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COl1PREHENSlVE RADIOLCGICAL SURVEY 

OPF-SITE PRC,ERcY N'-NCRT~ 
NIAGARA FALLS STORAGE SITE 

L~IS:CN, NEW YORK 

nr::RODt:C7ION 

Beginning in 1944, the Manhattan E~gineer District and its successor, 

the Atomic Energy Commission (AEC), used port:,olls 0:' the Lake Ontar:'o 

Ordna~ce Works (?resently referred to as the Niagara Falls Storage Site 

(NPSS) and off-site properties), approximately 3 km northeast of Lewiston, 

~~ew ~ork, fot'" storage 0: rac..ioactive t..tastes. These wastes were primarily 

con:aminated rubble and scrap from decommissioning activities, biolcgical 

and 'tr.iseel.l;,.nQou$ wa.st.es fl."QC t.he: UnivG,:,sity of Rocn~st.~"l; ~ ~';\,I;i lO\,o.j-loe.vQ.l 

fission-product '''Olste from contarr.i:lated-liquid evaporators at the :<no:1s 

Atomic Power LaborOlto~y (KAPL). Receipt of radioacrive waste was 

discontinued i~ 1954, aod, followi~g cleanup activities by Hooker Chemical 

Co., 525 he~tares of the original 612-hectare site were declared surplus. 

This property was eventually sold by the General Services Adcinistration :0 

various ?rivate, cocmercial, and governmental agenci~s.l 

Modern Landfill, Inc., is the current owner of a tract from tte NFSS, 

identified as off-site property N'-North (see Figure 1). A radiological 

st.:rveyof that tr(!ct, conducted September-October 2983, is the subject of 

tr.is report. 

SIIE DESCRIPIION 

Figure l is n plot plan of off-site p~opert~ N'-No~th. Thi~ property~ 

bounded by 7rack Street and South Track Street, occupies approximately 

2.6 hectares. Ar. out-ai-service railroad track passes through the center 

of the site. A drainage ditch, portions of which contain debris and 

building rubble, parallels the track 0(1 the north side. 

presently unused and there are no Sttuctures on the 

The property is 

site. There are 

numerous smi,lll piles of building rubble, crushed rock and gravel, and 

miscellaneous meta~, rubber, and wood scrap. 

cover the area. 

1 
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~adoolo5ical ~istorv 

The N'-Korth area was useci d'-'ring the early :'950's for temporary 

storage and classification of cont"m~nated sc""p froIL dismantled MED/AEe 

facilities.l Huch ·,f this I:laterial was removed cur:'ng the 1950's; however, 

the :971-72 AEC survf:':y identi£i{Olld ;=1 l.q"'E~ fJo'r;"t;~" 0f the -<'Ire'" ~s h.flVi.'fI,g 

elevated direct rad~ation levels. 2 Although additional cleanup was 

condu.:ted £ollowi~.g the AEC surveY,neas exceeding 20 llR/h remaineC:. The 

1950 OR..';L cobile scan confirmed elevated radiation levels throughout the 

property bou;1.ded by Irac&. Street and South Irack Street. 

SURVEY PROCEDURES 

Ihe comprehensive survey of off-site property :;I'-North was perfor:ned 

by the Radiological Site Assessment Program of Oak Ridge Associated 

Universities (ORAU) , c.uring Sept~ber and October 1983. The survey was in 

accordance with a plan daced :'1arch 1 a, 1983, approved by the Department of 

Energy's Office of Nuclear Energy. The objective and procedures from that 

p"an are presented in this section. 

Objective 

Ihe ·~bjli!c:ive of the survey was to provide a comprehensive assessment 

of the radiological conditions and associated potential health effects, if 

any, on property N'-North. Rad~ological in£o=mation collected ir.eluded: 

1. direct gamma exposure rates und surface beta-gamma dose .utes, 

2. locaticns of contaminated surface areas, and 

3. concentratlo:1s of radionuc1ides in s'~rface and sc;'osurface seil. 

Procedures 

1. Brush and weeds were cleared as needed to provide access :or 

gridding and surveying. This operation was performeci by Modern 

Disposal, Inc., af Model City, NY, under subcor.tract. 

2 



Under subcontract, McI~.tosh 

~~tAhli~red ~ to M grid system_ 

anc. McIntosh of .. ockpcrt, NY, 

This grid is sho~~ ¢~ ;igurc 3. 

3. Ga~~a exposure r~te meas~rements ~ere ~ade at the surface and at 

1 m above the surfa:e at 10 til grid ~ntervals. Measurements were 

performed using portable gaIDIDa NaI(Tl) scintillation S'.lrvey 

meters. Conversion of :hese measurements tC expost!re rates in 

microroentgens per hour (~R/h) was in accordan:e wit~ cross 

calibration wi th a pressur ized ie-nba tion cr.arnbe::. 

4. Beta-ga=a dOse rate measurements were performed 1 cm above the 

surface at lO m grid inter/also These meas~rements were conducted 

using thin-window «7 reg/cm2 ) G-~! detectors and portable 

scaler/ratemeters. Measurements were also obtained with the 

detector shielc.ecl cc evaluace contributions -of nonpenetrating beta 

and low-energy gamma radiations. Meter readings were converted to 

dose rl1tCO i~ cicrorsda per ho"r Crad/b) based on cross 

calibration with a thin-window ionization chamber. 

5. Surface (0-15 em) soil samples of approximately 1 kg each were 

collected at 10 c grid intervals. 

6. Walkover surface scans were conducted at 1-2 m intervals over the 

?roperty. Locations 0: elevated contact radiation levels were 

noted. 

7. At selected locations of elevated surface radiation levelS, 

'eta-gamma dose rates at 1 em above the surface and exposur~ rates 

at 1 III above the surface were also measure~. Surface soil samples 

·"ere obta~ned trom these lccatior.s and, following sampling, the 

surface exposure levels were remeasured to evalunte the 

e££~"Livene" of shallow sampling on removal of "he radiation 

source. 

3 



8. ;:Ietectiou Scieuces Group of Carlisle, MA, pe!:fo-::1:led ground­

penet=ating radar surveys to :de~tify evidence of subs~rface 

targets which might indicate bu=ied waste. Radar scans were also 

?e-cfQrllled at locations 0: proposed subsurface investigations to 

identiiy the preser.ce 0: underground p~ping or utEities .. hieh 

wo~ld preclude borehole drill~ng. 

9. Boreholes were drilled to provide a mec~anism :0= ~ogging 

su·osurface <lirec:: ra<lia~io::l profiles ""d ccll<:cl.ing .ub$IJ..ta<;e 

seil and ~~ter samples. 30reholes were drilled by Site Engineers, 

Ina.. > of Cherry Hill, NJ J and EArth Dimcnsio:'1s, of Aurort!. ~Y, 

using t.~c~ mounted 20 em diameter hollow-stem augers. A total of 

~;ft"l?en b~'t"phn·u:!s ....... P.l.'"P drilled; the locations 0: these boreholes 

are shown on Figure 4. 

A gamma scan of the ooreholes was performed to identify elevated 

radiation levelS, ~hich ~ould indicate subsurface residues. 

Radiation profiles in the boreholes w.;:re detemined by measurbg 

gamma radiat~on at 15-30 em intervals between the sur£aCe and the 

hole bottom. A collimated gamma scintillation detector and 

po=table scaler were used for these measurements. 

Soil samples of approximately 1 kg each were collected from 

variou. depth. ia the holes by scraping the sides of each borehole 

witn an ORAU designed sa~pling tool. water was eithe= not 

eneountere:c.. in the-se bQ"t~hole$ 01: 'Waf;. t)'res~nt Pd:t 3 re.sult of 

sud ace water ~n the area. There ~ere therefore no subsurfa~e 

water samples collected. 

10. :::wenty soil samples and seven ~ate:r; sa:nples were collected f=om 

the Lewiston area (but no~ on the NFSS or assocllited off-site 

properties) to provide baseline concentratioas of radionuc1ides 

for comparison purposes. Direct background radiation levelS were 

measured at locations where baseline soil samples were collected. 

The locations 0: the baseline samples and background measurements 

are shown on Figure S. 



Sample Analysis and Interpretation of Results 

Sail samples were analyzed '~y gam:ns spectrometry. Rad~um-226 '''as the 

tn.::tjor radiol':1'I,lclide or: conccrn~ e.ltho1,.1gh "pectra were reviewed fvr- 0-235, 

U-238, Cs~137, Th-232, and other gamma emit~ers. 

Additional information concerning analytical equipment and procedures 

15 contained ~n Appendix A. 

Results of this survey were compared to the applicable guidelines for 

formerly utilized radioactive materials handling sites, which are presented 

in Appendix B. 

RESULTS 

Background Levels and Baseline Concen~rations 

Background exposure rates and baseline radionuclide concentrations ln 

soil, .,eec=in¢d for 20 l/)""tio,,~ (Figure 5) in eh" v ieinity of the NFSS, 

al."e presented in Table l-A. Exposure rates ranged f-::om 6.8 to 8. 8 ~R/h 

(typical levels for this area of New York). Concentrations of 

radionuclides in soil were: Ra-2Z€., <0.09 to 1.22 pCi/g (picocuries per 

gram); U-235. <0.14 to 0.46 pCi/g; U-238. <2.20 to 6.26 pCi/g; Th-232 , 

0.32 to 1.18 pCi/g; lad Cs-13'. <0.02 to 1.05 pCi/g. These concentrations 

are typical of the radionuclide levels normally encountered in surface 

soils. 

Radioactivity levels i:J. baseline water samples are presented in 

Table I-B. The gross alph~ and gross beta concentrations ranged from 0.55 

to 1.8/ p~i/l (picocuries per liter) aad <0.63 to 14.) pei/l. respectively. 

These are typical of concentrltion$ norm~l~y oc~urring in surface water. 
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Direct Radiation Levels 

lhrect radianon levels, systemat~cally measured at 10 m grid 

intervaLs, aI'S presented i~ Tabl~ 2. The gamma __ x~osurc rates at 1 ~ above 

ll,~ .urfacc rau~~d troc D LO 23 ~Kib (avera~~ 11 ~a/h). AL .urfac~ 

ccntact, the rates ranged frDID 6 to 27 ~R/h (average :1 ~R/h). Beta-gam:na 

performed with the detector shielded averaged approxin:ately 20% less than 

those ~ith thp unshlPldp.n rietector~ Th;~ indica~p.~ only a ~~Al1 portion of 

the surface dose rate is due co nonpene:rating beta or low-energy photon 

raCiatio:u. The highest expOS\lre rates were at grid :ocation 1:30N I 960E; 

tr.a highest dose rate was at 120N, 940E. Direc: :r:adiation levels were 

generally tigher in ehe vicinity of the railroad tracks aed piles of rock 

ballas~ . 

The walkover survey identified several small general areaS and 

numerous iSOlated spots having elevated s\lrface radiation levels. Their 

locations are indicated on Figure 6 and associated direcc radiation levels 

are presented in Table 3. The maxi~um contact exposure rate was 520 ~R/h 

a~ grid l~oatioD ZaN, 77ZE. the exposure rate aL 1 m above the ~~.rQ~~ aL 

this location '~as 16 ~R/h and the surface dose rate was 10,000 ;sadlh. 'l:he 

124N, 953E. Elevated areas of direct 

50,000 -,Jl:'a.d/h <11: grid coor<iill"ee 

radiation were primarily located 

l'1.l'Jr'th of the :r~ill"o;!:lr_ t'l"':-t~1c~; mnny ~JPT"P in or' adjaCPI'lt t:1 the c'raina,ge: 

ditch. At a few of the isolated spots, sampling was effective in reducir.g 

tr.e radiation levels. In other !ocations the levels were uncl'.anged or 

increased as a result of surface sampling. 

Radionuclide Concentrations in Surface Soil 

Taole 4 lists the ccncentrations of radionuc~ides measured in surface 

soil from 10 1:1 gri.d intervals. Ihese samples contained Ra-2.26 

concentrations ranging frol:l <0.20 to 29.9 pCU!!. Seventy percent of the 

samples had Ra-226 levels above tbs baseline range; ap?rollimately 13% 

conta1ned more than 5 p(;i/g above the average base1ine concenrracion. 
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T:,,,se sample" aloo coneili.n~d elevated leve16 0;; other rad~on"~clides. The 

highest concen:racions were V-233, 125 ~Giig; Cs-137, 4.40 pei/g; an~ 

n-212, i .47 pCi!g. 

Sam;>les from :'ocations of elevated contac~ radiation levels contained 

Ra-226 concentrations ranging froE 6.45 to 4290 pCi/g (refer to rable 5). 

The highest level was obtained at grid locatien 13211, ?50E. ren 0:: tt-.e 

samples were found to contai~ small white chips, whic~ were the source of 

the Ra-22.6 setiv ity. These chips were evaluated individually and their 

contents, ranging frcm 0.13 to 4.21 ~Ci, are presented i~ Table 6. Some of 

teese samples also ccntained elevated U-238 levels. For exa~?le, BZ9 had a 

U-238 cancen:ration of 9430 pei/g; B28, 1500 pei/g; B10, 365 pCi/g; ar.d 

a2:l., 320 pCi/g. Small yellow chips (possibly yel~owcake) '.ere observed in 

samp~es B22 and B29. Sample B4 cO;ltaineci 160 pei/g of C5-137 , Other 

samples did not contain significant levels of Cs-137 O~ Th-232. 

Ground-Penetrating Radar Findings 

Tne subcontractor's repor: summarizing grounci-penetrating radar survey 

results fo= property K'-North is provided in Appendix C. Scans, performed 

In general areaS where elevated surface radiation levels were noted, 

identified targets at 0.6 to 1.0 m deep. Sic;nals indicate SOme of these 

targets are metallic and suggest che presence of shallow buried "Jlaterial 

scattered th(oughout the areas. 

Borehcle Gamma·Logging Measurements 

Gamma scintillation ~ea$urements performed in boreholes indicated that 

contamination was li:nited to the apper 15-30 em of soil. Gamma -logging 

data was not used to quantify radionuclide concentrations i~ the subsurface 

soil because of the varying ratios of Ra-226, U-235, U-238, Cs-137, and 

Th-232 occ~rr~ng in soils from this site. 

7 



&adi~nuclije Cor.centrations in Subsurface Soil 

Table 7 pre$ents t.he l:G.cJiQilul;;:li·:";'~ {;uucf::!lltratio;;)5 :.::.easl",u:eci Lll soil 

sa~ples from boreholes. AU 0: these boreholes were at locatio::lS of 

~u~face contamin~tion identified ~y the ~~lkov~r S~~~ Q~ in the vieidity of 

subsurface targets indicated by ground-penet=&ting radar. Although several 

of the su:,surface sam;;>les co~.tained ro.dionuclide concentrations slightly 

above baseline levels, none cf the concentrations exceeded guiteline 

levels. 

COMPARISON C'F SURVEY RESULIS WITH GUIDELINES 

!he guidelines applicable CO cleanup 0: the off-site properties at 

NFSS are presented in Appendix B. The JlaXilllUlll exposu~e rate o.t 1 m above 

the ground sur£o.ce on property )I' -North 13 27 ~il./h and the average u 

11 '.R/h. These levels are '",ell below the 50 ~R/h ~riteria for open land 

areas. 

Areas of surface contamination, identified ~y the walkover scan, 

contain R,Q.-226 conc.el'ltr.:1-:ionc in e.xcess of 5 pei/g_ Se'Ver.'lL :;t:c~a$ contain 

U-238 levels in excess 0= 150 pei/g, and one st:es has a Cs-137 

concentration above 80 pei/g. Some of these ~reas at:e small and isolated 

and contamination levels would satisfy guideline criteria if averaged ove:c 

an area of 100 m2 . There are three larger areas containing multiple 

regions of contaminated soil and radionuclide concent:cations well above the 

guideline concentrations; averaging over 100 m2 would not be sufficient to 

reduce concent:cations in these arels to within the appropriate criteria. 

Locations of areas exceeding guideline levels are $~lllmarized in Table 8 and 

indicated on Fig~(c 7. 

criteria. 

~o sujsurface soil samFles exceeded cleanu? 

SUMMARY 

A comprehensive slJrvey of off-site property N'-Nortb at the )liagara 

Falla Storage Si.te wa' condu~e¢d durit"lS September and C'otobcr 1983. The 

survey ~ncluded surface radiation scaos, meo.surcmcnts of direct raciation 
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Levels~ ground-penQtrating radar ~¢ana £o~ b~rieQ material, and ~naly$eG of 

radionuclide concentrations in surface and subsurface SQil. 

The survey identified areas of surface Ra-226 and U-23S concamination 

exceeding guidelines for unrestricted use. These tlreaS are in the forn: of 

small iso Lated ;lieces of mate:r:ial and several ~arger regions of general 

surface contamination. 

levels was detected. 

No sub$'~rface contamination exceeding guideHne 

~lthough there a~e small areas of contamin~ted residues on portions of 

this property, the con~aminants do noe pose potential health risks. There 

is no evidence of migrat~on of the radioactive materials :0 adjacent 

properties. 
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FIGURE 1. Map of Niagara Falls Scorage Sice and Off-Site Properties, 
Lewiston, New York, Indicating the Location of off-Site 
property N'-North. 
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Location a 

2 
3 
4 
5 
6 
7 
8 
9 

10 

11 
12 
l:J 

14 
15 
16 
17 
18 
19 
20 

Range 

ExpoBure Rate b 

(lJR/h) 

6.8 
6.8 
8.3 
7.9 
7.3 
7.7 
7.7 
7.6 
7.1 
7.1 
6.7 
7.1 
6.7 
6.8 
8.2 
7.4 
7.0 
7.7 
8.8 
8.6 

6.8 to 8.8 

TABLE I-A 

BACKGROUND EXPOSURE RATES 
AND 

RADIONUCLIDE CONCENTRATIONS IN BASELINE SOIL SAHI'LES 

0.74:!:.0.16 c <0.19 <2.89 
0.7:) ~ 0.19 <0.19 <3.35 
0.71 ~ 0.18 0.46 .:!:. 0.41 0.72 
0.67 .:!:. 0.18 <0.22 <4.10 
0.70.:!:.0.16 <0.17 <3.34 
0.50.:!:.0.15 <0.16 <2.33 
0.63 .:!:. 0.13 <'0.17 <2.73 
0.59 .:!:. 0.12 <0.14 <2.20 
0.63 .:!:. 0.20 <0.23 <4.16 
0.701:,0.16 <0.1 'I <2.98 

<0.09 <0.19 <2.83 
0.48 :!:. 0.13 <0.16 <2.84 
0.57 !:. 0.14 <0.17 <2.36 
0.68±0.17 <0.19 <3.24 
0.65 :!:. 0.14 <0.17 <3.20 
0.91 :!:. 0.17 <0.71 <3.56 
0.48 ± 0.14 <0.16 <2.73 
0.73.:!:.0.16 <0.18 6.26.:!:.9.23 
l.22~O.12 <0.23 <3.79 
0.83 :!:. 0.17 <0.21 <3.59 

<0.09 to 1.22 <0.14 to 0.46 <2.20 to 6.26 

a Refer to Figure 5. 
b Measured at 1 m above the surface. 
C Errorg arQ 20 b~~H?1'I nn f'(l1mtlng ~t.AtiRt1.("iOOl. 

Cs-137 

0.70 :!:. 0.46 0.29 + 0.08 
0.86 ~ 0.24 0.2l, :;:: 0.08 
0.88 .:!:. 0.33 0.34 .:!:. 0.09 
1.18 :!:. 0.35 0.12 .:!:. 0.07 
0.68 :!:. 0.24 0.14 .:!:. 0.07 
0.52 .:!:. 0.38 0.17 .:!:. 0.09 
0.83 .:!:. 0.24 0.35 .:!:. 0.08 
0.54 .:!:. 0.23 <0.02 
0.83 .:!:. 0.38 0.69 .:!:. 0.11 
0.591:,0.25 0.69 ± 0.10 
0.49 .:!:. 0.31 0.48 .:!:. 0.14 
0.65 :!:. 0.26 0.68 ± 0.10 
0.1,9 !:. 0.26 0./.1 !:. 0.08 
0.67 .:!:. 0.25 0.70 :!:. 0.10 
0.72 ± 0.35 0.23 ± 0.08 
0.63 1.. 0.26 0.61 .!.. O.Ory 
0.32 .:!:. 0.22 0.38 :!:. 0.08 
1.01 .:!:. 0.44 0.32 ± 0.12 
l.08 :!:. 0.49 1.05 :!:. 0.13 
0.84 .:!:. 0.29 0.08 .:!:. 0.07 

0.32 to 1.18 <0.02 to 1.05 



TABLE ~-B 

RAD:OKUCLIDE CONCEllTRATIONS IN BASELINE WATER SA!1l'LES 

L 
. a 

oca t~oD 

In 
'.12 
W3 
W4 
W5 
W6 
W7 

Range 

Radionuclide Concentrations (pei/l) 
Gross Alpha 

0.95 1.- 0.93 b 
0.95 .±. 0.94 
0.55 .±. 0.78 
0.63 .±. 0.89 
0.73 + 0.68 
1. 87 :±: 1. 54 
1.16 .:t. 0.66 

0.55 to 1.87 

Gress Ileta 

4.79 .!.. 1.15 
9.17 ::. 1.31 
2.73 .:. 1.05 
5.37 .:t. 1.17 

<0.64 
14.3 .:. 2.4 

<0.63 

<0.63 to 14.3 

a Ref er to Figure 5 • 
b Errors are 20 based on counting statistics. 

18 



Gric 
LocaciOI1 

N E 

0 690 
0 700 
0 710 
U 720 
0 730 
0 740 
a 750 
0 750 
0 770 
0 780 
0 790 
0 SOO 
0 810 
0 820 
0 830 

10 700 
10 710 
10 720 
10 730 
10 740 
10 750 
10 760 
10 770 
10 780 
10 790 
10 800 
10 810 
10 R20 
10 &'30 
10 840 

20 720 
20 730 
20 740 
20 750 
20 750 
20 770 
20 780 
20 790 
20 800 
20 810 

TA~l.f; 2 

DIRECT RADIAIION ~EVELS MEASU~ED 
AT !C M GRID INT~RVAL5 

Gamma Exposure Gamma Exposure 
Rates at 1 m Above Rates at the 

the Surf"ce Su:,fac~ 

(" RI h) ( "Rih) 

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

9 10 
8 8 
8 9 

10 9 
10 9 
10 10 
11 10 
13 13 
12 12 
l.2 14 
13 14-
12 12 
13 14 
12 12 
12 14 
10 10 

9 10 
8 7 

8 10 
9 9 

11 11 
11 13 
11 12 
12 27 
11 12 
12 14 
13 12 
13 12 

19 

ileta-Gamma 
Dose Rates at 1 ·~m 

Above the Sllrface 
(lJrad/h) 

28 
21 
19 
24 
44 
31 
44 
60 
48 
3S 
35 
,,9 
21 
25 
16 

29 
28 
32 
3Z 
59 
32 
34 
63 
49 
4-7 
55 
45 
21 
30 

7 

26 
28 
40 
51 
Zs 

1 SO 
55 
41 
25 
43 



Grid 
Location 

N E 

20 ~20 

20 830 
2.0 840 
20 850 
20 C60 

30 740 
30 750 
30 760 
30 77G 
30 780 
30 790 
30 800 
30 810 
30 820 
30 830 
30 840 
30 850 
30 860 
30 870 
30 880 

40 750 
40 760 
40 770 
40 7SO 
40 790 
40 BOO 
40 810 
40 820 
40 830 
40 840 
40 850 
40 860 
40 870 
40 880 
40 890 

50 770 
50 780 
50 790 

TABLE 2, cent. 

D!~EC: lADIATION LEVELS Y~SURED 
AT 1 0 ~! G!l.ID INTERVALS 

Caml1la Exposure Gamma Exposure 
aates at 1 ill Above Rates at the 

the Surface Surface 
().!R/h) (~R/h) 

12 12 
14 13 
11 11 
e 9 
7 7 

9 a 
11 10 
11 9 
13 II, 

12 12 
12 12 
13 13 
13 13 
13 14 
12 13 
12 13 
12 B 

9 9 
7 I 
9 9 

10 10 
10 12 
10 8 
11 12 
12 14 
14 18 
14 13 
13 13 
12 13 
13 13 
12 13 
12 13 

9 9 
9 9 
8 7 

9 8 
10 10 
12 12 

20 

Bata-Gamma 
Dose Rates at 1 co 
Abo"" eh,. ",,:da"" 

(\.Irad/h) 

50 
51 
24 
25 
17 

8 
27 
IS 
45 
34 
43 
46 
72 
71 
53 
41 
29 
29 
7 

38 

40 
39 
41 
46 
41 

120 
47 
3S 
50 
39 
44 
47 
25 
~8 

7 

15 
21 
38 



Grid 
Location 

N E 

so 800 
50 810 
50 820 
50 830 
50 840 
50 850 
50 $60 

':0 87 a 
SO 800 
~.() 890 
50 900 
50 910 

60 790 
60 800 
60 810 
00 820 
60 830 
60 840 
60 850 
60 860 
60 870 
60 sso 
60 890 
60 900 
6n 910 
58 920 

70 800 
70 810 
70 820 
70 830 
70 840 
70 850 
70 860 
70 870 
70 880 
70 890 
70 900 
70 910 
70 920 

TAllLC Z, CUL:L. 

D!RECr RADIATION LEVELS ~EASURED 
AT 1 0 ~! CRID UI'I'tRVALS 

Ga_a E~pos~re Gamma Exposure 
Rates at 1 m Above Rates at the 

the Surface Surface 
( ;.;R/h) :;.; R/ h) 

12 13 
13 13 
14 20 
13 U 
12 12 
12 12 
13 14 
12 12 
10 11 

9 10 
8 8 
8 9 

9 8 
12 12 
14 21 
12 12 
12 11 
12 12 
l:l 1.3 
13 14 
12 12 
II 12 
12 14 
12 11 
11 12 

7 7 

9 9 
9 9 
9 10 

12 12 
12 12 
12 12 
13 14 
12 13 
12 13 
13 13 
12 13 
13 13 
12 12 

Beta-Gamma 
Dose Rates at 1 CI:l 

Above the Su=face 
(u::oac!/h) 

59 
63 

190 
47 
43 
34 
48 
48 
38 
:7 
24 
32 

28 
25 

110 
62 
58 
31 
57 
64 
38 
31 
52 
33 
26 
28 

2S 
39 
34 
28 
54 
19 
41 
56 
23 
29 
40 
29 
43 



Grid 
Location 

N E 

70 930 
70 940 

78 810 
80 820 
80 830 
M 840 
80 950 
SO 860 
SO 870 
50 880 
ao 890 
80 900 
00 910 
80 920 
BO 930 
eo 940 
80 950 
80 960 

90 830 
90 840 
90 850 
90 860 
90 870 
90 880 
90 890 
90 900 
90 910 
90 920 
90 930 
90 940 
90 950 
90 96C 
90 97 () 
90 980 

97 640 
100 850 
10C 860 
100 870 

T .. ULE .2, con',;;. 

DIRECT RAI;IAT:ON LEVELS HEASHED 
AT 10 !1 GRD !NTERVALS 

Gall!ll1<l Exposure Gamma Exposure 
Rates at 1 ~ Above Ra:es at che 

the S:'l"rface Surface 
(~l/h) (~l/h) 

10 12 
8 7 

il 9 
3 8 
9 9 

10 9 
10 :2 
12 12 
12 12 
13 13 
13 13 
11 10 
22 12 
13 13 
10 9 
10 10 

8 8 
8 10 

9 9 
8 7 
9 9 

10 10 
10 10 
13 17 
17 22 
13 14 
12 12 
12 12 
13 14 
12 12 
10 10 

9 9 
'l 7 
9 'J 

8 9 
8 g 

9 9 
10 10 

3eta-Ga=a 
Dose ?ates at : em 
Above the Surface 

C-rad/h) 

43 
1<-

19 
34 
26 
13 
28 
' 0 * .. 
41 
50 
30 
39 
52 
44 
26 
29 
12 
36 

28 
8 

28 
::'6 
41 

200 
130 

52 
41 
36 
52 
45 
39 
39 

7 
39 

22 
30 
19 
16 



Grid 
Locatic:'l 

N E 

100 880 
100 890 
100 900 
100 910 
100 920 
100 93 a 
100 940 
100 950 
100 960 
100 970 
100 980 
100 990 

110 860 
110 870 
110 880 
110 890 
110 900 
110 910 
110 920 
110 930 
110 940 
110 ~50 

110 960 
110 970 
1 1. 0 98il 
110 990 
110 1000 
110 1010 

120 880 
120 890 
120 900 
120 910 
120 920 
120 930 
120 940 
1:1.0 950 
120 %0 
120 970 
120 980 

TAllLE Z, cont. 

JIRECT RADIATION LEVELS >~SURED 
AT 10 M GRID I~TERVALS 

Gamma Exposure Gamma Exposure 
Rates at 1 ~ Above Races ott the 

the Surface Surface 
(\lR/h) (~R/h) 

10 12 
12 13 
13 12 
13 1.3 
12 13 
12 12 
lJ 14 
12 12 

9 10 

• 10 
9 9 
7 7 

8 9 
8 8 
9 9 
9 9 

:2 12 
l4 17 
14 14 . , 
.'+ 17 
12 14 
13 13 
12 13 

9 10 
9 10 
9 9 
7 7 
8 9 

8 9 
8 8 
9 9 

10 11 
14 16 
13 14 
17 17 
14 18 
18 18 
14 1"-
12 13 

23 

Betn-Gau:ma 
Dose Rates at 1 em 
Above the Surfdce 

(wrad/h) 

32 
33 
49 
57 
44 
38 
47 

39 
17 
20 
19 
23 

31 
28 
38 
33 
'1.9 
81 

110 
86 
S2 
63 
32 
41 
16 
47 

9 
45 

36 
22 
10 
37 
60 
93 

220 
140 

78 
61 
<~ _I 



Grid 
Location 

120 990 
120 1000 
120 1010 
120 1020 
120 1030 

130 900 
130 910 
130 920 
130 <t:\() 
130 940 
130 950 
130 960 
130 970 
130 980 
130 990 
130 1000 
130 1010 
130 1020 
130 10~O 
130 1040 

11,0 910 
140 940 
140 930 
140 940 
140 950 
140 960 
140 970 
140 980 
140 990 
140 1000 
140 1010 
140 1020 
140 1030 
140 1040 
140 1050 
140 1060 

150 930 
150 940 

DIRECT RADIATION LEVELS }[EASURED 
AT 10 ~ GRIn INTERVAlS 

Gamma Exposu:re Gamma EXPO$UTE! 
Rates at 1 m Above Rates at "he 

the Surface Surf (lee 
(]lR/h) (:, R/h) 

9 9 
10 12 

8 9 
7 6 
7 8 

8 8 
9 9 

10 10 
1 ? 12 
14 14 
18 20 
23 27 
13 13 
12 13 
:2 13 
10 12 

9 '3 
9 9 
7 8 
7 7 

9 9 
8 7 

10 10 
13 13 
14 13 
13 13 
14 14 
14 20 
14 16 
12 12 
10 11 

9 9 
10 9 

9 8 
7 7 
9 9 

8 9 
9 10 

24 

Beta-Gamma 
Dose R(ltes at 1 em 
Above the SUTface 

(]l rad/h) 

23 
32 
26 

6 
31 

19 
28 
41 
42 
47 
84 

120 
66 
55 
40 
41 
43 
29 
10 
20 

39 
11 
29 
55 
63 
30 
44 
99 
49 
35 
33 
23 
31 
38 
18 
20 

28 
16 



Grid 
Location 

N" E 

uo 9:50 
150 960 
150 970 
150 900 
150 990 
150 1000 
150 1010 
150 1020 
150 1030 
150 1040 
150 1050 
150 1060 
150 1070 

160 S40 
160 950 
160 960 
lEO 970 
160 980 
HO 990 
160 1000 
160 1010 
160 1020 
160 1030 
160 1040 
160 1050 
160 1060 
160 1070 
160 1080 

170 960 
170 970 
170 980 
170 990 
liO 1000 
170 1010 
170 1020 
170 1030 
170 1040 
170 1050 
170 1060 

1',,;' • .6LE 2, cent. 

DIRECT RADIA:rON LEVELS MEASURED 
AT 10 M GRID !NTERVALS 

Gamma Exposure Gamma Exposure 
Rates at 1 m Above Rates at the 

the Surface Surface 
~;;R/h) (~ R/h) 

U 14 
14 16 
20 20 
14 17 
13 14 
13 13 
12 13 

9 10 
9 10 
9 9 
8 9 
7 8 
6 6 

9 9 
5 7 

10 10 
16 17 
14 12 
16 :7 
14 14 
17 20 
II 12-

9 Ie 
9 9 
9 9 
9 9 
8 9 
7 7 

9 9 
12 12 
12 12 
13 13 
:7 17 
14 14 
16 17 
12 13 
10 10 

8 8 
9 9 

Beta-Gamma 
Dose Rates at 1 em 

Above the Surface 
brad/h) 

57 
77 
74 
4Q 

53 
49 
37 
36 
30 
23 
26 

8 
IS 

15 
13 
20 
67 
23 
71 
S6 
69 
43 
20 
26 
39 
26 
15 
17 

28 
41 
35 
36 
47 
45 
80 
73 
23 
24 
18 



Gric. 
Location 

N E 

170 1070 
170 1080 
170 1090 

180 980 
180 990 
180 1000 
180 1010 
180 1020 
180 lQ:30 
180 1040 
180 1050 
180 1060 
1 ~O 1070 
180 1080 
180 1090 

190 1000 
190 1010 
190 1020 
190 1030 
190 1040 
1901()50 
190 1060 
190 1070 
190 1080 

200 1010 
200 1020 
200 1030 
200 1040 
200 1050 
200 1060 
200 1070 

210 1060 
210 1070 

"0 1060 

IAllL! 2, cone. 

DIRECT RADIATION :'EVELS :1EA8U::tED 
AT Ie M CRIr IK1ERVAlS 

Gamma Exposl.:.re Gamma Exposl.:.re 
Rates at 1 m Above Rates at ;:i1e 

the Surface Surface 
.: ].!R/h) (;"R/ h) 

8 8 
7 7 
9 9 

7 8 
10 10 
10 10 
10 8 
14 12 
12 n 
13 14 
12 12 

9 9 
9 9 
7 8 
8 8 

7 7 
10 12 

0 9 
9 9 

12 13 
11 14 

14 15 
12 12 

8 9 

8 8 
7 7 
9 9 
9 9 
9 9 

13 1" 
11 12 

9 9 
8 9 

9 to 

26 

Beta-Gamma 
Dose Rates at 1 em 
Above the Surface 

C" rad/h) 

24 
13 
40 

15 
21 
21 

25 
S6 
7i 
43 
L,l 
26 
33 
12 
32 

14 
25 
23 
13 
77 
51 
54 
34 
22 

17 
11 
43 
33 
10 
,7 
21 

33 
33 

'3 



TABLE 3 

lJIREGT kAJJlA'l'tml LIiVIiLS AT LOGATlOlIS IDIiNTlFLED 

BY TIlE WALKOVER SURFACE SCAN 

.... - -- ._----- ---_. ... _--_. - --_. -- - _ .. _-- . -- --_. -----------

Gr id Loe at lon.3 __ ~E~~.~.i!!!!~~~ __ . Surfollct" DlJ.5t" ROlle Sample t:o-ntac.t LXP06Uft' F.a t l" 
il--' r.onta'l:t I m .... b{J ... ~ Surfao:e tlud/h} I de-ru i f [-c.:J.1 ioo b }'ftol"r 5.:IIr.ple 1o!(:lIiu .... .:l1 

(II !o:/h} 

---------_. 

20 770 )6 I, 'bO " 41 
76 IH ~; Ib 2,0 " 1 ~ 
18 111 )10 16 10,000 8) lJ 
31 160 ]J lJ 00 '4 2l 
4" W. JI " 1>0 B) , AOB 27 
4(' S10 01 '" 2b.000 8. 17 
41 602 31 
4) 192 50 " 1Jij 'I H 
4J 814 07 I. '4U '" ",t'J 

44 ))9 2" 14 .6 89 2 ( 
44 tOB 3b 

" 81 J II Ii l!~ BlO 2~ 
45 000 " •• ,II 17 

« 811 21 
,1 810 110 20 21,5cO{l '11 J) 
)l 1% 19 
;J HI 1,0 II 6-,-410 .ll " " ]91 5B I' 160 01' '0 
1 , "" 20 14 )0 ." 10 
a> 8) j )6 17 lIO RI. 18 
ro ". ., IS 290 "II 44 

'" 600 18 20 660 01 B 4G 
ro Sol ]1 10 ... ) 1 

'" '''' 130 12 12,800 "'0 14 
9" 'S; -',',i 

90 690 20 
% S6\ 4\ 
9t'J Aff. lJ 

1.1) !'-I Co, I:)£. B-E)Qo JQ- S9 
106 {l;9 ). 14 104 8'1 \0 

Ill-lli ;!Jo-9J9 20-6. 
II) 938 06 II ll, ,00 ~21 :~ I) 
liS 9';lt " '0 "" Ei::!l '.0 

116-118 9!t(}-';:l46 20 j) 

III 94.0 15 II j41l .24 &6 
) I, ~~~~ 

"0 Qt.? "i, " ~!,Co .os ." 120 9)9 B\ n 1,l;.10 02, "' 
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FIGURE 5. Map of Northern Niagara County, New York, Showing Locations of Background 
~J~asurements and Baseline Samples. (#1-20: soil samples and direct 
measurements; WI-W7: water samples.) 



tv 
00 

TABLE J, I".:uul. 

DIRECT RAD J A'I'TON LEVELS AT LOCATIONS IDf;NTIFIED 

BY TIlE WALKUV~:R .sURfACE SCAN 

Gnd I.a.;;.a( ion ElCpa61.l['~ Rar I-' tf./HJb) 
-'~ 11-- ~-E-" Sud ace Il~bl! lo:.;lt (,! S.J.t:.ple 

'Cr;;l1ti'Ci" ~[-m i\t':OVI;. S(;.:ril·~~· {pt'i'ldltd Jdf'ntificatioOrt 

--.--

121 92 ~ 120 16 1 ~,ooa S::rt ",6.u 

121 9;9 6/ 
122 %4 3, 
1 LA 9'2A 210 13 4\0 PlHi 
12, 952 I" n 1.' .... 0 
12' 9~1 110 21 )0.000 '29 
124 910 34 
121 %1 8; JI 440 '10 
12/ 9)9 91 
128 9;9 R\ 12. 810 fiJI 
112 9,0 210 21 1.000 012 
1); 94 ; 19 
I J 8 91; 190 11 '1 1 1:190 Rll 
139 9;1 61 11 4l(l R34 

140-1 ;0 910· 9i0 20-19 
141 ~ 14~ ').l-'9le lO'-l~ 

1'1 !II 29 
"8 );1 %2-9)0 20-1 ; 

1, a ')f) 1 15 2J 160 Bll 
15; ~B4 340 20 ./3,-430 .JO 
1\8 10119 II 20 50 817 
160 998 " 11 100 nlB 
161 998 38 

'". '01 ,. 
H& ~!B 29 
169 1005 2) 

III HHl 40 20 2tJ .19 
'/0 1M'S" " 1)6 101b 55 21 20(, a40 

a Refer to Pigule 6. 
b Rsdionuclide concentrations are presented in Table S. 
C Dash indicates measurement or sampling not performed. 

C .... II.;.,'·. l::.f;,jJll~Ul t.' R",te 

Ai tt.'t S.ilmpll:l R oI:!'Io;,V Ii I 
(" Rib) 

21 

nO 

J' 

22 

to 
1]0 

100 
2] 

I jO 
210 ,I 

35 

J,) 

~) 



TABLE 4 

RADIONUGLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES 
11 RO}\ 10 M GRID IN'fF,RVAI.S 

.------- '.---~---, 

9!!.4-..1Q~!H.i.Qn. ltad ioOn"c l i.d~ ~~~~!W..u:.~fi~~&.L . 
~ ~ ·R.Il-226 . U-211 U-2J ~ Ceo-lJJ Tb-212 

.... --. -."---_ ... 
0 bS9 9. j3 .1: o~ 553 <0.48 <I. JO I. id ! 0.15 <0.'l1 
G )OG 2.)81: 0.16 <G.26 1.Ol ! 1.10 O.ll .! 0.09 0.72 ! 0.11 
a no 2. 49 1Q.15 1I~}8 f 0.49 2 • .BBj"L21 0.18.! 0.09 1.00 " D.44 
0 720 2.1\ ! 0,)9 <O~14 1 ,(..3 .1 1.41 ().304 ! Q.\1 ~.;1 ; U.J~ 
0 no 2.4~ .i O~)6 <0.15 8.14 ! 2.11 0.52 ! 0.10 1.0i ; D.'4 
0 ),0 6.10..! 0.61 0.11'9 ... 0.86 1.18 ~ 2.41 G.6.0 1. 0.16 0.97 .:I: D.51 
0 no 1.80\ .:!: 0.38 <0:'1.0 1.02..! 2.41 0.87 ! 0.11 1.21 ..± 0.::'0 
0 160 4.1l • 0.15' <0.22 1 •• 24 ..! O.(jO 0.06 :!: 0.04 1.1b ! 0.16 
0 ))0 0.11 ! O. '51 <0.1. 4.IS:!: 2.01 0.62 .t 0.1" Q.1(;' ! U.4. 
0 100 1.91 .! O.J.~ <0.38 1.1!I> :!: 0.99 0·"10.10 1.12 ! 0.11 
0 790 1.66 .! 0.50 <0.3\ 3.;O:!:1.90 0.6t. ,! 0.11 O.'17!O.]9 
0 000 1.09 t 0.38 <0.39 <1.22 I. 02 ! 0,11 0.46 ! 0.15 
D IlID 1.)0 ! 0.29 0.18 O.bU O~7() ..t u. ibU 0.1Q.!. (.I,D 1.090 .! o.::l'!) 

'" 0 Ill0 O. BO ! 0.3" O.Slil.IS O. \9 1 O. I 2 1.11 + 0.21 

'" 0 &:10 0.69:!: 0.1 9 <0.l8 3.14 .±. 1.34 0.12 ~ 0.01 0.04 ; 0,41 

10 no 1.41 ! 0.26 0.11 ± 0.14 1.61 ! 1. 2B O.ll ! 0.0) 0.)9! o.n 
10 ))0 1.11 !. 0.20 <0.20 4.19 .' 1.)1 0.]2 ,!: O.OS 0.'58 t 0.12 
10 14Q \.09 ! 0.7<\ <0. ,2 3.0.8 ..t 3.62 <0.08 O~].14 J 0.85 
lG 1)0 2.29 + n.lo!, '0.2; ).]1_ !. 1.13 0.61 .! 0.12 n.]) t O,Jl 
10 11>0 :l.lb :! U.40 <'U.}O i.l1'5 ..! L090 (I,m ,! 0.1" I .M -: {I,I,," 

10 110 .1.04 1 0.40 0.7b .. O~6.l 4.60 ..! 1.10 <0.0\ 0.90 :; 0.1B 
10 llill ,.61 ..t OA9 <0-:-)4 ~ • .)O 1. 2.ld3, 1.16 ! 0.19 1.11 • 0.)1 
10 190 5.0.6 .!. 0.5' <0.l9 2.)0 ! 2.29 <0.14 l.14 ~ 0.4' 
10 BOO 2.41 ! 0.38 <0.l9 1.11 . 1. 2 5 0.&1 ~ 0.12 1.41 :; 0.41 
10 BID l.39 ± 0.4) <0.31 2.1S ; 2.20 1.19 1" 0.2'3 0.91 :! 0.61 
10 alO 0.13 ! 0.16 (0,41 4.1Q ! 1.13 1.0l ! 0.12 1.54 + 0,5)-

10 ruo l.!i; .! 0.39 <0.29 1.94 ! l.!.Il 0.84 ..! 0.21 0.91 ~ O.4{l 

• ~ftl 'J. '99 ..t tl."-:.o 'l..O.l4 d.1::' O. S2 ~ 0.150 L(l1> :; 00,1,:2 

12 120 1.00 :! 0.2 a <0.3 a l.OI 1 1.49 0.66 ~ 0.12 0.99! 0.\0 
10 BQ 1.40 :! 0.28 <Q.lo 1.51 + 1.13 O.ll ~ 0.10 0.81 .! 0 . .36 
lO 14" I.'" P.lO 0.:)7 .,. o~G6. 6 • .trl ~ J. 46- 0.250 ! 0.0&1 (LQI!-.! O.t..1 
20 150 2.0'. :! 0.43 <O~15 1 ... t 2.11 0.26 l 0.10 0.65 ! 0.<1, 
10 loG 2.1lU , 0.1 ) 0.40 • O.~l 2.71 ! 0.6.5 0.14 ! 0.09 O.8Il , 0.40 
20 110 12.0 ~ 0.8 (J. 81 ~ 0.03 11. 2 .! J...2 0.27 2' 0.09 '2.47 :t G.7£. 
20 180 12,9 .! O.S <0,03 •• 00 ! 1.20 0.12 ..! 0.10 l.IB! 0.6) 
10 790 2.3> ! 0.10 <0.31 1.91 .! 2.0t~ <0.06 1.-4) ! 0.66 
20 SOO b .b'9 .! loll <O.~9 }.~\ .i 2.01 0.11 ! 0.:\1 l.~~ \' Q.~ ')') 

20 alO 3.94 .! (}.~4 <0.23 J. 99 ! O. to 0.62 .! 0.12 0.91 ! 0.65 



TABLE 4, lI,;uul. 

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL SANPLES 
~'ROM 10 M GRID INTERVALS 

-------_." - - --------, - ._---------

Gr id tout ion ¥':"!~!onuclide~!!£~n~!:~U~p~J!gl.. ________ 
-Ra-226 -- U-:!,J~ U-n6 Cs-117 Th-1l2 

---_._--" ------------. 

20 820 1.21 .!. 0.40 0.16 .:! O.4t;, :l.00 .! 0.91 0.78 .1 0.11 1.08 j 0.4) 
20 8]0 1.69 .! 0.41 0.51 ! 0.76 ",01 · 1.21 0.78 ;,!" 0.15 l. )2 :t 0.35-
20 SlO 0.99 ! 0.27 <0.18 1. 88 .! O.f.1 O. ,7 :!" lJ .13 0.90 .! 0.)6 
20 050 O.M · 0.41 <0.39 -< 1.36 0.94 .. (I.18 I. 53 .!. o.)} 

20 £liD 0.76 !. O~)O <0.18 <0.49 0.61 ! 0.10 0.97 1. 0.38 
20 BID O,~O 1. 0.46 <0.3 I <1.05 0.29 ..:!:. D. '0 1.4) i 0."6 

)0 140 1.29 · 0.21 <O.IS 0.91.! 0.16 0.36 !. 0.13 0.b7 4 0.16 
)0 150 1.31 :;: 0.27 <0.10 <Q.9) 0 .. 2/ • ..! 0.10 O. ~:t + U.bJ 
)0 100 1.39 ± 0.31 <0.30 2.l0 ~ I. 82 0.16 · 0.1" o.g) 1 O.~9 
30 710 5.51 ± 0.59 <0.12 7.42 , I. 2; 1.56 .. D.31 Q.93 ! O.B 
30 180 2.n , 0.l6 O. al .:!: G.54 4.ill j 0.95 0.24! tt.Ob 1.06 · 0.)3 

w )1) 790 1.82 · 0.31 (0.11 5. Hi · !.'!:II(i 1.1-1:1 ! IJ.O~ 1.j.J ! U,f,jj 

0 )1) !IOO 3.60 ! O.H <O.J:. 9 l.l)l + .t.. 3 5 <0.08 o.n ! 0.51 
30 810 ~. 94 !. 0.81 <0. )4 J .66 i 3.34 <0.09 1.32 ..! 0.84 
JO 820 ;.01 !. 0.42 0.30 !. 0.-6.8 3.JI ..:!: 1.13 0.06 .! O.ll 0.16 ! 0.28 
30 8]1) 0.74 · 0.91 <0.507 3.811 · }.I n. 0.28 · 0.1 ~ O. )J ! 0.42 
JO MO ".1 ~ ~ 0.504 <0,36 3.32 -; 2.l5 O./;.O -:; 0.11 o. R4 .! 0.49 
JO a50 1.72 · O.JJ <0 .~I 1.11 ~ 2.1 'i 0.90 ; 0.17 I. )1 .! 0.00 
10 £iiI) 0.80 • 0.33 <0.23 0 .• 8 ! 1.Oj O.t5 :!" 0.19 O. HI :!" o.n 
3D 070 O. II) "1 0.16 <o.n 0.6S · 1.20 0.81+0.12 0.% .!. {J.19 
10 am 1.02 .! 0.32 <0.34 2.09 ! :2.11 0.79; 0.10 1.04 .! {I.iil 

''0 150 1.9/1 ! 0.29 <O.Jl 2.12 ! 1.61 0.81 ! {J.n 0,93 ; D.":' 1 
40 "a :).;;.0 .! 0.4(10 (J.n 1. 0.72 \.14 ! l. 72 0.60 ! o-.J 06 {)~ 1(, , O.5-{1 

40 110 I. 87 ! 0.10 <0.l2 3.10 ! 1.49 0.53 · 0.12 0.12 · O. )7 
40 1!1O 1.18 ! 0.1/, <0.1 a l.Oa! 0.91 0.38 ! G.J 2 O.M .! 0.36 
40 190 1.89 ± 0.40 2.1l . 0.70 7.J[ · 2.81 0.22 .! 0.13 0.90 · 0.52 

'" roo 6.71 .:! O.ll :LD.[!I-;l.l'jl 4).4 ! l.7 :) .21 !.. 0.2'1 1 .~s. ~ (10, S6 

40 810 0.11 ! 0.26 <O~U, 2.J6 ! 0.64 <O.OJ 0.92 ! 0.38 
40 820 6.16 i 0.91 <0. ;4 6.\1 ! 2.25 0.19 + 0.17 1.16 · 0.7/. 
40 KlO 4.16 .!. 0.10 O.B6 ! 0.7B 1.lJ 1. 4. J 8 0.62 !: 0.12 1.04 ! O.~O 
40 040 ".04 1 0.40 1.OGo ..! 0.74 ~.6? J. :2.22 0.(,,1 0.11 1.H- i 0.50::2 
40 8;0 J.81 }. 0.39 O.H 1 0.49 1.41 · 0.12 0.,9 :; 0.10 ],01 .! O.b9 
4(' 160 J.I I ! 0.40 O.~J . 0./1 a.50 :;, 1.66 0.69 ! 0.14 I. 26 ! 0.44 
40 BIO 0.% 1 0.26 <O.ll q 05 0.17 + 0.11 0.9) .! 0.3'9 
_0 '00 1.)') (j • .t" 2 '-:0.42: 4." e 1.43- O.s.' ~ O.ltl: 1. 2:? .! 0.1,9 

'.D 890 0.9) ..t O.2t. <0.] 5 O. ;7 0.81 o. ;5 ..:! 0.12 O.9l;. .! 1:t.~8 
i,; 900 1. 20b 1: 0.28 <0.33 5.91 24l B 0.% ..:!. 0.1-4 1.57 .! 0.39 



TABLE 4, cent ~ 

RADIONUCLIDE CONCENTRA Tl ONS IN SURFACE SOIL SAMPLES 
FROM 10 ~l GRID INTERVALS 

_._----_ .. . -----. -------. --- --_ .. -------- . . _--_. 

G:rid Luca t ion .. __ --------E..a.diQollc.l~.:e:c~I;"_lI.r..ia.o.:;;...u.Cil.2.l ___ . 
N f. R.-l16 u-n, U-1H c.· III 'fh-2] 2 

t.~ 160 2.0l * o.~o <0.31 4.41 .! I .38 0.88 • 0.1) o.~) t 0.14 
51 110 0.91 -; 0.22 <0.1l loll 1 O.SS O.lj ! 0.07 0.61 t 0.11 
~dl 1M 1.90 -;- 0.40 <O.~J <1.21 1.)6!. 0.19 0.8) -; 0.19 
~n I~O ~.1. :;: 0,l5 0.;61 0• 17 l.B 1 O.g! 1.19 .!. 0.26 0.14 i 0.46 
50 000 1,.00 1. O~~)) <0.55 LOI .! 3.20 •. ,0 ! o.H ),11 * 0.36 
50 810 ft.89 1:. 0.6] l.69 ! 1.1t. 46.7 1. 3.8 1 ..... '9 t 0.13 1.:"8- .. 0.60 
50 820 5.11 .! O./l4 J.18 * 0.1 J ~.l ..! 2.1 0.62 :± 0.11 J .cn .:! (),4t:. 
50 830 3.5-1 + 0.39 O.BB i 0.61 8.11 ..!. 1.GO O.4Y .! I).J ~ 0.78 t 0.1] 
50 80\0 1.18 ~ 0.97 <0.60 ~ • .E:17 .! 2.7 ') 0,51 .! 0.14 2.0) ~ 0.76 
50 850 4.12 ..! 0.37 0.-65- 1. 0.51 2. ]5. .!. O. A2: 0./6 :: G.14 O. BI ~ 0..17 
5~ 160 4.16 ! 0.31 <0.4') .s.9fl- 1. 1.89 0_ 51 .± (I.ll J .6] to.";') 

50 810 4.16 .!. 0.41 <o.n 2.16 .!. 0.73 0.54 T 0.u9 1.16 ~ tJ.l.4 
50 880 1.00 1" 0.31 <O.H 1.:)1 ..!. 2,31 0.12 :;: 0.14 1.21 ~ O.l,] 

50 ,gO O. El2 .! 0.)1 ~o .1t. 1.50 ..!. 1.08 O.ll ., 0.11 0.5) ~ 0.25-
w; '" ~OU 1.02 .± 0.26 <0.']9 <0.'9'7 0.99 -; 0.1..';. l.liB. .. 0.43 
>-' 50 glO 0.10 .! 0.151 ..::O.U O.lSI.! o_~ 0.59 :! 0.13 1.01 -; 0.)8 

l:.~~ l O.l51 ..:.;).7' l.ll.!. 1.21 1.10 .. 0.10 U./t- t LP. Jtt 

60 al0 2.43 .. 0.1,,0 <0.32 LSI.!. 2.91 O.19~U.13 0.;) ; 0.18 
to a:w 2. S4 :;: 0.31 1.1) , 0.71 11.5 ! ) .1. 0.43 ! 0.)) I.IS .!. 0.)9 
60 Rlfl 2. aa .:!: 0.36 (O~.) 9.91 .± l.10 O.BJ ! O.U 1.1~ t (1.-'1 
6" 0;0 3.3J .! G.") '0. ::)(;1 ;,: .,z) ..! LJ<1o 0.21 oJ 0.1 'J I.Jl -; (J.I t.i 

60 050 4. tI\ .± 0.16 <0.52 1.;0:13.3" O.lS :! O~I ~ 1.01 ~ 0.4) 
60 !;;o 1. B\ ! 0.90 1.55 ~ 0.% 4.10.± 2.BI <0.06 I.JI ~ 0.6.3 
60 .)0 1.98 .! 0.11 0.1;9 ! 0.4. 1.09.!. 0.91 0.4" :t (LIl O. B9 ! 0.48 
'0 ."" 2.5~ .! (l.l' ~O.2:' 1.17 1. 1,511 0. 02 1 00 • 1 ' O.51J • 0.4J 

60 890 2.98 ! O.H O.ioG .! n.R! J.j5! 3.64 O.II:! 0.18 1.14 ! O.4~ 
M WO \.\4 ! 0.11 <Q.10 \.l~ .! \.,4 O.~\ !. ~.16 I.~) .. \).!.J.t;i 

60 910 2.60 ! O.4~ <0.18 1.1 a .!. l.H 0.) 9 • V.)4 O. B6 ! O.ll 

" .," O.M .! 0,2'00 ..:o.];[!. 0.61 T O • .fI~ G.lf, !. Q.11 o.n .! O. HI. 

12 BOU 1.40 O. II <0.35 <1.1 , 0.60! 0.1) 0.9l :!" 0.6.0 
1~ BIQ 1.60 0.29 <O.ll J.21 .! 0.5 ... 0.11 ... {I,OS 0.71 ~ o.:2a 
)0 B10 0.91 n.lI <0.41 1.62 .! 2.)B 0.91 i 0.16 O.I~ :i 0.54 
10 IDO 0.89 0.21 -::0.1.5- I.J;} .:! O. a.1 (Ll). + 0.0.8 0.66 f O. 2 ~ 
10 8-\0 I. 51 0.],1 <0.39- < I 11 0.3S -; 0.12 <0-)2' 
70 850 2.% 0.].] 0.26 .!. 0.41;. 1.'9tl o.n 0.64 :t 0.14 1.0' 0.36 
]" '"'" 50" ~ 1:1 'O.i" 0.6t. .! 0.('1,. 14,{1 1 • 0.34 t O.IJ 0.9) O.J';I 

lU ~JO 4.08 0.93 <0.)) 4.S1 ].4) <0:14 1. 81 O.3? 



TABLE 4, cont. 

RADIONUCLIDE CONCENTRATIONS IN ~iUIU'Al;t;; ~orL SAI1l'LIlS 

FROM 10 M CRID INTERVALS 

._.- --------- ----- - - ------------ ---_. ---
GriJ....h!!f~Il,}:n. _____ . ____ ~!C!~~S~!de CO[1centl'.a.tio~~ (p!'il.l 

Ra-:226 ". 1) \ U-23.8 (;10-1)7 Ih' IH 

.------ .. . ------- ._- ._------- . ._-----_ . 

70 800 2 .• ~ , G.]::' <0.22 2.17 .! 0.79 0.)1 ..!. G.I 5- 0.99 1" 0.3 S-
)0 890 3.99 ~ 0.4) <0.4\ 1. 81 ..!. 1. 72 0.)) .!. D.H 1.42 · [L62 
10 900 iii,. I • (].1 <0.062 2.25.!. 1.94 0.72 .! 0.10 0.92 ::;: 1}.4{t 

)0 910 l..'2 -; 41.45 <0.46 •. 92 ..!. 1.43 o.n !. It.J4 l.J~ ~ O.4f. 
)0 920 1.39 i 0.1& <0.11 1.0) ! O.ob~ 0.)9 .!. 0.14 1.14 .::!: o.)} 
10 930 ).84 • O.1l 0.J5 .! O.M <I _ 26 0.84 . 0.1 \ lo2l;, · 0.)6 
70 940 (J.]"9 ! 0.2J 0,1,0 ~ Q •• ln 0.18 ! 1.01> 0.1;\ . 0.12 1.0) j D.l> 

84 820 1.04 ~ O.lO '0.28 1.11 · 1. \9 0.39 ~ 0.11 ).») · 0.)6 
SO roo 0.83 · 0.11 <0.12 1.04 ..!. 0,46 0.)1 ! fi.J 7 0."9 ~ O.:U 
SO (;40 0.89 ± 0.22 <0.12 O.8ij .!. 0.41 0.25 !. 0.06- o.a; ! 0.20 
OIl SID 1.69 ~ 0.) 1 <0.32 2.0; .!. l.00 O. j) + Q.I.4 0.99 · O,ll 
W tJ;0 2. ,1 ! O.lD '0.1" (~.:3 .0 .!. 1.01 0.35 f 0.08 1.1<1 ~ 0.36 
fl/l 810 1.J9 i O.ll <0.10 2-1S · 1.0. 0.16 ! 0.17 1.01 ; 0.46 

w SO soo 4.:26 1:: 0.41 <O.2~ 2. YI.. · '-"-' 0.41 .. U.U'!:l1 U. tll.t ! u.~~ 
Iv 00 SgO 14.2 · 0.9 2.60 , 0.% 2 ~.O ~ 1.9 0.34 :;. 0.009 1.11 ~ 0.;3 

SO ~oo I.l1 ! 0.19 <0.11 1.1 > · 1.21 0.14 ± 0.11 0.94 ~ 0.17 
SO 910 3.44 + 0.37 <0.20 2.261:0.6) 0.41 .± 0.11 0.61 ..! 0.42 
SO 9,0 4 ..... 4 :!. O. ~o <0.34 2.l5o .:!: 2.06 0.63 ! 0.13 l.04 + U.41 
SO 910 O • .E.J · 0.11 <G.24 1.21 .! 1.61 O.71" .! 00.13 l.]o4. ;: G.41 
SO 9:'0 <0.2'0 <1l.1l 1.24 .! 0.7.8 O.G 2 -+ (J.n 1.0:;' .:!. O.)S 
SO 9,0 0.£5- !. 0.21 <0.1 ~ <0.42 0.70 ! 1).11 O.S; · 0.3(" 
SO %0 O.OJ .! 0.:2 ~ <0.13 1. 21 .! 1.) I O • .Rr~ ..t fl ...... 0.98 i 0.17 

;c' 830 2.03 .! 0.29- <0. ) .... 1.99 I.) } 0.60 l' n.IO l.H .! O.~'j 
90 (;40 1.21 .! 0.27 <0.1.8 1.la ..! 0.9.5- O.!,) ! 0.10 I.U .! O.JO 
," .," o.oz .! Q.:n .. O.J 9 .;-0.02 O.Jtfl. .! 0.10 0.00 ! 0.J7 

9(' ~O 0.94 .! U.23 <0.19 <O.J!< 0.28 t 0.10 0.91 ! 0.11 
90 810 1.19 ! 0.2) <0.29 1. is ! 1. 81 0.11 ;: O,OS 1.1) · 0.51 
90 600 2.\. ! 0.34 <0.19 8.69 ! 2.1 j 0.91 ! 0.18 O.j!iE1. 1: O.Jf~ 

'" "0 0.1'9 1" 1..22 "o.{j,f; 1.'91 ~ :z. :'1 0.11 ! O.ll ]'J'" ! 0."1 
90 91)0 5.18:;: 0.99 'O,~O ]..40 .! .... 7 OJ O. )\ ! 0.20 ].00 ! 0.16 
90 110 2.16 • 0.19 ~O.29 3.0) · 1. 9B O,J6! 0.10 1.2J · O. ~1 
Il5 920 1.11 i O.ll <0.3 1 2.03 ~ 2.1& 0.19 ! 0.09 1.)0 ! O.ql 

" "0 ';',O'J 0~46 O.U .! 0.:;1 1.D7 ~ 0.71 o."n l' 0.13 loll ... O • .r.7 

~U 'lI4t1 O. a~ ! 0.2. <0.1 B 1.1 j · 1.10 O. II t 0.11 o. B.J ! 0.39 
9U 95U 1),16 .:t 0.1 S <0.1 S <O:()I 0.34 + 0.10 0.90 · 0.J5 
90 960 0.9J .t 0.2. <0.21 <0.86 o. " ! 0.11 1. )4 ! 0.36 
'0 ;," L'i'2 '" O.:1l O.lB.! O.('J 1.9~ 1. 1.0:) 0.71 Q.n "lJ.::I ~ 
90 900 0.0\ ! 0.10 <0.1 ) 0.41 Z O.ftS 0.54 i 0.09 0.12 U.2I 



TABLE 4, cont ~ 

RADIONUCI. TDE COllCENTRATIONS IN SURI'ACE SOlL SAMPLES 
FROM 10 M GRID TNTr:RVAI.S 

.. _----_. .,----_ .. . .. _--

'Go["liJ L{)C,!llon . ~~~!~~~~!!~~~~!~ ~l!E!t~~ Ra'':22t -.- U-215 U-21 R C.-Dl Tn-l)2 

. _---- .. _._-_ . . _-------_. .. _-----_._ . 
100 .,0 I. ,. ~'. 0.;)) ~Q • ./ill 1 .c. So !. I .0::6 1. ~7 ,. 0.22 0.91 :! Q.'06 

~I 1>10 0.69 !: 0.25 <0.1 S 0.81 !. 0."3 0.44 -; i).lO O. B4 ~ O~) 2 
10l 810 1.02 .t 0.2\ <0.22 2.06 ll.90 O.ll :;: 0.12 0.81 ... 0.11 
100 li>0 L 2S :!. 0.3>\ <Q.ll 1.08 ~ \, ~~ Q."~ < Q.H LQ\ .;.0..(1' 
100 810 !. .40 • U.Sl ~c..!" :Q: <1 .1,,~ LPO.:!: Q.IS q).22 

100 5&> O.tlS '::t O.1~ <0.1t. 1.18 .!. O. ~I 0.11 f 0.09- 0.66 -±- O.1,.} 

100 5~0 2.61 .t 0 • .50 <O.ll J.30 ! 2.].6 0.72 :! 0.14 O.M -t 4.1.411 
IDO 900 3.4 .... ! 0.41 <O.Jl 04.1 IS! 1.1J 0.34 + 0..14 J .20 ! 0.31 
100 .,0 1.0 1: 0.39 O_l;.4 .!. 0.39 4.61 .! 1.96 0.21 ~ 0.11 I .87 .. 0.74 
100 92"011 50. 2 ~ ..!. 1.10 <0.63 7.61 .!. 4.21 0.4'3" 1: (1-.32 L2) :! 0.11 
100 9}O 2.60 of 0 .. 13 <0.12 0.92 .:!. I.JI O. s.~ -t (I.ll 0.91 .0.11 
100 9~O 4.~9 ~ 0.58 <0.)3 3.71 .! 1.32 1.11 -:; (I.I] 1.60 ~ O.~8 
100 9,0 ) .6~ .! 0. 1+.8 <0.24 1. 99" .!. 0.7'9 0.:'16 i {I,ll 0.131 ~ Ll.19 
100 %0 1.11 ... 0.34 <0.38 1.2{1 .!. 1.)6 1.06 + 0.22 l.IS:O.~9 

w 
IDO 910 1.11 ,;: O.lO <0.19 0.92 ! 0.01 0.66 -; 0.14 0.'" -; O.3b w 
100 9fKl J.B.!. 0..35 (.I).J 9 <Llj 0.99::! 0.17 1.;.8 ! {J.-40 
100 ."" (Uj4 .t 0.21 .::f1.'.'i. (J. 6.5. ~ 0.45 0.0-3 ... 0.1/, 0.1,-6: 2. Q.::t6 

IQ, 1000 1.11 .!. 0."0 <0.10 <1.0) 0.93 :! 0.20 1.14 .!. 0.41 

110 ffiO t.l6 :!. 0.50 <0.)8 I.l4 ;; 2.31 Q.51 + 0.13 J .-44 1. 0.4'3' 
110 800 LO) ~ o.n ..:n 11 ('] 1£ '" n f..l. I) .~. ; Q.ll o.n .! 0.:].(1 

110 690 1.19;!:O.16 (O~1B l.o2!1.50 0.6] ! 0.16 I .1;6 • O. \7 
110 900 I.J' ! 0.1$ 0.51 , 0.75 4.)2 i l.2l 0.63 ! 0.14 1.01 :;: o.ll 
110 910 14.1 !. 0.6 1.50 -; J .31 31.1 1. 3.2 O.(l.\ • 0.14 l,43 ... 11.63 
110 920 6.11 • 0.54 1.11 ± 1.04 II. 2 .1 .4.0 0.1l;, .:;: fUll '.l'IlI -; fI .. R-
110 910 9.16 ! 1.05 1.19! J .54 3.61 ! 4.11 O.IS ;!: 0.12 2.00 -; D.) B 
110 940 J.1l • 0.92 <0.56 4.]0 !. '.Q7 0.36 + 0.10 O.1Il -; O.B 
110 950 4.39 ~ 0.4; <0.25 1.15;; 0.79 0.)1 ::t 0.1; 1.01 ; 0.36 
110 960 2.89 :!. 0.;, <0.41 2.)2 ~ 4.44 0.28 ~ O.ll ] .10 '! 'Lt.!"! 
110 910 1.1 ) .:t O.3~ <0.19 1.4) .! 1.01 0.11 ... 0.06 1.22 + O.f,,) 

110 9811 1.:2'0 ... 0.39 <0.29- 1.41 .! 1.99 0.-41 ; U.11 J .20; O.tib 
110 990 J.39:iO.lb <O.2B 1.62 ... 1. 50 O.bJ :!: 0.16 1.46 .:! G. 'i7 
110 1000 0.11 !. 0.11 <0.10 0.49 ! 0.4] 0.56 + 0.10 0.24 + f).l::' 
110 ImlJ. '-04 1. 0.,(,) 0.18.! 0.96 <0.514 O.M !: 0.1 'j O.S, !. 0.43 

12f1 800 0.9, 1. 0.2) -<O.:,U <0.19 O.H. 0.14 0.88.! 0.46 
120 ago 1.15 + 0.31 <O.ll <1.il4 0.)9 0.13 1.12 ... fl.J4 
120 900 0.9' .± 0.29 <0.21 L16 ; 1.40 O. B~ 0.1 ; O. B.J .! O.bJ 
IIQ 910 1.11 ! 0.28 0.79 .! 0.)6 ).2~ 11.91 O.jl 0.09 O.7S! O.5~ 



TABLE 4, c~nt. 

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES 
FROM 10 M GRID INTERVALS 

o(i r i ~. t.2n!.!i OJ:! 

" . 
--------

120 g20 
120 g)D 
I'D g4D 
I'D g5D 
120 %0 
1211 9'1-0 
1211 960 
110 990 
120 JO~I} 

l.o::lJ II)JO 

11 ~ 1010 
123 1030 

12(:, 6'l10 

112 900 
/30 9/0 
lJO 920 
1:30 5lJO 
130 940 
130 950 
130 960 
DD 9100 
no 9BO 
DO 990 
DO 1000 
DO 1010 
110 1010 
no 1010 
DO 1040 
13-0. 105(1. 

130 IDf>O 

140 910 
• .',00 0:20 
HQ 9)0 
140 940 
140 9)0 
t .. ,o 9(.0 

140 9JO 

b.n..! 0.65 
5.1-4 .! (1.54 
5.02 .! {I.:5-4 
B.15 .:! 0.9j 
9'.22 .:! Q.% 
5.33 ..! 0.79 
50.02 .! 0.75 
0.68 1 0.39 
L04 .!. 0.].8 
J .Jor. .! U.4t.1 

1.12 ! O.l! 
1.43 .! 0.11 

O.i' .! (1).)1 

0.9\ ! 0.10 
I.lb ! 0.30 
1.11 ! 0.1. 
l.li ..! (t.19' 
1.90 ! O.H 

II .8 ! 0.1 
19.3 ! 1.1 

'50.39 ..±. 1.G? 
J.SO,;!:O.42 
3.22 Z 0.4) 
4.73 .! O.~ 
1.29 .!. O.41t. 
I.JJ ! 0.26 

b 
1.29 .! o.:n , 
1.11 ~ 0.28 

0.83 
],06 

1.40 
I.,; 
;.54 
L;r5. 

~.2. 

0.14 
().5i!". 

0.10 
0.28 
0.10 
().5', 
0.63 

<0.56-
O.~ .. 0.69 
0.69 :! 0.82 

<0.56 
<0.62 

0.67 • 1.08 
<0-:-46 
<0.16 
<{I. 2 a. 
(tI.jij; 

<0.19 
<0.11 

"'V.J.1 
<0.24 
<0.18 
<0.11 

Q.71 .! 0.21 
<0.19 

0.51 • 0.11 
1.11 :i 1.19 

-<0.7' 
<.0.44 
<(].23 
<0.11 
<0.3.0 
<0.19 

b 
<0.26 

• 
<0.16 

<0.16 
-::D.24 

1.1 • .! O.b) 
0.B2 ! 0.,0 
l.5i! 0.11 

~O.Sl 

<0.)0 

6.12 ± 2.'5J) 
9.68 ..:t 1.2.13 
7 ".51] .! J. 81 
).32.! 1.0B 
7.00.! 2.43 
4.4l.. .!. 1.9) 
:3 .14 .!. :3 .11 
2.,9 .! 1.95 
1.13 .! 2. ~9" 

<t.1 t:I 
1.04 i 1.00 
1.28 i 2.19 

i.f)'.!: LB 
l. 62 + l.09 
1.36 ! 0.91 
3.31 ! 0.80 

J4.9 .! 4.Q 
9.M .t 2.~9 
9.2> .! l.30 

115 .! 1 
:L2'4 ..! ~ • .fI5 

<t .2:5-
1.93 .!. 0.]5. 
2.27 .! 2.02 
1 .~} ..! 2.42-
0.0\8.!: 0.5/ 

b 
2.62 .! 1.11 

" 4.9/>.<:1.)8 

l. 94 i 0.92 
<0.13 

15.3 i l.1 
10.2 ! 1.3 

<2.21 
14.7 ...!. 2.4 
2.69! 1.51 

Th-232 

.... ----_.---------

0.14 .! 0.11 
0.13 .! .0.18 

<0.06 
<0.10 

0.19 ... 0.] 51 
0.29 t 0.19-
0.08.± 0.0.13 
0.61 ! 0.11 
0.250 .!. O.ll 
tI.W! {t.lt:! 
0.;0 ! 0.13 
0.69 ! 0." 
U.td .! U.!'JI 

0.19 i 0.10 
0.57 ! 0.1 I 
0.36 :! 0.10 
0.46.! 0.0 

<0.06 
<0.06 

0.54 ! 0.1. 
Q.39 ..! (:1 • .2:1 

0.t.9 ! 0.1> 
O.BB!: 0.12 
0.-43 .!. O.ll 
0.5-'9 ..!. 0.12 
0.59.!: 0.11 

b 
O.-4B 1. 0.1.8 

" O.H ! 0.11 

0.41 ! 0.11 
J.11 a.l.e, 
1.11 ! 0.2) 
0.£1 .; 0.13 
1.15.<:0.11 

<-11.-1)(, 

<0.05 

0::0.38 
1.31 + o.~) 
O.6~ :; 0.34 
{J.B} ; ().79 
1.32 ; O.f.s. 
0.11 ! 0.49 

"O.3~ 
0.B1.0.55 
1.10 ~ 0.44 
J .U; ~ 0.49 
O. 8!~ .. 0.40 
0.99 ~ 0.35 

J.J iI5 t U.I.tU 

0.9Q10.31 
0.911 + 0.31 
0.95:;: 0.1. 
o.~ ! 0.:;''' 
1.22 .. O.~.6 

0.89 ~ 0.;3 
1 •• 9-;:0.72 

.. 0.10-

1.79 .!. O.~3 
J .10 .O.·,u 
0.7:2 -; 0.47 
I.ot -; 0.4) 
1.15 ~ 0.36 

b 
I.04,!O.lt3 

" 1.6) ! 0.48 

0.88 i 0.29 
<O.U. 

1.86 + 0.51. 
0.99 ~ 0.69 
0.% :;: 0.41 
] ~ 31 ..! 0 .... 50 

1.11 ! 0.48 



TABL~ 4, cont. 

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES 
FROM to M GRID INTERVALS 

-------------~ .~. ----" ----_ .. _---------

oI::iri.:! J.oL~ui.[ln . ________ .~_:di~nucli~~.~~~~~~~~~~~ ~_) __ 
-Ra 22" U-235 U-118 Cs-IJ1 Th-2J:2 

----",------ ---------

140 ~"" 10.3 .! 1.3 <0.71 1.19.! 3.11 0.42 ..!:. 0.2,5. 2.14 ..!:. 0.9':' 
140 9~ ]. 54 .! O.BS <0. ~J. L01 + 2_~ <0.10 0.9, ... 0.6 ~ 
1'0 1000 04.6') .! O. '50 <0.33 2.10 ~ 1.77 0.6) .. 0.16 1.49 ~ 0.43 
110 1010 2.12 ± 0.39 0.11 .! 0.72 <1.26 n.91 .! 0.11 O.&> .! 0.00 
1"0 1010 1.08 "t 0.14 <O.lfI. 0'.29 .. 0.-40 0.25 .!. 0.01 1.0" j- fL1.1 

I'~ 10)0 I." ! 0.)8 <0.25 . [.,5 ! 1.61 0.1. !. 0.19 1.16 i Q.l! 
140 10~O 1.044 .! .0.19- <0.32 l.O! .! 0.% 0.4. ! 0.10 0.59 i 0.2. 
14(} 10\0 0.25 .! 0.25 <0.20 <o.t. 5 0.~1 ± 0.1. <0.20 
140 10<>0 1.06 ! O.ll <0.16 1.15 • 1.09 O.JI, • 0.14 0.69.,0.J.8 

14; 920 O_Bl .! O.lO <0.21 1.2.l i' ]. ~'I <(J.04 0.6\ • O.Jl 
150 910 l. 51 • 0.59 <0.41 1.I2 ! 1.40 0.J8.0.19 1.11 ~ 0.41 
150 9,0 l.lO ; 0.3£ <O.I? 4.10 ± 0.81 l.t2-;(L14 0.66 ~ 0.1I 

w D" ,," '3'.04 .:!: O.Bj. LOS ~ I.GI 16.0 .:!: 2'.1 0.90 i: 0.1-6 1.82 -:; O.t. 5 
en 1>0 %0 2.~7 .:!. 0.42 3.01 + 0.79 L'9.1 .! 2 _). <0.00 1.61 -:; 0.1;.0 

1)0 910 6.0J 1 0.61 O. I. ~ O.6~ Ii.)O ! I.GIl <0.05 1.00-;0.11 
DO no 8.24 .! 0.-65 1.29" .! l.02 9.:?O ! "] . .ii3 0.16 .! 0.1 a. 0.97 -:; 0.36 
1,0 990 7.1;6 .! 0.66 <0.).2' 3.15 + 2.51 <Ll.Oa. 1.14 ~ 0.1) 
1>0 lOGO 4.9"1 .. 0.68 <0. )~ 2.16 1: 2.19 <0.08 0.90 -; 1.2l 
150 1010 4.12 !. O. S? <0.47 3.2.) t 2.25- 0 .• 0 + 0.15- ) • tl4 -; 0.10 
1\0 1010 } .97 ..!. 0.40 <0.29 <0-:-66 L06-:;O.19 ] .os ~ 0.6.4 
I SO 1010 0.11 .! 0.76 <0.-40 1.21 .! :2.8.8 0.35 .! O.HI o.n -; o.~ 2' 
150 1000 1.25 ~ 0.34 <0.26 1.f18 + 1. 52 O.td .!. 0.:20 1.23 ; 0.67 
ISO 1050 1.14 .! 0.31} <0.3:5- 2.92 i [,62 D.n 1. 0.15 2.01 -; 0.59 
DO I GIl 0 1.19.!O.28 <0.18 1.25 .!. O.ifl.6 0.7:2 .!. 0.16 Ln. -; o. ~I 
1>0 1070 O.<rEl .:t 0.306 "';O.J .Ei 1.60 1. l.T) 0.1'!l' ! 0.14 u.]!} i u.:B 

1 ;9 9;0 0.1; ! o.n <0.20 O.?2 ! I.B1 0.15 j 0.10 I .O~ ! 0.34 
1.G 950 4.02 .!. U.41 <0.16 <1.0':. I. 81 ! 0.11 <0.1 g 
.60 """ 1.52' .!. 0.30 ..::0.2t. 1.,1 -'- :l:.J4 1).f)1 i U.ll U .o\IU ! U. ~I~ 
160 910 2. &i • 0.19 LU+O,M 17 .6 .! 2.4 0.\9 :;: 0.22 1.07 • 0.50 
160 960 J.21 ! O.2g <O~H 1.91 .!. 1.62 <0.05 J .OJ .• 0.36 
160 990 29. , .! LO <0.46- <1.01 «(J.Ub 0.91 :1 0.55 

"" 1000 a.)60 ..!. 0.60'9 ..;o~:u L:;j.,. 2.flr <':O.{lt. J .U~ • (J.4'9 
160 1010 10.9 ! 0./1 <0.62 <1.1 ; 0.08 .! 0.0) 2~1" -; O.li4 
160 1020 6.17 10.91 <O.lil <I. J) O.ll .!. 0.10 J. 96 :; 0.95 
liO IOl0 1.52 ! 0.29 <0.21 1.48 ! 1.09 0.69 ~ 0.18 1.1' ! O.~I 
.£0 JO'('(,I 1.50 .!. 0,3.0 -<O.:2G 1. ()f 2.l) (I.a.) t O.lJ U.I:I) .:t U • .:HJ 
16u 1010 O.CJ'J 1" O. 2J <0.19 1. 04 1" 1.66 0.0, :;: O.OS l.01 + 0.29 



TABLE 4, cont. 

RADIONUCLIDE CONCENTRA TrONS IN SURFACE SOIL SAHrr.p.s 
FROM 10 M CRID INTERVALS 

__ • - •• w· __________________ ••• __ •• ____ • ______________ • ---------

!:id4 !.QCl!ltlO:ll Road lCtnucl id~ Conc:r::.ntut ioo& (p-ci/g) 
[ -R~:I26-----U:2f5-- --- -- -·V-118'- -- ._- ---~C:ijj' n',:'HI" 

------------- ._-------------

160 1060 0.61 + 0.18 <0.26 1.16 + :2.20 0.;0 .:! 0.09 0.76 T 0.30 
160 1010 0.18 ± 0.19 <;0.16 o.n .! 0.89 0.04 + Q.07 0.67 ; 0.14 
160 1060 0.;2 ! 0.16 <0.1 :s. <0.42 1.71 ! 0.16 0.24 ; 0.19 

"" .. 0 1.17 ~ 0'.2S o~ 5;;! 0.',3 1.7-1;1 .! 1..37' Q.7t .~ {.I.ll O.S ... " 0.13 

170 910 '.l2 ! 0.4" <0.22 <O.H o. ;4 • (J.09 (l.ot . 0.J5 
110 900 1.66 t 0.29 <0.26 <0.79 0./4 + 0.14 II. 9, ! 0.J6 
110 990 1.10 i 0.25 <0.10 l.92 .i 1.00 0.l6 ! fJ.09 1.02 ± 0.2J 
1>" 1000 J~n ..i O.2~ '-:O.lJ' J .0.8 .: 1.;1'9 (lI.I,::i! .::t .g.O!:) O.:R3 1" 0.30 

11~ 1010 1.52 1: O.lO <0.11 1.53 ! 1.61 <0.06 0.60 ! 0.32 
IJG 1020 1.92 ! 0.40 O. I, 1- 0.62 4.90 t 1.1/ 0.08 ! 0.01 0.60 + 0.2(, 
1/0 1010 5.1 ; ! 0.18 <0.52 L4a i l.36 0.\1 + 0.21 I. 2. ~ 0.91;. 
1>" 101,('1 1.1:!l: .::: 0.100 ..:'0. J~ (j.n ~ o.q 0 ., ~ 1"1 " " '" ~ fI 11 

'-" 110 10;0 1.:24 ~ o.]} <0.:2 :5 2.72 ~ 1.65 0.62 ~ 0.12 0.69 .!. O.1J. 

'" 1/0 WbO 0.92 ~ 0.31 <0.:25 1.14 ! L62 0.21 !. {J.12 0.74 !. (:1.41 
170 1010 I. 1 0 ! 0.30 <0.:28 1.26 t 1. 59 0.38 + (I.lI 1.16 ~ 0.18 
1/0 1060 0.69 ~ 0.30 <0.13 0.49 1 0.9l) 0.9; :t 0.14 O. )6 ~ 0.25 
1/0 1090 0.93 ; 0.21 <0.22 0.89 :! 1.56 0.51 ! .0.12 1.32 ~ 0.31 

IOU ,to :2. OS + 0.::1-4 <0.1'1 <t}.83 O. ill t 0.12 0.43 . O.ll 
180 990 J .7S ~ 0.35- <0.1 a 2.)0\ , 0.% 0.61 ! D.1 J 1.2U ! 0.]6 
160 1000 1. 9) + 0.16 <0.27 <0:76 0.41 1 0.11 0.16 + 0.21 
180 1010 1.49 :; 0.29 <0.3 I 1.41 t 1.6\ 0.44 + 0.12 0.90 ~ 0.1.7 
1M 1010 1.60 ! 0.11 O.O\R • 0.66 6.9R +- 0."919 0.08 ..t O.Ob 1.0 ~t .! 0.11 
1 EO 1030 3.18 i 0.45- 1.0.;.':;:0.84 ]1.0 ~ 1.2 O.1.8±G.15 1.16 .::t. (1.50 
ISO 1040 6.91 ! eLSO <0.52 4~) 5- .! 1. )0 <0.09 ).61 ! 0.6) 
ISO 1050 1.11 1 0.10 <O.la 1.891 .1.51 <0.06 L12 :t O.b~ 
180 11)60 1.)8 1 O.ll <0.11 0.\0 1 1.24 0.\0 1 D.ll 1.4/ ! 0.42 
160 1010 J. 56 t O.ll <0.20 L5B t l.0; 0.52 t O.ll O.M t 0.],8 
ISO 101>0 0.92 t 0.25 <O.ll O.Bl t 2.64 <0.0; O.M + 0 • .16 
ISO 1090 1.11 .t 0.2, <O.J I I.~I ; 2.08 0.1;1"8 1. D.lI I.IJ .! 'U; 

190 1000 J. I:. 2 ~ 0.29 <0.14 <0.66 J.li. t 0.13 O.tt1 , O.J; 
190 lOW B.75 .! 0.61 0.51 .t O.){, 0.81 + 1.21 1.10 ~ 0.18 <G. 2'6 
1 ~o 1010 I. 4" ~ 0.41 0 .• 1 ... O. R4 1.1 0 ~ 1.9 • 0,)9 . 0.18 1.3, 1. (l,S(:I 

190 1030 1.17 . 0.18 0.0\\ ! 0.17 1.44 .! 0.6) 0.69.! 0.15 0.12 of 0.33 
190 1040 j.41 ~ O.j~ 2."1 . 1.21 17 .8 • 2.25 0.\0 t 0.20 I.ll .~ 0.1:.1 
190 1010 2.50 .+ 0.52 <:0.42 1.22 t 2.61 <U.UJ 1.24 .:!: 0 • .1;.1 
190 ]000 6.ifl.O t 0.49 0.10 , 0.\5 3.71 t O~~4 0.19 t 0.08 0.98 + 0.],0 
190 1070 1.39 .! 0.:34 <0.2l <0~1l 1.11 :; 0.18 0.11 :! O.}l. 



TABLE 4, cont. 

RADIONUCLID~ CONCENTRATIONS IN cunfACE SOIL SAMPLES 
FROM 10M GRID INTERVALS 

-----_. ~-.---------- .. . ~ "- --- - - - . -- -_ .. - ----.. --

~_0~ !-Q.fiH!£I'!l Radi-onuo[ I id~ COnl:.~lllra L iCHI6 {.eUg) 
,lI:a-2'26--" u=jJ-)---- U-21 ii" N CEo-I)] Tb-232 

- ._-----

190 10SO 1.06 ~ 0.17 <.11.17 1.14 ~ l. So O. \6 ..! 0.1' 1.01 .! 0.4) 

19) 1000 2.00 .. 0.11 u.4J. . 0.)0 2.)) ~ ). 99 0.60 0.14 1.)0 ~ 0.4) 
200 1010 ).01 ! 0.29 (0.14 <0.1) 0.52 O.U O.H · 0.2'1 
200 1020 I. 4, , 0.1. <0.25 ].89.1 1.\6 0.14 0.14 0.18 · O.lD 
'"0 1 ntll J .12 ::;: (). 2t <0.30 l.91 ! 1.n 0.44 0.]) 1.3.1::1 , O.4S 
ZOO 101,0 1.22 .! 0.24 <0.11 1.11 .i O.-bJ 0.4J 0.11 1.2. ~! 0.41 
100 1 Q)~ 1.0. • O. 'io2 0.84 .... 0.62 2.)) !. ).)1 O. I) 0.10 0.89.! 0.59 
200 106O I.J' ~ 0.2/ <0~11 <0. SO O.2~ 0.12 lot) 1 O.4~ 
200 10]0 11 .~ · Ll <0.6& <2.,(, I]J O. ~I 0.16 1.69 · 1.50 

20, 1020 0,81 • 0.18 <0.17 1.2"9 1: 1 n 0.55 0.11 0.42 · O.J 1 
110 1010 1.01 ; O.7~ <0,)0 2.701.1.09 0,57 n.1 ~ 1.12 -:; O.4G 
110 1040 O.SO .. 0.21 <0.1. 0.31 ;! 0.15 I. 52 0.11 (1)~1 J 
210 10lO 0.93 I 0.2B <0.22 1.31 2:1.79 0.4;) O.JO Q.'n -t O~:'J.) 

llO 1060 0.89 ~ o.n <0.28 1.)1 11.80 0.85 O.H 1.0, -; (L ~6 
210 IUIO I.JO · 0.29 <O.H .q.21 1.10 0.19 1.11 t O.1\} 

a E1.(OlS aLe 2u based on counting statistics. 
b Sample not collected. 



'-" co 

S,a:mpl e D.cscrlptlOD 
to 

T .... ElLl: 50 

XA[}lutWCI,l[);E CONr.rJITRAIlONS HI SUR~'ACt'. SAHPl,[S 

.t'b:OH LOC,I,:t1otiS WJ::.rHIFlE[} flY TIlE WAUOVE~ SCAN 

~, --~-~ .. 

~:rJ!L!-Q5~J.iil~ iladi()l\ucl i.de C(mtent['.llt iDn~ 
~~-::;;:U;-------r,'':'h ~'fi-----' 1-'_'1~ W • 

~p~i{g~a 
1'1A_ll1b 

-~'-------'" 
-_._----_ .. 

'1 'Ilhile Cbip 20 770 
'2 While Chip 26 779 
Bl White Chip 26 772 < 

'" Soi 1 11 160 0.-45 .. O.&jd 2.51 · 2.12 16 .3 · 5.6 1.0 · , B'5."L Soil 40 SOl 9'" 9 •. 69 · •. 13 <10~} <O~(;'4 

'5' 'IIhit e Chip 40 001 
B. '\.I'lJite- Cbip 40 810 , , 
B7 Suil 42 In 50 .1 ~ 1.2 :>.01 ~ 2.32 9.96 ! 6.08 0.}2 0.20 
BB Slloi 1 1;1 814 561 ~ ) •. )1 · J ."6 )1.3 ~ 4 .• 0.91 O.]J 
B9 5l)i 1 1;4 779 11.6 . 0.1 0.60 1. 0.19 1.4] ! 1..41 2.27 ~ 0.20 
'10 S(.Ioi l 44 ill al. , j: 2.0 19.4 ~ 2.9 l65 · 9 G./I 0.19 
BlI 'Ilhill'" Chip 1,\ 80S , , , , 
BI2 Soil '1 810 1900 i 12 , 1.1 .! B.o <21.4 <1.19 
Ell W'hi t e Chip 53 191 , , 
:e.14 Soil )4 79) 8\.9 . 2.0 22. ) · 1.2 <b. :" Z.4' · V.U 
BIS Ro-t"lr. 18 810 1. \Q j: O. J 1 <0-:-41 7.47 , 1.17 {l.ll ~ 0.16 
Rio Soil 65 !II 5 650 6 <O.ll <7 -=-63 <0.47 
Sl ) SoU 86 8n )~ .7 ~ 1.0 l.02 · :2.44 14.5 :! 0.8 ~.H · 0.2) 

81 " SOll tIb .W .Hl.o " .l.l <:J:-U:I ti.l6 .!. 1:).4:) -l.lJI.JI 

'19 \i'hiu· Ctnp 86 8BS 
'20 h'[lile Chip 90 WI , 
621 Soil lllO 8;9 11'0.0 ~ 2.1 2.J9 2.95 11.:2 :! ''-' <[J.2{] 
• 22 Yello-'io' ChIps II) 9]8 12.4 :! 1.6 16 .3 ~ 2.8 120 :! 9 0.11 ! (.I.IM 
B2) Soi I 115 911 12.8 .! 1.0 8.15 :! ).16 1M :! " 0.2t1 · 0.14 
01" .sollil 11J '''0 62. I :! 1.6 6.Bl + 1.11 46.8 · 1.0 0.) \ · 1.15 02, 5-1.:,,1 110 942 170D ~ 10 H.6 .!. 2 'Ll <JS~l < 2~ I C. 
026 R-oC~6 120 959 29 .• .! 1.1 5.10 + 1.00 2 \. 7 :! 7 .• 0.1') + 0.18 
82711. 5uil 121 915 610 ~ 10 21.1 ~ 10.1 34. S :! 25.9 <O~6 B 
flUB Soi I 121 925 )8.8 .! 2.4 <1-:-29 2.1 a ~ 1.9'':' <0.19 
.'8 So i I 12. 91, 1110 ~ J 12.' :! B.B 1 )00 .! 28 <0.69 

." l"t:!llG'ii 'Gtllpli 1" ." 73.0 , .. > :HOo · , 5'410 ! 1:0 -..0.44 

1110 It.Itlit€ Chip 121 9,1 , , , 
1111 Soil OS 95~ 1.07 ~ ),0) l.ll · 1.11 0/.1 ! j .• <0.09 
811 Sui) III 950 42~O 21 91. II ! 11.3 <26.6 <I.B) 
0" Rue): DB !}l::i HM 10 D.O ~ '.0 :7U. ~ T 1.2,} <-(l.M 

." So i 1 09 9\1 910 II 9.67 · 8.16 <10:1 <0.51 
8H Ruds IH '16) ,,]., 

:! 1.1 1.42 l' 1. 61 <1.45 <0.11 
816 Sul! , F.od:.s l~j 911'0 910 6 10.1 .! ).6 14.4 ! !l.0 <0.54 
", 1:':0(;);.[, l:t6 lCtO~ J2. B ~ 1.::i Loa · 1.20 <1.21 ";0.10 

Bl~ Sail 1100 998 IJO J 4.65 ! 1. B5 <J .19 0.22 · 0.20 
'J9 So<i 1 III 1012 1\.1 ! O.~ 0.60 ! 1., \ <1.l0 <0.09 
MO $oil , i{Qtki 116 1016 41.0 ~ 2.1 2.51 2.,9 10.1 } 0.0 <0. It. 

---_. .. _-----_. .. _ ... ~--- ~ ~---. . ~ .--~-.-~----. Rt:tlCr to Tabl e ) jo, dire-tt I"~d i..II.[ ion If: ... cll!-. 
b Re ht l"'-ely luge t!t"fllf.li and poor del eel iop Hnllilitt.'dtiet ". ,h. result 0' high le ... ela. 

of Ra-2~6 or U-2) 8 vhich, C.BlIse i[1cr~ased (-oat ir:lIll.JCJ. count (ates. , 5:01,.11 .,u]'plt" ... ilh high RIJ-n6 L:outt"nt. Brti .... ity ll'v~l B ". prt'".!Iif"lI l,,-:I in Table /0. 
J F.rIOI .. '" 'l,1 bJl bt"J (1[1 l'Qll[ll in;s: II' oIIt i.sl i-c •• 

--~- -----~ 

Th~ '12b 
..... _-----_.-

0.67 ~ 0.11 
<2.12 

c 
0.60 · 1.:n 

<.J.2t. 
Ll10 · 0.50 
0.6. ! I.J. , 

<4 .. 1] , 
!-14- · , .JtI 

L19 , O. ~, 

<1./0 
0.64 

}.'W :! .l.'lo'J 

, 
<.{t.I) 

O.M · 1.1 • 
<0.1 ) 

1. 26 ~ 0.% 
(fi-O:'; 

1.20 · 1.~'J, <2 ~ 19 
<0.1.Fi 

4.48. .~ 3.6& 
-q.1 "9-

1.4) · ~. iI4 
<6.4 ~ 
~l.uv 

<2.08 
1.21 · O.91i 

<2.08 
0.00 J o~ 1'9 

1.10 ! I.Jl 
1 •• 0 ! O.~ 

O. " ;!; I. al 
._- -_ .. _. - ... ---~-



Sample 

B:" 
BZ 
133 
BSB 
B6 
B:l 
B:3 
B19 
820 
B30 

TAllLE 6 

RA-226 ACTIVITY IN SAMPLES FROM 
LOCATT:)NS OF fl,F:VATED JIRECT RADIATION LEVnS 

Grid Location Nature of Sample 
N E 

2C nc White Chips 
26 779 " " 
2.8 772 
40 801 " 
40 810 " 
45 SO? " 
53 797 " 
56 885 " 
gO P.1I(l " " 

127 941 " " 
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Ra-226 
(V cil 

0.14 
1.42 
4.21 
0.49 
0.26 
o .1J 
0,97 
0.25 
0.57 
0.59 



TABLE 7 

RAD IONIH':L I1)~ CONCENTRATIONS iN BOREl/OLE SOIL SAMI'I.~S 

-_ .. - ------- -- ------ -----_. -_ ... " .. ---.- ------- -_ ... --_. ---------- . ._---_. 

flutehu.le ~Ii':L~~HLi~ DoIO!plh . _ .. _. ___ R_:JE!i~~EU~f:: _G~~~~~~!.gi.Q!!~_{12~!/&L_ 
r-,'LJo.& " E (.) R.!I-226 U-235 tJ'-2J6 Cr;;-137 n":2) 2 

_._-------.. -.---.. 

HI '0 110 Su.-f a-ce 91.1 .! 2.6b 1,.-61 · 3.22 16.9 ! 8_l <0.26 <0.92 
I 1.1> · 0.12 <O.U 0.54 ! ] .flB <0.iJ4 0.91 .:± G.D 
2 0.'3'8 i 0.32 <0.22 <0./0 <I}. 114 1.06 .! 0.17 

H' 30 )]5 SUI t ace 1.23 · 0.37 <:O.l~ 0.') · I. 58 u.40 1- U.JO 0.J6 ..! O.J6 
0.5 1.40 .:t 0.31 <0.44 !i.tJ'9 .!. 1.60 0.21 ! 0.14 1.22 .± O.W 

1.0' •. ' 00. :U:' (Q.Jl o.n 1: Q. 05' ~O .Oti G.D..! 0.41 

H) 4) 610 Surface 17.1 ! 1.1 j. B5 ! 1.81 l".~ · J. " 0.3 ; .!. O.ll O. ]. i 0.71 
0.5 1.J2 ! 0.)6 0.29 ! 0.9; 2.~1l .1 2.42 <0.06 1.00 ; 0.59 
I 1.1 i ;"; U.30 .... 0.39 :il.F. ~ :1:.20 <a.. OS 1.t,{l ~ O.'i" 

~; ;} In SL,lrtill;c W.O ..:t 0 • .8 1.19 · ) .02 1_ " · 1.16 4.l2 . 0.3.1 0.% . 0.00 
0.1 1.39 .!. 0 • .17 <0~26 1_0~ ! I .90 <0.06 1- 23 ! O. II 

" " ~ " " ... o.l'~ j.U ~ :::1.03 00.009 ~ O.H:' •• 50 ~ (l.S.£. 

-" 
0 H\ 6\ SlI SU(foll.Lt' ;," · 6 <0.] 1 <1.603 <0.41 <) .07 

0 . .1 0 % .! O.2.f1 <0.19 0.22 ~ O.i!l2 <D.O.r;. 0.1:]) ! 0.30 
1 1.1 I ..t 0.3] <0.25 0_% ! 1.04 <(l.Ot:. l.(.IJ .!. O.6t;. 

"6 a; 8BO S1Jl"facE! ) 8.6 ..t 2.1 <1.IB 6.:28 ± 6.4~ <0.1 } ) .4(} 0 2.-49 
O. I I. 54 0 O.3:l <0.39 2.72 l. J.39 <O.OI!) I .2t;. .! O. ~o 
I 1.62 ..! 0.26 <0.19 1.19 · 1.05 <0.01 I .22 .!. O.Ji5 

H7 a; SOl Sltl ... fa.[.~ 7.16 ~ 0.78 <0.42 '). '92 .!. 2.16 tl.OA. .!. 0.08 0.91 O_~6 

0_, 1.11 ~ 0_29 <fl.25 1.1:.6 .!. I. 91 <0.05- 0_91 ! 0.17 , 1.16 .± 0.14 <0.19 < 1.11 <fI.fI£' 1_'9 t- 11."'9-

us 90 600 SUI f. 01: II" 2.80 ! 0.44 <0.18 6.Jl ! I.] , 0.57 ! 0.15 1.00 0 0_ \1 
0_5 0.% ! 0.11 <O.OJ <0.09 <0.04 1.2J ! 0.1 ) 
2 1.0, ... n.1O <.0.1 'J U.'IJo'. ! 0_ " <n.flG I II. ~ "" 

U9 % 100 Surf ecc 1.40 .! U.:U <0.2) <0.8) 0.53 0 0.11 O.f;,5 i o.n 
0.) I.lJ ! 0.30 <O_B 0_98 ! 0_ 99 0.1 ~ ~ 0.10 1.44 ! 0.18 
J 0.94 • 0.19 <0.1 \ 0.)' ~ 0_ BB <0.02 1).c,J, .± (L 11 

HIU 1211 9'~2 Surface 1)00 3G H_, , 2 j.) 'll.J <2_10 (8.0) 
0.5 1.19 0.28 '0:29 '0. !iii <0.04 I., I .... {J.B 
2 ).6) 0.40 <0.35 1.91 · 2.)2 <0.05 O. " :f O_l~ 

Ill] ''" 9" Surface IIl0 72 •• · 8.8 1,00 1" <0.09 4.48 1.00 
O. \ 1.20 0.044 <0.29 1.& 2.19 <0.0) 1.18 0_ ,2 
1 I.;/> 0.45 <O.lO I. 99 1.76 <fL{l4 1.34 0.70 



TABLE 7. cont. 

RADIONUCLIDE CONCENTRATIONS IN BOREHOLE SOIL SAMPLES 

BDHt.Olt: Gri4 1.o<:,!-li~n 

!-ill. H E. 

H12 131 '9~O 

Ul4 1 JO 101' 

1 aJ 1015 

Suri;:lce 
o , 
1 

Surfat::e 
0.1 
I 

Slirfat:t' 
0.5 
1 

a Refer to Figure 4. 

.1(:.-226 

1,290 :t 21 
I ~ I Q i tl.::u 
1.19 1. 0.36 

no t 1 
1.21 .; 0.26 
0.1>\ ! 0.26 

10.2 .t 2.4 
1.2'2 .. 'L30 
1.0) '! (L;tIl 

1.74 :t O.J) 
<O.l[} 

1.29 .! 0.29 

9J .B .! 17.3 
..... 0.16 
<0.24 

JI.65 ;: 2.65 
<0.30 

0.2'" .l O.Jt:. 

'1.18 
0.5'9 .. 0.5:4. 

<O-::-:L8 

<0.19 
<0.1.8 
<0.12 

b Errors are 2u bas~d DO counting statistics. 

01>.6 <1. 8J 
0.91;. + 1.11 ":0.03 
1.141.0.9; <0.05-

<3 ~ ~'9 0.12 .! O. 'i'Q 
) .02 .1.la (0.01;. 

<0.49 <O.Ol 

(jA.U 1.06 t 0.21 
1.43 .!. 2.02 <U.U4 
2.71 .! J .74 <fr.O) 

1.00 .! 0.69 O.H.! 0.10 
1.341: 1 . 711 <0.04 
J ,74 ~ 1.00 <0. O~j 

<0.46 
1.09 .. 0.41) 
O.SI :t 0,41> 

1-16!,.J.lJ 
0.89 .. 0.28 
0.61 ! 0.40 

1.18! 1.0B 
J.1l 40.;4 
I.JI.J t U. ,):l 

0.9") ! O.D 
O.,(HI ! 0.J6 
l.4~ .! 0.50':. 
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TABLE 8 

LISTING OF AREAS ON PROPERTY N'-NORTH WIIERE RADIONUCLIDE 
CONCENTRATIONS EXCEllO GUIDELINE CONTAMINATION LllVIlLS 

------------- --- - -- -----------

Pi itlC i p.fl.l ~!!:!r~~~9__Q.Ff!!lfjt Ie!!. :QLtf.~~~!!!..L.fu£edir.g ~1.Ji~~1 ineli 
R<tt.! i flfmd i d-clib Area. (b2) Avg ~ Dcp-tb (til) Vol UGH;! (03 ) 

ilt:carke. 

-----------.- - - ------------- -------------
Area J Ha-l26. U-23B. 

A[ca :2 Ra-126. U-138 

Ar~a J 8:4-216. [1-23.8 

) 0,-) 07" 1\6&- SIO' Ra-2.26 

0" '8~. Ra-226 
ON 140. 1-1,:,-22.0 
O~ l}[lE k~-226 

,O~ /lUE Ro!I~226 

1m: I!<IJE H. 2l. ,"" &lOE Ra-226 
JOt{ 8J DE RO!I-22.f., 
Jl M 160E R~-22(:, 

;2N 192E RiiII-2260 

" I;,J~ ]JqE R;:iI-226 
5[}H fl}O£ R;J-226. 

51" 7%f. It a.-22ft 

5J" 191£ Ra-226 
5;" )9J[ RtL-226 

6~" ",OE Ra-226 

10" 9{10[ 101.4-22'6 
1m 8]iJl Ra-22b 

HJ1)t'I 01Qt'. .. "" 15W 950, .[i:oI!I-126 
180~ IOt)i)E ~.-221, 

190M IOlnE NoIl-22t. 
BOI'I 101'J0"- .lLa-ll(:' 
20(,liIi' 1010E R.!'I- 226 

---------- ---_ .. _------
a Refer Lo Figure 7. 
b Based on sample analys;s, 

175 0.1\ 26 

JOO 0.15 

J.iSIl (LI'i. 

O.D 0.0 

SOlillt i S.~It.at-C-J 
hurt ecl(.' o(JI lloi:'ar 
6'lufsce "hot !::.tlCt 10 

or individu.:l1 
piece a.f C{lnt,am-

> in.;];tf!d dl.!Lri'G or 
matc.:n.,al. [.3.;:11 

[}f lh~.se }.oC.3tious 

in ... olves If:sli than 
I 011 ill V.I)IIllU·. 

Iiirect radiation levels, location, anti physical appearance_ 
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APPENDIX A 

INSTRUMENTATION AN~ ANALYTICAL PROCEDURES 



APPE:1DIX A 

I~strumentation and Analvtical Procedures 

Gaoma Scintillatio~ Measureme~t 

Walkover surface Scans "nd oe"surements of g;amma exposure r"tes were 

performed using Eberline Model PRM-6 portable ratemeters '"ith Victoreen 

Hodel 48~-5J I\amma scint:illa~ion prObeS containing 3.2 em x :'.8 em Narc'Xl) 

seintillaticn crystals. CO:1nt rates were converted to exposure rates 

(.R/il) \>eing £actor~ determined by cOOlparing the ICe'poll5e of the 

scintillation detec:or with that of a Reuter Stokes model RSS-lll 

pressurized iani~Ar;on ~hambQr at several locations on the NFSS and 

off-site properties. 

Beta-G"mma D~se Rate Measurements 

!1easurements were perfor:ned using Eber~ine "Rascal," Model PRS-l, 

portable scaler/ratemecers with Model HP-260 thin-window, pancake G-I1, beta 

probes. Dose rates (Ilr"d/h) were determined by comp"rison of the response 

of a Victoreen Model 440 ionization chamber survey meter co that of the G-M 

probes. 

Borehole Logging 

Borehole gamma ,auLatio'l tll.",~"'r"m"llt~ were performed using 11 Viccoreen 

Model 489-55 gamma scintillation probe, connected to a Ludlum Model 2200 

po=table sc.::t.lcr. The scintillation probe was shielded '",)y .a. 1.2:' ~m thic.k 

leae. shield '",ith four 2.5 cm It 7 mn: holes evenly spaced around the region 

of the sci~ti:l&tion ~rystal~ Th~ ~~~h~ ~n~ lo~erQd into each hole using n 

ttipod holder with a small winch. Measurements were performed at 15-30 cm 

intervals in all holes. The logging data '.ere used to identifv regicns of 

possible residues and guide the selection of subsurface soil sampling 

locations. Due to the varying ratios of R,,-226, U-235, U-238, Th-232, and 

Cs-137, there was no attempt to estimate soil r"dionuclide concentrations 

directly from the logging results. 



Soil Sample Analysis 

Ga~ma Spectrometry 

Soil samples were dried, mixed, and a portion placed in a 0.5 1 

Marinelli beaker. The quantity placed in each beaker was chosen to 

reproduce the calibrated counting geometry and ranged from 600 to 800 g of 

soil. Net seil weights were determined and the samples counted using 

intrir.sic germanium and Ge(Li) detecto'!:s coupled to a Nuclear Oata Model 

ND-680 pulse height analyzer system. Background and Compton stripping, 

peak search, peak identification, and concen~ration calculations were 

performed using the computer capabilities inherent in the analyzer system. 

Energy peaks used for determination of radionuclides of concern were: 

Ra~226 - 0.609 ~ev from Bi-214 (corrected for equilibrium condi.ions) 

U-235 - 0.143 MeV 

U-238 - 0.094 MeV £'Q~ Th-234 (oecu'~' eq~ilibrium a03umed) 

Th-232 - 0.911 MeV from Ac-228 (secular equilibrium assumed) 

C.-137 - O.~n? MeV 

Calibration and Quality Assurance 

With the exception of the exposure and dose rate convers ion factors 

for portable survey gamma and beta-gamma ~eters, all survey and laboratory 

instr~ment$ were calibrated with NBS-traceable standards. The calibration 

procedures for these portable instruments are described ahove. 

Quality control procedures on all instruments included daily 

background and check-source measurements to confirm equipment performance 

was within acceptaole statistical fluctuations. The UKAU laboratory 

participates in the EPA Quality Assurance Program. 
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APPENDIX B 

SUMMARY OF RADIATION GUIDElINES 
APPLICABLE TO OFF-SITE PROPERTIES AT IRE NIAGARA FALLS STORAGE SIT! 



P":::SDGAL C::;~;7A.'11l\ATlO:; AX,) liAS7E CO~;rROL CiUTERlA 
FCR 

fOP~~RLY UTILIZED SITES P":::~IAL ACTION PROGRP~ (FUS?~) 
M"J 

REXOTt SURPLUS FAC!LIT!tS ~jJ:AGE~":::NT PRCG~~ (Sf~) SITES 

Fresentec here are the resicual contamination cleanup and waste control 
criterla of seneral ap?l!cab!lity to the fUSRAi project anc re~ote SF~~ 

. , I 
sltes- .. 

With the exception of li!:lits :or radium-22c, t~e soil residual cor.ta::lination 
criteria ~ere developec on the basis of limiting maximum individual raciation 
exposure to DOE limits specified in DOE Order 548Q.1A exclusive of exposure 
fro~ natural backgrour.d radiation or medical procedures. The aggregate of the 
c~ntribution from all major path~ays, basec on scenarios for permanent 
intrusion, e.g., establishing residences en the Site, has been assumed. In 
most circumstances, t:,e probability is lo~ that such an in:rusion will occur. 
Also, conservative ass~p:ion$ were used in deriving these criteria to ensure 
tha~ a particular dose 11m1t would nct be exceeded. Use of these criteria 1s 
additionally conservative because the pathways cons!dered in the derivation of 
the criteria assume all ~ater intake and most fooe intake is from the site. 
Also, the sites of teL have limited agricultural capability and the 
cOLtamination is generally not homogeneous. The combined effect of these 
factors 1s such that the probable radiatioc exposure to the average population 
on, or in the vicinlt:· of, FUSRAP ~itc~ clec::ontilmin3ted to the$e "riterla licit .. 
~ill not be ap~reclably different from that cormall, received from natural 
backgro~nd radiation. 

The residual contamination criteria for surf2re con:amir.atlon of structures 
were developed from a proposed ANSI stacdar~ modified as appropriate to be 
~0~s1stent w1t~ DOE Qrder 54BO.1A and the specific needs of FUSRAP for 
cost-effective, wor~ableguidelines ~hich provide an adequate safety margin. 
:he waste contro! criteria are conslste~t with applicable DOE Orders and EPA's 
regulations for 1naetive uranium ~lling Sites. 40 CFR 192. 

l/A re~ote SF~~ site is one that is excess to DOE progra~atic needs and is 
located outside a ~ajor operating DO£ R&D or production area. Remote siees 
are more likely to be released to the public or excessed to other foverncent 
agencies aiter deconta~ination than are sites located ~ith major R&D or 
produc:ion areas. 

'!,.! ANSI N13.12 ("roposed) -- an adaptation to be applied, as Olppropr.iate. 



A. RESIDt:Al Cm.;A.":INATlON CRlr!p.lA Fe? FO?_'!!HY L-:,n:ZED SIns t-:,';J I'.EHOTE 
S:':R.F:'~'~ fA:lLITU:S ~ ... '!\AL;;;X::;;-;l I'RCGRA.': S~!ES 

The follc','ing crHeria represent the lllaximu= "residual conta:t:.inatien 11:n1ts 
ler unrestrlctec use of land anc structures ccnta:lnatec wl~h radlonucl!des 
related to the nuclea= fuel cycle at FV5RAP ace re:note SF~ sites. 1t 1& 
the policy of DOE to decoc:a:l:'nate sites to contac:ica:1on le\'els a: or 
belo~ tte :lmlts anc in 8 manner conSiStent with DOt's 
as-lo"'-B~-is-l"easor;aoly-achievable (ALA.RA) pelic)'. 'Residual conta.=~na~jcm 
limits for ~7her nuclides w1l1 be developed when reql:.ired using the &aJ:;~ 
me,hodolo~~- as was u~~d !OI tho~~ r~pr~~~nted here. 

1. Soil ;;'anc!) Criteria (Ha::d::l\,.:l !'it::its """ lJnustrictec Uze) 

Radi or-uelid" 

T' ,. 15/ .-"atUl:a. -
t'-23~1 
V-23~1 
Th-23C2.1 
Ra-226 

1;-235.2:/ 
Pa-231 
Ac-227 

Th-232 

Am-241 S/ 
Pu-241-
pu-z~e, Z~9. 240 
Cs-137 
5::-90 
P.-3 (pCi!:l solI moisture) 

!/Described in ORO-831 and ORO-832. 

2/ 3/ 4/ 
Soil Criteria- '- '-

(pC'/! above ~ackEround) 

75 
150 
150 

15 
5 pel/g. averaged over the 
first 15 cm of soil below 
the surface; 15 pCi/g ~hen 
averaged over 15 c: thick 
soil layers core th~n 15 ~ 
belo~ the sur:ace an~ less 
than 1.51: belo,", the su::£acl!. 

11.0 
40 

HID 

15 

20 
800 
100 

80 
lCO 

5,2CO 

3/ In the event of occurrence of mixtl.:rcs of radion'~clides I the 
fraction contributed by each radicnuclide to its limit shall be 
dete~ined, and the sum of thes@ fractions shall not exceed 1. There 
are two Gpe~al cases !or which tnis rule must be modified: 

B-2 



(a) If Ra-226 is presen~, then th~ fraction for Ra-226 should net be 
lnclucea in the sue 1f ~he ~a-2Zb concentratlo~ 1S less than or 
equal to the Th-23C concentration. If the P~-226 concentration 
exceeds the 1h-230 concentration, .then the s~~ shall be 
evaluaL~d by replaclnb the P~-Z26 con:entration by the 
e1fference be~~een the Ra-226 and 1h-230 concentrat1ons. 

Cb) If A~-2~7 iz pre5en~, then the sa~c rule given in (e) fo= Ra-226 
relative to Th-230 applies for Ac-227 relative to Pa-231. 

2'Exeept for Ra-226, ~hese criteria represent unrestricted-use 
residual concent'raticns above b .. c~grcund averaged acro~s any 15 CD 

thick layer to any depth and over any contiguous 100 ~. surface area. 
The sace conditions ,rev~il for Ra-:26 ~~~@.pt for s~11 layPTs h~~each 
1.5 m; beneath 1.5 ~, the al1o~able Ra-226 concentraticn cay be 
affected by site-specific condi~lons and ~ust be evaluated 
accorc!ingly. 

4/ 
- Localized concentrations in excess 0; these limits Bre allo~able 

provided that the average over 100 m is not exceeded. 

llA cu:ie of natural uraniuc means the sum of 3.7 x 10 10 10 
diSintegrations per seco~d (dis/s) from V-238 plus 3.7 x 10 dis/6 
:roo U-Z34 plus 1.7 x 10- dis/s trom U-Z35. One curie of natural 
'~taniuc is eq'livalent to 3,000 kilogr=s or 6,6CO pOt,;nds of natural 
~rar:.iU!C.", 

6/ - Assumes no other urar.iu: isctopes are present. 

7/ - The Th-230 guide11n¢ is 15 pCi/g to account for 1ngro~:h of Re-22E 
as Th-230 decays. Ra-226 is a li:iting radionuclide because its 
decay product is Rn-222 gas. 

!/The Pu-241 criterion was derived from the Ao-Z4J concentration. 

a. Indoor R4don Decay Products 

A s:::'1.:cture located On private property and intended for 
unrestricted use shall be subject to remedial action as necessary 
tc ensure the annual average concentration of radon decay products 
is less than 0.03 wt ~itr.in the structure. 

b. Indoor Gaoc& Radiation 

The indoor gacma radiation after decontaQinat1on shall not exceed 
20 microroentgen per hour (20 rR/hl above background. 
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c. Indoor/Outdoor Structure Surface Conta=inaticn 

Ra':~onucl!des 

Racionuclides for ~hich the 
un"OIIt.rollerJ area conr;cnt:;-at111r. 
guid~ i!;.air above b,n:;·",&rc:n.:ncl-:.i is 

-.L ~, ~ 

2 x 10 - Ci/m or less or for 
~hich the uncontrollea area e~n­
cen:ra~ioc29uide in wa~~r abo~e 
backgraun~ is .2 X 10 C1/m 
or less; includes P~-'~l. Th-228, 
th-230, Ac-227, Ra-226, Ra-228, and 
Pb-ll0. 

GTaup 2: 

Radicnuclides not in Group 1 far 
~hich the uncontrolled area 000-

centraZ700 guid~ i~12ir ab2ve back­
groun~ is 1 x 10 Ci/:ll OT less 
or for which the uncontrollec area 
concentration guide in vater above 

7./ -0,;) 
backgroun~ 1s 1 x 10 Ci/m or 
less; 1ncludes U-2JZ, U-ZJ8, Th-232, 
Ra-223, and Po-210. 

Gruup :3; 

Those radionutlides not in Group 
1 Q~ CTOUP 2; ineludcs U-224, 
V-23S, and Ra-224 
and all othe= beta-sa~a emitters. 

A.llc'.·"ble Surface '/ 
Residual Conta=~~at1o~ 

(dpmllOC c::n 

'rotal 

100 20 

1,000 200 

5,000 1,000 

11 The levels ma}' be a\'erage(! ovez; 1 1t
2 provided the oaxillllllt 

ae:iv1:? i~ any area of 100 cre~ is less than 3 ti=es the 11~it 
value; dpm • dis1~tegrations per mir.ute. lr. the e~en~ of 
OccurTence of mix:ures of radio~ucl1des. the fraction con:rib~ted 
by each radionuclide to its limit shall be determined, and the 
sum of tnese fractions shall not e~ceed 1. 

l/Given in Attachment 1 to Chapter Xl, Table II, DOE Order 
54BO.IA. 
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E. CO};'TROL or R.A.DICACTIVE I-:ASTES A."iJ P"SlJUES FRO~ Ft;SRAP AX}) ?E:10T!: SP.'.P 
SlTES 

Specified here are the centrol re~uire~cnts (criteria) for radioactive 
~as~es anc residues related to the nuclear fuel cycle at Ft;SP~P a~d remote 
SFl1P sites. 

1. Interim Stora~e 

All operational and control requirements specifiec In the followi~g DOE 
Orcers shall apply: 

a. 5480.1A, Environmec~al Protection, Safety, and Health Protection 
Program for DOE Operations. 

b. 5480.2, Hazardous and Radioactive ~~xed ~aste ~~nagemect. 

c. 5~83.1. Occupational Safety and Health Program for Gover~ent-o~~ed 
Contractor-Operated Facilities. 

d. 5484.1, r~viron~ental Protection, Safety, and Health Protection 
Information Reporting Requirements. 

e. 5484.2, Unusual Occurrence Reporting System. 

f. eon~rol anc stabilization features will be cesigned to ensure, to 
the extent reasonably ac~ievable, an effective life of 50 years, 
and in any case, at least 25 years. 

g. Rn-222 concentrations in the atmosphere above facility surfaces or 
open1ngs shall not; (1) exceed 100 pC1/1 at, any given poi"t, or an 
average concentration of 30 pC!/l for the facility site, or (2) 
exceed an average Rn-222 concentration at or above any location 
outside the facility site of 3.0 pCi/l (above background). 

h. For ~ater protection, use existing state and federal standards; 
apply site-specific measu.es ~hQrR needed. 

2. :ong-Terw ~~naEement 

All ope"a~ional Tl!'nllil"pm"nts spe"ifiec! for Interim Storage 
Facilities (E.l) will apply. 

Cantrai ~nc .t~bi11zat!on features ~ill be desi~~ed to ensure to 
the extect reasonably ac~ie~able. an effective life of 1,000 years 
and, in any case, at least 200 years. Other dis?osal si:e design 
feat~res shall confore with '0 eFR Part 192 perio.canee 
guidelines/requirements. 
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c. P~'~:22 e~ar.at!on to the at~osphere froe facil~ty surfaces or 
o?eni~g shall not (1) exceed an average rele~s~ rate of 20 
pel/c"/s. or (2) increase the annual average Rr.-222 concentration 
at or above any locat~on outside the·facility site by core than 0.5 
pCi/l. 

d. For Water protection, use existing state and federal standards; 
n?ply 3itc~3pccific =caaurea where needed. 

e. Prior to place~ent of anypoten:lally biodegracable conta~inated 
~~astes in a l.ons-Tgr=. ~ .... o.asee",e-nt: facility. e:.1..~ch \.~a.~r.e~ 'Will be 
properly conditioned to (1) ensure that the generation and escape 
of biogenic gases will no: cause the criteria !n paragraph Z.e. to 
b~ @r~@~ded. and (2) ensure that biodegradation within the facility 
will not result in pre~ature stru~tur2l failure ~Ot in accorcance 
with the criteria in paragraph 2.h.. If biodegracable ~astes are 
conditioned by incineration. incineration operations ~ill be 
carried out in compliance ~ith all applicable federal, state, and 
local a1re1ll1ssion standards and requlre:lle:lts. including any 
s:andards for radionuclides established p~rsuar.t to 40 CFR Par: 61, 
National Emission Standards for Hazardous Air Poll~tants (~~SP~S). 

c. . EXCEPTIONS 

1. Procedure -- Analysis of site-specific conditions. 

2. Ann1icability -- ~nere health and safety vould be endangered,' or 
where cost clearly outweighs benefits. 

D. CRITERIA SOURCE 

Criteria 

Residual Contawinotion Cr1teri~/ 

Soil Cri Ceria 

Structure Criteria 

Cont~ol of Radioactive Wastes and Residues 

Interim Storage 
Long-Term Manage~ent 

B-6 

Source 

DOE Order 5480'11' 
40 eFR Part 192-

40 erR Part 1~2, 

proposec ~~Sl X13.12. 

DOE Orde, 5480.1A 
40 eFR Part 192 



Excep~ions 

Pl"oeedure 
Applicability 

40 CIT Part 192 
4.0 eFR Part 192 

lIThe bases of the residual co~t~ination criteria are developed in 
ORO-831 a. ~upp]~m~~r~d ~nd ORO-832. 

2/ 
- Based o~ limiti~g the concentration of racon-2Z2 decay products to 

0.03 ~L within str~ctures. 
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APPENDIX C 

REPORT OF GROUND-PENETRATING RADAR SURVEY 
OF OFF-SITE PROPERTY S'-NORTH AT THE 

NIAGARA FALLS STORAGE SITE 
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DETECTION SCIENCES GROUP 

INTRODUCTION AND SUMMARY 

On October 11·14 and October 17,1983, Detection Sciences Group performed a 
ground·penetrati ng radar survey of Property N-N' North at the former Lake 
Ontario Ordnance Works, Lewiston, New York. The survey was performed in 
accordance with Oak Ridge Associated Universities. Inc. Purchase Order No. 
C-29932-008, Letter Release No.8, dated October 11, 1983. The survey work 
was conducted under the field direction and instructions of O.R.A.U. 
personne 1 . 

On October 11 and 12, four grid-surveys were made in Area N-N' North. The 
first area to be surveyed ran from 10N to 72N, covering 5 meter intervals 
frum 770E to 810E. The results of this grid survey are listed 1n Table l, 
and are illustrated in Figure 1. 

The second area to be surveyed ran from 74N to l26N, covering 5 meter 
intervals from 870E to a90E. The results of this grid survey are listed in 
Table II, and are illustrated in Figure 2. 

The third area to be surveyed ran from l05N to l54N, covering 5 meter 
intervals from 920E to 960E. The results of this grid survey are listed in 
Table Ill, and are illustrated 10 Figure 3. 

The fourth area to be surveyed ran from 153N to 190N, coveri ng 5 meter 
intervals from lOOOE to l020E. The results of this grid survey are listed in 
Table IV, and are; I lustrated in Figure 4. 

With the exception of Figure 4, it wi 11 be noted that the radar anomalies 
tend to be clu:;Lered along an urientation that is p<lfilllel to tile r<lilrO<ld 
tracks, and parallel to the associated access roads along the tracks. This 
is particularly evident in Figures 1 and 2. This radar evidence indicates 
that the former u~c of the site Wi'lS closely linked to the exi~tencc of the 
railroad. 

On O ... tober 13, 14 and 17, 1983, a total of 11 systematic borinas were 
inspected on Property N-N' North. (Thi s procedure has been descri bed in 
detai 1 in the Final Report on Property G, dated August, 1983, and wi 11 not 
be iterated here.) Potent i a 1 dri 11 i ng obstac 1 es were found at 2 of the 11 
locations. The proposed locations for the 11 borings and the final locations 
of the borings are listed in Table V. 

The deSignations of the borings, Nl through Nll for the systematic borings, 
are designations aSSigned by Detection Sciences Group in accordance with the 
sequence in which the borings were inspected. and are not designations 
~55tgned by O.R.A.U. 

A separate binding, titled "Radar Graphic Charts, I\rea t{-t{' North, Systematic 
Borings", contains all of the radar charts of boring~ inspected in Area N-N' 
North. The proposed location for the boring is the centerpoint of each 
chart, shown by a pair of vertical dashed lines. The final location of each 
h()ring i5 Shown by the arrow ot thr,) top of e<'l ... h ch".-t. The vpdicol scale 
for a 11 of the bori ng inspection charts is 1 i nch ~ 1 foot. A separate 
binding titled "Radar Graphic Charts, Area N-N' North, Grid Surveys" shows 
the verti ca 1 prafil es and the anoma 1 i es along each qri d 1 i ne. The vert i ca 1 
scale of these charts is 1" = 2 feet. 



DETE.CTION SCIENCES GROUP 

TABLE 1 
---

3R 1 D SURVEY ANOMALLIES 

AREA N-N' NORTH 

Chart Radar _ocation Depth 
Number Li ~e (Meters) (em. ) Comments --

770E 10:--1 to l3N 0' to 5.0' Viet Area 
3:;N to 40N 0' te 5 ., .:> Wet Saturated Area 

2 lIoE 32N to 41N 0' to 4.0' Wet Area 

51 .5N Metal 
:1 N to 54.5N 0' to 3. 0' Wet Area 

3 780E 35N to 38N 0' to 4.5' Wet Depressed Area 
4 78SE 38N to 43N 3.5' Buried Ma.teri ill 

48.5N to 51N 3.0' Buried ~ateria1 
5 7CiOE 42N to 47N 3.5' Filled Pit w!Ic~;c Materi al 

6 795E 44N to 47N 3.0' 1 oni c Mater~ a 1 
52N to 53.5N 3.5' Buried Crushed Metal 

7 800E 29N to 3lN 3.0' ionic Materi a1 
381\ 2.5' Pipe 

t.7N to 52N 2. A' Ionic Materi al 

8 805E 5lN to 53N 3.0' Buried Material 
9 810E 35N to 38N A' to 6' Wet Area 

44N 2.3' Buried Crushed Metal 
48N 2.3' Buried O:'jec: 

53N to 56N 2.0' ron; c Mater; a 1 
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TABLE II 

GRJD SURVEY ANCMALLIES 

AREA N-N' NORT~ 

Crart Radar Location Depth 
Number Ljne (Meters) (err,. ) C olmler.t s 

10 87CE 81N tc 82.M 2.3' alJried :rlJsr.,;1 Meta1 

92N 2.0' Buri ec Objects 

94~ 3.0' Buri et Objects 

85N tc B6N 3.0' Buriec Object 

11 875N d4N to 94N Wet Saturated Area 

87N to SeN 2.5 1 Buriec :rushed r"etal 
12 88CE G5N to B6N 3 0..' . - ':rusced Metal 

89N to 90N 4 1':' 
.~ :rus~ed Metal 

91N 3.0' Metal Object 

93N ";0 1 ~ON Wet S ~turated Area 

13 88SE 93.5N 3.0' BurieC :Jbji?ct 

8S.5N 3.0' Buri ed :)bj ect 

83N 2.5' Buri ed :Jbj ect 

1:3N to '.l!:N 3 -, .::l Crushed Metal 

14 890E 99N 3.8' Bufi ed Dbj ect 

101.SN to 104N Buri ed Materi a 1 
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TABLE III 

GR ID SURVEY ANOM.ALllES 

~,R::I\ N-t;' NORTH 

Chart ,adar Location Jepth 
t\um"er Line (Meters) (em. ) Comments 

15 920E 1 21 .5N 3.7' ?ipe 

125N tc l27N 2.0' Buried '"Iaterial 

15 92SE l21Ntc122N 2.2' 6e1ried Material 

124N 3.0' Selri ed Object 

17 ,30E 127N to 129N 3.3' B'Jrj ed Debri s 

133N to 134N 2.2' Bur',ed Debris 

21 950E 139,5N 2.0' Buried C:Jject 

22 955E l45N 2.5' Sur~ed Debris 
23 960E 135N to 137N 3.5' Buded Debris 

133N to. l35N 3.0' Ionic Material 
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HBLS jV 

GRIn SURVEY ANOMALLJES 

Chart Radar L~cation Cepth 
Number ~ine (11eters) (em. ) ConmenH 

24 1 DOOE lE4~ to 1571'< 3.0 t illie. BUf1ed l'II"teri,'I 

25 1 :l05E leVi to 152.5N 2.7' Buri ed Mater; a 1 

26 1 D1 DE 176.5N 2.5 1 Cr'Jshed Metal 

179N to 181N 1 .5' Filled Excavation 
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TABLE V 

BORING LOCATIONS DETERMINED BY RADAR 

AREA N-~- NORTH - SYSTE~ATIC BORINGS 

Boring D;rect~on of "'roposed -1 na 1 
Number Relocation Locati Location 

~1 Viti. lOlE l'lt>;. lOE 
~2 0N, 480E 01\, 48C::: 
~3 "love 3m North iHl, 82DE 3~, 82CE 
~4 l10ve 1m East ;:IN, l3JOE 0N, l3D1E 
~5 1401'1, 1540E 140N, 1540E 
N6 30JN, l825E 300N, l825E 
N7 420N, lOOOE 420N, lOOOE 
N8 lBON, lQ8JE lBON, lOSOE 
N9 280'1, 42:JE 2BON, 420E 

N10 334M, 13aOE 334N, 138DE 
N 11 240)1, lOSE 240N, lOSE 
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