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ABSTRACT

At the request of the U.S. Department of Energy (DOE), a group from Oak Ridge National
Laboratory performed an investigative radiological survey at the former Diamond Magnesium
Company (DMC) site at 720 Fairport-Nursery Road, Painesville, Ohio, in September 1990. The
purpose of the survey was to determine if the site is contaminated with radioactive residues as a
result of federal government operation in the development of nuclear energy for defense-related
projects. The survey of the site, separate parcels of which are currently owned by the Uniroyal
Chemical Company (DMP0O1) and the Lonza Chemical Company (DMP002), included a gamma
scan over the ground surface, determination of gamma exposure rates at the surface and at 1 m
above the surface at grid points, collection and radionuclide analysis of soil samples, and directly
measured radiation levels inside three buildings used during original DMC processing.

Results of the survey revealed widespread radiological contamination outdoors on the
Uniroyal property and several isolated spots of elevated radiation levels on the Lonza property.

The contaminants consisted of radium, uranium, and thorium in surface and subsurface soil in
concentrations exceeding DOE guidelines for the release of property for unrestricted use.
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RADIOLOGICAL CHARACTERIZATION SURVEY OF THE.
FORMER DIAMOND MAGNESIUM COMPANY SIT E,

720 FAIRPORT-NURSERY ROAD, PAINESVILLE, OHIO
(DMP001, DMP002)*

INTRODUCTION

For periods during the early 1940s through the 1960s, the Diamond Magnesium Company
(DMC) operated a magnesium reduction facility at 720 Fairport-Nursery Road, Painesville, Ohio,
for the General Services Administration (GSA). In 1953, radioactively contaminated scrap steel
was released to the facility by the Atomic Energy Commission (AEC) from the Lake Ontario
Storage Area (LOSA) for use in the magnesium production process. It is the policy of the U.S.
Department of Energy (DOE) to verify that radiological conditions at facilities having handled
radioactive materials for which DOE predecessor agencies [i.e., Manhattan Engineer District
(MED) and AEC] were responsible comply with existing guidelines.! The Formerly Utilized
Sites Remedial Action Program (FUSRAP) was established by DOE to assist in assessment and
cleanup activities at these sites. The work detailed in this report was performed under that

program.

In the early 1960s, the DMC facility was excessed and sold by GSA in separate parcels to the
Uniroyal Chemical Company and the Lonza Chemical Company as commercial property. A
review of historical records relating to the former DMC site revealed that the approximately 800
tons of “slightly” radioactively contaminated scrap metal had been transported to the Fairport-
Nursery Road facility by railroad to the western side of the property. According to former
employees, the material was also delivered onto the property via the east tracks. Figures 1 and 2
show the previous DMC property layout and the present Uniroyal/Lonza layout, respectively.
Scrap metal not immediately used was stored in an area on the west side of the Uniroyal buildings
near the railroad tracks, and possibly in other locations on the property. The radiological
contamination was incidental to the use of the scrap metal which had been produced from
discarded iron drums and other items previously used to store uranium compounds involved with
pitchblende operations. The photo reproduced in Fig. 3 is an aerial view of the site as it €Xisw. in
the 1950s. An area apparently used for scrap metal storage can be observed in the location
indicated by the arrows superimposed on the photograph.

To determine whether further DOE action would be required, a team from Oak Ridge
National Laboratory (ORNL) conducted a preliminary radiological survey of the Uniroyal
property.2 The results of that October 1988 survey demonstrated that the soil in some locations

*The survey was performed by the members of the Measurement and Applications Group of the Health
and Safety Division at Oak Ridge National Laboratory under DOE contract DE-AC05-342100.
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on the property contains 238U and 226Ra in concentrations exceeding currently used site-specific
guidelines previously applied at similar sites. In accordance with the recommendation generated
as a result of that survey, a second, comprehensive radiological characterization was conducted
by members of the Measurement Applications and Development Group of ORNL in September
1990. The results are detailed in this report. Both the Uniroyal and Lonza Chemical companies
were in operation on the site at the time of the survey. The properties are designated DMP001
and DMP002 (Uniroyal and Lonza, respectively) for data analysis identification.

SITE DESCRIPTION

The Uniroyal Company currently uses some of the original plant facilities, including
Buildings 420, 421, and 422. They installed a butadiene tank west of the buildings and
constructed an carthen dike around it (Fig. 4). The bottom of this dike was lined with stone. An
overhead pipe rack system extends eastward from the butadiene tank to the railroad tank cars and
then to the storage tanks closer to the buildings. Uniroyal also installed a spill containment area
with a spill retention basin in the area midway between the butadiene tank and the sewer ditch.
The basin is lined with asphalt and was designed to contain possible spills during the unloading of
railroad tank cars. Fire water lines were buried approximately three feet deep in the grassy area
between the dike and the spill containment area and around the circumference of the butadiene
tank.

The Lonza Chemical Company, 679 Hardy Road, is adjacent to the eastemn property line of
Uniroyal. The properties are separated by a chain-link fence topped with barbed wire.

SCOPE OF THE SURVEY

The survey included the following measurements:

® A gamma scan of the ground surface in accessible areas throughout the Uniroyal property and
over a 50-ft wide strip of land on the Lonza property at the adjoining property lines.

® Measurements of gamma radiation levels at 1 m above the ground and at the ground surface at
grid line intersections.

¢ Collection and radionuclide analysis of systematic and biased soil samples collected from
both surface and subsurface depths.

® Collection and analysis of soil samples from auger holes and gamma logging of the holes.
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¢ Determination of directly measured radiation levels inside three buildings originally used
during the time the magnesium reduction process was being conducted by DMC (Buildings
420, 421, and 422). '

¢ Analysis by thermal emission mass spectrometry was performed on a radioactive “rock”
sample.

SURVEY METHODS

A comprehensive description of the survey methods and instrumentation is presented in
Procedures Manual for the ORNL Radiological Survey Activities (RASA) Program, Martin
Marietta Energy Systems, Inc., Oak Ridge National Laboratory, ORNL/TM-8600 (April 1987).3

GAMMA MEASUREMENTS

Outdoor gamma radiation levels were determined using a portable Nal gamma scintillation
meter. Because Nal gamma scintillators are energy dependent, measurements of gamma
radiation levels are normalized to pressurized ionization chamber (PIC) measurements to estimate
gamma exposure rates.

A Ludlum Model 239-1F gas flow proportional floor monitor was used to scan floor surfaces
inside Buildings 420, 421, and 422 for the presence of alpha and/or beta-emitting radionuclide
contamination. The monitor expedites the survey process by providing an efficient method for
covering large, easily accessible areas of floor surface. The Ludlum instrument is not calibrated
to obtain quantitative measurements but provides only an estimate of the type and degree of
contamination above a precisely determined detection limit.4 In confined spaces and in areas
identified as elevated by the floor monitor, the relatively small, portable alpha- and beta-detecting
meters are employed to obtain precise measurements.

In reporting outdoor survey results for the Uniroyal property, locations of measurements and
samples were ideniified by use of a grid systcm previously established by the company within its
property boundaries (Fig. 5). Gamma exposure rates at the ground surface were recorded by
range and average for each 100-ft grid block in all areas having gamma levels near background.
Wherever elevated gamma levels were detected, the gamma measurements were recorded for
individual 50-ft grid blocks. The ungridded remainder of the Uniroyal property wus scanned at
the ground surface. To determine whether or not the Lonza Chemical Company property is
radiologically contaminated, a strip of land approximately 50-ft wide along the adjoining east
property lines was scanned at the ground surface.




SOIL SAMPLING AND ANALYSES

Surface and subsurface 50il samples were systematically collected as close as possible to the
center of each block in the gridded portion of the surveyed area without regard to gamma
radiation levels. Surface and subsurface soil samples were also collected in areas of elevated
exposure rates. Such samples are referred to as biased samples and are more likely to contain
elevated concentrations of radionuclides than are systematically chosen samples. All soil samples
were analyzed to determine 238U, 232Th, and 226Ra concentrations,

To define the extent of possible subsurface soil radioactivity, auger holes were drilled to
depths ranging from <15 to 300 cm. A plastic pipe was placed in each hole, and a Nal
scintillation probe was lowered inside the pipe. The probe was encased in 2 lead shield with a
horizontal row of collimating slits on the side. This collimation allows measurement of gamma
radiation intensities resulting from radioactivity within small fractions of the hole depth. The
auger hole loggings were used to select locations where further soil sampling would be useful. A
combination of split-spoon sampling and side-wall scraping was used to collect samples from the
auger holes at known depths below the surface. Surface (0-15 cm) samples and samples of side-
wall scrapings were collected at maximum gamma levels in holes having no elevated readings,
Selected samples were subjected to radionuclide analysis.

SURVEY RESULTS

Current guidelines for sites included within the FUSRAP are summarized in Table 1 (ref. 5).
Typical background radiation levels for the Ohio arca are presented in Table 2 (ref. 6). These
data are provided for comparison with the survey results presented in this section. All direct
measurements presented in this report are gross readings; background radiation levels have not
been subtracted. Similarly, background concentrations have not been subtracted from
radionuclide concentrations in soil, debris, and other samples.

UNIROYAL PROPERTY, OUTDOOR SURVEY
Gamma Measurements

Results of gamma scanning over the ground surface of the site are shown on Fig. 6 and listed
in Table 3. With the exception of two isolated hot Spots scanning 90 and 200 puR/h between the
dirt road and the railroad tracks west of the gridded arca, Cxposure rates over the ground surface
of the ungridded portion of the Uniroyal property were 8 to 13 MR/h,  These values are
comparable to the typical average background for the area (9 uR/, Table 2). Surface scan
measurements over the gridded portion of the Uniroyal property ranged from 4 to 1400 HR/h and
averaged from 8 to 60 WR/h within individual grid blocks (Table 3). Grid point measurements
were 5 to 180 uR/h at the ground surface and 4 to 96 uR/h at 1 m above the surface. Large arcas



and numerous spots of elevated gamma radiation both isolated and clustered were measured
throughout the gridded portion of the site. For the purposes of discussion, four of the regions
have been designated A through D (Fig. 7). The two largest regions, A and B, roughly coincide
with areas where the contaminated scrap metal was known to have been used and/or stored.
Exposure rates werc 6 to 1400 uR/h over area A measuring approximately 38,500 ft2 (3600 m2) of
ground surface under and around the butadiene tank (Figs. 8 and 9). Scan measurements were 6 (o
850 uR/h over the surface of a ~22,000 fi2 (2000 m2) area (B) extending along and beside the
railroad tracks in the southeast corner of the property (Fig. 10). The northern end of that
contaminated area is shown in the foreground of Fig. 11. Approximately 2500 ft2 (230 m2) of
ground surface between railroad tracks south of Building 428 had gamma exposure rates of 8 to
20 pR/h (Area C). A fourth contaminated region measuring ~5000 ft2 (460 m2) in size (Area D)
had gamma levels ranging from 21 to 120 uR/h. The southem end of that region lies in the
foreground of Fig. 12. Exposure rates on contact with brick walls of buildings were generally 14
to 16 uR/h. These slightly elevated values are consistent with those frequently measured on
contact with bricks and other structural materials containing technologically enhanced
concentrations of naturally occurring radionuclides.

Systematic Soil Samples

Locations of systematic soil samples are diagrammed in Fig. 13 and results of analyses are
listed in Table 4. Maximum concentrations of 238U, 232Th, and 226Ra in surface soil (0-15 cm)
were 33, 1.3, and 180 pCi/g, respectively. In subsurface soil, maximum values were 130 pCi/g
for 238U, 1.5 pCi/g for 232Th, and 190 pCi/g for 226Ra. The analyses demenstrate concentrations
of 226Ra exceeding the guidelines. The surface soil guideline (Table 1) is exceeded in sample S22
by a factor of approximately 35, and the subsurface soil guideline by a factor of ~13 (S79B).
Although no specific guideline for uranium concentrations has been derived for this site,
concentrations of 35 to 40 pCi/g 238U have becn applied at FUSRAP sites elsewhere (Table 1).
Uranium-238 concentrations in some systematic subsurface samples exceed those values.
Typical Painesville area background concentrations average 1.2, 1.1, and 1.1 pCi/ g, for 238U,
232Th, and 226Ra, respectively (Table 2).

Biased Soil Samples

Biased soil sample locations arc shown on Fig. 13. Gamma exposure ratcs on contact with 13
biased samples were 110,000 to 630,000 counts per minute (cpm) using the Nal detector
indicating radionuclide concentrations significantly in excess of guidelines. It was unnecessary,
therefore, to analyze those samples for precise values. Rough estimates of concentrations of
radionuclides in these samples were achieved by comparing gamma exposure rates on contact
with the samples to exposure ratcs measured on contact with analyzed samples and extrapolating
from analysis results. On this basis, estimated concentrations of 226Ra in those samples range
from 1500 to 9800 pCi/g. Sample B22A contained the maximum estimated value. Surface,
subsurface, and hot spot DOE guidclines arc exceeded (Table 1). Analysis of a highly radioactive



rock-like specimen collected from the site showed that it contained 5 ppm of radium.
Extrapolation indicates that the specimen contains a 226Ra concentration of approximately
5 uCi/g.

Results of radionuclide analyses of samples from the Unir.yal property are detailed in
Table 4. Maximum concentrations of 23*U, 232Th, and 226Ra in analyzed biased surface soil
samples are 87, 1.9, and 860 pCi/g, respectively (Table 4). In subsurface samples, highest
analysis results are 210 (238U), 5.1 (232Th), and 1500 (226Ra) pCi/g. Guidelines are exceeded in
both surface and subsurface biased soil samples. Samples taken from some isolated spots (e.g.,
B62, B65, and B71) contained concentrations of 226Ra in excess of the hot spot guideline as
shown in Table 1. Uranium-238 concentrations in surface and subsurface soil at maxima of 87
and 210 pCi/g, respectively, are higher than concentrations that have been applied at other sites
(35 10 40 pCi/g, Table 1). Sampling analysis confirms the presence of widespread contamination
over the Uniroyal property in the general locations as would be expected from the results of the
gamma scan.

Auger Hole Soil Samples and Gamma Logging of Auger Holes

Auger hole locations arc shown on Fig. 14 and radionuclide concentrations are given in
Table 4. Analysis results reveal maximum concentrations of 238(J, 232Th, and 226Ra in samles
from the top 15 cm of soil 10 be 41, 2.5 and 370 pCi/g, respectively. Maximum concentrations in
samples collected from 15 cm and below were 63 (238U), 1.5 (232Th), and 230 (226Ra) pCi/g.
Concentrations of 226Ra exceed guidelines in both surface and subsurface soil (Table 1).
Furthermore, concentrations of 226Ra in some auger hole samples are a factor of 30 higher than
the authorized limit for non-homogencous contamination (Table 1). FUSRAP guidelines state
that “In addition,” (to the 5 and 15-pCi/g guidelines) “every recasonable effort will be made to
remove any source of radionuclide that exceeds 30 times the Authorized Limit irrespective of the
average concentration in the soil.”” Uranium-238 concentrations in auger hole samples are
elevated above background as well as above guideline concentrations used clsewhere (Table 1).

Gamma logging was performed in each of 71 auger holes to characterize and further define
the extent of possible subsurface radioactivity. Data from the gamma profiles of the logged auger
holes are graphically represented in Appendix A, Figs. A.1 through A.72. The logging technique
used here is not radionuclide specific. Howev>r logging data, in conjunction with soil analyses
data, may be used to estimate regions of clevated radionuclide concentrations in auger holes when
compared with background levels for the arca. Following a comparison of these data, it appears
that any shiclded scintillator readings of 1200 to 1500 cpm or greater generally indicate the
presence of clevated concentrations of gamma emitters.

Gamma readings for the logged holes ranged from 360 to 94,000 cpm. The maximum gamma
level measured was ~94,000 cpm in hole A9 where soil sample B19B contained the maximum
concentration of 226Ra on the site as demonstrated by analysis (1500 pCi/g). Thirty-six holes had




readings of 21500 cpm. Soil samples at these locations contained concentrations of 226Ra
exceeding either the surface or subsurface DOE guideline (Table 1). In general, the arcas of
highest gamma readings approximately correspond to the greatest concentrations of radionuclides
shown in Table 4.

Additional Analysis

Historical information indicates that waste streams from former processing activities involving
the scrap metal may have resulted in contamination by 230Th. Analysis of several biased samples
and two auger hole samples from the Uriroyal property (Table S) revealed concentrations of
230Th exceeding guidelines in surface and subsurface soil. The elevated concentrations of 230Th
were found in samples B9B and AS1F in the absence of elevated concentrations of 226Ra or 238U,
The reverse ratios (i.e., thorium/radium and radium/thorium) arc consistent with the reported
composition of the former waste streams.

The results of mass spectrometry analysis of a sample containing 100 pCi/g 26Ra showed
that it also contained 11.7% (by weight) lead. This finding is consistent with the typical
composition of pitchblende from which the residues originated.

UNIROYAL PROPERTY, INDOOR SURVEY

A gamma scan of accessible arcas inside Buildings 420, 421, and 422 revealed exposure rates
ranging from 8 to 16 uR/h. Results are well below the DOE guideline of 20 pR/h above
background (Table 1).

LONZA PROPERTY
Gamma Measurements

Gamma exposure rates were generally 4 to 16 uR/h over the ground surface of the surveyed
50-ft wide strip of the Lonza Property adjacent to Uniroyal (Fig. 6). These values are not
significantly different from typical background (Table 1). Small, isolated spots of elevated
exposure rates, 48 and 260 uR/h, were found at grid locations 4+25, 627R and 4+08, 626R,
respectively.

Systematic Samples

Results of radionuclide analysis of samples collected from the Lonza property are given in
Table 6. Concentrations of 238U, 232Th, and 226Ra in two systematic surface (0-15 ¢cm) soil
samples collected from the locations shown on Fig. 11 were 1.1 and 1.7 pCi/g for 238U, 0.67 and
0.78 pCi/g for 232Th, and 1.6 and 1.7 pCi/g for 226Ra. All results are ncar background
concentrations and well within DOE guidelines (Tables 1 and 2).




Biased Samples

Six biased soil samples were collected from two different depths at each of three different
locations near the fence separating the two properties (Fig. 13). The photograph reproduced in
Fig. 15 shows the general area from which the biased samples were collected. Concentrations of
232Th ranged from 0.32 to 0.83 pCi/g in the six samples (Tabie 6). Uranium-238 concentrations
ranged from 5.5 to 310 pCi/g in surface samples and from 4.7 to 63 pi/g in subsurface samples.
Concentrations of 226Ra ranged from 8 to 1000 pCi/g in surface soil samples and from 4.2 to
170 pCi/g .1 subsurface soil samples. Radium-226 concentrations exceed DOE hot spot
guidelines for surface and subsurface soil (Table 1). Uranium results exceed site-specific
guidelines used at other sites (Table 1) in samples B1A, B2A, and B2B. The gamma scanning
results demonstrate that contamination on the Lonza property is probably confined to the general
area of the sample locations.

SIGNIFICANCE OF FINDINGS

The results of the radiological characterization survey of the former DMC site demonstrate
widespread radiological contamination outdoors within Uniroyal property boundaries and
elevated radionuclide concentrations in a small area on the Lonza property. The contamination
on the Uniroyal property is preseni in two large, generally contaminated regions where scrap
metal had reportedly been stored, and in numerous smaller regions and isolated spots in scattered
locations throughout the site. Elevated concentrations of radionuclides in excess of DOE
guidelines were found in both surface and subsurface soil on both properties. The maximum
depth of contamination was identified at 320-335 cm and is located on the Uniroyal property.
The major contaminants are 226Ra and 230Th. Although no 238U guideline has been derived for
this site, concentrations of uranium in some of the samples exceed site-specific guidelines
previously applied at other FUSRAP sites. The relatively high concentration of lead found in a
soil sample also containing elevated concentrations of 226Ra is typical of residues from
pitchblende operations and is consistent with the historical source of the contaminating material.
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Fig. 4. View of the butadiene storage tank west of the buildings at the Uniroyal Chemical
Company, 720 Fairport-Nursery Road, Painesville, Ohio
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ORNL-PHOTO 9762-91

Fig. 8. View of the south end of the contaminated spill containment area (A) at the
Uniroyal Chemical Company property, 720 Fairport-Nursery Road, Painesville, Ohio.
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ORNL-PHOTO 9761-91
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Fig. 9. Photograph of the spill containment basin on the Uniroyal Chemical Company
property, looking south.
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ORNL-PHOTO 9759-91

Y 1

Fig. 10. View of the contaminated area (B) along the railroad tracks in the southeastern
corner of the Uniroyal property, looking north.

Do
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ORNL-PHOTO 9760-91
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Fig. 11. View of the extreme northern portion of the contaminated area
railroad tracks in the south

eastern corner of the Uniroyal property,

(B) along the
looking north.
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Fig. 12. View looking south from contaminated area D on the eastern side of the Uniroyal
property.
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ORNL-PHOTO 9764-91

Fig. 15. View looking toward the Lonza Chemical Company property across the
contaminated railroad tracks (area B) on the Uniroyal property.
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Table 1. Applicable guidelines for protection against radiation
(Limits for release without radiological restrictions)

Mode of exposure Exposure conditions Guideline value

Gamma radiation Indoor gamma radiation level 20 pR/ha

(above background)

Radionuclide con- Maximum permissible .. on- 5 pCi/g averaged over the
centrations in soil centration of the following first 15 cm of soil below the
(generic) radionuclides in soil above surface; 15 pCi/g when ave-

background levels, averaged raged over 15-cm-thick soil
over a 100-cm? area layers more than 15 cm
226Ra below the surface
22Th
230Th

Derived concentrations 28U Site specifict
Guideline for non- Applicable to locations with G4 = G; (100/A)12
homogeneous con- an area <25 m2. with signifi- where
tamination (used in cantly elevated concentrations G4= guideline for “hot
addition to the of radionuclides (“hot spots”) spot” of area (A)
100-m2 guideline) G~=guideline averaged

over a 100-m2 area

aThe 20 uR/h shall comply with the basic dose limit (100 mrem/yr) when an appropriate-use
scenario is considered.

bDOE guidelines for uranium are derived on a site-specific basis. Guidelines of 35-40 pCi/g
have been applied at other FUSRAP sites. Sources: J. L. Marley and R. F. Carrier, Results of the
Radiological Survey at 4 Elmhurst Avenue, Colonie, New York (AL219), ORNL/RASA-87/117,
Martin Marietta Energy Systems, Inc., Oak Ridge Natl. Lab., February 1988; B. A. Bervenet. al.,
Radiological Survey of the Former Kellex Research Facility, Jersey City, New Jersey, DOE/EV-
0(9)85/29, ORNL-5734, Martin Marietta Energy Systems, Inc., Oak Ridge Natl. Lab., February
1982.

¢DOE guidelines specify that every reasonable effort shall be made to identify and to remove
any source which has a concentration exceeding 30 times the guideline value, irrespective of area.
Source: Adapted from Revised Guidelines for Residual Radioactive Material at FUSRAP and
Remote SFMP Sites, April 1987,

Source: Adapted from U.S. Department of Energy, DOE Order 5400.5, April 1990.
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Table 2. Background radiation levels and concentrations of selected
radionuclides in soil in the Painesville, Ohio, area

Type of radiation measurement Radiation level or radionuclide
or sample concentrations
Gamma exposure rate at 1 m above
ground surface (LR/h) 9
Concentration of radionuclide in soil
(pCi/g dry wt)® |
232Th 1.110.10
226Ra 1.1£0.04
238y 1.2

aGamma exposure rate is the average of 3 to 4 measurements taken as reported in T. E.
Myrick, B. A. Berven, and F. F. Haywood, State Background Radiation Levels: Results of
Measurements Taken During 1975-1979, ORNL/TM-7343, Martin Marietta Energy
Systems, Inc., Oak Ridge Natl. Lab., Nov. 1981,

bThe total error of measurement results for 226Ra ard 232Th is + 20 (95% confidence
level). Error for the 238U measurement is 5%.
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Table 3. Gamma exposure rate measurements outdoors at the
Uniroyal Chemical Plant, Painesville, Ohio (DMP001)

Grid point measurements® Range of gamma
(UWRM) exposure rates Average gamma
Gamma “Gamma from scan of exposure rate
Grid exposure exposure rate grid blocke at surfacec
locatione rate at 1 m at the surface (UR/M) (UR/M)
2+00, BL 8 8 d d
3+00, BL 8 9 8-20 10-13
4+00, BL 11 12 10-18 13-16
5+00, BL 9 10 8-17 13
6+00, BL 6 7 4-10 8
7+00, BL 6 6 4-24 13
8+00, BL 6 6 8-30 d
9+00, BL 9 9 8-40 d
10+00, BL 6 6 d d
10+50, BL 8 10 d d
2+00, 100L 12 14 d d
3+00, 100L 13 13 8-9 d
400, 100L 14 14 5-20 8-13
5+00, 100L 14 14 8-50 8-13
6+00, 100L 11 11 d d
7+00, 100L 7 8 d d
8+00, 160L 12 12 8-20 d
9+00, 100L 9 10 8-13 d
10+00, 100L 12 12 d d
10+50, 100L 7 7 d d
2400, 200L 10 12 d d
3+00, 200L 13 13 9-40 9-13
4400, 200L 10 9 6-24 10-16
'3%00, 200L 10 10 6-11 9
5+50, 200L d d 6-150 d
6+00, 200L 9 9 5-50 20
6+50, 200L d d 8-40 14
7+00, 200L 10 10 10-160 16
8+00, 200L 12 10 10-70 16
8+50, 200L d d 10-40 16
9+00, 200L 12 , 12 d d
10+00, 200L 8 9 d d
10+50, 200L 7 8 d d
2450, 250L 11 12 d d
3+00, 250L 12 12 d d
3+50, 250L 10 11 d d
4+00, 250L 9 9 6-24 d
4+50, 250L 9 9 d d
5+00, 250L 10 9 6-10 8
5+50, 250L 10 9 9-1000 d
6+00, 250L 24 16 13-300 40
6+50, 250L 18 14 13-600 50
7+00, 250L 38 24 20-400 50
7+50, 250L 96 110 16-320 50
8+00, 250L 60 76 20-140 40

8+350, 250L 36 40 16-300 20-40
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Table 3 (continued)
Grid point measurements® Range of gamma
(uR/M) exposure rates Average gamma
Gamma Gamma from scan of exposure rate
Grid exposure exposure rate grid blocke at surfacec
locationa rate at 1 m at the surface (UR/M) (LR/h)
9+00, 250L 17 19 d d
9+50, 250L 11 10 d d
10+00, 250L 12 13 d d
10+50, 250L 9 8 d d
2+00, 300L 10 12 d d
3+00, 300L 10 11 8-20 11
4+00, 300L 14 14 10-160 13-16
5+00, 300L 10 10 10-250 18
5+50, 300L d d 16-500 60
6+00, 300L 44 4 13-600 40
6+50, 300L d d 10-60 20
7+00, 300L 52 48 13-110 20
7+50, 300L d d 13-100 16-20
8+00, 300L 20 19 10-16 17
8+50, 300L d d 14-16 17
9+00, 300L 14 15 10-46 12-16
10400, 300L 8 8 d d
10+50, 300L -8 8 d d
2+00, 350L 11 12 d d
2+50, 350L 12 12 d d
3+00, 350L 12 12 d d
3+50, 350L 13 14 d d
4+00, 350L 13 13 d d
4+50, 350L 14 14 d d
5+00, 350L 14 15 13-60 18
5+50, 350L 34 38 16-1400 40
6+00, 350L 24 20 9-140 20
6+50, 350L 15 16 10-20 16
7+00, 350L 17 17 10-17 13
7+50, 350L 16 16 10-17 13
8+00, 350L 14 14 9-20 10
8+50, 350L 16 18 10-16 d
9+00, 350L 12 12 d d
9+50, 350L 12 14 d d
10+00, 350L 12 12 d d
10+50, 350L 10 10 d d
2+00, 400L 10 11 d d
2+50, 400L 11 11 d d
3+00, 400L 11 11 9-28 9-13
3+50, 400L 10 11 d d
4+00, 400L 13 14 8-100 9-14
4+50, 400L 11 14 d d
5+00, 400L 14 14 10-100 10-17
5+50, 400L 14 18 10-100 16-24
6+00, 400L 14 16 9-50 10-16
6+50, 400L 14 14 9-50 d

7+00, 400L 13 14 9-16 10-14
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Table 3 (continued)
Grid point measurements® Range of gamma
_(UR/M) exposure rates Average gamma
Gamma Gamma from scan of exposure rate
Grid exposure exposure rate grid blocke at surfacec
locationa rate at 1 m at the surface (UR/M) (uR/M)
7+50, 400L 13 13 9-16 d
8+00, 400L 14 14 9-13 10
8+50, 400L 13 14 d d
9+00, 400L 12 13 9-16 10
9+50, 400L 12 13 10 d
10+00, 400L 12 12 d d
10+50, 400L 9 9 d d
2450, 450L 12 12 d d
3+00, 450L 11 12 d d
3+50, 450L 11 12 d d
4+00, 450L 13 14 d d
4+50, 450L 12 12 d d
5+00, 450L 13 13 1040 10-16
5+50, 450L 15 15 9-40 9-16
6+00, 450L 13 13 d d
6+50, 450L 13 15 d d
7400, 450L 12 13 d d
7450, 450L 13 13 d d
8+00, 450L 14 14 d d
8+50, 450L 13 14 d d
9+00, 450L 12 12 d d
9+50, 450L 12 12 d d
10+00, 450L 12 13 d d
10+50, 450L 9 10 d d
3+00, 500L 11 11 8-13 d
3+50, S00L 11 12 d d
4+00, 500L 10 11 8-13 d
4450, S00L 10 9 d d
5+00, S00L 8 8 8-13 d
5+50, S00L 14 15 d d
6+00, SOOL 12 13 8-13 d
6+50, 500L 13 16 d d
7+00, 500L 12 13 8-13 d
7+50, S00L 12 13 d d
8+00, 500L 12 13 8-13 d
8+50, 500L 12 12 d d
9+00, SO0L 12 13 8-13 d
9+50, 500L 12 14 d d
10+00, 500L 12 12 8-13 d
10450, SO0L 8 8 d d
2+00, 100R 10 10 6-10 d
3+00, 100R d d 5-60 d
4+00, 100R d d 5-60 d
6+00, 100R d d 4-10 d
7450, 100R d d 5-100 d
8+00, 100R 10 10 5-20 d
9+00, 100R d d 5-13 d
2+00, 150R 11 12 d d
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Table 3 (continued)
Grid point measurementsb Range of gamma
(LR/M) exposure rates Average gamma
Gamma Gamma from scan of exposure rate
Grid exposure exposure rate grid blocke at surfacec
locationa rate at 1 m at the surface (UR/h) ( uR/M)
2+00, 200R 10 11 6-16 d
3+00, 200R d d 5-60 d
4+00, 200R d d 5-60 d
5+00, 200R d d 8-28 d
3+00, 250R 7 6 d d
2+00, 300R 10 10 6-16 d
3+00, 300R 9 9 8-11 d
4+00, 300R d d 8-11 d
5+00, 300R d d 4-6 d
7+00, 300R d d 5-16 d
8+00, 300R d a 5-13 d
9+00, 300R d d 5-13 d
10400, 300R d d 8-13 d
2+00, 350R 9 10 d d
2+50, 350R 19 20 d d
3+00, 350R 6 6 d d
2+50, 380R 18 18 d d
2+00, 400R 10 9 10-130 20-40
2450, 400R d d 6-50 9
3+00, 400R 6 6 d d
6+00, 400K d d 8-16 9
7+00, 400R d d 5-16 9
8+00, 400R d d 5-13 9
9+00, 400R d d 5-13 9
10+00, 400R d d 8-13 9
2+00, 450R 10 11 10-30 16-20
2450, 450R 16 19 d d
3+00, 450R 6 5 d d
3+50, 450R 4 4 d d
4+00, 450R 4 5 d d
4+50, 450R 5 6 d d
5+00, 450R 6 6 d d
5+50,450R 5 6 d d
6+00, 450R 7 7 d d
6+23, 450R 12 14 d d
2+00, 500R 10 11 6-70 10-16
2+50, 500R 11 12 6-28 10-16
3+00, SOOR 6 5 8-13 d
3+50, S00R 5 6 d d
4+00, 500R 5 5 8-13 d
4+50, 500R 10 12 d d
5+00, 500R 8 9 8-13 d
5+50, S00R 6 7 d d
6+00, 500R 7 8 8-13 d
7+00, S500R d d 8-13 9
8+00, S00R d d 8-13 9
9+00, S00R d d 5-13 9
10400, 500R d d 8-120 9
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Table 3 (continued)
Grid point measurementsb Range of gamma
(UR/M) exposure rates Average gamma
Gamma Gamma from scan of exposure rate
Grid exposure exposure rate grid blocke at surfacec
locationa rateat 1 m at the surface (LR/M) (WR/h)
2400, 550R 9 9 6-20 10
2+50, 550R 9 10 6-14 10
3+00, 550R 6 5 5-8 6
3450, 550R 7 7 5-24 6
4+00, 550R 11 14 5-80 8-10
4450, 550R 7 6 6-10 8
5+00, 550R 9 11 8-10 8
5+50, 550R 8 9 6-16 9
2+00, 600R 8 9 9-13 10
2+50, 600R 8 10 6-24 10
3+00, 600R 10 10 6-20 9
3+50, 600R 16 12 8-80 20
4+00, 600R 19 20 8-80 13
4+50, 600R 20 22 8-120 20
5+00, 600R 24 30 8-40 8
5+50, 600R 12 16 6-16 9
6+00, 600R 6 7 d d
7400, 600R d d 8-120 d
8+00, 600R d d 8-12 d
5450, 624R 6 7 d d
6+00, 624R 6 7 d d
2+00, 625R 8 9 8-13 10
2+50, 625R 9 10 8-13 10
3+00, 625R 9 11 16-320 20-30
3+50, 625R 68 140 16-300 d
4+00, 625R 60 180 20-800 d
4450, 625R 19 20 16-850 40
5+00, 625R 7 9 6-50 13
5450, 625R d d 4-17 8

aLocation shown on Fig, 5.

bGrid point measurements are taken at intersections of grid lines.

Ranges and average gamma exposure rates are obtained by scanning the entire block.
dMeasurement was not determined.



32

Table 4. Radionuclide concentrations in soil samples collected from the Uniroyal

Chemical Company property at 720 Fairport-Nursery Road,

Painesville, Ohio (DMP001)

Radionuclide concentration (pCi/g)®

Sample Depth
ID Locationa (cm) 238y 22Th 226Rg
Systematic samplesc

S3 3450, 50L 0-15 1.8 +£0.59 0.28 £ 0.02 0.66 £ 0,01
S4 3450, 150L 0-15 1.6 £093 1.2 £0.03 1.5 £0.02
S5 3+50, 250L 0-15 1.3 £035 0.91£0.03 1.2 £0.02
S6 3+50, 350L 0-15 16 1093 1.2 £0.04 1.7 £0.03
S7 3+50, 450L 0-15 1.5 1051 1.0 £0.03 1.1 £0.02
S8 4450, 65L 0-15 16 1043 1.1 +£0.03 13 £0.02
S9 4450, 250L 0-15 27 098 0.69 £ 0.03 21 £0.03
S10 4450, 150L 0-15 26 £1.2 1.3 £0.04 1.3 +£0.02
St11 4+50, 350L 0-15 24 1055 1.2 £0.04 1.6 +0.03
S12 4450, 450L 0-15 23 £0.50 1.1 £0.04 1.5 £0.02
S13 5450, 72L 0-15 13 £0.63 0.84 £ 0.03 0.87 £ 0.02
S14 5+50, 150L 0-15 24 *1.1 1.1 £005 2.1 +0.03
S15 5450, 325L 0-15 60 23 0.92 10,07 5.7 £0.08
S16 5+84, 265L 0-15 26 16 0.32+£0.04 39 £0.05
S17 6+50, 450L 0-15 1.6 £042 1.3 £0.04 1.3 £0.02
S18 5+25,425L 0-15 24 1.1 1.3 £0.04 5.0 £0.04
S19A 5+15,475L 0-15 36 1.1 1.2 £0.04 29 +0.03
S19B 5+15,475L 15-30 20 1.2 1.2 +£0.05 39 +0.04
S20A 5475, 426L 0-15 25 11 1.1 £0.04 25 +0.04
S20B 5+75,426L 15-30 51 1.1 1.1 +0.06 31 +£0.09
521 5+75,476L 0-15 29 213 0.86 £ 0.04 4,1 +0.04
$22 5+75,325L 0-15 26 t74 0.80£0.13 180 £0.53
S23 5+25,375L 0-15 45 +18 1.2 £0.07 44 +0.07
S24A 5+475,375L 0-15 39 +18 0.22+0.05 7.8 +0.10
S24B 5+75,375L 15-30 14 +£39 0.72+£0.06 St +0.25
525 7+50, 450L 0-15 1.7 £093 1.2 £0.04 1.2 £0.02
S26 8+50,450L 0-15 24 t11 1.3 +0.03 1.3 £0.02
527 9+50, 350L 0-15 23 1.2 1.1 +0.05 14 £0.03
528 9+50, 450L 0-15 27 211 1.2 £0.05 1.2 £0.03
S$29 6+25,375L 0-15 1.7 £0.63 0.52+0.02 1.0 +£0.02
S30 8+25,375L 0-15 19 £0.64 1.2 £0.03 1.2 +0.02
S31 6+25, 325L 0-15 42 28 0.84 £ 0.08 7.6 $0.11
S32A 6+75, 325L 0-15 24 £048 1.1 10,03 24 +0.,03
S328B 6+75, 325L 15-30 47 £21 0.90 £ 0.09 11 10.13
S33 6+75,375L 0-15 1.8 £086 1.1 005 1.3 £0.03
S34 7425, 340L 0-15 20 £099 1.1 £0.03 1.8 +£0.03
S35 7425, 375L 0-15 26 1.1 1.2 £0.03 14 £0.02
536 7+75, 340L 0-15 24 1.1 1.1 £0.04 1.7 £0.03
$37 7475, 375L 0-15 1.0 £0.76 1.1 0,04 2.1 10.03
S38 8+25, 325L 0-15 1.9 +057 1.2 +0.03 1.3 £0.02
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Table 4 (continued)

Radionuclide concentration (pCi/g)b

Depth —

Sample Locationa (cm) 28y 232Th 226Ra
$39 8+75, 325L 0-15 1.7 £141 1.0 £0.05 1.7 £0.03
$40 7449, 215L 0-15 18 10,67 0.194 0,03 20 +0.03
S41 74170, 218L 0-15 24 14 0.59 + 0,08 35 +0.08
842 8+25, 227L 0-15 35 1.3 0.38 £ 0.04 3.6 £0.05
$43 8+75, 225L 0-15 20 +1.3 0.39 £ 0.04 3.1 20,08
S44 8425, 275L 0-15 33 6.2 0.89 40,11 93 +1.0
$45 8+75, 275L 0-15 63 12 1.0 £0.04 72 £0.05
S46 2425, 525R 0-15 28 1062 0.99 0,03 14 0,02
$47 2425,425R 0-15 24 +0.76 0.76 £ 0,04 42 +0.05
S48 2425, 375R 0-15 20 +£0.39 0.91 £ 0,03 3.1 +0.03
549 2465, 484R 0-15 12 £0.57 0.31£0.02 0.90 + 0.02
§50 2425, 575R 0-15 18 1054 0.99+0.,03 1.1 £0.02
$51 2475, 575R 0-15 1.6 £0.90 1.0 £0.03 20 +0.03
S$52 2425, 612R 0-15 1.2 +0.78 1.1 £0.05 1.2 £0.03
S$53 2475, 612R 0-15 13 £0.53 1.1 £0.03 1.2 +£0.02
S54 3425,612R 0-15 10 +24 0.73£0.05 19 +0.08
S55A 2+75, 525R 0-15 20 1.0 0.74 £ 0.03 2.1 £0.03
S55B 2475, 525R 15-30 22 +17 0.89 £ 0.05 16 +0.14
S$55C 2475, 525R 30-45 44 +10 0.82 £ 0.05 24 +009
556 3425, 575R 0-15 0.77 £ 0.49 0.16 £ 0,02 0,71 £0.02
S57 3425, 525R 0-15 1.2 +0.51 0.13+£0.02 0.68 £ 0.02
SS8A 3475, 575R 0-15 29 £0.85 0.731£0.,03 33 +£0.03
S58B 3474, 575R 15-30 42 +18 0.86 + 0,04 12 10,07
S58C 3475, 575R 30-45 76 £29 1.2 +£0.18 26 1023
S59 3+75, 608R 0-15 84 136 1.0 +£0.12 19 +0.18
S60A 4+25,615R 0-15 19 +83 0.49+0.13 35 021
S60B 4+25,615R 15-30 25 175 0.98£0.27 31 +£0.38
S61 3470, 525R 0-15 1.5 038 0.27£0.02 29 +£0.03
S62 4+25,575R 0-15 12 +048 0.16+0.02 1.2 +0.02
S63A 4+75, 620R 0-15 30 1.2 0.45 +0.05 1S  +0.06
S63B 44175, 620R 15-30 43 126 1.1 £0.09 62 +0,08
S64 5425, 612R 0-15 1.1 £0.55 0.18+0.02 12 +£0.02
S65 4475, 575R 0-15 1.1 £047 0.23 £ 0,01 1.0 £0.02
S66 5475, 612R 0-15 12 +0.68 0.23+0,02 1.3 £0.02
S67A 5425, 575R 0-15 18 +£0.72 0.54 £ 0.03 091 £0.02
S678 5+25,575R 15-30 24 +11 1.1 04 31 £0.04
S67C 5+25, 575R 30-45 29 +13 1.0 +£0.07 44 +0.07
S68 5+75,575R 0-15 0.87 £ 049 0.08 £ 0,02 0.74 £ 0.02
S69A 4430, 547R 0-15 1.7 £ 1.1 0.33 £ 0.05 34 £0.07
S69B 4430, 547R 15-30 62 t14 0.92 +0.05 13 +£0,07
ST0A 4+75, 530R 0-15 094 £ 046 0.22 £ 0.03 1.3 £0.03
S70B 4475, 530R 15-30 1.7 £0.83 0.75+0.03 4.8 +0,05
S70C 4+75, 530R 30-45 39 £10 1.1 £0.03 57 £0.04
s 5425, 525R 0-15 1.1 +£0.59 0.80 1 0,03 L1 £0.02
SR 5475, 525R 0-15 1.3 £0.50 0.11£0,01 0.73 £0.01
S73 2+25,480R 0-15 1.0 £0.70 048 1+ 0.02 LS £0.02
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Table 4 (continued)

Radionuclide concentration (pCi/g)b

Depth
Sample  Locatione (cm) 28y 22Th 226R g
S74A 2490, 375R 0-15 1.0 £0.50 0.204 0,02 0.75 £ 0.02
5748 2+90, 375R 15-30 30 £093 0.70 £ 0.03 23 10,03
§74C 2490, 375R 30-45 1.9 $0.51 0.86 1 0.03 1.9 10.03
875 2+90, 424R 0-15 1.2 £0.96 0.20+ 0.02 0.58 £ 0.01
S76A 6+25, 275L 0-15 17 £32 0.71£0.12 28 £0.20
S76B 6+25, 275L 15-30 20 +44 0.78 £ 0.13 3 +021
S76C 6+25, 275L 30-45 19 +72 0.87+0.21 32 +£0.28
ST7A 6+75, 275L 0-15 31 %79 <0.54 78 10.54
S77B 6+75, 275L 15-30 21 t42 1.3 £0.14 36 +0.18
S77C 6+75, 275L 30-45 27 %39 1.0 £0.18 19 £0.19
ST8A 7425, 275L 0-15 17 +18 0.97 + 0.06 57 1025
S788 7+25,275L 15-30 32 +14 1.5 +£0.38 110 £0.69
S7T9A 7+75, 275L 0-15 30 %17 0.95+0.07 37 +0.23
S798 7+75, 275L 15-30 120  +23 <0.70 190 +£0.82
S79C 7+75, 275L 3045 130 +24 14 +0.87 100 +14
S80 6+50, SOL 0-15 0.80 £ 0.33 0.1140.02 0.47 £ 0.02
S81 7+50, SOL 0-15 0.93 £ 0.55 0.63 £0.03 0.80 £0.02
S82 8+50, 50L 0-15 0.87 £ 0.46 0.21 £0.02 0.88 +0.02
S83 9455, 50L 0-15 1.3 +0,73 0.53 1 0.02 0.70 £ 0.02
S84 9+45, 150L 0-15 091+ 0.68 0.97 £ 0.04 1.7 +£0.03
S85 8+50, 150L 0-15 58 +25 L1 £0.11 39 £0.08
Biased samplesd

B9A 3+60, 25L 0-15 31 t16 0.35+0.05 12 +0.08
B9B 3+60, 25L 15-30 28 +0.70 0.86 £ 0.04 73 £0.05
B9C 3+60, 25L 3045 20 +043 1.1 £0.03 28 10,03
B10A 3+15, 260L 0-15 68 t14 0.94 +0.25 130 1049
B10B 3+15, 260L 15-30 14 +1,1 1.2 £0.03 1.9 £0,02
Bl11A 3+12,310L 0-15 22 £0.58 1.2 £0.03 29 +0.03
B11B 3+12,310L 15-30 36 19 1.2 £0.06 28 £0.10
B11C 3+12,310L 3045 2.7 1097 1.0 +£0.03 38 £0.05
B12A 3+60, 402L 0-15 44 +23 0.68 £ 0.06 24 £0.20
B12B 3+60, 402L 15-30 45 16 L1 +0.07 52 10,07
B12C 3+60, 402L 30-45 29 +099 1.2 £0.08 1.4 +0.05
B13A 3+99,351L 0-15 1.9 +0.96 L1 10,03 36 +0.03
B13B 3+99, 351L 15-30 1.9 +0.87 0.98 £ 0.04 26 £0.03
B14A 3+99, 400L 0-15 1.7 046 L1 £0.03 1.9 +0.03
B14B 3499, 4001 15-30 30 18 1.2 £0.06 18 £0.07
B14C 3499, 400L 3045 23 +0.89 1.2 £0.03 3.5 £0.03
B15B 4+75, 485L 15-30 22 10.84 1.2 +£0,08 43 +0.06
B17A 4480, 335L 0-15 23 +0.72 1.0 £0.04 14 +0.06
B17B 4+80, 335L 15-30 1.2 40,70 0.76 £ 0,03 2.1 10,03
B18A 4+80, 275L 0-15 45 +15 0.90 £ 0,04 12 £0,07
B1§B 4+80, 275L 15-30 32 +096 1.0 £0.06 4.7 +0.06
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Table 4 (continued)

Radionuclide concentration (pCi/g)®

Depth

Sample Locatione (cm) 238y 232Th 226Ra
B19B 5488, 275L 15-30 99 +t14 <2.8 1500 +3.5
B20B 5+15, 192L 15-30 26 £14 1.3 £0.08 38 +£0.09
B20C 5+15, 1921 30-45 2.2 £0.73 1.2 £0.07 1.9 +£0.05
B21B 5438, 330L 15-30 1.2 £0.68 0.72+£0.04 26 £0.04
B22B 54885, 301L 15-30 14 +6.1 0.98 £ 0.14 42 £0.25
B23B 6+85,415L 15-30 1.7 £0.51 1.2 £0.03 1.6 £0.03
B2A4A 8+47,351L 0-15 36 1.5 1.3 +£0.08 36 +£0.07
B24B 8+47,351L 15-30 46 £26 1.1 £0.08 74 +0.09
B24C 8+47, 351L 30-45 51114 1.0 £0.07 52 £0.07
B25B 5+48, 355L 15-30 26 £1.1 1.0 £0.03 40 +£0.04
B26A 5+77, 385L 0-15 14 19 0.74 £0.13 66 +0.26
B26B 5+77, 385L 15-30 <5.5 1.2 £0.13 12 £0.13
B27A 5+85, 445L 0-15 38 1.5 1.1 £0.07 4.1 +0.07
B27B 5485, 445L 15-30 53 +22 1.1 +£0.08 18 10.17
B27C 5+85, 445L 3045 12 26 <0.98 410 23
B28A 9+10, 340L 0-15 20 £1.1 1.1 +£0.09 45 +0.08
B29B 6+30, 379L 15-30 24 £13 1.1 +£0.04 50 0.4
B30A 6+32, 308L 0-15 5239 0.94 £ 0.11 9% 1047
B30B 6+32, 308L 15-30 6.7 £23 0.68 £ 0.12 22 10.12
B30C 6+32, 308L 30-45 8139 0.84 £ 0.11 30 020
B31A 6+93, 350L 0-15 38 +18 1.1 £0.04 17 10.07
B31B 6+93, 350L 15-30 50 £0.79 1.1 £0.05 24 +0.15
B32A 6+94, 351L 0-15 50+%26 1.1 £0.08 72 £0.09
B3i2B 6+94, 351L 15-30 30 £1.1 1.1 £0.06 25 +£0.05
B33A 7+05, 349L 0-15 11 +£72 <1.1 470 +2.7
B33B 7405, 349L 15-30 38 £23 <0.19 29 $£0.07
B34A 7490, 300L 0-15 11 +1.7 1.0 £0.05 7.0 £0.05
B34B 7490, 300L 15-30 29 144 5.1 1.7 70 £23
B3SA 8+08, 303L 0-15 3212 1.0 £0.04 23 £0.04
B35B 8+08, 303L 15-30 45112 1.1 £0.08 25 1£0.06
B35C 8+08, 3031 30-45 56 76 0.82+0.20 110 £0.36
B35D 8408, 303L 45.60 35 £32 1.0 £0.37 91 +0.73
B36A 8+52,310L 0-15 57 +25 1.1 +£0.09 4.7 £0.08
B36B 8+52,310L 15-30 82 +3.5§ 0.97 £ 0.08 19 10.14
B36C 8+52,310L 30-45 14 +32 1.1 £0.14 16 +0.14
B37A T+47,247L 0-15 30 +13 0.86 + 0.26 90 +0.69
B37B 7+47, 247L, 15-30 42 193 <0.46 250 *1.0
B38A T+71, 248L 0-15 19 +49 1.1 £0.19 99  10.57
B38B 7+71, 248L 15-30 17 +75 0.93£0.21 43 1039
B38C 7471, 248L 30-45 31 t14 1.0 £0.33 140  +0.69
B39A 8+01, 250L 0-15 33 82 0.88+0.15 35 +034
B39B 8+01, 250L 15-30 66 182 <0.77 170 £0.69
B39C 8+01, 250L 30-45 53 +3.7 1.2 £0.08 77  £0.15
B40A 8+00, 258L 0-15 49 +53 0.87+0.36 140 1.5
B40B 8+00, 258L 15-30 88 +£5.5 <0.76 210 +0.85
B40C 8+00, 258L 30-45 2] +48 1.2 £0.16 58 +£0.68



Table 4 (continued)

Radionuclide concentration (pCi/g)b

Depth

Sample  Locationa (cm) 238U 232Th 226Ra
B42B 5+16,415L 15-30 26 £13 1.0 +0.,05 24 10.05
B43A 2+48, 526R 0-15 31 +13 0.95+0.12 40 +0.23
B43B 2+48, 526R 15-30 11 37 092+0.11 120 1021
B43C 2+48, 526R 3045 41125 L1 007 78 1028
B44A 2+34,419R 0-15 53+£29 0.70 £ 0.08 70  £0.22
B44B 2+34,419R 15-30 28 £1.2 099 +0.04 13 +0.07
B44C 2+34,419R 30-45 2.2 £0.69 0.93 + 0.04 34 10.03
B45A 2+25, 381R 0-15 15 +18 1.1 +0.69 130 +0.87
B45B 2+25, 381R 15-30 25 +15 0.99 £ 0.05 13 10.10
B45C 2+25,381R 3045 2.2 £0.66 0.98 £ 0.04 11 £0.05
B46 2+95, 575R 0-15 26 1.5 0.42 £0.03 21 +0.19
B47B 3+20, 624R 15-30 14 +56 0.6210.10 39 $0.26
B4§ 3+74, 599R 0-15 12 +48 0.82+0.12 56 1027
B49A 3455, 622R 0-15 79 +13 <1.1 220 +13
B49B 3+55, 622R 15-30 55+13 0.79 £ 0.07 18  10.11
BSOA 4+10, 625R 0-15 87 13 <0.59 280 £0.99
B50B 4+10, 625R 15-30 14 50 <0.24 28 1024
BS1A 4+48, S98R 0-15 29 +*8.S5 <0.38 110 £0.65
B51B 4+48, 598R 15-30 35 12 <0.60 120 $0.71
BS2A 3+95, S50R 0-15 49 19 0.45+£0.10 57 £0.12
B52B 3+95, 550R 15-30 94 +2.8 0.81 £0.28 56 £0.21
BS3 4+76, 604R 0-15 4 +11 <0.50 84 1041
BS4A 4+05, 547R 0-15 1.6 £0.75 0.31+£0.04 46 005
BSSA 5+35, 585R 0-15 19 %70 0.7240.25 55 1037
B5SB 5+35, 585R 15-30 25 t84 1.5 £0.71 120 +0.36
B56A 2+58, 360R 0-15 32 113 <0.52 92 1068
B56B 2458, 360R 15-30 50 +£2.7 0.72 £ 0.06 14 +0.10
BS7A 6+44, 270L 0-15 83 *16 <0.64 350 +0.77
BS7B 6+44, 270L 15-30 210 2741 <(.75 180 £0.70
B57C 6+44, 270L 30-45 200 8.7 0.83 £ 0.20 17 1023
BS8A 6+80, 276L 0-15 63 +34 <l.6 860 *19
B58C 6+80, 276L. 30-45 150 +23 <12 1000 +7.0
BS8D 6+80, 276L 45-60 130 %12 <1.1 320 +21
BS9A 7+32, 260L 0-15 <30 <0.90 260 +0.83
B60A 7459, 262L 0-15 29 £52 095+£0.14 41 +023
B60B 7459, 2621 15-30 130 t12 <17 840 £33
B6OC 7+59, 262L 3045 35 3.1 20 %15 220 1.6
B60D 7459, 262L. 45-60 53 %81 1.4 £0.15 533 +£0.27
B61A 5450, 200R 0-15 5.1 £20 0.46 £ 0.08 7.0 £0.13
B61B 5+50, 200R 15-30 1.4 1040 0.30 £ 0.02 L5 £0.02
B62A 5420, 195R 0-15 6.1 £28 0.66 £ 0.11 7.7 *0.15
B62B 5420, 195R 15-30 1S *64 0.80+0.63 74 £0.36
B62C 5420, 195R 3045 20 %59 0.8110.12 42 1031
B63A 6+70, 525R 0-15 1.6 £ 0.80 1.2 £0,04 LS £0.02
B63B 6+70, 525R 15-30 1.8 £0.76 0.99 +0.03 1.6 +0.02
B64A 7+70, ST5R 0-15 45 +23 0.72£0.04 22 +0.14
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Table 4 (continued)

Radionuclide concentration (pCi/g)b

Depth
Sample Locationa (cm) 238U 232Th 226Ra
B64B 7+70, 575R 15-30 25 11 1.0 £0.04 36 £0.04
B65SA 8+75,575R 0-15 30 +22 <0.66 180 1.1
B65B 8+75,575R 15-30 92 +£30 093 +0.14 43 1027
B66A 8+90, 20R 0-15 <1.5 0.511+0.20 48 +0.15
B66B 8+90, 20R 15-30 32 +18 0.83 £ 0.05 28 +0.18
B67 9+35, 35L 0-15 32 +0.86 0.50 £ 0.03 18 +0.06
B68A 8+10, 82L 0-15 6.1 £3.0 0.92 +£0.07 16 +0.11
B68B 8+10, 82L 15-30 23113 1.1 £0.04 47 £0.04
B69A 8+20, 109L 0-15 64 +068 0.91+0.09 33 1030
B69B 8+20, 109L 15-30 40 £11 1.1 +£0.04 63 +0.04
B70A 11+60, 510R 0-15 39 +46 1.0 £0.13 120 +12
B70B 11460, 510R 15-30 22 +£092 1.1 £0.03 25 £0.03
B71 10+35, 420R 0-15 18 166 0.36 £ 0.15 25 +0.24
B72A 10425, 855L 0-15 27 £26 <1.3 310 t1.5
B72B 10425, 855L 15-30 54 %16 <0.69 270 +28
B72C 10425, 855L 3045 42 +14 <0.77 170 £1.3
B72D 10+25, 855L 45-60 16 44 0.76 £ 0.10 27  +0.16
B73A 10+20, 850L 0-15 13 +49 1.2 £0.13 70 1043
B73B 10420, 850L 15-30 36 +10 0.81£0.23 200 19
B73C 10+20, 850L 30-45 20 +38 <0.52 130 +£0.86
B74A e 0-15 29 £16 1.9 £0.05 36 1004
B74B e 15-30 1.7 £1.0 1.2 £0.06 1.8 +£0.13
B75A e 0-15 6.0 £3.2 14 +£0.10 7.6 +0.23
B758B e 15-30 29 £0.72 1.5 £0.05 73 £0.13
B75C e 30-45 24 £13 1.3 +£0.07 36 10.18

Auger hole samplesf

AlA 3+18, 228L 0-15 <1.7 1.1 £0.04 1.3 +£0.03
A2A 3+45, 267L 0-15 201083 1.1 £0.04 1.3 £0.02
A3A 3+87,228L 0-15 26 £097 1.1 £0.03 24 +003
A3B 3+87, 228L 15-30 1.5 £0.88 1.2 £0.05 1.2 +£0.03
A3C 3+87, 228L 30-45 1.7 £0.39 1.2 +£0.03 1.2 +£0.02
A3D 3+87, 228L 45-60 20 £ 1.1 1.2 £0.03 1.2 £0.02
A3E 3+87, 228L 60-75 1.7 £095 1.3 £0.03 1.3 £0.02
A3F 3+87,228L 75-90 21+£10 1.2 £0.04 LS +£0.03
A3G 3+87,228L 90-105 1.6 £0.85 1.1 £0.05 1.1 £0.03
A3H 3+87, 228L 105-120 1.3 £043 1.1 £0.03 1.3 £0.02
AdA 4+74,275L 0-15 39 £0.73 1.0 £0.07 7.7 £0.09
A4B 4+74,275L 15-30 33£20 1.0 +0.06 32 +0.05
A4C 4474,275 30-45 21 +1.1 0.82 £ 0.06 25 +0.05
ASA 4+48, 3491 0-15 30 £1.1 1.3 +£0.05 1.7 £0.04
ASB 4448, 349L 30-45 12 £1.1 1.2 £0.05 1.2 +0.03
AS5C 4+48, 349L 30-45 1.6 £0.50 1.3 £0.04 1.3 £0.02
A5D 4+48, 349L 45-60 1.6 £0.54 1.5 +£0.03 1.5 £0.02
ASE 4448, 349L 60-75 1.6 £ 098 1.3 +0.05 1.8 +0.03
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Table 4 (continued)

Radionuclide concentration (pCi/g)®

Depth

Sample  Locationa (cm) 238y 22Th 226Ra

A6A 4470, 438L 0-15 2.1 £0.97 1.0 £0.04 1.2 +0.02
A7TA 5+86, 445L 0-15 42 114 1.1 +£0.04 4.7 10.04
A7B 5+86, 445L 15-30 6.1 £20 1.1 £0.11 24 $0.18
A7C 5+86, 445L 3045 11 154 1.0 £0.14 52 1030
A7TD 5+86, 445L 45-60 9.3 132 0.98 £0.17 89 £0.50
ATE 5+86, 445L 60-75 28 t1.1 1.3 £0.04 31 +0.04
ATF 5+86,445L 75-90 81 +18 1.2 £0.07 14 £0.04
ATl 5+86, 445L 120-135 71 £1.7 1.2 +0.11 83 $0.11
AT] 5+86, 445L 135-150 38 1.1 1.3 +£0.07 1.7 +£0.05
ATK 5+86, 445L 150-170 37 £18 1.3 +0.05 14 £0.03
AS8A 5+22, 308L 0-15 60 £1.8 0.94 +0.05 16 +0.06
A8B 5+22, 308L 15-30 72 18 0.87 £ 0.05 13 +0.06
A8C - 5422, 308L 3045 5.8 £0.76 0.92 £ 0.04 12 +0.05
A8D 5+22, 308L 45-60 52 +24 1.0 £0.07 39 +0.06
ASE 5+22,308L 60-75 2.1 £0.51 1.3 £0.03 14 +0.02
A8G 5+22, 308L 90-105 35 14 1.2 +0.04 53 £0.05
A9A 5+88, 284L 3045 12 £57 0.90+0.14 120 045
A9B 5+88, 284L 45-60 1.5 1.1 1.1 +£0.05 14 10.03
A9C 5+88, 284L 60-75 20 1.1 1.1 +0.05 1.5 £0.04
A9D 5+88, 284L 75-90 1.4 £0.50 1.0 £0.03 11 £0.02
A10A 6+10, 2671 0-15 27 £6.2 <0.80 370 £1.2
A10B 6+10, 267L 15-30 47 25 1.1 £0.17 14 +0.25
A10C 6+10, 267L 3045 63 58 1.0 +£0.27 31 +051
A10D 6+10, 267L 45-60 20 18 1.1 £0.19 6.7 £0.17
A10E 6+10, 267L 60-75 13 %29 0.97+0.17 50 +027
A10F 6+10, 267L 75-90 49 *1.1 1.2 £0.07 28 +0.06
A10G 6+10, 267L 90-105 3.7 £0.87 14 +£0.09 1.3 +0.05
A10H 6+10, 267L 105-120 23 1030 1.3 £0.03 1.5 +£0.02
A101 6+10, 267L 120-135 14 +23 13 +£0.14 17 1020
A10J 6+10, 267L 135-150 3.1 057 1.3 £0.08 25 10,06
A10K 6+10, 267L 150-170 4.1 £0.56 1.3 £0.07 €.6 £0.08
A10L 6+10, 267L 170-185 22 1045 1.2 £0.03 22 1£0.03
A10M 6+10, 267L 185-200 9.5 £091 1.2 £0.14 22 1022
AION 6+10, 267L 200-215 3.2 +041 1.3 +£0.12 14 +10.14
Al100 6+10, 267L 215-230 1.7 £0.30 1.2 £0.05 1.6 +0.03
A10P 6+10, 267L 230-245 34 £097 1.2 04 3.6 £0.04
A10U 6+10, 267L 305-320 4.5 £0.71 1.1 £0.08 11 $0.1
A10V 6+10, 267L 320-335 11 +1.1 1.1 £0.10 18 +0.16
A10W 6+10, 267L 335-350 2.1 £035 1.2 £0.04 23 +£0.03
AllA 6+29, 279L 0-15 35 69 091+0.16 69 +0.31
Al2A 6+19, 328L 0-15 3.2 +0.51 0.93+0.03 36 £0.03
Al12B 6+19, 328L 15-30 1.5 +£045 1.1 £0.03 1.4 £0.02
Al12C 6+19, 328L 3045 1.9 +0.81 1.1 £0.04 20 $£0.03
Al12E 6+19, 328L 45-60 26 068 1.1 £0.08 24 1£0.07
Al12F 6+19, 328L 60-75 1.9 +0.63 1.1 +£0.03 1.3 +£0.02
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Table 4 (continued)

Radionuclide concentration (pCi/g)b
Depth

Sample Locationa (cm) 28y 232Th 226Ra
Al12G 6+19, 328L 715-90 2.5 £0.94 1.1 £0.05 1.3 +£0,03
Al2H 6+19, 328L 90-105 1.7 £0.56 1.1 £0.04 1.2 +£0.02
Al21 6+19, 328L 105-120 2.1 £0.78 1.1 £0.03 2.0 +£0.03
Al3A 5492, 311L 0-15 21 1.2 0.76 £ 0.21 9 +0.39
Al3B 5+92, 311L 15-30 6.1 £0.89 1.0 £0.04 1.2 £0.02
A13C 5+92, 311L 30-45 0.98+0.30 0.76 £ 0.03 0.85 £ 0.02
Al13D 5+92, 311L 45-60 1.5 £0.88 1.0 +0.04 1.1 £0.02
Al3E 5492, 311L 60-75 11 126 0.98 + 0.06 39 +0.10
Al3F 5492, 311L 75-90 1.5 +£0.81 1.1 +0.03 14 +£0.02
Al3G 5+92,311L 90-105 1.3 £0.73 1.0 £0.04 1.1 £0.02
Al3H 5+92, 311L 105-120 1.5 +£0.49 0.77+0.03 1.0 +0.02
Al4A 6+20, 400L, 0-15 22 +098 1.1 £0.05 14 £0.03
Al4B 6+20, 400L 15-30 22 097 1.0 £0.04 1.7 +£0.03
Al14C 6+20, 400L 30-45 25 £1.0 1.1 +£0.05 3.1 £0.04
Al4E 6+20, 400L 60-75 1.9 +£0.57 1.2 £0.04 1.5 £0.02
Al4F 6+20, 400L 75-90 16 1.1 1.3 +0.07 1.2 £0.04
Al4G 6+20, 400L 90-105 1.7 £0.84 1.3 £0.04 1.2 £0.02
Al4H 6+20, 400L 105-120 1.3 £0.78 1.1 +0.04 1.2 +£0.02
Al6A 6+21, 5S00L 0-15 1.8 £0.78 1.1 £0.04 1.4 +£0.02
Al7A 5+74,341L 0-15 12 £1.0 0.93+0.23 73 1041
Al8A 2+90,115L 0-15 2.7 t1.1 1.5 +0.04 1.9 10.03
A20B 3+57,323L 15-30 32 £1.7 1.1 +0.06 3.6 +0.06
A21C 3465, 238L 30-45 1.8 £0.46 1.1 +£0.03 1.5 £0.02
A21D 3465, 238L 45-60 20 £1.0 1.2 +£0.03 1.3 £0.02
A22A 3+69, 174L. 0-15 23 £0.72 0.95 + 0.04 3.0 £0.04
A23A 4+36, 85L 0-15 1.8 £0.78 0.44 £ 0.02 0.87+£0.02
A2A 5+35, 165L 0-15 1.8 £0.55 1.1 £0.04 1.7 £0.02
A25C 6+00, 200L 30-45 1.6 £041 1.2 £0.04 1.2 £0.02
A25E 6+00, 200L 45-60 2.0 £0.70 1.4 £0.07 1.5 £0.04
A25F 6+00, 200L 60-75 2.0 £097 1.5 £0.05 1.6 £0.03
A25G 6+00, 200L 75-90 1.6 £0.57 1.4 £0.04 1.5 £0.02
A251 6+00, 200L 120-135 1.8 £1.1 1.2 £0.05 1.4 £0.03
A25) 6+00, 200L 135-150 1.8 £0.43 14 +£0.04 1.3 £0.02
A26A 7+73, 224L 0-15 1.9 £0.76 0.16 £ 0.02 29 £0.03
A27A 7462, 2521 0-15 25 £3.0 0.95+0.23 68 1040
A27C 7+62, 252L 30-45 50 34 1.1 +0.46 230 +1.8
A28A 7+11, 262L 0-15 41 21 25 +0.82 200 1.1
A28B T+11, 262L 15-30 43 +£8.6 <l4 230 1.5
A28C 7+11, 262L 30-45 12 3.1 0.95+0.08 6.6 +0.11
A28E 7+11, 262L 60-75 13 143 1.3 £0.11 32 $0.17
A28F 7+11, 262L 75-90 1.7 £1.1 1.5 +0.06 1.7 £0.03
A28G 7+11, 262L 90-105 2.2 £0.98 1.2 +0.08 1.3 +£0.03
A28H 7411, 262L 105-120 1.9 £1.1 1.3 +0.05 1.3 1£0.03
A281 7+11, 262L 120-135 48 +18 1.3 £0.05 15 +0.08
A28J 7+11, 262L 135-150 1.5 +£0.55 1.2 +£0.04 1.2 £0.02
A28K T+11, 2621 150-170 1.5 £0.50 14 +£0.04 1.3 £0.02
A28L 7+11, 262L 170-185 1.8 £1.1 1.5 £0.05 14 £0.03
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Table 4 (continued)

Radionuclide concentration (pCi/g)®

Depth

Sample Locationa (cm) 238y 232Th 22%6Ra

A32A 8+25, 318L 0-15 11 +£22 1.0 £0.05 15 +0.07
A32B 8425, 318L 15-30 28 1.2 1.3 +£0.06 1.7 £0.03
A32C 8+25,318L 30-45 1.8 +0.78 1.3 £0.06 23 +£0.04
A32D 8+25, 318L 45-60 44 +14 1.2 £0.06 3.6 £0.06
A32E 8+25, 318L 60-75 63 129 1.2 £0.10 50 £0.08
A32F 8+25, 318L 75-90 1.2 +£0.66 1.2 £0.03 1.8 +£0.02
A32G 8+25, 318L 90-105 24 1.1 1.3 £0.04 1.4 £0.02
A32H 8+25, 318L 105-120 18 £1.1 1.3 £0.04 1.3 +£0.02
A321 8+25, 318L 120-135 20 1.1 1.2 +0.05 26 +0.04
A32) 8+25, 318L. 135-150 19 +1.0 1.3 +0.04 1.3 £0.02
A33A 8+40, 192 0-15 1.2 +0.68 0.4810.02 0.81 £0.02
A34A 8469, 264L 0-15 14 +1.5 1.1 £0.21 33 +0.27
A35A 8493, 301L 0-15 28 +0.61 0.97+0.04 3.6 +0.04
A37A 9491, 331L 0-15 25 +1.3 1.1 +£0.05 1.5 £0.03
A39A 8+28, 540L 0-15 1.4 10.55 1.2 £0.04 1.5 £0.02
Ad40A 10+10, 1052L 0-15 1.3 £0.73 1.0 +0.04 1.2 £0.02
Ad1A 9+80, 838L 0-15 21 +1.1 1.0 +£0.05 14 £0.03
A42A 7+50, 820L 0-15 0.73+£0.36 0.76 £ 0.03 0.87 £0.02
A43A 3+56, 34R 0-15 22 1.1 1.1 +£0.04 1.8 +0.03
A43C 3456, 34R 30-45 1.5 +£042 0.74 + 0.02 14 +0.02
A43D 3+56, 34R 45-60 27 19 0.99 £ 0.05 2.1 +0.04
A43E 3456, 34R 60-75 1.5 £0.52 1.1 +0.03 1.3 +£0.02
A43F 3456, 34R 75-90 1.6 +0.38 1.1 +£0.03 1.2 £0.02
A43G 3+56, 34R 90-105 1.9 +1.0 14 +0.04 14 £0.02
A43H 3456, 34R 105-120 14 +0.97 14 +0.04 14 +£0.02
A43] 3456, 34R 120-135 1.9 +0.87 1.3 +£0.04 1.3 £0.02
A43] 3+56, 34R 135-150 24 16 1.4 +0.06 14 10.04
A43K 3456, 34R 150-170 24 +1.1 1.2 £0.06 1.3 +£0.04
A43L 3+56, 34R 170-185 28 +1.6 1.3 £0.08 1.3 +0.05
Ad4A 3+80, 175R 0-15 2.1 +0.87 0.83+0.06 1.5 0.4
A45A 3420, 292R 0-15 1.2 +0.57 0.55+0.03 0.80 £0.02
A46A 2+444,357R 0-15 28 +1.5 0.76 + 0.05 54 10.06
A46B 2+44,357R 15-30 28 1.2 1.2 +0.05 26 £0.03
A46C 2+44,357R 30-45 0.79+ 0.53 0.93 +£0.03 L7 +£0.02
A46E 2+44,357R 60-75 21 14 0.80 £ 0.04 10 +£0.05
A46F 2+44,357R 75-90 1.3 £0.95 1.0 +0.05 1.2 1£0.03
A46G 2+44,357R 90-105 25 +1.0 0.81+0.04 14 +0.03
Ad6H 2+44,357R 105-120 1.5 £1.1 0.89 + 0.04 1.1 £0.02
A461 2+44,357R 120-135 35 £14 1.0 £0.06 1.4 £0.4
Ad6) 2+44,357R 135-150 22 +14 1.3 +0.05 1.3 £0.03
A46K 2444, 357R 150-170 1.2 £0.95 1.1 +£0.04 L1 £0.02
A46L 2+44,357R 170-185 1.8 +1.1 1.2 +0.04 1.2 £0.02
A47A 2431,393R 0-15 20 +1.1 0.75 £ 0.05 46 *0.06
A47B 2+31,393R 15-30 1.5 £091 1.0 +£0.04 1.2 +£0.02
A47C 2431,393R 30-45 I.1 £0.59 0.92 1 0.03 1.1 £0.02
A47D 2+31,393R 45-60 1.0 +0.44 0.90 1+ 0.03 1.0 £0.02
A47E 2+31,393R 60-75 21 £1.2 0.89 £ 0.06 22 004
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41

Radionuclide concentration (pCi/g)?

Depth

Sample  Locations (cm) 238y 22Th 226Ra

A4TF 2+31,393R 75-90 18 £1.2 0.89 + 0.06 0.95 £0.03
A471 2+31,393R 120-135 14 £061 0.85+0.03 3.0 £0.04
Ad8A 2+35,416R 0-15 31 219 0.96 £ 0.05 29 10.10
A48B 2+35,416R 15-30 31 £28 0.85 £ 0.06 38 1039
A48C 24+35,416R 3045 . 1.3 £ 045 0.84 +:0.03 14 £0.02
A48E 2+35,416R 60-75 47 22 0.89 £ 0.09 28 +£0.17
A48F 2+35,416R 75-90 30 1.6 0.81 £ 0.03 10 £0.05
A48G 2+35,416R 90-105 1.9 £0.43 0.84 £ 0.03 1.0 £0.02
A48H 2+35,416R 105-120 16 £1.0 0.69 £ 0.03 0.78 £ 0.02
A48I 2+35,416R 120-135 1.5 £0.52 0.86 £ 0.03 5.8 +0.04
A48) 2+35,416R 135-150 1.2 £0.76 1.0 £0.04 1.1 £0.03
A48K 2+35,416R 150-170 14 +0.77 1.0 £0.03 1.1 £0.02
Ad48L 2+35,416R 170-185 2.2 £095 1.3 £0.04 14 £0.02
A49A 2+40, 488R 0-15 1.3 +045 0.48+£0.02 2.5 +0.03
AS50A 2+12, 566R 0-15 68 £19 0.94 +0.06 1.5 £0.04
AS1A 2+80, 615R 0-15 1.7 £0.90 1.0 £0.03 1.3 £0.02
AS1B 2+80, 615R 15-30 29 £097 1.2 £0.04 1.9 +£0.03
ASIC 2+80, 615R 30-45 33 +1.1 1.3 +£0.05 32 +£0.05
AS1D 2480, 615R 45-60 3.5 £045 1.2 £0.03 35 £0.03
AS1E 2+80, 615R 60-75 49 £25 1.2 +£0.06 9.0 £0.09
ASIF 2+80, 615R 75-90 36 £23 1.0 £0.06 58 1007
AS1I 2+80,615R 120-135 28 £1.2 1.3 £0.05 2.7 £0.04
AS52A 3433,623R 0-15 13 *4.5 0421 0.25 9 1043
AS52C 3+33,623R 3045 1.8 £047 14 +£0.03 1.9 £0.03
AS2D 3+33, 623R 45-60 21 £1.0 1.4 +0.06 1.5 £0.04
AS2E 3+33, 623R 60-75 18 184 1.0 £0.14 42 104
AS2F 3+33, 623R 75-90 1.3 £048 1.3 £0.04 14 +£0.02
A52G 3+33, 623R 90-105 1.5 £0.53 1.2 £0.04 1.3 £0.02
AS52H 3433, 623R 105-120 14 £10 1.2 +£0.04 1.3 £0.03
AS21 3+33,623R 120-135 19 £1.1 1.3 £0.05 2.3 +£0.04
AS2) 3+33,623R 135-150 1.6 £0.98 1.2 £0.03 1.3 £0.02
AS52K 3+33,623R 150-170 15 £+04 1.2 £0.03 1.2 £0.02
AS2L 3+33,623R 170-185 1.6 £0.73 1.3 £0.08 1.3 £0.04
AS3A 3+84, 622R 0-15 35 £1.1 0.96 £ 0.04 92 £0.05
A53B 3+84, 622R 15-30 4.1 £0.57 1.0 £0.06 5.6 +£0.07
AS53C 3484, 622R 3045 20 £1.0 1.3 £0.04 1.5 £0.03
AS3D 3+84, 622R 45-60 19 £093 1.3 +£0.04 14 £0.02
A53G 3+84, 622R 90-105 1.9 £0.95 1.3 £0.04 19 £0.03
AS3H 3+84, 622R 105-120 1.3 £0.54 1.3 £0.03 14 +£0.02
AS31 3+84, 622R 120-135 1.6 £0.90 1.3 £0.04 14 £0.02
AS53) 3+84, 622R 135-150 1.6 +0.88 1.3 £0.03 1.3 £0.02
AS3K 3+84, 622R 150-170 1.8 £095 1.2 £0.04 1.5 £0.03
A53L 3484, 622R 170-185 1.2 £0.85 1.3 £0.03 1.3 +0.02
AS3M 3+84, 622R 185-200 2.1 £0.98 1.2 £0.07 1.2 £0.04
AS3N 3+84, 622R 200-215 2.6 £092 1.2 +0.04 1.3 +£0.03
AS4A 4453, 623R 0-15 10 %19 1.1 £0.05 11 +£0.06
AS5SE 5+74,621R 60-75 1.5 £0.79 1.3 £0.06 14 £0.03
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Radionuclide concentration (pCi/g)?

Depth

Sample Locationa (cm) 238U 232Th 226Ra

AS6A 5+50, 594R 0-15 70 1.9 0.68 £ 0.05 18 +0.09
A56B 5+50, 594R 15-30 6.6 +0.54 1.0 £0.03 38 +£0.03
A56C 5+50, 594R 30-45 19 +£1.1 1.2 +£0.06 24 10.05
AS6E 5+50, 594R 60-75 1.9 +0.76 1.0 £0.06 1.1 £0.04
A561 5+50, 594R 120-135 23 £0.72 1.3 £0.04 14 1£0.02
A56J 5+50, 594R 135-150 22 £054 1.1 £0.03 1.1 +£0.02
A56K ' 5+50,594R 150-170 1.1 £0.76 1.2 +0.03 1.2 +£0.02
AS6L 5450, 594R 170-185 1.2 +0.82 1.2 +£0.05 1.1 +£0.03
ASTA 8+00, 81L 0-15 31 £1.7 0.48 £ 0.05 52 1006
AS8A 4+15, 305R 0-15 1.1 +£048 0.25+0.03 0.56 £ 0.02
AS9A 4+68, 582R 0-15 30 £13 0.53 £ 0.05 44 10.06
A60A 3+00, 597R 0-15 1.9 £0.92 1.1 £0.05 22 £0.04
AG1A ' 5+22,427L 0-15 24 £1.1 1.1 £0.04 33 £0.04
A61B 5422,427L 15-30 29 £0.69 1.1 £0.06 3.1 %0.06
A61C 5+22,427L 3045 2.5 £095 097+ 0.06 1.0 £0.04
A61D 5+22,427L 45-60 24 £1.0 1.5 £0.03 14 +0.02
A61E 5422,427L 60-75 28 +0.85 1.1 £0.05 277 £0.04
AG61F 5422,427L 75-90 10 £10 1.3 £0.04 1.3 £0.02
A61G 5+22,427L 90-105 27 t1.5 1.3 +£0.07 1.3 +£0.04
A61H 5422,427L 105-120 2.0 £0.96 1.3 £0.05 12 £0.03
A611 5+22,427L 120-135 3.1 £0.56 1.3 +£0.11 1.5 +0.06
A61) 5+22,427L 135-150 1.1 £0.61 1.4 +£0.04 1.4 +£0.02
A61K 5422,427L 150-170 1.5 £0.58 1.3 £0.04 1.3 +£0.02
A61L 5+22,427L 170-185 1.1 £0.82 1.3 £0.04 14 +0.03
AG2A 4+26,621R 0-15 19 +34 <0.54 190 10.51
A62B 4+26,621R 15-30 4,6 £096 1.1 +£0.06 41 10.12
A62C 4+26,621R 3045 1.6 £0.99 1.3 £0.04 2.1 £0.03
A62D 4+26,621R 45-60 23 £0.71 1.3 £0.06 14 £0.04
AG2E 4426,621R 60-75 1.8 £093 12 £0.03 1.3 £0.02
AG2F 4+26,621R 75-9%0 2.0 £0.55 1.2 £0.04 1.9 +0.02
A62G 4+26,621R 90-105 2.1 £098 1.3 £0.06 14 £0.04
A62H 4426, 621R 105-120 1.2 £094 1.3 £0.04 1.3 +0.02
AG4A 2+06, 463K 0-15 15 £13 0.931+0.10 20 +0.16
A64B 2+06, 463R 15-30 8.7 £0.78 1.1 +0.08 84 10.11
A64C 2+06, 463R 3045 2.1 £0.86 0.96+0.04 20 +£0.03
A64D 2406, 463R 45-60 1.9 £045 0.98+£0.03 1.1 +0.02
AG4E 2+06, 463R 60-75 2.1 £1.2 0.94 £ 0.07 1.3 +0.05
AG4G 2+06, 463R 90-105 6.1 £1.6 0.91 £0.09 17 £0.13
A64H 2406, 463R 105-120 22 t13 0.84 £ 0.06 3.5 20,06
A64K 2+06, 463R 150-170 1.3 £0.89 0.94 +0.03 39 +0.03
AG4L 2406, 463R 170-185 1.5 +0.88 0.99 £ 0.04 28 0.4
A64M  2+06,463R 185-200 24 1.1 1.3 £0.12 37 £0.09
A64N 2+06, 463R 200-215 2.1 £0.89 1.2 £0.04 1.7 £0.02
AG6SA 3462, 578R 0-15 1.7 £0.89 0.13:+0.03 27 +£0.03
A65B 3462, ST8R 15-30 1.7 £0.46 1.3 £0.04 2,7 £0.03
A65C 3+62, 578R 30-45 1.7 £0.57 1.3 £0.04 3.6 +£0.03
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Table 4 (continued)

Radionuclide concentration (pCi/g)®

Depth
Sample Locatione (cm) 238y 232Th 226Ra
AG6A 3+35,445R 0-15 1.1 +0.58 0.12+£0.02 0.83 £0.02
AGTA 4492, 490R 0-15 1.1 £0.65 0.26 £ 0.02 0.72 £ 0.02
A6TE 4492, 490R 60-75 0.78+ 0.36 0.70 £ 0.02 0.82 £0.02
AG67F 4492, 490R 75-90 0.93+ 042 0.76 £ 0.02 0.91 £0.01
A67G 4492, 490R 90-105 0.93+ 049 0.70 £ 0.04 0.72 £ 0.02
A67TH 4492, 490R 105-120 1.7 £0.57 1.0 £0.03 1.2 £0.02
A671 4492, 490R 120-135 1.2 £0.72 0.96 £ 0.03 1.1 £0.02
A67) 4492, 490R 135-150 1.7 £1.2 14 £0.06 14 10,03
A67K 4492, 490R 150-170 1.7 £046 1.3 £0.03 1.3 £0.02
AG68A 7423, 600R 0-15 2.3 +£087 0.15+0.03 1.0 £0.02
AG9A 7484, S80R 0-15 22 +1.5 0.82 £ 0.04 69 £0.07
AT0C 10+50, 532R 30-45 1.6 £0.90 0.58 £ 0.04 0.78 £ 0.03
A71B 9+81, 193R 15-30 1.5 £091 0.91 40,04 1.3 +£0.02
AT2A 8+75, 50L 0-15 19 £1.2 0.85+0.05 14 10.03
AT3A 3+05, 533R 0-15 0.84+0.50 0.30 £ 0.02 1.0 £0.02
AT4A 4+08, 435R 0-15 0.78+0.39 0.24 £0.02 0.71 £0.01
AT5A 11415, 330L 0-15 16 £1.2 1.1 £0.06 1.8 +£0.4
AT6A 15+50, 870L 0-15 1.6 £0.79 14 +£0.03 1.5 £0.02
AT7A 15+60, 420L 0-15 1.3 £0.64 0.78 £ 0,03 0.96 £ 0.02
A78A 13450, 1210L 0-15 26 14 1.1 £0.06 1.3 £0.04
AT9A 12465, 1770L 0-15 1.1 £0.38 0.23+£0.02 091 £0.02
A80A 3476, 79R 0-15 14 1.1 1.0 +£0.03 2.8 +0.03
A80B 3+76, 79R 15-30 1.7 £0.66 0.81£0.04 1.6 +£0.03
A80C 3476, 79R 30-45 1.5 £0.67 0.73+£0.03 1.1 £0.02
A80D 3+76, T9R 45-60 23 £0.89 0.88 £ 0.04 1.2 +£0.03
ABOE 3476, 79R 60-75 14 £12 1.1 £0.04 1.3 £0.03
A80F 3476, T9R 75-90 31 £10 1.1 £0.05 2.7 £0.05
A80I 3+76, T9R 120-135 1.8 £049 1.2 £0.04 1.6 £0.02
AB0J) 3476, 79R 135-150 1.7 +£0.55 14 10,04 14 £0.02
A80K 3+76, T9R 150-170 14 +042 14 +0.03 14 +0.02
A81A -2-21, 28R 0-15 24 £12 14 £0.04 2.3 +£0.03
A81B -2-21, 28R 15-30 1.7 £0.83 0.95 £ 0.05 1.2 +0.03
ABIC -2-21, 28R 30-45 1.4 £0.69 0.94 £ 0.05 1.0 +0.03
ASB1E -2-21, 28R 60-75 1.2 £0.62 0.98 £ 0.03 1.1 £0.02
A81F -2-21, 28R 75-90 1.4 10.56 0.98 £ 0.04 1.0 £0.02
A81G -2-21, 28R 90-105 1.7 £0.95 1.1 +£0.07 1.1 +£0.04
A82A 4450, 574R 0-15 1.9 +0.67 0.21 £0.03 46 +0.04

aLocations are shown on Figs, 13 and 14,
bIndicated counting error is at the 95% confidence level (% 20).
cSystematic samples arc taken at selected locations irrespective of gamma exposure rates.

dBiascd samples arc taken from arcas shown to have elevated gamma exposure rates,

eSample B74 was taken from 309 ft south of Highway 535 from the east side of the gravel road in
front of the main plant building. Sample B75 was collected from 258 ft south of Highway 535 from the
west side of that same road.

fAuger samples are taken from holes drilled to further define the depth and extent of radioactive
material. Holes are drilled where surface measurements may or may not have been clevated.



Table 5. Concentrations of 230Th, 226Ra, and 238U in soil samples from the
Uniroyal Chemical Company property, Painesville, Ohio (DMP001)

Sample Depth Radionuclide concentration (pCi/g) b
ID Locatione (cm) 230Th 226Ra 238y
Biased samples
B3C See prelim. 30-45 - 59 10.81 6.7 £0.06 64 %17
B9B 3+l6€0p,02rgL 15-30 27 £2.7 7.3 £0.05 2810.7
B10A 3+15, 260L 0-15 38 +2.7 130 +£0.49 68114
B26B 5477, 385L 15-30 14 £27 12 £0.13 <55
B29B 6+30, 379L 15-30 1.9 £0.54 5.0+0.04 24113
B34B 7490, 300L 15-30 43 127 770 £23 29 *44
B40B 8+00, 258L 15-30 35 +2.7 210 £0.85 88 55
B43A 2448, 526R 0-15 62 £2.7 40 1023 3.1+£13
B45A 2425, 381R 0-15 76 £2.7 130 £0.87 15 18
Auger hole samples

A461 2+44, 357R 120-135 5.1 £0.81 1.4 £0.04 35¢14
ASIF 2480, 615R 75-90 35 £27 5.8 £0.07 36123

aLocations arc shown on Figs. 13 and 14.
tIndicated counting error is at the 95% confidence level (£ 20).
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Table 6. Radionuclide concentrations in soil samples collected from the Lonza Chemical
Company property bordering Uniroyal property at 679 Hardy Road,

Painesville, Ohio (DMP(02) ‘

Radionuclide concentration (pCi/g)?
Sample Depth
ID Locations (cm) 238y 232Th 26Rg
Systematic samplesc
S1A 5475, 630R 0-15 1.7 £0.49 0.67 £0.02 1.7 +£0.02
S2A 7425, 628R 0-15 1.1 £043 0.78 1+ 0.03 1.6 10.02
Biased samplesd |
BI1A 4425, 627R 0-15 18 +6.8 0.32 £0.18 91 +045
B1B 4425,627R 15-30 95 2.1 0.53 +£0.08 28 +0.15
B2A 4408, 626R 0-15 310 +32 <12 1000 %73
B2B 4+08, 626R 15-30 63 +31 <11 170 14
B3A 4+50,627R 0-15 5.5 £2.7 0.83 £0.11 80 $0.12
B3B 4+50, 627R 15-30 47 14 0.74 £0.05 42 10.06

aLocations shown on Fig. 13,
bIndicated counting error is at the 95% confidence level (+ 20).
cSystematic samples are taken at selected locations irrespective of gamma exposure rates,

dBiased samples are taken from areas shown to have elevated gamma exposure rates,
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APPENDIX

Gamma Profile Graphs
of
Auger Holes
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