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ABSTRACT 

A radiological survey was conducted in 1984 by the Oak Ridge National Laboratory of 
private properties adjacent to the former C o t ~ e ~  site at 82 0 Latty Avenue, 

/Berkeley, Missouri. During the: 1960s and 1970s, process wastes and residues 
generated by the roductioa and refining of uranium materials were stored at tbe site 
(currently own& y the Jarboe Realty and fnvestmb: t Company). ~~~~~~~~~t to the 
seslaoval and transport of the stored wastes, along with a portion of tbe tap soil, to other 
~ ~ c ~ ~ ~ ~ n ~ ~  i t  was found that the soil r ~ ~ a i ~ ~ n ~  on the site contained ~ ~ ~ ~ ~ ~ c t ~ ~ ~  residuals. 
This report describes the survey of the properties adjacent to the site. Xncluded were 
gamma exposure rates at the ground surface and at 1 m above the sur€ace throughout the 
site; sampling of surface soil; sampling of subsurface soil from auger holes; gamma logging 
of auger holes; and, sampling of sediment and surface waters receiving drainage from the 
site. The results of the survey demonstrated some degree of radioactive ~ o n ~ a ~ ~ n a t ~ o n  over 
most of the area surveyed. The major contaminant was 23%h with 226Ra and 238W m u r -  
ring in lesser amounts, The maximum concentrations of 226Ra, 23aT~,  and 238U found in 
soil were 1400, 81,OOO, and 990 pCi/g, respectively. The maximum depth at which con- 
tamination was measured was 2 rn. Although samples of drainage waters showed no evi- 
dence of contamination, migration of the radioactive materials was indicated by elevated 
concentrations of 226Ra, 230Th, and 23sU in se4iment samples taken from those waters. 
The pattern of radionuclide contamination observed in most soil and sediment samples is 
typical of the wastes and residues which had been stored at the former Cotter site, 
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INTRODUCTION 

Process wastes and residues associated with the production and refining of uranium 
materials were generated by the Mallinckrdt Chemical Works, St. Louis, Missouri, dur- 
ing the period 1942 through the later 1950s. According to a Nuclear Regulatory Commis- 
sion (NRC) report,' residues which had been stored at the St. Louis Airport property were 
moved by the Continental Mining and illing Company of Chicago, Illinois, to the Latty 
Avenue Storage Site in Hazelwood, Missouri, in early 1966. The Latty Avenue Storage 
Site is located in a low-lying industrialized area in ~ a ~ e ~ ~ ~ d / ~ ~ r k e ~ ~ y ,  Missouri, approx- 
imately 12 miles northwest of St. Louis. The Commercial Discount Corporation, Chicago, 
Illinois, purchased the residues in January 1967. Much of the material was dried and 
shipped to the Cotter Corporation facilities in Canon City, Colorado. These ~ ~ t e r ~ a ~ s  
included ore residues and uranium-, thorium-, and radium-bearing process wastes. Materi- 
als remaining at the Latry Avenue Storage Site were sold to the Cotter Corporation in 
December 1969. Records indicate (hat residues remaining on the site at that time included 
74,000 tons of Belgian Congo pitchblende rai'finake ~ ~ ~ t ~ i ~ ~ ~ ~  113 tons of uranium, 
32,500 tons of Colorado raffinate containing 48 tons of uranium, and 8780 tons of leached 
barium sulfate containing about 7 tons of uranium. During Augzlst through November 
1970, Cotter Corporation dried some of the remaining residues and ship 
Cotter mill in Canon City, Colorado. An estimated 10,000 tons of Colorado raffinate and 
8700 tons of leached barium sulfate remained at the Latty Avenue site in December 1970. 

In April 1974, an NRC inspector was informed that the remaining Colorado raffinate 
had been shipped without drying to Canon City during the prior year (1973) and that the 
leached barium sulfate had been transported to a landfill area in St. Louis County. Twelve 
to eighteen inches of top soil were reported to have been stripped from the Latty Avenue 
site surface and supposedly were removed from ihe site with the leached barium sulfate. 
However, analysis of soil samples taken during an NRC investigation of the site in 1976 
indicated the presence of uranium- and thorium-bearing residues. 

In 1977, a survey was conducted by Oak Ridge National Laboratory (QRNL) to 
characterize the radiological conditions at the site. It was determined that alpha and beta- 
gamma contamination levels on surfaces in buildiiigs on the site exceeded NRC guidelines 
for release of decontaminated property for unrestricted use.* Numerous areas having 
gamma exposure rates of 300-.500 pR/h were ckarly above criteria recommended by the 
International Commission on Radiological Protection ( ICRP).3 It was estimated that the 
top three inches of soil on much of the area contained an average of 140 pCi/g of 226Ra 
and probably higher average concentrations of 2381J, 230Th, and 227Ac. 

At the request of the U.S. Department of Ehergy (DOE), a preliminary survey of 
properties adjacent to and in the vicinity of the former Cotter site at 9200 Latty Avenue 
was made in September 1983 to determine if contarnination was present on any vicinity 
properties and to evaluate the scope of work required to perform radiological assessment 
surveys on these proper tie^.^ Elevated gamma radiation levels were observed on all prop- 
erties adjacent to 9200 Latty Avenue, especially on those properties to the north, east, and 
south. 

I 
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The potentially contaminated regions identified during the preliminary evaluation were 
surveyed by ORNL during the period January through April, 1984. This report describes 
the results of that portion of the survey which included private properties adjacent to and 
in the vicinity of the former Cotter site, now the Jarboe Realty and Investment Company. 
The surveyed properties are owned by the General Investment Fund Real Estate Holding 
Company and the Norfolk and Western Railroad. The results of radiological surveys of 
Latty Avenue in the vicinity of the former Cotter site and of the perimeter fence line sur- 
rounding the site are provided in separate  report^.^?^ 

SURVEY MEWQDS 

The radiological survey of this property included: (1) gamma radiation exposure rates 
at the surface and at 1 rn above the surface throughout the site; (2) concentrations of 
226Ra, 230Th, and 238U in surface and subsurface soil samples; (3) concentrations of 
226Ra, 23@Th, and 238U in sediment samples; (4) concentrations of 226Ra, 230Th, 238U and 
21$b in water samples; and, ( 5 )  gamma radiation levels at various depths in auger holes 
drilled on the site. The radiological survey followed a general plan developed at ORNL for 
vicinity properties in Hazelwood and Berkeley, Missouri.' A comprehensive description of 
the survey methods and instrumentation has been presented in another report.' 

To provide better definition of contamination, the site was divided into 50 X 50 ft grid 
blocks as shown in Fig. 1. Accessible areas in each grid block were scanned with a port- 
able gamma scintillation meter, and the range of measurernents found within the block 
was recorded. Additionally, soil samples were taken from the surface at systematically 
selected locations and from auger holes drilled in regions of suspected contamination. 
Additionally, water and sediment samples were collected from surface waters receiving 
drainage from the site. The soil, sediment, and water samples were analyzed for 238U, 
226Ra7 and 23*Th content. 

SURVEY RESULTS 

Applicable federal guidelines for radiation exposure to the general public from residual 
contaminants in soil are given in Table 1. Typical background radiation levels for the St. 
Louis area are presented in Table 2. These data are provided for purposes of comparison 
with the survcy results reported in this section. 

All measurements presented in this report are gross readings; background radiation lev- 
els have not been subtracted. Similarly, background concentrations have not been sub- 
tracted from radionuclide concentrations in soil samples. 

GAMMA EXPOSURE RATE MEASUREMENTS 

Results of grid point measurements of gamma exposure rates at the surface and at 
1 m above the surface. and the range of gamma radiation levels detected during the 
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gamma scan of grid blocks are given in Table 3. The maximum gamma exposure rate on 
this site was 900 pR/h at the ground surface as determined during the scan of the grid 
blocks. Grid point measurements at the ground surface ranged from 7 to 680 pR/h and 
averaged 21 ,uR/h. The gamma exposure rates at 1 m above the ground surface at grid 
points ranged from 8 to 560 pR/h with a mean of about 19 &/h. 

Surface soil samples were collected from systematic locations at a depth of 0 to 15 cm 
to provide representative ~~~~~~~~ of the site. In addition, samples were collected from 
settxted locations showing elevated gamma radiation levels and are designated as "biased" 
samples. Sample locations are shown on Fig. 2 laad the results of soil analysis are given in 
Table 4. Concentrations of 226Ra in systematic samples ranged from 0.99 to 250 pCij'g 
and averaged 7.2 pCi/g; 238W c o n ~ ~ ~ ~ ~ ~ ~ ~ ~ n s  ranged from 1.0 to 218 pCi/g and averaged 
5.9 p/Ci/g. Mean concentrations of and 238U exceeded background Bevels by factors 
of about 7.5 and 6.5, respectively. Concentrations ~f 230Th in systematic samples ranged 
from 2.5 to 8800 pCi/g with a mean of 220 pCi/g. The maximum concentration of each 
of the r a ~ ~ o n u c ~ ~ d ~ s  was found in. sample number 7 collected near the fence at the east 
side of the former Cotter site. 

In biased samples, concentrations of 226Ra ranged from 1.0 to 270 pCi/g, averaging 
100 pCi/g; 23gU concentrations ranged from 1.8 to 220 pCi/g with a mean of 75 pCi/g. 
Concentrations of 2?l% in biased samples ranged from 18 to 13,000 pCi/g and averaged 
38m pCi/g. 

SUBSURFACX SOIL SAMPLES AND GAMMA LWGING OF AUGER H 

One or more soil samples were collected from each of the auger holes which were 
drilled at the locations shown on Fig. 3. The sampling depths chosen usually included the 
region of maximum gamma radiation level as indicated by the gamma log. At selected 
locations, Shelby tubes and/or split-spoon samplers were used to collect subsurface sam- 
ples at known depths. The results of radionuclide analysis are given in Table 5.  

Concentrations of 226Ra and 238U in soil samples from auger holes ranged from 0.7 to 
1400, and 0.35 to 990 pCi/g, respectively. Concentrations of 23@Th ranged from less than 
8.5 to 81,000 pCi/g. The maximum concentration of each radionuclide was found in a 
sample taken from hole number 7 at a depth of IS to 30 cm, 

Each of the auger holes was "logged" using a gamma scintillation detector. A plastic 
pipe (PVC Schedule 40) with a &in inside diameter was placed in the hole, and a NaI 
~ c ~ n t i l ~ a t ~ o n  probe was lowered inside the pipe. 'The probe was encased in a lead shield 
with a horizontal row of collimating slits on the side. This collimation allows measurement 
of gamma radiation intensities resulting from Contamination within small fractions of the 
hole depth. Measurements were usually made at 15- or 30-cm intervals. Logging of the 
auger holes was done to determine the extent of subsurface contamination at each loca- 
tion. Profiles of gamma intensity as a function of depth are presented in the Appendix. 
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The gamma logging used here is not r a d ~ o n ~ c ~ ~ d e  specific. However, the logging data, 
in conjunction with the soil analyses data, may be used to estimate the region of contami- 
nation in the auger holes. It appears from a comparison of these data that a reading of 
1008 cpm or greater using the shielded scintillator indicates the presence of elevated wn- 
centrations of 226Ra and/or 238U. Cons uently, soil giving rise to 1000 cpm or greater on 
the scintillator, OF containing radion ide concentrations above criteria (Table 1) as 
determined from soil analysis, was considered as contaminated soil. Using these criteria, 
an estimate of the region of contamination in each hole was made. These data are listed in 
Table 6. A word of caution should be added in the interpretation of the data presented in 
Table 6. Only those holes yielding a positive indication of contamination, using the previ- 
ously stated criteria, are listed as having a region of contamination; an entry of %one” 

site a location means only that no positive indication of contamination was observed 
using the “logging” and sampling procedures employed on this site. Because of the diffi- 
culty of detecting 230Th with this in-situ hole logging device, concentrations of 23@Th in the 
absence of 226Ra considerably in excess of 5 pCi/g may have gone undetected. 

The maximum depth at which contamination was measured was 2 m. In general, 
radionuclide concentrations decreased with increase in depth. The maximum contamina- 
tion was measured at an average depth of 0.1 m. 

SEDIMENT AND WATE 
Water and sediment samples were collected from surface waters receiving drainage 

from the site. Samples were taken from drainage ditches, outfalls, and streams, as well as 
from Coldwater Creek. Sampling locations are shown in Fig. 4 and results of radionuclide 
analyses are listed in Table 7. Concentrations of 226Ral 238U, 230Th and 2’%’b in 
samples were well below the concentration guides for water for unrestricted use (10 
20). However, concentrations of 226Ra, 238U, and 230Th were elevated in some s 
samples, ranging as high as 170, 190, and 8100 pCi/g, respectively. Although no r 
cal surveys were performed on properties north of the drainage ditch and east of Cold- 
water Creek, elevated concentrations of radionuclides found in sediment samples collected 
from the banks of these streams may be indicative of possible contamination on adjacent 
properties. Sample number 9, collected from the east bank of Coldwater Creek adjacent to 
the Hutter property, showed a concentration of 700 pCi of 230Th per gram of soil. Con- 
tamination was evident at locations both north and south of the surveyed area. 

SIGNIFICANCE OF FINDINGS 

A summary of measurement results of the radiological siirvey conducted on this site i s  
provided in Table 8. Radioactive contamination was found to some extent over most of 
the surveyed area. Gamma exposure rates measured during the scan ranged from 7 to 
900 pR/h at the ground surface while grid point measurements averaged 19 and 21 pWjh 
at 1 m and at the surface, respectively. Typical background for the; St. Louis area ranges 
from 5 to 8 pR/h, averaging 6 pR/h. In general, gamma levels were highest near the 
fence line surrounding the Jarboe property, especially on the east side. 
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The results of soil analysis establish the presence of radionuclides in elevated concen- 
trations over most of the site. The major contaminant is '30TTh with 226Ra and 238U occur- 
ing in lesser ramounts. Concentrations of 230Th exceeded the DOE guideline of 5 pCi/g for 
surface soil in 63 of 70 representative samples. The average concentration in those Sam- 
ples, 220 pCi/g, is -45 times that guideline. Of the 86 auger holes drilled, 64 contained 
2"6Ra and/or r30Th concentrations exceeding one or both of the DOE guidelines of 5 and 
15 pCi/g for surface and subsurface soil, respectively. The  ax^^^^^ concentrations of 
226Ra, *"@I%, and 238U in soil were 1400, 81,OCN), and 990 pCi/g, respectively, and were 
found in a sample taken from a depth of 15 to 30 cm. The maximum depth at which eon- 
~ ~ ~ ~ n ~ ~ i o ~  was measured was 2 rn. On the average, the region of maximum contamination 
was found at 0.1 m. ~n general, the activity of 2 2 6 ~ a  and 2 3 8 ~  was rougktly equal in the 
soil samples, indicating secular equilibrium which is characteristic of uranium ore 
rnatcrial. However, this relationship was not as constant in some samples collected from 
near the south end of the Jarboe property. In those samples (31, €33, and samples from 
auger holes 12-1 8) 226Ra concentrations predominated. 

Although radionuclide concentrations in water samples retrieved from drainage streams 
and Coldwater Creek were well below permissible levels for unrestricted use, migration of 
the radioactive materials was evident. Concentrations of 226Ra, 238U, and 230Th were 
elevated above typical background values in  sediment samples collected from drainage 
areas both north and south of the properties. Th.e maximum concentrations of 226Ra and 
23@Th (170 and 8100 pCi/g, respectively) exceed the DOE guideline for surface soil 
( 5  pCi/g) by factors of 34 and >1600. The eletated concentrations of 23%.h observed in 
the majority of soil and sediment samples are typical of the wastes and residues which bad 
been stored at the site. 
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Table 1. Applicable guidelines for protection against radiation 

Mode of exposure Exposure conditions Guideline value Guideline source 

Radionuclide concentrations Maximum permissible concen- 
in soil tration of the following 

radionuclides in soil 
above background levels 
averaged over 100 m2 area 

232Th 

23oTh 

228Ra 
226Ra 

Radi~nuclibca in *iatei Maximun; prmissible COI?C~T,- 

tration of the following 
radionuclides in water for 
unrestricted use 

23@T.h 

'loPb 

2 3 8 ~  

226Ra 

Maximum contaminant level 
combined 226Ra and 228Ra 
in drinking water 

5 pCi/g averaged U.S. Department of Energy Guide- 
over the first 15 cm 
of soil below the 
surface; 15 pCi/g 
when averaged over 
15-cm-thick soil 
layers, more than 
15 cm below the 
surface 

lines for Residual Radioactivity at 
Formerly Utilized Sites Remedial 
Action Program and Remote 
Surplus Facilities Management 

WRC 10 CFR 20.105 Appendix B, 
Table I1 

4 x IO4 pCi/L 
2 x io3 pGi/L 
30 pCi/L 
100 pCi/L 

5 pCi/L EPA-National Primary Drinking 
Water Regulations (40 CFR 141) 

c. 
c 
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Radiation level or 
radionuclide concentration Type of radiatioaa measurement 

or sample ___ l._l__ 

Range Average 

Gamma exposure rate at 1 rn above floor or 5-8 5 
ground surface (pW/h) 

Concentration of radionuclides in 
soil (pCi/g) 

2381J 0.33. -1.2 0.9 1 
0.31-1.3 0.96 
0.3 3-1.2 0.9 1 

a230Th assumed to he in equilibrium with 2381J. 
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a exposure rate 
properties LM 

Grid point measurementsh 
Range of gamma 

exposure rates 

expmu re exposur~ rate of grid blockC 

.. _. 
(PR/hb 

Grid 
locationa Gamma Gamma during scan 

rate at 1 rmi at the surface (MR/h) 

04-50, RL 
14-00, BL 
1 +50, BL 
2+00, BL 
24-50, BL 
3 4- 00, BL 
34-50, BL 
8-4-50, BL 
9+00, BL 
94-50, BL 

10-4-00, BL 
O +  50, 50R 
1 +QO, 50R 
1 +50, 50R 
2+00, 50R 
24-50, 50R 
3+m,  50R 
34-50, 50R 
84-50, 50R 
9+0,50R 
94-50, 5OK 

10+00, 5OR 
10+50, 50R 
0+50, lOOR 
1+00, 1OOR 
1+50, IOOR 
2+00, lOOR 
2+50, IOOR 
3+OO, lOOR 
3+50, lOOR 
84-50, lOOR 
9+00, lOOR 
9-4-50, lOOR 

10+00, lOOR 
10+50, IOOR 
0+50, 150R 
1+00, 150R 

9 
10 
9 

12 
10 
12 
13 
20 
15 
12 
12 
9 

11 
11 
12 
15 
15 
11 
36 
24 
24 
20 
16 
9 

10 
11 
11 
11 
14 
14 

150 
36 
26 
20 
15 
9 

10 

9 
10 
10 
12 
10 
12 
13 
2ci 
15 
12 
12 
1@ 
10 
11 
12 
16 
15 
11 
36 
24 
24 
20 
16 
10 
11 
11 
12 
11 
I5 
15 

120 
34 
28 
20 
1s 
10 
11 

7-9 
9-1 1 
8.- 11 

1 1-20 
12-1 6 
8-1 3 
- 

22-76 
1 0-30 
16-20 
15-17 
7-10 
% l o  
8-10 

12-20 
12-1 6 
8--30 

10-12 
24- -240 
10-28 
16- 24 
17-20 
- 

7-10 
9--11 
8-1 0 

12-20 
11-16 
9--20 

3@-400 
10-40 
24 -30 
16-20 

- 

7-1 0 
9--11 
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Table 3 (continued) 

Grid point measurementsb 
Range of gamma 

exposure rates 

exposure exposure rate of grid blockC 

..... . .~ 

(PR/h) 
Grid 

locationa Gamma Gamma during scan 

rate at 1 m at the surface (@R/h) 
......... .......... _. ___ 

1 + 50, 150R 
2+W, 150R 
2+50, 150R 
3+08, l5OR 
8+50, l5OR 
9+00, 150R 
94- 50, 150R 

104-08, 150R 
10.4-50, 150R 
o+ 50, 200R 
1 +80, 200R 
1-6-50, 200 
2+00, 200R 
2+50, 200R 
3-6-00, 2OOR 
8+50, 200R 
9+00,2 
9+50,2 

10 4-00> 200R 
10+ so, 200w 
04-50, 2508 
1 4-00, 250R 
13-50, 250R 
2-4-00, 250R 
2-i-50, 250R 
34-00, 250R 
$+SO, 250R 
94-00, 250R 
9-t-50, 250R 

10+80,25OR 
l0+50, 250R 
0-t-50, 300R 
14-24, 300R 
1 f50,  300 
2-4-00, 300 

84-50, 300R 
9+00, 3008 

10 
13 
12 
11 

580 
48 
32 
22 
20 
10 
11 
11 
12 
11 
11 

130 
124 
24 
20 
14 

11 
11 
12 
11 
10 

100 
52 
24 
13 
d 
d 

10 
12 
12 
10 
10 
d 

32 

a 

10 
14 
10 
11 

740 
44 
32 
22 
18 
9 

11 
11 
12 
9 

12 
200 
180 
24 
22 
14 
d 

11 
10 
12 
11 
11 
84 
48 
24 
13 
d 
d 

10 
12 
12 
10 
10 

28 
a 

8-1 1 
10-16 
11-1 5 
9-1 2 

40--400 
16-160 
10-50 
16-22 

7-9 
9--- 1 1 
8-1 1 

12-40 
9-1 5 
9-1 2 
88-600 
20--180 
16-24 

- 

- 
- 
- 

9-1 1 
11-13 
12-14 
lo--- I 5 
10-12 
40---600 
28-48 
14-24 
- 
-. 

.... 

9-1 1 
11-13 
12---I4 
14-30 
10-24 
40--980 
16-40 
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Table 3 (continued) 

Grid point measurementsb 

.I___. __II-. 

Range of gamma 
exposure rates 

exposure exposure rate of grid block' 

.- __ (ILR/h) 
I___...._ Grid 

locationa Gamma Gamma during scan 

rate at 1 rn at the surface (dw) 

104-50, 300R 
l f Q O ,  350R 
1 +SO, 350R 
24-00, 350R 
2+50, 350R 
3+0O, 350R 
8+50, 350R 
94-00, 35OR 
94-50, 350R 

10+00, 350R 
10+48, 350R 
0 + 50, 400R 
1 +00, 400R 
1 +50,40OR 
2 +OO, 400R 
2+ 50,400R 
3 4-00, W R  
Si-50, 400R 
9+00, 400R 
9+50,40OR 

10 +OO, 4OOR 
10+48,40OR 
1+00,45OR 
1 + 50,450R 
2+00,45OR 
24-50, 450R 
3 + 00,450R 
8+50,450R 
9+00,450R 
9 f 50,450R 

10+00,45OR 
10+48,45OR 
1 +50, 500R 
2+00, 500R 
2+50, 500R 
3+00, 500R 
3+46, 500R 

24 
14 
d 
d 

10 
13 
16 
10 
d 

48 
20 
20 
9 
d 
d 
d 

12 
18 
20 
d 

48 
12 
18 
18 
d 
d 

12 
14 
18 
d 

90 
20 
16 
12 
d 

12 
13 
20 
16 

24 
14 

d 
11 
14 
20 
10 
d 

48 
20 
18 
9 
d 
d 
d 

13 
20 
20 
d 

96 
10 
18 
18 
d 
d 

12 
15 
18 
d 

72 
18 
14 
13 
d 

12 
13 
20 
22 

a 

16-24 
8-16 
- 
- 

12-14 
10-14 
15-22 
11-22 
20-500 
10-80 
16-30 
8-1 8 
- 
- 
- 

11-13 
8-14 

15-22 
18-30 
QQ-900 
14-96 
14-40 
12-1 8 
I 

- 
10-12 
8-1 2 

14-18 
14-40 
40-500 
13-72 
14-20 
11-16 

10-12 
8-1 2 

12-16 

- 

13-40 
- 
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Table 3 (continued) 

Grid 
locationa 

Grid point measurementsb 
Range of gamma 

exposure rates 
Gamma Gamma during scan 
exposure exposure rate of grid block' 

l_l_..-. I--... . 

rate at 1 m at the surface (crR/h) 

34-50, 500R 
84-50, 500R 
94-00, 500R 
94-50, 500R 
10+00,500R 

14-50, 550R 
2-1-00, 550R 
24-50, 550R 
33-08, 550R 
3+50, 550R 
84-50, 550R 
94-00, 550R 
94-50, 550R 
104-00, 550R 
103-48, 550R 
2 +oo, 600R 
24- 50, 600R 
33-00, 600R 
34-50, 600 
84-50, 600 
9 -4-08, 600R 
9 4- 50,600R 
104-00,6OGR 
164-48, 600R 
2+00, 550R 
2+50,65OR 
34-00, 650R 
3 +50, 650R 
8 4- 50,650R 
9+00, 650R 
94-50, 650R 
10+00, 650R 
10+50, 650R 
2+50,7OQ 
3+00,700 
3 -4- 50, 700R 
4+00, 700 
8 f 5 0 ,  700 

a 
d 
44 
18 
15 
12 
d 
12 
12 
14 
24 

36 
18 
16 
12 
10 
12 
13 
15 
d 
24 
16 
14 
1 1  
d 

1 1  
12 
14 
d 
24 
15 
14 
10 
1 1  
10 
12 
60 

d 

a 

a 
a 
44 
18 
15 
12 
d 
12 
13 
13 
26 
d 
36 
18 
16 
14 
10 
12 
13 
15 

24 
16 
14 
1 1  

1 1  
12 
14 
d 
20 
15 
14 
10 
10 
12 
12 
46 

a 

a 

a 

16-30 
24-200 
14-480 
16-20 
12-15 

10 
8-12 
12- 16 
12-20 
16-26 
200-800 
13-36 
16-20 

- 

9 16 

9 -12 
12-1 6 
11-22 
12-80 
16-200 
1 1-24 
12-16 
9-14 

7-9 
11-13 
11-16 
12-300 
15-200 
1 1-20 
12-16 
9-14 

- 

- 

- 

11-13 
10-13 
12-250 
8-160 
14-800 
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Table 3 (continued) 

Grid 
location' 

Grid point measurementsb 
Range of gamma 

__I-___.- exposure rates 
Gamma Gamma during scan 
exposure exposure rate of grid block' 

(PRJh) 
- 

rate at 1 rn at the surface (fiqw 

9+ 00, 70QR 
94- 50, 700R 

104-00, 700R 
104-50, 700R 
24-55, 750R 
3+W, 750R 
34-50, 750R 
4+W, 750R 
8 +50, 750R 
94-00, 750R 
94-50, 750R 

104-00, 750R 
10-4-50, 75OR 
24- 50, 800R 
34-00, 800R 
3+50, 800R 
44-00, 800R 
8+50, 800R 
9 4-00, 800R 
94-50, 800R 

lOf00,  800R 
104-50, 800R 
4-4-50, 817R 
2+ 50, 850R 
34-00, 850R 
34-50, 8508 
44-00, 850R 
44-50, 850R 
84-50, 850R 
9+00, 8508 
9-4-50, 850R 

lO+OO, 850R 
104-50, 850R 
3+W, 895R 
3 f00, 900R 
3-4-50, 900R 
4+00,900R 
4+ 50, 900R 
8+50,90OR 

16 
14 
12 
9 

11 
10 
14 
14 
60 
18 
14 
12 
10 
d 

11 
10 
14 
d 

14 
12 
13 
10 
44 

d 
10 
10 
12 
16 
d 

13 
12 
12 
9 

10 
d 

11 
12 
12 
d 

16 
14 
12 
11 
11 
10 
14 
15 

260 
16 
14 
12 
10 
d 

11 
11 
14 

14 
13 
12 
10 
60 
d 

10 
10 
12 
14 
d 

13 
12 
12 
9 

10 
d 

10 
12 
12 
d 

a 

12-14 
1 L 1 4  
9-1 2 

10-12 
10-12 
10-20 
lO--lbiO 
60-260 
10-16 
11-14 
8-1 2 

10-12 
9-1 1 
8-1 2 

10-120 
16-40 
10-14 
11-13 
8-12 

14-60 
10-12 
9-1 1 

I C 1 2  
12--14 
10-60 

..- 

I 

- 

12-24 
11-14 
10-12 
8-1 2 
- 
... 

9-1 1 
9-1 2 

1 2- 1 4 
10-400 
12-16 
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Table 3 (continued) 

Grid point measurementsb 
(PR/h) Range of gamma 

exposure rates 

exposure exposure rate of grid block' 

__ ___ ..............i Grid 
locationa Gamma Gamma during scan 

rate at 1 m at the surface (IiW/h) 

9+-00, 900R 
9-t-50, 900R 
10i-00, 900R 
10+50, 900R 

3 + 50, 937K 
4+00, 950W 
4+50, 950R 
5+50,95OR 
6f08, 950R 
6 +SO,  950K 

7 -I- 50,950R 
8 +OO, 9508 
8 + 50, 950R 
9+00, 950R 
9 i- 50, 950K 
104-00, 950R 
l0i-50, 950R 

7+00, 950R 

4+50, lOOOW 
5 +oo, 1 OOOR 
5 + 50, lOOOR 
6+00, lOOOR 
6i-50, lOO0K 
7 + 00, 1 OOOR 
7 f 5 0 ,  lOOOK 
8 +O@, lOOOR 
8+50, ~OOOR 

9+50, lOOOR 
10i-00, lOOOR 
lo+-21, lOOOR 
54-00, 1050R 
5 f 5 0 ,  1050R 
6+00, 1050R 
63-50, 10508 
7+00, 1050K 
7+50, 1050R 
8 4-00, 1050R 

14 
12 
11 
8 
10 
12 
13 
d 
d 
d 
d 
d 
d 
d 
12 
11  
10 
10 
d 
12 
140 
84 
90 

560 
64 
24 
14 
13 
10 
10 
9 
d 
16 
20 
60 
48 
40 
14 

14 
12 
11 
8 
18 
12 
13 
d 
d 
d 

d 
d 

13 
12 
11 
10 
d 

12 
92 
84 
72 

680 
64 
18 
14 
12 
10 
18 
9 

12 
184 
52 
30 
68 
16 

a 

a 

a 

11-14 
10-1 2 
8---1 1 
- 

-. 

12-14 
10-120 
20- 26 
40-360 
150-800 
280-800 

20-60 
14-1 8 
12-16 
11-13 
10-12 
8-1 1 

10-12 
8 200 

20-260 
20 -260 
60-200 
40-680 
40-64 
12--18 
9 14 
11-12 
9-1 2 
8-10 

- 

- 

22-40 
140-280 
16-100 

128-68 
12-1 6 
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Table 3 (continued) 

Grid point measurementsb 
(PR/h) Range of gamma 

Grid - exposure rates 

exposure exposure rate of grid block' 
locationa Gamma Gamma during scan 

rate at 1 rn at the surface (PR/h)  

84-50, 1050R 
9+00, lO5OR 
94-50, 1050R 

1o+m, lOS0R 
64-00, llOOR 
6-4-50, 1 lQOR 
74-00, llOOR 
74-50, 1lOOR 
$+W, llQOR 
84-50, llOOR 
94-00, ll0OR 
94-50> llOOR 
44-50, 1150R 
7 + m ,  1150R 
7+50, 1150R 
84-00, 1150R 
84-50, 1150R 
9+OO, 1150K 
7+00, 1200R 
7-4-50, 1200R 
8+00, l2OOR 
84-50, 1200K 

74-50, 1250R 
$-too, 1250R 
84-50, 1250R 
8+00, 1300R 
04-00, SOL 
04-50, 50L 
1 f 0 0 ,  SOL 
1 +50, 5OL 
2+00, 50L 
2+50, 50L 
o+oo, looL 
0+50, lOOL 
1+00, lOOL 
14-50, lOOL 
24-00, l0OL 

12 
13 
10 
10 
12 
d 

16 
36 
13 
12 
10 
10 
15 
d 

12 
12 
12 
10 
11 
d 

10 
10 
10 
10 
d 
9 
9 
9 
9 

10 
10 
8 

11 
9 

10 
9 

10 
8 

12 
12 
10 
10 
13 
d 

14 
38 
13 
12 
10 
9 

16 

12 
12 
11 
10 
11 
d 

11 
10 
11 
9 

8 
10 
9 

10 
10 
10 
8 

11 
9 

11 
10 
10 
8 

a 

a 

9-12 
10-12 
- 
1 

12-16 
10-14 
12-16 
1040 
11-1 3 
9-12 

10-12 

10-20 
8-16 

10-12 
10-13 
9-12 

8-10 
10-12 
10-12 

- 

- 

- 
- 
- 

8-12 
- 

- 
9-1 1 
9-1 1 
9-11 

10-12 
9-14 

12-15 
9-1 1 
9-1 1 
8-11 
9-12 
8-13 
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Grid point measurementsb 
(PR/Kl Range of gamma 

exposure rates 

exposure exposure rate of grid block' 

l_l_ ...._I--.. l_l -....- __ll..__..__l__. Grid 
locationa Gamma Gamma during scan 

rate at 1 m at the surface 

24-50, lOOL 
3+00, l00L 
34-50, 1o02d 
44-00, lOOL 
3 f 5 0 ,  133L 
04-00, 150L 
04-50, 150L 
1+00, 150L, 
14-50, 1501, 
24-00, 150C 
2+50, 150L 
34-00, 150L 
24-08, 17BL 
34-00, 1782, 
24-50, 189L 
0+00,200%, 
03-50? 200L 
1 +oo, 2002, 
14-50, 200L 
14-00, 243L 
o+oo, 25OL 
0+50, 250L 
04-50, 279L 
04-00, 300L 

10 
10 
8 
16 
9 
9 

10 
10 
9 
9 
12 
9 
8 

12 
9 
9 
9 
9 
10 
9 
9 
9 
9 
9 

11 
11 
7 
18 
9 
9 

10 
10 
9 
8 
12 
10 
9 

15 
10 
9 
9 
9 
10 
9 

10 
9 
9 
9 

12-16 
8-1 5 
8-1 6 

16-30 
8-20 
9-10 
9-1 1 
9-1 1 
9-12 
8---14 

14-20 
11-20 

8-1 4 
13-24 
14-20 
9-1 1 
9.- IO 
8-10 
8-1 0 
8-1 1 
9-1 1 
8-10 
8-10 
9-1 1 

aGrid location shown on Fig. 1. 
bGrid point measurements are discrete measurements at each grid point. 
'Grid block measurements are obtained hy a gamma scan of the entire block, 
dInaccessible. 
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Table 4. Results of analyses of surface soil samples 
taken at vicinity properties LMQ03 

Sample 

Radionuclide concentration 
Depth (pCi/g> 
(cm) 

IAxationa 

2 % 6 ~ ~ b  230~hc 2 3 8 ~ d  

S1 
s 2  
s 3  
s 4  
s5 
S6 
s 7  
58 
s 9  
SI0 
s11 
s12 
S13 
S14 
S15 
S16 
S17 
S18 
S19 
s20 
s2 1 
s22 
S23 
S24 
S25 
S26 
S27 
S28 
S29 
S30 
S3 I 
S32 
s33 
s34 
s35 
S36 
s37 
S38 

8 + a 5 , 7 5 ~  
84-88, 170R 
9 t75, 125R 

104-25, 75R 
104-25, 175R 
94-75, 175R 
84-75, 406R 
94-40, 403R 

104-25, 425R 
9+75,475R 
9+15,475R 

103.25, 525R 
9+75, 575R 
94-25, 625R 

104-25, 625R 
94-75, 675R 
9 -t 25,675R 
94-25, 725R 

104-25, 725R 
9+75,775R 
84-88, 775R 
94-25, 825R 

lO-t25, 825R 
94-75, 875R 
84-88, 875R 
9-4-25, 925R 

104-00,950R 
94-00, 1020R 
94-50, 1050R 
84-50, lO8lR 
84-50, 1240R 
74-88, 1165R 
74-77, 1026R 
6+93, 1044R 
54-85, 1034R 
74-66, 1266R 
7+00, 1200R 
64-67, 1150R 

Systematic sa.wp1e.s' 

0--15 
0-1 5 
0- 15 
0-1 5 
O---l5 
0-15 
0--- 15 
0-1 5 
0- 15 
0-1 5 
0-1 5 
0-1 5 
0-1 5 
0-1 5 
0-1 5 
0-1 5 
0- 1 5 
0-1 5 
0-1 5 
0-1 5 
0-1 5 
0-1 5 
0-1 5 
0--15 
0-1 5 
0-1 5 
0-1 5 
0--- 1 5 
0-1 5 
0-15 
0-1 5 
0-1 5 
0-1 5 
0.- 1 5 
0- 15 
0-1 5 
0-1 5 
(3-1 5 

2.6 k0.4 

3.0 kO.1 
2.6 t O . 1  
2.8 kO.06 
7.3 k0.2 

250 1 2 0  
18 . t 2  
2.7 20.2 
1.1 20.2 
2.4 50.2 
4.1 kO.1 
1.3 10 .2  
1.4 k0.08 
1.6 20.08 
1.1 k0.2 
0.99 5 0.1 
1.0 k0.04 
1.4 10 .3  
1.3 k0.2 
8.3 3-1 
1.7 k0.4 
1.3 k0.2 
1.5 rtO.l 
1.8 40.1 
1.7 k0.07 
1.4 50.2 
1.7 k0.2 
1.5 k0.3 
1.6 rt0.08 
1.3 3-0.1 
2.1 - t l  
1.8 k0.04 
7.7 k0.3 
2.4 20.2 
1.2 k0.3 
1.3 k0.09 
1.4 -40.08 

63 + 2  
64 

2300 
54 
62 
54 

290 
8800 
650 

85 
19 

120 
7.2 
3.7 

15 
29 

2.9 
5.1 
4.2 

21 
15 

190 
10 
6.5 
5.5 

39 
27 

16 

20 
23 
47 
14 
53 

100 
120 
44 

5.9 

7.5 

2.9 

2.5 

2.5 
2.2 
2.4 
6,1 

44 

210 
14 
2.9 
1.2 
2.2 
4.0 
1.2 
1.7 
1.6 
1.1 
1.1 
1.1 
1.3 
1.2 
3.7 
1.1 
1.2 
1.2 
1.3 
1.5 
1.2 
1.3 
1.2 
1.2 
1.1 
1.3 
1.2 
2.3 
1.9 
1 .o 
1.1 
1.3 
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Table 4 (continued) 
....... ..__._... ____ ......___ -.....-- 

Sample Locationa 

.... 

s39 
S40 
S4 1 
S42 
s43 
s44 
$45 
S46 
s47 
$48 
s49 
S50 
S5 1 
S52 
s53 
S54 
S55 
SS6 
SS7 
S5 8 
s59 
S60 
S6 1 
S62 
S63 
S64 
S65 
S66 
S67 
S68 
S69 
S70 

B1 
B2 
B3A 
B3B 
84  
B5 
B6 

44-22, 900R 
3-4-58, 875R 
2+80, 752R 
34- 31, 750R 
34-67, 75OR 
34-27, 595R 
24-68, 619R 
24-18, 469R 
2+94,417R 
1-4-89, 371R 
1-4-64, 300R 
24- 20, 300R 
14-92, 158R 
1+17, 150W 
0+82, 86R 
14-70, 65R 
0 - f  50, 150L 
1 +50, 150L 
1-t-00, 243L 
04-29, 287L 
24-00, 176L 
21-00, 123L 
3+59, 64L 
4-t-00, 50L 
44-08, 84L 
44-00, 1OOL 
64-00, 144L 
34-02, 178L 
24-77, 72L 
2-t-00, 260L 
24-50, 50L 
3 + 50, 626R 

5 4- 58, 997R 
5 -1-44, lO0OR 
64-58, 1041R 
6 f 5 8 ,  1041R 
7 +33, 1 lOOR 
7+50, 1042R 
2 f 4 4 ,  217R 

0-1 5 1.5 -t- 0.1 
0.- 1 5 1.510.2 
0 - 1  5 1.4 3: 0.09 
0--15 1.7k0.3 
0-1 5 3.0k0.3 
0--15 2.1 I+_ 0.2 
0-1 5 1.6 -t- 0.1 
0-1 5 1.2 t- 0.04 
0-1s 6.5 -9- 0.07 
0-15 1.910.04 
0-1 5 1.7aO.l 
0-1 5 2.2 -1-0.3 
0-1 5 1.6 & 0.3 
0-1 5 1.7 10.05 
0-1 5 1.5 ”. 0.2 
0-1 5 2.0 -+ 0.1 
0-15 1.8k0.2 
0-1 5 1.8 1- 0.09 
0--15 1.7k0.2 
0-1 5 1 . 5 ,? 0.2 
0---15 2.2 1 0.2 
0-1 5 1.8C0.2 
0-1 5 2.3+-0.1 
0-15 3.21-0.2 
0---15 11 k0.7 
(b15 9.4-r-0.5 
0---15 2.5 k0.3 
0-1 5 6.2 -+-OS 
0.--15 2.5 k 0.2 
0-1 5 1.7 -t- 0.06 
OW15 3.8 k0.2 
0-1 5 5.1 k0.3 

Biased samples‘ 

0-1 5 240 f 1 0  
0-1 5 230 A10 
0.- 1 5 6.1 k0.4 

0-1 5 17 t 0 . 2  
0.- 15 20 k0.9 

15-30 270 1-9 

5.7 

5.0 
10 

33 
24 
22 
16 
2.5 
4.1 

41 
44 
46 
19 
15 
19 
24 
17  
23 
32 
23 
60 
28 
92 
89 

430 
480 

52 
180 
33 
73 

19 
3.5 

6800 
9200 

160 
9 700 
480 
590 

1.3 
1.2 
1.3 
1.6 
2.8 
2.2 
1.5 
1.2 
6.0 
1.9 
1.6 
2.2 
1.6 
1.5 
1.5 
1.8 
1.8 
1.7 
1.6 
1.5 
1.9 
2.4 
3.1 
3.2 
8.1 
‘7.5 
2.5 
4.5 
2.5 
1.7 
3.3 
4.6 

140 
190 

74 
5.3 

5.5 
3.1 

0-1 5 32 -9-1 1200 37 
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Table 4 (continued) 

Sample Loca tiona 

Radionuclide concentration 
Depth (pCi/g) 

...lll__- (cm) ___-I-- .- , 

B7 
B8 
$9 
€310 
331 1 
€312 

24-57, 334R Q---I 5 7.1 k0.2 18 6.6 
3+78, 665R e 1 5  92 f4 3300 100 
3+97, 700R 0-1 5 250 C 8  13000 220 
5+45, 1025R 0-1 5 1 .o * 0.03 38 1 .o 
54-62> 1037R 0-1 5 13 k0 .4  340 12 
44-11, 717R 0-1 5 170 t 1 0  4200 180 

aLwations of soil samples are shown on Fig. 2. 
bInciicated counting error is at the 95% cmfidence level (-e 2a). 
The  error of the reported radionuclide concentration i s  less than 2 5% 

dAnaIytical error of measurement results is less than t- 3% (95% confidence 

eSystematic samples are taken at grid Iccations irrespective of gamma expo- 

fBiased samples are taken from areas shown to have elevated gamma expo- 

(95% confidence level). 

level). 

sure. 

sure rates. 
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Table 5. Results of analyses of s ~ ~ s ~ ~ ~ ~ ~  
taken at vicinity roperties LMQQ3 

Radionuclide concentration (pCi/g)b 
Depth -__..... 

(cm) 226RaC 23-d 2 3 8 ~ ~  
Sample Locationa 

1A 
l3 
c 

2A 
H 
C 

3A 
B 
c 

4A 
B 
C 
u 

5A 
€3 
C 
D 
E 
F 
G 
M 

SA 
R 
C 
D 

7A 
B 
c 
D 
E 
F 
G 
H 
I 

8A 
B 
C 

8-1-09, 1107R 

8+43, lOllR 

9 +90, 925R 

8-t-89, 695R 

8 4- 88, 630R 

8+91, 528R 

9$-12, 528R 

8+84,458R 

Auger sampled 

0-1 5 

38-60 
15-30 

0 -15 
15-30 
30 -60 
0-15 

15 -30 
30-50 
015 

15-30 
3 0  45 
45-60 
0 15 

15-30 
30-60 
60-7 5 
75-90 
90- 1 20 

120-145 
145-165 

0-15 
15-30 
38 4 5  
45-60 

0-1 5 
15 30 
30-45 
45 60 

75 -90 
90-120 

60-75 

120-145 
145 -175 

8-1 5 
15-30 
30 45 

1.3k0.1 
1.4 -t- 0.09 
1.3 t-0.3 
1.5f0.1 
1.4k0.1 
1.4f0.2 
1.7 k 0.05 
1.4 k0.1 
1.2-+0.2 
4.3 kQ.3 
6.2 t- 0.3 
2.1 k0.3 
1.4 t- 0.09 
7.3 k0.3 
3.5k0.1 
1.7 10.2 
1.1 aO.l 
1.3 20.2 
1.2 k0.2 
1.5 10.09 
1.5k0.2 

33 : k l  
13 k 1  

1.450.4 
1.1 k8.2 

290 1 2 0  
1400 i60 
590 k 5 0  
45 -c l  

2.7 k 0.09 
2.1 k O . 1  
2,oa 1 
2.9 f 0.1 
1.6 -t- 0.07 

690 k 3 0  
41 20.9 

5.5 +- 0.2 

e4.1 
<4.1 
<2.7 
<2.3 
<1.4 
<4.5 
22 
<4.1 
x1.4 
95 

170 
25 
12 

210 
86 
20 

2.3 
1.2 
1.3 
1.3 
1.6 

1,200 
360 

18 
<3.2 

16,000 
8 1,080 
3 2,000 

1,700 
55 
31 
14 
43 

38,080 
1,700 

190 

1.2 

1 .o 
1 .o 
1.1 
0.35 
1.1 
1.1 
1.3 
1.1 
1 .o 
3.5 
5.4 
1.7 
1.2 
7.4 
4.5 
1.9 
1.1 
1.1 
1.1 
1.1 
1.1 

32 
15 
3.0 
1.2 

230 
990 
430 

36 
4.1 
3.6 
4.7 
2.2 
1.1 

230 
35 
7.5 
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Table 5 (continued) 

Radionuclide concentration (pCi/g)b 
Depth 
(cm) 2 2 6 ~ ~ ~  23@Tha 238ue 

Sample Locationa 

8D 
E 
F 
G 
H 

J 
K 

9A 
B 
C 

1 OA 
B 
C 

11A 
B 
C 
D 
E 
F 
G 
H 
I 

12A 
B 
C 
D 
E 
F 
G 
H 
I 
J 

13A 
B 
c 
D 
E 
F 

r 
8+84,458R 

9+03, 455R 

9+00,409R 

64-22, 1039R 

6+26,1005R 

6-t-26, 1006R 

45-60 
60-75 
7 5--90 
90-120 

120-145 
145-175 
175-195 
195-215 

0-1 5 
15-30 
30-60 
0-1 5 

15-30 
30-60 
0-15 

15-30 
30-60 
6 0 4 0  
90- 1 20 

120.-145 
145-175 
175-195 
195-225 

0-1 5 
15--30 
30-45 
45-60 
6@--7 5 
7 5-90 
90-105 

105-120 
120--145 
145-1 75 

0-1 5 
15-30 
30-45 
45-60 
60-90 
90- 120 

1.5 &OB7 
1.2 + 0 2  
1.5 kO.09 
2.3 k0.09 
1.5 kO.1 
1.4 20.2 
3.5 rt0.2 
1.1 20.3 

1.7 k0.09 
1.3 +0,1 

27 k0.7 
3,5 kQ.06 
1.3 k0.07 
3.3 kQ.2 
1.5 k O . 1  
1.4 k0.2 
1.1 &O.OS 
1.1 k0.2 
0.97 f 0.2 
1.2 -1-0.09 
1.1 t0.06 
1.1 k0.2 

580 110 
1300 A90 

150 .+8 
5.8 10.3 

21 A O . 9  
9.0 k0,7 
1.4 20.1 
4.3 40.05 
1.6 k0.3 
4.2 4.0.4 
1.4 k0.2 
1.9 20.08 
2.2 f 0 . 2  
1.4 k0.2 
1.4 k0.2 

28 -+3 

22 
1.6 
2.1 
4.0 
0.90 
1.6 

1 .o 
77 

1,406 
15 

1,400 
150 

1 20 
15 
22 

5.0 

1.7 

2.0 
1.9 
9.6 
1.9 
2.1 
1.1 

12,000 
21,000 

4,500 
190 

600 
210 
26 
95 

72 
15 
23 
54 

1.3 

3.5 

7.1 
8.9 

3.5 
1.6 
1.2 
1.5 
1.1 
1.1 
2.7 
0.93 

1.4 
1.2 

3.3 
1.2 
2.6 
1.1 
1.1 
1 .o 
1 .o 
0.99 
0.97 
1 .o 
1.1 

26 

23 

230 
310 

54 
16 
10 
13 
12 
3.8 
3.7 
2.1 
1.2 
1 .o 
1.1 
1.7 
1.1 
1.1 
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Radionuclide concentration (pCi/g)b 
___ .. .. ... ....___. ..._____. Depth 

Sample Locationa (4 226RaC 2 3 0 ~ h d  238ue 

13G 
H 

14A 
B 
C 
D 
E 
F 

14G 
€3 
I 

15A 
B 
c 
D 
E 
F 
G 
H 

16A 
B 
C 
D 
E 
F 
G 

17A 
B 
C 
D 
E 
F 
G 

18A 
B 
C 
D 
E 
F 
G 

6+95,998R 

6 4-95, 998R 

6+84, 1065R 

74-32, 1046R 

74-51, 1097W 

7+41.993119 

120-145 
145 115 

0-1 5 
15-30 
30-4.5 
45-60 
60-7 5 
75-90 
90 -120 

120-145 
145 175 

0-30 
38-45 
45- 60 
60-7 5 
75 90 
90-1 20 

120 145 
1 45- I 75 

0-30 
30-45 
45- 60 
48-90 
90 120 

120-145 
145 175 

0-30 
30 -45 
45-60 
60-90 
90-1 20 
120-1 45 
145-1 75 

0-30 
30-45 
45 60 
60-90 
90-1 20 

120- 145 
145-175 

1.1 1-0.1 
1.1 rs.0.2 

210 k 9  
20 +-1 
22 - t l  
5.8 rtrO.1 
5.3k8.1 
6.7 20.3 
1.4 f 0.09 

22 20.6  
1.2 a0.2 

11 20.2 
3.0 20.1 
5.4 1: 0.3 
9.6 -+ 0.6 
1.Sk0.1 
1.4 k0.2 
1.3 4 0.08 

2.2 -t 0.2 
1.4 k0.2 
1.1 20.2 
1.1 40.1 
3.0k0.1 
1.2 k0.3 
5.7 +- 0.1 
1.9 k 0.09 
1.5-0.1 
1.2k0.2 
1.3C0.2 
1.1 kO.1 
1.020.1 

15 20.3 
4.0 f 0.2 
5.3 2 0.2 
2.3 J- 0.09 
2.3k0.1 
1.6 2 0.03 
1.4 +- 0.06 

250 -t7 

65 -t l  

1.4 
6.3 

2,700 
590 
680 
190 
140 
200 

13 
430 
<1.0 

4,500 
290 
63 

130 
220 

21 
4.9 
2.0 

1,800 
44 
20 
1.6 
2.7 

1.9 
66 

130 
38 
17 
3.5 
2.1 
3.0 
0.81 

450 
90 

120 
26 
30 
7.1 
3.9 

0.94 
0.94 

3.8 
3.2 
1.5 
1.7 
1.6 
1 .o 
2.4 
0.99 

4.8 
2.1 
7.1 

2.7 
1.3 
1.5 
8.3 
1.2 
1.1 
0.97 
1.1 
1.3 
1 .o 
2.3 
1.2 
1.2 
1.1 
1 .o 
0.96 
0.92 
3-5 
1.8 
3.0 
1.2 
1.2 
1.1 
1.2 

21 

41 

13 
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Table 5 (continued) 

Radionuclide concentration (pCi/g)b 
-_I_ --- - Depth Sample Locationa 

(cm) 2 2 6 ~ ~ ~  230Thd 238ue 

19A 
B 
C 

20A 
B 

211A 
B 
C 
D 
E 
F 

22A 
I3 

23A 
B 
C 
D 
E 
F 

E4A 
B 

25A 
E3 

26A 
B 

27A 
B 

28A 
B 

29A 
5 

30A 
IB 

31A 
B 

3 2A 
13 

33A 
B 

4+86, 94413. 

4+37,819R 

34-83, 67QR 

34-34, 513W 

3-i-25, 515R 

34-18, 517R 

34-02, 523R 

4+79, 948R 

4+24,a20~ 

3-4-75, 674R 

2-4-15, 557R 

24-94, 698R 

3-4-66, 699R 

3 +44, 684R 

4+05, 826R 

0-30 
30-45 
4 5-60 
0-30 
30-60 
0-30 
30-60 
68-90 
90-120 
120- 145 
145-1 75 

0- 30 
30-60 
0-30 
30-60 

90-120 
120-145 

60-90 

145-175 
Q-- 30 
30-60 
0-30 
30-60 
0-30 

30-60 
0-30 

30-60 
0-30 

30-60 
0-30 
30-60 

30-60 
0-30 

30-60 

30-60 
0-30 
30-60 

0-30 

0-30 

300 _+8 
17 kQ.5 
1.6 kO.1 
4.0 k0.09 
1.1 k0.2 

7.2 k0.2 
1.1 k0.2 
1.2 k0.2 
1.5 +-0.07 
1.3 k0.2 
4.7 k0.2 
1.3 k0.2 
3.0 k0.2 
1.1 co.1 
1.2 k0.07 
1.3 kO.1 
1.2 kO.2 
1.3 k0.1 
2.2 20.3 
2.2 kO.1 
2.7 3-0.3 
1.2 250.1 
10 90.6 
0.93 20.3 
1.6 20 .1  
1.1 3-0.2 
2.6 90.2 
1.1 20.07 
1.4 k0.2 
1.4 kO.1  
1.8 k0.2 
1.3 k0 .3  
3.7 t O . l  
1.2 20.04 
1.5 kO.1 
1.2 kO.1 
5.2 k0.4 
1.2 t0.2 

260 256 

1 7,000 
860 
17 

1 20 

15,000 
230 

3.7 

1.9 
2.7 
1 .0 
1.4 

190 
<3.2 
59 
17 
0.70 
1.3 
0.62 
0.76 
4.4 

g3.2 
15 

<3.6 
4 20 
<3.2 
32 
X3.2 
77 
<3.6 
5.9 
4.2 

4.3 
7.7 

<3.2 
6.8 

<4.1 
4.3 

<4.1 

19 

300 
14 
1.9 
4.2 
1.2 

9.2 
1.1 
1.1 
1.1 
1 .o 
3.6 
1.1 
2.3 
0.99 
1.1 
1.1 
1.1 
1 .o 
1.8 
2.6 
2.5 
1.1 
9.3 
1 .o 
1.5 
1.1 
2.6 
1.1 
1.1 
1.1 
1.6 
1.2 
3.5 
1.2 
1.4 
1.1 
4.6 
1.3 

220 
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Table 5 (continued) 

Radionuclide concentration (pCi/&' 
Depth ...... ....__ - 
(cm) 2 2 6 ~ ~ ~  23@Thd 238&je 

Sample Locationa 

34A 
E) 
C 

35A 
B 

3 6A 
B 

37A 
€3 

38A 
B 
c 
D 

39A 
B 

40A 
B 

41A 
B 

42A 
B 

43A 
B 
c 

44A 
B 
C 

45A 
B 
C 

46A 
B 
C 

47A 
€3 
c 

4818 
B 
C 

34-55, 8428 

3 +OQ, 862R 

44-74, 95QR 

41-65, 956R 

4-t-41, 970R 

2+85,402R 

2+73,4Q7R 

14-23, lOOR 

14-92, lOOR 

14-00, 771, 

14-50, 831, 

2 f 0 0 ,  94L 

2-f-(60, 161L 

13-50, 175L 

04-72, 1801, 

0-1 5 
15-30 
30-60 
0-30 

30-60 
0-30 

30-60 
0-30 

30-60 
0-30 

30-60 
60-90 
90-1 20 
0-30 

30-60 
0-30 

30-60 
0-30 

30-60 
0-30 

38-60 
0-1 5 

15-30 
30-60 
0-1 5 

15-30 
30-60 
0-1 5 

15-30 
30-60 
0-1 5 

15-30 
30-60 
0-1 5 

15-30 
30-60 
0-1 5 

30-60 
15--30 

1.6 t 0.1 
1.5k0.1 
1.2 t 0.1 
1.3 zkO.09 
1.3 10.2 
1.1 kO.06 
1.2 k 0.2 
5.5 i: 0.6 
2.3kO.l 
1.5-f-0.1 
1.7t0.1 
1.4k0.2 
1.2 k 8.2 
1.3 -t 0.09 
8.5 k 0.4 
4.4 2 0.3 
1.5 f O . l  
1.6 f 0.2 
1.3t0.1 
1.2-c-0.2 
1.2 k 0.08 
1.3k0.1 
1.2k0.3 
1.1 10.1 
1.2k0.2 
1.1 k0.2 
1.1 kO.1 
1.5 k0.2 
1.2 I 0 . 0 4  
1.2k0.04 
1.4 k0.5 
1.2-t-0.2 
1.1 kO.08 
1.2k0.2 
1.1 fO. l  
1.3 f 0.08 
1.5kO.l 
1.2kO.l 
1 . 3 2 0 2  

15 
6.8 

<2.7 
8.1 
6.3 

11 
<3.6 
<2.7 
<3.2 

6.8 
23 

7.8 
<OS0 

320 
<4.1 

5.4 
<3.2 
19 

<4.1 
5.4 

<2,7 
8.1 

<4.1 
<2.3 

5.0 
<3.2 
<3.5 
21 
<4.1 
<3.6 
16 
9.9 

<2.3 
6.3 

a . 2  
4.5 

12 
<4.0 
4 . 9 0  

1.2 
1.3 
1.1 
1.2 
1.1 
1.3 
1.1 
4.9 
2.4 
1.2 
1.4 
1.3 
1 .o 
7.3 
1.1 
4.3 
1.5 
1.3 
1.1 
1.2 
1.1 
1.2 
1.1 
1.1 
1.1 
1 .o 
1 .o 
1.4 
1.1 
1.1 
1.4 
1.2 
0.99 
1.1 
1.1 
1.2 
1.4 
1.2 
1.3 
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Table 5 (continued) 

Sample Locationa 

4 9 8  
B 
C 

50A 
R 
C 

51A 
B 
C 

52A 
B 
C 

53A 
B 
C 

54A 
8 
C 

55A 
€3 
C 

56A 
B 
C 
D 
E 
F 
G 

57A 
€3 
C 
D 
E 
F 
G 

58A 
B 
C 

OC13, 183L 

Q i - 2 3 ,  27QL 

14-67, 237313 

2+33, 234R 

2+87, 97R 

3-t-79, 70L 

24-32, 417R 

44-51, 814R 

3-t 95, 665R 

3+43, 5lOR 

Radionuclide concentration (pCi/g)b 

0-1 5 
15-30 
30-60 
0--I 5 

15-30 
30---60 

@-I 5 
15--30 
30-60 
0-15 

15-30 
38- SO 
0-1 5 

15-30 
30-60 
0-1 5 

15-30 
30-60 
0-1 5 

19-30 
30-60 
U-15 

30-60 
60-90 
90-1 20 

120-145 
145-4 75 

0-1 5 
15-30 
30-60 

15-30 

60-90 
90-1 20 

120-145 
145-1 75 

0-1 5 
15-30 
30-60 

1.3k0.1 
1.2 -t- 0.04 
1.3 k0.4 
1.4-tO.07 
1.2k0.2 
1 2 2 0 . 3  
I .3 +. 0.1 
1.3*0,1 
1.4k0.2 
2.9 10.08 
2.4k0.3 
2.5 -t- 0.4 
1.5k0.2 
1.2 t 0.2 
1.4kQ.l 
2.4 5 0.2 
1 .o 3- 0.2 
1.1 10.2  
1.6 k 8.1 
1.3k0.1 
1.3 k 0.07 
2.3 t 0.03 
4.1 20.1 
3.7 +- 0.04 
1.6 4 0.08 
1.5kQ.2 
1.340, l  
1.4-+0.1 

1'7 t-0.2 
14 + a 5  
3.5kO.l 
1.3k0.2 
1.4 k 0.2 
1.2t-0.1 
1.2k 0.1 
6.4 It 0.4 
1.5 -t 0.09 
1.3k0.3 

X1.8 
<2.7 

3.5 
5.9 
4.5 
0.7 1 
1.5 
1 .o 
3.0 
6.9 
5.8 
1.9 
9.8 
0.71 
1.3 

1.9 
1.7 

5.3 
0.90 

55  

14 

26 
84 
36 
4.6 
0.60 
0.84 
1.6 

860 
580 
49 

1.2 
1 .O 
2.2 
1.8 

1.4 
3.6 

69 

1.1 
0,97 
1.2 
1.3 
1.2 
1.2 
1.1 
1.1 
1.1 
2.7 
2.3 
2.3 
1.3 
1.1 
1.1 
2.7 
1 .o 
1 .o 
1.4 
1 . 1  
1.2 
3.0 
5.9 
7.5 
5.8 
1.1 
1 .o 
1.1 

18 
16 
10 
1.8 
2.0 
1.9 
1.3 
6.7 
2. I 
1.7 
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Radionuclide concentration (pCi/g)b 
I...- Depth . . . . . ... 

(4 2 2 6 ~ ~ ~  23@T.hd 2 3 8 ~ ~  
Sample: Locationa 

59A 
B 
c 

60A 
B 
C 

61A 
B 
C 

62A 
B 
C 

63A 
B 
C 

64A 
B 
C 
D 

65A 
B 
C 

66A 
B 
e 

67A 
B 
C 
D 
E 

63A 
B 
C 

69A 
B 
C 

IOA 
B 
C 

3+02,40OR 

94-24> 73R 

94-23, 189R 

84-89, 273R 

9+34,2"73R 

34-89, 350R 

94-77, 399R 

9+86, 385R 

104-34, 386R 

9+75, 688 

104-15, 124R 

9+61, 192R 

0-15 
15-30 
30-60 
0-1 0 
10-30 
30-40 
0-5 
5-30 
3@-60 
(r8 
3-23 
23-60 
0-1 0 
10-30 
3@-60 
0-8 
8-20 

20-30 
30-60 
0-8 
8--30 
30--40 
0-1 5 
15-30 
30-60 
0-1 5 
15-30 
30-60 
60-90 
90-1 20 
0-1 5 
15-30 
30-60 
0-1 5 
15-30 
30-60 
0-1 5 
15-30 
30-60 

2.1 k0.08 
1.3 kO.1 
1.4 tO.l 
1.1 1-0.1 
1.1 kO.1 
0.90 2 0.1 
2.5 k0.2 
1.0 k0.07 
1.1 6-02 
2.0 k0.3 
1.0 k0.1 
1.3 k0.2 
2.3 10.1 
0.92 * 0.04 
1.4 20.09 
1.3 k0.08 
1.0 1-0.1 
1.2 k0.1 
1.3 10.1 
1.3 20.06 
0.70 Ifr: 0.09 
1.4 k O . 5  
7.8 10.1 
1.5 kO.l 
1.4 10.2 
1.5 t0.06 
1.2 20.2 
1.3 kO.1 
1.4 10.3 
1.3 kO.l 
2.5 20.1 
1.2 -9-0.3 
1.2 10.2 
1.7 20.1 
1.3 f 0 .2  
1.3 k0.2 

1 1  t0.2 
1.2 k0.05 
1.3 20.04 

47 
0.80 
1.6 

0.92 
5.4 

9.5 
1.8 

9.8 
8.84 

27 

120 

120 

130 
10 

58 
2.3 

2.4 
1.4 
0.93 

1.8 
1 .o 

8.5 
4.6 

26 

30 

14 
17 
34 
1.2 
1.2 

4.8 
4.1 

2.5 
4.3 

2.1 
1.2 

52 

23 

510 

2.0 
1.1 
1.1 
1.1 
1 .o 
0.90 
2.0 
1 .o 
1.1 
1.6 
1.2 
1.2 
1.9 
0.99 
1.1 
1.6 
1.3 
1.5 
1.1 
1.3 
0.79 
1.1 
6.4 
1.2 
1.1 
1.3 
1.1 
1.1 
1.1 
1 .o 
2.2 
1.2 
1.2 
1 .I 
1.3 
1.1 
9.7 
1.3 
1.2 
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Table 5 (continued) 

Radionuclide concentration (p@i/g)b 
Locationa Depth .- 

(4 226RaC 230Thd 2 3 8 ~  
Sample 

7 1A 
B 
C 

72A 
163 
C 

7 3A 
B 
C 

74A 
B 
C 

75A 
B 
C 

76A 
B 
C 

77A 
B 
C 

78A 
B 
C 

79A 
B 
C 

80A 
€3 
C 

81A 
B 
C 

82A 
B 
C 

83A 
B 
C 

94-52, 125R 

9-4- 11,210R 

94-00, 177W 

94-12, 126R 

9-l-00, 78R 

10+29, 531K 

9+67,454R 

9 4- 56,406R 

9 f 2 0 ,  4578 

94-65, 529R 

9+69 698R 

94-85, 800R 

9 +24, 800R 

0-1 5 
15-30 
30-60 
0-10 

18-25 
25-60 
0-1 5 

15-30 
30-60 
0-15 

15-30 
30-60 
0-1 5 

15-30 
30-60 
0-1 5 

15-30 
30-60 
@-15 

15-30 
30-60 
0-1 5 

15-30 
30-60 
0-1 5 

15-30 
30-60 
0-1 5 

15-30 
3 0 4 0  
0-1 5 

30-60 
0-15 

15-30 

15-30 
30-60 
0-1 5 

15-30 
30-60 

2.2 t0,05 
1.3 20.1 
1.3 r tO .1  

17 k0.06 
3.2 k O . 3  
1.2 20.1 

4.1 k0.2 
1.2 20-1 
4.1 k0.3 
1.4 k0.05 
1.1 t 0 . 2  
1.7 k0.1 
1.2 t0,05 
0.99 +: 0.2 
1.6 k0.2 
1.2 kQ.2 
1.2 k0.2 
1.3 k0.2 
1.3 k0.07 
1.3 k0.2 

13 kO.4 
1.7 k O . l  
1.3 k0.2 
1.2 k0.2 
1.1 20.2 
1.3 50.2 
1.2 20.2 
1.3 zkO.07 
1.4 k O . 1  
1.2 c0.2 
1.5 t0 .2  
1.3 k O . l  
1.2 20.2 
1.1 t-0.04 
1.2 rtQ.1 
1.4 20.08 
1.1 k0.2 
1.2 t-0.2 

72 + 4  

23 
15 

1,000 
130 

3,300 
250 

98 

4.6 

5.3 

1.7 

7.6 
7.7 

3.4 
4.8 
8.0 
2.4 
0.8 1 
1.5 
0.89 
6.8 

24 

360 
26 

3.1 
4.9 
2.0 
1 .o 
2.6 
1.1 
1.2 
4.1 
1.7 
3 s  
3.5 
1.3 
0.89 
1.4 
1.8 
3.4 

2.4 
1.2 
1.2 

3.8 
1.1 

5.4 
1.2 
4.3 
1.4 
1.2 
1.6 
1.2 
1 .0 
1.3 
1.1 
1.1 
1.1 
1.1 
1.1 

1.7 
1.2 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.2 
1.2 
1.2 
1.1 
1.2 

21 

69 

10 
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Radionuclide concentration (pCi/g)b 
......... ~ .__I____ Depth .._.. 

(4 2 2 6 ~ ~ ~  23@Thd 2 3 8 e ~ c  
SaRlpk Locationa 

84 
B 
c 
B 
E 

85A 
s 
c 
D 
E 

86A 
B 
c 
D 
E 

94-50, 99413 0-15 
15-30 
30-60 
60-90 
90-1 20 

9-4-00, 1103R 0--15 
15-30 
30-60 
60-90 
90-1 20 

84-29, 1173R 0-1 5 
15-30 
30-60 
68-90 
90-1 20 

1.3 kO.09 
1.4 k 0,08 
1.3k0.2 
1.2 a-0.1 
1.3k0.2 
1.1 k0.2 
1.1 kO.1 
1.1 k0.2 
1.2 zk 0.1 
1.2-t-0.2 
1.320.3 
1.320.2 
1.4 k0. 1 
1.21-0.3 
1.3kQ.l 

1.3 
0.7 1 
1.2 
0.8 1 
0.39 
2.2 

<OS0 
<OS0 
COS0 

1.4 
0.9 1 
1 .B 
1.2 

<0.50 
0.70 

1.1 
1.1 
1.1 
1.2 
1.1 
1 .o 
0.95 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 

aLocatisiis of soil samples are shown on Fig. 3. 
bA value preceded by a “<” sign i s  the minimum detectable activity (MDA) at the 

‘Indicated counting error is at the 95% confidence level ( f 26). 
dThe error of the reported radionuclide concentration i s  less than ( 2 5 %  (95% csnfi- 

eAnaIytical error of measurement results is less than +- 3% (95% confidence level). 
fL4uger samples are those taken from holes drilled to further define the depth and 

extent of tailings material. Holes may be drilled in either contaminated or uneontam- 
i na td  regions. 

95% confidence level. 

dence level). 
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Table 6. Extent of subsurface contamination at vicinity properties LM003 
as indicated by scintillation probe loggings a d  sample analyses 

Radionuclide concentration in region 
of maximum contaminationC 

Estimated Region of 
Depth vertical extent of maximum 

I 

Hole h a t i d  Of hole contaminated soilb contamination (pC,ilg) 

(m) (m) 2 2 6 ~ ~ d  2 3 q y  238uf 
(m) 

-_--- 
1 
2 
3 
4 
5 
6 
I 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

25 
26 
21 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

81-09, 1107R 
84-43, lOllR 
94-90, 925R 
8+89, 695R 
8 4- 88, 630R 
8-l-91, 528R 
9-l-12, 52SR 
8+84, 458R 
9+03,45SW 
9+OO, 409R 
64-21, 1037R 
6+26,1005R 
64-26, lOO6R 
6+95,998R 
6+84, 1065R 
7-l-32, 1046R 
1+51,1097R 
7-i-41, 993R 
4 % 86,944R 
4-1-37, 819R 
3+83, 670R 
3+34,513R 
3+25, 515R 
34-18, 517R 

3+02, 523R 
44-79, 948R 
4+24, 82OR 
3+75,674R 
24- 15, 5 5 m  
24-94, 698R 
3+66, 699R 
34-44, 684R 
4+05, 826R 
3 -1-55, 842112 
3+00,862R 
4+74,950R 
44-65, 956R 
44-41, 970R 
2+85,402R 
2+73,407R 
1 +23, IOOR 
14-92, lOOR 
1 +oo, 77L 
1 +SO, 831, 
2+00,74L 
2+00, 161L 

2.2 
2.6 
2,2 
1.6 
1.6 
1.8 
1.8 
2.2 
2.2 
1.8 
2.2 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
2.6 
2.2 
1.8 
1.8 
1.8 
1.8 

1.8 
2.6 
2.0 
1.8 
1.2 
1.8 
1.8 
1.6 
1.8 
1.4 
1.8 
2.4 
1.2 
1.2 
1.8 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 

None 
None 
u-0.15 
0 0 . 4 5  
M . 6  
0-0.45 
0-1.45 
u - 2  
0-0.3 
0-0.3 
0-0.6 
(F- 1.45 
0-0.6 
0-1.4 
0-1.2 
0-1.4 
0-4.6 
0-1.2 
0-0.6 
0-0.3 
0.4.6 
0-1.8 
0-0.6 
0-1.8 

00. 3 
0-0.3 
0-0.3 
0-0.3 
0 4 . 3  
(F-0.3 
0-0. 3 
0 . 3  
0 0 . 3  
04.15 
0-0.3 
0-0.3 
0-0.3 
0-0.6 
0-0.6 
0-0.3 
0-0.3 
0-0.3 
0-0.15 
0-0.15 
0-0.15 
0-0.15 

04.15 

M . 1 5  
0-0.15 

@-a. 15 
0-0.15 
0 0 . 1 5  
0-0.1 5 

04. I5 
0-0.15 
343.3 
0--0.3 
0-0.3 
0-0 .3  
0-0.3 
0-0.3 
@--0.3 
@-0.3 
0-0.3 

0.15-0.3 

0.15-0.3 

0,15--0.3 

0-0.3 
0-0.3 
0-0” 3 
0-0.3 
ICO. 3 
0-4.3 
cM.3 
G O .  3 
cco. 3 
cco. 15 
e--0.3 
c 4 . 3  
w . 3  

0.3-0.6 
0-0.3 
0--0.3 
0 4 . 3  
0-4.3 
0-0. I5 
0 4 . 1 5  
04 .15  
0-0. I 5 

1.71-0.05 22 
6.2+_0.3 170 
1.3 k0 .3  210 

33 + 1  1,200 
1400 f 6 0  8 1,000 
690 k 3 0  38,000 

28 1 3  1,400 
27 kO.7 1,400 
3.3-tO.2 120 

1300 ?90 21,000 
4.2 1-: 0.4 72 

210 .+9 2,?W 
250 +7 4,500 

65 k l  1,800 
5.7 c 0.1 130 

15 k0.3 450 
300 2 8  17,m 

4 k0.09 120 
260 -t6 15,000 

4.7 k 0.2 190 
3.0k0.2 59 

(I-IoIe not sampled at region 
of maximum contamination) 

2.7 +I 0.3 15 
10 f 0 . 6  420 

1.6 k 0.1 32 
2.6 50.2 17 
1.4 20.2 5.9 
1.8 *0.2 19 
3.7 k0. 1 1.7 
1.5 0.1 6.8 
5.2 k0.4 4.3 
1.6 k O . l  I5 
1.3CO.W 8.1 
1.1 kO.06 11 
5.5 2 0.6 X2.7 
1.7k0.1 23 
1.3 + 0.09 320 
4.4 -4 0.3 5.4 
1.6k0.2 19 
1.2 +- 0.2 5.4 
1.3k0.1 8.1 
1.2 4 0.2 5 
1.5+0.2 21 
1.4k0.5 16 

1.3 
5.4 
1.4 

32 
990 
230 

26 
23 

310 

21 
41 

2.6 

1.2 

8.3 
2.3 
3.5 

4.2 

3.6 
2.3 

300 

220 

2.5 
9.3 
1.5 
2.6 
1.1 
1.6 
3.5 
1.4 
4.6 
1.2 
1.2 
1.3 
4.9 
1.4 
7.3 
4.3 
1.3 
1.2 
1.2 
1.1 
1.4 
1.4 
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Estimated Region of 
Depth vertical extent of maximum 
of contaminatd s o i ~  contamination Hole h a t i o n '  

(m? (m) (4 

47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 

1-i-50, 1751, 
0+72, 1801, 
04- 13, 183L 
0+23, 270L 
14-67, 237R 

23-87, 97R 
3+79, 70L 
2+32, 417R 
43-51, 814R 
34-95, 665R 
31-43, 510R 
3+02, 400R 
94-24, 73R 
9+23, 189R 
8+89, 273R 
94-34, 273R 
8-I-89, 350R 
9 1-77, 399R 
93-86, 385K 

104-34, 38613 
9+75, 68R 

IO+I5, 124R 
9+61, 192R 
9-t-52, 125R 
9 +  11, 210R 
9i-00, 177R 
9+12, 126R 
94-00, 78R 

104-29, 531R 
93-67, 454M 
9+56,406R 
94-20, 457R 
9+65, 529R 
94-69, 698R 
9 f S 5 ,  800R 
94-24, 800R 
9 + 50, 994R 
94-00, 1I03R 
8+29, I173R 

2 +- 3 3 , 2 3 4 ~  

1.2 
1.2 
1.2 
1.2 
1.2 
1.8 
1.8 
1.2 
1.2 
1.8 
1.8 
1.8 
1.8 
1.2 
1.2 
1.8 
1.8 
1.6 
1.8 
1.8 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 

0-0.15 
0 0.15 
None 

0-0.15 
None 

0 4 . 1 5  
0 0.15 
0-0.15 
0-0.15 
W . 6  
0 -0.6 
CL0.15 
0-0.15 
m. 1 
0-0.05 
0 U.08 
&O. 1 
0-0.08 
W . 0 8  
m . 1 5  
0 -0.6 
0-0.15 
0-0.15 
0-0.15 
0 -0.3 
0 -0.25 
@0. 3 
CL 0.15 
0-0.15 
0-0.15 
None 
0 4.3 
None 
None 
None 
None 
None 
None 
None 
None 

0 -0.15 
0-0.15 

M . 1 5  

0 0.15 
@ 0.15 
0-0.15 
0-0.15 

0 0.15 
0 0.15 
0-0 IS 
0 8 . 1  
0 -8.05 
0 0.08 
0 0.1 
0-0.08 
0-0.08 
04.15 

0-0.15 
0-0.15 
0-0.15 
0 0.15 
0 0.1 
0-0.15 
0-0.15 
0-0.15 
(M.15 

0 0.15 

0.15 4 .3  

0.3 0.6 

Radionuclide concentration in region 
of maximum contamination' 

(PCi/g) 

2 2 6 ~ ~ '  

- ... . . . . 

1.2-to.2 
1.5k0.1 

1.4 t 0.07 

2.9 k 0.08 
1.5k0.2 
2.4 1- 0.2 
1.610.1 
4.1 1- 0.1 

17 kQ.2 
6.4 k0.4 
2.1 + 0.08 
1.1 k O . 1  
2.5 -+ 0.2 
2 -1-0.3 
2.3t0.1 
1.3 * 0.08 
1.3k0.06 
7.8 .?I 0.1 
1.3k0.1 
2.5tQ.1 
1.7kO.l 

11 k0.2 
2.2 0.05 

17 kO.5 
72 2 4  
4.1 f 0 . 3  
1.7-tO.l 
1.6 C0.2 

13 k0.4 

5.3 
12 

5.9 

6.9 
9.8 

55 
14 
84 

860 
69 
47 
27 

120 
120 
130 
58 
26 

300 
34 
52 
23 

510 
23 

1 ,OOo 
3,300 

98 
24 
8 

360 

1.1 
1.4 

1.3 

2.7 
1.3 
2.7 
1.4 
5.9 

18 
6.1 
2 
1.1 
2 
1.6 
1.9 
1.6 
1.3 
6.4 
1.1 
2.2 
1.7 
9.7 
2.4 

21 
59 

4.3 
1.6 
1.3 

IO 

aSee Fig. 3 for location. 
bContaminated soil i s  defined as soil having concentrations of 226Ra or " q h  equal to or greater than the criteria 

'A value preceded by a "<" sign is the minimum detectable activity (MDA) at  the 95% confidewe Ievel. 
'Indicated counting error is at the 95% confidenee level ( f 26). 
eThe error of the reported radionuclide concentration is less tharr .+z 5% (95% confidence level). 
'The total analytical error is less than f 3% (95% confidence level). 

given in Table 1 ; or giving rise to 1,000 cpm or more on the shielded scintillator. 
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Table 7. Results of analyses of sediment and water 
samples taken at vicinity properties LMOO3 

Radionuclide concentrationb 
I_I Samplea 

21%b 2 2 6 ~ ~ ~  230Thd 2 3 8 ~ ~  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

1 
2 
3 
4 
5 
6 
7 

g 
g 
g 
f3 
g 
g 
f3 
!!3 
g 
g 

g 
g 
i3 
g 
i3 
g 
!!3 
g 

7.3 k4.6 
1.4 t 3  
2.7 k2.7 
2.7 k2.7 
0.27 k 2.7 
1.9 k3.2 

<2.4 

Sediment samples (pCi/gjf 

21 t 2  
170 b-10 

5.520.5 
2.7 f 0.3 
1.9 +. 0.06 
4.9i-0.2 

160 +20 
5.7 rtr0.3 

15 k0.1 
1 . 5 f O . 1  
1.9-tQ.I 
3.920.2 
4,3 2 0.2 
1.3 k 0.08 
1.2k0.2 
8.0 k 0.4 
1.7+-0.:2 
2.1 kQ.1 
2.3 t 0.2 

<OS4 
<OS4 
C0.27 
K0.27 
X0.27 
q0.27 
X0.27 

1100 
8 100 

77 
40 
54 

130 
6800 
280 
700 

15 

91 
110 

9.7 

2.9 
1.3 

1.6 
2.2 
3.6 

300 

1.1 It 1.9 
1.1 k2.2 
3.2k 1.1 

1.4 rtr 2.4 
1.4k2.4 

<1.1 

<1.1 

17 
150 

2.1 
1.4 
1.6 
2.6 

4.8 

1.3 
1.1 
5 .o 
4.9 
0.96 
0.95 
4.5 
0.93 
0.88 
0.99 

198 

11 

X0.67 
X0.67 
<1.67 
<1,33 
<2 
<2 
<3 

aLocations of samples are shown on Fig. 4. 
bA value preceded by a “C” sign is the minimum detectable activity (MDA) at 

‘Indicated counting error is at the 95% confidence level ( -t 2 cr). 

dThe error of the reported radionuclide concentration is 25% (95% confidence 

eTotal error of measurement results is less than f 5 8  (95% confidence level). 
fWater and sediment samples are taken at locations irrespective of gamma 

gNot analyzed. 

the 95% confidence level. 

level). 

exposure. 



36 

ary of ~ e ~ ~ ~ r ~ ~ ~ n  
vicinity properties 

...... ......... ........ 

Number of 

samples 
Measurement or sample type measurements/ Range Mean 

........ ____ ..... 

Gamma exposure rate at 
1 (PR/h)a 

Gamma exposure rate at 
surface ( ~ € t / h ) ~  

Scan, gamma exposure rate 
near surface (,AR/II)~ 

Concentration of 226Ra in surface 
soil (pCi/g), systematic 
locations' 

soil (pCi/g), systematic 
locations' 

Concentration of 230Th in surface 

Concentration of 2 3 8 ~  in surface 
soil (pCi/g), systematic 
locations' 

soil (pCi/g), biased 
locations' 

soil (p@i/g), biased 
locations' 

soil (pCi/g), biased 
locations' 

Maximum 226Ka concentration in 
soil from auger holes, ( p ~ i / g ) ~  

Maximum 230Th concentration in 
soil from auger holes, (pCi/g)d 

Maximum 238U concentration in 
soil frsm auger holes, (pCi/gld 

Concentration of 22aRa in 
sediment, (pCi/g)" 

Concentration of 22sRa in surface 

Concentration of 230Th in surface 

Concentration of *"u in surface 

235 

235 

- 

I0 

70 

70 

13 

3 

3 

86 

86 

$6 

19 

8-560 

7--680 

7-900 

0.99-250 

1.@-210 

1.0-270 

18-1 3,000 

1.0---220 

1.1---1,4(60 

1.3-8 1,008 

1.1490 

1.2-- 170 

19 

21 

7.2 

220 

5.9 

100 

3,800 

75 

- 

- 

22 
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Table 8 (continued) 

Number of 

samples 
Measurement or sample type measurements/ Range 

~-....__..._____.._.....___....I_ 

Concentration of 2 ” ~ h  in 19 1.3--8,100 
sediment, (pCi/g)” 

sediment, (pCi/g)e 

drainage water, ( ~ c i / L ) ~  

drainage water, (pCi/L)” 

drainage water, (pCi/L)e 

drainage water, (pCi/L)e 

Concentration of 2 3 s ~  in 19 0.8 8- 1 90 

Concentration of 226Ra in 7 <0.27-<0.54 

Concentration of 230Th in 7 <1.1-3.2 

Concentration of 2 3 8 ~  in 7 <0.63-3 

Concentration of 21@Pb in 7 0.23-7.3 

.............-I___ .. . .. ..-. 

aAt grid points. 
bScan of entire property. 
‘Systematic and biased samples, Table 4. 
dAuger hole samples, Table 5. 

Mean 

940 

21 

0.35 

1.5 

1.6 

2.7 

eWater and sediment samples, Table 7. 





APPENDIX 

GAMMA PROFILE GRAPHS OF AUGER HOLES 
AT PROPERTY LMO 
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