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ABSTRACT 

At the request of the US. 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 
nesult 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 (DMPOOI) and the h n z a  Chemical Company @MPOO2), included a gamma 
scan over the ground surface, determination of gamma exposuIl: 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 urmstricted use. 

xi 
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RADIOLOGICAL CHARACTERIZATION SURVEY OF THE 
FORMER DIAMOND MAGMESWM COMPANY SITE, 

@MPOOl, DMP002)* 
720 FAIRPORT-NURSERY ROAD, PAINESVILLE, OHIO 

INTRODUCTION 

For periods during the early 1940s through the 196os, 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 xleased 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 [Le., Manhattan Engineer District 
(MED) and AEC] were responsible comply with existing guidelines.1 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 Lorna 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 imn 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 existed 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 
pmperty.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-ACO5-842100. 
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on th prcrpe~py contains SgU arnd z2fRa in concentrations exceeding cumntly 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 f OlwL in &pternber 
1990. The results are detailed in this report. Both the Unimyal and Eonza Chemical co 
 we^ in operation on 
and DMPOO2 (Unimy 

at the time of the survey. The p r o p  es are designated 
a, respectively) for data analysis identification. 

SITE DESCRJIPTXON 

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 earthen 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. Unimyal 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 arid was designed to contain pssible spills during the unloading of 
milmad tank cars. Fire water lines were buried approximately three feet deep in the grassy area 
hetween the dike and the spiU containment area and around the circurnfemnce of the butadiene 

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

SCOPE OF THE SURVEY 

The survey included the following measurements: 

A gamma scan of the ground surface in accessible areas throughout the Unimyal property and 
over a 50-ft wide strip of land on the b n z a  property at the adjoining property lines. 

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

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

Collection and analysis of soil samples from auger boles and gamma logging of the holes. 
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Determination of dircctly 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, ORNLflM-8600 (April 1987).3 

GAMMA MEASUREMENTS 

Outdoor gamma radiation levels were determined using a portable NaI gamma scintillation 
meter. Because NaI 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 betaemitting 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 &ain 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 
metem are employed to obtain precise measurements. 

In reporting outdoor survey results for the Uniroyal property, locations of measurements and 
samples were identified by use of a grid system previously established by the company within its 
property boundaries (Fig. 5).  Gamma exposure rates at the ground surface were rccorded 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 Unimyal property was 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. 
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SOIL SAMPLING AND ANALYSES 

Surface md subsurface soil samples  we^ systematically collected as close as possible to the 
center of each black in the geidded portion of the surveyed area with0 t regard to gamma 
radiation levels. Surface and subsurdace soil samples we collected in areas of elevated 
exposure rates, S~ncgS s a d  are mom likely to contain 
elevated concentrations of radionuclides than are systematically chosen Sam s. All soil smples 

ples are referred to as biased s 

To define the extent of possible subsudace soil radioactivity, auger holes were drilled to 
depths ranging from <I5 to 3 s placed in each hole, and a NaI 

as encased in a lead shield with a 
horizontal row of collimating slits on the side. This collinmation allows measurement of gamma 
radiation intensities resulting from ra activity within small fmcti   IS of the hole depth. The 

ide-wall scraping was used to collect samples fmm the 
auger hales at known depths below the surface. Surface (0-15 cm) samples and samples of side- 

1 scsapings wem collect& at maximum gamma levels in holes having no elevated readings. 
Selectcd saniples were subjected eo radionuclide analysis. 

n pmbe was lowered 

hole logghgs were used to sele cations wkcrr: fual~cr soil sampling would be usem. A 
nation of split-spn sampling 

Current guidelines for sites included within the WSRM arc: summaaized in Table 1 (ref. 5). 

Typical background radiation levels for the Ohio area are p~sented in Table 2 ( ~ f .  6). These 
data are provided for comparison with thc survey results presented i this section. All direct 
measurements presented in &Inis repfi a x  g m s  readings; background radiation levels have not 
k e n  subtracted. Similarly, background concenttations have not been subtracted from 
~ a ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~  conwntrations in soil, debfis, and other samples. 

UNIROYAI, PROPERTY, OUTDOOR SURVEY 

Results of gamma scanning over the grm surface of the site are shown on Fig. 6 and listed 

in Table 3. With the exception of two isolated hot spots scanning and 200 p.R/h between the 
dirt road and the railroad tracks west of the gnidded area, exposure rates over the ground surface 
of the ungridded portion of the Uniroyal property were 8 to 13 pR/h. These values are 
comparable to the typical average baekgroui~d for the area (9 p.R/h, Table 2). Surface scan 
rneasumnexits over the gridded portion of the LJnimyd property ranged ~TQII-I 4 to 1408 
averaged from 8 to 58 pR/h withiin individual grid Mocks (Table 31, Grid point mea 
were 5 to 180 pR/h at the ground surface md 4 to 94 pR/h at 1 tn ve the surface. Large areas 
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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 region$ 
have been designated A through D (Fig. 7). Tbe 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 were 6 to 1400 @Uh over area A measuring approximately 38,500 f t2  (3600 m2) of 
ground surface under and around the butadiene tank Figs. 8 and 9). Scan measurements were 6 to 
850 pR/h over the surface of a -22,000 ftz (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 foneground 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 cLR/h (Area C). A fourth contaminated region measuring -So00 ft2 (460 m2) in size (Area D) 
had gamma levels ranging from 21 to 120 pWh. The southern 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 pFt/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 D*U, Z T h ,  and 2xRa 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 UW,  1.5 pCi/g for 232Th, and 190 pCi/g for 2xRa. The analyses demonstrate concentrations 
of 2XRa 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 (S793). 
Although no specific guideline for uranium concentrations has been derived for this site, 
concentrations of 35 to 40 pCi/g 23811 have been 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 23815, 
"Th,  and 2%Ra, respectively (Table 2). 

Biased Soil Samples 

Biased soil sample locations are shown on Fig. 13. Gamma exposure rates on contact with 13 
biased samples were 110,OOO to 630,000 counts per minute (cpm) using the NaI 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 rates 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 guidelines are exceeded (Table 1). Analysis of a highly radioactive 
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rock-like specimen collected from the site showed that it contained 5 ppm of radium. 

5 pa&. 

Results of radionuclide analyses of samples from the IJniroyal pro q are detailed in 
Table 4. Maximam concentrations of 2 3 W 9  23Wl1, and 2 a in analyzed biased surface soil 

samples are 87, 1.9, and 860 pCi/g, respectively (Table In subsurface samples, highest 
analysis ~ s u l t s  are 210 (*3W), 5.1 (23Th), a d  1500 (mRa) N V g .  Guidelines are exceeded in 

ubsurfaacc biased soil samples, Samples taken from some i,wlated spots (e.g., 
ntrations of ;?paaa in excess of the hot spot guideline as 

shown in Table 1. ~~~~~~~~s in surface and subsurface: mail at maxima of 87 
and 210 pCijg, respectively, are higher ahm con~ntratiom that have en applied at other sites 
(35 to 40 p4cli/g, Table 1). Sampling analysis confims the p~sence  of ~ i ~ ~ s ~ ~ a ~  consamination 
over the Uniroyal property in the general l ~ a t i ~ n s  as would be expected 1Froi.n the results of the 
gamma scan. 

Auger holc locations are shs n on Fig. 14 md radionuclide cepnccntratio 
Table 4. Analysis results reveal maximum cse?ic%~Warions of 23W, 232Il1, and 2 

samples collected fmm 15 cm and k l o w  were 63 (“W), 1.5 (z2Th). and 230 (2xRa) 
Concentrations of  226Ra exceed guidelines in both surface and subsurface soil (Ta 
Fui-ihemmore, concentrations of z6Ra in some auger hole samples are a factor of 30 higher than 
the authorized limit for non-8-c ogenwsus coiitaminarion (Table 1). FUSRAP guidelines state 
that “In addition,” (to the 5 15-jSUg guidelines) “every reasonable effort will be made to 

avenge concentration in the soil.” Uranium-238 concenixations in auger hole samples are 
elevated above background as well as above guideline concentrations used elsewhere (Tl’abk 1). 

from the tsp 15 C M  of soil to tpe 41.2.5 3 70 pCi/g, mspectivel y. Maximum csncentmtions in 

remove any source of radio11 e that exceeds 30 times the Auttwrizd Limit irrespective of the 

G a m a  logging wi~s  prforsrmed in each of 71 auger hdes to characterize an 
the extent of  possible subsurface radioactivity. Data from the gamma profies of the logged auger 
holes are graphically r e p ~ s c n t d  in Appendix A, Figs. A. 1 slnrough A.72, The logging technique 
used here is not dionuclide specific. H FVWP‘CT, Bogging data, in conjunction with soil analyses 
data, may be used lo estimate regions of elevated r ~ ~ ~ ~ ~ ~ ~ ~ l ~ ~ ~  concentrations in auger holes when 
compared with background levels for the area, Following a cornparison of these data, i t  appears 
that any shielded scintillator readings of 1200 to 1500 cpm or greater generally indicate the 
presence of eIcvated casacentratims of g m m a  erniiters. 

a rcadings for the logged holes ranged from 360 to 94,008 cpm. The n~aximum g 
level measured was -94. 
concentration of 2 

cpm in hole A9 where soil sample B 19B contained the maximum 
a on the site as demonstrated by analysis (15868 pCi/g>. Thirty-six holes had 
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readings of 11500 cpm. Soil samples at these locations contained concentrations of 22Ra 
exceeding either the surface or subsurface DOE guideline (Table 1). In general, the areas 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 2W'h. Analysis of several biased samples 
and two auger hole samples from the Uniroyai property (Table 5) revealed concentrations of 
23O"h exceeding guidelines in surface and subsurface soil. The elevated concentrations of BoTh 
were found in samples 39B and A51F in the absence of elevated concentrations of =Ra or Z8U. 
The reverse ratios (i.e., thorium/radium and radium/thorium) are consistent with the reported 
composition of tfie former waste streams. 

The results of mass spectrometry analysis of a sample containing 1 0 0  pCi/g Z6Ra 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 areas inside Buildings 420,421, and 422 revealed exposure rates 

ranging from 8 to 16 p W .  Results are well below the DOE guideline of 20 @./h above 
background (Table 1). 

LONZA PROPERTY 

Gamma Measurements 

Gamma exposure rates were generally 4 to 16 @/h over the ground surface of the surveyed 
5&ft wide strip of the Lonza Properly 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 240 @/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 UgU, 2PZrh. and 26Ra 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 2 3 W ,  0.67 and 
0.78 pCi/g for D T h ,  and 1.6 arid 1.7 pCi/g for 2zRa. All results are near background 
concentrations and well within M)E guidelines (Tables 1 and 2). 
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Biased Samples 

ples were collected froin two diffexnt depths at each of thEe dirferent 
the fence separating the tw 

Fig. 15 shows the: general a ~ e a  h m  which the 
BZK ranged frcm 0.32 to 0.83 pCUg in the six samples (Table 61, Umnhm-238 concentrations 
ranged from 5.5 to 3 18 pCi/g in surface sm d from 4.7 to 63 Ki/g in subsurface samples. 
Concentrations of 2XRa ranged from 8 to pCi& in surface soil samples md from 4.2 to 
170 pCi/g in 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 s ples RIA, B2A, and B2B. The g a m a  scanning 
results demonstrate that contamination on the b n z a  pmpeaty is probably confined to the general. 
area of the sample locarions. 

FICANCE OF PI 

The results of the radiological characterization survey of the former DMC site demonstrate 
widespread radiological contamination outdoors within Uniroyal property boundaries and 
elevated radionuclide ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ s  in a small area on the b n s a  pnperty. The contamination 
on the Uniroyal property is present in two large, generally contaminated regions where scrap 
metal had reportedly been stonred, &and in numemus smaller regions and isolated spots in scattered 
locations throughout the site. Elevated conceiitrations of radionuclides in excess of  DOE 
guidelines were found in both s u r k c  and subsurface soil on both properties. The maximum 
depth of contamination was identified at 328-335 cm and is located on the Uniroyal pro 
The major contaminants a E  27. a and 2301%. Although no 2 3 W  guideline has k e n  derived for 
this site, concentrations of uranium in some of the samples exceed site-specific guidelines 
prcviously applied at other FUSRNP sites. The relativcly high c ~ ~ ~ ~ ~ ~ ~ a ~ i o n  of lead found in a 
soil sample also containing elevated Concentrations of 2261Ra is typical of residues from 
pitchblende operations and is consistent with the hhtoricd source of the contaminating material. 
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f 

Fig. 1. Plot plan of the former Diamond Magnesium Company, 720 Faisport-Nursery 
a), This drawing is limited to fie portion of the Road, Painesville, Ohio (DMPO 

property where the majority of proccssing activities reportedly took place. 
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ORNL-PHOTO 9762-9 1 

Fig. 8. View of the south end of the COatOminated spill containment area (A) at the 
Uniroyal Chemical Company property, 720 Fdrport-Nursery Road, Painesville, Ohio. 

J 
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ORNGPHOTO 9761 -9 1 

Flg. 9. Photograph of the spill containment basin on the Unimyal Chemical Company 
propertg,looMngswth. 1 
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ORNLPHOTO 9764-91 

Fig. 15. View boking 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 €or release without radiological restrictions) 

Mode of exposw Exposure conditions Guideline value 

Gamma radiation 
(above background) 

Radionuclide con- 
centrations in soil 
(generic) 

Derived concentrations 

Guideline for non- 
homogeneous con- 
tamination (used in 
addition to the 
10O-rn2 guideliney 

Indoor gamma radiation level 

Maximum permissible con- 
centration of the following 
radionuclides in soil above 
background levels, averaged 
over a lOO-cm* area 

2% Ra 
2327% 
2 m  
238u 

Applicable to locations with 
an area 525 m2, with signifi- 
cantly elevated concentrations 
of radionuclides (“hot spots”) 

5 pCUg averaged over the 
first 15 cm of soil below the 
surface; 15 pCilg when ave- 
raged over 15-cm-thick soil 
layers mor(: than 15 cm 
below the surface 

Site specificb 

GA = Gi (1m/A)ln 
where - 
GA= guideline for “hot 
spot” of area (A) 
GFguideline averaged 
over a 100-mz m a  

4Ille 20 cLR/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 Avenrce, Colonie, New York (AL2I9), ORNL/RASA-87/117, 
Martin Marietta Energy Systems, Inc., Oak Ridge Natl. Lab., February 1988; B. A. Berven et. al., 
Radiological Survey of the Former Kellex Research Facility, Jersey City, New Jersey, DOEEV- 
0005/29, ON-5734, Martin Marietta Energy Systems, Inc., Oak Ridge Natl. Lab., February 
1982. 

cDOE 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, imspective or area. 
Source: Adapted from Revised Guidelines for Residual Radioactive Material at FUSRAP and 
Remote SFMP Sites, April 1987. 

Source: Adapted from U.S. Department ifEnergy, DOE Order 5400.5, April 1990. 
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Table 2, Background ~ a d ~ a t ~ ~ n  levels and concentrations of selected 
radionuclides in soil in the Painesville, Ohio, arm 

Type of radiation measurement 

Gamma exposure rate at 1 m above 

Radiation level or ra 
or sample con~n&ratiow 

ground surface (m) 9 

1.1 f0.10 
1.1 f 0.04 
1.2 

%amma exposure rate is the aye of 3 to 4 measurements taken as reporled in T. E. 
Myrick, B. A. Berven, and F. F. Waywood, State BackgroundRadiarion Levels: Results of 
Measurements Taken During 197.5-1 979, ORNLDM-7343, Martin Marieita Energy 
Systems, Inc.. Oak Ridge Nad. Lab., NQV. 1981. 

&The total error of measurement results for Z W b  and 232Th is k 26 (95% confidence 
level). Error for the 2 W  ~ ~ ~ ~ e ~ e ~ ~  is 55%. 
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2+0, BL 
3+00, BL 
4+00, BL 
5+00, BL 
6 W ,  BL 
7 m ,  BL 
8+00, BL 
Ptoo, BL 

1Qtoo. BL 
10+50, BL 
2+oo, looL 
3+00,l00L 
4 m ,  looL 
5+oo, looL 
6+00, l00L 
7+00, looL 
8+00, lOOL 
9+00, looL 

lotoo, looL 
l0+50, lOOL 
2+00,2ooL 
3 a ,  200L 
4+00,2ooL 
5+oo,200L 
5+50,20OL 
6+oo,200L 
6+50,2OOL 
7+00,2ooL 
8+00,20QL 
8+50,20OL 
9+00,2ooL 

lotoo, 200L 
10+50,2OCL 
2+50,25OL 
3+00,25OL 
3+50,25OL 
4+00,25OL 
4+50,25OL 
5+00,25OL 
5+50,25OL 
6+00,25OL 
6+50,25OL 
7+00,250L 
7+50,25OL 
8+00,25OL 
8+50,25OL 

8 
8 

11 
9 
6 
6 
6 
9 
6 
8 

12 
13 
14 
14 
11 
7 

12 
9 

12 
7 

10 
13 
10 
10 
d 
9 
d 

10 
12 
d 

12 
8 
7 

11 
12 
10 
9 
9 

10 
10 
24 
18 
38 
96 
60 
36 

Table 3. Gamma exposure rate measurements outdoors at the 
Uniroyal Chemical Plant, Painesville, Ohio (DMP001) 

Grid point measummenrsb 
CIwh) 

Gamma Gamma Erom scanof exposure rate 
exposure exposure rate grid blockc at surfaw 

Range of gamma 
exposure rates Average gamma 

Grid 
locatiorp rate at 1 m at the surface (W) (W) 

d 
10-13 

13 
8 
13 
d 
d 
d 
d 
d 
d 

8-13 
8-13 

13-16 

d 
d 
d 
d 
d 
d 
d 

9-13 
10-16 

9 
d 

20 
14 
16 
16 
16 
d 
d 
d 
d 
d 
d 
d 
d 
8 
d 
40 
50 
50 
50 
40 

20-40 

8 
9 

12 
10 
7 
6 
6 
9 
6 

10 
14 
13 
14 
14 
11 
8 

12 
10 
12 
7 

12 
13 
9 
10 
d 
9 
d 

10 
10 
d 

12 
9 
8 

12 
12 
11 
9 
9 
9 
9 

16 
14 
24 

110 
76 
40 

d 

10-18 
8-20 

8-17 
4-10 
4-24 
8-30 
8-40 
d 
d 
d 
8-9 
5-20 
8-50 
d 
d 
8-20 
8-13 
d 
d 
d 

9-40 
6-24 
6-1 1 
6-150 
5-50 
8-40 

10-160 
10-70 
10-40 

d 
d 
d 
d 
d 
d 

6-24 
d 

6-10 
9-lo00 

13-300 
13-600 
20-400 
16-320 
20- 140 
16-300 



Table 3 (continued) 

Grid point measurementsb Range of gamma 
expostm rates Average gamma 

Gamma Gamma from scan of expsun: rate 
Grid exposure exposure rate grid blockc at surfamc 

- 
locations rate at 1 rn at the surface (W) (cLR/h) 

9-t-00, 25OL 
9+50,25OL 
lOeao,250L 
1OtS0.2501, 
2+0,3ooL 
3 m ,  300L 
4+00,3001, 
5+00,3ooL 
5+50,30OL 
6 + 0 , 3  
6+50,30OL 

2+00,3501, 
2+50,35OL 
3+00,35OL 
3+50,35(911, 
4+00,35OL 
4+50,35OL 
5 m ,  350L 
5+50,3SOL 
6+08,35OL 
5+50, 350L 
7+00,35OL 

8+50,35OL 
9+W, 3501, 

lOt.50,350L 
240, rnL 
2+50,4OoL 
3m. 400k 
3+50 4QoL 

6+50,400& 
7+m, 400L 

17 
11 
12 
9 

10 
10 
14 
10 
d 
44 
d 

52 
d 

28 
d 

14 
8 
8 

11 
12 
12 
13 
13 
14 
14 
34 
24 
15 
17 
16 
14 
16 
12 
12 
12 
10 
10 
11 
11 
10 
13 
11 
14 
14 
14 
14 
13 

19 
10 
13 
8 

12 
11 
14 
10 
d 
44 

d 
48 
d 
19 
d 

15 
8 
8 
12 
12 
12 
14 
13 
14 
15 
38 
20 
16 
17 
16 
14 
18 
12 
14 
12 
10 
11 
11 
11 
11 
14 
14 
14 
18 
16 
14 
14 

d 
d 
d 
d 
d 

8-20 
10-160 
10-250 
16-500 
13-600 
18-64 
13-1 10 
13-1013 
10-16 
14-16 
1046 

d 
d 
n 
d 
d 
d 
id 
d 

13-60 
16-1400 
9- 148 
10-20 
10-17 
10-17 
9-20 
10-16 

d 
d 
d 
d 
d 
d 

9-28 
d 

8-100 
d 

10-100 
10-100 
9-50 
9-58 
9-16 

d 
d 
d 
d 
d 
11 

13-16 
18 
60 
40 
20 
20 

16-20 
17 
17 

d 
d 
d 
d 
d 
d 
d 
d 
18 
40 
20 
16 
13 
13 
10 
d 
d 
d 
d 
d 
d 
d 

9-13 
d 

9-14 
d 

10-17 
16-24 
lo- 16 

d 
10-14 

12-16 
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Table 3 (continued) 

Grid point measurement& Range of gamma 
exposwe mes Average gamma 

Gamma Gamma fmm scan of exposure rate 
Grid exposure exposure rate grid blockc at surface= 

- 
location= rate at 1 m at the surface (w-0 (W) 

7+50,40OL 
8+00,4OOL 
8+SO, 4ooL 
9+00,4OoL 
9+50,4oOL 

lOt-o0,4OOL 
10+50,4oOL 
2+50,45OL 
3+00,45OL 
3+SO, 450L 
&OO, 450L 
4+50,45OL 
5+00,45OL 
5+50,45OL 
6+00,45OL 
6+50,45OL 
7+00,45OL 
7+50,45OL 
8+00,45OL 
8+50,45OL 
9+00,45OL 
9+50,45OL 
locOo,450L 
10+50,45OL 
3 m ,  500L 
3+50,5OOL 
boo,  5ooL 
4+50,500L 
5+00,500L 
5+50,50OL 
6+00,500L 
6+50,5OoL 
7+00,5ooL 
7+50,500L 
8+00,50OL 
8+50,500L 
9+00,5OoL 
9+50,50OL 
1Qroo,500L 
10+50,50OL 
2+00, lOOR 
3+00, lOOR 
4 m ,  lOOR 
6+00, lOOR 
7+50, l00R 
8+00, lOOR 
9+00, lOOR 
2+00,15OR 

13 
14 
13 
12 
12 
12 
9 

12 
11 
11 
13 
12 
13 
15 
13 
13 
12 
13 
14 
13 
12 
12 
12 
9 

11 
11 
10 
10 
8 

14 
12 
13 
12 
12 
12 
12 
12 
12 
12 
8 

10 
d 
d 
d 
d 

10 
d 

11 

13 
14 
14 
13 
13 
12 
9 

12 
12 
12 
14 
12 
13 
15 
13 
15 
13 
13 
14 
14 
12 
12 
13 
10 
11 
12 
11 
9 
8 

15 
13 
16 
13 
13 
13 
12 
13 
14 
12 
8 

10 
d 
d 
d 
d 
10 
d 

12 

9-16 
9-13 
d 

9-16 
10 
d 
d 
d 
d 
d 
d 
d 

10-40 
9-40 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 

8-13 
d 

8-13 
d 

8-13 
d 

8-13 
d 

8-13 
d 

8-13 
d 

8-13 
d 

8-13 
d 
6- 10 
5-60 
5-60 
4- 10 
5- 100 
5-20 
5-13 
d 

d 
10 
d 
10 
d 
d 
d 
d 
d 
d 
d 
d 

10-16 

d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 

9-16 
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Grid point meawmenBb 

exposure exposun2 mtE at surfacec 

Range of gamna 
exposure rates Average gmma 

Gmma Gamma from scan of exposure rate 
- 
rate at 1 m at the surface ( PJW 

10 
d 
d 
d 
7 

10 
9 
d 
d 
d 
61 
d 
d 
9 

19 
6 

18 
10 
d 
6 
d 
d 
d 
d 
d 

10 
16 
6 
4 
4 
5 
6 
5 
7 

12 
10 
1 1  
6 
5 
5 

10 
8 
5 
7 
d 
d 
d 
&I 

11 
d 
d 
d 
6 

10 
9 
d 
d 
d 
si 
d 
d 

10 
20 
6 

18 
9 
d 
6 
d 
d 
d 
d 
d 

1 1  
19 
5 
4 
5 
6 
6 
6 
7 

14 
11 
12 
5 
6 
5 

12 
9 
7 
8 
d 
d 
d 
d 

6-16 
5-60 
5- 
8-28 
d 

6-16 
8-11 
8-11 
4-6 
5- 16 
5-13 
5-13 
8-13 
d 
d 
d 
d 

10-130 

d 
6-50 

8-16 
5-16 
5-13 
5-13 
8-13 
10-30 

d 
d 
d 
d 
d 
d 
d 
d 
d 

6-70 
6-28 
8-13 
d 

8-13 
d 

8-13 
d 

8-13 
8-13 
8-13 
5-13 
8-120 

d 
d 
d 
d 
d 
d 
n 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 

20-40 
9 
d 
9 
9 
9 
9 
9 

16-20 
d 
d 
d 
d 
d 
d 
d 
d 
d 

10-16 
10-16 

d 
d 
d 
d 
d 
d 
d 
9 
9 
9 
9 
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Table 3 (continued) 

Grid point measurementrsa Range of gamma 
(urn) exposure rates Average gamma 

Gamma Gamma from scanof exposure rate 
Grid exposure exposure rate grid blockc at surfacet 

locations rate at 1 rn at the surface W) (cLR/h) 

2+00,55011 
2+50,55OR 
3+00,55oR 
3+50,55OR 
4+00,55OR 
4+50,55OR 
5+00,55OR 
5+50,55OR 
2+00,6oOR 
2+50,6OoR 
3+00,6OoR 
3+50,6oOR 
4+00,6oOR 
4+50,6OoR 
5+W, 6OOR 
5+50,6OoR 
6+00,6OoR 
7+00,6OOR 
8+00,6oOR 
S+50,624R 
6+00,624R 
2+00,62SR 
2+50,625R 
3+00,625R 
3+50,625R 
4+00,625R 
4+50,625R 
5+00,625R 
5+50,625R 

9 
9 
6 
7 

11 
7 
9 
8 
8 
8 

10 
16 
19 
20 
24 
12 
6 
d 
d 
6 
6 
8 
9 
9 

68 
60 
19 
7 
d 

9 
10 
5 
7 

14 
6 

11 
9 
9 

10 
10 
12 
20 
22 
30 
16 
7 
d 
d 
7 
7 
9 

10 
11 

140 
180 
20 
9 
d 

6-20 
6- 14 
5-8 
5-24 
5-80 
6- 10 
8- 10 
6- 16 
9-13 
6-24 
6-20 ' 

8-80 
8-80 
8- 120 
8-40 
6-16 

8-120 
8- 12 

d 

d 
d 

8-13 
8-13 

16-320 
16-300 
20-800 
16-850 
6-50 
4- 17 

10 
10 
6 
6 

8-10 
8 
8 
9 

10 
10 
9 

20 
13 
20 
8 
9 
d 
d 
d 
d 
d 
10 
10 

20-30 
d 
d 

40 
13 
8 

&ocation shown on Fig. 5. 
Grid point measurements are taken at intersections of grid limes. 
cRanges and average gamma exposure rates are obtained by scanning the entire block. 
Measurement was not determined. 
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%3 
S4 
s5 
Ssd 
S7 
SR 
S9 
S 10 
s11 
S 12 
S 13 
S 14 
S 15 
s 16 
S 17 
S 18 
S 19A 
S 19B 
S 2.0A 
S B B  
sa  
522 
s23 
S24A 
S24R 
s2s 
S% 
s27 
S2$ 
S 2 9  
SW 
S31 
S32A 
s32w 
s 33 
S 3 4  
s35 
s x9 
s37 
S38 

%50,50L 
%%I, IWL 
3+50,25OL 

3+50,45 
4+50,651.. 
4+50,250L 
4+50,15OL 
4+50,35OL 
4+50,45OL 
5+50,721” 
54-50, 11501” 
5+50,32SL 
5+84,26SL 
64-50.450L 
925,4251, 
5+15,475& 
51-1§,47511, 
5+75,42A.+ 
5+75,4261.. 
5+75,476L 
51-75.325L 
5+25,37SL 
5+75,375E 
5475,3751, 
7+50.450L 
8+58,45OL 
%50,35OL 

6-i-25,3751, 
&25,37SL 
6+25,32SL 
6t75.325L 
&75,325L 
&75,37SL 
7+25,34OL 
7+25,3751.. 
7+75, MOL 
7+75,37SL 
&25,32511, 

0-15 
0-15 
0-15 
0-15 
0-15 
0-15 
0-15 
0-15 
0-15 
0-15 
0-15 
0-15 
0-15 
0-15 
0-15 
0-15 
0-15 

15-30 
0-15 

15-30 
0-15 
0-15 
0-15 
0-15 

15-30 
0-15 
0-15 
0-15 
0- 15 
0-15 
0-15 
0-15 
0-15 

15-30 
0-15 
0-15 
0-15 
0-15 
0-15 
0-15 

1.8 k0.59 
1.6 kQ.93 
1 3  f0.35 
1.6 fQ.33 
1.5 f0.51 
1.5 P 0.43 
2.7 f W 8  
2.6 -c 1.2 
2.4 + O S 5  
2.3 f0.50 
1.3 k0.63 
2,4 & 1.1 
6.0 rf2.3 
2.5 k 1.6 
1.6 f0.42 
2-4 k 1.1, 
3.6 _+ 1.1 
2.0 f 1.2 
2.5 It 1.1 
5.1 Ir 1.1 
2 9  k 1,3 

26 k7.4 
4.5 +I. 
3.9 -e 1.8 

14 13.9 
1.7 -t- 0.93 
2.4 -b 1.1 
2.3 c 1.2 
2.7 k 1.1 
1.7 5 0.63 
1.9 kO.64 
4.2 jr2.8 
2.4 f 0.48 
4.7 +2.1 
1.8 +O.% 
2.0 kO.99  
2.6 k 1.1 
2.4 t 1.1 
1.0 k 0.76 
1.9 2 0.57 

0.28 r 9.02 
1.2 f0.03 
0.9 1 k 0.03 
1.2 10.04 
1.0 k0.03 
1.1 f0.03 
0 . B  _+ 0.03 
1.3 k0.M 
1.2 90.04 
1.1 kO.04 
0.34 -t 0.03 
1.1 f0.0S 
092 k 0.07 
0.32 9 0.84. 
1.3 +O.M 
1.3 kO.04 
1.2 kO.04 
1.2 k 0.05 
1.1 f O . 0 4  
1.1 f0 .M 
0.86 -t 0.04 

1.2 kO.07 
0.22 k 0.05 
0.72 9 0.06 
1.2 k 0.04 
1.3 k0.03 
1.1 k0.05 
1.2 k 0.05 
0.52 i 0.02 
1.2 jI 0.03 
0.84 -t- 0.08 
1.1 k0.03 
0.90 f 0.09 
1.1 k0.05 
1.1 ltO.03 
1.2 f 0.03 
1.1 f0.01 
1.1 kO.04 
1.2 k 0.03 

0.66 * 0.01 
1.5 k0.02 
1.2 kO.02 
1.7 k0.03 
1.1 f O . 0 2  
1.3 kO.02 
2.1 k0.03 
1.3 k0.02 
1.6 k0.03 
1.5 kO.02 
0.87 t- 0.02 
2.1 t-0.03 
5.7 10.08 
3.9 kO.05 
1.3 f O . 0 2  
5.0 k0.W 
2.9 kO.03 
3.9 f0.M 
2.5 k0.M 

31 kO.09 
4.1 k0.W 

180 k0.53 
4.4 f0 .M 
7.8 kO.10 

51 f0.25 
1.2 kO.02 
1.3 k0.02 
1.4 fO.03 
1.2 k 0.03 
1.0 f0.02 
1.2 It0.02 
7.6 kO.ll 
2.4 jIO.03 

11 20.13 
1.3 kO.03 
1.8 T0.03 
1.4 k0.oTE 
1.7 2 0.03 
2.1 f 0.03 
1.3 &OK! 
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Table 4 (continued) 

Radionuciide concentration (pCi/g)b 

Sample Locationcl (a) U*U 2 = n  WRa 
Depth 

s 39 
S40 
S41 
s42 
s43 
544 
s45 
S46 
s47 
S48 
s49 
S50 
s51 
S52 
s53 
S54 
SS5A 
S55B 
s55c 
S56 
s57 
S58A 
SS8B 
S58C 
s59 
S6oA 
S6OB 
S61 
S62 
S63A 
S63B 
S64 
S65 
S66 
S67A 
S67B 
S67C 
S68 
S69A 
S69B 
S 70A 
S 70B 
S7OC 
S71 
S72 
s73 

8+75,325L 
7+49,2 15L 
7+70,218L 
8+25,227L 
8+75,225L 
8i25,275L 
8+75,275L 
2~25,525R 
2+25,425R 
2+25,375R 
2+65,484R 
2+25,575R 
2+75,575R 
2+25,612R 
2+75,612R 
3+25,612R 
2+75,525R 
2+75,525R 
2i75,525R 
3+25,575R 
3+25,525R 
3-+-75,57SR 
3+75,575R 
3+75,575R 
3+75,608R 
4+25,615R 
4i25,6 15R 
3+70,525R 
425,575R 
4+75,62OR 
4+75,62OR 
5+25,612R 
4+75,575R 
5+75,612R 
5+25,57sR 
5+25,575R 
5+25,575R 
5i75,575R 
4+30,547R 
4+30,547R 
4+75,53OR 
4+75,53OR 
4+75,53OR 
5+25,525R 
Si75,525R 
2+25,48OR 

0-15 
0- 15 
0-15 
0-15 
0-15 
0- 15 
0-15 
0-15 
0-15 
0-15 
0-15 
0-15 
0-15 
0-15 
0-15 
0-15 
0-15 

15-30 
30-45 
0-15 
0-15 
0-15 

15-30 
3045 
0-15 
0-15 

15-30 
0-15 
0-15 
0-15 

15-30 
0-15 
0-15 
0-15 
0-15 

15-30 
3045 
0-15 
0-15 

15-30 
0-15 

15-30 
30-45 

0- 15 
0-15 

0-15 

1.7 f 1.1 
1.8 f0.67 
2.4 f 1.4 
3.5 +- 1.3 
2.0 f 1.3 

33 k6.2 
6.3 f 1 2  
2.8 f0.62 
2.4 f0.76 
2.0 f0.39 
1.2 k0.57 
1.8 f O . 5 4  
1.6 f O . 9 0  
1.2 f0.78 
1.3 f0.53 

10 f2.4 
2.0 k 1.0 
2.2 k 1.7 
4,4 f 1.0 
0.77 f 0.49 
1.2 f0.51 
2.9 f0.85 
4.2 f 1.8 
7.6 f2.9 
8.4 f3.6 

19 k8.3 
25 27.5 

1.5 rt0.38 
1.2 10.48 
3.0 rt 1.2 
4.3 rfr2.6 
1.1 f0.55 
1.1 k0.47 
1.2 40.68 
1.8 k0.72 
2.4 f 1.1 
2.9 4 1.3 
0.87 f 0.49 
1.7 f 1.1 
6.2 f 1.4 
0.94 rfr 0.46 
1.7 f 0.83 
3.9 f 1.0 
1.1 20.59 
1.3 +OS0 
1.0 k 0.70 

1.0 fO.05 
0.19 k 0.03 
0.59 f 0.08 
0.38 f 0.04 
0.39 f 0.04 
0.89 f 0.1 1 
1.0 20.04 
0.99 f 0.03 
0.76 4 0.04 
0.91 f 0.03 
0.31 -t 0.02 
0.99 k 0.03 
1.0 rfr 0.03 
1.1 k 0.05 
1.1 f0.03 
0.73 f 0.05 
0.74 f 0.03 
0.89 f 0.05 
0.82 k 0.05 
0.16 f 0.02 
0.13 k 0.02 
0.73 f 0.03 
0.86 f 0.04 
1.2 f0.18 
1.0 k0.12 
0.49 k 0.13 
0.98 f 0.27 
0.27 f 0.02 
0.16 f 0.02 
0.45 -t 0.05 
1.1 *0.09 
0.18 k 0.02 
0.23 f 0.01 
0.23 f 0.02 
0.54 k 0.03 
1.1 f0.M 
1.0 f0.07 
0.08 f 0.02 
0.33 f 0.05 
0.92 Ifr 0.05 
0.22 * 0.03 
0.75 f 0.03 
1.1 f0.03 
0.80 k 0.03 
0.11 k 0.01 
0.48 k 0.02 

1.7 k0.03 
2.0 kO.03 
3.5 *o.oB 
3.6 f0.M 
3.1 f O . 0 5  

7.2 kO.05 
1.4 f0.02 
4.2 f0.05 
3.1 * 0.03 
0.90 f 0.02 
1.1 f0.02 
2.0 f0.03 
1.2 20.03 
1.2 f0.02 

19 kO.08 
2.1 -40.03 

16 f0.14 
24 20.09 
0.71 rfrO.02 
0.68 f 0.02 
3.3 -t0.03 

12 f0.07 
26 40.23 
19 f0.18 
35 f0.21 
31 f0.38 
2.9 20.03 
1.2 f O . 0 2  

15 k0.M 
6.2 f0.08 
1.2 k0.02 
1.0 It0.m 
1.3 kO.02 
0.91 kO.02 
3.1 f0.04 
4.4 f0.07 
0.74 kO.02 
3.4 f0.07 

13 f0.07 
1.3 kO.03 
4.8 kQ.05 
5.7 rfro.04 
1.1 rto.02 
0.73 It 0.01 
1.5 kO.02 

93 f 1.0 
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S 'MA 
S74B 
s74c 
s75 
s 764 
S76R 
s 7  
S77A 
S77B 
S17C 
Sl8A 
578818 
S79A 
S79B 
s7w 
s843 
S8l 
s 82 
S83 
S 8 4  
S85 

B9 
B9 
'63x 
BlOA 
B 10B 
BXlA 
B l l B  
BllC 
B 1284. 
B12B 
B12@ 
B13A 
B i3B 
B I4A 
B 14B 
I% I4C 
B15R 
B17A 
B17B 
Bl8A 
BI8B 

fi+25,2751a 
625.27% 
&25,275L 
6+75,275L 
6+75,2?51, 
&35,27SE 
7+25,2'15L 
7+25,27SY, 
7+75,2751[, 
7+75,27SX.. 
7+?5,275L 
6+50,50L 
7+50,58L 
$+SO, 501" 
9-t55,5QL 
94-45: 1501" 
8+30,15OL 

3+60,25L 
3+6& 25L 
3+tQ 25L 
3915,26431, 
3a15, '2.601, 
3+ 12,3 10L 
3+12,31OL 
3~12,310L 
3+@. 4021, 
3+600,402L 
3+m, 4021. 
3+99,35lL 
3+99,35lL 
3+99*480L 
3+w, 4NL 
3+99, W L  
4475,485L 
4+80,335L 
4+819,335X.. 
&go, 275L 

0-15 
15-30 
38-45 
0-15 
0-15 

15-30 
3045 
0-15 

15-30 
30-45 
0-15 

13-30 
(1-15 

15-30 
3045 
0-15 
0-15 
0-15 
0-15 
0-15 
0-15 

0-15 
15-30 
31945 
0-15 

15-38 
0-15 

15-30 
30-45 
0-15 

15-30 
30-45 
0-15 

15-30 
0-15 

15-30 
30-45 
15-30 
0-15 

15-38 
0-15 

15-30 

1.0 lk 0.50 
3.0 k0-93 
1.9 90.51 
1.2 +e).% 

13 13.2 
20 k4.4 
19 57.2 
31 c7.9 
21 k4.2 
27 k3.9 
17 P 1.8 
32 k 14 
30 k 1.7 

120 * 2 3  
130 +24 
0.80 C 0.33 
0.93 _3 0.55 
0.87 k 0-46 
1.3 1: 0.73 
0.91 :t: 0.68 
5.8 f2.5 

3.1 -t 1.6 
2.8 kO.70 
2.0 f0.43 
6.8 C 1.4 
1.4 -I- 1.1 
2.2 k0-5 
3.6 -I- 1.9 
2.7 P0.97 
4.4 f2.3 
8.5 1: 1.6 
2.9 f0.W 
1.9 k 0.94 
1.9 frO.87 
1.7 1: 0.46 
3.0 k 1.8 
2.3 +0.89 
2 2  k0.M 
2.3 rirO.72 
1.2 * 0.70 
4.5 1: 1.5 
3.2 1-0.86 

0.20 + 0.02 
0.70 f 0.03 

0.71 f 0.12 
0.78 F 0.13 
0.87 k 0.21 
4.54 

1.3 kO.14 
1.0 f0.18 
0.97 k 0. 
1.5 k0. 
0.95 k 0.07 

eO.30 
1.4 10.87 
0.11 f 0.02 
0.63 & 0.03 
0.21 k 0.02 
0.53 k 0.02 
0.97 f 0.041 
1.1 kO.11 

1.1 k0.03 
0% 1: 0.25 
1.2 f 0.03 
1.2 -t0.03 
l"2 kO.06 
1.0 9 0.03 
0.68 It 0.06 
1.1 k0.07 
1.2 f 0.08 
1.1 f0.03 
0.98 i 0.04 
1.1 kO.03 
1.2 kO.06 
1.2 kO.03 
1.2 k 0.05 
1.0 f0.04 
0.76 f 0.03 
0.90 3- 0.04 
1.0 -tQ.QG 

0.75 k 0.02 
2.3 k0.03 
1.9 f 0.03 
0.58 10.01 

28 kO.20 
31 k0.21 
32 k0. 
78 -40.54 
36 k0.18 
19 k0.19 
57 f O ,  

110 t o .  
37 f0.23 

190 1-0.82 
100 3~ 1.4 

0.47 kO.(Y2 
0.80 c 0,m 
0.88 P 0.02 
0.70 f 0.02 
1.7 10 .  
3.9 Ita. 

12 fO. 
7.3 kO.05 
2.8 k 0.03 

130 f0.49 
1.9 kO.02 
2.9 It0.03 

28 kO.10 
3.8 Ifro.05 

24 *o.m 
5.2 k 0.07 
1.4 kQ.05 
3.6 fO.03 
2.6 kQ.03 
1.9 +- O , M  

18 k0.07 
3.5 k0.03 
4.3 k0.M 

14 k0.M 
2.1 kO.03 

12 k0.07 
4.7 1-0,M 
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Table4 (continued) 

Radionuclide concentration (pCi/g)b 

Sample Locatiow (cm) 238u 2 3 m  Z6Ra 

B 19B 
B20B 
B20C 
B21B 
B22B 
B23B 
B24A 
B24B 
B24C 
B25B 
B26A 
B26B 
B27A 
B27B 
B27C 
B28A 
B29B 
B30A 
B30B 
B30C 
B31A 
B3 1B 
B32A 
B32B 
B33A 
B33B 
B34A 
B34B 
B35A 
B35B 
B3SC 
B35D 
B36A 
B36B 
B36C 
B37A 
B37B 
B38A 
B38B 
B38C 
B39A 
B39B 
B39C 
B40A 
B40B 
B4oc 

5+85,27% 
5+15,192L 
5+15,192L 
5+38,33OL 
k85.301L 
6+85,41% 
8+47,35lL 
8+47,35lL 
8+47,35lL 
548,355L 
5+77,385L 
5+77,385L 
5+85,445L 
5+85,445L 
5+85,445L 
%lo, 340L 
6+30,379L 
6+32,308L 
6+32,308L 
6+32,308L 
6+93,35OL 
&93,35OL 
6+94,35lL 
6+94,35lL 
745,349L 
745,349L 
7+90,3OoL 
7+w, 3ooL 
8+08,303L 
&08,303L 
8+08,3031 
8+08,303L 
&52,31OL 
8+52,3 1OL 
8+52,3 1OL 
7 4 7 , 2 4 7 ~  
7+47,247L 
7+7 1.2481, 
7+7 1 , 248L 
7+7 1,248L 
8+0 1,250L 
8+0 1,250L 
8+01,25OL 
8+00,258L 
8+00,258L 
8+00.258L 

15-30 
15-30 
30-45 
15-30 
15-30 
15-30 
0-15 
15-30 
3045 
15-30 
0-15 
15-30 
0-15 
15-30 
30-45 
0-15 
15-30 
0-15 
15-30 
30-45 
0-15 
15-30 
0-15 
15-30 
0-15 
15-30 
0-15 
15-30 
0-15 
15-30 
3045 
45-60 
0-15 
15-30 
3045 
0-15 
15-30 
0-15 
15-30 
3045 
0-1s 
15-30 
30-45 
0-15 
15-30 
30-45 

99 f 1 4  
2.6 f 1.4 
2.2 It0.73 
1.2 f 0.68 

14 f6.1 
1.7 -1-0.51 
3.6 f 1.5 
4.6 k2.6 
5.1 k 1.4 
2.6 & 1.1 

14 f 1.9 
4 . 5  

3.8 f 1.5 
5.3 f2.2 

12 f 2 6  
2.0 f 1.1 
2.4 f 1.3 
5.2 It39 
6.7 k2.3 
8.1 f3.9 
3.8 k 1.8 
5.0 f0.79 
5.0 k2.6 
3.0 rt 1.1 

11 f7.2 
3.8 f2.3 

11 f 1.7 
29 f4.4 
3.2 f 1.2 
4.5 f 1.2 

56 f7.6 
35 f3.2 
5.7 f 2.5 
8.2 f 3.5 

14 f3.2 
30 k13 
42 s9.3 
19 f4.9 
17 k7.5 
31 f 1 4  
33 Ilr.8.2 
66 f8.2 
53 f3.7 
49 +5.3 
88 *5.5 
21 It4.8 

4 . 8  
1.3 k0.08 
1.2 Ilr.0.07 
0.72 f 0.04 
0.98 +- 0.14 
1.2 f0.03 
1.3 20.08 
1.1 ir0.m 
1.0 & 0.07 

, 1.0 f0.03 
0.74 rt 0.13 
1.2 f0.13 
1.1 f0.07 
1.1 .t-o.o8 

e0.98 
1.1 f0.09 
1.1 f0.04 
0.94kO.11 
0.68 +- 0.12 
0.84 f 0.1 1 
1.1 kO.04 
1.1 f0.05 
1.1 k0.08 
1.1 f0.06 

d.1  
4.19 

1.0 kO.05 
5.1 f 1.7 
1.0 f 0.04 
1.1 kO.08 
0.82 & 0.20 
1.0 f0.37 
1.1 kO.09 
0.97 -+ 0.08 
1.1 f0.14 
0.86 It 0.26 
4.46 

1.1 kO.19 
0.93 f 0.21 
1.0 k0.33 
0.88 k 0.15 

4.77 
1.2 k 0.08 
0.87 f 0.36 

c0.76 
1.2 rfr0.16 

1500 f3.5 
3.8 f O . 0 9  
1.9 20.05 
2.6 f0.04 

42 rtO.25 
1.6 kO.03 
3.6 50.07 
7.4 f O . 0 9  
5.2 f0.07 
4.0 rtO.04 

66 kO.26 
12 f0.13 
4.1 f0.M 

18 f0.17 

4.5 f0.08 
5.0 f0.04 
96 f0.47 
22 k0.12 
30 f0.20 
17 f0.07 
24 f0.15 
7.2 fO.09 
2.5 f0.05 

2.9 f0.07 
7.0 f0.05 

2.3 f 0 . W  
2.5 fO.06 

110 f0.36 
91 ir0.73 
4.7 k0.08 

19 +0.14 
16 It0.14 
90 t-0.69 

99 50.57 
43 f0.39 

140 kO.69 
3s kO.34 

170 f0.69 
77 f0.15 

140 k 1.5 
210 k0.85 

58 f0.68 

410 f2.3 

470 k2.7 

770 f2.3 

250 f 1.0 
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5+16,415L 
2+48,526R 
248,526R 
2+48,5ER 
2+34,41BR 
2+34,419R 
2.+34,4198 
2-4-25,381R 
2+25,381R 
2~25,381R 
2+95,575R 
3-4-20,624R 
3+74,599R 
3+S5,622R 
3 9-55.6222 
46-10.625W 
4-4-10. 6233 
44-48, S98R 
&48,598R 
3+95,55OR 
3+95,55OR 
4-4-76, mR 
4.1-05, %7R 
5+35,585R 
5s35,585R 
2+58,3WR 
2+58,36X: 
6 - 4 ,  270L 
644,270L 
W , 2 7 0 L  
6-1 80.276L 
G-4-88,2761A 
&80,275& 
7+32,2601.. 
7+59,2621[, 
7+59,262BA 
7+59,2421, 
7 +59,242L 
5+50,2WR 
5+5c, 2mX)R 
5+20, B95W 
5+2h),195K 
5+20,B958 
6+70,5258 
&70,525R 
7+70,57§313 

15-33 
0-15 
15-30 
30-45 
0-15 
15% 
30-45 
0-15 
15-30 
30-45 
0-15 
15-30 
0-15 
0-15 
15- 
0- 1 5 
15-30 
0-15 
15-30 
0-15 
1530 
0-15 
8-15 
0-15 
15-30 
0-15 
15-30 
0-15 
1s-30 
3045 
@-I5 
30-45 
454% 
0-15 
0-15 
15-33 
30-45 
45-60 
0-15 
15-30 
0-15 
15-30 
30-45 
0-15 
15-30 
0-15 

2.6 1- 1.3 
3.1 + 1.3 

11 f3.7 
4.1 k2"S 
5.3 3r 2.9 
2.8 k 1.2 
2.2 kQ.49 

15 rt 1 3  
2.5 1- 1.5 
22 *O,M 
2.5 1 1.5 

14 k 5.4 
12 P4.8 
79 f 1 3  
5.5 k 1.3 

87 -1- 13 
14 +5.0 
28 C8.5 
35 k12 

4.9 -I- 1.9 
9.4 3 2% 

34 + I 1  
1.6 k 0.75 

19 1-7.0 
25 + 8.4 
32 213 
5.0 rt2.7 

83 k15 
210 f7.1 
200 k8.7 
53 f 3 4  

150 k223 
130 f 1 2  

<30 
29 P5.2 

130 C12 
35 k3.1 
53 f 8.1 
5.1 f2.0 
1.4 rL 0.40 
6.1 f2.8 

15 f6.4 
20 -t- 5.8 

1.6 rtr 0.80 
1.8 k 0.76 
4.5 k 2.3 

1.0 it 0.05 
0.95 f 0,12 
0.92 -t 0.1 1 
1.1 k0.07 
0.70 -t- 0.08 
0.99 k 0,04 
0.93 3- 0.04 
1.1 k0.69 
0.89 f 0.05 
0.98 ir 0.04 
0.42 rt 0.03 
0.62 * 0.10 
0.82-t 0.12 

0.79 -t- 0.07 
c1.1 

4.59 
4 - 2 4  
4.38 
4-60 

0.45 It: 0.10 
0.81 1- 0.28 

<as0 
0.31 1: 0.04 
0.72 k 0.24 
1.5 1-0.71 

4 . 5 2  
0.72 * 0.06 

< O h 4  
~0.75 

0.83 f 0.20 
<1.6 
<1.2 
c1.1 
4.90 

8.95 1- 0.14 
<1.7 

2-0 rL 1.5 
1.4 20.15 
0.44 + 0.08 
0.30 1.0.02 
0.66+0.11 
0.80 k 0.63 
0.88 3: 0.12 
1 2  I0 .W 
0.W + 0.03 
0.9% * 0.04 

2-4 k0.05 
40 k0.23 

120 1-0.21 
78 k02.8 
70 f0.22 
13 10.07 
3.4 9-Q.03 

13 kO.10 
11 10.05 
21 k0.19 
39 f0.26 
-56 f0.21 

220 k 1.3 
18 10.11 

280 kO.99 
28 kO.24 

110 k0.65 
120 1-0.91 

5.7 k0.12 
.% kO.21 
84 k0.41 
4.6 fO.05 

55 rt0.37 
120 k0.36 
92 +0,68 
14 I-0.10 

3% k0.71 
1 k 0.70 

d- 0.23 
8 + 1.9 

loo0 k7.0 
320 fr2.1 
260 1-0.83 
41 k0 .23  

840 1-3.3 
220 + 1.6 
53 t0.27 
9.0 f0.13 
1.5 f0.02 
7.7 rL-0.15 

74 It0.36 
42 t: 0.31 

1.5 -1-0.02 
1.6 P0.02 

22 k0.14 
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Table4 (continued) 

Radionuclide concentration ( p c i g ) b  

238U 2w% 226Ra 
hPt f i  

Sample Locatiow (an) 

B6QB 
B65A 
B65B 
B66A 
B66B 
B67 
B68A 
B68B 
B69A 
B69B 
B70A 
B70B 
B7 1 
B72A 
B72B 
B72C 
B72D 
B73A 
B73B 
B73C 
B74A 
B74B 
B75A 
B75B 
B75C 

A1A 
A2A 
A3A 
A3B 
A3c 
A3D 
A3E 
A3F 
A3G 
A3H 
A4A 
A4B 
A4C 
M A  
A58 
A5C 
A5D 
M E  

7+70,575R 
8+75,575R 
8+75,575R 
8+w, 2oR 
8+90,20R 
9+35,3% 
8+10,82L 
8+10,82L 
8+20,109L 
8+20,109L 
11+60,51OR 
11+60,5 1OR 
10+35,42OR 
10+25,85% 
10+25,8S!L 
1Qe25,855L 
10+25,855L 
10+20,85OL 
10+20,85OL 
10+20,85OL 

e 
e 
e 
e 
e 

3+18,228L 
3+45,267L 
3+87,228L 
3+87,228L 
3+87,228L 
3+87,228L 
3+87,228L 
3+87.228L 
3+87,228L 
3+87,228L 
4+74,275L 
4+74,275L 
4-74.275 
4448,349L 
4448,3492, 
4+48,349L 
4+48,349L 
448,34911, 

15-30 
0- 15 
15-3Q 
0-15 
15-30 
0-15 
0-15 
15-30 
0-15 
15-30 
0-15 
15-30 
0-15 
0-15 
15-30 
30-45 
45-60 
0-15 
15-30 
30-45 
0-15 
15-30 
0-15 

30-45 
15-30 

0-15 
0-15 
0-15 
15-30 
30-45 
45-60 
60-75 
75-90 
90- 105 
105-120 
0- 15 
15-30 
30-45 
0-15 
30-45 
30-45 
45-60 
60-75 

2.5 f 1.1 
30 f2.2 
9 2  f3.Q 
4.5 

3.2 f 1.8 
3.2 f 0.86 
6.1 f3.0 
2.3 rt: 1.3 
6.4 f0.68 
4.0 f 1.1 
3.9 f4.6 
2.2 k 0.92 

18 f 6.6 
27 f 2 6  
54 f 16 
42 k14 
16 f4.4 
13 k4.9 
36 + l o  
20 k3.8 
2.9 & 1.6 
1.7 + 1.0 
6.0 k3.2 
2.9 f0.72 
2.4 zk 1.3 

Auger hole sampled 

4 . 7  
2.0 f0.83 
2.6 k0.97 
1.5 k 0.88 
1.7 f 0.39 
2.0 f 1.1 
1.7 f0.95 
2.1 k 1.0 
1.6 k 0.85 
1.3 & 0.43 
3.9 f0.73 
3.3 k2.0 
2.1 k 1.1 
3.0 f 1.1 
1.2 & 1.1 
1.6 f 0.50 
1.6 k 0.54 
1.6 k 0.98 

1.0 zto.04 
4.66 

0.93 +- 0.14 
0.51 f 0.20 
0.83 f 0.05 
0.50 f 0.03 
0.92 k 0.07 
1.1 f0.04 
0.91 f 0.09 
1.1 f O . 0 4  
1.0 k0.13 
1.1 k0.03 
0.36+ 0.15 
43 
4 - 6 9  
4.77 

0.76 f 0.10 
1.2 +_0.13 
0.81 + 0.23 

<OS2 
1.9 f0.05 
1.2 fO.06 
1.4 fO.10 
1.5 f0.05 
1.3 k0.07 

1.1 kO.04 
1.1 20.04 
1.1 k0.03 
1.2 2 0.05 
1.2 kO.03 
1.2 k0.03 
1.3 k0.03 
1.2 f0.04 
1.1 k0.05 
1.1 1-0.03 
1.0 k 0.07 
1.0 f 0.06 
0.82 f 0.06 
1.3 k0.05 
1.2 $0.05 
1.3 kO.04 
1.5 It 0.03 
1.3 f 0.05 

3.6 50.04 
180 5 1.1 
43 fO.27  
48 f0.15 
28 fQ.18 
18 i O . 0 6  
16 f O . l l  
4.7 f0.04 

33 30.30 
6.3 kO.04 

120 f 1.2 
2.5 fO.03 

25 f0.24 
310 2 1.5 
270 f 2.8 
170 It 1.3 
27 k0.16 
70 f0.43 

200 f 1.9 
130 50.86 

3.6 f0.04 
1.8 f0.13 
7.6 f0.23 
7.3 f0.13 
3.6 f0.18 

1.3 f0.03 
1.3 fO.02 
2.4 * O B 3  
1.2 f0.03 
1.2 kO.02 
1.2 f0.02 
1.3 f O . 0 2  
1.5 f0.03 
1.1 f0.03 
1.3 f0.02 
7.7 k0,W 
3.2 f0.05 
2.5 f0.05 
1.7 20.04 
1.2 f0.03 
1.3 kO.02 
1.5 f0.02 
1.8 kO.03 



38 

A6A. 
A78 
A7B 
AX2 
A7D 
A7E 
A7F 
A71 
A7J 
A X  
A8A 
A8B 
A8C 
A8D 
A8E 
A8G 
A9A 
A9B 
A X  
A9D 
AlOA 
AlOB 
A l a '  
AZOD 
AlQE 
AZOF 
A1W 
AlQH 
A101 
AlQJ 
AlOK 
AlQL 
A10M 
AlON 
A100 
A 1OP 
AlQU 
AlOV 
AlOW 
A l l A  

A12B 
A12C 
A12E 
A12F 

A12A 

4+70,438L 
5+86,44SL 
5+86,45L 
5986,445E 
5+86,44SL 
5+86,44SL 
5+86.445L 
5+86,44Sk 
5+86,445L 
5a86.4451, 
5+22,308L 
5922,308E 

5922,3081.. 
5+22,308L 
5922,3081 
5+88,2$4L 
5+88,2M.h.. 
5+83,284L 
5+88,284&, 
6 10,267L 
6t10,2671, 
6+10,267L 
se 10,2671 1 
6t. 10,267E 
Bt 10,2671 
6t io, 2671, 
6+ 10,2671, 
ti-+ 10,2671.. 
6+10.257L 
&lo, 2671. 
6+10,2678, 
&10* 2679, 
610,267L 
ae-10,2672 
5+ 10.25'71, 
6-k 10,2672, 
6a-10,267L 
610,267L 
629,279L 
619,3281, 
6+19,328L 
4+19,32WL 
6+19,3287, 
&l9,328C 

0-15 
@I5 
15-30 
3045 
45-60 
figz-75 
75-90 
120- 135 
135-150 
150- 170 
0-15 
15-30 
3045 
45-60 
60-75 
90.105 
3045 
45-6Q 
60-75 
75-98 
0-15 
15-30 
30-45 
45-Q4) 
60-75 
75-90 
90-105 
105-120 
120- 135 
135-150 
1 50- 1 78 
170- 185 
185-2M3 
208-21s 
215-230 
230-245 
3635-320 
3 20- 3 35 
335-350 
0-15 
0-15 
15-30 
30-45 
45-60 
60-75 

2,1 9.0.97 
4.2 1 1.4 
6.1 f 2,o 

11 f5.4 
9.3 13.2 
2.8 f 1.1 
8.1 -t 1.8 
7.1 f 1.7 
3.8 k 1.1 
3.7 f 1.8 
6.0 f 1.8 
7.2 k 1.8 
5.8 k0.76 
5.2 f2 ,4  
2.1 k0.51 
3.5 C 1.4 

12 25.7 
1.5 t 1.1 
2.0 f 1.1 
1.4 C0.50 

27 fS.2 
47 ?_: 2.5 
63 k5.8 
20 +_ 1.8 
13 12.9 
4.9 f 2.1 
3.7 1 0.87 
2.3 k 0.30 

14 k2.3 
3.1 1 0.57 
4.1 rt 0.56 
2.2 kO.45 
9.5 =t 0.91 
3.2 f0.41 
1.7 k0.30 
3.4 *a97 
4.5 C 0.71 

2.1 f 0.35 

3.2 P0.51 
1.5 -t 0.45 
1.9 k0.81 
2.5 k 0.68 
1.9 f 0.63 

11 f 1.1 

35 k6.9 

1.0 f 0.04 
1.1 f0.M 
1.1 f O . l l  
1.0 f0.14 
0.98 f 0.17 
1.3 I tO.04  
1.2 I 0.07 
1.2 kO.11 
1.3 f 0.07 
1.3 ItB.05 
0.94 k 0.05 
0.87 f 0.05 
0.92 -b 0.04 
1.0 f 0.07 
1.3 f 0.03 
1.2 kO.04 
0.90 & 0.14 
1.1 + o m  
1.1 f0.05 
1.0 k0.03 

<0.8Q 
1.1 f0.17 
1.0 t- 0.27 
1.1 f0.19 
0.97 f 0.17 
1.2 -t 0.07 
1.4 f 0.09 
1.3 k 0.03 
1.3 kO.14 
1.3 k0.08 
1.3 f 0.07 
1.2 k 0.03 
1.2 f0.14 
1.3 k0.12 
1.2 k0.05 
1.2 kO.04 
1.1 f0.08 
1.1 kO.10 
1.2 k 0.w 
0.91 f 0.16 
0.93 f 0.03 
1.1 f0.03 
1.1 f O . 0 4  
1.1 fO.08 
1.1 40.03 

1.2 10.02 
4.7 k0"M 

24 kQ.18 
52 f B . 3 0  
89 k0.50 
3.1 f O . 0 4  
1.4 f 0 . W  
8.3 f O . l l  
1.7 k0.05 
1.4 -I- 0.03 

16 f 0 . M  
13 f0.M 
12 k0.05 
3.9 k0.M 
1.4 f 0.02 
5.3 10.05 

120 f0.45 
1.4 t0.03 
1.5 C 0 . M  
1.1 kOo.02 

14 1-0.25 
31 fQ.51 
6.7 k0.17 

58 3-0.27 
2.8 10.06 
1.3 kQ.05 
1.5 fQ.02 

17 k0.m 
2.5 f0.M 
6.6 kO.08 
2.2 20.03 

22 f0.22 
14 f0.14 
1.6 f0.03 
3.6 kO.04 

11 ao.11 
18 kO.16 
2.3 kO.03 

69 f0.31 
3.6 k0.03 
1.4 f O . 0 2  
2.0 3~0.03 
2.4 kO.07 
1.3 kO.02 

370 C 1.2 
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TabIe 4 (continued) 

A12G 
A12H 
A121 
A13A 
A13B 
A l X  
A13D 
A13E 
A13F 
A13G 
A13H 
A14A 
A14B 
A14C 
A14E 
A14F 
A14G 
G14H 
A16A 
A17A 
A18A 
MOB 
A21c 
A21D 
A22A 
A23A 
A24A 
A25c 
A25E 
A25F 
A25C 
A251 
A251 
A26A 
A27A 
A27c 
A28A 
A28B 
A28c 
A28E 
A28F 
A28G 
A28H 
A281 
A281 
A28K 
A28L 

6+19,3283[, 
6+19,328L 
6+19,328L 
k92,3 1 1L 
992,311L 
5+92,31lL 
5+92,3 1 1L 
5+92,3 1 1L 
5+92,31lL 
5+92,31lL 
5+92,3 1 1L 
6+20,4OoL 
6+20,4ooL 
6+20,4OoL 
6+20,4OoL 
6+20,4OoL 
6+20,4ooL 
6+20,4OoL 
6+21, UXlL 
5+74,34lL 
2+90,115L 
957,323L 
3+65,238L 
3+65,238L 
3+69,174L 
4+36,85L 
5+35,165L 
6+00,2OoL 
6+00,2ooL 
6+00,2OoL 
6+00,2OoL 
6+00,2OoL 
6+00,2ooL 
7+73,224L 
7+62,252L 
7+62,252L 
7+11,262L 
7+11,262L 
7+11,262L 
7+11,262L 
7+ 1 1,262L 
7+ 1 1,262L 
7+11,262L 
7+11,262L 
7+ 1 1,2621, 
7+11,262L 
7+ 1 1,26211, 

75-90 
90-105 
105-120 

0-15 
15-30 
30-45 
45-60 
60-75 
75-90 
90-105 
105-120 
0-15 
15-30 
30-45 
60-75 
75-90 
90.105 
105-120 
0-15 
0-15 
0-15 
15-30 
30-45 
45-60 
0-15 
0-15 
0-15 
30-45 
45-60 
60-75 
75-90 
120- 135 
135-150 
0-15 
0-15 
30-45 
0-15 
15-30 
30-45 
60-75 
75-90 
90-105 
105-120 
120-135 
135-150 
150-170 
170-185 

2.5 f O . 9 4  
1.7 f0.56 
2.1 k0.78 

6.1 f0.89 
0.98 f 0.30 
1.5 f0.88 

1.5 f0.81 
1.3 f0.73 
1.5 f0.49 
2.2 f0.98 
2.2 40.97 
2.5 f 1.0 
1.9 f0.57 
1.6 f 1.1 
1.7 kO.84 
1.3 f0.78 
1.8 k 0.78 

12 f 1.0 
2.7 f 1.1 
3.2 f 1.7 
1.8 k0.46 
2.0 rt 1.0 
2.3 k 0.72 
1.8 f 0.78 
1.8 f 0.55 
1.6 rtO.41 
2.0 f 0.70 
2.0 f 0.97 
1.6 f 0.57 
1.8 It 1.1 
1.8 f 0.43 
1.9 It 0.76 

25 $: 3.0 
50 f3.4 
41 f 2 1  
43 f8.6 
12 It3.1 
13 24.3 
1.7 f 1.1 
2.2 kO.98 
1.9 rt 1.1 
4.8 k 1.8 
1.5 +OS5 
1.5 f0.50 
1.8 f 1.1 

21 f l 2  

11 k2.6 

1.1 f0.05 
1.1 f O . 0 4  
1.1 f0.03 
0.76 k 0.21 
1.0 f 0.04 
0.76 f 0.03 
1.Q f 0.04 
0.98 f 0.06 
1.1 f0.03 
1.0 kO.04 
0.77 f 0.03 
1.1 k0.05 
1.0 k0.04 
1.1 fO.05 
1.2 Ito.04 
1.3 k0.07 
1.3 +0.04 
1.1 fO.04 
1.1 f O . 0 4  
0.93 f 0.23 
1.5 f0.04 
1.1 f0.06 
1.1 f0.03 
1.2 f0.03 
0.95 f 0.04 
0.44 f 0.02 
1.1 kO.04 
1.2 Ito.04 
1.4 f 0.07 
1.5 -t- 0.05 
1.4 f 0.04 
1.2 It 0.05 
1.4 f 0.04 
0.16 f 0.02 
0.95 4: 0.23 
1.1 f O . 4 6  
2.5 k0.82 

c2.4 
0.95 f 0.08 
1.3 f O . l l  
1.5 kO.06 
1.2 k 0.08 
1.3 f0.05 
1.3 fO.05 
1.2 f 0.04 
1.4 f0.M 
1.5 fO.05 

1.3 kO.03 
1.2 f0.02 
2.0 f0.03 

90 f0.39 
1.2 kO.02 
0.85 f 0.02 
1.1 f0.02 

39 fO.10 
1.4 f0.02 
1.1 f0.02 
1.0 * o m  
1.4 f 0.03 
1.7 I tO.03  
3.1 +0.04 
1.5 fO.02 
1.2 f O . 0 4  
1.2 f0.02 
1.2 k0.02 
1.4 f0.02 

73 f0.41 
1.9 It0.03 
3.6 f0.06 
1.5 f0.02 
1.3 f0.02 
3.0 f0.04 
0.87 f 0.02 
1.7 f 0.02 
1.2 k 0.02 
1.5 f0.04 
1.6 f 0.03 
1.5 f 0.02 
1.4 f 0.03 
1.3 fO.02 
2.9 fO.03 
6s f0.40 

230 f 1.8 
200 f l . l  
230 f 1.5 

6.6 f O . l l  
32 rt0.17 

1.7 f0.03 
1.3 f0.03 
1.3 f0.03 

15 f0.08 
1.2 f O . 0 2  
1.3 f0.02 
1.4 f0.03 
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N 2 A  
A32B 
A32C 
A32D 
A32E 
A32F 
A32G 
A32H 
A321 
A328 
A33A 
A34 A 
A35A 
A3724 
A39A 
A40A 
A4lA 
A42.4 
A43A 
A43C 
A43D 
A43B 
A43F 
A43G 
A43I-I 
A431 
A43J 
A43K 
A43L 
A44A 
A45A 
A46A 
A4QB 
A4 
A4 
A46F 
A46G 
A46M 
A461 
A4 
A46K 
A46L 
A47A 
A47B 
A47C 
A47D 
A47E 

8+25,318E 
8 ~ 2 . 5 ~ 3  18L 
8+25,318k 
8+25,318L 
8+25,318L 
8+25, a 188. 
8+2!5,318% 
8+25,3 18L 
8+25,3 1% 
8+25,3181, 
840,192L 
$+69, 2@I., 
8+33,31)1k 
9+91,3311, 
8+28,54OL 
l(Pt-lO, 1052J" 
9+80,$3XL 
9+50,8%Oi., 
3+56,34R 
3+55,34R 
3+56,34W 
3+56,34M 
3+56,34R 
3a56,N.R 
3+56,34!2 
3+56,34W 
3+56,34R 
3+56,34R 
36-56, MR 
3+80, E7SK 
3+2Ojl, 292R 
244,357E-C 
2+44,35'/K 
2 4 , 3 5 7 R  
2+44,35 7K 
24 ,357w 
24 ,357R 
24 ,357w 
2+M, 357R 
2+44,3578 
2+44,357w 
2*, 357R 
2+3 1,393R 
2+3 1,393R 
2+3 1,393w 
2+3 1,393K 
293 1,39313 

0-15 
15-30 
3M5 
45-m 
6875 
75-90 
$8105 
105-1m 
120- 135 
135-150 
0-15 
0-15 
0-15 
0-15 
0-15 
0-15 
0-15 
0-15 
0-15 
30-65 
45-60 
@75 
75-90 
?Cc 105 
105-120 
120-135 
135- 150 
150-170 
170-185 
8-15 
0-15 
0-  1 5 
15-38 
30-45 
60-75 
75-90 
90- 105 
105-120 
120- 135 
135-150 
150-170 
170-185 
8-15 
15-30 
30-45 
45-HI 
60-75 

11 k2.2 
2.8 t 1.2 
1.8 k0.78 
4.4 n 1.4 
6.3 *2.9 
1.2 kO.66 
2.4 f 1.1 
1.8 3 1.1 
2.0 ci 1.1 
1.3 +- 11.6 
1.2 1 0.68 

14 -t 1.5 
2.8 iQ.61 
2.5 * 1.3 
1.4 10.55 
1.3 k0.73 
2.1 k 1.1 
0.73 -9- 0.36 
2.2 rt 1.1 
1.5 f0.42 
2.7 2 '1.9 
1.5 i0.52 
1.6 f.O.38 
1.9 +_ 1.0 
1.4 -t 0.97 
1.9 k0.87 
2.4 -t 1.6 
2.4 I1.1 
2 3  +_ 1.6 
2.1 -t-0.87 
1.2 90.57 
2.8 f 1.5 
2.8 & 1.2 
0.79 3z 0.53 
2.1 c 1.4 
1.3 f 0.95 
2.5 9 1.0 
1.5 +- 1.1 
3.5 k 1.4 
2.2 -+ 1.4 
1.2, k 0.95 
1.8 -k 1,B 
2.0 * 1.1 
1.5 L0.91 
1.1 k0.59 
1.0 1F- 0.44 
2.1 I12 

1.0 k0.05 
1.3 * O X 4  
1.3 k0"M 
1.2 1 0.06 
1.2 -t-0,10 
1.2 k0.03 
1.3 k0.M 
1.3 -tQ.84 
1.2 t- 0.05 
1.3 I0.M 
0.48 k 0.@2 
1.1 a-0.21 
0.97 k 0.04 
1.1 10.05 
1.2 rt0.84 
1.0 Iko.04 
1.0 -t 0.05 
0.76 k 0.03 
1.1 -to.o4 
0.74 rt 0.02 
0.W k 0.05 
1.1 kO.03 
1.1 L-0.03 
1.4 k0.W 
1.4 k0.04 
1.3 rtO.04 
1.4 3O.M 
1.2 9 0.06 
1.3 rfr0.08 
0.83 t- 0.06 
0.55 k 0.03 
0.76 f 0.05 
1.2 d- 0.05 
0.93 -t 0.03 

1.0 f 0.05 
0.81 -b 0.04 
0.89 1 O B 4  
1.0 k 8 .  
1.3 3z0.05 
1.1 k0.W 
1.2 rt0.w 
0.75 C 0.05 
1.0 * 0.04 
0.92 -t 0.03 
0.W t 0.03 
0.89 C 0.06 

15 k0.07 
1.7 f0.03 
2.3 1-0.04 
3.6 n0.06 
5.0 40- 
1.8 f0.02 
1.4 -to,m 
1.3 CO.02 
2.6 k0.04 
1.3 k0.M 
0.81 + o m  

33 kO.27 
3.6 k0.W 
1.5 10.03 
1.5 
1.2 * o m  
1.4 rtO.03 
0.87 a 0.02 
1.8 k 0.03 
1.4 f O . 0 2  
2.1 kO.04 
1.3 * o m  
1.2 It 0.82 
1.4 98.82 
1.4 kO.02  
1.3 kO.02 
1.4 1: 0.04 
1.3 k0.04 
1.3 k0.05 
1.5 10.04 
0.80 f 0.02 
5.4 -9-0.06 
2.6 kO.03 
1.7 3-0.02 

10 k0.05 
1.2 1-0.03 
1.4 * 0.03 
1.1 10.02 
1.4 1: 0.04 
1.3 k0.03 
1.1 kO.02 
1.2 k8.132 
4.6 k0.W 
1.2 i0 .Q 
1.1 k0.M 
1.0 t-0.02 
2.2 + O . M  



Table 4 (continued) 

Radionuclide concentraton (pCi/g)b 

Sample Locatiow (a) 2W.J 2=Th 2xRa 
Deptfi 

A47F 
A471 
A48A 
A48B 
A48C 
A48E 
A48F 
A486 
A48H 
A481 
A481 
A48K 
A48L 
A49A 
A5OA 
A5lA 
A51B 
A51c 
A51D 
A5 1E 
A5lF 
A511 
A52A 
A52c 
A52D 
A52E 
A52F 
AS2G 
A52H 
A521 
A52J 
A52K 
A52L 
A53A 
A53B 
A53c 
A53D 
A53G 
A53H 
A531 
A53J 
A53K 
A53L 
A53M 
A53N 
A54A 
A55E 

2+3 1,393R 
2+31,393R 
2+35,416R 
2+35,416R 
2+35,4 16R 
2+35,416R 
2+35,416R 
2+35,416R 
2+35,416R 
2+35,416R 
2+35,416R 
2+35.416R 
2+35,416R 
2+40,488R 
2+ 12,566R 
2+80,6 15R 
2+80,615R 
2+80,615R 
2+80,615R 
2+80,615R 
2+80,615R 
2+80,615R 
3+33,623R 
3+33,623R 
3+33,623R 
3+33,623R 
3+33,623R 
3+33,623R 
3+33,623R 
3+33,623R 
3+33,6238 
3+33,623R 
3+33,623R 
3+84,622R 
3+84,622R 
3+84,622R 
3+84,622R 
3+84,622R 
3+84,622R 
3+84,622R 
3+84,622R 
3+84,622R 
3+84,622R 
3+84,622R 
3+84,622R 

4+53,623R 
5+74,62lR 

75-90 
120-135 
0-15 
15-30 
30-45 
60-75 
75-90 
90-105 
105-1u) 
120-135 
135-150 
150-170 
170- 185 
0-15 
0-15 
0-15 
15-30 
30-45 
45-60 
60-75 
75-90 
120-135 
0-15 
30-45 
45-60 
60-75 
75-90 
90-105 
105-120 
120-135 
135-150 
150-170 
170- 185 
0-15 
15-30 
30-45 
45-60 
90-105 
105-120 
120-135 
135-150 
150- 170 
170-185 
185-200 
200-215 
0-15 
60-75 

1.8 f 1.2 
1.4 fO.61 
3.1 f 1.9 
3.1 f2.8 
1.3 f0.45 
4.7 f2.2 
3.0 f 1.6 
1.9 f0.43 
1.6 & 1.0 
1.5 f0.52 
1.2 f 0.76 
1.4 k0.77 
2.2 f0.95 
1.3 f0.45 
6.8 f 1.9 
1.7 k0.90 
2.9 k 0.97 
3.3 f 1.1 
3.5 f0.45 
4.9 k2.5 
3.6 f 2.3 
2.8 5 1.2 

13 k4.5 
1.8 f0.47 
2.1 f 1.0 

18 k8.4 
1.3 k0.48 
1.5 k0.53 
1.4 f 1.0 
1.9 k 1.1 
1.6 f0.98 
1.5 f0.44 
1.6 k 0.73 
3.5 rt 1.1 
4.1 rt 0.57 
2.0 f 1.0 
1.9 20.93 
1.9 f 0.95 
1.3 rtO.54 
1.6 f0.90 
1.6 f0.88 
1.8 k0.95 
1.2 20.85 
2.1 f 0.98 
2.6 k0.92 

1.5 f0.79 
10 k 1.9 

0.89 k 0.06 
0.85 f 0.03 
O.% f 0.05 
0.85 k 0.06 
0.84 It 0.03 
0.89 f 0.09 
0.81 k 0.03 
0.84 k 0.03 
0.69 f 0.03 
0.86 k 0.03 
1.0 kO.04 
1.0 f0.03 
1.3 f0.04 
0.48 f 0.02 
0.94 k 0.06 
1.0 f 0.03 
1.2 f 0.04 
1.3 f0.05 
1.2 k0.03 
1.2 kO.06 
1.0 f O . 0 6  
1.3 f0.05 
0.42 f 0.25 
1.4 k0.03 
1.4 50.06 
1.0 k0.14 
1.3 rtO.04 
1.2 kO.04 
1.2 f O . 0 4  
1.3 k0.05 
1.2 f0.03 
1.2 fO.03 
1.3 f0.08 
0.96 f 0.04 
1.0 & 0.06 
1.3 kO.04 
1.3 f0.04 
1.3 f0.04 
1.3 fO.03 
1.3 k 0.04 
1.3 f0.03 
1.2 50.04 
1.3 f 0.03 
1.2 5 0.07 
1.2 f0.04 
1.1 f0.05 
1.3 r t O . 0 6  

0.95 f 0.03 
3.0 f0.04 

29 fO.10 
38 k0.39 
1.4 f0.02 

28 k0.17 
10 kO.05 
1.0 f 0.02 
0.78 k 0.02 
5.8 f O . 0 4  
1.1 f0.03 
1.1 kO.02 
1.4 kO.02 
2.5 fO.03 
1.5 f O . 0 4  
1.3 50.02 
1.9 k 0.03 
3.2 fO.05 
3.5 f0.03 
9.0 f O . 0 9  
5.8 k0.M 
2.7 f0.04 

99 f0.43 
1.9 f0.03 
1.5 f0.M 

42 kO.44 
1.4 f O . 0 2  
1.3 k0.02 
1.3 f0.03 
2 3  f0.04 
1.3 kO.02 
1.2 f0.02 
1.3 f0.04 
9.2 f0.05 
5.6 f0.07 
1.5 f0.03 
1.4 f 0.02 
1.9 f0.03 
1.4 kO.02 
1.4 f0.02 
1.3 f0.02 
1.5 k0.03 
1.3 20.02 
1.2 kO.04 
1.3 f0.03 

11 f O . 0 6  
1.4 f 0.03 
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5+50,5%R 
5+50,594R 
5+58,5!MR 
51-50,5948 
5+5Q, 594K 
5+50,5WR 
§+so, 594ialK 
S-t50,5!MR 

&IS, 3058 
4+58,582W 
3+&., 597R 
5922,427L 
5+22,427E 
5+22,,427L 
5+22,42714 
5+22,4271, 
5+22,42'7I.. 
5+22,4271, 
5+22,4271, 
S+22,421L 
5+22,4272. 
5-4-22,427L 
5+22,4211, 
4-4-26.6218 
4+26.621R 
4+26,62lX 
4+26,62lR 
4+26,62lR 
&26,62123 
4+26,62lR 
4+26,62lR 
2+86,463R 
2+8$,463R 
2+%, 4438 
2+%,463R 
2+M, 4638 
2+86,463R 
2+M,463R 
2+&,463R 
2+M, 453R 
2+M, 463R 
24%. 463R 
34-62,578R 
362% 578R 
34-62,578R 

0-15 
15-30 

60-75 
120- 135 
135-150 
150- 170 
170-185 
0-15 
0-15 
8-35 
0-15 
0-1s 
15-38 
3w5 
45-60 
60-75 
75-90 
90-105 
105-120 
120- 135 
135-1-SO 
150-1 70 
170- P 85 
0-15 
15-30 
3045 
45-60 
so-75 
75-90 
90BOS 
105-120 
0-15 
15-30 
30-45 
45-60 
60-75 
90-105 
105- 120 
150-170 
170- 185 
185-200 
208-2 15 

815  
15-30 
3 M 5  

'4.0 +_ 1.9 
6.6 10.54 
1.9 k 1.1 
1.9 I 0.76 
2.3 40.72 
2.2 k0.54, 
1.1 k0.76 

3.1 f 1.7 
1.1 C0.48 
3.0 k 1.3 
1.9 1- 0.92 
2.4 t- 1.1 
2.9 *Oh9 
2.5 -1-0.95 
2>4 1 1-0 
2.8 k0.85 
1.0 1 1.0 
2.7 4 1.5 
2.9 Sl:0.96 
3.1 I0.56 
1.1 *a61 
1.5 10.58 
1.1 3 Q,&2 

4.6 r t O %  
1.6 10.99 
2.3 k0.71 
1.8 k0.93 
2.0 f0.55 
2.1. k 0.98 
1.2 kO.94 

8.7 f 9.78 
2.1 f 0.86 
1.9 k0.45 
2.1 If: 1.2 
6.1 * 1.6 
2 2  k 1.3 
1.3 k0.89 
1.5 +0.88 
2.4 f 1.1 
2.1 I039 
1.4 k 0.8 
1.7 t-0.4 
1.7 +OS7 

19 c3.4 

15 f 1.3 

0.68 I- 0.05 
1.0 kQ.03 
1.2 f0.M 
1.0 kO.06 
1.3 k(P.04 
1.1 C0.03 
l"2 * 0.03 
1.2 k0.05 
0.48 I0.05 
0.2s 3 0.03 
0.53 k 0.05 
1.1 k0.05 
1.1 3-0.04 
1.1 10.06 
0.97 f 0.06 
1.5 rt0.03 
1.1 k0.05 
1.3 k0.M 
1.3 f0.07 
1.3 k 0.05 
1.3 30.1Z 
1.4 k0.04 
1.3 kO.84 
1.3 k0.W 
4.54 

1.1 10.06 
1.3 k0.04 
1.3 f0.06 
1.2 ?I 0.03 
1.2 t- 0.04 
1.3 10.06 
1.3 t-0.04 
0.93 t- 0.10 
1.1 t-0,03 
O.% 1 0.04 
0.98 f 0.03 
0.94 k 0.07 
0.91 1 0.09 
0.84 k 0.06 
0.W 1: 0.03 
0.99 C 0.04 
1.3 k0.12 
1.2 + o m  
0.13 k 0.03 
1.3 k 0.04 
1.3 kOQ.W 

18 Ito.09 
3.8 10e03 
2,4 kO.05 
1.1 *0.w 
1.4 10.02 
1.1 4 0.02 
1.2 kO.02 
1.1 4-0.03 
5.2 k0.M 
0.56 -t- 0.02 
4.4 CQmM 
2-2 k0.W 
3.3 ? o m  
3.1 -I. O.M 
1.0 f 0.04 
1.4 k0.M 
2.7 .ItO.oQ 
1.3 4o.m 
1.3 f 0 . W  
1.2 40.03 
1.5 3-0.m 
1.4 k0.82 
1.3 10.02 
1.4 P 0.03 

190 +OS1 
41 .k0.12 
2.1 10.03 
1.4 k0.W 
1.3 kO.02 
1.9 -1-0.02 
1.4 k0.04 
1.3 10.02 

20 a0.16 
8.4 kO.11 
2.0 f0.03 
1.1 -1-0.02 
1.3 k0.05 

17 90.13 
3.5 "10.06 
3.9 3~0.03 
2.8 kO.04 
3.1 10.09 
1.7 1: 0.02 
2.7 f0.03 
2.7 +0.03 
3.6 1-0.03 
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Table 4 (continued) _ _ ~  __ __ 
Radionuclide concentration @Ci/g)b 

Sample Lucationa (cm> 238U 2 3 m  226Ra 
Depth 

A66A 
A67A 
A67E 
A67F 
A67G 
A67H 
A671 
A67J 
A67K 
A68A 
A69A 
A7OC 
A71B 
A72A 
A73A 
A74A 
A75A 
A76A 
A77A 
A78A 
A79A 
A80A 
A8OB 
A80C 
A80D 
A80E 
A80F 
A801 
A80J 
A80K 
A8lA 
A81B 
A8lC 
A81E 
A81F 
A81G 
A82A 

3t35.445113. 
4+92,49OR 
4+92,49OR 
4+92,490R 
4+92,49OR 
4+92,49OR 
4+92,49OR 
4+92,49OR 
4+92,49OR 
7+23,60OR 
7+84,58OR 
1Ot50,532R 
9+81,193R 
8+75,50L 
3+05,533R 
4+08,435R 
11+15,33OL 
15+50,870L 
15+60,42OL 
13+50,12lOL 
1245,1770L 
3+76,79R 
3+76,79R 
3+76,79R 
3+76,79R 
3+76,79R 
3+76,79R 
3+76,79R 
3+76,79R 
3+76,79R 
-2-2 1,28R 
-2-21,28R 
-2-21,28R 
-2-2 1 * 28R 
-2-21,28R 
-2-2 1,28R 
4+50,574R 

0-15 
0-15 
60-75 
75-90 
90-105 
105-120 
120-135 
135-150 
150-170 
0-15 
0-15 
30-45 
15-30 
0- 15 
0-15 
0-15 
0-15 
0-15 
0-15 
0-15 
0-15 
0-15 
15-30 
30-45 
45-60 
60-75 
75-90 
120- 1 35 
135-150 
150-170 
0-15 
15-30 
30-45 
60-75 
75-90 
90- 105 
0-15 

1.1 4058 
1.1 k0.65 
0.78 It 0.36 
0.93 4 0.42 
0.93 4 0.49 
1.7 f0.57 
1.2 f 0.72 
1.7 f 1.2 
1.7 k0.46 
2.3 +OB7 
2.2 f 1.5 
1.6 40.90 
1.5 f0.91 
1.9 f 1.2 
0.84 f 0.50 
0.78 f 0.39 
1.6 f 1.2 
1.6 40.79 
1.3 40.44 
2.6 -4 1.4 
1.1 k0.38 
1.4 _+ 1.1 
1.7 f0.66 
1.5 f 0.67 
2.3 f0.89 
1.4 k 1 2  
3.1 k 1.0 
1.8 40.49 
1.7 10.55 
1.4 rt0.42 
2.4 4 1.2 
1.7 k0.83 
1.4 f 0.69 
1.2 k 0.62 
1.4 f 0.56 
1.7 f0.95 
1.9 40.67 

0.12 k 0.02 
0.26 f 0.02 
0.70 f 0.02 
0.76 k 0.02 
0.70 rt 0.04 
1.0 f 0.03 
O.% f 0.03 
1.4 kO.06 
1.3 f0.03 
0.15 f 0.03 
0.82 f 0.04 
0.58 1 0.04 
0.91 k 0.04 
0.85 _+ 0.05 
0.30 rt 0.02 
0.24 f 0.02 
1.1 kO.06 
1.4 f0.03 
0.78 k 0.03 
1.1 *0.06 
0.23 k 0.02 
1.0 rt 0.03 
0.81 k 0.04 
0.73 f 0.03 
0.88 & 0.04 
1.1 f0.04 
1.1 k0.05 
1.2 kO.04 
1.4 f 0.04 
1.4 k 0.03 
1.4 10.04 
0.95 k 0.05 
0.94 f. 0.05 
0.98 f 0.03 
0.98 rt 0.04 
1.1 f0.07 
0.21 f 0.03 

0.83 f0.02 
0.72 f 0.02 
0.82 1 0.02 
0.91 f 0.01 
0.72 f 0.02 
1.2 f0.02 
1.1 kO.02 
1.4 f0.03 
1.3 f0.02 
1.0 10.02 
6.9 fO.07 
0.78 1 0.03 
1.3 f0.02 
1.4 k0.03 
1.0 k 0.02 
0.71 10.01 
1.8 kO.04 
1.5 f O . 0 2  
0.96 rt 0.02 
1.3 f0.04 
0.91 f O . 0 2  
2.8 f0.03 
1.6 f0.03 
1.1 rto.02 
1.2 rf:0.03 
1.3 f0.03 
2.7 kO.05 
1.6 k0.02 
1.4 kO.02 
1.4 k0.02 
2.3 10.03 
1.2 f0.03 
1.0 f0.03 
1.1 kO.02 
1.0 f0.02 
1.1 f0.04 
4.6 kO.04 

=Locations are shown on Figs. 13 and 14. 
Qrtdicated counting error is at the 95% confidence level (+ 20). 
CSystematic samples are taken at selected localions irrespective of gamma exposure rates. 
dsiased samples are taken from areas shown to have elevated gamma exposure rates. 
eSample B74 was taken from 309 f t  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 f m  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 measurement$ may or may not have been elevated. 
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Table 5. ~ o ~ ~ ~ ~ ~ ~ a ~ ~ o ~ ~  of , and WU in soil samples from the 
emied Cornpan vi&, Ohio (DM 

Radionuclide concentradon (pCi/g) 

23oK 2WZa U8U 
Sample Wh 

ID lLocat.ioaP1 (cm) - 

B3C 

B9B 

B 10A 

B26B 

B29B 

B34W 

B40B 

B43A 

B45A 

A461 

s im. 

3+m, 251, 

3+15,260E 

5+77,3853, 

5930,3791” 

7+90,3mn, 

8+W, 258L 

2+48,526R 

2+25,38BR 

244,35782 

30-45 

15-30 

0-15 

15-30 

15-30 

15-30 

15-30 

0-15 

0-15 

Bimed sslnples 

5.9 f 0.81 

27 f2.7 

14 f 2 . 7  

1.9 f 0.54 

43 f2,7 

35 12 .7  

62 k2.7 

76 f2 .7  

Auger hole samples 

120-135 5.1 fQ.81 

6.7 &fro, 

7.3 f0.05 

130 f 0.49 

12 f a 1 3  

5.0 f 0.04 

770 f2 .3  

210 f 0 . 8 5  

40 i 0 . 2 3  

130 10.87 

1.4 f0.04 

6.4 rt 1.7 

2.8 f 0.7 

6.8 f 1.4 

4 . 5  

2.4 f 1.3 

29 f 4 . 4  

88 f5.S 

3.1 1 1 . 3  

15 f 1.8 

3.5 f 1.4 

A51F 240,615R 75-90 35 f2.7 5.8 f0.07 3.6 f 2.3 

G-mtions are shown QII Figs. I3 and 14. 
bIndicatedl counting error is at the 95% confidence level (f 20) .  
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Table 6. Radionuclide concentrations in soil samples collected &om the Lon= Chemical 
Company property bordering Uniroyal property at 679 Hardy Road, 

Painesville, Ohio @MPM)2) 

Radionuclide concentration (pCi/g)b 

2 3 2 n  226Ra 
Sample Depth 

ID Locations (cm) 238U 

S1A 
S2A 

B1A 
B 1B 
B2A 
B2B 
B3A 
B3B 

5+75,63OR 
7+25,628R 

4+25,627R 
4+25,627R 
4+08,626R 
448,626R 
4+50,627R 
4+50,627R 

0-15 
0-15 

0-15 
15-30 
0-15 
15-30 
0-15 
15-30 

Systematic samplesc 

1.7 k 0.49 
1.1 k0.43 

18 k6.8 
9.5 k2.1 

310 +32 
63 k31 
5.5 J-2.7 
4.7 k 1.4 

0.67 kO.02 
0.78 fO.03 

0.32 k0.18 
0.53 kO.08 

<1.2 
4 . 1  

0.83 f O . l l  
0.74 f0.05 

1.7 +O.Q2 
1.6 H.02 

91 k0.45 
28 k0.15 

loo0 f7.3 
170 f 1.4 

8.0 f0.12 
4.2 50.06 

OLocations shown on Fig. 13. 
hdicated counting error is at the 95% confidence level (f 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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DMPl A M I  

Fig, A.P. 
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Garnrna profile of auger hole A l .  
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Fig. A.2. Gamma profile of auger hole A2, 
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ORNL-DWG 91-17856 
DMPIA004 

,7 
DEPTH (meters) 

Fig. A.3. Gamma profile of auger hole A3. 

DMPlAW3 ORNL-DWG 91-17857 

DEPTH (meters) 

Fig. A.4. Gamma profile of auger hole A4. 
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DMPlA005 

1.20 

1.10 

g 1.00 

Ei 
c 
E 

0 

= 0.90 

2 0.80 

0.70 

0.60 
( 

O W - D W G  91-17858 

1 1 1  
P 1.4 1.6 1.8 0 

DEPTH (meters) 

Fig. A.S. Gamma profile of auger hole AS. 

O W - D W G  91-17859 DMPlA006 

DEPTH (meters) 

Fig. A.6. Gamma profile of auger hole A6. 
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DMPlA007 

14.00 

12.00 

10.00 

8.00 

6.00 

4.00 

2.00 

0.00 
0.0 0.2 0.4 0 
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Fig. A.7. Gamma profile of auger hole A7. 

ORNL-DWG 91-17861 DMPiA008 

DEPTH (meters) 

Fig. A.8. Gamma profile of auger hole A8. 
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DMPl A009 ORNL-DWG 91-17862 

DEPTH (meters) 

Fig. A.9. Gamma profile of auger hole A9. 

8 

O N - D W G  91-17863 DMPlAOlO 

DEPTH (meters) 

I .o 

Fig. A.10. Gamma profile of auger hole A1 
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- -  
DEPTH (meters) 

Fig. A . l l .  Gamma profile of auger hole A l l .  

DMPlAOl2 O W - D W G  91-17865 

DEPTH (meters) 

Fig. A.12. Gamma profile of auger hole A12. 
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O N - D W G  91-17866 

0 
DEPTH (meters) 

Fig. A.13. Gamma profile of auger hole A13. 

DMPI A01 4 ORNL-DWG 9 1 - 17867 

DEPTH (meters) 

Fig. A.14. Gamma profile of auger hole A14. 
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Fig. A.M. Gamma profile of auger hole A17. 
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DMPlAOlB ORNL-DWG 91-17870 

DEPTH (meters) 

Fig. A.17. Gamma profile of auger hole A1S. 

DMPI A020 ORNL-DWG 91-17871 

DEPTH (meters) 

Fig. A.18. Gamma profile of auger hole A20. 
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DMPl A021 

0.0 0.2 0 

Fig. A.19. 

ORNL-DWG 91-17872 

DMPIA022 

1.1c 

1.05 

1 .oa 
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E 
3 0.95 
8 e 0.90 

2 
5 
F 0.85 

0.80 

0.75 

0.70 
c 

DEPTH (meters) 

8 

O W - D W G  91-17873 

3 

Fig. A.20. Gamma profile of auger hole A22. 
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DMP1A023 OFWL-DWG 91-17874 

DEPTH (meters) 

Fig. A.21. Gamma profile of auger hole A23. 

OMPfA024 ORNL-DWG 91-17875 

Fig. A.22. Gamma profile of auger hole A24. 



59 

DMPl A025 

1 .OO--- 

E 0.90 - 

E 
i = 0.80 
L 
2 0.70 / I- 

0.60- 

I 

0.50 .-- 
0.0 0.2 0 

Fig. A.23. 

/ 

f 

I 0.6 0.8 1 
DEPTH 

O W - D W G  9 1 - 17876 

- 
I 

I 

~ .- 

I b 

3 1.2 1.4 1.6 1.8 2 
(meters) 

Gamma profile of auger hole A25. 

DMPl A026 ORNL-DWG 91-17877 

DEPTH (meters) 

Fig. A.24. Gamma profile of auger hole A26. 
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Fig. A.25. Gamma profile of auger hole A27. 
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Fig. A.26. Gamma profile of auger hole A28. 
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Fig. A.27. Gamma profile of auger hole A32. 

Fig. A.28. Gamma profile of auger hole A33. 
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Fig. A.29. Gamma profile of auger hole A34. 
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Fig. A.31. Gamma profile of auger hole A37. 
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Fig. A.32. Gamma profile of auger hole A39. 
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Fig. A.35. Gamma profile of auger hole A42. 
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Fig. A.36. Gamma profile of auger hole A43. 
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Fig. A.37. Gamma profile of auger hole A44. 
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Fig. A.38. Gamma profile of auger hole A45. 
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Fig. A.39. Gamma profile of auger hole A46. 
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Fig. A.40. Gamma profile of auger hole A47. 
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Fig. A.42. Gamma profile of auger hole A49. 
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Fig. A.43. Gamma profile of auger hole A50. 
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Fig. A.44. Gamma profile of auger hole AS1. 
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Fig. A.45. Gamma profile of auger hole A52. 
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Fig. A.46. Gamma profile of auger hole ,453. 
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Fig. A.48. Gamma profile of auger hole ,456. 



DMPiA057 

72 

ORNL-DWG 91-17902 

DEPTH (meters) 

Fig. A.49. Gamma profile of auger hole A57. 
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Fig. A.50. Gamma profile of auger hole AS$. 
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Fig. A.51. Gamma profile of auger hole A59. 
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Fig. A.52. Gamma profile of auger hole A60. 
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Fig. A.53. Gamma profile of auger hole A61. 
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Fig. A.54. Gamma profile of auger hole A62. 
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Fig. A.55. Gamma profile of auger hole A64. 
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Fig. A.56. Gamma profile of auger hole A65. 
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Fig. A.57. Gamma profile of auger hole A66. 
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Fig. A.62. Gamma profile of auger hole A71. 
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Fig. A.63. Gamma profile of auger hole A72. 
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Fig. A.64. Gamma profile of auger hole A73. 
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Fig. A.65. Gamma profile of auger hole A74. 
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Fig. A.66. Gamma profile of auger hole A75. 
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Fig. A.67. Gamma profile of auger hole A76. 

O N - D W G  91-17921 DMP1A077 

8 
DEPTH (meters) 

Fig. A.68. Gamma profile of auger hole A77. 
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Fig. A.69. Gamma profile of auger hole A78. 
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Fig. A.70. Gamma profile of auger hole A79. 
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Fig. A.71. Gamma profile of auger hole ASO. 
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Fig. A.72. Gamma profile of auger hole A81. 
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