(P:Fégol:gRM 464 Part | U.S. NUCLEAR REGULATORY COMMISSION JFOIA/PA RESPONSE NUMBER
RESPONSE TO FREEDOM OF 2013-0169 . 1
INFORMATION ACT (FOIA) / PRIVACY _
ACT (PA) REQUEST RESPONSE [v]FmaL  [[]ParTiAL
REQUESTER DATE
Steven Hsieh MAR 2 6 2013

PART I. -- INFORMATION RELEASED

L__' No additional agency records subject to the request have been located.

Requested records are available through another public distribution program. See Comments section.

APPENDICES Agency records subject to the request that are identified in the listed appendices are already available for
public inspection and copying at the NRC Public Document Room.

APPENDICES Agency records subject to the request that are identified in the listed appendices are being made available for

A public inspection and copying at the NRC Public Document Room.

Enclosed is information on how you may obtain access to and the charges for copying records located at the NRC Public
Document Room, 11555 Rockville Pike, Rockville, MD 20852-2738.

APPENDICES . .
A Agency records subject to the request are enclosed.

Records subject to the request that contain information originated by or of interest to another Federal agency have been
referred to that agency (see comments section) for a disclosure determination and direct response to you.

We are continuing to process your request.

See Comments.

NOOXN O OO

PART LA -- FEES
AMOUNT*

$ D You will be billed by NRC for the amount listed. None. Minimum fee threshold not met.
* See comments i i ; .
for details D You will receive a refund for the amount listed. D Fees waived.

PART |.B -- INFORMATION NOT LOCATED OR WITHHELD FROM DISCLOSURE

l:l No agency records subject to the request have been located. For your information, Congress excluded three discrete
categories of law enforcement and national security records from the requirements of the FOIA. See 5 U.S.C. § 552(c)
(2006 & Supp. IV (2010). This response is limited to those records that are subject to the requirements of the FOIA. This
is a standard notification that is given to all our requesters and should not be taken as an indication that excluded records
do, or do not, exist.

D Certain information in the requested records is being withheld from disclosure pursuant to the exemptions described in
and for the reasons stated in Part Il.

l:] This determination may be appealed within 30 days by writing to the FOIA/PA Officer, U.S. Nuclear Regulatory Commission,
Washington, DC 20555-0001. Clearly state on the envelope and in the letter that it is a "FOIA/PA Appeal.”

PART I.C COMMENTS ( Use attached Comments continuation page if required)

The incoming request can be located in ADAMS at ML 13066A223.

4
WWOF FORMATIOWACT AND PRIVACY ACT OFFICER
na L. deah

NRC FORM 464 Part 1 (10-2012)

Wy ' N 7




NO.

FOIA/PA-2013-0169

APPENDIX A
RECORDS BEING RELEASED IN THEIR ENTIRETY

ACCESSION NO.
. 8206100069

. 8405220522

. 8405240319

. 8809150236

. 8608050008

. 8608040395

. 9710070305

(if copyrighted identify with*)

DATE
05/31/1982

03/27/1984

04/06/1984

05/27/1986

07/03/1986

07/14/1986

01/29/1988

07/1989

DESCRIPTION/ (Page Count)
Radiological Survey of the West Lake Landfill, St.
Louis County, MO (144 Pages)

Memo to Steve Wyngarden, NRC from Shankha
Banerji Subj: Progress Report for March 1984
Engineering Evaluation of West Lake Landfill, St.
Louis County, MO (4 pages)

Survey for Berm Erosion West Lake Landfill, St.
Louis County, MO (10 pages)

Letter to Germain LaRoche, NRC from James D.
Berger, Oak Ridge Subj: Gross Alpha and Gross
Beta Analyses Performed on 32 Well Water
Samples, Collected on 860507 and 08 at West
Lake Landfill Site (4 pages)

Additional Analysis — West Lake Landfill (17 pages)

Letter to Germain LaRoche, NRC from James D.
Berger, Oak Ridge Subj: Reanalysis of Well 80 at
West Lake Landfill. Previous Analysis Erroneous
Due to Encoding Error (2 pages)

Uranium Ore Processing Wastes in West Lake
Landfill, Summary Report (26 pages)

Site Characterization and Remedial Action
Concepts for the West Lake Landfill (83 pages)



NUREG/CR-2722

Radiological Survey
of the West Lake Landfill

St. Louis County, Missouri

Prepared by L. F. Booth, D. W. Groff, G. S. McDowell, J. J. Adler,
S. I. Peck, P. L. Nyerges, F. L. Bronson

Radiation Management Corporation

Prepared for _
U.S. Nuclear Regulatory
Commission



NOTICE

This report was prepared as an account of work sponsored by
an agency of the United States Government. Neither the
United States Government nor any agency thereof, or any of
their employees, makes any warranty, expressed or implied, or
assumes any legal liability or responsibility for any third party’s
use, or the results of such use, of any information, apparatus
product or process disclosed in this report, or represents that
its use by such third party would not infringe privately owned
rights. -

Available from-

- GPO Sales Progran _
D1v1s1on of Technical Information and Documeri:. Coritrol
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

Printed copy price: $6.00

and

National Technical Information Service
Springfield, Virginia 22161



NUREG/CR-2722

Radiological Survey
of the West Lake Landfill

St. Louis County, Missouri

Manuscript Completed: April 1982
Date Published: May 1982

Prepared by
L. F. Booth, D. W. Groff, G. S. McDowell, J. J. Adler,
S. I. Peck, P. L. Nyerges, F. L. Bronson

Radiation Management Corporation
3356 Commercial Avenue
Northbrook, IL 60062

Prepared for

Division of Fuel Cycle and Materlal Safety

Office of Nuclear Material Safety and Safeguards
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

NRC FIN B6901



ABSTRACT

_ This report presents the results of a radiological
survey of the West Lake Landfill, St. Louis County,
Missouri, performed by Radiation Management Corporation
during the spring and summer of 198l. 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. INT uCcT

In August 1980, Radiation Management Corporation (RMC),
under contract to the U. S. Nuclear Regulatory Commission
(NRC) , performed radiological evaluations of four burial
grounds[l]. The first of these sites selected for
evaluation was the West Lake Landfill in St. Louis County,
Missouri. An initial site visit was completed in August
1980, and a preliminary radiological survey was completed
in November 1980. The detailed radiological evaluation was

performed in the spring and summer of 1981,

The purpose of this survey was to clearly define the
radiological conditions of the West Lake Landfill site. The
results of this survey should be sufficient to allow an
engineering evaluation to be performed £o determine whether

remedial actions should and can be taken.

The methods used to evaluate this site include the
following: |

l) 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 samplés;

5) measurement of radon flux emanating from
surfaces;

6) measurement of airborne radioactivity; and

7) measurement of gross activity in

vegetation.

These measurements were performed on-site using two
mobile facilities designed by RMC. A small number of
samples were returned to the RMC radiological laboratories
in Philadelphia for analysis for nuclides which could not be
detected in the field, and for quality assurance checks on
the field measurements. A set of reference background
measurements were made at three locations in the St. Louis

area, near West Lake Landfill. 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 CHARACTERISTTICS

The West Lake Landfill is located on St. Charles Rock
Road just west of the Taussig Road intersection in
Bridgeton, Missouri. The site is about one (1) mile
northwest of Route 270 and approximately 1-1/2 miles east of
the Misséuri 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 approﬁimately 200 acres and consists of - a
quarry, stone and limestone processing and storage areas,
and several active and inactive landfills (Figure'l), 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, samplés from
perimeter monitoring wells taken in 1977 énd 1978
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indicated some movement of léachate 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
maﬁerials 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
éontamination; . 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 1III 'in 1976
[4] concluded that about 7 tons of U308, contained in 8700
tons of leached barium sulfate residues, had been mixed with
about 39,000 tons of soil at Latty Avenue and the entire
volume disposed of at the West Lake Landfill. The earlier
study by the Post- Dispatch (1976) claimed only 9000 tons
(presumably the leached barium sulfate residues) had been
buried, and that the remaining material had not been
disposed of at West Lake. The Post-Dispatch alleged that
the contractor hauling the dirt. had admitted falsifying
inyoices for about 40,000 tons of soil. Discussions with
site personnel indicated that a large quantity of soil from

Latty Avenue had indeed been dumped at West Lake, although



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/hf 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 radioactive material, it is known that
hazardous chemical waétes have been disposed of at this
landfill. Since disposal was unregqulated prior to 1973,
little is known about the actual materials present. However,
it is believed that aside from normal 1landfill 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. RADIOLOGICAL 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 wére 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 EquiQalent
Ionization Chamber System (described in Appendix I). At the
same time, Nal scintillétion 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 1low
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 1I) 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(T1)

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 cdnsuming laboratdry analyses and expensive core
sampling of each hole. Measurement intervals ranged from 6"
to 24", depending upon factors such as hole depth and
activity. An occasional core sample was taken to verify the
in situ measurements and to confirm the‘presence or absence

of non-gamma emitting nuclides such as Th-~230.
(D) Measurement of Radioactivity in Water

Whenever possible, water samples were taken from the
bore holes and two off-site monitoring wells. Samples were
also taken from standing water, run off water, and leachate
liquids. Samples were filtered, evaporated and counted for
gross activity, or were filtered and sealed in Marinelli

beakers for gamma spectroscopic analysis;
(E) Measurement of Airborne Radioactivity

Measurements were made to determine if the material
buried on-site 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
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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 détection of
its daughters deposited on high volume particulate sample
filters, using gamma spectroscopy. Total Rn daughter levels
were also estimated by gross alpha activity on particulate
filters. From this, a total working level (WL)

determination was made.
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IV. 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.

Externél gamma levels measured in May and July of 1981
are shown in Figﬁre 4. These 1levels had decreased
significantly, especially in Area 1, due to continuing
activities at the 1landfill. In both cases, contaminated
areés were covered with additional f£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/hf. 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 in count rates, rather than dose rates,.due to the
difficulty in measuring beta dose rates accurately with end
window G-M tubes. [Large differences between open- and
closed-window readings indicafe the possibility of 'surface
contamination. Little surface contamination was found in
Area 1, as would be expected due to fresh 1land £ill cover

over nearly the entire area.

Severallisolated spots of surface contamination in Area
2 were indicated by beta-gamma measurements, and later
confirmed by surface soil sampling. These spots are
generally located near the northwest edge of Area 2, which
includes the berm that bounds the landfill at that point.
Some erosion and run-off is evident along the top of the
fill, apparently uncovering deposits of radioactive mate;ial'
in the lprocess. 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.
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(B) Surface Soil Analyses

A total of 61 surface soil samples were gathered and
analyzed on-site for gamma activity. Samples were normally
stored 10 to 14 days to allow ingrowth of radium daughters.
Concentrations of .U-238, Ra-226 (from PB-214 and Bi-214),
Ra-223, Pb-211 and Pb-212 were determined for each sample.
Locations of surface soil samples are shown in Figures 7 and

8, and the results in Table 3.

In all soil samples nothing other than 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 1lower. 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 holés 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 1location of these auger holes is shown in

Figures 9 and 10.

Each hole was scanned with a 2-inch by 2-inch NaI(Tl)
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 detéctor 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
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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 grosé NaI(Tl) counts and Ra-226
concentrations, as determined by in situ analysis of the
daughter Bi-214 by the IG system, was found. Figure 11 is a
plot of NaI(Tl) count rate versus IG determination of
Ra-226, and shows a nearly linear relationship between the
two at concentrations near the action criteria. The
conclusion is that the NaI(Tl) data is a good estimation of
the Ra-226 concentration in soil, so 1long as the
radionuclide mix is reasonably constaht. 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
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between elevations of 455 feet and 480 feet and covering

16 acres total area.

In Figures 15-19, representations of the- subsurface
deposits are provided based on auger hole measurements.
These represéntations are consistent with the operating
history of the site, which suggests that the contaminafed
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.

Noné 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 gquidelines 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 totai of 111. samples from 32 locations were
collected. Results can 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 résults 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 1levels ranging from 0.3

pCi/sq.m-s to 613 pCi/sqgq.m-s. On .24 different occasions,
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the charcoal canisters and accumulator were placed in
essentially the same locations, at the same time, for
duplicate sampling. The results of this side-by-side study
are presented in Table 9, and show generally good

correlation between the two methods.

A set of 10 minute high volume particulate air samples
were taken to determine both short-~lived radon daughter
concentrations and long-lived gross alpha activity. Sample
results are shown in Table 10. The highest levels were
detected in November, 1980, near and inside the Shuman
building. Only these two 'samples exceed MPC for radon

daughters for unrestricted areas.

In addition to the routine 10 minute samples, five 20
minute high volume air samples were taken and counted
immediately on the IG gamma spectroscopy system. The
purpose of these analyses was to detect the presence of
Rn-219 daughters. All samples were taken near surface
contamination and are listed in Table 11. 1In addition to
Rn-222 daughter gamma activities, Rn-219 daughters 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
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northwest boundary of the landfill. This location was
chosen due to possible run off from the fill into the farm

field. No elevated activities were found in these samples.
(G) Non-Radiological Analysis

Six composite samples were submitted to the RMC
Environmental Chemistry Laboratory for priority pollutant
analysis. Five samples were taken from auger holes (one
from Area 1 and four from Area 2) and the sixth from the
West Lake leachate treatment plant sludge. The results,
shown in Table 12, indicate a significant presence of
organic solvents in Area 2 samples. The results of the

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

samples.

A chemical analysis of radioactive material from both
areas was also performed by RMC labs and reported in Table

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

cases.

(H) Background Measurements and Remedial Action Criteria

Various off-site locations were éelected for reference
background measurements. The results of these measurements
are summarized in Table 14, and can be compared with the
established NRC target criteria for remedial action, for

this project, shown in Table 15.
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V.  CONCLUSIONS

Based on survey results, it is evident that the West
Lake Landfill contains two areas .of surface and/or
subsurface contamination. These deposits yield detectable
external radiation levels in both areas. However, only an
area of less than 0.1 acre in Area 1 exceeds 20 uR/hr,
while about 8 acres in Area 2 exceeds the 20 uR/hr criteria.
The highest reading detected in the most recent survey was

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

Analyses of soil samples from both areas, as well as
in_situ measurements, show that the contaminants present at
West Lake consist of uranium and uranium  daughters.
Chemical analyses reveal high concentrations of barium and
sulfates in the radioactive deposits. These results tend to
confirm the reports that this contaminated material is
uranium and uranium ore, contained in.leached barium sulfate

residues, and presumably transferred from the Latty Avenue

Site in Hazelwood, Missouri.

Analysis of soils also shows a'high Th-230 to Ra-226
ratio. Since the target «criteria for Ra-226 is the most
restrictive of those contaminants preéent, it has been
assumed - that Ra-226 would be the controlling radionuclide
for remedial action determinations. However, since Th-230
levels may be from 5 to 50 times higher than Ra-226
concentrations, this assumption may be erroneous. It is
likely that high concentrations of thorium resulted from
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separation of both uranium and radium from the ores, thus
"depleting" the ores of uranium and radium, or, "enriching"
the residﬁes 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 1landfill
surface,although a few locations near the northwest berm in
Area 2 show surface, or near surface, deposits. These
déposits range frém 2 to 15 feet in thickness, and appear to
form a contiguous layer covering an area of about 14 acres
(68,000 sqg.yd.) in Area 2 and about 2 acres (10,000
sq.yd.)in Area 1. If an average thickness of 2 yards is
assumed, the estimated total volume is 150,000 cu.yd., which
corresponds to roughly 170,000 tons of soil. This implies

‘that if the source of contamination was the Latty Avenue
material, the original volume of 40,000 tons has been
diluted by a factor of about 4, which is not unexpected,
with the continual movement and spreading of materials

during £ill 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 guidelines (attributable to K-40); however,
gross alpha and Ra-226 1levels are within 1limits. The
absence of significant confamination in the leachate liquid
or sludge is consistent with the implicétion that the bu:ied

material is not moving through the landfill.

As would be expected, radon flux emanation rates were
highest at locations of surface, or near surface,
contamination. At locations where the material is covered’

by several feet of £fill, flux levels are near background

rates.

Particulate air samples established indicated the
presence of Rn-222 and Rn-219 daughters near the locations
of surface deposits. However, concentrations are very low,
and do not exceed allowable levels for unrestricted areas,
except in one location. In general, cover of a few feet of

fill reduces airborne concentrations to near background

levels.
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The fact that West Lake is an active landfill presents
several serious problems for performing radiological
assessments and remedial actiohs. In the first place, as
the landfill conditions change, so do the surface
radiological characteristics. These changes were evident in
the reduction of radiation levels in Area 1 between November
1980, and May 1981, It is possible that future landfill

activities will obscure all detectable surface radiation

levels at the site,
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Table 1

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

: NalI 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) °
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
POOI 1200 11 40 30
Q001 1000 10 50 50
P0OO0J 1100 10 50 50
Q00J 1200 11 40 60
POOK 1100 10 40 30
Q00K 1200 11 30 50
COOF 900 9 40 50
DOOF 900 9 30 40
EOOF 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
E00G 1100 10 20 30
FO00G 1000 10 30 60
G00G 900 9 40 40
HO0G 1000 10 20 40
100G 1200 11 30 30
J00G 1000 10 30 40
K00G 1600 13 60 70
LO0G 1300 11 40 50
M0OG 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 1, cont.

NaI Exposure Beta-Gamma Count Beta-Gamma Count
Grid Count Rate Rate Rate w/window Rate w/o window
Location (c/min) (uR/hr) (¢/min) (c/min)
JOOH 1000 10 50 40
KOOH 1000 10 20 50
LOOH 1100 20 50
MOGH 1200 11 50 40
NOOH 1500 12 50 80
O00H - - 40 40
EOOI 1000 10 40 30
FOOI 1000 10 30 40
GOO0I 800 8 30 30
HOOI 1000 10 50 40
I001I 1100 10 30 60
J001 1000 10 30 40
K00I 900 9 30 40
LOOI 1000 10 30 40
MOOI 900 9 40 40
NOOI 1100 10 40 40
0001 1100 10 30 50
E0OQ0J 1100 10 40 60
FO0O0J 1200 11 30 40
G00J 1300 11 50 40
HOOJ 1200 11 50 50
I00J 1100 10 50 50
J00J 1000 10 30 30
K00J 1100 10 40 40
L00J 1000 10 40 50
M0OOJ 1200 11 50 40
NOOJ 900 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
I00K 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
I00L 1000 10 50 50
JOOL 1000 10 50 60
KOOL 1000 10 50 50
LOOL 900 9 20 30
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Table 1, cont.

NaI Exposure Beta-Gamma Count Beta-Gamma Count
Grid Count Rate Rate Rate w/window Rate w/o window
Location (c/min) (UR/hr) (c/min) (c/min)
MOOL 1100 10 30 40
NOOL 1000 10 50 40
o00L . 900 9 20 40
FOOM 900 7 30 40
GOOM 1100 10 20 30
HOOM 1000 10 30 40
I00M 1000 10 40 50
JOOM 800 8 30 40
KOOM 1000 10 40 40
LOOM 1100 10 40 30
MOOM 1000 10 30 30
NOOM 1000 10 30 50
O00M 1000 10 30 40
FOON 800 9 30 50
GOON - 1000 10 30 : 30
HOON 1100 10 30 30
I0OON 900 9 40 30
JOON 900 9 40 50
KOON 800 8 40 60
LOON 900 9 40 30
MOON 1100 10 30 30
G000 1000 10 40 60
HOO0O 1100 10 20 . 30
1000 1000 10 20 30
Jo0o 1200 11 30 40
K000 1000 10 40 50
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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/o0 window
Location {(c/min) (uR/hr) (c/min) (c/min)
BOOF 600 10 40 40
COOE 600 10 20 20
COOF 600 10 20 30
C00G 700 11 30 40
DOOB 800 12 - -
DOO0C 800 12 - -
DOOD 700 11 20 40
DOOE 500 9 20 20
DOOF 600 10 20 20
DO0G 700 11 30 50
DOOH 800 12 50 - 50
DOOI 700 11 30 ' 50
D00J 1100 15 30 40
EOOA 500 9 - -
EOOB 800 12 - -
EOOC 800 12 - -
EOOD 700 11 - -
EOOE 700 11 30 30
EOOF 500 9 20 - 20
EOOG 500 9 30 30
EOOH 800 12 30 40
E00I 700 11 30 30
EO0J 900 13 30 30
FOOA 800 12 - -
FOOB 900 13 - -
F0OC 800 12 40 40
FOOD 900 13 30 30
FOOE 1000 14 30 40
FOOF 500 9 30 30
F00G 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
GO00G 1000 14 40 40
GOOH 800 12 30 40
GO00I 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
HOOG 800 12 30 40
HOOH 700 11 30 30
HOOI 600 10 30 30
HOOJ 900 13 30 30
HOOK 800 12 40 60
HOOL 800 12 30 50
I100A 900 13 - -
I00B 1000 14 - -
I100C 1000 14 30 30
100D 900 13 40 40
I00E 800 12 40 40
I0OO0F 800 12 20 40
100G 900 13 30 40
I00H 800 12 30 30
I001 600 10 40 40
I00J 900 13 40 40
I00K 900 13 40 60
I00L 1100 15 40 80
J0OA 900 13 - -
JOOB 800 12 - -
Jooc 900 13 - -
JOOD 1000 14 30 50
JOOE 900 13 40 40
JOOF 1200 16 30 40
JO0G 1000 14 40 40
JOOH 800 12 40 _ 40
Joo0I1 600 10 40 50
J00J 900 13 30 30
JOOK 900 13 40 40
JOOL 600 10 30 30
KO0OB 1000 14 - -
K00C 1100 15 - -
K0OOD 1200 16 40 50
KOOE 1100 15 40 60
KOOF 2000 23 30 40
K00G 1400 18 40 40
KOOH 1000 14 40 40
KOOI 1000 14 40 60
K00J 800 12 20 30
KOOK 800 12 30 30
KOOL 800 12 20 40

LOOB 1000 14 - -
" 48 '



Table 2, cont.

Grid
Location

Nal
Count Rate
(c/min)

>50000
7000
2300
1300
2100
700
>50000
1100
1500
1900
3700
8000
3600
5000
7000
1800
900
900
1200
1300
1600
2000
3300
1000
1000 -
47000
2300
1000
900
1200
1100
1400
1400
900
1000
900
>50000
1500
600
1100
1200
1000
1000

Exposure
Rate
{(uR/hr)

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

940
2100

140

680
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Beta-Gamma Count
Rate w/0 window

(c/min)

5200



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
P00J 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 - -
Q000G 1000 14 30 40
Q00H 1000 14 30 40
Q001 800 12 30 60
Q00J 800 12 30 40
QOOK 800 12 30 40
QOO0L 1200 16 40 40
QOOM 1300 17 70 70
QOON 600 10 20 40
ROOF 1000 14 - -
ROOG 900 13 - -
ROOH 900 13 \ 40 40
ROOI . 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
S00I 900 13 40 50
S00J 1000 14 50 60
SO0O0K 900 13 40 40
S00L ' 1200 16 40 40
SO00M 6000 48 80 80
SOON 500 9 30 30
s000 2300 25 90 90
S00P 800 12 30 - 40
TO0G 800 12 - -
TOOH 1100 15 - -
TOOI - 1000 14 - _ -
TO00J 900 13 30 50
TOOK 1000 14 30 40
TOOL 1000 14 ' 40 ' 40
" TOOM 1600 20 60 70
TOON 2500 27 180 200
T00O 3100 31 70 70
TOOP 16000 98 600 700
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Table 2, cont.

Nal Exposure Beta-Gamma Count Beta-Gamma Count
Grid Count Rate Rate Rate w/window Rate w/o window
Location (c/min) (uR/hr) (c/min) (c/min)
T0O0Q 1500 19 30 40
TOOR 500 9 30 40
T00S 700 11 - -
U00H 700 11 - -
U001 900 13 - -
U00J 800 12 - -
UOOK 700 11 40 50
UooL 900 13 50 50
uooM 1000 14 40 50
UOON 2800 29 100 140
U000 3500 34 20 80
* goop >50000 450 1300 1500
U00Q 35000 170 400 720
UOOR 1500 19 40 40
U0o0s 1000 14 - -
v00J 800 12 - -
VOOK 900 13 40 40
VOOL 1000 14 50 50
VvOoOoM 900 13 40 40
VOON 900 13 40 40
V000 13000 85 500 500
voop 4700 42 70 70
voo0Q 12000 80 170 190
VOOR 5000 44 100 100
v00Ss 700 11 - -
WOOK 800 12 - -
WOOL 800 12 30 30
WOOM 800 12 30 30
WOON 900 13 40 50
w000 1000 14 50 50
WOOP 2100 120 600 800
wo00Q 40000 190 900 1100
WOOR 20000 115 140 170
wWo00s 1100 15 - -
X00K 900 13 - -
X00L 1100 15 - -
X00M 1100 15 40 40
X00N 1000 14 40 40
X000 1100 15 30 50
X00P 4000 37 120 160
X000 12000 80 300 400
* XO0O0R >50000 740 1900 2000
X00S 1500 19 - -
YOOI 1000 14 - -
Y00J 1300 17 - -
YOOK 1600 20 - -
YOOL 1600 20 - -
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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)

YOOM 1100 15 40 40
YOON 3000 30 30 50
Y000 1700 20 40 50
YOOP 2100 24 40 60
Y00Q 9000 66 200 280
YOOR 40000 190 1000 1400
Y00S 3600 35 - -
Z00I 800 10 40 40
200J 1000 14 40 50
Z00K 1800 21 70 90
ZOOL 3200 32 80 80
Z00OM 3700 35 120 150
ZOON 5000 44 110 130
Z000 3300 32 80 120
Z00P 1900 22 50 60
200Q 2400 26 50 60
ZOOR 12000 80 300 380
Z00s 2600 27 - -
a001I 900 13 40 50
a00J 900 13 20 40
a00K 1300 17 50 90
a00L 1800 21 60 80
a00OM 1900 22 120 140
a00N 1200 16 90 100
a000 1300 17 40 40
a00P 1000 14 20 30
ab0Q 2200 24 60 60
a00R 2300 25 70 100
al0s 2600 27 - -
b00I 900 13 - -
b00J 900 13 - -
bQOP 800 12 40 50
b00Q 700 11 30 70
bOOR 2400 26 60 90
b00S 2400 26 - -
c00N 700 11 - -
c000 700 11 40 40
c00P 1000 14 50 50
c00Q 1300 17 60 80
cO0R 1900 22 50 80
c00S 1800 21 - -
a000 1400 18 40 60
doop 30 50
d00Q 30 60
dooOR 2000 23 60 70
doo0s 2000 23 - -
dooT 900 13 - -
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Table 2, cont.

Nal 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 - -
doov 2200 24 50 50
doow 2500 27 100 100
doox 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 - -
e950u 3500 34 - -
e95Vv 3400 33 100 100
e95wW 4000 37 120 140
e95Xx 3000 30 100 100
e95Y 1500 19 50 60
e952 1700 20 70 80
e00a 2300 25 90 100
fO00K 600 10 60 60
fOOL 700 11 50 80
£000 1100 15 40 60
£570Q 3400 33 - -
fOOR 2700 28 60 60
f00sS 2700 28 - -
f0O0T 4500 41 - -
f00U 6000 50 - -
foov 50000 230 1060 1080
foow 6000 50 120 140
£00X 6000 50 100 100
f00Y 1500 19 50 60
£002Z 1000 14 40 40
f00a 1000 14 30 50
fooM - - 60 60
g00K 700 11 50 50
gO0L 600 10. 80 90
gOOM 600 10 60 90
g000 2000 23 80 110
goop 2000 23 50 90
g00Q 3300 32 70 100
gOO0R 21000 120 300 420
g00s 8000 62 - -
g00T 6000 50 - -
g00uU 15000 95 - -
goov 11000 77 180 260
g00wW 7000 56 110 140
g00x 2500 27 50 60
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Table 2, cont.

Nar1 Exposure Beta-Gamma Count Beta-Gamma Count
Grid Count Rate Rate Rate w/window Rate w/o window
Location (c/min) (uR/hr) (c/min) (c/min)
g00Y 2200 24 90 120
g002Z 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
h0OT 4000 37 150 150
hoOoU 6500 52 170 190
hoovVv 10000 72 240 . 250
hOOW 3800 36 200 300
h00X 1000 14 60 80
hoOY 1800 21 50 50
h002 700 11 20 30
h00a 700 11 40 40
h72P - - 8000 9400
i00K 800 12 40 50
i00L 900 13 60 60
iooOM 1700 20 90 110
i0O0ON 8000 60 110 110
i000 36000 175 1000 1100
* i00P >50000 1600 7200 8400
* 1000 >50000 1170 2800 3600
i00R 30000 155 900 1120
i00s 800 60 180 300
iooT 1600 20 40 40
io0vu 3000 30 130 180
ioov 2200 24 - -
i0o0w 1400 18 40 60
i00Xx 1000 14 40 60
iooy 1500 19 70 70
jOOK 800 12 60 60
jOOL 900 13 60 80
jOOM 2000 23 90 90
joOON 6000 49 130 160
3000 10000 70 130 180
joop 20000 115 400 420
3000 16000 98 410 500
jOOR 21000 120 560 700
j00s 1900 22 70 90
j00T 1200 16 50 60
joou 1000 14 60 60
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Table 2, cont.

NalI 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
j00Y 1100 15 60 60
kOOL 1000 14 70 70
kOOM 1100 15 90 110
kOON 1000 14 60 90
k0oooO 1000 14 70 90
kooP 1100 15 80 110
k00Q 1400 18 40 40
kOOR 7500 58 140 180
koo0s 1100 15 50 50
k00T 1100 15 30 50
k00U 1700 20 60 60
kOo0OV 1700 20 50 60
koow 700 11 40 40
koox 700 11 40 50
k00Yy 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
1o0v 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 NaI, reading was made with end window GM
tube with beta shield.
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Table 3

Location

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

Area 2, Near
Off-site Bkg

Shuman Bld
Surface
Berm

Berm

Berm

Gravel Pile
Shuman Bldg
Gravel Pile
Shuman Bldg
Earth City

Area 2, Duplicate

Off-site Bkg
Area 2, Road

Earth City
Surface

Leachate Treatment Sludge

Area 2, Near
Area 1, Base
Area 2, Near
Area 1, Base

Berm
6 Near Road
Berm
7 Near Road

Leachate Treatment Sludge

Area 1, Base
Area 1, Base
Area 1, Base
Off-site Bkg
Area 1, Base
Area 2,
Area 1,
Area 1,
Area 1

Area 1, East

6 Near Road

5 Brown Soil
5 Black Soil
Taussig Road
5 White Soil

Duplicate
Hot Spot
Low Level Area

Berm

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

Table 3 cont.

Sample K-40 U-238 Ra-226
I00L Area’l  mmmem me—ea 2.9E0
SPEC Area 1, East Berm 1.8E1 =—=—-- 2.4E0
POOH Area 1, Near Road 3.0E1 -——- 4.3E0
N6 2H Area 1 2.5E1 ——--—- 4.1E0
0l1l1lJ Area 1, Near Berm = ==—== 9.4E2 4.2E3
L73E Area 2, Side of Hil1l  ~  -=-——- 3.8E2 1.1E3
KOOF Area 1 3.9E1 -—--——= 4.4E0
N6 2H Area 1, Fill 2.7E1 -==-- 3.1E0
NOOF Area 1, Fill = —===e— —mee- 2.6E0
JO0G Area 1, Fill = =emmme e 2.3E0
K66E Area 1, Near Parking Lot ----= -——==-- 1.5E1
I00I Area 1, Fill 3.1E1 -—----- 3.8E0

Pb-214

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

2.6E0 =—-m=- —-mm— ———ee 2.3E0
2.6E0 ——m-- —mmem mmmmm e
3.3E0 —-mm=  ——mm— mm—ee 1.8E0
4,7E0 —m-me-  mmsme ——mee 3.0E0
3.9E3 2.0E3 2,1E3 2.1E3 -----
1.0E3 4.5E2 4,6E2 3.8E2 -----
3,5E0 =mmm-  mmmmm mmmme e
3,1E0 =——m-- ———mm —meee 1.3E0
2,1E0 ——mm=  —mmem e 2.6E0
1.1E0 =mm-= ——mem mmeee 1.5E0
1.3E1 =mmme  —mmmm mmmme e
3,8E0 ——--- ——mm-  ———e- 1.6E0
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Table 4

Bi-214

— G Y — . Gy Gy At e goe e G A — G T S G

Area
Area
Area
Base

Base

A U NN

from Gamma Spectroscopy

Surface (1980)
Surface (1980)
Borehole 1 (1980)
Surface (1980)
Surface (1980)
Surface (1981)
Surface (1981)

Borehole 11 (1981)

N11lJ Surface (1981)

0l1lJ Surface (1981)

—— it G - G - — e S G e .

(all +/- 25%)
3.8

12

21

175

18

101

54

82

127

1.0

Soil Radiochemical Analysis

Th~230
(ALL +/- 25%)
82

597

188
6,095
338
178,000
46,100
29,200
27,200

52,000

(A1l +/- 25%)
2.1

25

44
1,488
9.4
19,000
2,600
1,800
2,000
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  ———=v=  —oeee= - ——— eme———e—
01 >50,000 7 .5E2 6.5E2 9E2 1,7E2 W ====-=  —e——e- l.4E2 = =  —me———-
02 >50,000 2.2E4 2.4E4 1.9B4  ——==-= ——-=me —meeee .4.2E3 = eem———
03 >50,000 4,0E3 3.0E3 4.8E3  -—-———- " 1.1E3 - 2.1E2 = —em—emee
04 >50,000 1.3E3 1.2E3 1.4E3 9.3E1  —-===-  —emmmm emmmme e
05 20,000 2.4E1  -——=--—- 2,4E1  --———= - 8.0E0  ~====-= = —e————-
06 4,500 3.9E0 3.5E0 4 3E0 —-==-m= e l1.1F1 -~ e
08 2,200 2.3E0 2.3E0 2,2E0  —--—m=  —————- 1.4E1 « —==—-- 7.2E-1
10 2,000 2.3E0 2,4E0 2.2E0  --mmm= meme—e 1.3E1  -=——-- 8.3E-1
12 1,500 1.9E0 2.2E0 1.6E0  —===-=  ———ee- l1.3E1 === = me————-
14 1,300 1.8E0 1.9E0 l1.7E0 ===  —————- 9.7E0  ~=———- 6.3E-1
16 800 1.3E0 1.2E0 1.3B0 - - 1.0E1 ————— 3.9E-1
18 800 1.2E0 1.6E0 8.0E-1 -----=  —————- 3.3E0  --===—- 3.0E-1
20 800 8.1E-1 7.4E-2 8,7E-1 —=-=—=  —————- 1.0E1  =—===—- 3.2E-1
22 500 6 .5E-1 4.0E-1 9.0E-1 —-—===  ——=—=- 2,5E0  -—-——- . e ———
24 150 2.5E-1 2.8E-1 2,1E~1 ——=—m= e 1.5B0 === —e————-
26 1,000 6.3E-1 7.2E-1 5.4E-1 -—-—~—-  ~=—e—- 6.3E0  -—=——- 3.1E-1
28 1,300 8.7E-1 8.4E-1 8.9E-1 -———--=  —~———- 1.2E1  ——=-—- 5.7E-1
30 500 4.3E-1 —-=---- 4,3E-1 —-—--=  ~e———- 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  —-m==m s 6.1E0  -—————- 5.4E-1
36 1,800 1.4E0 1.5E0 1.2E0 --==—~  ~————- 1.2E1  —=—==== = =

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  ~-=-rm-  mememe emeeee 6.4E1 =  —-m—-—-
01 >50,000 1.5E4 1.3E4 1.9E4 I X I Ll I ntats
02 >50,000 7.0E3 5.3E3 B.7E3  ec=rmmm | mremrme | mmmmme mmmeee | e
03 1,400 2.3El 1.4E1 3.2E1  =-mmm= emmeee 1.2E1 ————mm mmeee—e
05 2,300 6.2E0 5.8E0 6.6E0 —————- —————— 8.9E0  -==-—- = —==—=—-
07 3,000 4,7E0 4,9E0 4,4E0 —————— —————— 6.9E0  —=-=m-  mee———
09 1,800 3.5E0 4,.2E0 2,8B0  —=-=—— 3.6E0 8.2E0  -=-m== = ===
11 1,000 1.8E0 2.1E0 1.5B0  —===-=  —=———- 4,1E0 --—--—— = —=-=-—-
13 600 1.7E0 1.4E0 2,0E0  ===--- sememe mesees smeme= mommeeee

15 -1,800 4.5E0 4.6E0 4.4E0  ~——-—- 4.7E0 4.2E0 2 =—mmmeme— memm—ee
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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 ———===  —————- 6.4E0  —=———- 4.4E~-1
19 500 2.9E-1 3.E-1 2.1E-1 === - 2.2B0  ~mmee- e
21 500 5.0E-1 7.E-1 2,2E-1 ——mmem e 2.0E0  —==--=  em—————
23 700 1.0E0 1.1E0 8.7E-1 —=—=—em e 6.3E0  —-———-- 5.3E-1
25 600 3.3E-1 3.7E-1 2.9E~]1 ~=m===  memmem mmmmee s meeeeee
27 900 9.7E-1 1.1E0 8.4E-1 ——-m—= e 6.5B0  —————- 5.4E-1
29 1,000 5.4E-1 4.8E~1 6 .0E-1 ——==—=  —————- 7.6E0  ———-e= em————e

Borehole #4 Radionuclide Concentrations [pCi/g]

Depth Gross NaI 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 « ——--—- 9,981 @@ ——————-
0l >50,000 5.3E2 2.1E3 1,7E3 2.5E3 9.8E2  ~=—=—=- 1.2E3 = =——————-
02 >50,000 —-———--- 1.2E2 9.E1 l1.5B2  —-=———- 3.6E0 ~——=—= = -
03 14,000 —==—=- 2.8E0 2.1E0 3.5E0  —e=—-m- 3.8B0  —-=—--- L mmem————
04 2,900 —=———- 1.6E0 1.6E0 1.6E0  -———=——- 3.6E0  —=—==== e
06 1,100 =—====-— 1.4E0 1.5E0 1.2E0 8.6E-1 4,1E0  -~—==— ee—————
08 1,200 —————— 1.7E0 1.9E0 1.5E0 9.0E-1 7.1E0 @ —~=—e= mmm————
10 1,500 —-—-——~ 2.7E 2.8E0 2.5E0 8.3E-1 9.3E0 -3.860 @ —mm———-
12 2,600 —_————— ——————— m————— | mmmeme memeee | mmsese ss—eee s
14 1,500 —====- 1.7E0 1.6E0 1.7E0 7.0E-1 7.0E0  —~m=-m o
16 1,400 ~—-—=- 1.0E0 1.2E0 8.4E~]1 —mmmmm mmemmme mmemee 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] —meemm mmmeme cmmeee s
22 1,100 -—------— 1.1E0 .1E0 1.1E0 -—-——- 7.7E0  =————- 4,.1E1
24 1,200 —-=-——=- 7.5E-1 8.1E-1 7.0B-1 ——e——- 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 ====eme sememee emmsmes meeeee-
30 1,300 --——=- 8.7E-1 9.9E-1 7.5E-1 @ ——eee- 1,481 - -=---- 6.4E-1
32 1,500 —=——=- 9.5E-1 9.5E-1 9.5E-1 ===~ 1.5E1  ~~=mve= mme———-
34 : 1,700 ——=——~-— 1.9E0 2.2E0 1.6E0  -===—- 1.3E1 « —-==—-- 5.5E-1

Borehole #5 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  ==~==e  meee—— 6.3E0 —~m—ee | e
02 1,500 2.5E0 2.9E0 2.0E0  -==——~ 3.4E0 4 0E0 —~—=== e
04 2,700 3.4E0 3.7E0 3.1E0  —====~  m—e——e 4 . 4E0  —=mmem | memmmeeo

06 1,600 1.7E0 1.5E0 1.980  -=m==~  ——w-—- l1.1E1]  -~---- 9.2E-1
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Table 5, cont.

Borehole #5,

Depth Gross Nal

Borehole #6

Depth Gross Nal

10
11
12
13
15

Borehole #8.

Depth Gross Nal

00
02
04
06
08
10
12
14
16
18
20

cont.

1,000
3,000
1,700
1,000
. 700

500

6,000
26,000
>50,000
43,000
>50,000
16,000
2,600
1,100

- G - —

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

——— — ——

- e

Radionuclide Concentrations [pCi/g]

Bi-214 U-238 Ra-223 K-40
1,060 =—=====  ——eee- 1.0E1
4 . 3E0  ——mmm= - 4.7E0
2.3E0 —————— e 2.9E0
2.,3B0  —~—=——= e 3.0E0
1.1E0  -==—= - 2.1E0
1.1E0  —-=====  —————- 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 1,981  -————-
1.7E1 1.3E1 8.1E0  -=-=—=—=
2.2E1 2.1E1 1.8E1  —-——=—-
4.1E1 4,0E1 3.6E1  ~—==——-
5.3E1 6.3E1 4,1E1  —=—=--
2.8E2 2.3E2 2,082 = —==——-
9.1E1 1.1E2 3.9E1 « -==——-
7 .2E0 5.5E0 4.4E0 8.5E0

Radionuclide Concentrations [pCi/qg]

Bi-214

Ra-226

1.6E0

Ra-223

1.1E0

K-40

- . o —
- ——

Pb-211

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 2,0E0 ——m=mm e e 3.2E-1
02 22,000 4.6E1 5.6E1 5.6E1 5.5E1 3.5E1 1.1E1 3.1EF1 = ——meee-
03 11,000 ------ 5.4E0 4,2E0 6 .5E0  ——=——- 1.2E1  ——====  mm————
04 2,000 --——-- 1.3E0 1.3E0 1.4E0  -————- 9.3E0  —===e= e
06 600 --—--- 7.0E-1 8.4E-1 5.6B-1 —==——- 3.8B0  ——=—e-m e
08 1,000 -—==--- 9.8E-1 7.8E-1 1.2E0  -—=——- 6.1E0  ——=e—me e
10 900 —_———— 8.0E-1 9.5E-1 6.5E-1 ————w- 5.E0 1.6E0 @ =—————un
12 1,000 -—-——- 1.1E0 1.3E0 1.0E0  -—=-—=—- 8.1E0  —=——m- 3.4E-1
14 700 2,7E0 7.7E1 8.3E-1 7.0E-1  —==——- 4,90  -—==——- 5.0E-1
16 1,100 -—===- 1.0E0 1.0E0 1.0E0 ~—-=== = e 4,.7E-1
18 1,300 ======  ==---e= mmssms | semmems sssmee messes mmmeee e
20 1,000 7.6E-1 1.1E0 1.2E0 9.8E-1 —=--==—- 8.7E0  ———=== = e
22 1,200 -—--—-—- 1.3E0 1.3E0 1.2E  —=—==- 9.5E0  —==—m- 5.3E-1

Borehole #10 Radionuclide Concentrations [pCi/g]

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 —=m=== = e
01l 35,000 —--———- 1.4E1 9.2E0 1.8E1 4,.4E0 3.6E0 === eeee——
02 >50,000 -—---—-- 4,2E2 " 3.7E2 4.8E2 ————— —————— emmm—— e
03 >50,000 ——=-—-- 4,.8E2 4,.4E2 5.2E2  -—=--=  cesemmm mmmeee mmeeeee
04 35,000 -——-—-—- 2,.5E1 1.8E1 3.E1 = -—=--= ———mmm emmmem memeeee
05 13,000 —=-——-- 9.4E0 8.3E0 l1.E1 = === e mmemem e
06 4,500 -—----- 1.2E1 1.4E1 1.0E1 3.980 -————- 5.0E0 3.1E-1
08 2,000 -—---- 1.3E1 1.1E1 1.5E1  ==-=== —-meom e 2.4E-1
10 1,800 7.3E1 1.2E2 1.3E2 1,0E2 7.0E1  —————- 4,5E1 =@ —-=-——-
12 2,000 1.2E1 1.6E1 1.8E1 1.3E1 1.1E1 4,.2E0 1.1E1 = e
14 500 4.9E0 - 5.1E0 6.1E0 4.0E0 2,7E0 3.0E0  ~=—==== = —e—m——-

Borehole #11 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 8.4E1 6.6E1 1.0B2  --==-- 2.2E1 5.6E0  —=—=-=  cme———-
0l >50,000 3.6E3 2,9E3 4.4E3 7.7E2  ===—==  cmmmem eemmme e
02 >50,000 1.3B4  ~—-em—-mn 1.3E4 2,9E3  —mmmmm mmmmee e e
03 >50,000 1.7E3 1.1E3 2E3 = == ke mmmmee mmeeem e
04 30,000 7.0E0 5.3E0 B.6E0  ——====  cmmerm mmmmes cmemee e

05 22,000 4 .9E0 4.6E0 5.2E0  --—=-- 3.6E0 1.3E1 7.1E0 7.4E0
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Table 5, cont.

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

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

06 20,000 7.1E0 7.4E0 6.7TE0  —-——=—- 4,6E0 1.5E1  -——=--

07 20,000 8.3E0 8.8E0 7.8E0  ———-mm e 1,1E1  ——=—--

08 20,000 1.3El 1.5E1 1.2E1  -====- 2,0E1 1.0E1 5.860 @ —-————-

09 20,000 ~=====  em—m——e —mmmme mmmmes mmemem mmmemes memees meeeeee
Borehole #16 Radionuclide Concentrations [pCi/g]

Depth Gross NalI 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 4,381 @ ——————-
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  —===== e
09 15,000 --=-—-- 1.5E1 1.7E1 1.3E1 7.0E0 4,.1E0 5.50 @ =———=—-
10 35,000 —=—=-—-- 5.8E1 6.6E1 5.0E1 . 7.5E1 2,3E0 2,5E1 = —==-m--
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  -=-——- 1.4E2 2,.8E0
13 >50,000 1.2E2 2.4E2 2,.4E2 2.,4E2 7.2E1  ——=—-- 2,6E1 = —m—e-—-
14 >50,000 3.3E2 5.4E2 4,7E2 6.0E 2,4E2 2 --——-- 4, 0E2 = —mm-m—-
15 >50,000  —=---- 9.2E3 6.9E3 1.1E4  —=--om mmmmem mmmeem s
16 >50,000 ---—-- 7.7E3 6.1E3 9,2E3 | ==--e= mmmmem memeee mmmeeee
17 37,000 -=-=-- 8.2E1 8.1E1 8.3E1 1,6E1 5.7E0 2,681 = --—-m—-
18 8,000 ------ 2.9E1 3.0E1 2,7E1 6.1E0  -—=--- 1,51 = ——————-
19 6,000 1.3E1 3.4E1 4,2E1 2.6E1 1.5B2  -=-==-- 1.981 = -—=—-m—-

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  -=----- 4.4EQ  —==-== = emm———-
02 600 —--———- 5.4E-1 5.3E-1 5.,4E-1  —-=--- 2,30  -—-—-- 1.3E-1
04 300 -==---- 3.3E-1 3.7E-1 2,9E-1  -—=--- 1.880  -—-==—- 1.8E-1
06 250 2 —=-=-- 2.6E-1 2.4E-1 2,7E-1  —=—=—-—- l1.9E0 ~===== = —=——-—-
08 300 -———=-- 2,4E-1 2.9E-1 1.9E-1 —————— mmmee—e meem—es emeeeee
10 300 —==--- 2.9E-1 3.6E-1 2,2E-1 --——-- 2,0E0  —===-—  mmmee——
12 400 —=-=-- 2,7E-1  —=-m-- 2,7B6-1  ===--- 3.0E0 -—=—--- 2.1E-1

14 700 -memm—— 5.9E~1 5.3E-1 6.5E-1 ~---—- 4,780  -=---- 6.5E~-1
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Borehole #17

Depth Gross Nal

Borehole #18
Depth G

00

02

04

Borehole #19

Depth Gross Nal

00
02
04
06
07
08
09
10
12
14
16

t.

y cont.

1,500

800
3,000
1,000

ross Na
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

Radionuclide Concentrations [pCi/g]

Bi-214

Bi-214

Ra-226 Ra-223 K-40
1.2E0  —-==-—- 1.E1
1.4E0 -—-=——- 5.3E0
8.0E0 2.9E0 6.5E0
1.5E0  -——-—- 4.3E0
Radionuclide Concentrations [pCi/g]
Ra-226 Ra-223 K-40
1.2E0 7.2E-1 7 .8E0
8.3E-1 ——====  —e-e--
8.8E-1 --——--~ 6.90E
4.8EB-1 —=---—- 2.5E0
4 .9E-1 -————- 2.5E0
6.1E-1 —~=—-=  —e——e-
6.1E-1 —-==m-=  ——=ee-
5.0E-1 —-—=--  —===e—-

Radionuclide Concentrations [pCi/g]

Bi-214

Ra-226

Ra-223

K-40

Pb-211

——————
——————
——————
——————
——————
______
______
______
______
______

______
______
——————
______

—— — - ——
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Borehole #20 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 ~—=-=—- 8.9E0 3.8E0 1.4E1 6.9EC 6.8E0  —=-—== = e—e————-
01 23,000 —--—-- 7.2E1 6.8E1 7 .6E1 4,3E1 1.0E1 3.9E1 = ——=———-
02 9,000 ~—==—- 1.4E1 9.9E0 1.7E1 2,.9E0 8.2E0 1.7E1 = -
03 2,200 —-—-=-—- 2,70 -———=- 2.7E0  —==——- 6.0E0  —-===—=- = ——m———-
05 900  ~—=——~ 1.3E0 1.4E0Q l1.1E0  —===—=  —mmmem mmeemm e
07 700 —————- 1.2E0 1.2E0 1.1E0  —===—- 9.9E0  —=-===  —me———-
09 1,000 -——===- 1.5E0 2.0E0 1.0E0  —-=———- 1.5E1  —-===== = =
11 1,600 ———--- 1.9E0 1.9E0 1.8E0  —-=——=- 2,7E1  -=———- 1.3E0
13 1,200 ---=—-- 1.2E0 1.3E0  ====-=  emmmmm mmmmee e 1.2E0
15 1,100 —=----- 1.2E0 1.3E0 1.1E0  —===—- 1.860  ~—==—- 6.6E-1
17 500 ——--—- 7.0E-1 7.7E-1 6.4E~]1 —--m==  —em—ee ——e— e 3.6E-1

Borehole #21 Radionuclide Concentrations [pCi/g]

Depth Gross Nal U-238 Pb-214 Bi-214 Ra-226 Ra-223 K-40 Pb-211 Pb-212
00 14,000 2.1E1 3.4E1 4,.2E]1 2,7E1  —==emm memeem s emmmeee
0l 13,000 ~—==-—- 1.3E1 1.3E1 1.2E1 3.2E0 1.860 --—=== = =—=-===-
02 1,300 ~—=———- 1.2E0 9.5E-1 l1.4E0  -————- 2,1E0  -—==== = eeee-—-
03 1,300 -—=-==- 1.3E0 1.3E0 1.3B0 ==-=m= mmmmee mmemee memmmes
04 7,000 —-m—e—- 5.4E0 5.2E0 5.6E0  ==-——= —mceeem —eemem meeeeee
05 46,000 1.8El1 6.2E1 6.0E1 6.4E1 3.2E1 9.2E0  2.,1E1 = -=-—-—-
06 >50,000 1.7E1 6 .6E2 5.4E2 7.8E2  —==—=-m - 3.3B2 @ ——=ee—-
07 >50,000 4.5E2 3.2E3 2.8E3 3.7E3 8.3E2  —-—-—- 1.5E3  =—=-—m—-
08 >50,000 3.2E1 7.3E1 6.7E1 7.9E1 2,9E1 « ---=—- 3.2E1 = @ —=m———-
09 32,000 —===—- 3.6E1 3.6E1 3.5E1 9.3E0 8.2E0 1.2E1 = —=————-
10 9,000 -———=—- 2.2E1 2.8E1 2.0E1 1.9E0 5.6E0  =—==-= = ——ee—--
11 4,300 ——==—- 1.5E1 1.7E1 1.2EF1 = —===—- 3.3B0 === -
12 6,000 ~—————- 5.8E0 6.2E0 5.4E0  ——==—- 5.9E0  ~==—== = ——=———-
13 7,000 —-=-—-—- 8.1E0 8.8E0 7.3E0 3.8E0 1.1E1  —-==——- 8.5E-1
14 7,000 —————— 1.3E1 1.5E1 1.1E1 6.1E0 1.1E1  —===== = —mme——-
15 10,000 5.6E0 1.1E1 1.3E1 9.4E0 5.3E0 9.4E0 5.1E0 6.7E-1
16 8,000 --=-=-- 6 .5E0 7.2E0 5.7E0 - 3.2E0 4,4E0 === = —==ee--
17 ;000 —=m——- 6.1E0 7.1E0 5.2E0 3.7E0 3.,1E0 2 —m—me= mmme—ee
18 3,500 5.6E0 5.7E6 . 6.4E0 4.4E9 2.7E0 3.0B60 -——==—  —=mm—=—-

20 3,000 -—==-—- 6.9E0 8.3E0 5.5E0 4,4E0  -----~  m-=me-- mmemee-
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Borehole #22 Radionuclide Concentrations [pCi/qg]

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  —=m===  mem—e——
0l 13,000 2.0El1 3.2E1 3.8E1 2.5E1 1.5E1 5.9E0 1.7E1 5.6E-1
02 11,000 1.9E1 2.8E1 3.2E1 2.5E1 1.6E1 4.1E0 1.5E1 = ==ce=—-
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 ——====  meee——-
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 1.0E1l 7.3E0 5.4E0 6.3E0 —==——- 7.0E-1
08 5,000 1.0El 1.0E1 1.3E1 8.4E0 7.1E0 3.7E0 6,6E0 @ —-memee-
10 4,300 ------ 1.5E1 1.8El 1.2E1 7.3E0 2.8E0 5.E0 @ em—e———-
12 7,000 ——=——- 1.4E1 1.7E1 1.1E1 = =—===—- 4,1E0  —=m=m= = —m————-
13 4,000 1.5El1 1.4E1 1.6El1 1.1E1 6.9E0 2.9E0 6.1E0 @ ——————-
14 7,000 9.1E0 1.3E1 1.6E1 1.1E1 4.7E0 4 .80 —=-=== mmme——-
15 9,000 --——-- 2.3E1 2.9E1 1.7E1 1.3E1 3.7E0 1.0E1 = -—==————-
16 8,000 --=---- 2.,3E1 2.8E1 1.9E1 1.6E1 2.0E0 l1,1E1 = W ——————-
17 3,500 7.3E0 7.4E0 8.3E0 6 .4E0 5.0E0 2.3E0 2 —=m=—= mmme—e—
18 7,000 1.8E1 1.8El1 2.0E1 1.5E1 6.1E0 ~——===m- e e
19 9,000 ~—————- 1.7E1 2.0E1 1.4El1 1.2E1 3.8B0  ==—==~= = memee——
20 13,000 -—-=-——- 3.5E1 4,0E1 3.0E1 2.5E1 3.7E0 1.5E1 = —=e———-
21 10,000 ~-===-—- 1.1E1 1.1E1 1.1E1 3.5E0 3.E0 —===== @ e
22 24,000 ——-—-—- 1.9E1 1.6El1 2.1E1 4.1E0 4.3E0 6.3E0 @ ——————-
23 >50,000 ——=———- 5.8E3 5.8E3 5.8E3 3.0E2  =--==—- 2,6E2 2 —e=m———-
24 >50,000 -----—- 7.0E2 6.4E2 7.5E2 2.9E2 | m————- 3.3E2 —————
25 >50,000 -—-—---- 6.4E2 6.4E2 6.4E2 3.6E2  —=—=-- 3.4E2 2 -===——-

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 7.4E~-1 ————-- 7.880  ——-———- 5.6E-1
02 900 @ =—==-- 5.6E-1 5.9E-1 5.3E~1 ~em=mem | mmmmem mmmeee 4 .5E-1
04 1,500 ~——-=-—- 9.1E-1 9.3E-1 8,9E~1  —————- 6 .5E0 1.7E0 = =====—-
06 1,000 -—-==—-- 6.3E-1 6.4E-1 6.3E-1 ~—=-—--- 6.1E0  ==m=== = ———m——-
08 800 -==—-- 5.1E-1 4 ,5E-1 5.7E-1 —————— ————— —————— | me————
10 800 -—-==-—-- 4,.9E-1 5.2E-1 4 ,5B-1 ——====  mmmmee e 3.8E-1
12 1,500 —==—-- 3.7E-1 3.7E-1 —————— —————— 3,7E0 2 === mm—ee——
14 1,100 ---=—-- 7.1E-1 @« —————- 7.1E-1 —===—- 1.3E1  —=====  e—e———-
16 1,000 -—-—=-——- 5.1E-1 = -—===-- 5.1E~1 —==——- 4, 0E0 ——mm—- -3.1E-1

18 1,500 8.5E-1 8.1E~-1 8.6E-1 7.7E-1 = ====—- 8.1E0  ------ 8.0E-1
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Borehole #31, cont. Radionuclide Concentrations [pCi/gl}
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 ——=—-=  —--—om oo 6.2E~1
22 1,300 -——=-—- 7.1E-1 8.4E-1 5.9E~1 —m=mm=  mmmeem mmemem e
24 1,300 =—====- 1.1E0 1.1E-1 1.0E0 -———=- 6.2E0 -—-—-- = —==———-
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  —=m=—= —me———-
01 >50,000  —--—-=--- -1.5E2 1.4E2 1.6E2 1.1E2  -—-=-—- 6.9E1 = @ ——————-
02 17,000  —==--- 4,9E1 4.1E1 5.7E1 2.0E1 3.9E0 1.981 =  -—==———-
03 5,000 ===-—- 3.1E0 2,.1E0 4 .2E0 2 —===-= —me—=e ——mmmm mmeeeee
04 1,300 ~------ 3.1E0 2.,1E0 4,2E0  ~===-= ——-=e- —meems eeeeeee
06 1,700 -—-—-——- 1.7E0 1.9E0 1.4E0  —-—=-=-=  —==mem  emeee- 3.1E-1
08 1,700 --==--- 1.9E0 2.2E0 1.6E0  -————- 8.2E0  ---—-- 3.8E-1
10 1,700 —=——-—- 1.8E0 2,0EQ 1.5E0  —=—=—- 1.2E1  -=—=—= = ===
12 1,600 -=—=-- 1.6E0 1.7E0 1.5E0  —-==——- 1.2E1  ------ 6.0E-1
14 1,600 -—-—-——- 2.6E0 2,70  2.,4E0  -----= ——=s-- meesee | mmeeeee
16 1,800 —~----- 1.7E0 1.5E0 1.9E0 -—-—=--  s==son —mmeee 7.1E-1

18 1,900 ————— 9.3E-1 8.7E-1 9,9E-1 -=—~-- 1.4E1  ------ 8.5E-1
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00
01l

03
04

06

le 5, cont.

Borehole #2

700
1,300
1,000
1,000
1,400
1,000
1,400
1,400
1,300
1,200
1,000

700

800

800
1,200
3,500

11,000
2,500
1,400
1,000
1,000

800
1,000

800

800

800
1,500
1,500
1,000

800

600

600

500

700
1,000
1,000
1,000

Borehole #13

Auger Hole Nal (Tl1l) 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 CPM

ft

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

01 1,200
02 2,000
03 1,600
04 1,800
05 1,600
06 1,500
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Borehole #13

Depth NaI CPM
ft
07 400
08 700
09 1,000
10 900
11 600
12 600
13 900
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
0l 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

Depth NaI CPM
ft
07 400
08 300
09 300
10 300
11 400
12 400
13 500
14 600
15 600
16 400
17 500
18 700
19 600
20 600
21 500
22 400

01 1,600
02 2,500
03 2,600
04 3,500
05 19,000
06 10,000
07 2,100
08 1,300
09 800
10 500
11 500
12 500
13 600
14 500
15 600
16 1,100
17 800
18 600
19 900
20 1,200
21 1,000
22 1,200
23 900
24 600
25 500
26 800

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

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

Borehole #26
Depth NaI CPM
ft
27 500
28 500
29 600
30 500
31 600
32 700
33 800
34 600
35 800
36 1,500
37 1,500
38 1,000
39 1,000
Borehole #29
01 1,300
02 1,300
03 1,300
04 1,000
05 800
06 1,200
07 1,800
08 1,400
09 2,000
10 2,000
11 1,200
12 1,200
13 1,500
14 1,700
15 1,300
16 600
17 500
18 500
19 600
20 700
21 600
22 600
23 500

70

Borehole #27

1,000
1,200
800
300
250
400
500
700
600
500
400
600
1,200
500
300
300
600
500
400
400
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Borehole #33

1,900
1,200
800
700
600

Borehole #34

2,600
1,300
1,400
1,000
1,500
1,500
1,000
400
300
400
500
800
700
500
600
900
600
700
1,300
800
400
300
300

Borehole #37

71

Borehole #35

>50,000
>50,000
>50,000
>50,000
>50,000
21,000
7,000
5,000
1,600
1,000
1,000
600
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Borehole #39

— o ——— - ——

Borehole #40

72

Borehole #41 .

ft
0l
02
03
04
05
06
07
08
09
10
11
12

1,400
1,400
1,200
1,500
1,900
1,200
700
600
700
1,000
1,000
1,300
1,000
600
600
600
500
500
200
200
300
300
300
500
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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

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

—— e G S e e - S T i A T e W S G (e S e e S et S e S A T W T S S W G S G S S M M e TR S S - - i S S G e T oS (e gt S St e G e U S e et G VR Y e e e A e 6 S S —

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

2.63E1

2.63El
2.90E1
1.03E2
8.45E1

+/-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%
+/-7.0%



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/1

7.3E0
1.5E1
2.9E0
2.9E0

Isotopic Analysis

pCi/

pCi/1
6.96E1

8.0El
4,1E1
7.6E0
2.6E1

+/-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

Table 7
Date Time Location Environmental Conditions . Flux
pCi/sq.m-s

04/21 09:33 Base 1 (Area 2, 011J) 10 degrees C, damp ground, moderate wind 28

04/21 10:21 Base 2 (Area 2, L38K) 10 degrees C, damp ground, moderate wind 6.7

04/22 11:48 Base 1 (Area 2, 011J) 15 degrees C, soaked ground, 1 hour after rain 332

04/22 12:38 Base 3 (Area 2, M99H) 15 degrees C, soaked ground, 1 hour after rain 1.7

04/23 08:24 Base 1 (Area 2, 0l1J) 15 degrees C, damp ground, sunny, last rain approx. 293
12 hours

04/23 09:12 Base 3 (Area 2, M99H) 15 degrees C, damp ground, sunny, last rain approx. 7.9
12 hours

04/23 10:00 Base 2 (Area 2, L38K) 15 degrees C, damp ground, sunny, last rain approx. 5.9
12 hours '

04/24 08:38 Base 3 (Area 2, M99H) 7 degrees C, damp ground, cloudy, last rain approx. 2.7
2 days-

04/24 08:40 Base 1 (Area 2, 011J) 7 degrees C, damp ground, cloudy, last rain approx. 9.8
2 days

04/24 09:29 Base 2 (Area 2, L38K) 7 degrees C, damp ground, cloudy, last rain approx. 1.5
2 days

04/27 09:05 Base 3 (Area 2, M99H) 21 degrees C, hot, ground dry, sunny 2.2

04/29 08:52 Base 3 (Area 2, M99H) 18 degrees C, sunny, last rain approx. 12 hours, 14
light breeze

04/29 09:36 Base 1 (Area 2, 011J) 18 degrees C, sunny, last rain approx. 12 hours, 540
light breeze

04/29 11:10 Base 4 (Area 2, iO0P) 18 degrees C, sunny, last rain approx. 12 hours, 63

_ light breeze

05/04 10:05 Base 1 (Area 2, 011J) Cloudy, drizzle, last heavy rain approx. 1 day 43

05/04 15:34 Base 1 (Area 2, 011J) Cloudy, drizzle, last heavy rain approx. 1 day 33

05/05 09:44 Base 1 (Area 2, 0l11J) Cloudy, drizzle, soaked ground, no wind 177

05/06 09:49 Base 1 (Area 2, 011J) 7 degrees C, windy, wet ground, last rain approx. 269
12 hours :

05/07 09:32 Base 1 (Area 2, 011J) 10 degrees C, windy, ground dry at surface, sunny 34

05/07 10:48 Base 3 (Area 2, M99H) ' 10 degrees C, windy, ground dry at surface, sunny 1.5

05/08 09:45 Base 3 (Area 2, M99H) 15 degrees C, cloudy, moderate wind, ground moist 8.5

05/08 10:28 Base 4, (Area 2, iOO0OP) 15 degrees C, cloudy, moderate wind, ground moist 243

05/11 11:43 Base 4 (Area 2, iO0P) 13 degrees C, light wind, soaked ground, rain approx. 28

12 hours ago
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7, cont,

Time Location

11:15
12:08

10:10
10:50

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

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

Base
Base

Base
Base

Base
Base
Base
Base

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

-

(Area

-

(Area
(Area

(Area
(Area
{(Area
(Area

(Area
(Area
(Area
(Area
(Area
(Area
(Area
{(Area
(Area
(Area
(Area
(Area
(Area
2, kKOOR
6 (Area
4 (Area
1l (Area
2, I0OOF
4 (Area
4 (Area
8 (Area
2, M62J
2, U00P

Bl B = OY OV O Ao [l

(Area .

Environmental Conditions Flux
pCi/sg.m-s
15 degrees C, windy, cloudy, last rain approx. 1 day 310
15 degrees C, windy, cloudy, last rain approx. 1 18
day .
13 degrees C, cloudy, ground moist, last rain 206
approx. 8 hours
13 degrees C, cloudy, ground moist, last rain 30
approx. 8 hours
13 degrees C, cloudy, light wind, drizzle 43
13 degrees C, cloudy, light wind, drizzle 376
15 degrees C, sunny, light wind 380
10 degrees C, cloudy, heavy rain last 2 days, 188
strong wind
10 degrees C, drizzle, ground soaked 8.0
10 degrees C, drizzle, ground soaked 17
10 degrees C, drizzle, ground soaked 538
18 degrees C, no wind, sunny, ground damp 276
18 degrees C, no wind, sunny ground damp 119
18 degrees C, no wind, sunny ground damp 353
21 degrees C, sunny, no wind, dry soil 212
21 degrees C, suny, no wind, dry soil 406
21 degrees C, sunny, light breeze, dry soil 350
21 degrees C, sunny, light breeze, dry soil 596
21 degrees C, sunnny, light breze, dry soil 865
28 degrees C, dry soil, last rain 2 days 29.90" hg 400
28 degrees C, dry soil, last rain 2 days 29,90" hg 397
29 degrees C, damp soil, light wind 1.8
30 degrees C, dry soil, 29.90" hg 620
32 degrees C, slight wind, dry soil 29.85 hg 580
34 degrees C, light wind, dry soil 388
39 degrees C, no wind, damp soil 0.6
33 degrees C, dry soil, moderate breeze 245
33 degrees C, dry soil, slight breeze 579
33 degrees C, dry soil, strong wind 3.0
21 degrees C, dry soil, no wind 29.92" 1.3

18 degrees C, dry soil, light breeze

38
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7, cont.

Time

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

Location

Area 2, TOOP

Area 2, h0O0X

Area 2, jOOW

Area 2, UOOP

Area 2, TOOP

Area 2, h00X

Area 2, jOOw

Area 2, I00L

Area 2, JOOL

Earth City, offsite bkg
Taussig Rd, offsite bkg
Area 2m UOOP

Base 4 (Area 2, i00P)
Taussig Rd, offsite bkg
Area 2, J30L

Area 2, HO040

Taussig Rd, offsite bkg
014 st. Charles Rock Rd Bkg
Area 1, M10G

Area 1, M10G

Base 6 (Area 1, I00A)

0ld St. Charles Rock Rd Bkg
Area 1, M10G

Area 2, p07s

Area 2, p07S

Area 1, M10G

Base 8 (Area 1, I00I)

Area 2, p07S

0ld st. Charles Rock Rd Bkg
Taussig Road offsite bkg
Area 2, p07S

Area 1, O00M

01d st. Charles Rock Rd4 Bkg
Area 1, O00M

Environmental Conditions

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

Flux
pCi/sq.m-2

C, dry soil, light breeze 85
C, dry soil, light breeze 1.8
C, dry soil, light breeze 1.9
C, damp soil, light breeze 29.98" hg 14
C, damp soil, light breeze 29.98" hg 35
C, damp soil, light breeze 29,98" hg 0.6
C, damp soil, light breeze 29.98" hg 1.0
C, dry soil, gqusty, 760.5mm hg 0.8
C, dry soil, gusty, 760.5mm hg 0.7
C, damp soil, no wind 30,14 hg 0.5
C, damp soil, no wind 30.14 hg 1.5
16

slight breeze 138
slight breeze 0.3
C, dry soil, slight breeze, 30.20" hg 0.4
C, dry soil, slight brze, 30.20" hg 0.4
started to rain during accumulation 0.3
started to rain during accumulation 1.0
C, damp soil, 29.96" hg 22
C, dry soil, no wind, 30.02" hg 14
C, damp so0il, mild wind, 29.86" hg 59
C, damp so0il, no wind 30,.10" hg <0.1
C, damp soil, light wind, 30.06" hg 15
C, damp soil, light wind, 30.05" hg 168
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" h 3.2
C, dry soil, sunny, light wind, 30.21'hg 0.2
C, very dry soil, sunny, light wind, 2.0
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Table 7, cont.

Date Time Location Environmental Conditions Flux
pCi/sq.m-2
07/31 10:13 Area 1, EOOF 24 degrees C, very dry soil, sunny, light wind, 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, O0OOM 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, OOOM 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, I00I) 27 degrees C, dry soil, light wind, 30.01" hg 0.4
08/17 10:05 Area 2, I00F 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 degrees 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



6L

Table

Radon Flux Measurements

8

Sampling
Location Time (sec)
Base 6 (Area 1, I00a) 6,000
Base 4 (Area 2, i0OO0OP) 4,980
Base 4 (Area 2, i00P) 1,200
Base 1 (Area 1, 011J) 7,200
Base 8 (Area 2, 100I) 55,320
Area 2, MOOI 18,000
Area 2, LOOG 60,300
Area 2, UOOP 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
0ld 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
0ld st. Charles Rock Rd, bkg 54,540
Area 1, M10G 22.380
Area 1, M10G 57,240
Base 6 (Area 1, I00A) 5,880
014 st. Charles Rock Rd, bkg 68,640
Area 1, M10G 60,960
Area 1, M10G 61,560
Area 2, p04S 63,240
Area 1, I00I, 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, O00M 56,220
Area 1, EOOF 52,800

Using the Charcoal Canister Method

Enviromental Conditions

degrees
degrees
degrees
degrees
degrees
degrees
degrees
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

23

18

18

23

23

24

24

28

degrees
degrees
degrees
degrees
degrees
degrees
degrees
degrees
degrees

dry
dry
dry
dry
dry
dry
dry
dry-

light b

soil,

29.90" hg

soil, light wind, 29.85" hg
soil, light wind, 29.85" hg
s0il light wind _

so0il, no wind, 29.92" hg
soil, no wind, 29.92" hg
soil, light breeze

soil, light breeze

reeze

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

C, dry soil, slight breeze, 30.20" hg
C, dry soil, slight breeze, 30.20" hg

during
damp

damp
damp

damp
damp
damp
damp

rain
soil,

soil,
soil,

soil,
soil,
soil,
soil,

29.96" hg

dry soil, no wind, 30.20" hg

mild wind, 29.86" hg
no wind, 30.10" hg

30.06" hg
30.06" hg
light wind, 30.21"hg

light wind, 30.21" hg

dry soil, light wind, 30.21" hg
dry soil, light wind, 30.,21" hg
very dry soil, light wind, 30.25" hg
very dry soil, light wind, 30.25" hg
dry soil, light wind, 30.07" hg

pCi/sq.m-s

362

29
613
147
2.0
2.3
163
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Side-By-Side Radon Flux Measurements,
Accumulator versus Charcocal Canister Methods

Table 9
Charcoal
Location Date Canister Accumulator
pCi/sq.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
01d 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
O00OM (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 h000

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+4+/-103%

0+/-211%
3.13E-13+/-93%
4.69E-14+/-365%
1.09E~-13+/-188%
4.69E-14+/-365%
2,66E-13+/-103%
4.69E-14+/-365%
4.69E-14+/-365%
0+/-211%
4.22E-13+/-78%
7.34E-13+/-57%
1.56E-13+/-145%
4.69E-14+/-365%
4.69E-14+/-365%
2.03E-13+/-122%
1.09E-13+/-188%
2.03E-13+/-122%
2.66E-13+/-103%
2.66E-13+/-103%
1.41E-12+/-40%
7.81E-13+/-55%
2.03E-13+/-122%

4,69E-14+/-365%

1.56E-13+/-146%
4.69E-14+/-365%
7.34E-13+/-57%
1.15E-11+/-14%
8.55E-12+/-16%

.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
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Table 10, cont.

Date/Time

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

Date/Time

Composite Sample

Location

———— — S G S - . S S G St G S G ——— - -

Drilling Borehole #5
Drilling Borehole #7
Drilling Borehole #8
Earth City Background
Inside Shuman

Taussig Rd Background
Borehole #32

0ld st. Charles Rd Bkg
Area 1, Near Road

Area 1 Highest Ext. Level
Area 2 Highest Ext. Level
Area 2 Suspected Surface Mat.,
Inside Shuman Building

Location

All Onsite Samples

7 Day Activity WL

uCi/cc
2.66E-13+/-103% .0012
4,22E-13+/-78% .0015
4 ,22E~-13+/-78% 0012
1.09E-13+/-188% .0005
1.98E-12+/-33% .0011
4 ,69E-14+/-365% .0005
4.69E-14+/-365% .0006
0+/-211% .0017
—————————————— .017
—————————————— .014
—————————————— .019
—————————————— .038
—————————————— .031

Isotopic Activities

9.1E-14+/-1% 4.3E-144/-1%

Note: Individual sample sensitivities are low due to short sampling time., However,
all gross alpha activities except two are less than the maximum permissible
concentrations (MPCs) for U-238 or Ra-226, for unrestricted areas, as listed
in Appendix B, Table 1II, of 10CFR20, (These MPCs are 3.0E-12 uCi/cc for

either nuclide.)
materials.

The two exceptions occurred when drilling through contaminated
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Gamma Analysis of High Volume Air Samples for Rn-219 Daughters (Pb-211)

Table 11

Location

Base 4 (Area 2, i00P)

Base 1 (Area 2, 000J)

Base 4

Base 4

Base 6 (Area 1, NOOA)

---Sample Activity (uCi/cc) at---

405 KeV 427 KeV 832 KeV
(3.4% ab) (1.8% ab) (3.4% ab)
2.3B-10 @ ——=m————- 2.5E-10
5.7E-11 =  ~—=mmmemmem —emeee—ee
1,0E-9 8.9E-10 9.3E-10
5.6E-10 4 .8E-10 4,6E-10
9.0E-11 =  ————=—--- 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 Chamical Analyses of
West Lake Landfill

7 July 1981
Parameter _ Units WP B0’ Bi-13* Bi-25° BH-31° i3t
Antimony  mg/kg  0.077 0.268  0.325 0.355 0.218  21.0
Arsenic my/kg 0.62 6.0 7.0 2.0 4.0 1.0
Beryllium mg/kg 0.038 0.2  0.24  0.18  0.20 0.14
Cadmium mg/kg  0.052 2.2 2.3 2.27 4.0 37.5
Chromium  mg/kg 1.41  40.9 34 7.0 26.2 215
Copper mg/kg  0.459 1039 88 23.2  131.6 35
Cyanide mg/kg 0.10  0.028 0.12  1.61  0.376  0.97
Lead mg/kg  19.7 356 431 49.0 251.6 1490
Mercury my/kg 5 ¢G.22 0.3  0.14  0.10 0.84
Nickel mykg  3.00 20.0  45.1  11.3 4 218.0
Seleniun  mgkg 0.12 1.6 1.2 1.2 1.2 0.9
Silver mg/kg  0.134  0.580 0.369  0.165  0.264 0.409
Thalliun  mg/kg 14.0  10.0 2.0  <0.1 0.6 3.5
Zinc mo/kg  4l1.4 246 270 180 89 2395

* WTP - 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

84




SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYS1S

CLIENT West Lake-

CLIENT I.D, W.T.P. (NPDES) DATE SAMPLE RECEIVED 6 July 1981
RMC I.D. #569 DATE ANALYSIS COMPLETED 16 Julv 198]
ACID COMPOUNDS
e
2,4,6-trichlorophencl ND
o~chloro-i-cresol ND
2-chlorophenol ND
2,4-dichlorophencl ND
2,4~dimethylphenol ND
2-nitrophenol ND
4-nitrophenol *
2,4-dinitrophenol *
4,6-dinitro-o~cresol ND
pentachlorophenol ND
phenol 8.1

ND - Less than 1 yug/1
* « Less than 25 ug/l1
** . Less than 250 ug/1
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS

CLIENT West Lake

CLIENT I.D. W.T.P. (NPDES) DATE SAMPLE RECEIVED 6 July 1981

RMC 1.D. #569 DATA ANALYSIS COMPLETED 22 July 1981

BASE/NEUTRAL COMPOUNDS
pa/l va/l
acenaphthene ND nitrobenzene ND
benzidine — hakel N-nitrosodimethylamine *k
1,2,4-trichlorobenzene ND N-nitrosodiphenylamine w
hexachlorobenzene ND N-nitrosodi-n-propylamine *k
hexachloroethane ND bis (2-ethylhexyl)phthalate *
bis (2-chloroethyl)ether ND butyl benzyl phthalate ND
2-chloronaphthalene ND di-n-butyl phthalate ND
1, 2-dichlorobenzene ND di-n-octyl phthalate ND
1, 3-dichlorobenzene ND diethyl phthalate ND
1,4-dichlorobenzene ND dimethyl phthalate ND
3,3'-dichlorobenzidine * benzo(a) anthracene ND
2,4-dinitrotoluene *x benzo(a)pyrene — ND
2,6-dinitrotoluene * benzo (b) fluoranthene® ND
1,2-diphenylhydrazine ND benzo (k) £ lucn'ant.hene1 ND
fluoranthene ND chrysene ND
4~chlorophenyl phenyl ether ND acenaphthylene ND
4-bramophenyl phenyl ether ND anthracene ND
bis (2-chloroiscopropyl)ether * benzo (9.h.i.) perylene o
bis(2-chloroethoxy)methane ND fluorene ND
hexachlorobutadiene ND phenanthrene ND
hexachlorocyclopentadiene * dibenzo (a,h)anthracene *
isophorone | ND indeno(1,2,3-c,d)pyrene ND
naphthalené' ND pyrene ' ND
bis (chloramethyl)ether ~ * 2,3,7,8-tetrachlorodibenzo-
p—dioxin ol

ND - Less than 1 ug/1
* - Less than 10 ug/1
* - less than 25 pg/1

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




SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS

CLIENT West Lake

DATE SAMPLE RECEIVED 6 July 1981

DATE ANALYSIS COMPLETED 24 July 1981

CLIENT I.D. W.T.P. (NPDES)
RC I.D. #569
PESTICIDES

11- 13
aldrin ND a-BHC
dieldrin ND b~BHC
chlordane ND &-BHC
4,4'-DDT ND g-BHC
4,4'-DDE ND PCB - 1242
4,4'-DDD ND PCB - 1254
endosulfan I * PCB - 1221
endosulfan II * PCB - 1232
endosulfan sulfate * PCB - 1248
endrin * PCB - 1260
endrin aldehyde > PCB - 1016
heptachlor ND toxaphene

heptachlor epoxide

ND - Less than 1 ug/l
* - Less than 10 pg/l
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS

CLIINT Wesl:_-Lake

CLIENT I.D. W.T.P. (NPDES) DATE SAMPLE RECEIVED 6 July 1981

RC 1.D. #569 DATE ANALYSIS COMPLETED 5 August 1981

VOLATTLES
r9/l pg/l

acrolein *ex 1,2-dichloropropane ND
acrylonitrile ok 1, 3-dich10topropy1ene1 *
benzene 2.0 ethylbenzene ND
carbon tetrachloride * methylene chloride 15.6
chlorohenzene o methyl chloride *
1,2-dichlorocthane ND methyl bromide *
1,1,1-trichloroethane ND bramoform ND
1,1~dichloroethane ND dichlorobramocmethane. ND
1,1, 2-trichloroethane ND trichlorofluoromethane 2.3
1,1,2,2-tetrachloroethane ND dichlorodifluoromethane *
chloroethane o chlorodibraomomethane ND
2-chlorouthylvinyl ether L tetrachloroethylene ND
chlorofor 4.3 toluene 1.8
1, 1-dichloroethylene ND trichloroethylene ND
1, 2-trans-dichloroethylene * vinyl chloride *

ND -~ Less than 1 ug/l
* -~ Less than 10 ug/1
** - Less than 100 ug/l

llokis-didwloropropylene and 1, 3~trans-dichloropropylene could not be resolved,
values reported i1ndicate the sum of both .
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS
CLILNT West Lake

CLIENT 1.D. BH-2 (NPDES) DATE SAMPLE RECEIVED 6 July 1981

RC I.D. #570 DATE ANALYSIS COMPLETED 16 July 1981

ACID COMPOUNDS

ra/l
2,4,6-trichlorophenol ND
o~chloro-m—cresol ND
2-chlorophenol ND
2,4-dichlorophenol ND
2,4-dimethylphencl ND
2-nitrophenol ND
4-nitrophenol *
2,4-dinitrophenol *
4,6-dinitro-o~cresol ND
pentachlorophenol - ND
phenol 7,8

ND - Less than 1 yg/1
* - Less than 25 uwg/1
st - legs than 250 ug/l
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SUMMARY OF ORGANIC PRIQRITY POLLUTANT ANALYSIS

L‘[..l INT West Lake

CLIENT I.D. BH-2 (NPDES)

DATE SAMPLE RECEIVED _ g )y 198)
DATA ANALYSIS COMPLETED 22 July 1981

BASE /NEUTRAL OOMPOUNDS

RMC I1.D. #570
¥/

acenapht hene ND___
benzidipe —_—
1,2,4-trichlorobenzene 8 ND
hexachlorobenzene N
hexachloroethane — N> __
bis(2-chloroethyl)ether ND
2-chiloronaphthalene ND
1,2-dichlorabenzene ND
1,3-dichlorobenzene ND
1,4-dichlorobenzene ND
3,3'-dichlorobenzidine *
2,4~dinitrotoluene * %
2,6~dinitrotoluene ND
1,2-diphenylhydrazine ND
fluoranthene ND
4-chloropheny] phenyl ether ND
4-bramophenyl phenyl ether ND

bis (2-chloroisopropyl)ether ND
bis(2-chloroethoxy)methane ND
hexachlorobutadiene ND
hexachlorocyclopentadiene *
isophorone ND .
naphthalene’ —ND___
bis (chlarancthyl)ether ke

KD - Less than 1 ug/1
* - Less than 10 pg/1
** - less than 25 ug/1

l‘Benzr::(b) fluoranthene and benzo(k) fluoranthene could not be resolved, values reported

indicate the sum of both compounds,

\

nitrobenzene
N-nitrosodimethylamine
N-nitrosodiphenylamine
N-nitrosodi~n-propylamine
bis(2-ethylhexyl)phthalate
butyl benzyl phthalate

@i-n-butyl phthalate

di-n-octyl phthalate
diethyl phthalate
dimethyl phthalate
benzo(a)anthracene
benzo(a)pyrene

benzo (b) fluorant.henel
benzo(k)f luoran';l*nene1
chrysene

acenaphthylene
anthracene

benzo (9.h.i.) perylene
fluorene

phenanthrene _
dibenzo (a,h)anthracene
indeno(1,2, 3'C.d)pyr'ene
pyrene
2,3,7,8-tetrachlorodibenzo-

p—dioxin



SUIMHARY OF ORGANIC PRIORITY FOLLUTANT ANALYSIS

CLIENT West Lake

DATE SAMPLE RECEIVED & July 1981

DATE ANALYSIS OOMPLETED 24 July 1961

CLIENT 1.D. BB-2 (NPDES)
RC 1.D. #570
PESTICIDES

¥/l
aldrin * a-BHC
dieldrin ND b~BHC
chlordane ND &-BHC
4,4'-DDT ND - g=BHC
4,4'-DDE ND PCB - 1242
4,4'-DDD ND PCB - 1254
endosulfan I * FCB - 1221
endosulfan II * PCB - 1232
endosulfan sulfate * PCB - 1248
endrin * PCB - 1260
endrin aldehyde * PCB - 1016
heptachlor ND taxaphene

*

heptachlor epoxide

ND -~ Less than 1 pg/1

* - Less than 10 upg/1
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS

CLIINT West Lake

CLIENT 1.D,__ Bd-2  (NPDES) DATE SAMPLE RECEIVED 6 July 1981
RC 1.D. #570 DATE ANALYSIS COMPLETED S August 1961
VOLATILES
pa/l pa/l

acrolein, "k 1,2-dichloropropane ND
acrylonitrile __¥* 1,34 ichloroprop.ylene:l *
benzene 1.4 ethylbenzene 1.2
carbon tetrachloride * methylene chloride 21.4
chlorobenzene 1.9 __ methyl chloride *
1,2-dichloroethane 7.1 methyl bramide 13.1
1,1,1-trichloroethane ND bramoform ND
1, l—dichloroethane ‘ND dichlorobramomethane ND
1,1,2-trichloroethane ND trichlorofluoramethane 2.4
1,1,2,2-tetrachloroethane ND dichlorodifluoramethane *
chloroethane * chlorodibromomethane ND .
2-chlorovtliylvinyl ether ND tetrachloroethylene 1.7
chloroforn 6.2 toluene 7.3
1,1-dichlorocthylene ND trichloroethylene 1.7
1, 2-trans-dichloroethylune 3.4 vinyl chloride *

ND - Less than 1 ug/kg
* - less than 10 wg/kg
** - Less than 100 ug/kg

11,3—cis-dichlor09ropy]ene and 1, 3-trans-dichloropropylene could not be resolved,

Values reported indicate the sum of both campounds.
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS
CLIUNT West Lake
RC 1.D. #571 DATE ANALYSIS COMPLETED 16 Julv 198]

ACID OCOMPOUNDS

R 74 Y
2,4,6-trichlorophencl ND
o~chloro-m~cresol ND
2-chlorophenol ND
2,4~dichlorophencl ND
2,4-dimethylphencl ND
2-nitrophenol WD
4-nitrophenol *
2,4=dinitrophenol ND
4,6-dinitro~o~creesl ND
pentachlorophenol D

2,6

phenol

ND - Less than 1 ug/1
* - Less than 25 wg/1
** - Less than 250 ug/1
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS

CLIINT West Lake

CLUNT 1.D.  BH-13 (NPDES) DATE SAMPLE RECEIVED 6 July 1981

RMC I.D. #571 DATA ANALYSIS COMPLETED 22 July 1961

BASE/NEUTRAL COMPOUNDS
¥/l 174
acenapht hene ND nitrobenzene —n
bhonzidine . N-nitrosodimethylamine *k
1,2,4-trichlorobenzene ND N-ni trosodiphenylamine **
hexachlorobenzene ND N-nitrosodi~-n-propylamine *
hexachloroethane * bis (2-ethylhexyl) phthalate 10.1
bis (2-chloroethyl) ether * butyl benzyl phthalate *
2-chloronaphthalene ND di-n-butyl phthalate ND
1, 2-dichlorobenzene ND di-n-octyl phthalate ND
1, 3~dichlorobenzene ND diethyl phthalate ND
1,4-dichlorobenzene ND dimethyl phthalate ND
3, 3'=dichlorobenzidine * benzo (a) anthracene ND
2,4-dinitrotoluene > benzo(a)pyrene *
2,6-dinitrotoluene * benzo(b) f luoranthenel *
1, 2-diphenylhydrazine * benzo (k) f luoranthene® *
fluoranthene ND chrysene *
4-chlorophenyl phenyl ether * acenaphthylene ND
4-bramophenyl phényl ether * anthracene ND
bis (2~chloroisopropyl) ether * benzo (g.h.i.) perylene **
bis (2-chloroethoxy)methane * fluorene | ND
hexachlorobutadiene il phenanthrene D
hexachlorocyclopentadiene * dibenzo (a,h)anthracene *x
isophorone * indeno (1,2, 3-c,d) pyrene *
naphthalene ND pyrene ND
bi's (chlarancthyl)ether e 2,3,7,8-tetrachlorodibenzo-
p-diaxin ———

ND - Less than 1 ug/l
* - less than 10 ug/l1
** - Less than 25 ug/1

llsenzo(b) flmraﬁthene and benzo (k) fluoranthene could not be resolved, values reported
indicate the sum of both compounds.



SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS

CLIENT VWest Lake

CLIENT I1.D. BH-13 (NPDES) DATE SAMPLE RECEIVED
RC 1.D. #571
PESTICIDES
v/l

aldrin * a-BHC
dieldrin * b-BHC
chlordane ND &-BHC
4,4'-DDT * g-BHC
4,4'-DDE * PCB - 1242
4,4'-00D * PCB - 1254
endosulfan 1 * PCB ~ 1221
endosulfan II * PCB - 1232
endosulfan sulfate * PCB - 1248
endrin * PCB - 1260
endrin aldehyde * FCB - 1016
heptachlor * | toxaphene
heptachlor epoxide —_—

ND - Les
* -

s than 1 ug/1
Less than 10 pug/1
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS

CLIINT Wesi Lake

CLIENT I.D. Bi-13 {NPDES) __ DATE SAMPLE RECEIVED__ 6 Julv 1981

RMC 1.D. #5720 DATE ANALYSIS COMPLETED 5 Auguct 1931

VOLATILES
¥9/1 rg/l

acrolein —_— 1,2-dichloropropane — N>
acrylonitrile o 1,3-dichloropropylene! o
benzene — N ethylbenzene 4.4
carbon tetrachloride * methylene chloride ND _
chlorobenzene ND methyl chloride *
1,2-dichloroethane ND methyl bromide *
1,1,1-trichloroethane ND bromoform ND
1,1-dichloroethane ND dichlorobromomethane ND
1,1,2-trichloroethane ND trichlorofluoramethane 33.8
1,1,2,2-tetrachloroethane ND dichlorodifluoramethane *
chloroethane * chlorodibramomethane ND
2-chlorovtliylvinyl ether ND tetrachloroethylene 4.6
chlorofonu 7.8 toluene ND
1, l-dichloroethylene ND trichloroethylene 1.8
1, 2-trans-dichloroethylene ND vinyl chloride *

ND - less than 1 ug/kg
* - Less than 10 ug/kg
** - Less than 100 pg/kg

1l,3-cis—dichlorc_:pmpylene ard 1,3-trans-d

values reported indicate the sum of both

96

ichloropropylene could not be resolved,
campounds .




SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS

a‘l ENT West Lake

CLIENT I.D,_ _BH-25  (NPDES)

fC 1.D. #3572

DATE SAMPLE RECEIVED

6 July 1981

DATE ANALYSIS COMPLETED

ACID COMPOUNDS

2,4,6-trichlorophenol
o—chloro-m~cresol
2-chlorophenol
2,4-dichlorophenol
2,4-dimethylphencl
2-nitrophenol
4-nitrophenol
2,4-dinitrophenol
4,6-dinitro~o~cresol
pentachlorophenol
phenol

ND - Less than 1 ug/1
* « Less than 25 ug/1
** - Less than 250 ug/1
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS

CLIINT West Lake

CLIENT I.D. BH-25 (NPDES) DATE SAMPLE RECEIVED 6 July 1981

R 1.D. 4572 DATA ANALYSIS COMPLETED 22 July 1981

BASE/NEUTRAL OOMPOUNDS
pa/ ra/l
acenapht hene — N nitrobenzene —
honzidine - N-nitrosodimethylamine o
1,2,4-trichlorobenzene ND N-nitrosodiphenylamine * %
hexachlorobenzene ND N-nitrosodi-n-propylamine *h
hexachloroethane * bis (2-ethylhexyl)phthalate 3.5
bis (2-chloroethyl)ether * butyl benzyl phthalate *
2-chloronaphthalene ND di-n-putyl phthalate ND
1,2-dichlorabenzene ND di-n-octyl phthalate ND
1, 3~dichlorobenzene 1D diethyl phthalate ND
1,4-dichlorobenzene ND dimethyl phthalate ND
3,3'=dichlorobenzidine * benzo(a)anthracene ND
2,4-dinitrotoluene *k benzo(a)pyrene *
2,6~dinitrotoluene * benzo (b) t‘luorant:henel *
1,2-diphenylhydrazine ND l::enzc;(k)f.‘lum'.ant;hene:l .
fluoranthene ND chrysene ND
4-chlorophenyl phenyl ether * acenaphthylene ND
4-bramophenyl phenyl ether * anthracene ND
bis (2-chloroisopropyl) ether . benzo (g.h.i.) perylene *
bis (2=chloroethoxy)methane * fluorene ND
hexachlorobutadiene * phenanthrene ND
hexachlorocyclopentadiene * dibenzo (a,h)anthracene jabed
isophorone * indeno(1,2,3-c,d)pyrene *
naphthalene’ ND pyrene ’ 'ND
b}s (chlorancthyl) ether Wk 2,3,7,8-tetrachlorodibenzo-
p~dioxin *

ND - Less than 1 ugq/1
* - Less than 10 pg/1
** - less than 25 pg/l

|

"'Benzo(b) fluoranthene and benzb(k)flmranthene could not be resolved, values reported
indicate the sum of both compounds, .



SUIMMARY OF ORGANIC PRICRITY POLLUTANT ANALYSIS

CLIENT West Lake

CLIENT I.D. BH-25  (NPDES)
RC 1.D. #4572
PESTICIDES

174
aldrin * a-BHC
dieldrin ND b-RHC
chlordane ND &-BHC
4,4'-pOT ND g-8HC
4,4'-DDE ND PCB - 1242
4,4'-DDD ND PCB - 1254
endosulfan I * FCB - 1221
endosulfan II * PCB - 1232
endosulfan sulfate * PCB - 1248
endrin * PCB - 1260
endrin aldehyde * " BCB - 1016
heptachlor ND toxaphene

*

heptachlor epoxide

ND - Less than 1 ug/l
* - Less than 10 pg/1
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS

CLIENT West Lake

CLIENT 1.D. B-25 (NPDES) DATE SAMPLE RECEIVED _ 6 Julv 1981

RMC I.D. #572 DATE ANALYSIS COMPLETED _ 5 Aucust 1981

VOLATTLES
rg/l 3743

acrolein L S 1,2-dichloropropane __ND
acrylonitrile wk 1, 3-dichloropropy1ene1 o
benzene 1.1 ethylbenzene 21.3
carbon tetrachloride * methylene chloride - 11.4
chlorobenzene N __ methyl chloride *
1,2-dichlorocthane 5.4 methyl bramide *
1,1, l-trichloroethane ND bromoform ND
1,1-dichloroethane ND dichlorobramomethane. ND
1,1, 2-trichlorcethane ND trichloroflucramethane *
1,1,2,2-tetrachloroethane ND dichlorodifluoramethane *
chloroethane * chlorodibramamethane ND
2-chlorouthylvinyl ether ND ietradxloroethylene 48,4'
chloroform ND toluene 45,3
1, l-dichloroethylene * trichloroethylene 4.4
1, 2-trans-dichloroethylene 23.1 vinyl chloride *

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

** - Less than 100 wug/kg

11 « 3~cis~dichloropr:

lene and 1,3~tr

values reported indicate the sum of both

ans-didmlorgopylene could not be resolved,
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS

- CLIENT West Lake

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

RC 1.D. #573 DATE ANALYSIS COMPLETED 16 July 1981

ACID OCOMPOUNDS

pg/1
2,4,6-trichlorophenol *
o~chloro-m-cresol ND
2-chlorophenol 26.0_
2, 4-dichlorophenol ND
2, 4-dimethylphenol ND
2-nitrophenol ND
4-nitrophenol *
2,4-dinitrophenol o
4,6-dinitro-o~cresol ND
pentachlorophenol ND
phenol 2.6

ND = Less than:1 yg/1
* - Less than 25 yug/1
** -~ Legss than 250 ug/l
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SIMVARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS

CL1INT West Lake

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

RMC 1.D. #573 DATA ANALYSIS COMPLETED 22 July 1981

BASE/NEUTRAL OOMPOUNDS
pa/l pa/l

acenaphit hene — N0 nitrobenzene N
benzidine W N-nitrosodimethylamine ok
1,2,4-trichlorobenzene ND N-nitrosodiphenylamine *k
hexachlorobenzene __ND __ N-nitrosodi-n-propylamine *x
hexachloroethane _ ND __ bis (Z-ethylhexyl) phthalate —
bis(2-chloroethyl)ether ND butyl benzyl phthalate . 16.2
2-chloronaphthalene ND di-n-butyl phthalate ND
1, 2-dichlorabenzene ND di-n-octyl phthalate 1.4
1,3-dichlorobenzene ND diethyl phthalate ND
1,4-dichlorobenzene ND dimethyl phthalate ND
3,3'-dichlorobenzidine * ' benzo (a) anthracene ND
2,4~dinitrotoluene * benzo(a)pyrene ND
2,6~dinitrotoluene ND benzo(b) fluorant-.hene1 ND
1,2~diphenylhydrazine ND benzo (k) fluoranthenel ND
fluoranthene ND chrysene ND
4-chlorophenyl phenyl ether ND acenaphthylene ND
4-bramophenyl phenyl ether ND anthracene ND
bis (2-chloroisopropyl)ether ND ' benzo (9.h.i.) perylene *
bis(2=chloroethoxy)methane ND fluorene ND
hexachlorobutadiene ND. - phenanthrene ND
hexachlorocyclopentadiene * dibenzo (a,h)anthracene *
isophorone ND inderno(1,2,3-c,d)pyrene ND
naphthalene’ ND pyrene ND

Lis {chilorancthyl)ether

ND -~ Less than 1 ug/1
* - Less than 10 ug/1
** - less than 25 ug/1

*k

2,3,7,8-tetrachlorodibenzo~
p-dioxin

»
»

]'Benzo(b)f luoranthene and benzo (k) fluoranthene ocould not be resclved, values reported
inlicate the sum of both campounds.



SUMMARY OF ORGANIC PRICRITY POLLUTANT ANALYSIS

CLIENT West Lake

CLIENT I.D. BH-31 (NPDES) DATE SAMPLE RECEIVED 6 July 1981
RMC 1.D. #573 DATE ANALYSIS CDIPLEI'ED 24 July 1981

PESTICIDES
- 12 pa/l

aldrin ND a-BHC *
dieldrin ND ' b-BHC ND
chlordane ND a-BHC 8.5
4,4'-DDE ND PCB - 1242 ND
4,4'-DDD ND PCB - 1254 ND
endosulfan I * FCB - 1221 ND
endosulfan II * PCB - 1232 ND
endosulfan sulfat._e * PCB - 1248 ND
endrin * PCB - 1260 ND
endrin aldehyde * PCB - 1016 ND
heptachlor ND toxaphene 1D

heptachlor epoxide

ND ~ Less than 1 ug/l1
* - Less than 10 ug/l

*
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS

CLIENT West Lake

CLIENT 1I.D.  H4-31 (NPDES) DATE SAMPLE RECEIVED ¢ .Tuly 19821

RMC 1.D. #573 DATE ANALYSIS COMPLETED 5 August 1981

VOLATILES
ra/l r9/l

acrolein e 1,2-dichloropropane N
acrylonitrile e 1, 3-dichloropropylenel _
benzene ND ethylbenzene 30.4
carbon tetrachloride * methylene chloride 1,4
chloraobenzene 9.6 methyl chloride *
1,2-dichloroethane 4.2 methyl bromide *
1,1,1=-trichloroethane 1.4 bramoform ND
1,1-dichloroethane ND dichlorobramomethane ND
1,1,2-trichloroethane ND trichlorofluoromethane 2.6
1,1,2,2-tetrachloroethane ND dichlorodifluoromethane *
chloroethane * shlorodibromomethane ND
2-chloroethylvinyl ether ND ietrachloroet.hylene 19.3
chloroform 3.1 toluene 30.9
1,1-dichloroethylene ND trichloroethylene 13.1
1, 2-trans-dichloroethylene 40.2 vinyl chloride *

ND ~ Less than 1 pg/kg
* - Less than 10 ug/kg
** - Less than 100 ug/kg

11,3-cis—didmloropropylene and 1,3~trans

values reported indicate the sum of both
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS

" CLILNT West Lake

CLIENT I.D.__BH-35 DATE SAMPLE RECEIVED 6 July 1981

RMC I.D, #574 _DATE ANALYSIS COMPLETED 16 July 1981

ACID COMPOUNDS

pa/l
2,4,6-trichlorophenol *
o-chloro-mcresol ND
2-chlorophenol 1414.7
2,4-dichlorophenol ND
2, 4-dimethylphenol ND
2-nitrophenol ND
4-nitrophenol *
2,4-dinitrophenol *x
4,6-dinitro-o~cresol *
pentachlorophenol *

phenol 159.0

ND - Less than 1 ug/1
* - Less than 25 ug/1
** - Less than 250 ug/l

. 105



SIMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS

DATE SAMPLE RICEIVED

CLLINT West Lake
RMC I.D. #574

acenaphit hiciw

bonzidine
1,2,4-trichlorobenzene
hexachlorolxenzene
hexachloroethane
bis(2-chloroethyl)ether
2-chloronaphthalene
1,2-dichlorobenzene

1, 3-3dichlorobenzene
1,4-dichlorobenzene
3,3'~dichlorobenzidine
2,4-dinitrotoluene
2,6-dinitrotoluene
1,2-diphenylhydrazine
fluoranthene
d4-chlorophenyl phenyl ether
4-bramophenyl phenyl ether
bis (2—chloroiscprop§'1) ether
bis (2-chloroethoxy)methane
hexachlorobutadiene
hexachlorocyclopentadiene
isophorone

naphthalene!

b¥s (chlorancthyl)ether

ND - Less than 1 ug/1
* - Less than 10 ug/1
** - Less than 25 ug/1

LIS

6 July 1981

DATA ANALYSIS COMPLETED 22 July 1981

BASE/NEUTRAL OOMPOUNDS

nitrobenzene
N-nitrosodimethylamine
N-nitrosodiphenylamine
N-nitrosodi-n-propylamine
bis (2-ethylhexyl)phthalate
butyl benzyl phthalate
di-n-butyl phthalate
di-n-octyl phthalate
diethyl phthalate
dimethyl phthalate
benzo (a) anthracene
b‘enzo(a)pyrene

benzo (b} fluoranthenel
benzo (k) £ luoranthenel
chrysene

acenaphthylene
anthracene

benzo (g9.h.i.) perylene
fluorene

phenanthrene

dibenzo (a,h)anthracene
indeno(1,2,3-c,d) pyrene
pyrene '
2,3,7,8-tetrachlorodibenzo~

p—dioxin

L

wk

L 2]

% %
* 1%

18.4

CRCHCE

8

CHI]

8

8

8

»

&

8

»

6

8

l;

‘luenzo(b) fluoranthene and benzo(k)fluoranthene could not be resolved, values reported
indicate the sum of both campounds,



SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS

CLIENT West Lake

CLIENT I.D. BH-35 (NPDES)  DATE SAMPLE RECEIVED 6 July 1981
RC I.D. #574 DATE ANALYSIS OOMPLETED 24 July 1981
PESTICIDES

pe/l ¥9/1
aldrin * a-BHC : ND
dieldrin ND b-BHC ND
chlordane 940 a-BHC *
4,4'-DDT ND g~BHC ND
4,4'-DDE ND PCB - 1242 ND
4,4'-DDD ND_ PCB - 1254 ND
endosulfan I * PCB - 1221 ND
endosulfan II * PCB - 1232 ND
endosulfan sulfate * PCB - 1248 ND
endrin * PCB - 1260 ND
endrin aldehyde * PCB - 1016 ND
heptachlor ND toxaphene ND

*

heptachlor epoxide

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

6 July 1981

CLIENT West Lake

CLIENT I.D.___ BH-35 DATE SAMPLE RECEIVED

RMC 1.D. #574 DATE ANALYSIS COMPLETED 5 August 1981

VOLATILES
74

acrolein bl 1,2-dichloropropane
acrylonitrile ** 1, 3-dich10;opropylene1
benzene 15.7 ethylbenzene
carbon tetrachloride 22.4 methylene chloride
chlorobenzene o methyl chloride
1, 2-dichloroethane 8l.6 methyl bromide
1,1,1-trichloroethane ND bromoform
1,1-dichloroethane 18.4 dichlorobramomethane
1,1,2-trichloroethane ND trichlorofluoramethane
1,1,2,2-tetrachloroethane ND dichlorodifluoramethane
chloroethane * chlorodibramomethane
2-chloruethylvinyl ether * £etrachloroethy1ene
chloroforu 25.1 toluene
l,1l-dichloroethylene 5.2 trichloroethylene
1, 2-trans-dichloroethylene 7.7 vinyl chloride

ND - Less than 1 ug/kg
* - Less than 10 ug/kg
** - Less than 100 yg/kg

11_,:!-cis--dichlorc:i:'rc:wlene and 1,3~trans~dichloropropylene could not be resolved,

values reported indicate the sum of both campounds.
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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)
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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0TT

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

Table 14

Sample Type

——— - i S S G - e S b e - Y TR G B Ghe SR VR Sus Gub G S e G S D GEE Gie G G SR R P G e G En G G G GNP D D s G G B e W —

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

- — — e —

Taussig Road

0.58 +/- 27%
8.0

2.5 +/- 19%
5E-3

Background Location-----—-————ce-—uo—-

01d St. Charles Rock Road




Target Criteria 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 W.L. 0.006 W.L.
Ra-226 (water) 3E-8 uCi/ml 6E-9 uCi/ml

Nuclide

External Radiation
Target Criteria LLD

20 uR/hr 4 uR/hr
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APPENDIX I

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 (1l.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 is
not as suited for extensive field measurements as a smaller,
lightweight NaI(Tl) portable survey instrument. Therefore,
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the NaI(T1l) 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, wusing the Tissue Equivalent
Ionization Chamber, then recgrding NaI(Tl) measurements at
the same location. In this manner a set -of NaI(Tl)
count~rate versus exposure rates were obtained and a uR/hr

calibration factor established, as shown in Figure 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 calibratiohs 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 1lab gamma analysis system (Figure I-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 1laboratory computer data acquisition
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module. The analysis system was calibrated for all counting

geometries with an NBS supplied Eu-152 source.

Each count was analyzed by a computer program for
determination of gamma energies and peak areas. All results
were printed out immediately following analysis on-site, and
data was stored on floppy discs for future analysis, as

needed.

Samples were sealed in counting containers and stored
to allow for complete ingrowth of radon and daughters,
whenever possible. In these cases, Ra-226 was determinéd by
counting the daughter Bi-214 gamma-ray lines at 609 and 1764
KeV. Pb-214 was determined by the 295 and 352 KeV 1lines,
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 1lines, Th-227 from its 237 KeV line and K-40 from its

1462 KeV line.

Typical LLDs for Ra-226 were 0.1 pCi/g in soil and
vegetation, and 0.4 pCi/l in water. For Rn-219 daughters on
air filters, LLDs were 0.4 pCi/l. The LLD for U-238 in soil

was on the order of 1 pCi/g.
D. Auger Hole Logging System

Detailed logging of sélected 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
(108 eff) with a narrow dewar, coupled to a Tracor-Northern
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1750 MCA wused for data acquisition and initial field
evaluations. Data was stored on a tape cassette recorder,
then transferred to the 1lab 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 i. Field counting times varied from 2 minutes to
10 minutes at each location, depending upon the level of
activity present. Typical LLDs for this system and
relatively short count times are 0.3 pCi/g for Bi-214, 1
pCi/g for U-238, 0.2 pCi/g for Pb-212 and 0.1 pCi/q for

K-40 .

The field use of this system was somewhat limited. by
initial failure due to high humidity effects on the pre-amp
components and thermal insulation of the detector housing.
These problems were partially corrected by sealing the

detector in an outer container and allowing dry air to flow

through the container.

E. Radon Analysis Systems

Radon flux was determined using the accumulator system
shown in Figure 1I-6, which is similar to those used by
Wilkening [1] and others. Accumulation times varied from 15

minutes to 2 hours. Gas samples were drawn and counted in
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the EDA Radon Detector, usually 2 hours after sampling, to
allow for daughter ingrowth. Standard MSA charcoal

canisters were used for the canister method, as described by

Countess [2].
F. Alpha~Beta Counting System.

All samples were counted for gross alpha or beta
activity on the Gamma Products low background gas flow
proportional counter, shown in Figure I-7. The system is

automatic and can be programmed for a variety of counting

parameters. .

117



[1]

(2]

REFERENCES

M. Wilkening, "Measurement of Radon Flux by the

Accumulation Method", Workshops on Methods for

Measuring Radiation in and Around Uranium Mills, 3, 9,

1977, pp. 131-137.

R. J. Countess, "Measurements of Rn-222 Flux with

Charcoal Canisters" ibid. pp. 139-147.
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Figure I-1. Portable Survey Instrument Kit.
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Figure I-4. Interior of mobile Tab showing gamma counting system and other equipment.
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Figure I-5. In-situ auger hole logging system with intrinsic germanium detector

and narrow dewar assembly, data acquisition equipment and storage/
fill dewar.
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Figure I-6. Radon sampling cells, pump, and gas analyzer, sitting atop a radon
accumulator tub.
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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 Printef

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 Figqure 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 uniform specific activity of 440 pCi/gram.
Background rods were filled with "clean" plaster of paris,
Plaster of paris was chosen because of its ease of handling,
ability to uniformly distribute the source throughout the
material, and its density, which approximates that of common
soil. (Density of soil, 1.7-2.3 g/cubic cm; density of

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

Four different configurations of source and blank tubes
were used for the calibration. Source tubes were placed
three high in one of the four concentric rings of the rig
for each count while the balance of the rig was filled with
blanks. These configurations correspond to the source

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

7.50 inches from the detector.
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Each configuration was counted for 900 seconds, and the
area under each of the eight major Eu-152 photopeaks

determined for each count.

Calculation of counts per gamma per gram was determined

by the following method:

NCNTS/GAMMA/GRAM =

[NCNTS]/[ (440pCi/qg) (3.7E-2d/s/pCi) (900s) (ABUNDANCEgamma/d) ]

For each gamma energy, the ﬁet 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 idéntified and

its gamma abundance determined. The calculation is:
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SPECIFIC ACTIVITYpCi/gm(in soil) =
[NETCOUNTS]/[ (ABUNDANCEgamma/dis) (2.22 dis/min/pCi)

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

This determination will be valid so 1long as the
radioactive material is uniformly distributed to ah
"infinite" distance in soil, and the detector is in a 4 inch
" PVC (or similar material) casing. Although soil should be
at the surface of the casing, the data indicates that small
voids will not produce significant errors in activity

estimations.

Results of this calibration indicate that an "infinite"
thickness in soil for a bore hole logging device is about 10
inches from the center of the detector. Thus, for a 4 inch
hole, gamma logging will only "see" activity out to about 7
or 8 inches from the hole. For low energies (100-500 kev),
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 is therefore more

representative of the actual soil activity.

This calibration indicates that the sensitivity of the
IG well 1logging system 1is such that the Ra-226 daughter
Bi-214, as measured by the 47% abundant 609 KeV peak, can be

easily detected at 1 pCi/gram in soil, in a five minute

130



count,

pCi/g.

with a 95% confidence

level
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and precision

of
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Figure 1
CALIBRATION RIG ASSEMBLY

"A'" - 6" 1.D. PVC Pipe

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

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

"D - IG Detector

O 4.;,0/
<1 VSN
900000®

Top View

Cross Section
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SURVEY FOR BERM EROSION

by g

ek s 4
WEST LAKE LANDFILL
ST. LOUILS. COUNTY, MISSOURI
the wpeth facBeds BORTNEE . wak performed with Rat{tl)
k.::~.t;>~<:,:‘,‘ Lo A e ; ""‘{"("35 1 creneral Avy oen ‘\/‘r !‘-“.‘,_‘,.,)‘,;‘-
- sadiptten lavel s, v ~INTROQUCTIQN; ¢, + ryrthor invest igatior
shawrr iu. Figuse &, Ty owalMesaer o secan alue ldentificd an elevated

:On i Mareh ~12-13,--1984; . representatives: from, ,Oak j&i@gﬁuféﬁngiﬁﬁﬂd
Universities (ORAY), -Oak Ridge; Tennessee;i performed a radiological  survey
along a:section :of -the berm bounding ithe West Lake Landfillk,, The objective
of the survey was to determine if erosion of the berm was occurring,
resulting in ‘the.spread of contamination to,.adjacent property. :.Information
collected- included exposure rates, concentrations of radionuclides in
surface soil, and locations of elevated contact radiation levels relative

to the:syrface tapography. s+ in ecarch prid blach war peroocens

- o i PROCEDURES

Loie By b Mianmweswes Edueation . Researchy, cand Training Diedgdns
i ¥ & RRgerialae s "f’%i?‘"' . Dak Ridpn. TH, ander dntepapssdy

Sy urtKTigcan s oY the*‘north fadé of "the"berm “wds~performed with NaT(T1)

ek f ¢ Yapartment of Ennrev.

sglnt1llat10n detectors to determine general areas of elevated
radxatlon levels. The area selected for further investigation is
shown in Figure 1. The walkover scan also identified an elevated
'reg1on along a short unpaved access road situated just west of the
”245;‘Shuman Buildlng and leading to the perimeter road; however, no further

raryn
measurements or sampling were undertaken at this location.

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

the scan.

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

Work performed by the Manpower Educatxon, Research, and Training Division e
of Oak Ridge Associated Universities, Oak Ridge, TN, under interagency ! '
agreement DOE No. 40-770-80, NRC Fin. No. A-9093-0, between the Nuclear
Regulatory Commission and the Department of Energy.
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Lo Smteswve o paters owerr alae twoangred  ar o ogevpral locat e mosy . the
4. Surﬁace scans were conducted oyer the ,8rid using, pqrtab}; Nal(Tl)
inp;}lia;xen,¢de;ectexpm Locations of elevated contact radiation

levels were noted.

Rovi i e . VEEC @ Boamby Rpleleomet ¥ Rl w2 26 phl

5.  Exposure.rate mcasurements .were made:at the.surface, and at 1 m ghave
the .surface at.each grid lipe intersection .and;at selected logations

. of elevated readings.. .A Nal(Tl);scintillation meter galibrated with.a

pressurized . 1on&zacxon chamber wag .used, ,

pras it o,

6. Surface (0-15 cm) soil'-samples ;were:.collected at twelve grid line
intersections and at five locations of elevated surface contact
.. -.radiation levels identified by the scan (refer to Figure 2). Two

| adéitional samples were collected from the adjacent field.

O YT

Vi : surveyed; indicating the nrid
7....Exposure rates qqergg,also measured) .at | sgveral , locations .near .the
y- Landfill.office,building and:a, goil .sample gollgcted from an ares of
... elevated, contact readings. .. Thete are reveral small ditehes whiek

gy A et bl inmprest brogien gy

slippage of tHe surface api’ .
38$U, Soil,. samplea swere . analyzed Dby .gamma spectromefry. ;Radium-226 .and i
... Th-230 were the major radionuclides of concern, although spectra were

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

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

activation to determine trace element composition.

RESULTS AND DISCUSSION

s A g

Topography

Fxgure 2 18 a sketch of the berm area surveyed 1nd1cat1ng the grid.

,,,,,, cenib Uiy

;V‘system and he dajor surfaée features. " The slope of the berm is estxmated

i
P

.ta'be apﬁrdxlmately 40°. The soxl on the face of the berm appears quxte»

loose and only sparsely vegetated There are several small dltches whzch.

follow “the ‘slope; ‘these suggest ‘erosion or sllppage of the surface soil

layer. ’SeVefAl”small mounds of earth were also noted at the base of the /)’ ey
berm.
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& vear . Lhe a0 Fris wad  bren cddentifdied by A ntexinug

' 3
g pesd taeg  and haviap . an vlevabted diredh
someasurepente in o that area {(ree Figure 42 indicale
LRTTERRe ey 2% 1 moabove the surbace sanrivg ap Lo 43 gRIK The saximoh

.: The walkover,gﬁgncgqppgggled .levels. ranging, up,to, 60 agg!h“ggggiﬁgf
‘QP“'»‘Q'E- the..berm.. ,Leyels, were, generally, highest, in,a Fesion,pear.srid
coordinates: .C2.and, i3, and, in. .4, ditch down-slope (from: these ,coordinates.
Contact...exposure ; rates: at;.C2 . and ;. C3 .were, 360 uR/h. and 570 uR/h,
respectively. Elevated measurements (up to 280 pR/h) were also noted on
?99&%9&3&#@3&3&3%?%&&&?§L@QQ}K@Q@WFF“ grid coordinates D4 and D5 at the base
of thé berm. Specific "hot spots" were not present along the perimeter
road u.or .-the :-adjacentn: field;. however, .ambient..radiation levels, were
‘generally elevated. -.possibly, the.result of.residues in the,lapdfill berm.
Figure 3:indicates the.contact exposure rates measured.onjthesberm., .. ¢

s o

o cRnsndb.owgre in LWeorange ef approximately 2541 to 4Dyl o Pas2d)
‘An; area-near;ithe Jlandfdill .qffrmze' had QMeld&WIfMd byria REeviqus
‘survey -as’.containing. contaminated) residues:and rhaying, an elevated direct
radiation level.* r Random measurements. in that, area. (see, Figure, 4) indicate
exposure rates at 1 m above the surface ranging up to 45 uR/h. The maximum

level 15 near a small draxnage ditch. The extent of the area exceeding

b AR ] i i S § i

20 WR/h-issmaller than that .shown:in,the Radiation, Management: Corporation
réﬁort.wnfhxf i's 'probably the rEsult ‘of ‘additional” Fill (1-<1.'S @) which has

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

Radionuclide Concentrations in Soil i

Radionuclide concentrations in surface soil samples are presented in

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

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

- Th-230 to Ra-226 were in the range of approximately 25:1 to 40:1. Pa-231
‘and Ac~22] were also present in most of these samples. The maxi@um : j ;135 g
concentrations of Ra-226 were 699 pCi/g and 662 pCi/g. These wére/kih' : .

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

e i L Cay ERY | b

* L.F. Booth et al., Radiological Survey of the West Lake Landfill,
. St. Louis County, Missouri, Radiological Management Corporation,
May 1982.
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518 pije of

Smepns 88 Irom the ditel sear the ol lice ared wonlaived
Highest Th-230. concentrations were also noted, in these, two samples. ;A
sample. (87): .from . the,mound, of 180il, at .the. base of the berm sqntained
185. PCL/8 of -Rag2267@nd 6720-pCi/g of Th-230- (0 1ve rlemental contonts it
saiedrs thal 0% residues are Trem Uhe fane sturcn,

Samples from grid line 5 along the base of the beim and from grid
line 6 along the perimeter road:.;+also had elevated radionuclide
concentrations; however they were lower than the concentrations in samples
from rareas. of elevated.direct radiation...Samples B35, G5, and D5, were the
‘highest; ‘these- locations..are 1dawnslope from the areas off highest, residues
rand 7in ‘the vicinity.of ‘ditches; and| moundsi of, eroded 8qil.., The j(/0 samples
81 and $2) .colleected im ‘the)adjacent .field, about, 10 meters nozth of grid
_coordinates --B6- .and D6, | aleo s contain,;elevated | Raz226,, and;,, Th-230
iconcentrationss ncepiving and that. therr are elevated concenttationt of
fred b pce TH=T00 optl 06 bane of Ahe berd oakd extending iota the adincent

.+ Sample S8 from the ditch near the office area contuned 5.19 pr/g of
Ra-—226 and 344 pCi/g of Th-230. Neutron activation results for this sample
and the sample from.coordinate E,6 indicate,similar.trace ielement .contents.
Based . on . the: Ra=226. .to: Th-230 ratios,and  qther,elemental  contents it
L,ja;gge‘a:.s,.,ﬁt;hqtﬂ the.residues.are ;from the isame. sourge. ing tHe

ol

pagl el wepir
sodis TEDD e swduced thn direct surface tadiation levels nat tome
B B smntmgimit sl on fﬁc%gz nX . Avalysen  pugeesl that e

Fhiew dipas bl hesaodbd Aff{{oe ateas Are from the same foutree,
A survey of a small area at the West Lake Landfill in St. Louis

County, Missouri, was conducted by ORAU to determine if erosion of the
landfill berm is resulting in spread d'f radioactive residues buried on this
site. - : « Measurements of  direct ' radiation :levels and radionuclide
concentrations in soil and the physical condition of the berm area indicate
that erosion is occurring and that there are elevated concentrations of
 Ra- 226, apd. Th- 230 -at the base of ,the berm and extending into the adjacent
‘fxeld- b, Beeestal Mhn by e wge gel pebeelitooglent tha pog e
. g&; R fg G g, Selebe s i Tt
-Measurements performed at another area. of kpown radiocactive residue
burials, near the office building, indicate that there has been 1-1.5 m of
additional fill added to portions of this area dt‘xring the past 3-4 ye;n.
This added fill hs reduced the direct surface radiation levels at some
locations by approxxmately a factor of 2. Analyses suggest that the

(R

teéi&ﬁea érom the bem and office areas are from the same source.
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TABLE 1

€ R R 132 i L TS
5 “.RADIONUCLIDE CONCENTRATIONS: IN SURFACE SOIL o <82
A8 s L60] o EaD 7.6 & 347 5.08 2 1.7
—_ Ll 16170 x #0140 + 13 *07 4 1.
gk $77 ik POLRD 720 €1 0.1 el a2 ELZ
=Y e, 2 4 7 il @8 R . T g g + o 1t L ﬁf‘ fy s
o basd & Radionuclide Concentriations' (pCi/g) 'I.' * “.*
5, 33 Y — ~— — 7 P = e
Locntxona‘ * Ra-226 Y Th=230" 0 pa=231 h. Ae=227" "
MR T KR ”
e G 1 LR L L Mo st
- R e ThT o 100 D, 86

s ,.“,_,‘AS;...‘ —

B5

. An
T R
,CS i &

- T

e T

ES
FS
Ab
B6
c6
D6
E6
F6

e T

11.3
16,77

1.35
1.32
2.36
3.98
3.93
2.84
5.15
0.98

+

I+ 14 14+ 1+ [+ [+ 1+ 1+ 4]0+ 1+ ]

Coocococoococo~ooo |
UL W RN W
N e O o

o
o
b

W

404
241
RiaA :1:00‘67 £EL
13.0
8.49
99.3
132
142
109
181
1141

L -
45

I+ 1+ 1+ 1+ 1+ 1+ [+ 1+ [+ |4+ |+

21
140

5.7
5.38

35.5

75

70

70

57
5.1

NS < s NE.. 1 S

<l.16
<0. 89
7.54 + 3.
<0.68
<0.57
<0. 86
<0. 81
<1.03
<0.98
<0.77
<0.71

07

g.ohab @

oo .£0.50. .

3.79
1.03
11.0
0.50
0.15
<0.46
2.82
2.35
2
1

I+ 1+ 1+ 1+ |+

+ |+ |+

65 +
37+
<0.59

1.00
0.75
1.6

0.49
0:33

0.84
0.88
0.56
0.48

Sl 4.27 + 0.44 132 + 17 <0.76 <0.57
S2 4.49 + 0.61 178 o+ 82 <1.22 <0.23
s3 38.3 + 1.6 1601 + 240 7.16 + 3.47 5.78 + 2.23
S4 662  + 7 16170  + 810 140  + 13 207 + 11
S5 699 + 6 19130 + 220 <10.]1 29.1 + 8.3
S6 72.3 + 2.3 3280 + 290 18.3 + 5.1 11.1 + 4.4
s7 185 + 3 6720  + 480  34.9 + 7.3 49.8 + 5.0
S8 (near office
building) 5.19 + 0.59 344 + 84 <1.70 2.44 + 0.8

3 Refer to Figure 2.
b Errors are 20 based on counting statistics.
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FIGURE 2. Map of Berm Area Indicating Berm Features,

the

System, and Soil Sampling Locations.
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Dr. Cermain LaRoche
Uranfua Fuei Licensing Rranch

May 27, 1986

pleage rantact M oAt FTY A2H-1104,
Ylrerrele

Clrasioes (/}’;ﬁzybt

/isns»t D. Rerarr
Progeras “anagat

have baed

Division of Puel Cycle and Materisl ‘Safevy cti “(te Jnnrasmert Prigres
1.S. Muclear Regulatory Commission

Washidgton, D.C. 20555

‘Subjdctt " GROSS "ALPHA AND CROSS BETA RYSULTS - WKST LAKE LANDFILL WELLS

Ypres i o< Untveralty of

‘chr Dr. LaRoche:

A

Enclosed are the results of our gross nlbhg‘cﬁd Kross bets analywes,
performed on 32 well water samples, collected Ma

dinpmgtt (;"‘.«?!n-nMa)

y 7 and 8 st the West Lake

e

4

i

Landf(1l]l site near St. Charies, Missouri. As can s noted, many of che .¢-pl‘. .

exceed the 5 pCi/1 gross alpha

level requiring isotopic analyses.

Twrefore,

Analyses for Ra-226, Ra-228, f{sotopic uranium, and {sotopic thorium heve been?
{initlated; results of these analyses will be available in sbout 3} weeks. :

If you have any questicns, plesse contact me at FTS 626-3305.

Sincerely,

(e e

awes D. fRerger
Prograa Manager

2

Radiological Site Assessment Program
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} s ' bt} RS A O » £ 4
| * ' &, 1 L 4.4 b o ¢ 1.9
: poda oy g LT b1
| &, Lad 1) BohY e 109 19, i.3
" Table 4 Gﬁcss alpha and gross beta concentrations in well L.4d
o water samples:! May 7-8, '1986 ; wes! Lake LandfiTy, I.2%
S§"Louis. Hmy our1 (from Eerder §986) Ak : i~é§
5/ i _, 1 ’> ! 1‘:a S } £5
Well Date / Deumhhto Radfoaq&rvbty Concenvrabtogw“(ppt/L)
Identification Sanpted Water Gross Alpha Gross ta )
: 5% (rr B.2E v 2 i 1130
- Jf’ L T wa & &l T Lol ) SR S
50 5/8 5.0 2.23 ¢ 1.07° 7.45 £ 1.36
51 /7 . 8 é;z«f t1.12 '4.37 £1.30
52 Eglg %.z .88 # 3;33, 7.51 £ 1.16
53 3.3 10.6 1 23 1.5 £ 1.7°
54 ;, 155 ‘4:35 £ 2.08 14.4 £3.1
55 11.5 4.84 £ 1.42 1497 ¢ 1. 95
56 /7 12.8 5.69 + fn 11,9 £ 1.6
58 ; 14.0 5.76 £ 1.34 1.6 £ 1.6
59 / e LR LY 45.7 £ 4.4
60 3.5 14.3 £ 1.9 19.0 ¢ 1.9
61 - ﬁmww,ws,Lﬂ”wﬂ.mu BB 2. 3,33.20.94 ... ... 140 21,4 .. .
62 .8/ 42 5.55 t 1.26 10.1 t 1.3
AROTEGEITAL TNt r o 3.53 ¢ 1.17 7.39 ¢ 1.40
v "66 Gl :;‘% ﬁ)“ggpdséf]\}v (;;‘, Ci}e}l}.tg i 3‘_1?_ ;l.{l&ri 0. 96 9.94 b4 1.38
.87 . 5/1 1.5 8.42 ¢ 1.69 7.10 ¢ 1.55
WHELpg T RELEEMINGG)T 4.4 0.90 ¢ 1.65 1.91 t 2.83
72 5/8 10.0 1.39 ¢ 1.23 4,60 £ 1.65
73 5/8 8.4 6.50 ¢ 1.53 7.72 ¢+ 1.5
75 5/7 7.6 10.5 & 2.9 22.3 t 3.5
76 5/8 13.8 3.60 £ 1.28 6.89 t 1.77
80 5/8 5.3 8.28 t 2.19 13.3 2 2.5
81 5/7 4.8 1.91 £ 1.77 15.6 ¢ 1.9
82 5/7 5.1 17.0 £ 5.5 46.8 t 6.6
83 5/7 3.9 8.99 ¢t 1.77 17.8 2+ 21
84 5/8 7.0 13.1 t 4.2 27.3 2 4.7
87 5/8 9.4 1.47 ¢ 1.44 7.22 £ 2.36
88 5/8 8.6 . 10.7 ¢ 2.5 17.7 % 2.1
89 5/8 7.5 T 3.73 ¢ .27 9.10 & 1.55
30 5/17 4.1 2.23 £ 0.92 6.81 ¢t 1.52
aae-rd 5/8 13.1 7.25 ¢ 1.88 11.3 %2 2.5
et gy . 8/7 4.7 7.42 2 1.99 21.7 2.9
94 RS i 2.1 1.62 ¢ 0.89 |
,a f‘wma« ,ﬁw
A; meusbred below grcund surface.
; bErrors arg Zg based only’ on couniing statistics.
&uMphxfg»a~«g“§Qgpt§“nnthdéLerm1ned iy
Sra ! d
\ .f“"""";sﬁ :7,‘"'3;‘,"‘"_%
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RADIONUCLIDE CONCENTRATIONS
IN WELL WATER SAMPLES: MAY 7-8,
WEST LAKE LANDFILL
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Radionuclide
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Concentrat tous (pCi/}
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Well s0@

T TR Lt S LT 1 mk-m-g f

e

Well 502 Well 51 'w-wen'V*52~~w--wen-“5—3~~~-- :
: r Py l.!b S FE SN 3 T
gross alphad 2.2+ 11> 2,22 11 Fygtslglel 3 PRARE N o i i .4 RSN
gross betad 7.5 + 1.4 46213 Z9FN7 16 220 Ve % 3 14 i BT & S
Ra-226 ==t - Ra-2T3 0.4 £ 0.2 — e 0.2 2 ;b'rlz).b
Ra-228 -~ st U-~TofTL 1.7 % 0.6, e s Q.3 |
: U-Total - - h-2T77 22 +3 - e 8.9°* 2. .3
- Th-228 —_— e ™-2RT 0.5 £ 0.2 R T 0.3 if,‘b",z'),,;’
i Th-230 e - ™-277 0.9 £ 0.2, _ - T % age
Th-232 — - - 0.3 £ 0.1 e s 0.8 * 0.2
Bepth tu warer (a 3.0 6 il 5.4
Depth to water (m) 5.0 3.8 U R ey 53 11.3 11.5
} 13 8h
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. ,gross beta .. E15  #.B 2 .46 * 4 $9emd 2 14 1, ol g2l ., e P )3 90 31,
" Ra-226 G.3% 012 0.3:0.1 2,33 0.3 o N e g = a5 —
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IN WELL WATER SAMPLES: MAY 7-8, 1986 HEST LARKE LASDEILL
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tadis Lounceneerwttous (gt /1)
Radionuclide - Concentrations (pCi/l) i ; : i e B
R ) okt U Wetl 92 Jetl 93

infi YU x1LF 9! we bl
Well 90 Well 92  ~—Well 93 Well 94 = et

o - FTOA5S yi oh b o ) A | 3 p v
2 gross alpha - . " 2,2* 0.9 7.3 % 1.9 ;ﬁg§¢§ 1:6 £ 0.5 : iyﬁ ; 2 ;
L e gross beta 6.8 £ 1.5 11 *3 o 3 9.9 + 1.4 - ‘
{ Ra-226 : - 1.0 £ 0.2 516t 0.2 -_— 4 & R
+ o Ra-228 ’ - 0.8 + 0.5 1.4 % 0.5 - L oyl
U-Total -3 — 17 2 o0t 1.1 - _Tarr :
Th-228 - 0.5 £ 0.2 0.8, 0.3 - Vo B :
Th-230 — Osl 0.1 00 E 0.2 - Sk % P s
Th-232 - 0.4 *+ 0.2 1.6 * 0.4 —
Desth to water (m) b i e §
Depth to water (m) 4.1 13.1 4.7 2.1
8Refer to Flgure for well location. “'" — 3 Vi:’e - ‘} ::: gu* f‘ ! ‘c i»r ' ng statistlica.

b
Errors are 20 based only on counting statistics% tndicates }",VB;Q ot perforaed.

CDash indicates analysis not performed. Wi G Sk A6l stEletehcey Dok et dets
dGross alpha calucluated on Am—24l efficiency, G}oss Beta calgulﬂpgd o o TR
based on Cs-137 efficj‘ency‘ “: rerun dae ) unconsistencles Setween toral alg ',1.

isotopic levels.
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“'l SSGC!B!GC’S ﬁost Office Box 117 Resoarch and Traimna
h Universities | »Qak, qungTennessee 3783108 17 oy /1 Division
grosk huta G O
U=tntal T v e Pt{/l
Th~228 L
Th=230 Ju%xf}&, }?gars/l
&‘-is..:‘")? T W p '!.

A ezpeptdl spvieow of our Jabotatory documents sufpwsfit VA
Dr.. Cermain Ghe, : ‘ R ¢
i i pront slte wore prro »\«v)a Ans we !l
Uraq{um Fuel Liceg;ing Branch i
V 3 f oles I SN S 1 ALY
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nyiquﬂ oi’Fuégﬁ %fiygnd Mgte;iql Qaﬁesy

a2 i 8! G 7( red
U S. ﬂuclgar ‘Regulat Commission ' viry wonl ”mgo o
‘Washington, D.C." ‘20555 NMSS

mesﬂM

Subject: 'REANALYSTS - WELL 80, WEST LAKE LANDFILL

L -
NDear Dr. Lﬁﬁgﬁggzzjwﬁ?§ 4

' W
As thdtcatedmfﬁﬁmy 1&E} r Qﬁ,Julel/ ¥9§b{ the sample from well 80 at. the
West Lak& Landf{lliwas beiqg’ ennquzed begause of the large discrepancy
I
between gnoss alpha agqgf,ot ic goncentrgg%qng. Reanalysis provided the
following resulta»« ‘

Radiolopteal Stte Assesdment Progeam \.\ %}3
TR

A

TRTRP gi'oss alpha’/; ff 0.4 £ 1.0 pCi/1 o QR
Sl AR %o “‘ gross ber.,a\\ 3.2 £ 1.6 pCi/l - :~‘;,(“\\ v L
o S Jtotall o 2.2 £ 0.9 pC1/1 ¢Lr VY '

Tgh-228. - 0.3 £ 0.4 pCi/1 %™
W ... _ .Th-230 0.0 t 0.0 pCi/1
Lo ‘, Thi 2}2 ' 0.1 ¢ O.I‘pC1/1 o
e R T tv ol Migaaurt (Colanbl

A careful review of our laboratory documents suggests that results for a
sample from a different site were erroneously assigned to the sample from well
280 Qﬂqga?Eb &bencéding error. The results from reanalysis are more internally
' compar851e and "¢onsistent with what, I believe, would be expected in water from
that well location.
A e Ple) Ao ‘Hu‘m*'(vw. v v LW
If you have any questions, please contact me at FTS 626 3305.
[y ;.,.f,,_, ik -
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. Program Manager

; ngdiologigal Site Assgssment Program \B\?&’D
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