 degrees C,
18 degrees C,
23 degrees C,
23 degrees C,
24 degrees C,
24 degrees C,
28 degrees C,

damp soil, 29.96" hg
dry soil, no wind, 30.20" hg
damp soil, mild wind, 29.86" hg
damp soil, no wind, 30.10" hg

damp soil, 30.06" hg
damp soil, 30.06" hg
damp soil, light wind, 30.21"hg
damp soil, light wind, 30.21" hg
dry soil, light wind, 30.21" hg
dry soil, light wind, 30.21" hg
very dry soil, light wind, 30.25"
very dry soil, light wind, 30.25"
dry soil, light wind, 30.07" hg



Side-By-Side Radon Flux Measurements,
Accumulator versus Charcoal Canister Methods

Table 9

Charcoal
CanisterLocation

Base 6
Base 4
Base 1
Base 8
Base 3

Borehole 3
T00P(Area 2)
Earth City
Taussig Road
Base 4
Borehole 2
Ml0G(Area 1)
MlOG(Area 1)
Base 6
Old St. Charles Rd
MlOG(Area 1)
Ml0G(Area 1)
20' W of Borehole #20
Base 8
20' W of Borehole #20
O00M(Area 1)
O00M(Area 1)

Date

6-2
6-3
6-4
6-9
6-10
6-11
6-12
6-23
6-24
7-6
7-8
7-16
7-17
7-20
7-22
7-24
7-28
7-28
7-29
7-30
7-30
7-31

pCi/sq.m-2
400
680
170
2.1
2.4
50
30

0.9
0.8
180

<0.5
22.2
13.4
14.1

0.3
4.6
9.8

36.4
0.5
218
2.9
5.8

Accumulator

pCi/sq .m-2
740
790
370
3.0
1.3

38
35
<1

1.5
140
<1

22.3
14.0
59.2

<1
15.3
60.5
34.3

0.5
38

3
0.2

80



Working Level (WL) and Long-Lived Gross Alpha Activity
on High Volume Air Samples

Table 10

Sample Duration: 10 min.
Flow Rate: 570 1/min.
Total Volume: 1.4E6 ml

Date/Time

8105010805
8105010819
8105010918
8105010931

8105040942
8105041013
8105041124
8105041150
8105111034
8105121046
8105121402
8105121447
8105121504
8105121528
8105121551
8105131154
8105151010
8105151035
8105181022
8105201107
8105201137
8105270821
8105271040
8106021429
8106021450
8106080957
8106081335
8106091015
8106091318
8106091350

Location

Outside Trailer
OutsideTrailer
Base 3
Base 1
Outside Trailer
Base 1
COOG
Base 4
Earth City Background
Earth City Background
Outside Trailer
Base 4
Outside W-L Office Bldg
Base 1
TOOP
ZOON
Base 6
Base 7
Base 6
Base 4
Base 6
Inside Trailer
Base 6
000J
hO 00
Drilling Borehole #1
Drilling Borehole #2
Drilling Borehole #3
Drilling Borehole #4
Drilling Borehole #4

7 Day Activity

uCi/cc
2.03E-13+/-122%
2 .66E-13+/-103%
0+/-211%
3.13E-13+/-93%
4 .69E-14+/-365%
1.09E-13+/-188%
4.69E-14+/-365%
2.66E-13+/-103%
4.69E-14+/-365%
4.69E-14+/-365%
0+/-211%
4 .22E-13+/-78%
7.34E-13+/-57%
1 .56E-13+/-145%
4.69E-14+/-365%
4 .69E-14+/-365%
2.03E-13+/-122%
1.09E-13+/-188%
2.03E-13+/-122%
2 .66E-13+/-103%
2.66E-13+/-103%
1.41E-12+/-40%
7 .81E-13+/-55%
2.03E-13+/-122%
4.69E-14+/-365%
1.56E-13+/-146%
4 .69E-14+/-365%
7 .34E-13+/-57%
1.15E-11+/-14%
8.55E-12+/-16%

WL

.0016

.0015

.0010

.0008

.0010

.0009

.0012

.0016
.0003
.0004
.0002
.0006
.0003
.0002
.0003
.0010
.0003
.0002
.0003
.0004
.0004
.0110
.0002
.0007
.0007
.0006
.0005
.0009
.0020
.0027



Table 10, cont.

Date/Time

8106100945
8106101231
8106101411
8106231028
8106231146
8106231407
8106300931
8107070919
8011130845
8011131030
8011131445
8011131507
8011140735

Date/Time

Composite Sample

Location

Drilling Borehole #5
Drilling Borehole #7
Drilling Borehole #8

Earth City Background
Inside Shuman
Taussig Rd Background
Borehole #32
Old St. Charles Rd Bkg
Area 1, Near Road
Area 1 Highest Ext. Level
Area 2 Highest Ext. Level
Area 2 Suspected Surface Mat.
Inside Shuman Building

Location

All Onsite Samples

7 Day Activity WL

uCi/cc
2.66E-13+/-103% .0012
4.22E-13+/-78% .0015
4.22E-13+/-78% .0012
1.09E-13+/-188% .0005
1.98E-12+/-33% .0011
4.69E-14+/-365% .0005
4.69E-14+/-365% .0006
0+/-211% .0017

.017

.014

.019

.038

.031

Isotopic Activities

U-238 Ra-226

9.1E-14+/-l% 4.3E-14+/-1%

Note: Individual sample sensitivities are low due to short sampling time. However,
all gross alpha activities except two are less than the maximum permissible
concentrations (MPCs) for U-238 or Ra-226, for unrestricted areas, as listed
in Appendix B, Table II, of 10CFR20. (These MPCs are 3.OE-12 uCi/cc for
either nuclide.) The two exceptions occurred when drilling through contaminated
materials.



Gamma Analysis of High Volume Air Samples for Rn-219 Daughters (Pb-211)

Table 11

Date

6/3

6/4

6/4

6/18

6/29

Time

14: 21

8:31

12:30

14:00

12:23

Location

Base 4 (Area 2, iOOP)

Base 1 (Area 2, OOOJ)

Base 4

Base 4

Base 6 (Area 1, NOOA)

--- Sample Activity (uCi/cc) at---
405 KeV 427 KeV 832 KeV

(3.4% ab) (1.8% ab) (3.4% ab)

2.3E-10 2.5E-10

5.7E-I1

1.OE-9 8.9E-10 9.3E-10

5.6E-10 4.8E-10 4.6E-10

9.OE-I1 1.3E-10

Average
uCi/cc

2.4E-10

5.7E-I1

9.5E-10

5.OE-10

1 .1E-10

00



Table 12: Priority Pollutant Analyses of Auger Hole and Leachate Sludge Samples

Results of Chei-oal Analyses of
West Lake Landfill

7 July 1981

Parameter Units W * Eli-2 * H-13 * -25* H-31 * EH-35 *

Antimony vq/kg 0.077 0.268 0.325 0.355 0.218 21.0

Arsenic mg/ig 0.62 6.0 7.0 2.0 4.0 1.0

Beryllium ma/kg 0.038 0.12 0.24 0.18 0.20 0.14

Cachium mg/kg 0.052 2.2 2.3 2.27 4.0 37.5

Chruum nzj/kg 1.41 40.9 34 7.0 26.2 215

Copper rr/kg 0.459 1039 88 23.2 131.6 356

Cyanide mg/kg 0.10 0.028 0.12 1.61 0.376 0.97

Lead m/kg 19.7 356 431 49.0 251.6 1490

Mercury ag/kg 5 0.22 0.36 0.14 0.10 0.84

Nickel ma/kg 3.00 2r.0 45.1 11.3 4 218.0

Selenium magAg 0.12 1.6 1.2 1.2 1.2 0.9

Silver mzg/kg 0.134 0.580 0.369 0.165 0.264 0.409

Thallium mgjkg 14.0 10.0 2.0 <0.1 0.6 3.5

Zinc ig/kg 41.4 246 270 180 89 2395

* WTP
BH-2
BH- 13
BH-25
BH-31
BH-35

Waste treatment plant leachate sludge
Auger hole 2, Area 2
Auger hole 13, Area 2
Auger hole 25, Area 1
Auger hole 31, Area 2
Auger hole 35, Area 2
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4

SL94AR OF ORGANIC PR1IORIY POULfl'MU ANAlYSIS

c'.,w rl West Lake-

cIIDT .D. W.T.P.

WC I.D. # 5

(NPrES) 6 July 1981

M ANLYSIS COMPEM 16 July 1981m

ACID C~OUD

2,,4,6-t~richlorcipherol
o-chloro-mr-cresol
2-chloroa*ienol

2, 4-dichiorcitenol

2, 4-diniethylphenol

2-ni trchenol.
4-ni traphdenol
2, 4-dinitropherol

4 .6-dini tro-o-creso1
pentachlorqpenol

phno

ND

ND

ND

M3Li

ND

ND

8.1

N- Less than I vg/1
* - Less than 25 ug/1

- Less than 250 pg/i
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SLNMtMR OF QCEANIC PRIORM1 POLLUANW ANALYSIS

CLIEr West Lake

CLIEaT I.D. W.T.P.

RMC 1. D.- #569

(NPDES) M SAMPLE REIVCE 6 July 1981

km ANALYSIS owimw'm 22 July 1981

acenapht hene

benzidine

1, 2,4-trichlorobenzene

hexachlorobenzene

hexachloroethane

bis (2-chloroethyl) ether

2-chloronaphthalene

1, 2-dichlorobenzene

1, 3-dichloroben zene

1, 4-dichlorobenzene

3, 3'-dichlorobenzidine

2, 4-dinitrotoluene

2, 6-dini trotoluene

1, 2-diphenylhydrazine

fluoranthene

4-chlorophenyl phenyl ether

4-bromophenyl pheny. ether

bis (2-chloroisopropyl) ether

bis (2-chloroethoxy) methane

hexachlorobutadiene

hexachlorocyclopentadiene

isophorone

naphthalene'

bis (chloranethyl) ether -

ND

ND

ND

ND

ND

ND

ND
ND

ND

ND

ND

ND

NiD

ND

ND

ND

ND

ND

ND

ND

nitrobenzene

N-ni trosodimethylamine

N-ni trosodiphenylamine

N-ni trosodi-n-propylamine

bis (2-ethylhexyl) phthalate

butyl benzyl phthalate

di-n-butyl phthalate

di-n-octyl phthalate

diethyl phthalate

dimethyl phthalate

benzo (a) anthraoene

benzo(a)pyrene -

benzo (b) fluoranthenel

benzo (k) fluoranthene1

chrysene

acenaphthylene

anthracene

benzo (g.h.i.) perylene

fluorene

phenanthrene

dibenzo (a,h) anthracene

indeno(1,2,3-cd)pwrene

wrene

2,3,7,8-tetrachlorodibenzo-

P-dioxin

kgtLq
ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND - Less than 1 pg/1
* - Less than 10 tig/1

** - Less than 25 Pg/1

IBenzo(b)fIuoranthene and benzo(k)fluoranthene could not be resolved, values reported
indicate the sumn of both wr3ounds.
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SLII.MR C' OFANIC PRXcOtXTY OLLUrAI1 ANLYSIS

LakeCLIE~rWest

CLIE~r 1. D.

PC I. D.

W.T.P.

#569

(NPDES) DATE S LE RBCErVM 6 JUly 1981

DME ANALYSIS CErpLZ1 24 July 1981

PESTICIM

aidrin

dieldrin

chlordane

4,4' -Dar

4,4 -DDE

4,4' -r120

erdosulfan I

endosulfan II
enrosulfan sulfate
endrin

endrin aldehyde

heptachlor
heptachlor epoxide

E9D-

ND

ND

ND

ND

ND

ND

a-DEC

b-BHC

d-BM

9-DEC

PMB - 1242

P - 1254

PM• - 1221

PCB - 1232

PCB - 1248

B- 1260

PCM - 1016

toxaphene

WND

ND

ND

ND
ND

ND

ND

ND

ND

ND

ND

ND

ND - Less than 1 jig/il
* - Less than 10 ijg/1

87



SLHM4ARY OF ORWAIC PRIORITY POLUA7DAW ANAIXSIS

CLI

cLID~r I. D.

RW X.D._

Wes.t Lake

W.T.P.

#569

(NP)ES DATE S•PL IEIVM r 6 July 1981

TE ANALYSIS c04PLEI 5 August 1981'

VOLATILES

acrolein

acrylonitrile

benzene

carbon tetrach]oride

chlorohen zeno

1,2-dichloroothane

1,1,1-tr ichloroethane

1,1-dichloroethane

1,1,2-trichloroethane

1, , 2, 2-tetrachloroethane

chloroethane

2-chlorothy1 vinyl ether
chloroforii'

1, 1-di chloroethylene

1, 2-trans-dichloroethyne4

2.0

ND

ND

ND

ND

ND

ND

4.3
ND

1,2-dichloropropane
1,3-.dichloropropylene1

ethylbenzene

methylene chloride
methyl chloride

methyl bronide

bromform

dichlorobrcamcethane

trichlorof1uoramethane
dichlorodi fluorcnethane

chlorodibrconvmethane

tetrachloroethylene

tolkwene

tr ichloroethylene

vinyl chloride

ND

ND

15.6

ND

ND

2.3

ND

ND

1.8

ND
*

ND - Less than 1 pl/1
* - Less than 10 pg/1

- Less than 100 pg/1

14, 3cis-dichloroprc ylene and 1, 3-trwis-dichlomrrpylene culd not be resoved,
values repwrted indicate the sum of both coopounds.
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Si4'hRY Or OFANIC MIPXIY.l FOLU~rA~fr AUALYIS

cu~ixr West Lake

CLJE~Jr X.D. BH-2 (NPDES) wAM SkgiZ RECrVM 6 July 1981

DM MAWSIS COWgLEyI= 16 July 1981#C 1.D. #570

ACIM COMPOUND

2, 4, 6-t~richloraphenol

o-cbloro-oo-cresol

2-chilorophonol
2, 4-dichlorcipherxo1

2, 4-imethvjlphenol

2-rd trciphwol

4-ni tropheno

2, 4-dinitrop*henol
4, 6-dinitro-o'-cresol

pet~hoopeo

ND

ND

ND

ND
ND

ND

7.8

ND - Less than 1 pg/1
* - Less than 25 ig/1

- Less than 250 ug/i
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S1UWMR OF ORGAN4IC PRIMITXW POLWFrANr ANALYSIS

CII.1rMP West Lake

CLI )Ir J.D.

.C 1.0D.

M47 (NP17M

#570I

DATE SAV'WLE RIO" I'V 6 .TilE 1iR1

DAT ANALYSIS (OWPMLLD 22 July 1981

BASEINEfLVRAL COPUD

acenapht Ihie.

bWnzidine

1. 2,4-trichlorobenzene

hexachlorobenzene

hexachloroethane
bis (2-chloroethyl ) ether

2-chloronaphthalene

1, 2-dichlorobenzene

1, 3-dichlorobenzene

1,4-dichlorobenzene
3, 3'-d•lchlo,-obenzidine

2, 4-dinitrotoluene

2,6-dinitrotoluene
1, 2-diphenylhydrazine

fluoranthene

4-chlorcphenyl phenyl ether
4-brcmcphenyl phenyl ether
bis (2-chloroisopropyl) ether

bis (2-chloroethoxy) methane
hexaLhldorobutadiene

I xachl]rocclopentadiene

isophorone

naphthal] eine'

as (chlormoithyl) ether

KQ-

ND

ND

ND

ND

ND

ND

ND

nitrobenzene

N-ni trosodimethylamine

N-ni trosodiphenylamine

N-ni trosodi-n-propylamine

bis (2-ethylhexyl) phthalate

butyl benzyl phthalate

,di-n-butyl phthalate

di-n-octyl phthalate

diethyl phthalate

dimethyl phthalate

benzo(a) anthracene

benzo (a) prenebenzo(b) fluoranthenel

benzo (k) fluoranthene
1

crysene
acenaphthylene
anthracene

benzo (g.h.l.) perylene

fluorene
phenanthrene

dibenzo (a,h)anthraoene

indeno(1,2, 3-c,d)pyrene

w:rene

2, 3,17,8-tetrachlorodibenzo-

p-dioxin

S.

WD - Less than 1 pg/1
* - Less than 10 pg/1

- Less than 25 pg/1

'11enzo(b)fluoranthene and benzo(k)fluoranthene could not be resolved, values reported

indicate the sum of both ocapo.rds,
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SU.HKR OF OFGAIC PRIOITY PLW~ANO ANALYSIS

LakeCLIENr West

CLIEr I.D.

PC 1. D.

DH-2

#570

I I II I AWSAIPLE R=IVED A Julay ]gal

Dp WI.LySIS CMViiPM~i 24 JUly 1981
I

PwT CIo

aldrin

dieldr in

chlordane

4,44 -DDT

4,4 -DDE

4,4 '-DDO

encbsulfan I

endosulfan II

encisulfan sulfate

endrin

endrin aldehyde

heptachlor

heptachlor epoxide

ND

ND

ND

ND

ND

ND

g-BH

C- 1242

PCB - 1254

FMB- 1221

PCB - 1232

FCB- 1248

1.3 - 1260

PCB - 1016

toxaphene

ND

ND

ND

ND

ND

ND

ND

ND

N - oess than 1 pg/1
* - Less than 10 vg/'l
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SL"MWY OF MIANIC PRIORITY POW7'AN'T1 ANALSIS

CLZI-11'

FPC Z. D.

West Lake

BH-2

#570

.(NPDES) )•Tp, SAMPLE RBZEI 6 July 1981

)TE ANALYSIS CO2WLEI 5 August 1981

VDEATILES

acrylonitrile

carbon tetitLchl-ioride

chlorctx-n.zene

1, 2-dichloro).-thane

1,1,l-tr ichiloroethane

1 ,1-dichloroethane

1,1, 2-trichioroethane

1,1 *2, 2-t~etrachiloroethane

chloroethane

2-chloro-Al iyl vinyl ether

chloraforii

1. 1-dichloroethylene

1, 2-trans-dichloroethylune

.1.4

_ .9

7.1

ND
ND
ND
ND

ND

ND
3.4

1,2-dichloropropane

1,3-dichloropropylene1

ethylbenzene

methylene chloride

methyl chloride

methyl bramide

bromoform

dichlorobrmomwethane

tr ichlorof1luoranethane

dichlorodi fl uoromethane

•hlorodibromomethane

tetrachloroethylene

toltiene

tr ichloroe thylene

vinyl chloride

ND

1.2

21.4

13.1

ND

ND

2.4

ND

1.7

7.3

1.7

*

ND - Less than 1. ,g/kg
* - 1ess than 10 Pg/g

- Less than 100 wg/kg

11,3-cis-dichloropropylene and 1,3-trans-dichlorcpropylene could not be resolved,
V/alues reported indicate the sun of both cumpounds.
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CLILMI

hCLIER

SU~Y Or ICNIC PRIMITY POL.7rAWr AUUMXSS

West Lake

B.. 1H-13 (NPDEs) pn ammPmr

n 571 D=ANNMS COLEMw

Lly 1981

16 July 1981
----- U--

ACMD COPUD

2, 4.6-trichlor%"nol
o-chloro-wv-rewnl

2-chlorophenol

2 ,4-dichloicoahenol

2, 4-dLnethylpher:,1
2-ni trophowl-
4-ni traphero
2, 4-dinit~rop*ierko
4, 6-dini tro-o-crws,1

pentachlorcowml~
phio

ND

ND

ND

NQ

NQ

NQ

NQ

110

2.6

ND- Less than- 1 vg/L
* - Les than 25 icj/1

- Less than 250 sig/1
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FLH41RY OF' ORGhNIC PRXIMMY' POLLMAYPA ANALYSIS
estLak

C.LUI,*I

c.imiir I.D..

I#C 1. D.

est Lake

BH-13

#571

(NPDM) DATE SAMPLE R mIVt 6 JUly 1981

[ATA ANALYSIS COWizi- 22 July 1981

--enalit tihi.
I-nz id i no

1,2,4-t r ich lorobenzene

hexachlordbLnzene

hexadiloroethane

bis (2-chloroethyl) ether

2-chloronaphthalene

1, 2-dichlorobenzene

1,3-dichlorobenzene

1,4-dichlorobenzene

3, 3'-dichloiroenzidi ne

2,4-dinitrotoluone

2, 6-dini trotol uene

1, 2-diphenylhydraz ine

fluoranthene

4-chlocophenyl phenyl ether
4-bramnphonyl phenyl ether
bis (2-chloroisopropY} ether

bis (2-chloroethoxy) methane
hexachlorobutadiene

Iwxacdilrocyclopentadiene

isopoorone

nalahthalone

L''s (d dora thyl ) other

ND

ND

ND

ND

ND

ND

ND

ND

nitrobenzene

N-ni trosodimethylamine

N-ni trosodiphenylamine

N-ni trosodi-n-propylamine

bis (2-ethylhexyl) phthalate

butyl benzyl phthalate

di-n-butyl phthalate

di-n-octyl phthalate

diethyl phthalate

dimethyl phthalate

benzo (a) anthraoene

benzo (a) pyrene

benzo(b) fluoranthene 1

benzo(k) fluoranthene1

chrysene
acenaphthylene

anthracene

benzo (g.h. i.) perylene

flirne

phenanthrene

dibenso (a,h) anthracene

indeno (1,2, 3-c,d) wrene

wrene

2,3, ?,8-tetrachlorodibenzo-

p-dioxin

10.1

ND

ND

ND

ND

ND

ND

-ND

ND

NiD- Less than I pq/1
* - less than 10 ji,/l

- Less than .25 mg/I

1benzo(b) fluoranthene and benzo(k)fluoranthene could not be resolved, values reported
indicate the sum of both cmpounrs.
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OLMMgY OF CIGANIC PRIOITM POLW1UAM ANALYIS

LakefV-TyM%*7 West

WCLrr I.D.
NOC I. D.

B--13

#571

(WPM•) ,Aj SNLE RCV 6 July 1981

DATE ANXSIS CoeiziM 24 July 1981

PESTICIEW

aldrin

dieldrin

chlordane

4,4'-Dar

4.4 '-DDE

4,4'-DMD

endosulfan I

or Adulfan II

endoulfan sulfate

endrin

endrin aldehyde

heptachlor

heptachlor epoxxide

*

*

*

*

*

*

*

*

*

*

*

*

b-BW

PCB - 1242

PCB- 1254

PCB - 1221

FCB- 1232

PCB- 1248

FCB- 1260

PCB - 1016

toxaphene

NQL

ND

NQ

NQ

NQ

NQ

ND - Less than 1 vg/1
* - Less than 10 Pg/1
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SLP*IAY OF ORGANIC PlUORIT JQWL~ANT ANI.LYSIS

CLILwr

CLIE~r I.D.

rqC I. D.

West Lake

Bl-l 3 (NPES)WE AMLE RZI=W 6 July 19RI

IWE ANALYSIS CCPE2)samtiq#S71

V~1ATILZS

acrolein

acryloni tr i le
benzene

carbon tetrachloride

chlorobenzene

1,2-dichloroethane

1,1 ,1-tr ichloroethane

1,1-dichloroethane

1,1,2-tr ichloroethane

1, 1,2, 2-tetrachloroetJhane

chloroet hane
2-chlorowLiylvinyl ether

chlomfonm

1. l-dichloroethylene

2, 2-trans-dichloroethy•lve

ND

NDD

ND

ND

ND

ND

ND

1, 2-dichloropropane

1 ,3-d ichloropropylene1

e Lhylbenzene

methylene chloride

methyl chloride

methyl bronide

brcomform

dichlorobranmethane

tr ichlorof 1 uoranethane

dichlorodi fluoranethane

phlorodibranrxethane

tetrachloroethylene

toltene

tr ichloroethylene

vinyl chloride

ND

ND

ND

33.8

ND

4.6

ND

1.8

ND - Less than 1 mag/kg
* - Less than 10 ug/kg

- Less than 100 pg/kg

k,3-cis-dichloropropylene and 1,3-trans-dichlorpropylene comld not be res1ved,
values repxorted indicate the sum of both co:lpounds.
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SH4ARY OF OFCANIC PIUCIU PDUMA~rAN AMWYIS

W~est Lake, ql 9Iq,.~q
WLi69W~A

CL8I ENI. D.

fC 1. D.

D
BH-25

#572

(tNPDES) DTA SANALS a3Mzv 6 July 1981*

*pML' ANALYIS 0OWLE1= 16 July 1981
i n i |

CMD COMPOUND

2,04 . 6-tr ichlorqherol

o-ctiloro-in-creuol
2-d13.oropzhenol

2. 4-dich1oropheml3

2 .4-dtime'1yphenol

2-ni trqpherw

2, 4-dinitrophowl~
41"-initromo--crowl
pentachl1oowwle~a

ND

ND

ND

ND

ND

ND

ND

52.8

ND-Less than 1 vg/i
* - Less than 25 v9J/1

- Lose than 250 pg/i
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CLUMIf

CLII1fI

liC 1.

"Ll4UtY OF OIWANIC PRIORITY POLWPrANT ANALYSIS

West Lake

BH D 3-25 (NPflE) DA7E sApow Re=. r 6

n. #572 DATA ANAL YSIS COMPT1't

July 1981

22 July 1981

3Cefl[pht I klIo

hertz id ino

1, 2,4-trichlorobenzene

lwxachlorobenzene

hexachloroethane
bis (2-chlo'oethyl ) ether

2-chloronaphtha lene

1,2-dichlorobenzene

1, 3-d ichlorobenzene

1,4-dichlorobenzene
3, 3'-dichlorobenzidine

2, 4-dinitrotoluene

2,6-dinitrotoluene

1, 2-diphenylhydrazine

fluoranthene
4-chlorophenyl phenyl ether
4-brai•phenyl penyl ether

bis (2-ch1oroisopro1) ether

bis (2-chiloroethoxy) methane

hexachlorobutadiene

! xachlorocyc] oentadiene

isophorone

narphtkdi] ne'

bis (chloaraiwthy1) other

ND

ND
ND

im

ND

ND

ND

nitrobenzene

N-ni trosodimethylamine

N-nitrosodiphenylamine

N-ni trosod i-n-propylamine

bis (2-ethylhexyl)phthalate

butyl benzyl phthalate

di-n-butyl phthalate

di-n-xoctyl phthalate

diethyl phthalate

dimethyl phthalate

benzo (a) anthracene

benzo (a) pyrene

benzo (b) fluoranthene
1

benmo (k) fluoranthene
1

darysene
acenaphthylene

anthraoene

benzo (g.h.i.) perylene

fluorene

pheranthrene

dibenzo (a, h) anthraoene

indeno(1,2,3-cd)pyrene

pyrene

2,3,7,8-tetrachlorodibenzo-

p-dioxin

COMPOUND

3.5

ND

ND

ND
ND
ND

ND

ND
ND

ND
ND

i*

ND - Less than 1 pg/1
* - Less than 10 pg/1

** - Less tlon 25 pg/i

'Benzo(b) fluoranthene and benw(k)fluoranthene could not be resolved, values reported
inr•icate the sum of both cojounds..
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aILhRY C' acF~Nrc PIM=~r POwRNw AMuMzIss

LakeCLwIEr West

CLInir I.D.

IVC I. D. I

Mf-25

#572
(NPDES) DM SMVLE •CXVHW 6 July 1981

DMZ ALMIS MNIZIU) 24 July 1981

PESTICIMES

aldrin

dieldr in

chlordane

4,4'-DDT

4,44'-DDE
4,4' -DM
erdbsulfan I
enrdoulfan II

enrdsulfan sulfate

endrin

endrin aldehyde

heptachlor

heptadclor epoxide

ND

ND
ND
ND
ND

ND

a-SiC

g-aM
PCB- 1242

PCB- 1254

FCB - 1221

PCB - 1232

FCB - 1248

PCB- 1260

PCB - 1016

toxaphene

ND

ND

ND

ND

ND

ND

ND
14D

ND

ND

M• - Less than I vgi'l
* - Less than 10 pg€/1
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S~IRY OF OFGNIC PRJORITY IOUIJ.N ANALYSIS

C•IOO___Nest Lake

CLIEI! I.D. B1-25 (NPDES)

WMC I.D. #572

WE2 SAbWLE RWEIVM 6 July 1981

DW ANALYSIS COz3WEI'H 5 Ariut 1981

W3LATIUSS

acrolein

acrylonitrile

benzene

carbon tetrachloride

chlorobenzene

1,2-dichloroothane

1,1,1-trichloroethane
1,1-dichloroethane

1,1,2-trichloroethane
1,1,2,2-tetrachloroethane
chloroethane
2-chlorouetliyL1vinyl ether
chlorofonit

1. 1-dichloroethylene

1,2-trans-dichloroethyleme

ND5.4

,*
ND

5.4

ND

ND

ND

ND
ND
NiD

23.1

1,2-dichloroprolane
1,3-dichloropropylene1

ethylbenzene

methylene chloride

methyl chloride

methyl bromide

bromoform

dichlorobromanethane

trichlorofl uoromethane

dichlorodi fl uorcmethane

ghlorodibra=wmethane

tetrachloroethylene

toltiene

tr ichloroethylene

vinyl chloride

Wi

ND

ND
4814

45J3

4.4
*

MD - Less than 1 Vg/klg
* - Less than 10 Pg/kg

- Less than 100 pg/kg

,3..cis-dich loro~ro~1lene and 1,3-trans-dichloropropylene could not be reslved,
values reported indicate the sum of both cqxxunds.
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a1.VtR OF OECANIC PRIflM POLAUAD ANALYSIS

West LakeCL'•fET
cLimr

cLiEmr I.D. Bli-31

I

.(1PDES) -OM SAMPZL P=IV 6 July 1981

Dm ANLNSIS CCPLEmw 16 July 1981F#C I.D. #573

ACID COMOWS

o-chloro-c-creaol
2-dc.oropheno1

2, 4-dichlorcIphenol

2,o 4..dinet~hylphero

2-rd trcE*heno
4-nit~rcphanol
2, 4-dinitrophonol
4,g 6-d ini tro-o-cresol

pontachlorooher1

owm

*

ND

26.0

ND

ND
ND

ND

ND

2.6

ND - Less than. I1 g/l
* - Less than 25 tog/1

- Less than 250 ojg/l
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sifl4uty or CIGAic PRICamt PoLvwX" AN!UJysIs

CL1I i.. West Lake.

CLIF fl I.D.

RMC 1.D. #5731

DATE SAMPLE REIVE) 6 July 1981

DATA ANALYSIS COPOMPL 22 July 1981

BASEF,ýA CMVDS

acenapiithem-

bxnzidine

1,2,4-trichlorobenzene

hexachlorobenzene

hexachloroethane

bis (2-chloroethyl) ether

2-chlioronaphthalene

1,2-dichlorobenzene

1, 3-dichlorobenzene

1,4-dich iorobenzene

3, 3'-dicch]oroLenzidine

2,4-dinitrotoluene

2,6-dinitrotoluene
1, 2-diphenylhydrazine

fluoranthene
4-chiorophenyl phenyl ether
4-bromophenyl phenyl ether
bis (2-chloroisopropyl)ether

bis (2-chloroethoxy) methane
Iiexazchlorobutadiene
iexach] orocyclopentadiene

isophorone

halaj)tI •- one'

bIh (cforoiuKthy 1) other

wn

m

ND

m

mn

nitrobenzene

N-ni trosodimethylamine

N-ni trosodiphenylamine

N-ni trosodi-n-propylamine

bis (2-ethylhexyl) phthalate

butyl benzyl phthalate

di-n-butyl phthalate

di-n-octyl phthalate

diethyl phthalate

dimethyl phthalate

benzo (a) anthraoene

benzo(a)pyrene

benzo(b) fluoranthene1

benzo(k) fluorantheneI

chrysene
aoenaphthylene

anthracene

benzo (g.h.i.) perylene

fluorene

phenanthrene

dibenzo (a,h)anthraoene

indeno(1,2,3-c, d)pyzene

wrene

2, 3, 7, 8-tetrachlorodibenzo-

p-dioxin

16.2

ND

1.4

ND

ND

ND

ND

ND

ND

ND

ND

ND
*

ND

ND
ND

NDND

*D

ND - Less than 1 Pg/l
- Less than 10 ,,g/1
- Less than 25 Pg/1

'Benzo(b) Cfuoranthene and benzo(k)fluorantthene could not be resolved, values reported
irmlicate the sum of both 0ounds.
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SMhRY OF OF~hNIC PRIORITY POLLUDr ANALYSIS

CLIE~rWest Lake

C~rENr I.D. BH-31 (NPDES) WES I BIE

PC 1. D. #573 DME ANALIS CX)WLEZI

July 1981

24 July 1981

aldr in

dieldrin

chlordane

4,4 '-DOT

4,4 -- DME

4,4'-DWD

endosulfan I

endcsulfan II

endosulfan sulfate

endrin

endrin aldehyde

heptachlor

heptachlor epoxide

y./_
ND

ND
ND
ND

ND

ND

a-BHC

d-BIC

g-BIC

PCB - 1242

PCB - 1254

FB - 1221

PCB - 1232

FMB - 1248

PCB - 1260

PCB - 1016

toxaphene

NDi
ND

D- Less than 1 v'f/1
* - Less than 10 pqJ/1
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SLi~hRY OF ORGANlIC PRIORIY POLLUTANT AN4ALYSIS

CLIENT West La]

CLIE•T I.D. H-31
F#C 1. D. #573

(NPDES) DATE SAI'ELE R=IE 6 July 19A~1

MAE ANALYSIS COMPLE1M 5 August 1981II

VOEATIL.ES

acrolein

acrylonitr ile

benzene

carbon tetrachloride

chlorobenzene

1,2-dichloroethane

11,1,-tr ichloroethane

1,1-dichloroethane

1, 1, 2-tr ichloroethane

1,1,2, 2-tetrachloroethane

chloroethane

2-chlorum-thy1vinyl ether

chloroform.

1, 1-dichloroethyleme

1.2-tranis-dichloroethyhlne

e*

ND

9.6

4.2

1.4

ND

ND

ND

3.1

ND
40.2

1,2-dichloropropane

1, 3-dichloropropylene1

ethylbenzene

methylene chloride
methyl, chloride

methyl bromide

bravmform

dichlorobromwethane

tr ichlorofluoromethane

dichlorodifluoromethane

rhlorodibrianmethane

tetrachloroethylene

toltene

tr ichloroethylene

vinyl chloride

30.4

1.4

ND
ND

2.6

ND

19.3

30.9

13.1
i

ND - less than I Ig/kg
* - Less than 10 pg/kg

- Less than 100 pgg/kg

lj,3-cis-dichloroproqpylene and 1,3-trans-dichlora rolene ould not be resolved,
values reported indicate the sm of both crounds.
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I

SL.M'Vi OP CCNIC P1UcRUTY POUWTANT ANUMISI

CLI LM West Lake

CLIENr I.D._BH-35

JfC 1.D. #574

TM SAMLEZ Rp IVED 6 July 1981

AN ALYSIS CMWLE1 16 July 1981

ACMD C0X*

2 *4 ,6-.z ichlorcq*bero

o-chloro-gn-cremol
2-di 1orophenol

2, 4-dichlorcoherl
2, 4-dimet~hylowerl

2-ni traphenol

2, 4-din itropanolr~
4, 6-dinitro-o-crawnl
pentachlorophenol

phno

ND
1414.7

ND

ND

ND

159.0

N- Less than 1 pg/i
* - Less than 25 ug/1

- Less than 250 ug/l
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SgLD6MY OF' OrGANIC PRC5IOT17 POLLJMTA~r AIALYSIW

West Lakei I I. If

roc 1. D. #574

(PDES)1 YTE SAMPLE RD=- IV= . 6 July 1981

ATA ANALYSIS C 1CM 21W 22 July 1981

acenV 1 1t I t1,0
IX-n1V idi ien

1 2,4-triichlorobenzene

hexachlorobonzene

hexach loroethane

his (2-chloroethy] ) ether

2-cliloronaphthalene

1,2-dich lorobenzene

1 ,3-dichlorobenzene

1, 4--dich 1 orotxonzene
3, 3'-die ilorolenzidine

2, 4-dinitrotoluene

2,6-dinitrotol uene

1, 2-diphenylhydrazine

fluoranthene

4-chlorophenyl phenyl ether

4-bromophonyl pMenyl ether

bis (2-chloroisopropyl) ether

bis (2-chloroethoxy)methane

hexactilorobutadiern

I hexachl orocyclopentadiene

isophorone

najzltit-done'

bis (chlorawthy1) other

ND

ND

ND

ND

nitrobenzene

N-nitrosodimethylamine

N-ni trosodiphenylamine

N-ni trosod i-n-propylamine

bis (2-ethylhexyl)phthalate

butyl benzyl phthalate

di-n-butyl phthalate

di-n-octyl phthalate

diethyl phthalate

dimethy1 phthalate

benzo (a) anthracene

benzo (a)pyrene

benzo (b) fluoranthene1

benzo(k) fluoranthene1

chrysene

acenarhthylene

anthracene

benzo (g.h.i.) perylene

fluorere

phenan threne

dibenzo (a,h) anthrocene

irndeno(1,2,3-c,d)pyrene

pyrene

23,7, 8-tetrachlorodibenzo-

p-dioxin

18.0
ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND - Less than 1 pg/1
* - Less than 10 pg/i

- Less than 25 jag/1

'Henzo(b)fluoranthene and benzo(k)fluoranthene could not be resolved, values reported
indicate the sum of both ccirn.
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SrEtIkRY C' OPGANIC PR1I.tT KOLUWAN AIhALIS

LakeCLIE~r West

CLIEfr 1. D.

F#C I. D.

Mi-35

#574

(NPDM) IATE SWLE ROMV 6 July 1981

IDTE ANALYSIS E 24 July 1981

PTSTICIDES

aldr in

dieldr in

chlordane

4,4'-DDT

4,4 -DOE

4,4 '-mD

enr&sulfan I

enrosulfan II

en&osulfan sulfate

endrin

endrin aldehyde

heptachlor

heptachlor epoxide

P90

ND

940

ND

ND

*ND

ND

a-BHC

b-BHC

g-BHC

P - 1242

FCB - 1254

FM - 1221

B- 1232

PCB - 1248

PCB - 1260

PCB - 1016

toxaphene

k9L1-
ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

M) - Less than 1 i•g/1
* - Less than 10 9g/1
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SL" ¥Y O OFOANIC PIORM.T :OLU7MANT AIALYSIS

West LakeCLI1Mf

cLrmI' I.*D. Bm I3mm SALE RIEIVED 6 July 1981

DTE ANLYSIS CWLMIM 5 August 1981F#C I.D. #574

VOIATILES

acrolein

acrylonitrile

benzene

carbon tetrachloride

chlorobenzene

1,2-dichloroethane

1,1,1-trichloroethane

1,1-dichloroethane

1,1,2-trichloroethane
1,1,2,2-tetrachlioroethane

chloroethane

2-chlor1Lhly 1vinyl ether

chlorofom

1. 1-dichloroethy1e

1. 2-trarw-dichloroethylum

15.7

22.4

ND

81.6

ND

18.4

ND

NM

25.1

5.2

7.7

1,2-dichloropropane

1, 3-dichloropropylene
1

ethylbenzene

rethylene chloride

methyl chloride

methyl brcmide

bromoform

dichlorobracnethane

t-richlorofluramethane
dichlorodifluoromethare

phlorodibruomnmethane

tetrachloroethylene

toloene

trichloroethylene

vinyl chloride

ND

487.9

26.4

57.6

ND

ND

147.9

ND

45.3

277.1

724.9

m*

ND - Less than I ug/kg
- Less than 10 Pg/kg
- Less than 100 pg/kg

.,I 3-is-dichlorcgro.ylene and 1,3-trans-dichlororopylene could not be resolved,
values reported indlcate the sum of both conpunds.
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S

Chemical Analysis of Radioactive Material From Areas 1 and 2

Table 13

Concentration in ppm

Offsite Area 1 Area 1 Area 1 Area 2 Area 2
Bkg Surface Surface Borehole Surface Surface

Sample (#101) (#102) (#103) (#104) (#105)

Barium 250 300 1811 2386 1158 1197

Lead 16 15 108 121 11 50

Zinc 132 146 94 76 28 167

Sulfate 20 15 108 121 11 50
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Summary of Background Measurements in the Vicinity of West Lake Landfill,
St. Louis County Missouri

Table 14

-------------------------------- Background Location-------------------
Sample Type Earth City Taussig Road Old St. Charles Rock Road

-------------------------- ------------------------ -------------- ---------------------------

Flux (Av)(pCi/m2.s)

Exposure Rate (uR/hr)

Soil Conc. (Ra-226 pCi/gm)

0.50 +/- 54% 0.58 +/- 27% 0.50 +/- 30%

10.6 8.0

2.6 +/- 23% 2.5 +/- 19%

HVAS (W. L. ) 1 .1E-3 5E-3 1.7E-3



Target Criteria and Measurements LLDs for West Lake Landfill

Table 15

Nuclide

Ra-226
Total U
U-238
U-235
Th-232
Th-230

Soil Contaminants

Target Criteria
5pCi/g

15pCi/g
3 OpCi/g
30pCi/g
30pCi/g

5pCi/g15pCi/g

LLD
IpCi/g
3pCi/g
6pCi/g
6pCi/g
ipCi/g

3pCi/g

Water and Airborne Contaminants

Nucl ide

All
Radon Daughters
Ra-226 (water)

Target Criteria

MPC Unrestricted
0.03 W.L.

3E-8 uCi/ml

External Radiation

Target Criteria

20 uR/hr

LLD

20% MPC
0.006 W.L.
6E-9 uCi/ml

Nuclide

All

LLD

4 uR/hr

ill



APPENDIX a

Radiological Survey Instruments and Methods



A. Portable Survey Instrument

The portable survey instruments used at West Lake

included two complete sets of Johnson equipment, which

consist of battery operated rate meters, scalers and alpha,

beta and gamma probes. These systems (see Figure I-1) are

totally portable and can be used in the field for both

measurements and sample counting.

The alpha probes use a ZnS (Ag) scintillation detector;

the beta detector is a thin window (l.4mg/cm2 mica) GM tube,

and the gamma detector is a 2" by 2" NaI(Tl) crystal. The

alpha and beta probes were calibrated with "NBS traceable"

sources at the RMC calibration facility in Philadelphia and

the gamma scintillator was cross-calibrated with a primary

ionization chamber system, described below.

B. Ionization Chamber System

External gamma dose rates were accurately measured with

the RMC constructed Tissue Equivalent Ionization Chamber

System (Figure 1-2). This system consisted of a 16 liter

tissue equivalent, gas filled ionization chamber (Shonka

-chamber), a Keithley vibrating capacitor electrometer, a

printer and battery pack. It is capable of measuring dose

rates at background levels to a precision of a few percent.

Since this system is bulky and somewhat fragile, it is

not as suited for extensive field measurements as a smaller,

lightweight NaI(TI) portable survey instrument. Therefore,

113



the NaI(Tl) detector was used for the majority of the field

gamma measurements. Since this detector's response is

energy dependent, it cannot be used as a "micro R meter"

unless it is initially calibrated for such use.

The calibration performed by RMC consisted of

accurately measuring the exposure rate at several locations

at West Lake Landfill, using the Tissue Equivalent

Ionization Chamber, then recording NaI(TI) measurements at

the same location. In this manner a set of NaI(Tl)

count-rate versus exposure rates were obtained and a uR/hr

calibration factor established, as shown in Figure 1-3.

Due to the energy dependence of the NaI detector, this

conversion factor will apply only to the radionuclides and

geometries for which the calibrations were made. In the

case of West Lake, analyses have verified the presence only

of naturally occurring nuclides of the uranium series

(Ra-226 and daughters), thorium series and potassium.

Therefore, the conversion factor established at West Lake

will apply only to naturally occurring radionuclides

distributed in soil.

C. Mobile Lab Gamma Analysis System

The mobile lab gamma analysis system (Figure 1-4)

consists of a PGT 15% efficient (relative to a 3" x 3"

NaI(TI) crystal) intrinsic germanium (IG) detector, shield

and Tennecomp TP-50 laboratory computer data acquisition
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module. The analysis system was calibrated for all counting

geometries with an NBS supplied Eu-152 source.

Each count was analyzed by a computer program for

determination of gamma energies and peak areas. All results

were printed out immediately following analysis on-site, and

data was stored on floppy discs for future analysis, as

needed.

Samples were sealed in counting containers and stored

to allow for complete ingrowth of radon and daughters,

whenever possible. In these cases, Ra-226 was determined by

counting the daughter Bi-214 gamma-ray lines at 609 and 1764

KeV. Pb-214 was determined by the 295 and 352 KeV lines,

U-238 from its 93 KeV line, Ra-223 from its 270 KeV line,

Rn-219 from its 401 KeV line, Pb-211 from its 405 and 832

KeV lines, Th-227 from its 237 KeV line and K-40 from its

1462 KeV line.

Typical LLDs for Ra-226 were 0.1 pCi/g in soil and

vegetation, and 0.4 pCi/l in water. For Rn-219 daughters on

air filters, LLDs were 0.4 pCi/l. The LLD for U-238 in soil

was on the order of 1 pCi/g.

D. Auger Hole Logging System

Detailed logging of selected auger holes was performed

with the system shown in Figure 1-5. This system consists

of a custom designed EG&G Ortec intrinsic germanium detector

(10% eff) with a narrow dewar, coupled to a Tracor-Northern
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1750 MCA used for data acquisition and initial field

evaluations. Data was stored on a tape cassette recorder,

then transferred to the lab computer system for final

analysis. The entire system, including an NIM module power

supply with a bias power supply and amplifier, was powered

in the field by a portable 5000 watt gasoline-driven

generator.

The logging system was calibrated as described in

Attachment 1. Field counting times varied from 2 minutes to

10 minutes at each location, depending upon the level of

activity present. Typical LLDs for this system and

relatively short count times are 0.3 pCi/g for Bi-214, 1

pCi/g for U-238, 0.2 pCi/g for Pb-212 and 0.1 pCi/g for

K-40.

The field use of this system was somewhat limited by

initial failure due to high humidity effects on the pre-amp

components and thermal insulation of the detector housing.

These problems were partially corrected by sealing the

detector in an outer container and allowing dry air to flow

through the container.

E. Radon Analysis Systems

Radon flux was determined using the accumulator system

shown in Figure I-6, which is similar to those used by

Wilkening [1] and others. Accumulation times varied from 15

minutes to 2 hours. Gas samples were drawn and counted in
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the EDA Radon Detector, usually 2 hours after sampling, to

allow for daughter ingrowth. Standard MSA charcoal

canisters were used for the canister method, as described by

Countess [2].

F. Alpha-Beta Counting System.

All samples were counted for gross alpha or beta

activity on the Gamma Products low background gas flow

proportional counter, shown in Figure 1-7. The system is

automatic and can be programmed for a variety of counting

parameters.
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Figure I-I. Portable Survey Instrument Kit.



Figure 1-2. High sensitivity tissue equivalent ionization chamber system.
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Figure 1-4. Interior of mobile lab showing gamma counting system and other equipment.



Figure 1-5.
In-situ auger hole logging system with intrinsic germanium detector
and narrow dewar assembly, data acquisition equipment and storage/
fill dewar.



Figure 1-6. Radon sampling cells, pump, and gas analyzer, sitting atop a radon
accumulator tub.
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Figure 1-7. Automatic beta-gamma gas flow proportional counter.
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INTRINSIC GERMANIUM WELL LOG

DETECTOR CALIBRATION

The intrinsic germanium detector was connected to the

pulse height analysis system consisting of the following

components:

Ortec Model 459 High Voltage Power Supply

Canberra 2011 Spectroscopy Amplifier

Tracor Northern 1750 MCA

Teletype Model 43 Printer

Gain and voltage supply settings were adjusted to

obtain an energy spectrum of 0 to 2000 key, which

corresponds to approximately 1 kev per channel.

Calibration of the well logging system was performed

using the calibration rig shown in Figure 1. This rig is

constructed as a series of four concentric rings surrounding

a 6 inch PVC casing. Each ring contains thin plastic tubes

1-1/4" diameter by 36" long. A set of "source rods" and

"background rods" were prepared and loaded into these tubes

in a variety of configurations for the various calibration

and test counts.

The geometry of the rig is such that the distance from

the center of the casing (or detector) to the center of the

innermost ring is 3.75 inches, to the center of the second

ring is 5.0 inches, to the center of the third ring is 6.25
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inches, and to the center of the fourth ring is 7.50 inches.

All voids between tubes were filled with low background

sand. It was determined that the ratio of source volume in

each ring to the total ring area was about 0.6. Hence, when

source rods were fully loaded into a given ring, the

activity counted represented approximately 60% of the total

area (volume) the detector viewed, and counts were adjusted

accordingly.

Each source tube is a 12 inch high by 1 inch diameter

tube filled with a material containing Eu-152. The source

material was prepared by mixing the standard Eu-152 source

solution with plaster of paris, at a constant ratio designed

to give a uniform specific activity of 440 pCi/gram.

Background rods were filled with "clean" plaster of paris.

Plaster of paris was chosen because of its ease of handling,

ability to uniformly distribute the source throughout the

material, and its density, which approximates that of common

soil. (Density of soil, 1.7-2.3 g/cubic cm; density of

plaster, 1.5 g/cubic cm; density of sand, 1.4 g/cubic cm)

Four different configurations of source and blank tubes

were used for the calibration. Source tubes were placed

three high in one of the four concentric rings of the rig

for each count while the balance of the rig was filled with

blanks. These configurations correspond to the source

material being a radial distance of 3.75, 5.00, 6.25 and

7.50 inches from the detector.
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Each Configuration was counted for 900 seconds, and the

area under each of the eight major Eu-152 photopeaks

determined for each count.

Calculation of counts per gamma per gram was determined

by the following method:

NCNTS/GAMMA/GRAM =

[NCNTSI/[ (44OpCi/g) (3.7E-2d/s/pCi) (900s) (ABUNDANCEgamma/d)]

For each gamma energy, the net counts/gamma/gram vs

distance from the center of the detector was listed. These

response curves were then plotted for each energy, for

distances and activities which extend to zero net counts.

This represents an "infinite" distance from the detector.

Using these curves, the total counts from the detector to an

infinite distance was calculated by integrating the area

under the curve using Simpson's rule for approximating

integrals. Of prime importance is the integral from 2

inches to infinity, since this is the area the detector will

view when placed inside a 4 inch PVC casing.

Finally, the integrated net count/gamma/gram, from 2

inches to infinity, was plotted vs energy, for each of the

Eu-152 photons. With this efficiency curve, a specific

activity in soil (pCi/gram) can be determined from a bore

hole count, assuming the radionuclide can be identified and

its gamma abundance determined. The calculation is:
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SPECIFIC ACTIVITYpCi/gm(in soil) =

[NETCOUNTS]/[(ABUNDANCEgamma/dis)(2.22 dis/min/pCi)

(MINUTES COUNTED)(EFFICIENCYcounts/gamma/gm)]

This determination will be valid so long as the

radioactive material is uniformly distributed to an

"infinite" distance in soil, and the detector is in a 4 inch

PVC (or similar material) casing. Although soil should be

at the surface of the casing, the data indicates that small

voids will not produce significant errors in activity

estimations.

Results of this calibration indicate that an "infinite"

thickness in soil for a bore hole logging device is about 10

inches from the center of the detector. Thus, for a 4 inch

hole, gamma logging will only "see" activity out to about 7

or 8 inches from the hole. For low energies (100-500 key),

50 to 60% of the total activity seen is in the interval of 2

to 4 inches. For energies above 500 Key, this value is 40

to 50%. While this volume may not seem large, it represents

several thousand (2000 to 4000) grams of soil, which is much

larger than typical core samples, and is therefore more

representative of the actual soil activity.

This calibration indicates that the sensitivity of the

IG well logging system is such that the Ra-226 daughter

Bi-214, as measured by the 47% abundant 609 KeV peak, can be

easily detected at 1 pCi/gram in soil, in a five minute
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count, with a 95% confidence level and precision of 0.4

pCi/g.
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Figure 1

CALIBRATION RIG ASSEMBLY

"A" - 6" I.D. PVC Pipe

"B" - 1.25" diameter x 36" long
butyrate source holder tubes

"C" - I" diameter x 12" long source
tubes. 3 per holder tube

"D" - IG Detector

Top View

Cross Section
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SURVEY FOR BERM EROSION

WEST LAKE LANDFILL

ST. LOUI-S=,.,U . MISSOURI

ýA.J4 Boe~re T.i.: 'r ~~~ Wit N'l

-. •' *, ... -o '."... INTRQO.DLc•-jQ40N "• f r },: •!'' • ivati•t . .

-- larch- :-12-13:,:-,- 19 84, :e~p•e,,•iva frpq, ,• a RjR.4g%,,.4Lss.iat.ed

Unive.r&isi.ge.e -(ORAtf), :-Odk Ridg-e, Tentss eri etr•fpr#z.4-J ,a -r .diqlo,gsiak- ,sUr.qy

along, a- s-ection lof-t he- b er.m .bounding)Ihe :W~es,,t :hake, •a~e ;Lax•i,,1 The object ive

of the survey was to determine if erosion of the berm was occurring,

resulti.ng- in ;the--.spread-.of co-nitomit•aio, 4oa4jaqek ,

collqcted- ,.included exposure rates, concentrations of radionuclides in

surface soil, and locations of elevated contact radiation levels relative

to thesurface tQpography..-'- --. - ..

.. PROCEDURES

~i>"" A Iscan- o0 the north- fad&I of:the beryl perf1ribe'd- wit'h 'I~ Tt)

scintillation detectors to determine general areas of elevated

radiation levels. The area selected for further investigation is

shown in Figure 1. The walkover scan also identified an elevated

region along a short unpaved access road situated just west of the

Shonma'n Bui'ldihg and leading to the perimeter road; however, no further

4.. measurements or sampling were undertaken at this location.

2. A 5 m grid system was established on the berm in an area identified by

ihe scan.

3. A sketch of the topography in each grid block was prepared.

Work perforned by the Manpower Education, Research, and Training Division

1+ of Oak Ridge Associated Universities, Oak Ridge, TN, under interagency
agreement DOE No. 40-770-80, NRC Fin. No. A-9093-0, between the Nuclear

' " Regulatory Commission and the Department of Energy.

April 6, 1984

8405240319 040406
PDR ADOCK 04008801
C PDR



4. Suxjace, scans, were conduc.ted oQver thp, #ri. s,.in .r., .a(T).

.sctil I la tionm. detectors. Locations of elevated contact radiation

levels were noted.

5. Expps -:r... "" ".... . ..te .m".s71r-em.n.s "-were- ";, , d' a,,L .... r•a', :.gnd A,A.' ? • .'Q"-e

6. Surface (0-15 cm) soitl:'s'anpe'es *.Ni e;';o~.lected at twelve grid rice
intersections and at five locations of elevated surface contact

•rad~iation levels identified by the scan (refer to Figure 2). Two

additional samples were collected from t!ie adjacent field.

, o '' "oni i I ;C

7. . Exposure ,rates ~we " .also,-measureai ,

elevatred, conta;, Le~dings ... - ,' n i

-So il,-.$~amp 1e-,s_.were....aa-l yzed -b-y, -g4m~ q4 .t ~r~ ~ 226 .and

Th-230 were the major radionuclides of concern, although spectra were

reviewed for Pa-231 and Ac-227. One soil sample from the berm area

and the sample from near the office building were analyzed by neutron

activation to determine trace element composition.

RESULTS AND DISCUSSION

TopoRraphy

Figure 2 is a sketch of the berm area surveyed, indicating the grid

systemajor surfaaeeatr. The slope of the'berm is estimated'

to be aproximately 400. The soil on the face of the berm appears quite

loose and only sparsely vegetated. There are several small ditches which

,follow 4tihe -siope; these suggest erosion or slippage of the surface soil

layer. Several small mounds of earth were also noted at the base of the ,"

berm.

2
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,rr -1P 'I - tI

The, vxj)ov.er.,4 -an intiid1.vl: > e

topi *-4 ,py.er~. el we~!, get yj 'd

coDireinatRs.a Con.. Levels4

Coptact-+•-,expoaur.--e e- r t r•,C2t, .pnd. e trhr, aR/ rvtnd 570 ijR/h,

respectively. Elevated measurements (up to 280 pR/h) were also noted on

*oPn-t &ct- wU ý 'A- -+mq+ j$qalybetwpien grid coordinates D4 and D5 at the base

of the berm. Specific "hot spots" were not present along the perimeter

road -or t-h . .:dj g,-ýgpnt p1 ý -ey, - p ~wei

.Figure 3, ibdi•etgs$ be, nIto eqx aure T 4•a;,,,as •Mro berm., ,

An atrea-niara ,the -j4 iffr"e-. h40 d4~r byyjl,f pvi

survey -as• ,cont&nipg IcXntamiaatid? e a pn e~v#ter.,#reic

r~adiat7~iour l~eV'e]. nR'an.do•, ,me a~Xi~e re & i~n, •b •r + & .s 1Fi. g • u•, •)r.,n•O,"c a te

exposure rates at 1 m above the surface ranging up to 45 pR/h. The maximum

level is near a small drainage ditch. The extent of the area exceeding

20 'R/h,4s¶s',matler th ,• rnp e R ~gepB1tr a itoration

repor €.-Th"..-"" ispro~abD~y" -Yhe "r• ~t 'of :~d4 bi~" yfjlj (i ;id), which has

been placed on portions of this area, since the previous survey.

Radionuclide Concentrations in Soil 4

Radionuclide concentrations in surface soil samples are presented in

Table 1. With one exception, i.e. the sample from coordinate A5, these

samples all contained elevated levels of Ra-226 and/or Th-230. Ratios of

Th-230 to Ra-226 were in the range of approximately 25:1 to 40:1. Pa-231

and Ac-227 were also present in most of these samples. The maximum

concentrations of Ra-226 were 699 pCi/g and 662 pCi/g. These were in

samples S4 and S5 from areas having the highest direct radiation levels.

* L.F. Booth, et al., Radiological Survey of the West Lake Landfill.
St. Louis County. Missouri, Radiological Management Corporation,
May 1982.
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Samples from grid line 5 along the base of the berm and from grid

line 6 along the perimeter X pQ. aIsal so had elevated radionuclide

c.oncentrations; however they were lower than the concentrations in samples

from 'areas.9of elev,4dt",&jdirec, -radiation.,wSamplqp 5,G• 'anna Dye~e urhe

"and'irn : the vicinity $f i d~tcbesl ! p~ofn r .Aa si

~(S an S) c~epedia-ýthe,!o#jar-eak,,fi*o41,,,,abopt iQ-me s ~tt,ýpf ~ 1

C-oflc e- ,t r-a-tio nS a c o. ') C tiii r. vi '' ". Ii fH

-. ,Sample S8 from the ditch near the office area contained 5.19 pCi/g of

Ra-226 and 344 pCi/g of Th-230. Neutron activation results for this sample

and the samp-le-frox,, cp~r4*aLaq F

Ba4sed ý,on _the R-22.4 i-qr~9 1 ~d.~ q~tcne~s

,appear.s..,that, ,the~xre,idues.Are jf,;,qm theý,##*e•pp4rq_, , ..

A survey of a small area at the West Lake Landfill in St. Louis

County, Missouri, was conducted by ORAU to determine if erosion of the

landfill berm is resulting in spread of radioactive residues buried on this

site..• MeaSurements of direct , radiation .levels and radionuclide

concentratigns in soil and the physical condition of! the berm area indicate

that ierosion is occurring and that there are elevated concentratioma of

Ra-226, aid. Th-230 -at the Oaseof ,thqberm 4qd, extending into the adjacent

field. .. , , , .

Meanuremqnts performed, at another area, of known ,radioactive residue

burials, near the office building, indicate that there has been 1-1.5 m of

additional fill added to portions of this area during the past 3-4 years.

This added fill hs reduced the direct surface radiation levels at some

locations by approximately a factor of 2. Analyses suggest that the

residues rod"i the berm and office areas are from the same source.

4.
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TABLE 1

CONC TRATONt IN SURFAtE. -SOIL

4

2

. Radionuclide' CofneentraPione, (pc1i/"
Locat'iona Ra-226 ' Th-23' a- 2 31:" 227-

A 05-+ j-03b .7.67 ........ 50.59- ... .<.5 .
B5 11.3 + 0.7 404 + 45 <1.16 3.79 + 1.006.77 + 0.53 241 + 21 <0.89 1.03 + 0.75
V5 +22 ,4, 37 ' . 140 7.54 + 3.07 11.0 + 1.6
E5 1.35 + 0.19 13.0 + 5.7 <0.68 0.50 + 0.49
F5 1.32 + 0.20 8.49 + 5.38 <0.57 0.15 + 0.33
A6 2.36 + 0.37 99.3 + 35.5 <0.86 <0.46
B6 3.98 + 0.51 132 + 75 <0.81 2.82 + 0.84
C6 3.93 + 0.51 142 + 70 <1.03 2.35 + 0.88
D6 2.84 + 0.51 109 + 70 <0.98 2.65 + 0.56
E6 5.i5 + 0.51 181 + 57 <0.77 1.37 + '0.48
F6 0.98 + 0.17 11.1 + 5.1 <0.71 <,0.59

Si 4.27 + 0.44 132 + 17 <0.76 <0.57
S2 4.49 + 0.61 178 + 82 <1.22 <0.23
S3 38.3 + 1.6 1601 + 240 7.16 + 3.47 5.78 + 2.23
S4 662 + 7 16170 + 810 140 + 13 207 + 11
S5 699 + 6 19130 + 220 <10.1 29.1 + 8.3
S6 72.3 + 2.3 3280 + 290 18.3 + 5.1 11.1 + 4.4
S7 185 + 3 6720 + 480 34.9 + 7.3 49.8 + 5.0

S8 (near office
building) 5.19 + 0.59 344 + 84 <1.70 2.44 + 0.86

s Refer to Figure 2.
b Errors are 2o based on counting statistics•

'~' ~ri-~
* , I ;

4*~h{ )!~ I~ ~I¶~' 14 ~ 4
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on :id -iig krn*jh A etr) ItA A Atr 1

to S "mu* the t*ry1i4n

May 27t 1986
- '* " I~ t 1r4 ' I ,,, ;1 (7 4 4( t-ift .- t ft* A ~

Dr. Germain Latocbe * A ,4- ~r Pr

Uranius Fuel Licmnsing Aranch Ptt, M!
Division of Fuel Cycle and XseL,9#1r~ ,1 ''kAA4!'- Vri

U.S. Nuclear Regulatory Coumiumaton
Wishfigtoin, D.C. 20555:,

Subj4ctr t tAS$9'A1PHA AND CROSS BETA RV.SULTS -. VXST LAKE LAND•ILL WU"

Dear Dr. LaRoche:

Enclosed are the results of our gro.s alpha &ad gross beta •ai •1ys"
perforued om 32 vell water samples, collected May, •od S at the VseWt UM'
Landfill site near St.'Charles, Missouri. As can L noted, many of CM sp•p4S
exceed the 5 pC1/1 gross alpha level requiring isotopic &Aalyeee. Thmrsfor',''
Analyses for Ra-226, RA-228. Isotopic urnlium, and isotopic tboritm he" beem?
initiated; results of these Analyse* rill be available in *bout 3 weeks.

If you hsve any quaetions, please contact m at 'TS 626-3305,

Sincerely,

.a D. Urger
- Program Manager

Radtological Site Assessmenrt Program

JOB/cit -. ".
...,cc. W . Crow WS$5" S :•

S. Ihanerji - University of MissouriCubia) ,

F.nAlosuree

C. PFr; ~ -.



Table 4 Go, os,-s alpha arid, "Iross betat'c'oricin~r'ations
w~ter samples:1 *May 7-8, 1466, Wiesti Lake

S.Ljouis, Mi7s sori (froei 6ýrdeA,t86
.4 .4u 86)

t 
!C.

in viwii

* 4
1 4-4

4~44

i.
i .).)

(C.
4,

We'l I Oat; Depth to l8adtloaQtvjtty Concen1ratioqs a(si/1)
Identification Sar*Yed W alte Grto$s AlP Gh '.. GrIo s Betja :;

1' •/?} ',•4 , .2 i4. 4 .4 C,J

5. 76 ± Qb34 17. i 1.6

614., 1.8- 19.0 ± 1.9

61 .. . ... ... , ....- '......4-.5 .. . 3.... 3 -3 ± &__ .,9A4.....--.......4.. _ • ....

., 62 * ~5/7 4.2 5.55 ± 1.26 10.1 ± 1.35.9 3.53 ± 1.17 7.39 ± 1.40

66 15r-'57 r * 1~ 3 ,1.5 ± .6994±13

67 5/7 1.5 8.42 ± 1.69 7.10 ± 1.55
568 1' " !5/7 4.4 0.90 t 1.65 1.91 ± 2.83

72 5/8 10.0 1.39 ± 1.23 4.60 ± 1.65

73 5/8 8.4 6.50 ± 1.53 7.72 ± 1.57

75 5/7 7.6 10.5 £ 2.9 22.3 £ 3.5
76 5/8 13.8 3.60 ± 1.28 6.89 ± 1.77

80 5/8 5.3 8.28 ± 2.19 13.3 ± 2.5
81 5/7 4.8 7.91 1 1.39

82 5/7 5.1 17.0 1 5.5 46.8 1 6.6

83 5/7 3.9 8.99 1.677 17.8 ± 2.1

84 5/8 7.0 13.1 1 4.2 27.3 1 4.7

87 5/8 9.4 .547 t 1.44 7.22 ± 2.36

88 5/8 8.6 10.7 ± 2.5 17.7 ± 2.7

89 5/8 7.5 3.73 t 1.27 9.10 1 1.55

90 5/7 4.1 2.23 ± 0.92 6.81 ± 1.52

92 5/8 13.1 7.25 ± 51.88 1.3 ± 2.5

93 5/7 4.7 7.42 t 1.99 21.7 t 2.9

9490 5/7 2.1 1.623 0.89

, . • ..

aAi,,mifaSJred below grouhd

Error art.2q based o•ly

... ... € tot, determined.

sutr face.

on onlYing' statistics.

4'' 4 -
44--.. ...

~I4i
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'16TITURN TO 396-SS
onr! a 0rPDA-

4v *...... July 3 fl, 1986n.. ~

T :t e . 'AA'd $ Ai t a t Uik1 in,1f I II ,raminne taeohIU

Divsio o r in C turnl Iopnpic abundancles, n tntii r4 &at ton

SubJ oc t : DD TIONAL ANALYE - ltn WET o• • .•S ,Pqc , r•

.... ihteti rt phrttirs 1,ted, •orMt

(A kpl•', -Wietd•M•"7 ýFBý -ita "•'•t• jnf 1V1.Beasthurnu

y h Unversity nn t * A oth oi- t••nl rdf I I I I aMsup . Y
pefried or the sWpl I f••And I II V•Fprovid. u t f"t-l" I

July 3, 1986

f n h nav any que1"In.1 pl.r'c contacf at me S A2-3t5

Dr. Germain LaRoche ,lI 9ce ~~r e r
Uranium Fuel Licensing Branch/
Division of Fuel Cycle and Materialso o
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Subject: ADDITIONAL ANALYSES -WEST 
AM1 .i1~iA ~ s'

P DaR AtDr. LaRoche:

",s hp resplts dditi n# An&Iyes, performed on well water
samplWV 'ýlce "~~ 7 atl ' at AW a~~t ti I.M ndf ill. Because the uranium

yas. essentially in natural isoptopic abundancies, a total uranium concentration
fip'iiWiCded, rather than individual 1sotope values. Disequilibrium in Th-228
and Th-232 was noted. I do no p 1 74tinct pattern in these results;
maybe the University of Miss 8k ITb.:2- up with one. I am suprisec'AV
the elevated concentration ther~& oti/' Landfill.
performed on the sample fr ell #,n I 4, provide f h-~
available.

J2 JU a 01986 ý)T
If you have any ques i!ps, plei,", contact at FTS 626-3305.

; \ M1tSCtIM~
~ *OE36J070 OKIC8

r James D.. Berger
Program tA~inager
Radiological Site Assessment Program

Jbg/sjf

cc: W . Crow- #S
S. Banerji University of 14 asouri (Coluaba)

Enclosures

9 JUL 101986) 12

8608050008 860703 0 D=Cm

PDR ADOCK 04008801 .

2747
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RADIONJUCLIDE CONCENJTRATIONS
IN WELL WATER SAMPLES: HAY 7-8, 198b

WEST LAJXE LANIDFILL
ST. LOUIS, MO.

L

RadionuclideI 'l1C

Well 50a Well 51 -Ye'll ý5? Ve- I-~-ieig5

grUoU alpha-
gross betad
Ra-226
Ra-228
U-Total
Th-228
Th-230
Th-232

2.2 ± 1.1o
7.5 ± 1.4

-c

2.2 ± 1.1
4.4 ± 1.3

)'~.''''

4.9
~ 1.2

U Ota'

17

11
16
0.4
1.7

22
0.5
0.9
0.3

0U.2-

+3
0 .4

± 0.2

±0.1

4. 4

14 3
14 - .2 ± 1.4
14 ' j* 12~ '2

0. 2

- ~8.9'2.3
- 0.03 .2>

Depth to water (m) 5.0 3.8 3.2 . ... . 3.3 5,() 15. 
d 11.A"1 11.5 •. *

1/3/86 I/ //14S

I of 5

8608030013 860703
PDR ADOCK 040ooegj
C PDR -

9'6 OSO300L3 660703
POR A~f1CA 4Ce)t

P DR



RADIONUCLIDE CONCENTRATIONS
IN WELL WATER SAMPLES: MAY 7-8, 1986

WEST LAKE LANDFILL
ST. LOUIS, MO.

r.L t f NC 0T8A 0S

Ridionuclide 71.itttollltcý t",.!
- - 'Cnti rtntons'-T 1iV

Well 5 0 a Well 51 -Well-52-- Wen 5o". '4 W- 11-Wei 14 -L

gross alphad
,,gross betad
.1Ra-226

* ),ta-22k8
SU-Total

$ ~ Th-'228

7h-232

2.2 t 1.lb
'17.5 ±-+ 1.4'

_c

2.2 t
'4.4 4

I.I
1.3

%.q -2 23

m -T
Th

11
16

0.4
1.7

22
0.5
0.9
0.3

± 2

± 0.2
+ Od?
±3_

- 0.1o
± 0.2
± 0.1

4.4, 213I
14 + . 4. 4 "t 5. 1V t IA

14 -' 2 L *12  t 6

8.9 12.

Depth to water (m) 5.0 3.8 3. 2 3.3 15.5 11.5

713186

8608o0oo03 860703
PDR AD)CK 0400880
c PDR

/,

8~QIhJ !4rn~ 860703
P~ThI AtW~ 040()&kl t

1 of 5
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RADIONUCLIDE CONCENTRATIONS
IN WELL WATER SAMPLES: MAY 7-8, 1986

WEST LAKE LANDFILL
ST. LOUIS, HO.

IN -;elL xCa i u : t'!AY 1-9, #4

...... .... Radionuclide ......... .. ....... t'U etrto i (it1~ -'j -

Well 58 Well 59
hAL ~

. -...- ross alpha 5.8 ± 1.3 11
gross beta . .15 -t.:- •.46

St'z a-226 0.3't .01 0.3
SRa-228 2.9 ± 0.6 0.5

1 'U-Total. 13 ±2- 25
Th-228 0.6 ± 0.- 0.5

'f . *h-232 1.5 ± 0.3 0.2
T $h-232 0.7 ±0.-2 0.1

- 3
+4
± 0.1
t 0.5
-4
+0.2
±.0.1

YI -~: -44 2h~

+4
0.2

4.+0.5
S0.1

14 ±0 1

71,

±. 1 3

S 0.8* 0.42.

0.6 ~ .2
o 7

214

.~ (L~

~ (L~
~

9.9,1 1.8 0

Depth to water (m) 14.0 not determined Devc ý.V Water (M.5
I -,. 0 not 4:!ý cermined 1.9

7/3/86 2 of 5

t#.. A



RADIONUCLIDE CONCENTRATIONS
IN WELL WATER SAMPLES: MAY 7-8, 1986

WEST LAKE LANDFILL
ST. LOUIS, MO. ~(1KTYt L.Vv~ I A~flE~IJ.

Radionuclide

welWell 68 We172 WVell -73 Wll7 We,146 '

bross aJpna
t 1ugross beta

#., ~V~Ra-226
Ra-228

-" U-Total

Th-228
Th-230
Th-232

8.4.-.1. .7
7. 1 6
0.7 ±-"0.1

(0.3
7.4± 1.1
0.9 ± 0.2
9.9 -±0.7
0.2 -t 0. I

0.9 ± 1.1
1.9 ± 2.8

4~ , 6.5
7.7
0.3
0.9
3.1
1.1
6.1
0:2

t 0,

t 9014.

± 6.

.211
±3

LI

,16 ± 2
0.6 ± 0.2

t 1 2  ± I
0.2 ± 0.1

-
- 9.6-. 18 13

-- 9.5 ±•0.,- 5

Depth to water (m) 1.5 4.4 -u~ L 1.6 13.8 5.3

. 1" /3/86
r/ 

~

3 of 5
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RADIONUCLIDE CONCENTRATIONS
IN WELL WATER SAMPLES: HAY 7-8, 1986

WEST LAKE LANDFILL
ST. LOUIS, HO.

Radionuclide ~ot~ t d,~xc: 
a b

Well 81 Well 82 W-1 8til 3Z~~U-4

-S
T

6&~,WePiam

:£7?O* beta
4a-226

JRa-228
-1)U-Total

Th-228
-4jTh-23O

-ir7432

1.9 - 1.8
16 ±2
0.8 - 0.2

<0. 4
4.9 1.3
0.9 ± 0.2
0.9 ± 0.2
0.3 ± 0.1

17
47'
0.3
0.4

13

0.4

0.3

±

±

_+

±
_+.

+

±

b

0.1
0.5
2
0.2
0.3
0.1

3• . 0.6

A .040. 7
0. 1
0.2
06A 0.2

13
2/
1.7
5.8
9.0
0.6
1.3
1.I

4.

±t 0-17,

15 ,1.41

''-4.

71.~',

I

C)

4),

4),
4).

2.j

0.~;b
3

4:-

3. V . l

!"4) 4)., 1

U. *.:
C).
C) 

.3.

Depth to water (a) 5. 1 Zn ~ /.u
ý ý I

9.4 •.•.• 1.5

17

//3/86 ,1./ -iv
4 of 5
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RADIONUCLIDE CONCENTRATIONS
IN WELL WATER SAMPLES: MAY 7-8, 1986

WEST LAKE LANDFILL
ST. LOUIS, HO.

IN. I.OU

Radionuclide - Concentratfoifw (pCi/i)
(vt:t/0

Well 90
Wel l 9 1 ) WellWell 92 .. •eT F ...... W 1 •9 ..

* Lb

gross alpha w,--
gross beta
Ra-226
Ra-228
U-Total
Th-228
Th-230
Th-232

-2. 2 ± 0.9
6.8 ± 1.5

7.3113
I•0
1.0
0.8

17
0.5
0.1
0.4

_+
_±
_+
_+
_+
+
_±
+

1.9
3
0.2
0.5
2
0.2
0.I
0.2

3

0.2

1.6y-+ 0.3

1.6 ± 0.4

9.9 ± 1.4

/. j

11

~-~- S
U.
1.4

1 .9

U. 2
U 5
2
0 2
0 1

2

~ ,JTJ

.5

U

Depth to water (a)
4. e (uz)2.1 4 . t 1 E1 I

4.1 13.1

A* Žter to Figu r-e fo r weUl lric4 ton.aRefer to Figure for well location. are 2,7 biaed onlb o c o ttnctns
bErrors are 2a based only on counting statis.asL are i ased o, .•'r1Lotted..... sl t ndicates analygifq nor performet.
CDash indicates analysis not performed. 1 .. .. .. on I-_ ca
dGross alpha calucluated on Am-241 efficiency; Gross, tet&t.a Icul t d 4

based on Ca-137 efficiency. euna es • o ý•--trr e-ic n tetween toAt al;eAnalyses being rerun due to unconsistencies between oqta 1 a]La]pna and

isotopic levels.

5 of 57/3/4
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!.;5 -r" f ,l ' 1 r4;1 I .'I t I e r '11,P- .11 ,1, .- ., nr 0 )"1Of I iir, ' ir,,&pncy

'•ss9ciO i0 •bst Office Box 117 Ph's, arch arv! Trair'r')
Universities , Rý Tennessee 37831,-0 .7 , , )v,,;:

4, 4 ...'t ". .' L~ /,. "

July ,14 14~86

.-.iie or oirý s 4

Urarfum,16re Licensing' ' hanni.",

u.So uc lar ýýgu story Comm sson,.tlc.r.•,r,,,l, )

Waashfngton, D.C. '20555 "MSs

Subject: REA14AL'd§tS'-"-WE-L 49O 9EST [.Akk ADI1 LL '

Dlear Dr. LaO 4e13j1

As in~dicatodz'FWmy lb>'r of lthe sample from well 80 at the
West Lak, Landfitisuas being •reahalyzed.becAuse of the large discrepancy
betweengross alpha ai4dio•71jic onentti on'. Reanalysis provided the

following resu.tsý: "... .i .... . . .

S •oAgS ph- 0.4 ± 1.0 pCi/l
gross bet tA" - 3.2 ± 1.6 pCi/1 4 .

" .. ',-tot-al, , 2.2 ± 0.9 pCi/l
.. Th!228 - 0.3 ± 0.4 pCi/l '

Th-2430 0.0 ± 0.0 pCi/1
0.1,± 0. piI

A careful review of our laboratory documents suggests that results for a
sample from a different site were erroneously assigned to the sample from well

?ýV #d•q) IhGdh'c~ding error. The results from reanalysis are more internally
comparabte a-A' 4 oiiiistent with what, I believe, would be expected in water from
that well location.

If you have any questions, please contact me at FTS 626-3305.

Sincerely,

DOCIAECh
James D.4 Aerger

.ProgramManager
R diologiýal Site Asesqment Program

4 Enclosures VQTT

cc: W. Crow - NRC/NMSS
S. Banerji - University of Missouri (Columbia)

8608040395 860714
PDR ADOCK 04008801 " -7
r --
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