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BBSTRACT

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 wuranium 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 1is 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 198l1.

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 surfaces and
beta-gamma count rates 1 cm above
surfaces;

2) measurement of radionuclide concentrations
in surface soils;

3) measurement of radionuclide concentrations
in subsurface deposits;

4) measurement of gross 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 1laboratories
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. 1In 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 CHARACTERISTICS

The West Lake Landfill is located on St. Charles Rock
Road just west of the Taussig Road intersection in
Bridgeton, Missouri. The site 1is 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 1limestone 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 1landfill 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



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[3] 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 so0il 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 residués) 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 abou£ 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




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. 1In
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 radiocactive material, it is known that
hazardous chemical wastes have been disposed of at this
landfill. Since disposal was vunregulated 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



III. BRADIOLOGICAL SURVEY 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). 1Initially, 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, Nal scintillation detector (described in Appendix
I) measurements were made and a conversion factor for the
Nal count rate versus uR/hr established (See Figure I-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.




(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
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casing. Each hole was then scanned with a 2" by 2" NaI(T1l)

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 67
to 24", depending upon factors such as hole depth and
activity. An occasional core sample was taken to verify the
in sitn measurements and to confirm the presence or absence

of non-gamma emitting nuclides such as Th-230.
(D) Measurement of Radiocactivity 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 1is 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.

10




IV. SURVEY 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 1levels 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 1line 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 1in 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 1land 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 1located near the northwest edge of Area 2, which
includes the berm that bounds the landfill at that point.
Some erosion and run-off 1is evident along the top of the
fill, apparently uncovering deposits of radioactive material
in the process. Thus far, fresh construction £ill 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.

12




(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 wuranium 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. 1In 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 1located

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 1lined 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(T1)
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(Tl) 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) coants and Ra-226
concentrations, as determinea by ip situ analysis of the
daughter Bi-214 by tﬁe IG system, was found. Figqure 11 is a
plot of NaI(T13 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 1long 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 providéd 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 wuranium 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 1locations were
collected. Results c¢an be found in Table 7. Radon flux
levels ranged from 0.2 pCi/sqg.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/sqg.m-s to 613 pCi/sg.m-s. On 24 different occasions,

17



the charcoal canisters and accumulator were placed in
essentially the same 1locations, at the same time, for
duplicate sampling. The results of this side-by-side study
are presented in Table 9, and show geherally 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 1listed in Table 11. 1In addition to
Rn-222 daughter gamma activities, Rn-219 d;ughters were
detected by measuring the 1low 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 1location was
chosen due to possible run off from the f£ill 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 1levels 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
ipn_situ measurements, show that the contaminants present at
West Lake <consist of wuranium 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

20




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 sqg.yd.) 1in Area 2 and about 2 acre;mmkio;ooo
sq.yd.)in Area 1. If an averagehghickness 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 1is 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,

21



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 gquidelines (attributable to K~40); however,
gross alpha and Ra-226 levels are within 1limits. 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 locétion° 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 1landfill
activities will obscure all detectable surface radiation

levels at the site,



[1)

(2]

(3]
[4]
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Figure 16. Cross section B-B (from Figure 9) showing subsurface deposits in Area 1.
The blackened areas indicate the estimated extent of contamination exceed-
ing 5pCi/g Ra-226, based on surface and auger hole measurements.
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5pCi/g Ra-226, based on surface and auger hole measurements.
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Cross section E-E (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.




et

800—

700—

(o))
o
T

RADON FLUX pCi/m%s
w E-y
(@] (@]
T T

200—

100—

T
1
o
TT11
1
1
T
-
T
1

-—cy P
=
=
[
ha Ul B T
T ey * IR
- : :
P ad
]
1
1]
T
]
1
I
T
1

it e A

IRENRN

TTT 13
T -
i
1

IR
i
T

I

_- | BASE 61 l H 4 THHT 1
L A & 11K Iy - L_L HH HA
1 :'} \3 : :l 1 ) T : T T
L SN R AT L R
i Hi ’ { z/-' 1T \\;' g TR R Ee e .
T ‘;.é i // e ':51_:;;\\ ] - Hun SR [
I8 Ll T 2 AN HHHE _"_;“A
T.. - _4.! ' . yi- ﬁ[‘_ e " - 4444 [ o ._t.-_
: T is U TR T e e R
e | ‘u_y'; T R R
. - LR L e e )
i Wiy _.:“’ E' ul?; g TR R -
] | sunpaEuRil jandingnsnigdnnpuuniininn ] T
1 LS icectalatetnte T R R EBRREE
T b E N T 1 " R T L
§ Saanun  ARARNRREE b () ST R R T R T 1 I
AT N T , T E P R R N
18 JRARRES ;_1; _;_\qq 3 AT _fi;ff_“ R H R |
SARARRSaN :j*~ 11 :S-QHi-L ;i_ FHTH. ;.:::r_ﬂi_.JL T i CEEE
IR TR LSBT T P TH R T
4. 3 - :Nq____. . S QO O SN BN (O SR AN OO O S O SO O 0 A O 408 44
- '\' 'fi;f~JC: f:; “?:;Qi. hrﬁ[. S LR T AT ] :3‘ CE
= S PTTTTNS R U A T I a3 = ny C4]

5/1

Figure 20.

I | [ |
5/10 5/20 5/30 6/10

DATE

Radon-222 flux measurements at three locations in Area 2, for May, 1981.



Table 1

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

NaI Exposure Beta~-Gamma Count Beta-Gamma Count
Grid Count Rate Rate Rate w/window Rate w/0 window
Location (c/min) (uR/hr) (c/min) (c/min)
GOOE 1000 10 30 40
HOOE 900 9 60 50
I00E 1200 11 30 50
JOOE 800 8 40 40
KOOE 800 8 20 30
LOOE 1200 11 20 30
MOOE 800 8 40 40
NOOE 760 7 40 30
POOH 1100 10 50 50
POO1I 1200 11 40 30
Q001 1000 10 50 50
PO0J 1100 10 50 50
Q00J 1200 11 40 60
POOK 1100 10 40 30
QOOK 1200 11 30 50
COOF 900 9 40 50
DOOF 900 9 30 40
EQOF 1100 10 40 50
FOOF 1200 11 30 40
GOOF 900 9 40 40
HOOF 1000 10 40 40
I00F 1200 11 40 40
JOOF 2000 16 40 50
KOOF 2700 20 50 50
LOOF 2100 17 40 60
MOOF 1500 12 60 60
NOOF 1000 10 40 60
O00F 800 8 30 30
EOOG 1100 10 20 30
FOOG 1000 10 30 60
GO0G 900 9 40 40
HOOG 1000 10 20 40
100G 1200 11 30 30
JOOG 1000 10 30 40
K00G 1600 13 60 70
LOOG 1300 11 40 50
M00G 2200 17 60 50
NOOG 1300 11 30 40
000G - - 50 40
EOOH 1100 10 40 40
FOOH 900 9 30 30
GOOH 1100 10 30 50
HOOH 1200 11 50 40
I00H 1000 10 40 50
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Table l, cont.

Nal Exposure Beta-Gamma Count Beta-Gamma Count
Grid Count Rate Rate Rate w/window Rate w/o0 window
Location (c/min) (uR/hr) (c/min) (c/min)
JOOH 1000 10 50 40
KOOH 1000 10 20 50
LOOH 1100 20 50
MOOH 1200 11 50 40
NOOH 1500 12 50 80
O00H - -~ 40 40
EOOI 1000 10 40 30
FOOI 1000 10 30 40
G001 800 8 30 : 30
HOOI 1000 10 50 40
1001 1100 10 30 60
JooI 1000 10 30 40
K00I 900 9 30 40
L0OI 1000 10 30 40
MOOI 900 9 40 40
NOO1I 1100 10 40 40
0001 1100 10 30 50
E0O0J 1100 10 40 60
F00J 1200 11 30 40
G0O0J 1300 11 50 40
HOO0J 1200 11 50 50
100J 1100 10 50 50
J00J 1000 10 30 30
K00J 1100 10 40 40
L00J 1000 10 40 50
M00J 1200 11 50 40
NOOJ 300 9 40 30
000J 900 9 40 40
EOOK 1000 10 50 50
FOOK 900 9 40 50
GOOK 1000 10 50 50
HOOK 1100 10 50 60
100K 800 8 50 50
JOOK 900 9 40 40
KOOK 900 9 40 40
LOOK 1000 10 30 30
MOOK 900 9 30 60
NOOK 800 8 30 40
000K 900 9 40 40
EOOL 800 8 40 60
FOOL 1000 10 50 50
GOOL 900 9 40 40
HOOL 900 9 40 60
I100L 1000 10 50 50
JOOL 1000 10 50 60
KOOL 1000 10 50 50
LOCL 900 9 20 30
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Table 1, cont.

Nal

Grid Count Rate
Location (c/min)

MOOL 1100
NOOL 1000
o00L 9500
FOOM 900
GOOM 1100
HOOM 1000
IOOM 1000
JOOM 800
KOOM 1000
LOOM 1100
MOOM 1000
NOOM 1000
O00M 1000
FOON 9500
GOON 1000
HOON 1100
IOON 900
JOON 900
KOON 800
LOON 900
MOON 1100
G000 1000
HOO0O 1100
1000 1000
JO0O 1200
K000 1000

Exposure
Rate
(UR/hr)

Beta-Gamma Count
Rate w/window
(c/min)
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Beta-Gamma Count
Rate w/0 window
(c/min)

&




Table 2

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

Nal Exposure Beta-Gamma Count Beta-Gamma Count
Grid Count Rate Rate Rate w/window Rate w/0 window
Location (c/min) (uR/hr) (c/min) (c/min)
BOOF 600 10 40 40
COOQE 600 10 20 20
COOF 600 10 20 30
C00G 700 11 30 40
DOOB 800 12 - -
DOOC 800 12 - -
DOOD 700 11 20 40
DCOE 500 9 20 20
DOOF 600 10 20 20
DOOG 700 11 30 50
DOOH 800 12 50 50
DOOI 700 11 30 50
D0O0J 1100 15 30 40
EOOA 500 9 - -
EOOB 800 12 - -
E0OC 800 12 - -
EOOD 700 11 - -
EOOE 700 11 30 30
EOOF 500 9 20 20
E0O0G 500 9 30 30
EOOH 800 12 30 40
EOOI 700 11 30 30
E0O0J 800 13 30 30
FOOA 800 12 - -
FOOB 800 13 - -
FOOC 800 12 40 40
FOOD 900 13 30 30
FOOE 1000 14 - 30 40
FOOF 500 9 30 30
FO0OG 800 12 40 : 40
FOOH 700 11 50 50
FOOI 800 12 : 30 40
F00J 800 12 30 30
GOOA 800 12 - -
GOOB 900 13 - -
G0OC 800 12 30 40
GOOD 900 13 40 40
GOOE 700 11 30 40
GOOF 1000 14 30 40
G00G 1000 14 40 40
GOOH 800 12 30 40
G001 800 12 30 30
G00J 800 12 20 40
HOOA 800 12 - -
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Table 2, cont.

Nal Exposure Beta~Gamma Count Beta-Gamma Count
Grid Count Rate Rate Rate w/window Rate w/0 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
HOO0G 800 12 30 40
HOOH 700 11 30 30
HOOI 600 10 30 30
HOO0J 900 13 30 30
HOOK 800 12 40 60
HOOL 800 12 30 50
I00A 900 13 - -
I00B 1000 14 - -
I100C 1000 14 30 30
I00D 900 13 40 40
I00E 800 12 40 40
I0O0F 800 12 20 40
100G 900 13 30 40
I00H 800 12 30 30
1001 600 10 40 40
100J 900 13 40 40
I00K 900 13 40 60
I00L 1100 15 40 80
JOOA 900 13 - -
JOOB 800 12 - -
J0oC 900 13 - -
JOOD 1000 14 30 50
JOOE 900 13 40 40
JOOF 1200 16 30 40
JO0O0G 1000 14 40 40
JOOH 800 12 40 40
J0O01I 600 10 40 50
J00J 200 13 30 30
JOOK 900 13 40 40
JOOL 600 10 30 30
KOOB 1000 14 - -
K00C 1100 15 - -
ROOD 1200 16 40 50
KOOE 1100 15 40 60
KOOF 2000 23 30 40
K00G 1400 18 40 40
KOOH 1000 14 40 40
K001 1000 14 40 60
K00J 800 12 20 30
KOOK 800 12 30 : 30
KOOL 800 12 20 40
LOOB 1000 14 - -
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Table 2, cont,

Nal Exposure Beta-Gamma Count Beta-Gamma Count
Grid Count Rate Rate Rate w/window Rate w/o0 window
Location (c/min) (uR/hr) (c/min) (c/min)
LO0OC 1100 15 - -
LOOD 1800 21 50 50
LOOE 2600 27 40 40
LOOF 2500 27 940 1000
* LOOG "~ >50000 640 2100 2200
LOOH 7000 55 70 120
LOOI 2300 25 140 140
L00J 1300 17 40 80
LOOK 2100 24 50 50
LOOL 700 11 40 60
* L73E >50000 400 - -
MOOB 1100 15 - -
MOOC 1500 19 - -
MOOD 1900 22 - -
MOOE 3700 35 80 80
MOOF 8000 60 80 90
MOOG 3600 35 50 50
MOOH 5000 44 40 50
MOOI 7000 55 80 90
M00J 1800 21 60 70
MOOK 900 13 30 40
MOOL 900 13 30 60
NOOB 1200 16 - -
NOOC 1300 17 - -
NCOD 1600 20 - -
NOOE 2000 23 - -
NOOF 3300 32 - -
NOOG 1000 14 30 40
NOOH 1000 14 40 50
NOOI 47000 210 680 1020
NOOJ 2300 25 30 30
NOOK 1000 14 40 50
NOOL 900 13 30 50
000C 1200 16 - -
000D 1100 15 - -
O00E 1400 18 - -
O00F 1400 18 50 60
000G 900 13 40 40
O00H 1000 14 40 50
0001 900 13 20 40
* 000J >50000 840 4800 5200
000K 1500 19 50 50
0o00L 600 10 20 20
POOD 1100 15 - -
POOE 1200 16 - =
POOF 1000 14 40 60
POOG 1000 14 30 50
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Table 2, cont.

Nal Exposure Beta-Gamma Count Beta-Gamma Count
Grid Count Rate Rate Rate w/window Rate w/0 window
Location (c/min) (uR/hr) (c/min) (c/min)
POOH 1100 14 30 50
POOI 1000 14 50 60
P0O0J 1000 14 400 50
POOK 20000 115 240 300
POOL 3300 32 130 130
POOM 500 9 - -
POON 500 9 - -
QO0E 1000 14 - -
QOOF 900 13 - -~
Q00G 1000 14 30 40
QCOH 1000 14 30 40
Q001 800 12 30 60
Q00J 800 12 30 40
Q00K 800 12 30 40
Qo0L 1200 16 40 40
QOO0OM 1300 17 70 70
QOON 600 10 20 40
ROOF 1000 14 - -
ROOG 900 13 - -
ROOH 900 13 40 40
ROO1I 1000 14 30 30
ROOJ 800 12 40 40
ROOK 900 13 40 40
ROOL 1000 14 60 60
ROOM 700 11 40 40
ROON 700 11 40 50
ROOO 600 10 20 30
S00G 800 12 - -
SO00H 900 13 30 60
S001I 900 13 40 50
S00J 1000 14 50 60
SO00K 900 13 40 40
SO00L 1200 16 40 40
SO0M 6000 48 80 80
SOON 500 9 30 30
S000 2300 25 90 %0
SO00pP 800 12 30 40
TOOG 800 12 ~ -
TOOH 1100 15 ~ -
TOOI 1000 14 - -
TOO0J 900 13 30 50
TOOK 1000 14 30 40
TOOL 1000 14 40 40
"TOOM 1600 20 60 70
TOON 2500 27 180 200
TO0O 3100 31 70 70
TOOP 16000 98 600 700
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Table 2, cont.

Grid
Location

Nal

Count Rate

(c/min)

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

Exposure
Rate
(uR/hr)

Beta~-Gamma Count
Rate w/window
(c/min)

100
1300

120
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Beta-Gamma Count
Rate w/o0 window
(c/min)

140

1500
720
40

40
50

40
500
70
190
100



Table 2, cont.

Grid
Location

Nal

Count Rate
(c/min)

Exposure
Rate
(uR/hr)

23
23
13

52

Beta-Gamma Count
Rate w/window

(c/min)

120
110
80
50
50
300

Beta-Gamma Count
Rate w/0 window

(c/min)

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




Table 2, cont.

NalI Exposure Beta-Gamma Count Beta-Gamma Count
Grid Count Rate Rate R ate w/window Rate w/o0 window
Location (c/min) (uR/hr) (c/min) (c/min)
doou 1800 21 - -
daoov 2200 24 50 50
daoow 2500 27 100 100
daoox 700 11 30 30
e00L 600 10 70 70
e000 1700 14 - -
e950 1000 14 - -
e00P - - 70 100
e95Q 1000 14 40 40
e95R 1300 17 40 80
€958 1800 21 - -
e95T 2500 27 - -
e95U 3500 34 - -
e95v 3400 33 100 100
e95w 4000 37 120 140
e95X 3000 30 100 100
e95Y 1500 19 50 60
e9572 1700 20 70 80
el0a 2300 25 90 100
fOO0K 600 10 60 60
fOoOL 700 11 50 80
f000 1100 15 40 60
£57Q 3400 33 - -
fOOR 2700 28 60 60
fo0s 2700 28 - -
fooT 4500 41 - -
fOo0U 6000 50 - -
foov 50000 230 1060 1080
fOOw 6000 50 120 140
f00X 6000 50 100 100
f00Y 1500 19 50 60
f002 1000 14 40 40
f00a 1000 14 30 50
fOOM - - 60 60
g00K 700 11 50 50
g00L 600 10 80 90
g00M 600 10 60 90
g000 2000 23 80 110
g00P 2000 23 50 90
g00Q 3300 32 70 100
gOOR 21000 120 300 420
g00s 8000 62 - -
g00T 6000 50 - -
g00U 15000 95 - -
goov 11000 77 180 260
g00w 7000 56 110 140
g00Xx 2500 27 ' 50 60
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Table 2, cont.

Narl Exposure Beta-Gamma Count Beta-Gamma Count
Grid Count Rate Rate Rate w/window Rate w/0 window
Location (c/min) (uR/hr) (c/min) (c/min)
g0o0Y 2200 24 90 120
g002 1500 19 50 70
g00a 1000 14 30 30
hOOK 700 11 30 30
hOOL 800 12 70 70
hOOM . 900 13 70 80
hOON 1000 14 - -
h000 3100 31 70 70
hoOP 17000 105 180 280
* h00Q >50000 1050 4200 4200
hOOR 27000 140 560 660
h00S 45000 205 900 1080
hoOoT 4000 37 150 150
h00U 6500 52 170 190
~hoov 10000 72 240 250
hOOW 3800 36 200 300
h00X 1000 14 60 80
h00Y 1800 21 50 50
h00Z 700 11 20 30
h00a 700 11 40 40
h72P - - 8000 9400
i00K 800 12 40 50
i00L 900 13 60 60
iO0M 1700 20 90 110
iOON 8000 60 110 110
i000 36000 175 1000 1100
* i00P >50000 1600 7200 8400
* 100Q >50000 1170 2800 3600
i00R 30000 155 200 1120
i00s 800 60 180 300
iooT 1600 20 40 40
ioou 3000 30 130 180
ioov 2200 24 - ' -
ioow 1400 18 40 60
i00x 1000 14 : 40 60
iooy 1500 19 70 70
jOOK 800 12 60 60
jOOL 800 13 60 80
jOOM 2000 23 20 80
jOON 6000 _ 49 130 : 160
3000 10000 70 130 180
jOoOP 20000 115 400 420
j00Q 16000 98 410 500
jOOR 21000 120 560 700
j00S 1900 22 70 90
jo0T 1200 16 50 60
joou 1000 14 60 60
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Table 2, cont.

Nal Exposure Beta-Gamma Count Beta-Gamma Count
Grid Count Rate Rate Rate w/window Rate w/o0 window
Location (c/min) (uR/hr) (c/min) (c/min)
joov 1800 21 70 70
joow 1200 16 70 80
joox 1000 14 50 50
jooy 1100 15 60 60
kOOL 1000 14 70 70
kOOM 1100 15 90 110
kOON 1000 14 60 90
k000 1000 14 70 90
k0OP 1100 15 80 110
k00Q 1400 18 40 40
kOOR 7500 58 140 180
k00S 1100 15 50 50
k00T 1100 15 30 50
k00U 1700 20 60 60
koOV 1700 20 50 60
kOOW 700 11 40 40
k00X 700 11 40 50
k00Y 1000 14 40 50
100L 900 13 70 70
100M 900 13 70 80
100N 800 12 70 70
1000 900 13 80 90
100P 700 11 60 70
100Q 900 13 50 50
100R 800 12 40 40
100S 1200 16 40 50
100T 1200 16 60 70
100U 1100 15 60 80
100v 900 13 30 40
m000 800 12 80 80
mOOP 700 11 60 60
m00Q 700 11 40 40
mOOR 900 13 30 50
m00S 1000 14 40 40

* Reading >50,000 on NalI, reading was made with end window GM
tube with beta shield.
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Table 3

Location

——— . ———————————— ——p— —— —— —— ————— - S _——— —

Surface Soil Sample Radionuclide Concentrations

Sample
Area 2, Berm
Area 2, Near Shuman Bld
Area 2, Road Surface
Area 2, Near Berm
Area 2, Near Berm
Area 2, Near Berm
Area 2, Berm
Area 2, Berm
Area 2, Near Gravel Pile
Area 2, Near Shuman Bldg
Area 2, Near Gravel Pile
Area 2, Near Shuman Bldg

Off-site Bkg Earth City
Area 2, Duplicate
Off-site Bkg Earth City
Area 2, Road Surface
Leachate Treatment Sludge
Area 2, Near Berm

Area 1, Base 6 Near Road
Area 2, Near Berm

Area 1, Base 7 Near Road
Leachate Treatment Sludge
Area 1, Base 6 Near Road
Area 1, Base 5 Brown Soil
Area 1, Base 5 Black Soil
Off-site Bkg Taussig Road
Area 1, Base 5 White Soil
Area 2, Duplicate

Area 1, Hot Spot

Area 1, Low Level Area
Area 1

Area 1, East Berm

(pCi/g), by Gamma Analysis

K-40 U-238 Ra-226 Pb-214
2.4E1 ----- 2.1E0 2.1EO0
————— 3.0E2 8.6E2 9.6E2
----- 4.4E1 6.0E2 6.6E2
————— 5.7B2 2.3E3 2.5E3
2.1E1 ----- 1.0E1 1.1E1
————— 5.562 2.0E3 2,0E3
1.3E1 ----- 3.9E1 4.2E1
1.4E1 ----- 1.7E0 1.9EO0
3.2E1 ~----- 3.9E0 3.9E0
————— 8.3E2 4.0E3 4.4E3
2.8E1 -———- 2.5E0 2.4E0
————— 1.5E2 3.0E1 3.4E2
2.6E1 --—-——- 2.5E0 2.5E0
————— 6.4E2 2.7E3 3,0E3
1.9E1 ----- 2.7E0 2.5E0

————— 6.2E2 3,5E3 3.7E3
————— 3.4E1 9.7E1 1.1E2
2,2E1 -—--- 2,780 2.6EO
2,0E1 -~---—- 3.7E0 3.6E0
2.4E1 ----- 2.6E0 2.2E0

Bi-214

-———

-—— — -

Pb-211 Pb-212

——————————
__________
__________
—————
——————————
——————————
——————————
__________
—————
——————————
—————
__________
—————
__________
—————
—————
——————————
——————————
—————
—————
—————
—————
_____
—————
—————
—————
—————
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Table 3 cont.

Location Sample
I00L Area 1
SPEC Area 1, East Berm
POOH Area 1, Near Road
N6 2H Area 1
0l114ad Area 1, Near Berm
L73E Area 2, Side of Hill
KOOF Area 1
N6 2H Area 1, Fill
NOOF Area 1, Fill
JO0O0G Area 1, Fill
K66E Area 1, Near Parking Lot
I001I Area 1, Fill

K-40 U-238 Ra-226
—————————— 2.9E0
1.861 ----- 2.4E0
3.0E1 ----- 4.3E0
2.5E1 ----—- 4.1E0
————— 9.4E2 4.2E3
————— 3.862 1.1E3
3.9E1 ----- 4.4E0
2.7E1 --—-—-- 3.1E0
—————————— 2.6E0
—————————— 2.3E0
---------- 1.5E1
3.1E1 ----- 3.8E0

Pb-214

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

2.6E0 —-m-= —m——e —mee- 2.3E0
2,6E0 —-mm= mmm—e mmmmm —emee
3.3E0 ~—--=  —mmme —mee- 1.8E0
4,7E0 ——mmm  —mmme —meee 3.0E0
3.9E3 2.0E3 2.1E3 2.1E3 -——o-
1.0E3 4.5E2 4.6E2 3.8E2 ~———-
3,5E0 —=—m== —mm—m mmmem oo
3.1E0 ———-= —m—mm ———e- 1.3E0
2,1E0 —=mm=  m—mme mmeee 2..6E0
1,10 —mmm=  —mmme —mme- 1.5E0
1,31 —=mm=  —mme mmmme oo
3.8E0 =—-~== ———— ———-- 1.6E0
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Soil Radiochemical Analysis
Table 4

Bi-214 from Gamma Spectroscopy

Sample U-238 Th-230 Bi-214
T T a1 +/- 25%) (ALl +/- 25%) (AL +/- 258)
Area 1 Surface (1980) 3.8 82 2.1
Area 1 Surface (1980) 12 597 25
Area 1 Borehole 1 (1980) 21 188 44
Area 2 Surface (1980) 175 6,095 1,488
Area 2 Surface (1980) 18 338 9.4
Base 5 Surface (1981) 101 178,000 19,000
Base 6 Surface (1981) 54 46,100 2,600
Borehole 11 (1981) 82 29,200 1,800
N11J Surface (1981) 127 27,200 2,000

011J Surface (1981) 1.0 52,000 3,900
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Auger Hole Nal Counts and IG Analysis

Table 5
Borehole #1 Radionuclide Concentrations {[pCi/g]

Depth Gross Nal Ra-226 Pb-214 Bi-214 U-238 Ra-223 K-40 Pb-211 Pb-212
00 >50,000 1.6E1 1.6E2 1.7E2 1.6E2  —=-rmm  memmee s e
01 >50,000 7.5E2 6 .5E2 9E2 1.7E2 === e l1.4E2 = ——e————
02 >50,000 2.2E4 2.4E4 1.984 == = - 4 ,2E3 = meeem—ee
03 >50,000 4.0E3 3.0E3 4,863  —————- 1.1E3  —-==——- 2,12 = e
04 >50,000 1.3E3 1.2E3 1.4E3 9.3E1  ———--- —emmee sceee mmmee
05 20,000 2.4  -——————- 2.4E1  ——mm==  ————- 8.0E0 ———=--  ——————
06 4,500 3.9E0 3.5E0 4 ,3B0  —————=  —————- 1.1E1]  —————— e
08 2,200 2.3E0 2.3E0 2,.2E0  mm—m—mm= e 1.4E1  -=-==-- 7.2E-1
10 2,000 2.3E0 2.4E0 2.2E0  ——=—== e 1.3E1 = =—=ene- 8.3E-1
12 1,500 1.9E0 2.2E0 1.6B0  ~——====  ——cw-- 1.3E1 - e
14 1,300 1.8E0 1.9E0 1.7E0  ——====  ————- 9.7E0  ————-—- 6.3E-1
16 800 1.3E0 1.2E0 1.3E0  —=——-ee- e 1.0E1 = —==w-- 3.9E-1
18 800 1.2E0 1.6E0 8.0E-1 ~——-ve o 3.3E0  —-=--e- 3.0E-1
20 800 8.1E~-1 7.4E-2 8.7E-1 ————=m e 1.0E1  —-=—-n—- 3.2E-1
22 500 6.5E-1 4.0E-1 9.0E-1 ~--—m= e 2,5E0  ——=—== e
24 150 2.5E-1 2.8E-1 2.,1E-1 @ ——=-——= 1.5E0 === coceee-
26 1,000 6.3E-1 7.2E-1 5.4E-1 ~—=—-m  ————— 6.3E0  —————- 3.1E-1
28 1,300 8.7E~-1 8.4E-1 8.9E-1 ~-—-ve  —————- 1.2E1 = —===—- 5.7E~-1
30 500 4 .3E~1 ——--=—- 4§ ,3E-1 —==-em - 3.0E0  —==——- 2.1E-1
32 700 1.3E0 1.E0 1.2E0 ===~ 6.1E0  —=———- 4.2E-1
34 1,400 2.4E0 2.5E0 2.2E0 === mmem—e 6.1E0  ~——v—-- 5.4E-1
36 1,800 1.4E0 1.5E0 1.2E0  —===m= - 1.2B1  ~—==m e

Borehole #3 Radionuclide Concentrations [pCi/g]

Depth Gross Nal Ra-226 Pb-214 Bi-214 U-238 Ra-223 K-40 Pb-211 Pb-212
00 >50,000 8.4E2 7.8E2 8.4E2  ~——=—=  —————= ——e——- 6.4E1 = —-—=————-
01 >50,000 1.5E4 1.3E4 1.9E4 1.4E3  ===cmw crmmmm eme——e —mmmeee
02 >50,000 7.0E3 5.3E3 8.7E3  ———===  —mmme=e mmmmmm | e —mmmeee
03 1,400 2,3E1 1.4E1 3.2E1 « ~—=—=e  ———m—- 1.2E1  —=—==o= = —m———e-
05 2,300 6.2E0 5.8E0 6.6E0  —=—==—= == 8.9E0  —-=mem—— e
07 3,000 4.7E0 4 .9E0 4 ,4E0  ~-=—m=  —————- 6.9E0  ~—==== = ————e—-
09 1,800 3.5E0 4.2E0 2,8E0 2  ~-=~—- 3.6E0 8.2E0  —===== = -
11 1,000 1.8E0 2.1E0 1.5E0  ~====ov == 4,1E0  ~-==-— = ==-==--
13 600 1.7E0 1.4E0 2.0E0 ==-=mmr memmem emmmee mmmeee e

15 1,800 4.5E0 4,6E0 4.4E0 @ —-———- 4,7E0 4.2E0 2 —mm——= mmmm————
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Table 5, cont.

Borehole #3, cont. Radionuclide Concentrations [pCi/g]

Depth Gross Nal Ra-226 Pb-214 Bi-214 U-238 Ra-223 K-40 Pb-211 Pb-212
17 1,000 9.0E-1 1.1E0 7.3E~1 ——m-m——  —————- 6.4E0  -—————- 4 .4E-]1
19 500 2.9E-1 3.E-1 2,1E~1 -—=-—= - 2,20  ———=== m—————
21 500 5.0E-1 7.E-1 2,2E-1 —---==  —————- 2,0E0  —-=mm= -
23 700 1.0E0 1.1E0 8.7E~1 ===  ——=——- 6.3E0  —-————- 5.3E-1
25 600 3.3E-1 3.7E-1 2,9E~] —-=--==  cemeee emmmem mmemeem e
27 900 9.7E-1 1.1E0 8.4E~-1 ----—-  —————- 6 .5E0  ———e—- 5.4E-1
29 1,000 5.4E-1 4.8E-1 6 .0E-c1 -———-=  —————- 7.6B0  ———=== e—e————

Borehole #4 Radionuclide Concentrations [pCi/g]

Depth Gross Nal U-238 Pb~-214 Bi-214 Ra-226 Ra-223 K-40 Pb-211 Pb-212
00 >50,000 —--———- 1.5E2 1.7E2 1.3E2 9.,5E1 = —=———- 9.9E1 = ——-m——-
01 >50,000 5.3E2 2,1E3 1.7E3 2.5E3 9.862  --———- 1.2E3 = ————=—-
02 >50,000 —-—--——- 1.2E2 9.E1 1,52  —==——- 3.6E0  —==--= = -
03 14,000 -——---—- 2.8E0 2,1E0 3,560  —=-e—- 3.8B0  ——=-=- e
04 2,900 -—-—----- 1.6E0 1.6E0 1.6E0  ~——=-ee- 3.6E0 ——--m= -
06 1,100 --———-—- 1.4E0 1.5E0 1.2E0 8.6E~-1 4,10  —=—=== = -
08 1,200 -—--———-- 1.7E0 1.9E0 1.5E0 9.0E-1 7.1E0  —==e==  ee—————
10 1,500 -——-——- 2.7E 2.8E0 2.5E0 8.3E-1 9.3E0 3.8E0 @ —mmmme-
12 2,600 --=-=-= —o——---  —ommem mmeeeme sommes mmmmes messss mmmee e
14 1,500 -—-————- 1.7E0 1.6E0 1.7E0 7.0E-1 7.0E0  -——-~- = ——————-
16 1,400 —=———- 1.0E0 1.2E0 8.4E-1 -——--= === o e
18 1,100 ------ 8.0E-1 8.E1-1 8.0E-1 --———- 8.5E0  -=———-= 3.8E-1
20 800 -—--—---- 7.6E-1 8.6E~1 6 .6E-1 —=emem  memeem e e
22 1,100 --———-- 1.1E0 .1E0 1.]JE0  —-~==—=- 7.7E0  ——m———- 4,1E1
24 1,200 -—-—-—--- 7.5E-1 8.1E-1 7.0E-1 —————- 1.6E-1 ——=—=- 3.5E-1
26 1,000 -———-—- 4 ,8E-1 4,2E-1 5.4E-1 —=———- 6.6E0  —=————- 3.0E-1
28 700 —--—-—- 7.1E-1 7.2E-1 7.0E-1 —===mm —mmmes mmemee —emmeeee
30 1,300 -—-—---—- 8.7E-1 9.9%9E-1 7.5E-1 ——=——-— 1.4E1 = -—===—- 6.4E-1
32 1,500 -—-----—- 9.5E-1 9.5E-1 9,5E-1 —=——-- 1.5E1 === -
34 1,700 --—-—- 1.9E0 2.2E0 1.6E0  —————- 1.3E1  —===—- 5.5E~1

Borehole 45 Radionuclide Concentrations [pCi/g]

Depth Gross Nal Ra-226 Pb-214 Bi-214 U-238 Ra-223 K-40 Pb-211 Pb-212
00 1,800 1.8E0  -—————- 1.7E0  —====~  —————- 6.3E0 - -
02 1,500 2.5E0 2.9E0 2,0E0  -————~ 3.4E0 4 ,0E0  -——--=-= = —-==-—- )
04 2,700 3.4E0 3.7E0 3.,1E0 ===~ - 4 .40  ——--—-= = —--e---

06 1,600 1.7E0 1.5E0 1.980  --—-—---  —=———- 1.1E1]  --————- 9.2E-1
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Table 5,

Borehole #5

Depth Gross Nal

08
10
12
14
16
18

Borehole #6
Depth
00
02
04
06
07
08
09
10
11
12
13
15

Borehole #8
Depth
00
02
04
06
08
10
12
14
16
18
20

cont.,

s cont.

1,000
3,000
1,700
1,000
700
500

Gross Nal

43,000
>50,000
16,000
2,600
1,100

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

- — g —

—— -

Radionuclide Concentrations [pCi/g]

Bi-214 U-238 Ra-223 K-40
1.0B0 -~ - 1,0E1
4.,3B0 ————-=  —————- 4,7E0
2,30 ———=—=  ————— 2.9E0
2.3E0 ——-——=  eme—ee 3.0E0
l1.180 ===  ————— 2.1E0
l1.1E0  -—=mom  ————=- 2.1E0
Radionuclide Concentrations [pCi/g]
Bi-214 Ra-226 Ra-223 K-40
8.3E0 6.4E0 7.4E0 9.4E0
3.0E1 .0El 2.0E1  --———-
2.2E1 2.1E1 1.9E1  —-—==—-
1.7E1 1,3E1 8.1E0O  -————-—-
2,2E1 2.1E1 1.8681  -————-
4.1E1 4.0E1 3.6E1  ---——-
5.3E1 6.3E1 4,1E1  --———-
2.8E2 2.3E2 2.0E2  ————--
9.1E1 1.1E2 3.9E1  --——-——-
7.2E0 5.5E0 4.4E0 8.5E0

Radionuclide Concentrations [pCi/g]

Bi-214

Ra-226

Ra-223

-—— —— -
-t e ———
-———— ——

K-40

Pb-211

Pb-211

——————
——————
——————
——————
——————
——————
——————
——————
——————
——————
——————

Pb-212

Pb-212
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Table 5, cont.

Borehole #9 Radionuclide Concentrations [pCi/g]

Depth Gross Nal U-238 Pb-214 Bi-214 Ra-226 Ra-223 K-40 Pb-211 Pb-212
00 1,400 ~-—--—- 2.2E0 2.3E0 2.0B0  ~-==—= e e 3.2E-1
02 22,000 4 ,6E1 5.6E1 5.6E1 5.5E1 3.5E1 1.1E1 3.1E1 = -——--—-
03 11,000 ----—- 5.4E0 4 ,2E0 6.5E0  —=—-—- 1.2E1  —==-== e
04 2,000 ----—- 1.3E0 1.3E0 1.4E0  -—=-——- 9.3E0  ~——---  memee
06 600 -—-—-——- 7.0E-1 8.4E-1 5.6E-1 —-——-- 3.8EB0 - cemeee
08 1,000 -~---—- 9.8E-1 7.8E-1 1.2E0  —=——-- 6.1E0  —————- = —eee——
10 %00 ----—- 8.0E-1 9.5E-1 6.5B-1 ~—-———- 5.E0 1.6E0  =—-==———o
12 1,000 -----—- 1.1E0 1.3E0 1.0B0  -———== 8,1E0  -————- 3.4E-1
14 700 2.7E0 7.7E1 8.3E-1 7.0E-1  ——=——- 4 ,9E0  -=-——- 5.0E-1
16 1,100 --—---- 1.0E0 1.0E0 1.0E0  —===== o e 4,7E-1
18 ' 1,300 --=--= —m=m=m- mee—em smmmem —mmeee mmmeme s emmeee
20 1,000 7.6E-1 1.1E0 1.2E0 9.8E-1 -———-- 8.7E0  —=—=e-  eeme—ee
22 1,200 -—==—-—- 1.3E0 1.3E0 1.2E  —===-- 2.5E0 @ ——=——- 5.3E-1

Borehole #10 Radionuclide Concentrations [pCi/qg]

Depth Gross Nal U-238 Pb-214 Bi-214 Ra-226 Ra-223 K-40 Pb-211 Pb-212
00 7,000 —--——-—- 3.5E0 3.3E0 3.7E0 %9.4E-1 3.6E0  --==== = e
01 35,000 --—--- 1.4E1 9.2E0 1.8E1 4 ,4E0 3.6E0  ~===== = ——————-
02 >50,000 —-—=--- 4,2E2 3.7E2 4.8E2  -—----- ——o-mm mmmeem mmmeeee
03 >50,000 -—---- 4 .8E2 4 .4E2 5.2B2  —----=  —emmem meeeem e
04 35,000 —-—-—-—- 2.5E1 1.8E1 3.E1 = -—----- —meeem e mmmeee—
05 13,000 —==-—- 9.4E0 8.3E0 l1.E1 = == e e e
06 4,500 —-——-- 1.2E1 1.4E1 1.0E1 3.9E0  ---——- 5.0E0 3.1E-1
08 2,000 ------ 1.3E1 1.1E1 1.5E1 --—--~ === e 2.4E-1
10 1,800 7.3E1 1.2E2 1.3E2 1.0E2 7.0E1 « -————- 4,51 @ —-=—----
12 2,000 1.2E1 1.6E1 1.8E1 1.3E1 1.1E1 4,2E0 1.1F1 ~ ===
14 500 4 ,9E0 5.1E0 6.1E0 4.0E0 2,7E0 3,.0E0  -——==—= = —e————-

Borehole #11 Radionuclide Concentrations [pCi/g]

Depth Gross NalI Ra-226 Pb-214 Bi-214 U-238 Ra-223 K-40 Pb-211 Pb-212
00 >50,000 8.4E1 6.6E1 1.0E2  =-=---- 2.2E1 5.6E0 -——--— = —o—e---
01 >50,000 3.6E3 2.9E3 4 .4E3 7.7B2  =-=====  ====e= ceseee mmeee——
02 >50,000 1.3  —-—---—- 1.3E4 2.9E3  -——==-= —--m== mmmmem mmmeeee
03 >50,000 1.7E3 1.1E3 2E3  —--mm- mmmmem mmmmes —meeee mmmee e
04 30,000 7.0E0 5.3E0 8.6E0 e —————- ————— —————— ———————

05 22,000 4.9E0 4.6E0 5.2E0  ==e=eee 3.6E0 1.3E1 7.1E0 7.4E0
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Table 5, cont.

Borehole #11, cont. Radionuclide Concentrations [pCi/qg]

Depth Gross Nal Ra-226 Pb-214 Bi-214 U-238 Ra-223 K-40 Pb-211 Pb-212

06 20,000 7.1E0 7.4E0 6.7E0  ------ 4.6E0 1.5E1  -==——-

07 20,000 8.3E0 8.8E0 7.8E0  ————m— —ee——e 1.1E1  -———--

08 20,000 1.3E1 1.5E1 1.2E1  -—-———- 2.0E1 1.0E1 5.8E0 @ ——=-——-

09 20,000 -----=  —-=-=—=  —ormme e mmmmee mmmmee e e
Borehole #16 Radionuclide Concentrations [pCi/qg]

Depth Gross Nal U-238 Pb-214 Bi-214 Ra-226 Ra-223 K-40 Pb-211 Pb-212
02 6,000 1.3E1 1.4E1 1.6E1 1.1E1 4.3E0 6.2E0 6.1E0 = ——=————-
03 9,000 --—--—- 1.8E1 2,2E1 1.5E1 6.9E0 7 .9E0 8.8E0 @@ ————-—-
04 33,000 2.8E1 5.0E1 5.9E1 4,2E1 2,0E1 5.0E0 1.6E1 = ——=———-
05 48,000 6.5E1 1.1E2 1.3E2 9.8El 5.6E1 1.0E1 3.7E1 ———————
06 35,000 ------ 1.2E2 1.4E2 1,0E2 7 .8El 6.7E0 4,3E1 = ——=———-
07 9,000 ------ 4.8E1 5.5E1 3.1E1 3.1E1 = -=—-—- 2,0E1 8.2E-1
08 6,000 1.2E1 1.4E1 1.5E1 1.2E1 4,.8E0 3.7E0  ~————=  —emee
09 15,000 -----—- 1.5E1 1.7E1 1.3E1 7.0E0 4.1E0 5.5E0 @ —=—————-
10 35,000 ------ 5.8El1 6.6E1 5.0E1 7.5E1 2,3E0 2,51 = —--———-
11 >50,000 1.7E2 3.8E2 4 ,5E2 3.1E2 1.,7E2  ~====—~ 1.4E2 8.5E-1
12 >50,000 1.9E2 5.1E2 6.0E2 4 ,8E2 3.0E2 W -==—=—- 1.4E2 2,.8E0
13 >50,000 1.2E2 2.4E2 2.4E2 2.4E2 7.2E1 « -===—- 2,6E1 @ ——————-
14 >50,000 3.3E2 5.4E2 4,7E2 6.0E 2.4E2  --—--- 4,02 —-mee—
15 >50,000 —------ 9.2E3 6.9E3 1.1E4  -—-—-=  —mmmmm e e
16 >50,000 ------ 7.7E3 6.1E3 9.2E3 | —=---=  —-mmmmm mmmmem e
17 37,000 -----—- 8.2E1 8.1E1 8.3El1 1.6E1 5.7E0 2.6E1 = ——————-
18 8,000 ----—- 2.9E1 3.0E1 2,7E1 6.1E0  -=———- 1.5E1 = —==e——-
19 6,000 1.3E1 3.4E1 4,.2E1 2.6E1 1.562  ----—-- 1.9E1 = ~—————-

Borehole #17 Radionuclide Concentrations [pCi/g]

Depth Gross Nal U-238 Pb-214 Bi-214 Ra-226 Ra-223 K-40 Pb-211 Pb-212
00 700 -----—- 1.2E0 1.1E0 1.2E0  -——=-- 4,4E0  -==-—= = —e————-
02 600 --——---—- 5.4E-1 5.3E~1 5.4E-1 —--—-- 2.3E0 -————- 1.3E-1
04 300 ----—- 3.3E-1 3.7E-1 2,9E-1 -———-- 1.8B0  -==——- 1.8E-1
06 250 ---——- 2.6E-1 2.4E-1 2,7E-1  -—=--- 1.9B0  —-===== = ————---
08 300 ------ 2.4E-1 2,9E-1 1.9E-1 -----= ——-===  —c-e-- meme—ee
10 300 --—==-- 2,%9E-1 3.6E-1 2,2E-1 -—=--- 2.0E0 -——--- = —e==e--
12 400 ------ 2,7E-1 @ ———-—- 2,7E-1  -—-——- 3.0E0  -—=——- 2.1E-1

14 700  -==--- 5.9E-1 5.3E-1 6.5E-1 --—--- 4,780  ~-—---- 6.5E-1
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Table 5, con

Borehole #17

Depth Gross Nal

16
18
20
22

Borehole #18

Depth Gross Nal

00
02
04
06
08
10
12
14
16
18

Borehole #1°9

Depth Gross Nal

00
02
04
06
07
08
09
10
12
14
16

to

;, cont.

1,500

800
3,000
1,000

1,000
1,500
1,100
1,000

600

600
1,100
1,000
1,000
1,200

1,000
1,700
2,100
4,400
28,000
>50,000
17,000
4,600
1,000
600
500

U-238

U-238

Pb-214

Radionuclide Concentratibns [pCi/qg])

Bi-214 Ra-226 Ra-223 K-40
—————— 1.2E0 —————— 1.E1
1.5E0 1.4E0 —-=———- 5.3E0
9.0EO 8.0E0 2.2E0 6.5E0
1.7E0 1.5E0  —-—-—-- 4.3E0
Radionuclide Concentrations [pCi/g]
Bi-214 Ra-226 Ra-223 K-40
1.3E0 1.2E0 7.2E-1 7.8E0
1.0E0 8.3E-1 - —mmmee
1.1E0 8§.86-1 ————e- 6.90E
3.3E~1 4 .8E8-1 ———--—-— 2.5E0
6.5E-1 4 .9E-1 ———-—-—- 2.5E0
9.4E-1 6.1E-1 ~-—=—nr e
7.2E-1 6,1EB-1 —————— -
1.0E0 5,0E-1 ——mmeem e

Radionuclide Concentrations [pCi/g]

Bi-214

Ra-226

Ra-223

K-40

-———— — —

Pb-211
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Table 5, cont.

Borehole #20

Depth Gross Nal

00
01
02
03
05
07
09
11
13
15
17

Borehole #21

Depth Gross Nal

10,000
23,000
9,000
2,200
900
700
1,000
1,600
1,200
1,100
500

46,000
>50,000
>50,000
>50,000

32,000

9,000
4,300
6,000
7,000
7,000

10,000

8,000

,000
3,500
3,000

U-238

—— — - -

Radionuclide Concentrations [pCi/g]

Ra-223

-——

K-40
6 .8E0
1.0El
8.2E0
6.0E0

Radionuclide Concentrations [pCi/g]

Bi-214 Ra-226
3.8E0 1.4E1
6 .8E1 7.6E1l
9.9E0 1.7E1
—————— 2.7E0
1.4E0 1.1E0
1.2E0 1.1E0
2.0E0 1.0EO
1.9E0 1.8E0
1.3B60  -—-——-
1.3E0 1.1E0
7.7E-1 6.4E-1
Bi-214 Ra-226
4.2E1 2.7E1
1.3E1 1.2E1
9.5E-1 1.4E0
1.3E0 1.3E0
5.2E0 5.6E0
6.0E1 6.4El
5.4E2 7.8E2
2.8E3 3.7E3
6.7E1 7.9E1
3.6El 3.5E1
2.8El 2.0E1
1.7E1 1.2E1
6.2E0 5.4E0
8.8E0 7.3E0
1.5E1 1.1E1
1.3E1 9.4E0
7.2E0 5.7E0
7.1E0 5.2E0
6.4E0 4.4E9
8.3E0 5.5E0

Ra-223

K-40

Pb-211
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Table 5, cont.

Borehole #22 Radionuclide Concentrations [pCi/g]

Depth Gross Nal U-238 Pb-214 Bi-214 Ra-226 Ra-223 K-40 Pb-211 Pb-212
00 10,000 --—-—-—- 2.4E1 2.7E1 2.1E1 1.6E1 - 2.7E0  ——=—=—= = ——ee——n
01 13,000 2.0E1 3.2E1 3.8E1 2.5E1 1.5E1 5.2E0 1.7E1 5.6E-1
02 11,000 1.%E1 2.8E1 3.2E1 2.5E1 1.6E1 4,1E0 1.5E1 = —-==—m—-
03 4,300 -—-——-—- 5.6E0 6.3E0 4.9E0 2.2E0 4.,1E0  ——-—-- 6.7E-1
04 5,500 ————-—- 1.1E1 1.2E1 8.8E0 5.9E0 6.5E0 === e
06 4,500 —————- 8.1E0 9.4E0 6.7E0 5.4E0 3.8E0 5.7E0 3.6E-1
07 5,000 9.4E0 8.9E0 1.0El 7.3E0 5.4E0 6.3E0  ~—————- 7.0E-1
08 5,000 1.0E1l 1.0E1 1.3E1 8.4E0Q 7.1E0 3.7E0 6.6E0 @ ——-=-——-
10 . 4,300 -—-—-=——- 1.5E1 1.8E1 1.2E1 7.3E0 2.8E0 5.0 @ —me=——-
12 7,000 —-———- 1.4E1 1.7E1 1.1F1  —————- 4 ,1E0  ———=-- = e
13 4,000 1.5E1 1.4E1 1.6E1l 1.1E1 6.9E0 2.9E0 6,1E0 = —=—=———-
14 7,000 9.1E0 1.3E1 1.6E1 1.1E1 4,7E0 4 .8E0 ———-—-= = e
15 9,000 -——==—- 2.3E1 2.9E1 1.7E1 1.3E1 3.7E0 1.0E1 = =—==—e—-
16 8,000 --—-——- 2.3E1 2.8E1 1.9E1 1.6E1 2.0E0 l1.1E1 = -
17 3,500 7.3E0 7.4E0 8.3ED 6.4E0 5.0E0 2,30 ————-= e
18 7,000 1.8E1 1.8El1 2.0E1 1.5E1 6.1JE0  —-memmem e e
19 9,000 --—--- 1.7E1 2.0E1 1.4E1 1.2E1 3.8B0  ~———-= e
20 13,000 -—-—-——- 3.5E1 4 .,0E1 3.0E1 2.5E1 3.7E0 1,561 = ==
21 10,000 -—---=-—- 1.1E1 1.1E1 1.1E1 3.5E0 3.6E0  ~~—cem e
22 24,000 —-———- 1.9E1 1.6E1 2.1E1 4,1E0 4.3E0 6.3E0 @ —=—m———-
23 >50,000 -—————- 5.8E3 5.8E3 5.8E3 3.0E2 | =—==—- 2,62 @ —-—=——-
24 >50,000 --—--——- 7.0E2 6.4E2 7.5E2 2,982 2 --———- 3,32 = —-m—e——-
25 >50,000 -———-—- 6.4E2 6.4E2 6.4E2 3.6E2  ——=e—- 3.4E2 2 —=m-——-

Borehole £31 Radionuclide Concentrations [pCi/g]

Depth Gross Nal U-238 Pb-214 Bi-214 Ra-226 Ra-223 K-40 Pb-211 Pb-212
00 1,200 -—--—-—-—- 6.5E-1 5.6E-1 7.4B-1  —————- 7.8E0  ~—eee- 5.6E-1
02 900 ——=--—- 5.6E-1 5.9E-1 5.3E-1 —=--==  —mm—em emeeee 4 .5E-1
04 1,500 -—————- 9.1E-1 9.3E-1 8.9E-1 ——=——- 6 .5E0 1,780  ———==—-
06 1,000 -—-———-—- 6.3E-1 6.4E-1 6.3E-1 -—————- 6.1E0  —-=--em e
08 800 ————-- 5.1E-1 4 .5E-1 5.7E-1 ——====  —mmeeem cmeeee e
10 800 -—-—=—==-- 4 .9E-1 5.2E-1 4 ,5E-1 —=—-== ememem e 3.8E-1
12 1,500 ——==-- 3.7E-1 3,7E-1 —===en e 3,7E0  —--emem e
14 1,100 —===—- 7.1E-1 = —==——- 7.1E-1  —=—=m- 1.3E1 === -
16 1,000 -————- 5.1E~1 = —=-—--- 5.,1E-1 —=———- 4., 0E0  ~—=e—- 3.1E-1
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Table 5, cont.

Borehole #31, cont. Radionuclide Concentrations [pCi/g]
Depth Gross Nal U-238 Pb-214 Bi-214 Ra-226 Ra-223 K-40 Pb-211 Pb-212
20 600 -———- 4.9E-1 4 .8E-1 5.0E-1 ——=--= e e 6.2E-1
22 1,300 -—-————- 7.1E-1 8.4E-1 5.9E-1 === ;e s e
24 1,300 ———-=- 1.1E0 1.1E-1 1.0e0  --———- 6.2E0  —-—=== e
Borehole #32 Radionuclide Concentrations [pCi/g]
Depth Gross Nal U-238 Pb-214 Bi-214 Ra-226 Ra-223 K-40 Pb-211 Pb-212
00 16,000 -—--——~ 8.3E0 6 .5E0 1.0E1 2,0E0 2.2E0  —=——=-= e
01 >50,000 ————-- 1.5E2 1.4E2 1.6E2 1.1E2 = —~—=—-- 6.9E1 @ ——————-
02 17,000 ---—-—- 4 .,9E1 4,.1E1 5.7E1 2.0El 3.9E0 1.9E1 = —=———w-
03 5,000 —--——- 3.1E0 2.1E0 4 ,2E0  —===== mmemem mmmmee e
04 1,300 —==—-- 3.1E0 2.1E0 4 ,2EB0  ———=-= memeem mmmmem e
06 1,700 ---——- 1.7E0 1.9E0 1.4E0  -===-= - e 3.1E-1
08 1,700 ---——- 1.9E0 2.2E0 1.6E0  -——-—-- 8.2E0  ~—=——- 3.8E-1
10 1,700 —===—- 1.8E0 2.0E0 1.5E0  —~———- l1.2E1 === e
12 1,600 -—————- 1.6E0 1.7E0 1.5E0  -————- 1.2E1  -==——- 6.0E-1
14 1,600 -—=——-—- 2.6E0 2.7E0 2,40 ===  —mreem mmmeem mmee e
16 1,800 -—-=-——- 1.7E0 1.5E0 1.9E0  -=—===  —=—m—me e 7.1E-1

18 1,900 ---—-- 9.3E-1 8.7E-1 9.9E-1 ———--- l1.4E1  -——-—- 8.5E-1



Table 5, cont.

Borehole £2

Depth NaI CPM
ft
00 700
01l 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 %13

00 900
01 1,300
02 800
03 600
04 700
05 400
06 500

Auger Hole NaI (T1l) Counts

Borehole &7

Depth Nal 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

68

Borehole #12

Depth Nal CPHM

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
17 200
18 200
19 1,000
20 1,500
21 1,500
22 1,300
23 500
24 600

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




Table 5, cont.

Borehole #13

Depth NaI CPM
ft
07 400
08 700
09 1,000
10 900
11 600
12 600
13 300
14 600
15 500
16 600
17 700
18 1,000
19 800
20 900
21 800
22 800
23 700
24 900

Borehole #25

00 1,200
01 1,900
02 1,800
03 2,600
04 2,400
05 2,200
06 12,000
07 19,000
08 5,000
09 1,900
10 1,700
11 800
12 1,100
13 800
14 500
15 700
16 800
17 500
18 500
19 700
20 400
21 400
22 400
23 400
24 900
25 1,000
26 600

Borehole #23

400

800

Borehole #24

Depth Nal CPM

ft

07 1,000
08 1,000
09 300
10 700
11 1,000
12 1,800
13 1,200
14 1,500
15 700
16 600
17 500
18 1,000
19 900
20 1,200
21 1,500
22 800
23 500
24 500

Borehole #27

01 1,300
02 1,800
03 1,200
04 1,200
05 1,300
06 600
07 700
08 300
09 300
10 600
11 700
12 700
13 600
14 1,000
15 1,300
16 800
17 900
18 500
19 400
20 500
21 500
22 700
23 1,000
24 1,000
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Borehole #25

—————
—————
_____
—————
_____
_____
_____
—————
_____

Borehole

Borehole

70

#26

Borehole £27

600
500
400
400




Table 5, cont.

Borehole #33 Borehole #34 Borehole #35
Depth Nal CPM Depth Nal CPM Depth NaI CPM
ft ft ft
01 1,900 0l 2,600 0l 10,000
02 1,200 02 1,300 02 38,000
03 800 03 1,400 03 >50,000
04 700 04 1,000 04 >50,000
05 600 05 1,500 05 22,000
06 1,000 06 1,500 06 22,000
07 1,000 07 1,000 07 1,500
08 800 08 400 08 1,500
09 800 09 300 09 800
10 500 10 400 10 700
11 500 11 500 11 700
12 400 12 800 12 600
13 300 13 700 13 00
14 00 14 500 14 1,100
15 400 15 600 15 1,400
16 500 16 900 16 1,400
17 900 17 600 17 800
18 900 18 700 18 700
19 1,000 19 1,300 19 600
20 1,100 20 800 20 600
21 800 21 400 21 600
22 800 22 300 22 700
- === 23 300 -- em———
Borehole #36 Borehole #37 Borehole #38
01 1,200 01l 1,500 01 7.000
02 700 02 1,400 02 7,000
03 900 03 1,100 03 8,000
04 1,600 04 1,100 04 12,000
05 1,800 05 1,200 05 22,000
06 2,500 06 1,500 06 >50,000
07 5,000 07 1,700 07 >50,000
08 1,700 08 800 08 >50,000
09 1,000 09 800 09 >50,000
10 800 10 800 10 >50,000
11 900 11 1,000 11 >50,000
12 700 12 1,600 12 21,000
13 700 13 1,400 13 7,000
14 800 14 1,500 14 5,000
15 500 15 1,700 15 1,600
16 500 16 1,900 16 1,000
17 600 17 1,800 17 1,000
18 300 18 1,400 18 600
19 800 19 900 19 800
20 700 20 1,000 20 600
21 600 21 1,500 21 400
-—  eme——— 22 600 22 700
- eee—— 23 600 23 1,000
- ==——- 24 500 - ==

71
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Borehole #39 Borehole #40 Borehole #41
Depth NaI CPM Depth Nal CPM Depth Nal CPM

ft ft ft

01 3,000 01 7,000 01 1,400
02 11,000 02 26,000 02 1,400
03 4,000 03 6,000 03 1,200
04 1,900 04 2,100 04 1,500
05 1,000 05 1,600 65 1,900
06 1,500 06 1,900 06 1,200
07 1,000 07 3,500 07 700
08 700 08 5,000 08 600
09 500 09 3,200 09 700
10 500 10 1,500 10 1,000
11 400 11 800 11 1,000
12 500 12 1,200 12 1,300
13 400 13 1,500 13 1,000
14 800 14 1,500 14 600
15 1,200 15 1,300 15 600
16 1,300 16 1,000 16 600
17 900 17 800 17 500
18 600 18 600 18 500
19 700 19 1,200 19 200
20 1,000 20 1,200 20 200
-—- == 21 1,300 21 300
-— em=e——- 22 1,300 22 300
-— meee— - ee——— 23 300
-— em——- v == em——- 24 500

72
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Table 6

Sample
No.

7001
7002
7003
7004
7009
7010
7011
7012
7013
7014
7015
7016
7017
7018
7019

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

7032
7033
7034
7035

Date

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

Water Sample Analysis Results

Location

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

-——— - — ——— - ——— ——— —— T T ———— ————_——_— T = = = = —— e e —— — —— —————— — ——— o — = — i ————— S e = —— T — -

1.04E0

+/-8.8%
+/-9.9%
+/-22%
+/-14%
+/-39%
+/-52%
+/-47%
+/-31%
+/-275%
+/-55%
+/-55%
+/-234%
+/-115%
+/-32%
+/-60%

+/~-28%
+/-67%
+/-141%
+/-189%
+/-179%
+/-67%
+/-332%
+/-82%
+/-6.2%
+/-131%
+/-115%
+/-203%

+/-102%
+/-82%
+/-203%
+/-82%

Gross Beta

3.00E1

3.01E1
2.91E1
1.07E2
1.22E2
8.67E1
3.65E1
3.89E1
3.25E1
8.78E1
-3.62E0
3.51E1
2.63E1

2.63E1

2.90E1
1.03E2

8.45El1

+/-3.0%
+/-4.4%
+/-6 .8%
+/-4.8%
+/-14%
+/-17%
+/-20%
+/-16%
+/-5.7%
+/-5.5%
+/-6.4%
+/-6.5%
+/-11%
+/-11%
+/-12%

+/-12%
+/-12%
+/=--—-%
+/-5.8%
+/-6.9%
+/-11%
+/-10%
+/-11%
+/-6.9%
+/-137%
+/-11%
+/-13%

+/-13%
+/-12%
+/-6.3%
+/-7 oo%



Table 6, cont.

Sample
No.

Date

Location

7/28/81

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

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

South Leachate Treatment Lagoon

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

Location

North Leachate Treatment Lagoon

South Leachate Treatment Lagoon

Sludge Drainage Pipe

Middle Leachate Treatment Lagoon
Standing Water at NE Corner Shuman Bldg.

pCi/1l
-2.,95E0

7.3E0
1.5E1
2.9E0
2.9E0

1.38E2
1.36E2
1.02E2
1.04E2
1.24E2

+/-189%

+/-120%
+/-17%
+/-29%
+/-150%

Isotopic Analysis

pCi/1l

+/-7.7%

+/-25%
+/-10%
+/-26%
+/-110%

Ra-226 pCi/l

1.20E0
3.92E0
2,40E0
2.40E0

1.15E0.

+/-~21%
+/-233%
+/-290%
+/-290%
+/-195%
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Radon Flux Measurements Using Accumulator Method

Environmental Conditions

Location

Base 1 (Area 2,
Base 2 (Area 2,
Base 1 (Area 2,
Base 3 (Area 2,
Base 1 (Area 2,
Base 3 (Area 2,
Base 2 (Area 2,
Base 3 (Area 2,
Base 1 (Area 2,
Base 2 (Area 2,
Base 3 (Area 2,
Base 3 (Area 2,
Base 1 (Area 2,
Base 4 (Area 2,
Base 1 (Area 2,
Base 1 (Area 2,
Base 1 (Area 2,
Base 1 (Area 2,
Base 1 (Area 2,
Base 3 (Area 2,
Base 3 (Area 2,
Base 4, (Area 2,
Base 4 (Area 2,

011J)
M99H)
M99H)
ioop)
ioop)

10 degrees C, damp ground, moderate wind
10 degrees C, damp ground, moderate wind

15 degrees C, soaked ground,
15 degrees C, soaked ground, 1 hour

15 degrees C, damp ground,
12 hours

15 degrees C, damp ground,
12 hours

15 degrees C, damp ground,
12 hours

7 degrees C, damp ground,

2 days

7 degrees C, damp ground,

2 days

7 degrees C, damp ground,

2 days

21 degrees C, hot, ground

18 degrees C, sunny, last

light breeze

18 degrees C, sunny, last

light breeze

18 degrees C, sunny, last

light breeze

sunny,
sunny,
sunny,
cloudy,
cloudy,
cloudy,

1 hour

last rain
last rain
last rain
last rain
last rain

last rain

dry, sunny

rain approx.
rain approx.

rain approx.

after rain
after rain

approx.
approx.
approx.
approx.
approx.

approx.

12 hours,
12 hours,

12 hours,

Cloudy, drizzle, last heavy rain approx. 1 day
Cloudy, drizzle, last heavy rain approx. 1 day
Cloudy, drizzle, soaked ground, no wind

7 degrees C, windy, wet ground,

12 hours

10 degrees C, windy, ground dry at surface,
10 degrees C, windy, ground dry at surface,
15 degrees C, cloudy, moderate wind, ground
15 degrees C, cloudy, moderate wind, ground

13 degrees C, light wind,
12 hours ago

soaked ground,

last rain approx.

sunny
sunny

moist
moist

rain approx.

pCi/sg.m-s
28
6.7
332
1.7
293

540
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Environmental

Conditions
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7, cont,

Time Location
11:15 Base 4 (Area
12:08 Base 1 (Area
10:10 Base 4 (Area
10:50 Base 1 (Area
10:30 Base 5 (Area
11:04 Base 6 (Area
09:51 Base 6 (Area
10:13 Base 6 (Area
09:44 Base 1 (Area
10:24 Base 4 (Area
10:24 Base 6 (Area
10:0]1 Base 1 (Area
10:41 Base 4 (Area
11:23 Base 6 (Area
09:53 Base 1 (Area
10:27 Base 4 (Area
08:51 Base 6 (Area
09:33 Base 1 (Area
10:12 Base 4 (Area
08:43 Base 4 (Area
11:44 Base 4 (Area
09:14 Area 2, kOOR
08:45 Base 6 (Area
14:54 Base 4 (Area
09:03 Base 1 (Area
10:10 Area 2, IOOF
11:37 Base 4 (Area
09:2]1 Base 4 (Area
10:39 Base 8 (Area
11:17 Area 2, M62J
10:16 Area 2, UOOP

i0op)
011J)

iooPp)

011J)

I00A)
100A)
I00A)

011J)
i00P)
I00A)
011J)
i00P)
100A)
011J)
iooPpP)
I00A)
011J)
i00P)
i0oP)
iooP)

I00A)
i00P)
011J)

ioop)
i00P)
I1001I)

15 degrees C,
15 degrees C,
day

13 degrees C,

pCi/sq.m-s

windy, cloudy, last rain approx. 1 day 310

windy, cloudy, last rain approx. 1

cloudy, ground moist, last rain

approx. 8 hours

13 degrees C,

cloudy, ground moist, last rain

approx. 8 hours

13 degrees C,
13 degrees C,
15 degrees C,
10 degrees C,
strong wind

10 degrees C,
10 degrees C,
10 degrees C,
18 degrees C,
18 degrees C,
18 degrees C,
21 degrees C,
21 degrees C,
21 degrees C,
21 degrees C,
21 degrees C,
28 degrees C,
28 degrees C,
29 degrees C,
30 degrees C,
32 degrees C,
34 degrees C,
39 degrees C,
33 degrees C,
33 degrees C,
33 degrees C,
21 degrees C,
18 degrees C,

cloudy, light wind, drizzle
cloudy, light wind, drizzle
sunny, light wind

cloudy, heavy rain last 2 days,

drizzle, ground soaked
drizzle, ground soaked
drizzle, ground soaked

no wind, sunny, ground damp

no wind, sunny ground damp

no wind, sunny ground damp
sunny, no wind, dry soil

suny, no wind, dry soil

sunny, light breeze, dry soil
sunny, light breeze, dry soil
sunnny, light breze, dry soil
dry soil, last rain 2 days 29.90" hg
dry soil, last rain 2 days 29,90" hg
damp so0il, light wind

dry soil, 29.90" hg

slight wind, dry soil 29.85 hg
light wind, dry soil

no wind, damp soil

dry soil, moderate breeze

dry soil, slight breeze

dry soil, strong wind

dry soil, no wind 29.92"

dry soil, light breeze

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




LL

74

cont.

Location

Area 2,
Area 2,
Area 2,
Area 2,

‘Area 2,

Area 2,
Area 2,
Area 2,
Area 2,
Earth Ci
Taussig
Area 2m
Base 4 (
Taussig
Area 2,
Area 2,
Taussig
014 st.
Area 1,
Area 1,

TOOP

h00Xx

jOOw

uoop

TOOP

h00Xx

joow

100L

JOOL

ty, offsite bkg
Rd, offsite bkg
uoop

Area 2, iOOP)
Rd, offsite bkg
J30L

HO40

Rd, offsite bkg

Charles Rock Rd Bkg

M10G
M10G

Base 6 (Area 1, IOOA)

014 st. Charles Rock Rd Bkg
Area 1, M10G
Area 2, p07S
Area 2, p07S
Area 1, M10G
Base 8 (Area 1,
Area 2, p07S
01ld St. Charles Rock Rd Bkg
Taussig Road offsite bkg
Area 2, p07s

Area 1, OOO0M _

0l1d st. Charles Rock Rd Bkg
Area 1, OO0O0OM

1001)

Environmental

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

Conditions

dry soil, light breeze

dry soil, light breeze

dry soil, light breeze

damp soil, light breeze 29.98" hg
damp soil, light breeze 29.98" hg
damp soil, light breeze 29,98" hg
damp soil, light breeze 29,98" hg
dry soil, gusty, 760.5mm hg

dry soil, gusty, 760.5mm hg

damp soil, no wind 30.14 hg
damp soil, no wind 30.14 hg

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

pCi/sq.m-2
85
1.8
1.9
14

w
w

_HOoOOOH-O

HOOOOM
Ne o o o ¢ Whio e o o o o
MO Whb BWOAANRNUNUNJOON

C, damp soil, 29.96" hg

C, dry soil, no wind, 30.02" hg 14
C, damp soil, mild wind, 29.86" hg 59
C, damp soil, no wind 30,10" hg <0.1
C, damp soil, light wind, 30.06" hg 15
C, damp soil, light wind, 30.05" hg les
C, damp soil, mild wind, 30.06" hg 34
C, damp soil, mild wind, 30.06" hg 61
C, damp soil, light wind, 30.21" hg 0.5
C, damp soil, light wind, 30.21" hg 173
C, damp soil, light wind, 30.21" hg 0.3
C, damp soil, light wind, 30.21" hg 0.2
C, dry soil, sunny, light wind, 30.21" hg 38
C, dry soil, sunny, light wind, 30.21" hg 3.2
C, dry soil, sunny, light wind, 30.21'hg 0.2
C, very dry soil, sunny, light wind, 2.0

WY



Table 7, cont.

8L

Date Time Location Environmental Conditions Flux
pCi/sqg.m~2
07/31 10:13 Area 1, EOOF 24 degrees C, very dry soil, sunny, light wingd, 0.5
30.25" hg
08/03 10:11 Area 1, EOOF 25 degrees C, dry soil, light wind, 29.94" hg 3.4
08/03 10:14 Area 1, O00M 25 degrees C, dry soil, light wind, 29.94" hg 0.4
08/04 09:05 Area 1, EOOF 29 degrees C, dry soil, light wind, 30.04" hg 6.4
08/04 09:11 Area 1, OOOM 29 degrees C, dry soil, light wind, 30.04" hg 0.5
08/05 09:21 Area 1, EOOF 28 degrees C, dry soil, light wind, 30.07" hg 9.6
08/05 09:25 Area 1, O00M 28 degrees C, dry soil, light wind, 30.07" hg 9.6
08/06 08:35 Area 1, EOOF 27 degrees C, dry soil, light wind, 30.01" hg 0.4
08/06 08:40 Area 1, M10G 27 degrees C, dry soil, light wind, 30.01" hg 5.1
08/07 09:08 Area 2, p07S 27 degrees C, dry soil, light wind, 30.01" hg 122
08/07 09:15 Base 8 (Area 1, 100I) 27 degrees C, dry soil, light wind, 30.01" hg 0.4
08/17 10:05 Area 2, IOOF 20 degrees C, dry soil, light wind, 30.08" hg 0.6
08/17 10:10 Area 2, IOOL 20 degrees C, dry soil, light wind, 30.08" hg 0.3
08/18 09:14 Area 2, IOOL 18 degqrees C, dry soil, no wind, 30.11" hg <0.1
08/18 09:17 Area 2, IOOF 18 degrees C, dry soil, no wind, 30.11" hg 0.5
08/19 09:34 Area 2, IOOL 18 degrees C, dry soil, no wind, 30.11" hg 0.3
08/19 09:40 Area 2, IOOF 18 degrees C, dry soil, no wind, 30.11" hg 0.4




Radon Flux Measurements

Using the Charcoal Canister Method

Enviromental Conditions

8

Sampling
Location Time (sec)
Base 6 (Area 1, 100a) 6,000
Base 4 (Area 2, i00P) 4,980
Base 4 (Area 2, i00P) 1,200
Base 1 (Area 1, 011J) 7,200
Base 8 (Area 2, 1I001) 55,320
Area 2, MOOI 18,000
Area 2, LOOG 60,300
Area 2, U00P 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
0l1d st. Charles Rd, bkg 20,040
Area 2, i0O0P 50,400
Area 1, H25N 14,100
Area 2, J30L 50,140
Area 1, I00L 22,540
0l1d Sst. Charles Rock Rd, bkg 54,540
Area 1, M10G 22.380
Area 1, M10G 57,240
Base 6 (Area 1, IO0O0A) 5,880
0l1d st. Charles Rock Rd, bkg 68,640
Area 1, M10G 60,960
Area 1, M10G 61,560
Area 2, p04s 63,240
Area 1, 1001, Base 6 57,540
Area 1, 000I 57,960
Area 2, p04S 55,080
Area 1, OOOM 56,820
Area 1, EOOF 56,340
Area 1, OOOM 56,220
Area 1, EOOF 52,800

30 degrees
32 degrees
32 degrees
34 degrees
21 degrees
21 degrees
18 degrees
18 degrees
n/a

26 degrees
27 degrees
n/a

n/a

n/a

n/a

Damp soil,
31 degrees
31 degrees
Damp soil,
n/a

26 degrees
25 degrees
30 degrees
26 degrees
n/a

23 degrees
23 degrees
18 degrees
18 degrees
23 degrees
23 degrees
24 degrees
24 degrees
28 degrees

Flux
pCi/sq.m-s
C, dry soil, 29.90" hg 362
C, dry soil, light wind, 29.85" hg 29
C, dry soil, light wind, 29.85" hg 613
C, dry soil light wind 147
C, dry soil, no wind, 29.92" hg 2.0
C, dry soil, no wind, 29.92" hg 2.3
C, dry soil, light breeze 163
C, dry soil, light breeze 44
2.2
C, damp so0il, light breeze, 29.98" hg 30
C, damp soil, no wind, 30.14" hg 0.9
0.8
8.7
74
0.8
light breeze 178
C, dry soil, slight breeze, 30.20" hg 0.9
C, dry soil, slight breeze, 30.20" hg 0.3
during rain 0.6
l.6
C, damp soil, 29.96" hg 24
C, dry soil, no wind, 30.20" hg 14
C, damp soil, mild wind, 29.86" hg 13
C, damp so0il, no wind, 30.10" hg 0.3
4.5
C, damp soil, 30.06" hg 9.1
C, damp soil, 30.06" hg 32
C, damp soil, light wind, 30.21"hg 0.4
C, damp soil, light wind, 30.21" hg 1.3
C, dry soil, light wind, 30.21" hg 212
C, dry soil, light wind, 30.21" hg 7.6
C, very dry soil, light wind, 30.25" hg 0.4
C, very dry soil, light wind, 30.25" hg 5.2
C, dry soil, light wind, 30.07" hg 0.6



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

Table 9
Charcoal
Location Date Canister Accumulator
pCi/sqg.m-2 pCi/sq.m-2

Base 6 6-2 400 740
Base 4 6-3 680 790
Base 1 6-4 170 370
Base 8 6-9 2.1 3.0
Base 3 6-10 2.4 1.3
Borehole 3 6-11 50 38
TOOP(Area 2) 6-12 30 35
Earth City 6-23 0.9 <1
Taussig Road 6-24 0.8 1.5
Base 4 7-6 180 140
Borehole 2 7-8 <0.5 <1
M10G(Area 1) 7-16 22.2 22.3
M10G(Area 1) 7-17 13.4 14.0
Base 6 7-20 14.1 59.2
0ld St. Charles Rd 7-22 0.3 <1
M10G(Area 1) 7-24 4,6 15.3
M10G(Area 1) 7-28 9.8 60.5
20' W of Borehole #20 7-28 36.4 34.3
Base 8 7-29 0.5 0.5
20' W of Borehole %20 7-30 218 38
O0O0OM{(Area 1) 7-30 2.9 3
O00M (Area 1) 7-31 5.8 0.2

80




18

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 Location

8105010805 Outside Trailer
8105010819 Outside Trailer
8105010918 Base 3

8105010931 Base 1

8105040942 Outside Trailer
8105041013 Base 1

8105041124 C00G

8105041150 Base 4

8105111034 Earth City Background
8105121046 Earth City Background
8105121402 Outside Trailer
8105121447 Base 4

8105121504 Outside W-L Office Bldg
8105121528 Base 1

8105121551 TOOP

8105131154 ZOON

8105151010 Base 6

8105151035 . Base 7

8105181022 Base 6

8105201107 Base 4

8105201137 Base 6

8105270821 Inside Trailer
8105271040 Base 6

8106021429 000J

8106021450 hooo

8106080957 Drilling Borehole #1
8106081335 Drilling Borehole #2
8106091015 Drilling Borehole #3
8106091318 Drilling Borehole #4
8106091350 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+4/-365%
2.66E-13+4+/-103%
4  69E-144/-365%
4.69E-14+/-365%
0+/-211%
4,22E-13+4/-78%
7.34E-13+/-57%
1.56E-13+4+/-145%
4 .69E-144/-365%
4 69E-14+4/-365%
2.03E-13+/-122%
1.09E-13+/-188%
2.03E-13+/-122%
2.66E-13+4+/-103%
2.66E-13+/-103%
1.41E-12+/-40%
7.81E-13+/-55%
2.03E-13+4+/-122%
4 .69E-144/-365%
1.56E-13+4/-146%
4 .69E-14+/-365%
7.34E-13+/-57%
1.15E-11+/-14%
8.55E-12+/-16%

.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



Z8

Table 10, cont.

Date/Time Location 7 Day Activity WL
uCi/cc
8106100945 Drilling Borehole #5 2.66E-13+/-103% 0012
8106101231 Drilling Borehole #7 4,22E-13+/-78% .0015
8106101411 Drilling Borehole #8 4 22E-13+/-78% .0012
8106231028 Earth City Background 1.09E-13+/-188% .0005
8106231146 Inside Shuman 1.98E-12+/-33% .0011
8106231407 Taussig Rd Background 4 ,6%9E-14+/-365% .0005
8106300931 Borehole #32 4 ,69E-14+/-365% .0006
8107070919 01d st. Charles Rd Bkg 0+/~211% 0017
8011130845 Area 1, Near Ropad = —ecemmmeemmee—— 017
8011131030 Area 1 Highest Ext. Level = = ——eememmmeee—- .014
8011131445 Area 2 Highest Ext. Level = =——cocmemememmee—- .019
8011131507 Area 2 Suspected Surface Mat. = = =  -—-—-em——mmmmeo .038
8011140735 Inside Shuman Building @~ =—cmmcemm—ee—- .031
Isotopic Activities
Date/Time Location U-238 Ra-226

All Onsite Samples

Composite Sample 9.1E-14+/-1% 4 ,3E-14+/-1%

Note: 1Individual 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 1II, of 10CFR20. (These MPCs are 3.0E-12 uCi/cc for
either nuclide.) The two exceptions occurred when drilling through contaminated
materials.
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Gamma Analysis of High Volume Air Samples for Rn-219 Daughters (Pb-211)

Table 11

Date Time

6/3 14:21 Base
6/4 8:31 Base
6/4 12:30 Base
6/18 14:00 Base
6/29 12:23 Base

Location

(Area 2,

(Area 2,

(Area 1,

e —— — — —————— — — ——— — —

i00P)

000J)

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-11 = = ———=mmm—e e
1.0E-9 8.9E-10 9.3E-10
5.6E-10 4 .8E-10 4 ,6E-10
9.0E-11 = @ —-——m—--- 1.3E-10

Average
uCi/cc

2.4E-10
5.7E-11
9.5E-10
5.0E-10

1.1E-10



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

Results of Grsmieal Analyses ef
West Lake Landfill

7 Sy 1981

Parameter Units WP EH-2 * PEH-13" BN-25" EH-3 BR3¢
Antimony mo/kg 0.077 0.268 0.325 0.355 0.218 2.0
Arsenic mo/kg 0.62 6.0 7.0 2.0 4.0 1.0
Beryllium mo/kg 0.038 0.12 0.24 0.18 0.20 0.14
Cadmium ma/kg 0.052 2.2 2.3 2.27 4.0 37.5
Chromi um ma/kg 1.41 40.9 34 7.0 26.2 215
Copper mg/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
~2ad mg/kg  19.7 356 431 49.0 251.6 1490
Mercury mg/kg 5 G.22 0.3 0.14 0.10 0.84
Nickel mg/kg 3.00 2.0 45.1 1.3 4 218.0
Selenium mg/kg 0.12 2.6 1.2 1.2 1.2 0.9
Silver mg/kg 0.134 0.580 0.369 0.165 0.264 0.409
Thallium mgo/kg 14,0 10.0 2.0 <0.1 0.6 3.5
zZinc my/kg  41.4 246 270 180 8% 2395
* WIP - Waste treatment plant leachate sludge

BH-2 - Auger hole 2, Area 2

BH-13 - Auger hole 13, Area 2

BH-25 - Auger hole 25, Area 1

BH-31 - Auger hole 31, Area 2

BH-35 - Auger hole 35, Area 2
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SPMARY OF ORGANIC PRIGRITY POLLUTANT ANALYSIS

CLIBNT West Lake

CLYENT E,DD':\:!.T.P. (NPDES) DATE SAMPLE RECEIVED 6 July 1981
RXC 1.D, 1569 _DATE ANALYSIS COMPLETED _ 16 Julv 198)
ACID OOMPOURNDS
pa/l
2,4,6-trichlerecheno ND
o~chlorc-m—~cresol ND
2=chlorophenold ND
2,4=dichlo:rophenol ND
2,4<dimethylphenol ND
2-nitrcphenol
4=nitrophenol *
2,4=dinitrophenol *
4,6-8initro-o-cresol ND
pentachlorophenol ND
phenol 8.1

ND = Less than 1 yg/1
¢ = Less than 25 ug/1
et = Less than 250 vg/l
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SUMMARY OF ORGANIC PRICRITY POLLUTANT ANALYSIS

DATA ANALYSIS COMPLETED 22 July 1981

DATE SAMPLE RECEIVED 6 July 1981

BASE/NEUTRAL COMPCUNDS

CLIENT West Lake

CLIENT X.D. W.T.P, (NPDES)

RMC X.D, {1569

pa/l

gcenapht hene D
benzidine - kel
1,2,4=-trichlorcbenzene ND
hexachlorcbenzene ND
hexachlorcethane ND
bis{2=chlorcethyl)ether ND
2-chloronaphthalene ND
1,2-dichlorcbenzene ND
1,3~dichlorcbenzene ND
1,4-dichlorcbenzene ND
3,3'~dichlorcbenzidine bl
2,4=dinitrotoluene lal
2,6-dinitrotoluene =
1,2=diphenylhydrazine ND
fluoranthene ND
{-chlorocphenyl phenyl ether ND
{¢-bromophenyl phenyl ether ND
bis (2=chloroiscpropyl)ether “
big (2=chlorcethoxy)methane ND
hexachlorcbutadiene ND
hexachlorocyclopentadiene =
isophorone ND
naphthalene’ ND

bis (chloromethyl)ether <

KD - Less than 1 ug/1
? - {ess than 10 pg/1
o¢ - Less than 25 yg/1

nitrobenzens
N=nitrosodimethylamine
N=nitroscdiphenylamine
N-nitrosodi-n=propylamine
bis (2-ethylhexyl)ghthalate
butyl benzyl phthalate
di-n~butyl phthalate
di-n=cctyl phthalate
g@iethyl phthalate
dimethyl phthalate
kenzo(a)anthracene
benzo(a)pyrene —
benzo(b) fluoranthene
benzo(k)fluoranthene1
chrysene
gcenaphthylene
anthracene

kenzo (g.h.i.) perylene
£luorene

ghenanthrene

dibenzo (a,h)anthracenz
indeno(1,2,3=c,d)pyrene

pyrene
2,3,7,8-tetrachlorcdibenze-

pdioxin

1

3

8

CRERERCRCRCRCRCRCRE

8

o]

8

8

%

8

8

ﬂ‘“’

1Benzo(b)fluoranthene and benzo (k) fluoranthene could not be resolved, values reporied
indicate the sum of both compounds.




SMMARY GF ORGANIC PRICGRITY FOLLUTANT ANALYSIS

CLIENT West Lake

DATE SAMPLE RECETVED 6 July 1981

QI 1., W.T.P, (NPDES)
RMC I.D. #569
PESTICIDES
pa/l
aldrin ND a-BHC
dieldrin ND b=BRC
chlordane ND 6=-BHC
4,4'-DDT ND g=BHC
4,4'~DDE ND FCB = 1242
4,4'-DDD ND BCB - 1254
endosulfan I * FCB = 1221
endosulfan II @ P3RB - 1232
endosulfan sulfate = FCB - 1248
endrin * BCB = 1260
endrin aldehyde * PCB - 1016
heptachlor ND toxaphene
w

heptachlor epoxide

ND - Less than 1 g/l
¢ - Less than 10 pg/l
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SUMMARY CF ORGANIC PREOCRITY BOLLUTANT NNALYSIS

CLILSNT Wes;vl,ake

CLIBNT 1.D. W.T.P. (MPDES) _DNTE SRYPLE RECEIVED 6 July 1981

RT 1.0, {1569 DATE NNALYSIS COMPLETED 5 August 1981

VOLATILES
pa/1

gcgolein e 1,2=dichlorcpropanse
scrylenitrile L ) aBadichlorcpmwlatel
benzene 2.0 e@thylbenzene
carbon tetrachloride - methylene chloride
chlorchenzene N methyl chloride
1,2=dichlorcethane ND rethyl bromide
1,1,1=¢trichlorcethane ND bromoform
1,1-dichlorcethane ND dichlorcbhbromomethane
1,1,2-¢richlorcethane ND tr ichlorofluoramethane
1,1,2,2-tetrachlorcethane ND dichlorcdifluoromethane
chloroethane v chlorcdibromomethans
2-chlorcethylvinyl ether - tetrachlorcethylens
chlorofann 4.3 toluene
1,1-dichlorcethylens ND trichloroethylens
1, 2-trens-dichlorosthylens o vinyl ehloride

ND - Less than 1 wg/l
¢ = Less than 10 wg/l
g¢ - [2ss than 100 ug/1

1 . .
,3~cis~dichlorcprepylens
vélwes aqm'twqgmdacate the s

1,3~trans=8ichlorcpropylene could not be resolved,

un of both cowpounds.
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS

CLiyr West Lake

CLIENT %.D. BH-2 (NPDES) __pATE BAMPLE RECEIVED 6 July 1981
.0, #570 DATE ANALYSIS COMPLETED 16 July 1981
ACID COEPOUNDS
pa/l
2,4,6-tzichlorcphencl ND
e~chloro~m—creenl ND
2=chlorephenol ND
2,4=dichlosophenol ND
2, 4=dimethylphenol ND
2-niteaphenol ND
4-nitzephenol *
2,4dinitrophenol *
4,6<dinitro-c=cresol ND
pentachlorophenol ND
phenol 7.8

KO = Less than 1 pg/l
© = Less than 25 wg/l
ee - [pee than 250 ug/l
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SUMMARY OF ORGANIC PRICREITY FOLLUTANT ARALYSYS

CLIINT West Lake

CLIENT 1.D. BM-2  (NPDES) DATE SNPLE RECEIVED __ 5 _uly 1981
®iC 31.D. (1570 PATR ANALYSIS COMPLETED 22 July 1981

BASE/AMNEUTRAL COMPOUNDS

pa/l

acenaphit hene — M nitrobenzens
benzidine LA NM=nitrogodimethylamine
1,2,4=trichlorcbenzene N N=nitrosodiphenylamine
hexachlorobenzene D N=nitrosodi-n-propylemine
hexachlorogsthane ND bis (2-ethylhexyl)phthalate
bis (2=chloroethyl)ether ND butyl benzyl phthalate
2-chloronaphthalene ND 8i-n-butyl phthalate
1,2=dichlorcbenzens ND @i-p=octyl phthalste
1,3=dichlorcbenzene ND diethyl phthalate
1,4=dichlorcbenzene ND @imethyl phthalate
3,3'~dichlorcbenzidine @ benzo(a)anthracens
2,4=dinitrotoluene kol benzo (a) pyrene
2,6=dinitrotoluene ND kenzo(b) fluorantheml
1,2=-diphenylhydrazine ND benzo(k)flmzant.mml
£luoranthene ND ehrysene
d=chlorephenyl phenyl ether ND coensphthylens
4=bromoghenyl phenyl ether AR anthracene
bis (2-chloroisopropyl) ether D benzo (g.h.i.) perylens
big(2=chlorcethoxy)methane ) glvorene
hexachlorcbutadiene ND ghenanthrene
hexachlorocyclopentadiene i dibenzo (a}h)&nthwcem
iscphorone ND indeno (1,2, 3=c,8) pyrene
narththalene! D pyrene
bis (chlaramcthyl)ether ot 2,3,7,8-tetrachlorodibenze-

p~dioxin

KD - fess than 1 yg/l
o - Less than 10 pg/1
°? - {pss than 25 wg/1

lBenza(b) fluoranthene and benzo(k)fluoranthene could not be resolved, values reported
indicate the sum of both compounds,
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SMARY 07 ORGANIC PRIORITY POLUJSTANT ARALYSIS

CLIBNT West Lake

=y

CLIENT ¥.D. BH-2 (NPDES) DATE EAMPLE RECEIVED
R I.D. $570
PESTICIDES
1728
aldein ® o=BHC
dieldrin ND b=8HC
ehlordane ND E=BHC
4,4'=-DDT ND g=BHC
4,4'-DDE ND PCB = 1242
4,4'-00D ND BB = 1254
endosulfan I o B3 - 1221
cndosulfan I * PGB = 1232
endosulfan gulfste = PCB - 1248
endrin ¥ PGB = 1260
endrin aldehyde o BB - 1016
heptachlor ND toxaphene
-

heptachlor epoxide

ND = Less than 1 wg/1

¢ = Less than 10 pg/1
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS

CLIISNT West Lake

——

CLIENT 1.D.,_ BH-2 (NPDES) DATE SAMPLE RECEIVED 6 July 1981
BT I1.D. #570 DATE MMALYSIS COMPLETED > August 1981
YOLATILES
¥a/l

scrolein o 1,2=dichlorcpropane
acrylonitrile ok 1, 3<dichloropropy1ene1
Lenzene 1.4 ethylbenzene
carton tetrachloride * methylene chloride
chloratenzene 1.9 methyl chloride
1,2-dichlorcvthane 7.1 methyl bromide
1,},1=-¢trichlorcethane ND bremoform
1,1-dichlorosthane ND dichlorcbromomethane
1,1,2-trichlorosethane ND trichlorofluoromethane
1,1,2,2-tetrachloreoethane dichlorodifluoromethane
chloreethane hal chlorodibremomethane
2-chilorovthylvinyl ether ND tetrachloroethylene
chloroform £,2 toluene
1,1-dachlorocthylene ND trichloroethylene
1, 2-trans-dichlorcethylune 3.4 vinyl chloride

ND = Less than 1 wg/kg
? - [ess than 10 wg/kg
%% - Less than 100 wg/kg

13, 3-cis—dichlorapr

lene and 1,3-~trans=dichlorcpropylene could not be resolved,

Yalues reported indicate the sum of both compounds.
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS
CLILNT West Lake

.ca

CLIBNT 1.D,___DBH-13  (PDES) pare gueie pecervep S July 1981

R I.D §571 DATE ANALYSIS COPLETED

ACTD GOMPOUNDS

'opalt
2,4,6-tr ichiercchenol ND
o~chloro-w—cresgol ND

ND
ND
ND
WD
w
2, é=ﬂiﬂit§g?h%ﬁgl
§,6-3initro=-0~cresol
pentachlorophenol ND
phenol 2,6

D - Less than 1 ug/1
¢ = Leas than 25 vg/l
o0 = Lesg than 250 pg/1
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SIMMARY ©F ORGANIC FRIORITY FOLIUTANT ANALYSIS
CLIIS West Lake

CLUSNT 1.0,  EH-13 (NPDES) DATE SAYPLE RECEIVED 6 July 1981

R4C 1.D. {457 DATA ANALYSIS COMPLETED 22 July 1981

BASE/NEUTRAL COPOUNDS

va/l | va/l
acenapht hene XD nitrobenzens .
ponzidine °e N=nitrogsodimethylamine __ e
1,2,4-trichlorabenzene D N=nitrosodiphenylomine il
hexachlorcienzene D W-nitrosodi-n-propylamine .
hexachloroethane o bis (2=ethylhexyl) phthalate 101
bis (2-chloroethyl)ether v butyl benzyl phthalate @
2-chlorenaphthalene ND 8i-n-butyl phthalate ND
1,2=3ichlorcbenzens ND 8i-n-octyl phthalate ND
1, 3~dichlorabenzens RD diethyl phthalate ND
1,4-dichlorcbenzene ND Simethyl phthalate ND
3,3'=dichlorohenzidine i benzo (a) anthracene ¥D
2,4-dinitrotoluene " &enzo(a)pyzem "
2,6-dinitrotoluene = benzo (b) fluoranthene® «
1,2-diphenylhydrazine i benzo (k) Fluoranthens™ =
fluoranthens KD ehrysene -
d-chlorophenyl phenyl ethes ° coensphthylene ND
4-bramophenyl phenyl ether ” anthraczne ND
bis (2-chloroiscpropyl) ether i benzo (9.h.1.) perylens oo
bis (2=chloreoethoxy)methane N 2luorene D
hexachlorabutadiens " ghenanthrene D
hexachlorecyclopentadiens ¥ dibenzo (&,h)anthirecens al
isophorone ° indeno(l1,2,3-c,8) pyrene i
najththalene! ND pyrens ND
Li's (chlarancthyl)ether o 2,3,7,8-tetrachlorcdibenzg-

p-dioxin —_

ND - Less than 1 ug/1
o = less than 10 pg/l
v? - Less than 25 wg/1

IT&eﬁr\z‘o(b)it‘ luoranthene and benzo (k) fluoranthene could not be resolyed, values reported
indicate the sum of both compounds,
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SUSARY OF ORGANIC PRICGRITY POLLUTANT ANALYSIS

CLIENT West Lake

GIBNT 1.8, BH-13 (NPDES)  pATE SNMPLE RECEIVED 6 July 1961
BT 1.D. 4571 PATE ANALYSIS OOMPLETED 24 July 1981
PESTICIDES
pedd ¥ld
aldrin I @=3HC o
@iecldrin e b=BHC o
éhlerdane . ND S=RHC @
4,4°=pDT il g=BHC ha
4,4'-DDE * BCB - 1242 ND
4,4'-00DD o BB - 1254 ND
endosulfan X I BB - 1221 ND
endosulfan IX o 38 = 1232 ND
endosulfan sulfate * PGB - 1248 ND
cadrin & PGB = 1260 ND
cndrin aléshyde o 2CB - 1016 ND
heptachlor o tostaphene ND
heptachlor epoxide *

M - Less than 1 pg/1
¢ = Legs than 10 pg/1
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SUMMARY OF ORGANIC FRICRITY FOLUUTANT ANALYSIS

CLIINT West Lake

CLIENT I.D. _Bd=13 (NPRES) OATE SRMPLE RECEIVED _ 4 Jnly 1981

BT 3.D. HSD) PATE MRALYSIS COMPLETED 5 mucpst 1981

VOLATILES
pa/l

acrolein b % ,2=dichlorcpropane
acrylonitrile kil i, 3=dich10xoprogy1em1
benzene ND- ethylbenzene
carbon tetrachloride » methylene chloride
chlorobenzene ___ND methyl chloride
1,2-dichlorecethane ND methyl bromide
1,1,1=trichlorcethane ND bramoform
1,1-dichloroethane ND dichlorobramomethane
1,1,2-¢trichloroethane ND trichlorofluoramethane
1,1,2,2-tetrachlorocethane ND dichlorcdifluoromethane
chloreethane ® ghlorodibromomethane
2-cllorocethylvinyl ether ND éetwchloroethylem
chlorofonu 7.8 tolitene
1,1l-dichlorcethylene ND trichlorcethylens
1, 2-trans-dichlarosthylens ND vinyl chlorigde

ND - less than 1 ug/kg
? = Less than 10 vg/kg
2% - Less than 100 wg/ kg

1& ' 3-cis~dichlorq§>ropy

lens 1,3=trans=dichlorcpropylens could not bz regolvad,

values reported indicate the sum of both compounds.
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SEFMARY OF QGRCANIC PRIOCRITY FOLIUTANT AMALYSIS
CLIDW West Lake

CLIBNT 1.D. BH-25 (NPDES) PATE SARPLE RECETVED 6 July 1981’

&% I.D, #572 __DATR ANALYSIS COMPLETED 16 July 1981
ACID COMPOLNDS
pa/l
2,4,6-tzichlorephanol ND
o=chloge~m—cresnd) ND
2=chlorephenol ND
2,4=dichloscphenol ND
2, 4-direthylphenol ND
2=nitrephennl ND
4=nitrophenol ®
2,4-dinitrophenol e
4,6-dinitro~o-€resnl *
pentachloropheno) ND
phenol 52.8

B0 = Less than 1 ug/l
® = Less than 25 wg/l
€ = Lesg than 250 vg/)
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SUANARY OF ORCGANIC FRIOCRITY FOLLUTANT NNALYSIS
CLIIST West Lake

CLILNT 1.0, EH=25 (NPDES) DATE SAMPLE RECEIVED © July 1981
BT 1.D. {1572 DATA ANALYSIS COMPLETED 22 July 1981

RASEAEUTRAL COMPOLNDS

pa/l pa/l
2cenapht hene _ - __NO nitrebenzens - "
honzidine kal N-nitrosodimethylomineg L
1,2,4=trichlorobenzene D N=nitrosodiphenylamine _ue
hexachloralbxenzene ND N=-nitroscdi-n=-propylamine akal
hexachloraethane d bis (2-ethylhexyl)phthalate 3.5
bis(2=chloroethyl)ether o butyl benzyl pghthalate -
2=chlorenaphthalene ND éi-n=butyl ghthslate ND
1,2-dichloicbenzens ND di-n=ociyl phthalate ND
1, 3dichlorebenzens 1D dicthyl phthalete ND
1,4-dichlorcbenzene ND dimethyl phthalate ND
3,3'=dichlorcbenzidine o benzo (8) anthracene ND
2,4-dinitrotoluene ool benzo(a) pyrene o
2,6-dinitrotoluene = benzo (b) flmzanthenel @
1,2-dipghenylhydrazine ND b@nzg(k)fluoranthenel ¢
flvoranthene ND ehryeeng ND
{J=chlorcophenyl phenyl ether o ecenaphthylene ND
{-bramophenyl phenyl ether o anthzacene ND
bis (2-chloroiscpropyl)ether o benzo (g.h.1.) perylene @
big(2=chloreethoxy)methane o givorane ND
hexachlorobutadiene ol phenanthrene ND
hexachlorecyclopentadiens o dikenzo (a,h)anthrecene we
isophorone o indeno(l,2,3-c,8)pyrens il
narhthalene! D pyreneg ND
Lis (chlarancthyl)ether trer 2,3,7,8-tetrechloredibenzc-
p-dioxin —_

ND - Less than 1 yg/1
¢ - Less than 10 ug/l
°? - Less than 25 g/l

1ﬁenzo(b) fluoranthene and benzo(k)fluoranthene could not be resolved, velues reportsd
imlicate the sum of both compounds, .
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SMARY OF QRGANIC PRICRITY POLLUTANT ANALYSIS

CLIENT West Lake

CLIBNT 7.D.___ EH-25  (NPDES) DATE SAMPLE RECEIVED
BT ¥.D. $#572 DATE ANALYSIS OOMPLETED
PESTICTIDES
rg/d
0ldrin @ a-BHC
dieldrin ND b=BHC
ehlordang ND G-BKC
4,4'-pOT ND g@=BHC
4,4'-DDE ND PCB - 1242
4,4'-0DD ND PCB = 1254
endosulfan I - 3B - 1221
endosulfan IX v PCB = 1232
endosulfan sulfate ¥ PCB - 1248
cndrin * BB - 1260
endrin aldshyde * BB - 1016
heptachlor ND toxaphene
o

heptechlor epoxide

ND = Lless than 1 po/
¢ = Legs than 10 pg/l

1
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SUMMARY OF ORGANIC PRICRITY FOLUUTANT NNALYSIS

CLIBT West Lake

CLIENT I.D. BH-25 {NPDES) PATE SAMPLE RECETVED & Jnly 198]

BT XI.D. $#572 __DATE ANALYSIS COMPLETED _ § ppaust 1981

VOLATILES
¥/l pa/l

acrolein lal 1,2-dichlorcpropane MO
acrylenitrile o 1,,3=dichlochchyleml w
benzene 1.1 ethylbenzene 213
carbon tetrachloride * methylene chloride 1.4
chlorcbanzene N methyl chloride al
1,2=dichlorocthane 5.4 methyl bromide bl
1,1;l-trichloroethane ND bromoform ND
1,1=dichlorcethane ND dichlorcbromome thane ND
1,1,2-trichloroethane ND trichlorofluoromethane bl
1,1,2,2-tetrachlorcethane ND dichlorodifluoromethane *
chlorcethane ® chlorodibromomethane ND
2-chloroutlylvinyl ether ND tetrachlorosthylens 48,4
chlorofor ND toluene 45,3
1,l-dichloreethylene # trichlorosthylens 4.4
1,2-trans-dichlorcethylene 23.1 vinyl chloride *

ND = Less than 1 wg/ kg
? - Less than 10 wg/ kg
o¢ - Less than 100 wg/kg

1@, , 3=cis-dichlorapr

lene and 1,3=trans=dich

values reported indicate the sum of both
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SPNRY OF ORCANIC PRIORITY POLUJTANT ANALYSIS
cLipdy  West Lake

=]

CLYENT §.D,__ Ei-31 (NPDES) PATE SAMPLE RECEIVED 6 July 1981

R I.0, 4573 DATE ANALYSIS COMPLETED 16 July 1¢s8l1
ACID GEHPOLNDS
pa/l
2,4,6-trichlorephanol ¥
e—chloro-w=creeol ND
2<chlorophanod 26.0
2,4<dichlorophensl ND
2,4<8imethylphenol ND
2-nitrophenol ND
é=nitrophenol *
2,4<dinitreghenol *
4,6-8initro=o~creeo) ND
pentachlorophenol ND
ghenol 2.6

ND = Less than 1 wg/1
o - Less than 25 vg/1
¢ - Less than 250 ug/l
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SIDMARY OF ORGANIC FRICRYTY POLLUTANT ARALYSIS

CLIISNT West Lake

CLIFNT 1.D. EH-31

(NPDES)

DPATE SAMPLE RECEIVED

RMC Y.D. $573

6 July 1981

DATA ANALYSIS COMPLETED 22 July 1981

acenapht hene

honzidine
},2,4-trichlorcbenzene
hexachlorobienzene
hexachlorcethane
bis(2-chlorcethyl)ether
2=cliloronaphthalene
1,2=dichlorcbenzens

1, 3=dichlorcbenzene
1,4-dichlorobenzene
3,3'-dichlorabenzidine
2,4=-dinitrotoluene
2,6=dinitrotoluens
1,2-diphenylhydrazine
fluoranthense
d=chloreophenyl phenyl ether
4-bramophenyl phenyl ether
bis(2-chloroiscpropyl)ether
bis(2=chlorcethoxy)methane
hexachlorabutadiene
hexachlorecyclopentadiene
iscphorcne

najhthalene!

L¥s (chiorawcthyl)ether

ND - Jess than 1 ug/1
¢ - Less than 10 ug/1
@ - Less than 25 wg/1

o

BASE/ANEUTRAL COMPOUNDS

pa/l
—nD

a%
—n0___
—_—n
—_—
—
—h
—0
—
—
—_—
—
—0
—
—
—— N ___
—
—DbD
—Db___
—DbD___

44

nitrocbenzene
N=nitroscdimethylamine
N-nitroscdiphenylamineg
N-nitrosodi-n=propylamine
bis (2-ethylhexyl) phthalate:
butyl benzyl phthalate
di-p=butyl phthalate
@i-p=octyl phthalste
giethyl phthalate
@imethyl phthalate
b‘enzo (a) anthracene
benzo (a)pyrene
kenzo(b) fluoranthene
benzo (k) fluoranthene
ehrysensg
ceenaghthylene
onthracene

benzo (g.h.i.) perylene
£ilvorcne

ghenantheene

éibenzo (a,h)ahthxeoene
dndeno(l,2,3-c,8) pyrene

1
1

gyrene
2,3,7,8-tetrachlorcdibenzo-

p=dioxin

o

an

ah

16.2

NE

CRE

8

CRERE

8

8

&

<3

8

B8

8

o

l&enzo(h)ﬂuoranthene and benzo (k) fluoranthenes eculd not be resolved, values ceportsd
imlicate the sum of both compounds.
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SUMMARY OF ORGANIC PRICRITY FOLLUTANT ANALYSIS

CLIENT West Lake

CLIENT X.D. BH-31 (NPDES) DATE SAMPLE RECEIVED 6 July 1981

BT 1.D. #573 DATE ANALYSIS COMPLETED 24 July 1981
PESTICIDES
1728 pa/2
2ldrin ND o=BHC @
dieldrin ND B-BHC ND
chlordane ND G-BKC 8.5
4,4'-DDT ND g-BHC —ND
4,4'-DDE ND FCB = 1242 ND
4,4'=-0DD ND PCB - 1254 ND
endosulfan I v BCB = 1221 ND
endosulfan 11X * BB - 1232 ND
endosulfan sulfate * PCB - 1248 ND
endrin . PCB - 1260 ND
endrin aldehyde o PGB - 1016 ND
heptachlor ' ___ N toxaphens 1D .

3

heptachlor epaxide

MO = Less than 1 ug/1
¢ = Less than 10 g/l
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SUMMARY OF ORGANIC FRIORITY POLLUTANT ANALYSIS

CLIDNT ____ West Lake

CLIENT I.D., By-31 (NPDES) DATE SAMPLE RECEIVED ¢ Ty 1941
RAC 1.D. 4573 _DATE AMALYSIS COMPLETED S August 1981
VOLATILES
pa/y pe/t

acrolein ae 1,2=8ichloropropane S N
acrylonitrile @ 1, 3=8ichlorcpropylenst @
benzene ND ethylbenzene 30.4
carbon tetrachloride v methylene chloride 1,4
chlorabenzene __ 8.6 methyl chloride o
1,2=dichlorcethane 4.2 methyl bromide @
1,1,1=¢richloreethane 1.4 bromoform ND
1,)=dichlorcethane ND dichlorobromomethane
1,1,2-trichlorosthane ND trichlorofluoromethans 2.6
1,1,2,2~tetrachloreethane D dichlorcdifluoromethane v
chlorosthane ® chlorodibromomethane ND
2-chlorouethylvinyl ether ND tetrachloroethylenz 19.3
chlorofor 3.1 tolitene 30.9
1,l-dichlorcethylene ND trichloroethylens 13.1
1, 2-trans-dichloreethylens 40.2 viryl ehloride »

ND - Less than 1 we/kg
o = Less than 10 wg/kg
¢ - Logs than 100 wg/kg

11, 3-cis-dichloraprapy

lene and 1,3-trans
values reported indicate the sum of both
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SUMARY OF ORGANIC PRIORITY POLIUTANT ANALYSIS
CLIYT West Lake

—

CLIENT 1.D.__ BH-35 __DATS EAMPLE RECETVED 6 July 1981

R+C ¥.D. #574 __DATE ANALYSIS COMPLETED 16 July 1981

/2
2,4,6-tx ichiorophenol ¥
o—chloto=w—=cresol ND
2-chlorephenol 1414.7
2, 4=dichloiophenol ND
2,4dimethylphanol ND
2=nitrophend ND
4-nitrophenol *
2,4<8initrophgnol o
4,6=dinitro-o—cresol *
pentachlorophenol *
phenol 159.0

ND - Less than 1 pg/l1
¢ - Legs than 25 wg/1
00 - Legs than 250 wg/l
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SIMMARY OF ORGANIC PRIORITY BOLLUTANT ANALYSIS

Cl.iryr West Lake

CLIIENT I,D. BH-35

(NPDES)

PATE SAMPLE RIXEIVED

RC I.D. (#1574

acemaphit e

lwnegidine
1,2,4-trichlorabenzene
hexachlorolenzene
hexachloreethane
bis(2-chlorcethyl)ether
2-chiloronaphthalene
1,2-dichilorcbenzene
1,3=-3ichlorobenzens
1,4-dichlorclenzene
3,3'=dichloraenzidine
2,4-dinitrotoluene
2,6~dinitrotoluene
1,2-diphenylhydrazine
fluoranthene
{=chloreophenyl phenyl ether
4-bramophenyl phenyl ether
bis(2=chloroiscprcp§1)ether
bis(2=chlorcethoxy)methane
hexachlorobutadiene
hexachloroecyclopentadiens
isophorone

naphtluidene!

Lts (chloramcthyl)ether

ND -~ Less than 1 wg/1
? =« Less than 10 ug/1
v® -~ Less than 25 wpg/1

6 July 1981

PATA ANALYSIS COMPLETED 22 July 1981

BASE/NEUTRAL COMPCUNDS

w/l

—
—_—R
—ND__
—N
—ND__
—t
—D
—ND
—hD

o

ND
—_—ND
ND

R0
—N__
—
—D__
—HD
—AR

v
—— e

nitrcbenzene
N=nitrosodimethylamine
N=pitroscdiphenylamine
N-nitrosodi-n=propylamine
bis (2=ethylhexyl) phthalate
butyl benzyl phthalste
di-n-butyl phthalate
di=n=cctyl phthalate
diethyl phthalate
dimethyl phthalate
kenzo(a) anthracene
b;enzo(a) pytene

benzo (b) flt.r.orantmwel
benzo(k)fluoranthenel
ehrysens

gcenaghthylense
anthracene

benzo (g.h.i.) perylene
Zlvorcene

ghenanths ene

dibenzo (a,h)anthrecenz
indeno(1,2,3=c,d)pyrens
pycene '
2,3,7,8-tetrachloredibenzo-

p—dioxin

o
o
T

24

i8.4

3

CRCRERCNE

8

&

8

8

8

3

8

8

8

8

LB@nZO(b)HmrantheM and benzo (k) fluoranthens could not be resolved, values reportsd
indicate the sum of both compounds,




SUMMARY CF ORCGANIC PRICRITY POLUUTANT ANALYSIS

CLIENT West Lake

CLIENT X.D. BH-35 (NPCES) DATE SAPLE RECEIVED © July 1981
L 1.0, 4574 DATE ANALYSIS OOMPLETED 24 July 1981

PESTICIDES
1723 ¥9/1
aldrin * a=BHC ND
dieldrin ND b=BHC ND
chlordane 940 G=BKC o
4,4'-DDT ND g-BHC ND
4,4'-DDE ND KB = 1242 ND
4,4'-pDD ND BB = 1254 ND
endosulfan I “ PGB - 1221 ND
endosulfan II o PCB = 1232 ND
endosulfan sulfate * FCB = 1248 ND
eadrin * PCB - 1260 ND
endrin aldehyde & PCB - 1016 ND
heptachlor ND toxaphene ND
: 4

heptachlor epoxide

ND = Less than 1 ug/1
* - Less than 10 ug/1
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SUMMARY CF ORGANIC PRIORITY POLLUTANT ANALYSIS

CLIENT Weii_}ake

CLIBT 1.0, EBH-35 DASE SAMPLE RECEIVED & July 1981

R 1.D. 4574 PATE NNALYSIS COMPLETED 5 August 1981

VOLATILES
5:74 1748

scrolein ol 1,2=dichlorepropane ND
acrylonitrile il 1,3=dichloroprcpy1enel il
benzene 15.7 ethylbenzene 487.9
carbon tetrachloride 22.4 methylene chloride 26.4
chlorahenzene o methyl chloride °
1,2-dichlorcethane 8l.6 methyl bromide 57.6
1,1,1-¢trichloroethane ND bromoform ND
1,1=dichlorcethans 18.4 dichlorcbromomethane ND
1,1,2-trichlorcethane ND trichlorofluoromethans 147.9
1,1,2,2-tetrachloroethane ND dichlorodifluoromethane ”
chlorcethane ” chlorcdibromomethane ND
2-chlorvethylvinyl ether * tetrachloroethylens 45.3
chlorofonu 25.1 toluene 277.1
1,l-dichlorocethylene 5.2 trichloroethylens 724.9
1, 2-trans-dichlorcethylense 7.7 vinyl chloride o

ND = Less than 1 ug/kg
¢ - Less than 10 ug/kg

20 - fess than 100 wg/kg

1@,3-cis—dichlorcgrcpy

values reported indicate the sum of both compounds.
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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)

I e e L Y ——— - ———

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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01T

Summary of Background Measurements in the Vicinity of West Lake Landfill,
St. Louis County Missouri

Table 14

Sample Type

Flux (Av) (pCi/m2.s)
Exposure Rate (uR/hr)
Soil Conc. (Ra-226 pCi/gm)

HVAS (W.L.)

0.50 +/- 54%
10.6
2.6 +/- 23%

1.1E-3

Taussig Road

0.58 +/- 27%
8.0
2.5 +/- 19%

5E-3

Background Location---—-——-—-—ce—wce-—-

0l1d St. Charles Rock Road




Target Criteriz and Measurements LLDs for West Lake Landfill

Table 15
Soil Contaminants
Nuclide Target Criteria LLD
Ra-226 5pCi/g 1pCi/g
Total U 15pCi/g 3pCi/g
U-238 30pCi/g 6pCi/g
U-235 30pCi/g 6pCi/g
Th-232 5pCi/g 1pCi/g
Th-230 15pCi/g 3pCi/g
Water and Airborne Contaminants
Nuclide Target Criteria LLD
All MPC Unrestricted 20% MPC
Radon Daughters 0.03 wW.L. 0.006 W.L,
Ra-226 (water) JE-8 uCi/ml 6E-9 uCi/ml
External Radiation
Nuclide Target Criteria LLD
All 20 uR/hr 4 uR/hr
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ARPENDIX 1

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 I-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 1is
not as suited for extensive field measurements as a smaller,
lightweight NaI(Tl) portable survey instrument. Therefore,
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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(Tl) measurements at
the same 1location. 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 I-3.

Due to the energy dependence of the Nal 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 1I-4)
consists of a PGT 15% efficient (relative to a 3" x 3"
NaI(Tl) 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. 1In 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/qg.
D. Auger Hole Logging System

Detailed logging of selected auger holes was performed
with the system shown in Figure I-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 1level 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 1limited 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 1I-6, which 1is 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

116




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 1low background gas flow
proportional counter, shown in Figure I-7, The system is
automatic and can be programmed for a variety of counting

parameters.
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(2]
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Figure I-2.

High sensitivity tissue

equivalent ionization chamber system.
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Figure 1-4.

Interior of mobile 1lab

showing gamma counting system and other equipment.
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Figure 1-6. Radon sampling cells, pump, and gas analyzer, sitting atop a radon
accumulator tub.
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Figure I-7,

s i g

PROLA TS N

Laoee ofpha - beta sr3nm

Automatic beta-gamma gas flow proportional counter.

125



ATTACHMENT 1 TO APPENDIX I




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 kev, 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 1loaded 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 wuniform 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 wuniformly distribute the source throughout the
material, and its density, which approximates that of common
soil., (Density of so0il, 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 wused 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 =

[NCNTS])/[ (440pCi/g) (3.7E-24/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 ] /[ (ARBUNDANCEgamma/dis) (2.22 dis/min/pCi)

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

This determination will be valid so 1long 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 so0il 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 Kkev),
50 to 60% of the total activity seen is in the interval of 2
to 4 inches. For energies above 500 Kev, 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 1is therefore more

representative of the actual soil activity.

This calibration indicates that the sensitivity of the
IG well 1logging 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 1in soil, in a five minute
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count, with a 95 confidence level

and Precisjon of 0.4
pCi/q.
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Figure 1
CALIBRATION RIG ASSEMBLY
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6" 1.D. PVC Pipe

1.25" diameter x 36'" long
butyrate source holder tubes

1'"" diameter x 12'' long source
tubes. 3 per holder tube

1G Detector
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