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ABSTRACT 

At the request of the Portsmouth ~ n v i r o n ~ e ~ t ~ l  Safety and Health Division, 
Portsmouth Gaseous Diffusion Plant, iketon, Ohio, (PORTS) the Measurement 
Applications and Development Group of the Wealth and Safety Research Division, Oak 
Ridge National Laboratory, conducted a radiological survey of the outdoor surface 
environment of the PORTS plant site. The survey was performed between July 19 
April 1991 and covered an area urpose of the suvey 
was to determine the extent of locate and prioritize 
areas of concern from both a worker health/safety and an environmental standpoint, The 
survey included mobile gamma scans, surface gamma scans, gamma radiation 
measurements at 1 M above the surface, selected d k c t  and removable measurements of 
alpha and beta-gamma surface radiation levels, and soil sampling for radionuclide 
analyses. The survey and sampling covered all accessible land areas. 

proximately 150 acres. Th 
ogical contamination and 

Results of the survey demonstrate that, of the 150 acres surveyed, a total of2.7 acres 
were found to be contaminated. Concentrations of radionuclides in several areas totalling 
1.0 acre in size were elevated above typical background levels observe 
Portsmouth, Ohio, area. Furthermore, 5 separate areas to 
have radionuclide surface activity levels exceeding DO 
zoning a contamination area. 

er 5480.11 guidelines for 

ix 





The Portsmouth Gaseous 
of Energy (DOE) and mana 
Fig. 1, the plant is located i 
in 1952 as part of the Ato 
gaseous diffusion progra 
3,703-acre site is about a 
1 mile east of the Scioto 
on Fig. 4. The principal 
through gaseous diffusi 
diffusion of li 
a porous tube 
The separation process i 
tion is reachd.l.2 

concern from h t h  a worker 

radionuclide of concern is uranium. 

1 
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DlI,E GAMMA SCANNING V.4N METHODS 

Staradad operating procedures for the nsnobilr gamma scanning van were used eo 
conduct the suwey.6 A bkef description of the methods and iwsen'umentation used far the 
mobile scanning of the accessible areas (i.e., areas detectable from passable roads) is 

here. Anoildics W ~ C  vcPlnfid in the S Y S ~ C ~ I ' S  identification mode. 

The initial step in searching foi gamma radiation anomalies with the scanning van it; 
to cbiain the baseline (background) data with which to compwc nmmmx-nernts taken in 
the relcvant areas. Bazkground exposure r a t a  W ~ T C  measured along 'rhosoughfares in 
similar, but radiologically unenhanced regions in thc vicinity of the arcas of interest. 
Scans were then yerfo~ne$ cf the suspm areas at a slow sped (<5 nyh) ,  minimizing the 
distance between the detectors and thc p r o p e ~ - h .  All accessible areas were scannd in 
bda directions to maximize the number of views obtaiawed for each sumcyd propewy. 
Anomaly locaeioias were buigliiigh ted by the computer system when the preset "hit" 
criteria (descrikd as follows) werc c ~ c c d a i  during the scm. 

The gamma radiation detection system emg!ayed in the ORNL scanning van i s  
operator-controlled though keyhard instructions to an on-b3rd computer on which data 
output is displayed. Thc data c m  be simdtanecusly printed and stored on 2 dual floppy 
disk drive. The system consists of tluec 4 x 4 x 16-in. MalQ1'I) log crystals housed in a 
lead-shielded sted fran-nc zhat i s  mounted on the ~ g b t  side of the van to provide two 
detector surface arcas for zccep:awe of gamma radiation. A 12 x 1 6-in. surface measures 
radiation corning from so:nrces on the right side of t k  van. 2'he second surface is 
4 x 12-in. and detects radiation from directly bmcath the van. The detector and shield 
height can be varied with a hydraulic lift meclranism to optimize the detector 
Eclsr3-of-view. The dctcctor output is transfcrrd to a a;sz?mputer-contllcd cighr-channel 
discriminator and intcdace that provides for corrtinusus analysis of data inputs for 
correlation of system location with count rate information. Separate energy 
regions-of-interest arc analyzed and a radisiaa;clide-sp~~~if;c algorithm is employed to 
identify locations containing residual. 1 adiurn materials. Menitichsnnd analysis capabilities 
arc irzduded in the system for additional qualitative r nuclide ide;itficatiosn.7 
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SURFACE GAMMA SCANNING AN 

Using a 1.5 x 1.25-in. Nril g 
gamma scan was performed in 
capabilities. The detectors were 
ranges of measurements were rec ere the surface 
gamma radiation levels were el 
of the maximum gamma level. Because NaI scintillators are energy dependent, 
measurements of gamma radiation levels are normalized to pressurized ionization 
chamber (PIC) measurements to estimate sure rates. Systematic soil samples 
were taken at various locations irrespective of g radiation levels, samples were 
analyzed for 137Cs, 40K, 226Ra, Z T h ,  235 D81J content. These madlianuelides were 
selected for analysis by gamma spectrorne the following reasons, 

intillation detw 

A chain of successive radionucli s are formed from the dec 
uranium undergoes over time. Radium-226 is one 
progeny that result from this decay and is 
natural uranium, the activity cantribut 
contributed by 23W. The chemic 
nearly all of the naturally wcuni 
Only trace quantities are present due to decay since s e ~ ~ ~ ~ ~ i o n  
and 238U both occur naturally, and both result from 
PORTS enrichment process changes the ~a tu ra l~y  o 
Depleted uranium has a lower 
uranium; conversely, enriched uranium 60 
total percent activity. In natural uranium, 
23X.J; 4.7% of the total activity comes from BSUs Any significa 
percentages is likely to result ffom enrichment 
of activity from 23411 is ~ ~ ~ r o x i ~ a t e l ~  equal 

aration of ~ r a ~ ~ i ~ ~  
ijum progeny prior 

entage 0f its total activity fr 
ns a lessened contribution from 238U to the 
% of the total ~ ~ a ~ i ~ ~  by weight is due to 

deviation f r ~ ~  hose 
urmiunm, the amount 

However, only the 235U 
and 238T-J emit sufficient g grsis. 

Although neither 137 were directly associated with any ~ ~ ~ ~ a ~ o n s  or 
processing activities at th TS site, samples are routinely analyze for their presence. 
Cesium-137 is a man-made r a d ~ o ~ ~ ~ ~ i d e  present worldwide in a t ~ o ~ ~ ~ e r i ~  fd%m f i ~ m  
nuclear weapons testing. It is frequen areas where rainwater 
collects, such as the driplines of r m  around parking lots or 
thoroughfares. Potassium-40 i s  a n a t ~ r a ~ ~ y  occurring, pervasive ~ ~ d ~ ~ ~ u ~ l ~ d e  foun 
many biological and environmental materi s, including soil, normal 
tissues. Thorium-232 is a primordial ~ ~ d i ~ r ~ ~ c ~ i d e  and is ftxmd in all soil. 

und in soil taken 
low-lying areas in 

Direct alpha and beta- gamma 
surfaces (e.g., concrete, asphalt) in the same areas as 
alpha meter was used to measure alpha activity levels, and a 

e soil samples, A 
pancake probe was used 
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to determine beta-gamma activity levels. Smears were taken at selected locations to 
disclose any removable alpha and/or k t a - g a m a  activity levels, 

SURVEY RESULTS 

DOE guidelines are s u m m ~ a d  in Table I,f3.9 Typical back und radiation levels 
for the southern Ohio wea are presented in ‘Fable 2.10 These 
cornpa.rissn with suwey results presented in this secticsnn. ~ ~ a ~ u r ~ ~ ~ ~ ~ ~ t s  far alpha rn 

ions per minute (dpm) p 
Background co~acenaa~o 

a are provided for 

radiation levels are reported directly in disint 
emz; general radiation levels me repofid in gross 

have not k e n  sutptractd fiom r&onuclidc coneenmhans mea in soil samples. 

The results of the mobile gamma scanning van activity inside the €enced site 
lreveded no detectable momzlies on the mads. However, gmma radiation “shine” * from 
the UF6 storage yard was readily detected. The origin of the shine was established using 
N d  scintillometers md PIC instnxmmts. 

A SCAN RESULTS 

At the time of the survey, the U F b  cgrliriders were stored in the northeast an 
northwest prtiorns of the site. Gamma r d i  levels at 1 rn in the imedfiate storage 
vicinities (Fig. 5) were all greater than 60 as a result of the considerable gamma 
radiation shine prdbscd by the contents of these cylinders. Exposure rates at 1 m in m a s  
outside of and surrounding the cylinder storage significantly, ranging from 12 to 

. Gaxxinia radiatiorn fielelds in the iinlrne inity of UF6 cylinders were not 
f d l y  characterized RTS health physics personnel had already implemented 
radiation zone restrictions. 

Figure 6 shows the arcas of the property surveyed both at the surface and at 1 rn 
above the surface. Gamma exposure rates measured near the pound surface in areas of 
the site not affected by shine from the cylinder storage generally ranged from 6 to 

. However, d u e s  ranging from 12 to 550 pXW wesc nieasured at the sirface in 
scattered locations. Biased soil samples were taken in those locations as shown on 
Figs. 7 and 8. Exposwe rates at 1 rn above the surface in those areas gener 
from 6 to 11 pRlh, with a iinaxirriuarn of 20 p.Wh in elevated locations. The higher values 
did exceed the range of gamma exposure rates typical of the southern Ohio area 
(3-1 1 pRh, Table 22, but gamma levels measured by ORNk in these areas were all well 
below DOE Order 5480.1 1 personnel protection guidelines. There were areas exceding 
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5 
health physics persoanel.9 

at 30 cm above the surface but t 

SYSTEMATIC AND s 

within the fenced 

S85 are 0.53 to 

2 3 W ,  and 2 3 W  were 81, 77, 61, and 

near the Perimeter 
Road (Fig. 8), Mas 

ALPHA AND SE'I'A-GA c s 
Direct and removable ra 

asphalt) surfaces in the five 
results sf these measureme 
X-705, X-705A, X-720, X- 
measurements in  these areas were above the E average gwidelin 

phalt md concrete surfaces w i  
samlts (Table 4) for alpha activity levels. 

Buildings X-705 and X-746 above 
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Results of laboratory analyses far radionuclide concent s in soil samples 
uclides in elevated 

concenmtions in most of the hiased soil samples. Ek.rt.hemme9 COI-KXXI~E~~~QIIS of 2WXa 
re elevated in samples B32A and B32B, Of t 150 acres surveyed, 
found to be csnirtsminatd. Some of i%e csnwmin on, found over severa4 
totalling 1.8 acre in size9 was located in the top six inches of soil. These 
typical of b;ickgaouod values in the Portsmouth, Ohio, area. The areas of 

with the meas of elevated surface g m i a  
radiation and elevated alpha and beta-gamma wxrface activity; the apst significant of 

dock of Building X-745. These 5 areas, described in Table 4 and totalling 1.7 acre in 
size, exceed DOE Order 5480.1 1 average guidelines for siufacc: contanination. 

collect. from the PORTS plant site demonsDipp$ *w md aw 

ionuclide csncentratiowrs coinci 

which W ~ E  found mound Buildiings X-770, X-705, X-705A, X-728, d the east loading 

Analyses showed elevated conce:~~traiions of 13Ts in samples from 2% of 33 bias 
laations where elevated concentrations of UT ium were also found. Elevated kvells 
13’9Cs were. not found in smples from die 85 systematic Bmations. The concentn”ations of 
cesium feuad at this site me not suftkient to pose any significant hedth hazard to either 
employees or the public. By connparison, the 13T.s C O A C ~ X I ~ ~ Q ~ ~ S  in soil at PORTS me 
well below the reecarnrnemdcd value @if 88 pCi/g that is used by DOE in applying 
FIISMP guidelines tic;? release sites for unrestricted use,‘l 
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Table 1. DOE guidelines for r ~ ~ ~ ~ ~ i o ~  against ra 

Total residual surface 
contaminationc d ( d p h  emitters) 

Beta-gamma emit@ 
Fixed CQ rennovablee 
Removable 

23%, Th-natural (alpha em’rters) 

WSr (bm-gamma emitm) 
Or 

Fixed & removablee 
Removable 

226Ra, 23(”iI, transuranics 
Fixed & xanovablee 
Removable 

*Where surface contamination by both alp ~ ~ - ~ ~ m a - c ~ i t ~ n g  nuclides exisls, the limits 
established for alpha and beta-garnma-emitting should apply ~ ~ ~ e ~ n ~ e n ~ y ”  

b A s  used in this table, dpm means the rate of emission by radioactive material as determined by 
correcting the counts per minute observed by an a p ~ r o p ~ a t e  detector for background, efficiency, and 
geometric factors associated with rhe ~ ~ s ~ r n e ~ ~ ~ ~ n .  

cDOE surface contamination guidelines are consistent with ?.he Nuclear Reg~lat~ry Commission 
guidelines found in ref. 10. 

Qeta-gamma emitters (radionuclides with decay rn 
fission) except WSr, 228€ta, 223Rii, 227Ac. 1331,1291, 126 
mixed fission products, including the WSr which is p s e n t  in them. It does not apply tu %s which has 
been separated lTom the other fission products or mixlures where the 9 % ~  has been 

eThe levels may be averaged over on ter provided &e m ~ ~ ~ u ~  
area of 100 cm2 is less than three times th 
surface shall be consider4 to be above th 
number n of sections it is determined that 
measurement of section i; or (2) it is 
particles in any 100 cm2 area exceeds 3G. 

other than alpha emission or s 

where S ,  i s  the didm 
the sum of the activity of ail isolated spots or 

Source: DOE Order 5480.1 1, December 21, 1988. 
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e8s and p"8 

uth, Ohio, 

3-1 1 7 

0.85-8.8 1.2 
0.33-1.1 0.50 
0. .ll 0.06 
0.68-1.5 1.2 
0.024.38 0.2 
0.01-12.0 4.5 
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Table 3. Concentrations of radionuclides in outdoor soil samples at 
the Portsmouth Gaseous Diffusion Plant, 

Piketon, Ohio 

Radionuclide concentration (pCi/g)” Sample” Depth 
(in) mRa 9% 235u 1 3 7 ~  95 

B1A 
BIB 
B2A 
B2B 
B3A 
B3B 
B4A 
B4B 
B5A 
BSB 
R6A 
B6B 
B6C 
B7A 
B7B 
R7C 
B8A 
B8B 
B8C 
B9A 
B9B 
B9C 
BlOA 
B 10B 
3 1OC 
BllA 
B1lB 
BllC 
B 12A 
Bl2R 
B12C 
B 13A 
R13R 
I313C 
B14 
B15 
B16 
R17A 
B17N 
B17C 
B18A 
E3 18B 
B 18C 
B 19A 
B 19R 

06 
6-12 
06 
6-12 
0-6 
6-12 
0-6 
6-12 
06 
6-12 
0-2 
2-6 
6-12 
0-2 
26 
6-12 
0-2 
2-6 
6-12 
0-2 
2 6  
6-12 
0-2 
2 6  
6-12 
0-2 
2 6  
6-12 
0-2 
2-6 
6-12 
0-2 
2-45 
6-12 
0-2 
0-0 
0-0 
0-2 
2 6  
6-12 
0-2 
2 6  
6-12 
0-2 
2-6 

1.3oiO.02 
1.mo.04 
1.40to.13 
1.4uio. 10 
1.ao.11 
1.40t0.03 
1.20i0.08 
1.10i0.12 
1.4oto.08 
1.50t0.02 
1.80i0.28 
1.50t0.06 
1.60t0.04 
1.70t0.05 
1.20i0.03 
1.50t0.03 
3.00i0.14 
28Oi0.07 
1.70i0.07 
6.60t0.19 
1 .&0.04 
1.50to.03 
1.5oto.09 
1 .stho.o5 
1.soi0.02 
1.40t0.10 
1.40i0.05 
1.40i0.07 
1.50t0.07 
1.4oio.04 
1.3oi0.03 
1.70t0.08 
1.90i0.12 
2.10i0.03 
1.1oio.08 
O.W*O. 17 
0.9Si0.03 
0.91i0.07 
1.UliO.04 
1.10i0.03 
1.50t0.08 
1.60i0.15 
1.50t0.03 
1.10*0.05 
1.50i0.05 

Biased samplesC 

1.6oio.04 
1.5th0.07 
1.80i0.26 
1.4(3io.15 
1.3th0.17 
1.20io.05 
1.20t0.11 
1.OOtO. 19 
1.20t0.13 
1.50io.04 
1.20t0.37 
1.2oi.o. 10 
1.40t0.07 
Q.92i0.07 
0.70i0.05 
1.30t0.05 
1.20io. 15 
0.9 1 i O . 0 8  
1.4oi0.11 
2.60i0.23 
l.4Oi0.07 
1.4OtO.05 
1.20i0.13 
1.30t0.09 
1.3oi0.03 
1.30t0.19 
1.3oio.09 
1.30t0.10 
1.50i0.13 
1.30t0.07 
1.40i0.05 
1.10tQ.08 
1.30t0.17 
1.5oito.03 
0.85t0.12 
1.6020.29 
0.59i0.05 
1.1OiO. 14 
1.20i0.07 
1.1oto.05 
0.89t0.12 
1.40k0.18 
1.1oto.06 
6.30kO.W 
1.80io.m 

0.08i0.05 
< 0.w 
340 i3.0 
66 i0.87 
14 t0.55 
2.50t0.07 
19 i1.6 
11 *o.a 
7.20iQ.82 
1.2Or0.05 

27 i2.0 
3.40i0.20 
0.29i0.09 
16 t0.20 
2.00t0.ot3 
0.41io.06 
22 t1.7 
2.8 i0.33 
2.10io. 19 
59 i2.1 
1.?3oi0.09 
0.31t0.05 
28 i1.7 
10 i0.19 
3.50i0.19 

14) i5.0 
46 t1.4 
9.40i0.75 
56 i1.S 
7.CKir0.5 1 
0.95t0.05 
10 io.31 
1.6QtO.B 
0.96t0.07 

270 t2.7 
380 i2.8 

1200 i14 
140 t1.2 

15 t0.18 

34 tO.84 
69 t0.78 
16 20.62 
2.60t0.28 
4.40iO. 13 
0.26io.08 

2.mt l”2 
1.80to.w 

130 *14 
31 i5.6 
73 i8.8 
1s i1.l 
37 t5.6 
29 i6.9 
32 t4.6 
9.7Ot1.3 

8-30 i32 
150 i7.2 
12 t1.7 
500 t4.0 
96 i2.9 
19 i1.S 
23 i5.3 
24 t3.0 
3.70k2.5 

1-70 ill 
6.Wi1.6 
2.70il.O 
1s i5.0 
8.30t2.4 
3.a0 .67  

110 *I0 
38 i3.8 
11 i3.0 
55 4.0 
9.10t2.4 
2.10t0.80 
22 i4.5 
Q.oQi3.9 
4.SOt1.2 
38 t5.5 

120 t3.9 
85 i8.4 

560 i22 
65 i4.9 
19 e2.6 

110 *5.1 
33 i5.3 
7.900t0.82 
16 tl.5 
2.80i0.53 

e0.02 
0.01 iQ.0 1 
0.87t0.14 
Q.22t0.05 
0.59iO.W 
0.06t0.01 
0.68i0.07 
0.49i0.10 
0.92t0.09 
0.17i0.01 
3.3oi0.31 
05kO.M 
0.03t0.02 
3.90t0.07 
0.89t0.03 
0.1oio.01 
1.3oi0.11 
0.86i0.05 
0.tlt0.03 
4.IMiQ.17 
0.23t0.02 
0.02i0.01 
2.00i0.12 
0.46t0.03 
0.13t0.0 1 
2.20io. 12 
0.7 1 iO.04 
O “ ~ i O . 0 3  
l.RoiO.08 
0.49t0.03 
0.07i0.01 
1.ooto.w 
0.10i0.06 
0.03iO.Ol 
5.00i0.15 
0.39i0.17 
3.20t0.05 
2.20ito.07 
0.24t0.03 
0.02i0.01 
4.4.0i0.12 
1.8oio. 15 
0.22jt0.02 
11 io.10 

26 t0.39 
2.0 io.59 
12 il.6 
13 t1.2 
14 t1.3 
13 i0.37 
12 *0.94 
11 i1.4 
13 t1.0 
16 i0.32 
9.1h2.1 
13 i0.71 
14 t0.55 
11 i0.41 
12 i0.39 
13 i0.37 
13 i1.3 
8.4Oio.m 
13 i0.81 
11 tl.1 
13 iQ.53 
14 i0.38 
13 t1.0 
14 t0.69 
14 t0.29 
11 i1.1 
13 i0.62 
13 t0.92 
13 t0.94 
12 to.55 
13 t0.36 
13 i0.78 
20 il.6 
19 i0.31 
6.6Oi0.65 
0.01io.01 
0.0 1 to.0 1 
0.0 1 io.0 1 
0.01i0.0 1 
12 t0.47 
O.O1tO.O 1 
0,o ltO.0 1 
24 i0.52 
0.0 lio.o 1 

0.51iO.03 23 i0.71 
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Table 3. (continued) 

Radionuclide concentration (pCi/g)b Sample" Depth 

(in) 2"6Ra 271Th 1 3 7 ~  % 

S5A 
S5B 
S6A 

S7A 
S7B 
S A  
s8B 
S9A 
S98 
SlOA 

SllA 
S11B 
s12A 

s12c 
S13A 
S13B 
S 14.4 
S14B 
S15A 
S 15B 
S 16A 

S17A 
S17B 
S18A 
S18B 
S19A 

S20A 
S20B 
S21A 
S21B 
s22A 
S22B 
S2ZA 
S23B 
S24A 
S24B 
S25A 
S25B 
S26A 
S26B 
S27A 
S U B  
S28A 
S28B 
S29A 
S29B 

sm 

sion 

s12n 

s 1613 

sign 

0-6 
6-12 
0-6 
6-12 
0-6 
6-12 
0-6 
6-12 
0-6 
6-12 
0-6 
6-12 
06 
6-12 
06 
6-12 

12-18 
0-6 
6-12 
0-6 
6-12 
0-6 
6-12 
0-6 
6-12 
0-6 
6-12 
0-6 
6-12 
06 
6-12 
0-6 
6-12 
0-6 
6-12 
0 6  
6-12 
0-6 
6-12 
0-6 
6-12 
0-6 
6-12 
0-6 
6- 12 
0-6 
6-12 
0-6 
6-12 
0-6 
6-12 

1.5 i0.03 
1.6 t0.02 
1.5 i0.02 
1.5 i0.03 
1.4 t0.02 
1.3 i0.02 
1.3 i0.02 
1.3 i0.02 
1.3 i0.02 
1.3 i0.02 
1.3 t0.03 
1.7 i0.03 
1.4 i0.02 
1.3 i0.03 
1.3 t0.02 
1.4 i0.02 
1.4 i0.02 
1.6 t0.03 
1.4 i0.02 
1.2 i0.02 
1.5 1.0.02 
0.67i0.02 
0.79i0.02 
1.3 t0.02 
1.4 i0.02 
1.2 i0.03 
0.87t0.02 
1.0 to.03 
1.3 i0.02 
1.1 k0.02 
1.1 t0.02 
1.3 tO.02 
1.2 t0.02 
1.2 t0.02 
1.3 i0.04 
1.3 t0.02 
1.4 i0.02 
1.2 i0.02 
1.3 i0.02 
1.6 iO.05 
1.3 i0.02 
1.6 i0.05 
1.3 t0.03 
1.3 i0.02 
1.4 i0.04 
1.2 i0.02 
1.2 r0.02 
1.6 i0.04 
1.3 iO.02 
1.3 iO.03 
1.1 t0.02 

1.0 i0.04 
1.2 i0.04 
1.2 i0.03 
1.3 iO.06 
1.1 t0.07 
1.1 io.03 
1.3 i0.03 
1.1 i0.03 
1.1 i0.04 
1.1 i0.03 
1.0 t0.04 
1.4 i0.04 
1.2 i0.03 
1.3 i0.04 
1.3 tO.10 
1.2 i0.04 
1.2 i0.w 
1.4 t0.03 
1.4 i0.03 
1.1 t9.03 
1.4 t0.04 
0.39i0.03 
0.64i0.02 
1.1 ro.03 
1.1 io.03 
0.76i0.02 
0.53*0.03 
0.8434.to.03 
1.1 i0.03 
0.92t0.03 
0.91t0.03 
0.92i0.03 
0.99i0.03 
1.2 i0.04 
1.1 io.04 
1.1 i0.03 
1.0 i0.03 
1.1 i0.03 
1.1 i0.03 
1.5 i0.12 
1.1 i0.04 
1.4 t0.04 
1.1 i0.04 
1.2 i0.03 
1.4 t0.07 
1.1 10.03 
0.96to.04 
1.2 t0.03 
1.1 t0.04 
1.0 i0.05 

0.78r0.03 

0.08io.04 
0.wt0.05 

10.07 
<0.05 
CO.05 
0.10t0.06 
0.07i0.04 

< 0.04 
co.05 

co.05 

eO.04 

e0.07 
~ 0 . 0 7  
c 0.04 
< 0.08 
~ 0 . 0 7  
<O.W 
cO.08 

0.03 
c: 0.05 
e 0.95 

~ 0 . 0 5  

0.07i0.05 

0.12t0.04 

o.ojio.05 

O.Mi0.03 

0.17i0.09 
0.09to.w 

0.06i0.03 
0.06io.04 
0.17i0.10 

< 0.06 

< O B 6  
<O.W 

~0.05 
o.o(ii0.04 

0 . ~ i O . 0 4  
0.09t0.04 

< O M  
<0.08 
<0.07 
€0.07 
CO.05 
4 . 0 7  
<0.12 
0.06io.03 
0.OGn0.04 

e 0.05 
<0.05 

0.06t0.N 
0.03i0.04 

1.5 io.90 
2.1 io.55 
1.5 t0.59 
2.7 i0.95 
1.8 t0.84 
1.6 i0.73 
1.4 tO.46 
1.2 t0.43 
20 t0.72 
1.3 io.84 
1.4 i0.75 
3.0 i1.2 
2.0 i0.47 
1.9 t0.67 
1.8 i1.0 
1.1 i0.87 
1.7 i0.52 
2.0 t0.93 
2.0 i0.72 
2.2 to.51 
2.7 i1.O 
1.1 to.50 
1.6 20.71 
1.5 i0.82 
1.7 i0.37 
1.2 i0.62 
0.80t0.31 
2.0 i0.73 
1.5 i0.75 
1.7 i0.47 
1.1 t0.38 
1.2 kO.35 
1.4 t0.73 
1.3 t0.78 
1.2 to.55 
1.4 t0.40 
1.5 t0.73 
1.4 t0.92 
1.6 i0.84 
1.3 t0.75 
2.2 t0.94 
1.8 i0.82 
2.1 tQ.98 
1.8 i0.76 
3.0 tl.8 
1.3 i O . 4 4  
1.9 t0.72 
1.1 i0.66 
1.8 t0.91 
1.6 i0.M 
1.2 i0.73 

0.04to.01 
0.04t0.01 
0.01io.01 
0.04io.01 
0.02io.01 
0.03i0.01 
0.03t0.01 
0.1 liO.0 1 
0.03i0.01 
0.01io.01 

0.0 liO.01 
0.04io.01 
0.03i0.01 
0.02t0.01 

0.01io.01 

10.01 

<0.02 

c0.02 
<O.Q1 
c0.01 
~ 0 . 0 1  
co.01 
co.01 

0.02t0.01 
0.0 1 io.0 1 
0.04to.01 
0.08*0.01 

<0.01 
< 0.0 1 

0.02to.01 
0.03t0.01 
0.03tO.Ql 

0.02t0.01 
0.02i0.01 
0.02t0.01 
0.03iO.01 
0.03io.01 
0.03i0.01 
0.04io.01 

0.04t0.01 
o.wio.01 
0.02io.o I 

< 0.9 1 

0.06i0.02 

<0.03 
<0.01 
<a01 

0.04io.01 
0.02i0.01 
0.13i0.02 
0.04t0.01 

12 t0.35 
13 i O . 3 0  
13 10.25 
13 i0.35 
12 i0.31 
12 a033 
16 io31 
12 t0.25 
14 i O . 3 4  
14 t0.29 
13 i0.34 
18 t0.34 
16 t0.31 
17 34.t0.41 
19 kO.34 
16 t0.31 
16 i0.31 
14 i0.30 
13 i0.B 
12 i0.26 
13 i0.29 
4.9 io20 
5.6 i0.27 

11 i0.33 
12 kO.26 
0.0 liO.0 1 
5.9 i0.22 
8.2 t0.30 
10 t0.24 
12 to.% 
12 a0.25 
11 io.24 
11 io.23 
11 i0.33 
0.01*0.01 
13 i0.27 
12 1.0.23 
13 i0.33 
14 i0.27 
0.0 1*0.01 
13 iO.34 
0.01io.o 1 
13 d.37 
15 i0.28 
18 t0.61 
15 i O . 2 8  
12 i0.31 
0.0 1t0.0 1 
12 a0.33 
11 i0.46 
9.5 20.28 
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S3OA 
S30R 
S3 1.4 
S31B 
s31c 
S31D 
S 3 2 8  
S3213 
S33A 
S33W 
S33C 
SWA 
S34P 
S35h 
S3SB 
S%A 
S36U 
S37A 
S35R 
S78A 
S38B 
S3YA 
S39B 
SNA 
S4lA 
S41B 
S42A 
S4288 
S43A 
S43B 
S44A 
SMB 
S45A 
S4SB 
S46A 
S46B 
S47A 
S47B 
S48A 
SQ8 
S49A 
S49B 
S5OA 
S50B 
S5 1A 
SSlB 
S52A 
S52B 
S53A 
S53B 
S54A 

0.6 
6-12 
0-6 
6-12 

12-18 
18-24 
0-6 
6-12 
0-6 
6-12 

12-18 
06 
6-12 
0-6 
6-12 
06 
6-12 
OQ 
6.12 
0-6 
6-12 
0 -6 
6-12 
0-6 
0 4  
6-12 
0-4 
4-12 
0-6 
6-12 
0-6 
6-12 
0.6 
6-12 
0-6 
6-12 
06 
6-12 
0-6 
6-12 
0-6 
6-12 
0-6 
6-12 
0-4 
6-12 
0 -6 
6-12 
0 4  
6-12 
0 4  

1.2 i0.02 
1.3 t o m  
1.3 kO.04 
1.1 x0.02 
1.2 20"BB 
1.1 mO.02 

0.7480.01 
0.85tO.02 
1.7 m0.05 
1.5 20.02 
1 6  n0.03 

0.78t0.02 
1.1 20.02 
1.4 t0.82 
1.3 20.82 
1.2 k0.02 
1.0 tO.02 
0.9220.02 
1.1 io.02 
0.88tQ.O 1 
0.99t0.02 
1.2 x0.04 
1.2 t0.02 
1.4 iO.02 
1.7 io.05 
1.4 n0.02 
1.4 t0.03 
1.4 n0.83 
1.5 f0.02 
1.3 iO.04 
1.2 90.03 
1.5 k0.02 
1.7 io.01 
1.6 10.03 
1.6 k0.02 
1.7 t0.07 
1.4 m0.02 
1.5 i0.02 
1.4 28.02 
1.4 20.02 
1.2 k0.02 
1.7 t0.02 
1.5 i0.02 
1.5 t0.02 
1.6 iQ.03 
1.8 t0.06 
1.7 $0.03 
1.7 i0.03 
1.4 20.03 
1.6 s8.02 
1.5 i0.02 

1.2 t0.03 
1.3 i0.W 
1.4 i0.M 
1.1 i0.03 
1.1 i0.07 
1.1 i0.03 

0.54nQ.M 
0.64t0.02 
1.6 io.% 
1.4 n0.M 
1.5 $0.04 
0.48iO.03 
1.1 n0.03 
1.2 t0.03 
1.2 io.03 

0.92x0.03 
0.75iO.W 
0.63d.02 
0.84nQ.03 
0.63m0.02 
0.75i0.02 
1.0 t0.05 
1.0 a0.03 
1.1 mo.03 
1.6 $0.14 
1.4 no03 
1.3 t0.M 
1.2 rO.04 
1.3 20.03 
1.2 i0.09 
1.2 i0.10 
1.3 i0.83 
1.3 xo.05 
1.2 t o m  
1.2 to.04 
1.3 io.Q4 
1.3 $0.03 
1.4 n11.83 
1.1 $0.04 
1.3 $0.83 

0.91i0.03 
1.5 r0.w 
1 2  i0.03 
1.2 -tom 
1.3 n0.05 
1.4 A 1 3  
1.3 io.05 
1.3 i0.03 
1.2 k 0 . M  
1.3 iO.03 
1.1 i0.03 

0.Q910.05 
0. BOf0.04 
0. 1OmO.07 

CO.05 
c0.12 

CO.04 
c0.05 
C0.W 
C0.M 

COB4 
c 0.06 
C0.W 

0.0..&03 

O.lOnO.(K, 

0 W*Q.CM 
O.lOt8.04 
0.0$*O.O4 
0.07t0.03 
0 06iQ.03 
0.07t0.03 
0.17n0.07 

CO 06 
c 0.07 

O.WtO.Q4 
0.13$0.06 

0 12r0 06 
c0.07 

c0.05 

c0 05 

c0.07 

O.(@k0.84 

0.33mQ.05 

0.19t0.05 
O.WnQ.05 

o.ot3io.04. 
0.1010.0~ 
0.08nO.04 
0.27iO 12 
O.Ma0 04 
0.1 1tQ.O.1 
O.O&O.W 
0.10t0.04 

O.?lt0 17 
0.13t0.07 
O.L%20.04 

C0.M 

c0 07 

c0.05 
COSY 
c 0.05 
0.0810 0s 

1.7 iO.80 
1.5 20.78 
2.0 t0.89 
1.8 t0.76 
2.1 s1.5 
1.5 i0.34 
1.3 t0.48 
0.9Qto.50 
1.6 t0.79 
1.6 10.79 
3.0 tl.1 
1.3 nO.68 
1.5 10.70 
1.8 t0.80 
1.7 m8.48 
2*0 tl.0 
1.2 2066 
1.1 20.37 
1.5 20.41 
1.3 n0.37 
1.3 *0.36 
1.4 20.62 
1.3 i0.m 
2.1 t0.58 
1.4 20.74 
1.4 20.75 
1.4 i0.74 
1 6  t0 .a  
1.5 t0.73 
1.5 t0.59 
1.5 x0.65 
2.2 t1.0 
2.1 t0.81 
1.9 r0.W 
1.9 20.79 
2.0 t8.91 
2 2  90.45 
1.7 to.46 
1.6 t0.45 
1.6 t0.73 
2 1 t0.75 
2 0  1-0.62 
1.9 kQ.49 
15  to.66 
2.1 to.59 
2.0 t0.78 
2.2 t0.95 
1.6 t0.47 
1.5 x0.u 
1.9 iO.53 
1.9 t O . 6 6  

0.01t0.01 
CO.01 
co.02 
co.01 
c 0.02 

0.81 $0.01 
O.%*0.01 
O.MtO.008 
0.02*0.01 
0.02$0,01 

0.44t0.02 
0.16n0.01 
0.02~0.01 

0.13n0.01 
0.33t0.02 
0.02.0.006 
0.06mo.01 
0.03t0.01 
0.03%0.01 
0.0320.01 
0.06m0.01 
0.41i0.01 
0.23t0.02 
0.03i0.01 
0.15t0.01 
0.02~0.01 
O.Mm0.01 
0.04tQ.01 
0.02t0.01 

0.05mo.01 
0.04t0.01 
0.07i0.01 
0.05to.01 
0.0320.01 

0.13iO.O I 
0.07n0.01 
0.05.0.01 

0.03iQ.01 
0.0bm0.01 
0.04m0.0 I 
0.0928.03 
0.07iU.01 
0.13so.01 
0.03m0.01 
0.01i0.01 
0.37a0.01 

c0.02 

c 0.0 1 

co.01 

co.01 

co.01 

13 a0.34 
13 20.36 
13 n0.50 
9.1 to.25 

11 20.53 
13 t0.24 
5.6 d.16 
6.6 to22 
0.01t0.81 
17 10.29 
20 i0.41 
5.8 t0.22 

14 mO.26 
12 m0.29 
12 t0.27 
11 s0.26 
8.2 20.27 
9.2 i0.21 
9.7 tQ.23 
8.3 i0.21 

11 t0.z 
0.01~0.81 
10 n8.24 
13 t0.B 
0.01no.01 
13 n0.27 
11 t0.34 
12 20.32 
13 a027 
O.O1tO.O1 
O.O1tO.O1 
11 20.32 
11 i0.36 
11 i0.35 
12 io32 
11 mQ.33 
13 iO.28  
14 a029 
12 20.2% 
12 k8.26 
9.2 i0.22 

18 k0.35 
14 k0.29 
13 i O . 2 6  
14 20.41 
0.01t0.01 
14 20.39 
13 10.29 
12 t0.35 
13 to.% 
11 *0.25 
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Table 3. (continued) 

Radionuclide concentration (pCi/g)b Sample" Depth 

(in) mRa a5U mu 1370 "rc 

S54B 
S55A 
S55B 
S56A 
SS6B 
s57 
S58 
s59 
s60 
s61 
562 
s63 
s64 
S65 
s66 
S67 
s68 
S69 
S70 
S7 1 
S72 
S73A 
S73B 
s74 
s75 
S76 
s77 
S78 
s79 
!BOA 
S8OB 
S81 
s82 
S83 
S84 
S85 

6-12 
06 
6-12 
06 
6-12 
0-6 
0-6 
0-6 
0-6 
0-6 
0-6 
0-6 
0-6 
0-6 
0-6 
06 
0-6 
0-6 
0-6 
0-6 
06 
0-6 
6-12 
0-6 
0-6 
0-6 
0-6 
0-6 
06 
0-6 
6-12 
06 
0-6 
0-6 
0-6 
0-6 

1.4 i0.02 
1.1 i0.03 
1.4 i0.03 
1.4 i0.03 
1.0 i0.02 
2 3  i0.03 
2.5 i0.07 
1.9 i0.02 
1.7 i O . 0 6  
1.7 i0.03 
1.6 i0.03 
1.6 iO.03 
1.5 i O . 0 2  
1.6 i0.03 
1.5 i0.02 
1.6 i0.02 
1.3 i0.03 
1.7 iO.03 
1.4 i0.02 
1.5 t0.03 
1.6 i0.03 
0.56i0.01 
1.1 i0.02 
1.4 i0.05 

0.76t0.02 
1.5 i0.03 

0.53io.01 
0.54i0.02 
1.3 i0.03 
1.7 i0.03 
1.5 t0.03 
1.5 i0.03 
0.93i0.03 
1.3 i0.02 
1.5 i0.02 
1.5 i0.02 

1.2 i0.03 
0.55i0.07 
0.99io.05 
0.91i0.04 
0.67i0.02 
1.4 i0.04 

0.48i0.02 
1.2 i0.03 
1.2 iQ.03 
1.3 t0.03 
1.1 t0.05 
1.2 io.04 
1.2 io.03 
1.3 i0.05 

0.99i0.03 
1.3 i0.04 
0.97t0.04 
1.4 i0.03 
1.2 to.03 
1.3 i0.04 
1.5 i0.04 

0.17i0.01 
0.78i0.03 
1.5 i0.08 

0.23i0.02 
1.7 i0.04 
0.17i0.02 
0.16iO.02 
1.3 i0.04 
1.7 i0.04 
1.9 t0.04 
1.4 iO.04  
0.54i0.03 
1.0 i0.03 
1.3 i0.03 
1.2 t0.03 

c0.M 
e0.05 

0.36*0.17 
0.09i0.05 
O.06i0.03 
0.1 1i0.05 

0.1 1io.04 

0.10i0.05 
0.29i0.06 
0.13iO.W 
O.lliO.04 
0.46io.06 
0.22t0.04 
0.29i0.05 
0.30i0.07 
0.06i0.04 
0.10i0.05 
0.18*0.05 

0.04io.m 
0.05io.03 

0.07i0.03 
0.16iO.05 

e0.07 

CO.08 

<O.M 

4 . 1 1  

4 .02  
4.04 

0.09i0.05 
1.3 i0.07 
0.16iO.06 
0.28iO.M 
0.18t0.04 
0.12i0.04 
0.12i0.05 
0.1 1i0.04 

1.6 i O . 4 0  
1.2 io.46 
1.2 io.69 
1.6 i0.80 

0.97*0.55 
2.3 i0.51 
1.9 t0.75 
1.3 i0.42 
2.0 i0.87 
1.9 t0.50 
3.7 i0.71 
1.7 i1.l 
1.7 i0.44 
4.4 i0.97 
2.2 i0.44 
2.3 i0.73 
1.6 i0.97 
2.0 i0.81 
1.9 i0.76 
1.8 i0.70 
1.7 il.0 

0.54t0.W 
1.3 i0.41 
2.6 i1.8 
0.98iO.50 
1.9 i0.52 
0.75io.25 
0.51i0.39 
2.2 il .1 
6.5 k1.2 
1.5 il.1 
2.5 i0.94 
1.0 &.56 
1.6 i0.38 
2.2 io.86 
1.6 i0.43 

0.03i0.01 
0.30t0.01 
0.05io.02 
0.14i0.01 
0.1 1io.01 
0.1 li0.0 1 
0.45i0.02 
0.36i0.01 
0.17iO.O 1 
0.26i0.01 
0.91i0.03 
0.29i0.02 
0.3 liO.01 
0.48i0.02 
O.SliO.01 
0.4 1io.o 1 
0.60t0.02 
0.64i0.02 
0.63i0.02 
0.28i0.02 
0.45i0.02 
0.48io.o 1 
0.14i0.01 
0.34i0.03 
0.23i0.01 
0.22i0.01 
0.42i0.01 
0.45i0.01 
0.84i0.02 
0.70i0.02 
0.17iO.0 1 
0.28i0.02 
0.45i0.01 
0.35io.01 
0.51 i0.02 
0.87i0.02 

12 t0.26 
0.01io.01 
10 t0.42 
9 5  i0.31 
6.8 i0.18 
11 i0.28 
0.01io.01 
13 10.29 
0.01i0.0 1 
13 io.30 
12 i0.35 
13 i0.37 
13 t0.n 
13 i0.34 
11 n0.25 
14 t0.27 
0.01 io.01 
14 io.30 
14 i0.28 
14 *0.34 
15 i0.36 
3.4 i0.13 
8.4 10.23 

19 t0.68 
5.0 io.15 

32 t0.44 
3.5 i0.12 
0.01 *0.0 1 
17 t0.41 
28 t0.42 
35 i0.46 
11 i0.31 
0.01iO.01 
12 i0.x 
11 ito.25 
13 $0.27 

%oations of soil samples are shown on Figs. 7,8, and 9. 
bhdicatcd counting error is at the 95% confidence level (k 2 0). 

~Biasexl samples are taken from areas with elevated gamma exposun: rates. 
dsystematic samples are taken from areas irrespective of gamma exposure rates: 
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2. Bldg. x-746, 7 0 , m  1500 law, 
east side loading 
dock 

(-12 m2) 

3580-250,4>00 280,000 

14,000 

<25 <200 
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