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COMPREHENSIVE RADIOLOGICAL SURVEY 

OFF-SITE PROPERTY V 
NIAGARA FP~LS STORAGE SITE 

LEWISTON, NEW YORK 

INTRODUCTION 

Beginning in 1944, the Manhattan ineer District and its successor, 

the Aton:ic Energy Commission (AEC), used portions of the Lake Ontario 

Urdnance Works (now known as the ~iagara Falls Storage Site (NFSS) and 

associated off-site properties) approximatelY 3 km northeast of Lewiston, 

New York) £01'; .:,torage Qf r.ldioLH::c.ive wastt:B. The5e wa.s.L!;;:::;i WI;::=I"e p.r.LWLl.l.'ily 

residues from uranium proces sing operations; however, they also included: 

contaminated rubble and scrap from decom::nissioning activiti~s. bio::"ogic.a.l 

and ~iscellaneou8 wastes from the University of Rochester, and low-level 

fissi.on-product waste from contaminated-liquid evaporato,s at the KuaUs 

Atomic Power Laboratory (KAPL). Receipt of radioactive waste was 

discontinued in 1954, and following cleanup activities by Hooker Chemical 

Co., 525 hectares of the original 612-hectare site were declared surp~us. 

This prope,ty was eventually sold by the Gcnerill Services Administration to 

v;.lrioul,J private, commercia.l, a.nd gove::;nmental. ugcn(;;ie.5 ,1 

Somerset Group, !nc. is the current owner of a tract identified as 

off-site property V (see Figure 1). A radiological survey of that tract, 

conducted in June through August 1903, is the subject of this report. 

SITE DESCRIPTION 

Figure 2 is a plot plan of off-site property V. This property 16 

rectangular in ~hape .3nt!. Wf:.!,u06u:z:es <.qJl:'Luxiulo1l1.t.ely 3GO w lung by 310111 wirJe; 

it occupies an area of 11 hectares. The site is bounded by Balmer Road on 

the north and "HI! Street on the south. Property V original 1y e:x:t~ndp.d 

castw",:d to Castl~ Garden Road; however the eastern portion is currently 

owned '~y SeA Chemicnl Services ~nd cr.at portion was surveyed as part of 

off-site property A. Security fencing presently delineates the eastern 

property bo~ndary, as well as the western boundary; fencing also parallels 

Balmer aoad near the northern perimeter. 



Thera at'Q severs1 interior roads inc.luding Wesson RO.tld .and "5" Street:. 

Major drainage ditches are parallel t.o and outside the east, west, and 

north security :enee9; smaller ditches are located throughout the property. 

The major ditch to the west of the property is the Central Drninage Ditch -

the major surface drainage route for the Niagara Falls Storage Site. There 

are five buildings on the site (one of these buildings is pl1rtia:ly on 

adjacent property U). Numerous foundations and slabs remain frem previous 

structures. Tlte land is generally level, with tlte exception ot a "arge 

mound of topsoil in the north-central section of the property. Some dense 

brush and trcca occupy the northcAat corr-erj othcrwiGc the site ~c 

relatively clear and portions are maintainec. 

Radiological Histor~ 

There is no ::istory indicating bu~i.'!ls of contaminated material on 

property V; however, res iducs may have been temporarily scored along "H" 

Street ncar its intersection witlt "5" ~trcct.l lIecause ~f construction 

activities associated with the Mathieson rocket fuel facilities, it is 

libaly that .any s1,lrf9-ce contam.:"nation frem Q.a.rlier M,ED/AEC opgrations ,""ould 

have been disturbed andloc relocated. The 1971-72 AEC survey identified 

elevated gamma radiation levels along Wesson Road and east of the 

intersectiot'l. of 115" Street with an unnamed east/west road. 2 The 1980 

mobile scan by ORNL confirmed these findings .3 Previous surveys also 

identified contamination of the adjacent Central Drain~ge Ditch, resulting 

in elevated direct radiation levels in its vicinity.2,3 

SURVEY PROCEDURES 

The comprehensive survey of NFSS off-site property V was performed by 

the RadioloJ;ticll1 Site Assessment Prol;ram of Oak Rid):(e Associated 

Universities (OMU), during June-August 1983. The survey was in accordance 

with a plan dated March 1 S, 1983, approved by the Department of Energy. 

The objective and procedures from that plan are presented in this section. 



Objective 

The object~vc of the su~vey was to provide a comprehensive assessment 

of the J:adiological conditions on property V. 

collected included: 
Radio logical informat LOll 

•• direc: radiation exposure rates and surface beta-gamma dose 

rates, 

2 ~ loci.1l.;;'on:;; or r.;ullI,.Q'iIliu(;I.l.ed :;urfal,;E:! ZLt'tHitl J 

~. conCentrations of radionuclides in surface and subsurface soil, 

4. concerttrations of radionuclidps in 9urface and ground ~at~~~ and 

5. contamination levels on interior building surfaces. 

Procedures 

1. Brush and weeds were cleared as needed to provide aCCess for 

gridding and surveying and a 20 m grid system was established by 

Hclntooh .tl.nd McInt.osh of Lockport J NY, under subcontr(lct. The 

grid system is shown on Figure 3. 

2. Walkover surface scans were conducted ave, all acccssi;,le 3:r;eas 

0: the property. Traverses were at 2-5 m intervals on those 

areas that were relatively inaccessible and had no history of 

radioac:ive use. Scanning intervals were 1-2 m along all roads, 

iu areas previously identified 8 !:I hay ing elevated radiation 

levels, and in other areas ",here direct radiation measurements 

su~gested possible contaminatRd residues. Portable gamma NaI(Tl) 

scintillation survey meters were used for the SCans, Locations 

of elev~ted cont~cc radiation levels were noted. 

3. Gaw~a exposure rate measuremen •• were uade at the surface and at 

1 m above the surface at 20 m grid intervals. Measurements were 

performed using portable gamma Nal(Tl) scin:illation survey 

Convcrcion of thcoc mC;lourcmcnt.o to expo cure :r;'l;J.tCG in 

microroentgens per hour C R/h) was in accordance wi.th cross 

calibration wit\', a pressurized ionization chamber. 



4. Beta.-gamma dose rat!=' rnpR~1lI'em9nts 'W9re per£orulQd 1 em flhove the 

surface at 20 m grid intervals. These measurements were 

conducted ""sing thin-window «7 mg/ cm2) G-M detecto:rs and 

portable scaler/ratemeters. Measurements were also obtained with 

the detector shielded to evaluate contributions of nonpenetrating 

beta and low-energy gamma radiations. Meter readings were 

converted to dose rateS in microrads per hour brad/h) based on 

eros" caliDration with a thin-window ionization cbamber. 

5~ Snrt;.:l(,13 (0-15 em; $loil samples of appX'oxim.:ltcly 1 kg each were 

collected at 20 m grid intervals. 

6. At selected locations of elevated surface radiation levels, 

beta-gamma dose rates at 1 CIT. above the su::face and exposure 

rates at I m above the surface were also measured. Surface 

samples were obtained from these locations and. following 

5ampling, surface exposure rates were remeasured tor co:nparl.son 

with presampling levels. 

7. Detection Sciences Group of Carlisle, ~~. performed ground 

penetrating radar surveys at proposed borehole locations to 

assure that subsurface piping and utilities were not damaged 

during drilling. 

slightly. 

In some cases, boreholes were relocated 

8. Boreholes were drilled :0 provide a mechanism for logging 

subsurface direct radiation profiles and collec~ing subsurface 

soil ~nd watgr ~~mplQG~ Fourt~~n borcholcc were drilled by Site 

Engineers, Ir.c.. of Cherry Hill. NJ, using truck mounted. 20 COl 

diameter hollow-stem augers. 

are shown on Figure 4. 

The locutions of theae boreholes 

Gamma radiation scans were perfor~ed in the boreholes to identify 

the locations of elevated direct radiation levels which might 

indicate subsurface res idues. Radiation ?rofiles in the 
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boreholes were determined by measuring gamma radiation at 

15-30 cm in~ervals between the surface and ground water or the 

hole bottom. A collimated ga~ma scintillation detectc~ and 

portable sc~le~ W~LC u~ed iOL these &~"$urement~. 

Cround "ater samples of approximately 3.5 l:i.te-rs ""re collected 

from nir.e borehole locations using a hand bailer. Soil samples 

of approximately 1 kg each were collected trom various depths in 

selected ho:'es by scraping the sides of each 'Dorehole with an 

ORAD designed samplipg tool. 

9. Two ... atel: samples "ere collected h:olr. a:ceaS of standing (surface) 

wato~ (5e~ Fisu~e 5). 

10. Gamma scans and "xplol:atory measurements of direct alpha and 

beta-gamma levels were performed in existing buildings. On the 

bas is of the negaei\le results of these Illcasurements, :urthel: 

sUl:\leying of interior builaing surface. was not performed. 

11. Twenty Boil samples and seven watel: samples were collected from 

the Lewiston area (but not on NFSS or associated off-site 

properties) to provide baseliP9 conc~nt~ptions of radionuclides 

for comparison purposes. Direct background radiation levels were 

measured at locations where baseline soil samples were COllected. 

The locations of the baseline samples and background measurements 

are .hown on Figure 6. 

Sample AnalY$es and InterpretaCion of Results 

Soil samples were an~lyzed by gamma spectrometry. Radium-226 was the 

major. radionllclide of cortc.ern) although $lpectr:Ol Ur;:.>'t'e rp.vipwpcl for U"'2:~5. 

U-238, Th-232, Cs-137, and other gamma emitters. Water samples were 

analyzed for gross alpha and gross betn concentrations. 

Additional information concerning analytical eq~ipment and procedures 

is in Appendix A. 
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Results of this survey were comp"l"pd ro chp "ppl i c,hl p 2oirle1 ine, for 

formerly utilized radioactive materials handling sites, which are presented 

in Appendix B. 

RESU:"TS 

Background Levels and Baseline Concentrations 

Background exposures rates and baseline radionuclide concentrations in 

soil:. d,prF:."r'TIinI?n fo!' ?O locations (FigurQ 6) in the vicinity cf thQ NFSS~ 

are presented in !able 1-A. E"posure rates ranged from 6.8 to 8. 8 ~R!h 

area of New York). Concentrations of 

Ra-2Z6 , <0.09 to 1.22 pCi!g (picocuries per 

pCi/g; U-238, <2.20 to 6.26 pei/g; Th-232. 0.32 

(typical levels for this 

radionuclides in soil were: 

gram); U-235, <0.14 to 0.46 

to 1.18 pCi/g; and Cs-137, <0.02 to 1.05 pei/g. These concentrations are 

typical of the radionuclide levels normally encountered in surface soils. 

Radioactivity levels in baseline water samples are presented Ln 

Table l-B. The gross alpha and gross bees concentrations ranged from 0.55 

to 1.87 pCi/l (picocuries per liter) and <0.63 to 14.3 pCi/l, respectively. 

These are typical of concentrations normally occurring in surface water. 

Direct RadiatiDn Levels 

Direct radiation levels, measured at 20 m grid intervals. are 

preseneed in rable 2. The gamma exposure rates at I m above the surface at 

these locations ranged fron: 4 to 20 iJR/h (average 7 ~R/h). Surface contact 

8 uR/h) and 5 to 69 lJrad/h (average 14 lJrad/h), respectively. At most 

locations, measurements performed with the detector shielded averaged 

approximately 20% less than those with the unshielded detector. This 

indicates only a s~all portion of the sur£nce dose rnte is due to 

nonpenetrating beta or low-energy photon radiations. 
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The walkover survey identified numerous small areas and isoLated spots 

of elt!vat.p.:d c.ontt-l.~1" r:!:'jrli~tion l~'\te.ls; _ Thcs:e locations .1.r~ il.'J.di~o.t(!d on 

Figure 8 and associated radiation levels are presented in Table 3. Surface 

contact gamma exposure rates ranged from 12-240 ~ R/h; the maximum .. as 

measured at grid point 541N, l23E. Exposure rates at 1 m above the surface 

ranged from l3 to 26 ',lRh.. Beta-gamma dose rates ranged from 

20-450 ~rad/h. The maximum dose rate was also recorded at grid coordinate 

541N, 123E. Contact exposure and beta-gamma dose rates were not reduced by 

,vil sampling at many 0: these locations; the most notable example 

occurred at grid point 541N, 179E where the contact exposure rnte increased 

fron ??C to 11 00 ~ R/h~ following sampling. 

Radionuclide Concentrations in Surface Soil 

Table 4 lists the concentrations of radionuclidcs measured in surface 

soil fro., 20 m grid intervals. These samples contained Ra-226 

concentrations ranging from <0.14 to 3.54 pei/g. The highest level was in 

the sample collected at grid point 8:lUN, 4UW. The walkover surface scan 

identified this general area as having slightly devated contact gamma 

readings. A few additional samples con.tained Ra-226 concentrations 

exceeding those in the baseline soil, but none exceeded 5 pCi/g above the 

baseline level. Three of these samples also contained J-238 concentrations 

slightly above baseline levels; the highest was 7.00 pCi/g in the samples 

from grid coordinates 600N, SOW and 580N, 60E. Slightly elevated 

concentrations of U-235, Th-232, and Cs-l37 were also present in a few 

samples, but levels were generally comparable to the range. in baseline 

soil. NO other gamma emitting radionuclides were present at levels 

exceeding those nor~ally occ"rring in soil. 

aadionuc1ide concentrations in samples from locations of elevated 

contact radiation levels are presented in Table 5. Concentrations of 

Ra-Z26 in these samples ranged froe 23.7 to 4,280 pCi/g; the maximum 

concentration was measured in a piece of rock-like material (sample ElQ) 

from grid point 541N, 179E. Sample B9 (54lN,123E), also a large rock, 

contained 990 pci/g of Ra-226 and elevated U-238 and Th-232 concentrntions 

(94.8 and 84.5 pCi/g, respectively). 

7 



Samples 31-B8 contained Ra-226 levels b~twEen 20 "no 50 pr.iJe with 

comparable concentrations of U-238. These samples were all small ::ocks 

assoc:'ated with construction fill or paving. Similar materi31 has been 

noted on other NFSS p=operties and throughout the Niagara Falls area; the 

radionuclide levels in this particular type of rock is believed to be of 

n3tural origin and not the result of previous MED/AEC oper3tions on this 

site. 

Borehole Gamma-Legging Measurements 

The results of gamma scintillation measurements 1n boreholes indicate 

elevated radionuclide levels to a depth of 30-60 Cm in several areas. As 

evidenced by analyses of subsurface samples, the gamma borehole 

measurements were reliable indicators of elevated radionuclide levels. 

However, the gamma logging data was not useful in quantifying radionuclide 

concentrations in the subsurface soil, because of the varying ratios of 

Ra-226, U-235, U-2:l0, Th-232, "",.1 Co-137 occurr:'ng in soils from [his site. 

Radionuclide Concentrations ~n Borehole Soil Samples 

T3ble 6 presents radionuc1ides measured in soil sam?les from 

boreholes. At borehole locations HI-H9, located to be representative of 

the general property conditions, logging measurements did not identify 

evidence of elevated subsurface radionuclide levels. Therefore, only 

samples of surface soil wore collec~ed at these locations. 

Subsurface samples from boreholes HID, H12, and H13, drilled in areas 

of elevated dir~ct ~nT"f.qr.p T'.'1nj.::atiOTI} contained concq,nt::::ationG of Xta-226 

above the baseline soil levels. The highest concentration was 20.6 pei/g, 

from the 15 cm depth in borehole H10. This sumple also contained 

39.1 pCi/g of U-238. The activity in this s4mple was associated with small 

pieces of rock; similar rock and radionuclide levels were noced in the 

surface s3mplc from this loc3tion. In borehole H12 the Ra-226 levels were 

Slightly elevated at the 90 c:n depth; however the concentration was only 

2.16 pei/g. Samples from 30 em and 120 cm deep in borehole H13 contained 



12.3 and 3.65 pei/e of Ra-226. The high dir~ct radiation level measured at 

thio location a£t¢~ 3urface $~mpling) and the bor~hole loggi~g ~eBBureruent6 

indicate, however, that material (possibly individual rocks) containing 

radio nuclide levels considerably greater than those observed in the 

~ubsur£ace sample, arC present at approximately 30 C~ deep in this area. 

Radionuclide Concentrations in Water 

Surface 'water 

Dample.s W1. ilud WZ fl.·oUI ::.L:.a.nding watl;;"L Ull }JJ;OPC];ty V (,(t::::.Lt=L to Tilble 7) 

contained gross alpha concentrations of 1.62 and 1.83 pCi/l, respectively. 

Gross beta concentrations of 2.77 pei/l (Wi) and 10.3 pCi/l (Vi2) were 

present. 

samples. 

These values are within the range measured in baseline water 

Subsurface Water 

_ater samples collected fro~ boreholes contained from 1.08 to 

10.6 pCi/l or gc~ •• alpha and 1.1' L~ 14.7 pCi/l Dr ILU" bOLa. rbe al~ba 

level is higher t.han those measured in "";;\seJ.ir.e samples; hew,we'!:, both 

alpha and heta l~vpIB "rp within thB EPA Drinking Wat~r :,-iceria. It 

should be noted that high <;:oncentrations af dissolved solids in many af 

these samples resulted in residues which adversely affected the relative 

errors of the analytical procedure. 

Results of che gamma !:lea.DS and meaI::iUn:!meULl:) and f;;'!Aplul.'{,u,.ury 

measurements af direct alpha anci beta-gamma levels, performed i~ five 

floor ranged from 4.2 to 6.7 ~R/h. Beta-gamma dose rates ranged from 

0.01-0.03 mrad/h. Total alpha contaminatio"_ levels ranged from <26 to 

<394 d/ro/lOO cm 2 with the 103 d/m/lOO cm2; beta-gamma lovels were all 

exception of an isolated area in one of the bui'.dings where a surface 

beta-gamma measurement of 634 d/m/IOO cm2 was recorded. 

9 



COMPARISON OF SURVEY RESULTS WITH GUIDELINES 

':h~ ~ui<.lellne. applicab:e :'0 "leal1up of oft-.ite prope.t:ies at ,he 

Niagara Falls Stc.age Site are presented in Appendix!. Radiation levels 

and radionuclide concentrations at sma;'l, isolated spots of surface Or 

near-surface contamination exceed these guideline values. 

The el<posurc rates in contact ... ith two of the isolated areas of 

s1,IdaCe contamination exceed the ~RC guideline of PO ~R/h for open land 

areas accessible by the general public. The highest level measured (before 

sampling) was 240 uR/h at grid point 541N, 123E. At grid coordinate 541N, 

179l! CQntact c"po."ro level> inorMsed b'om 220 to 1100 ).IR/h £ol1o"'n& 

sampling. The average exposure rate of 7 \llih at 1 III above the surface i, 

well withia the 60 )R/h guideline. 

Concentrations of Rn-226 in excess of S pCi/g above the baseline level 

SrI! present on the $urfacc of the pJ:Operty. Most of the$e locations are 

associated with small 3reilS of rock fill, ... hieh also contains equivalent 

~ou~entraLions of U-238. The radionuclide content i~ therefore believed co 

be of natural origin and not attributable to previous MED/AEe activities at 

this site. At several 10c::1tions, Ra-226 levelB exceeding 15 pCi/g were 

identified in subsurface rock fill. Isolnted pieces of rock-like mnterial 

with higher levels of Ra-226, but without comparnble "-238 concentrations, 

were ai&o noted. This material is considered to nave resulted from ¥~D/AEC 

activities. Di1:ect surface and borehole logging measurements indicate 

subsurface deposits of this mate:ial to 30 cm deep at grid coordinate 541N, 

179E. The total volume of this material is estimated to be less than 1 m3 

and the Ra.-Z26 conccntracion averaged over 100 m2 ~Qulri. he wi,thir~ the 

criteria. 

Surface and subsurface water contai~Qd radionuclide concentrations 

below the E:PA Interim Drinking W~ter Standards of 15 pei/I, gross alpha, 

and SO pCi/l, gross beta. 

10 



Exposure rates inside buildings are comparable to background levels. 

Alpha. sur:t.3.cQ 

100 .:!/O1/100 cm2 
contamin~ti¢~ levclt ore leGe than 

average and 300 d/m/IOO cm2 maximum 

~ho 

(based 

crit.eria. of 

on Ra-226). 

Beta-ga::nma surfa.ce contamination levels were, with one exception, below 

detection limits. 

SUMMARY 

A comprehenslve survey of off-site property V at the Niagara fa1ls 

Storage Site was conducted during June-August 1983. The survey included 

surface radiation ~c~n~, mca~~remen:3 of direct ~adiation levels, an~ly8e8 

for radionuclide concentrations in surface and subsurface soil and water 

samplas, and measurements of conta~ination levels in buildings~ 

Ground-penetrating radar was used to identify subsurface utilities, which 

might preclude borehole drilling. 

The survey iden~ified small isolated areas of elevated direct radi­

ation nnd soil contamination. The major contaminant is Ra-226; howevcI', 

U-238 and Th-232 are also present. Most of these areas are associated with 

rock material similar to that com",only used. as a fill and paving base in 

the Niagara Falls area. It is believed to be of natural origin and not 

attributable to previous MED/AEC activities on this site. Several isolated 

pieces of rock-like material, containing primarily Ra-226 at higher 

concentrations than in the rock fill, were also located; thi. material 1S 

also si",ilar to residues identified on other off-site properties. 

Subsurface contamination was identified at 15-30 Cm deep at two 

borehOle locations. 

Radionuclide concentrations in surface and subsurface water are within 

EPA Drinking Wate= Standards and contamination was not identified in 

buildings on the property. 

Although the contaminated residues on small portions of this property 

exceed the guidelines established for release of the site for unrestricted 

use by the general public, 

risks to the public or 

p-;(ope:I"ty. 

the contaminants do not pose potential health 

site workers and are not ~igrating from the 
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FIGURE 6. ~~p of Northern Niagara County, New York, Showing Locations of 
Background H"asur"ments and Bas"line Samples. (#1-20: soil 
samples and direct measurements; Wi-W7: water samples.) 
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f-' 
~ 

Location a Expo sure Ra te b 
(Il Rlh) 

1 LR 
2 6.8 
3 8.3 
4 7.<) 
5 7.3 
6 7.7 
7 7.7 
8 7.6 
9 7.1 

10 7.1 
11 6.7 
12 7.1 
13 6.7 
14 6.8 
15 8.2 
16 7.4 

17 7.0 
18 7.7 
19 8.8 
20 8.6 

RanSG 6.8 to 8.8 

a Refer to Figur@ 6. 

'l'ARU I-A 

BACKGROUND EXPOSURB RATES 
AND 

RADIO~~CLIDE CONCENTRATIONS IN BASELINE SOIL SAMPLES 

Ra dionucl ide Con centra tion s 

Ra-226 U-235 U-238 

0.74 ± 0.16c <0.19 <2.89 
0.75 ± 0.19 <0.19 <3.35 
0.71 ± 0.18 0.46 .:t. 0.41 <3.72 
0.67 ±. 0.18 <0.22 <4.10 
0.70 ± 0.16 <0.17 <3.34 
0.50 .:t. 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 
0.70 :±: 0.16 <0.19 <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 <3.58 
0.48 ±. 0.14 <0.16 <2.73 
0.73 ±. 0.16 <0.18 6.26±9.23 
1.22 ± 0.22 <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 

b Measured at 1 m above the surface. 
c Errors are 20 based on counting statistics. 

(pCi/g) 
Th-232 Cs-137 

0.70 + 0.46 0.29 + 0.08 
0.84 ± 0.24 0.24 .t 0.08 
0.88 ± 0.33 0.34 ± 0.09 
1.18 + 0.35 0.12 + 0.07 
0.68 ± 0.24 0.14 .t 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 
0.59 ±. 0.25 O.69±0.10 
0.49 ±.0.31 0.48 ±. 0.14 
0.65 ± 0.26 0.68 ±. 0.10 
0.49 ±. 0.26 0.41 ±. 0.08 
0.67 ±. 0.25 0.70 ±. 0.10 
0.72 ±. 0.35 0.23 ±. 0.08 
0.83 ± 0.28 0.61 ± 0.09 
0.32 ± 0.22 0.38 ±. 0.08 
1.01 ±. 0.44 0.32 ± 0.12 
1.08 ± 0.49 1.05±O.13 
0.84 ±. 0.29 0.08 ± 0.07 

0.32tol.18 <0.02 to 1.05 



TABLE l-Ii 

RADIONUCLIDE CONCENTRATIONS IN BASELINE WATER SAMPLES 

~ " LOCi,ltl.on 

Wl 
W2 
W3 
W4 
W5 
W6 
1'17 

Range 

R~dionuclidQ Concentrations (pCi/l) 

Gross Alpha Gross Beta 

0.95 :!:. 0.93 b 
0.95 :!:. 0.94 
0.55 :!:. 0.78 
0.63 :!:. 0.69 
0.73 :!:. 0.58 
1.87 :!:. 1. 84 
1.16 .:!:. 0.66 

0.55 to 1.87 

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

<0.64 
14.3 :!:. 2.4 

<0.63 

<0.63 to 14.3 

a Refer to Figure 6. 
b Errors are 20 based on counting statistics. 
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Grid Location 

900N 9CW 
900N SCW 
900N bGW 
900N 40" 
900N 20W 
900N CE 
900N 2CE 
900N 40E 
900N 6CE 
900N 80E 
900~ 100E 
900N 120£ 
900N 140E 
900N 160E 
900N 180E 
900N 200£ 
900N 220E 
880N 90W 
880N 80W 
880N 60W 
880N 40W 
SSON 20W 
BOON OJ:: 
B80N 20E 
8BON 40E 
RRON lim: 
BBON BOE 
B80N :OOE 
B80N 120E 
S80N 140E 
880:; 160E 
SBON 180E 
8BON 200E 
B80N 220E 
860N 90W 
860N 80W 
860N 60W 
SoON 40W 
B60N ZOW 
860N Or; 
B60N ZOE 
S60N 40E 

tABLE 2 

DIRECT RADIATION LEVELS 
MEASURED AT 20 M GRID INTERVALS 

Gam"", Exposure Ga1lJJll!l Exposure 
RatcG at 1 ~ Above Rates at the 

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

7 8 
8 8 
7 8 
7 7 
8 8 
9 9 
7 8 
7 1 , 
7 8 
7 8 
7 7 
7 7 
7 7 
7 8 
7 7 
6 7 
7 7 
8 8 
8 8 
8 8 
8 8 
8 8 
9 9 
8 8 
8 8 
R 8 
8 8 
S 8 
8 8 
8 8 
8 8 
8 8 
8 8 
8 8 
9 10 
9 10 
9 10 

D 12 
9 9 
9 y 

7 8 
7 7 

21 

Ileca-G"mma 
DOGe Ril.t.es at I em 

Above che Surface 
(;crad 1(1) 

14 
to 
25 

7 
20 
I.e 
12 
9 
8 
8 

17 
1 

13 
13 

7 
13 
10 

a 
a 
a 

" a 
11 
a 
a 
a 
a 
a 
a 
a 

" a 

" a 
27 
21 
23 
19 
13 
. ? 
1_ 

U 
"9 



G't"id Location 

860N 60E 
860N aOE 
860N lODE 
860N 120E 
860N 140E 
B60N 160E 
860N 180E 
860N 200E 
860N 220E 
840N 90W 
840N 8Q1..' 
840N 60W 
840N 401.' 

840N 20W 
840N OS 
840N 2eE 
840N 40E 
840K 60E 
840N 80E 
840N 100E 
8401' 120E 
840N 140E 
840K 160E 
840~ 180E 
840N 200E 
840N nOE 
820N 9011 
820N 80W 
820N 60w 
a20N 40W 
820N 20W 
82::lN OE 
52011 2011 
820N 40E 
820N 60B 
820N 80E 
820N lOGE 
820N 120E 
820N 140E 
82QN 160E 
820~ 130E 
B20N 200E 

TABLE 2. cont. 

DIRECT RADIATIOK LEVELS 
MEASURED AT 20 M GRID InERVALS 

Gamma Exposure Gamma Exposure 
RateB at 1 m Above Rate;) at the 

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

7 8 
7 7 
7 
7 8 
7 8 
7 7 

7 8 
7 8 
7 7 
8 8 
9 9 

10 10 
11 .ll 

9 9 
9 9 
8 7 
7 7 
7 8 
7 8 
8 8 
8 8 
7 7 
7 7 
7 ~ 

8 7 
7 7 
8 8 
8 8 
8 B 

20 29 
7 6 
9 12 
~ 8 
8 B 
8 8 
R 8 
8 9 
8 8 
7 7 
7 7 
7 7 
7 8 

Beta-Gamma 
Dooe Rate~ ~t 1 ~m 

Above the Surface 
( urad/h) 

8 
7 

.6 
18 
19 
13 
16 
?' _4 

19 
18 
16 
30 
22 
21 
21 
12 
20 
10 
8 
8 

31 
13 
13 

8 
7 
9 

11 
22 
24 
69 
19 
19 
,8 
15 
l4 
25 
22 
28 

7 
16 
12 
12 



Gr:(d Locat1on 

8201'1 2201: 
8001'1 ,OW 
BOON BOW 
SOON 60W 
800N 4GW 
BOON 2QW 
800N DE 
BOON 20E 
800N 40E 
SOON 60E 
BOON 80E 
SOON lODE 
eOON 1201;; 

SOON 140E 
SOON 1601': 
800N 180E 
SOON 200E 
8001'1 220E 
780N 9CW 
780N BOW 
780N 60W 
780N 40W 
iRON ?Ol./ 
7801'1 OE 
780N 20E 
nON 40B 
780N 60E 
780l< 801;; 
780N lOOE 
780['; 1208 
780N 14011 
780N 16Cll 
780N 180S 
780N 200E 
780N nOE 
76QN 90W 
700N sow 
71;>0N 60\; 
760N 40W 
nON 20W 
760N OE 
760N 20,; 

TABLE 2, cont. 

DIRECT RAD!ATIO~ LEVELS 
MEASURED AT 20 M GRID IllTERV ALS 

Gamma Exposvre Gamma Exposure 
RateH at 1 m AbQv~ Rat.~s at tlll;:/ 

the Surface Svrfaco 
('JR/h) ( ~R/h) 

7 7 
8 (\ 

9 ~ 

B 8 
7 7 
6 5 
q 11 
8 8 
7 9 
9 8 
7 7 
7 8 
a s 
7 S 
7 7 
7 7 
7 7 
7 7 
8 8 
7 7 
7 8 
8 12 
6 6 
9 10 
7 7 
s 7 
7 I 
7 7 
7 7 
7 8 
7 7 
7 8 
7 8 
7 8 
7 8 
8 8 
7 8 
7 7 
7 7 
7 8 
9 10 
8 8 

23 

Beta-Gamma 
DU6e R~te$ 3~ 1 ~m 

Above the Surface 
( ~rad/h) 

10 
28 
V 
19 
10 
14 

28 
11 

8 
19 
:4 
,3 
17 
8 

15 
9 

10 
13 
15 
2:3 
12 
25 
6 

L8 
7 

13 
11 
7 
9 

Il 
7 
9 

15 
12 
II 
18 
22 

7 
9 
9 

28 
21 



C-:-id Location 

760N 40E 
760N 608 
760N 80E 
760N 100E 
760N 120E 
7hO'J 140E 
760N 160E 
760N 180E 
760N 2aOE 
760~ 220E 
740:<1 90W 
740N 80W 
740N 60W 
740N 40W 
74~N 20W 
740N OE 
740N 20E 
740N 40E 
74QN 60E 
740N BOE 
740N 100E 
740N 120e 
HON 140B 
HON c60E 
740N ,80E 
740N 200E 
740N 220E 
?20N 90\'" 
720N 80" 
nUN bUW 
720N 40W 
720N 20W 
nON OE 
720N 20E 
720N 40E 
nON 60E 
720N 80E 
720 Ii lOOE 
720N 12()E 
720N 140E 
720); 160E 
72C~ 18DE 

TABLE 2, coot. 

DIRECT RADIATION LEVELS 
~ASURED AT 20 M GRID I~TERVALS 

Gamma Exposure GamlT.a Exposure 
Ra.tQG at 1 In Above Rates at the 

the Surface Surface 
(~R/h) Cl,R/h) 

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

7 7 
7 7 
7 7 
7 7 
7 7 
7 7 

7 7 
7 8 
8 8 
7 7 
7 7 
6 6 
7 8 
7 7 
7 i 
9 " 6 " S ~i 

6 6 
5 " .' 
5 /I 
6 I' 
7 " • 
7 "' I 

7 I 

7 "' I 

8 "' I 

9 9 
7 -, 

I 

b :' 
6 6 
7 :' 
9 !1 

6 5 
6 :' 
5 Ii 
6 b 

5 5 
7 Ii 
6 'I 

7 'I 

7 7 

2f-l 

Beta-Gamma 
Dose Rates at 1 em 

Above the Surface 
( lJrad/h) 

23 
13 

7 
15 
7 

.1.2 
20 
25 

8 
7 
9 

11 
16 
19 
12 
18 
8 
5 

14 
5 
6 
7 

10 
12 
~6 

9 
7 

12 
7 

10 
8 

11 
8 
5 
7 
6 
6 
5 

11 
7 
7 
7 



CriQ Loc.ation 

nON zaOE 
720~ 220E 
700N 90W 
700:; BOW 
700N 60W 
700N I,OW 

700N 20W 
700N OE 
700N 20E 
700N 40E 
700N 60E 
700N SOE 
700N IOOE 
lOON 120E 
700N :40E 
lOON 160E 
700N 180E 
700N 200E 
700N 220£ 
680N 901, 
680N 30W 
680N 6011' 
680N 4011 
680N 20W 
680N CE 
680N 20" 
680N 40" 
680N 60E 
680N 80E 
bHON IOCE 
680N 120E 
680r; 140E 
680N 160[; 
6801' 180E 
680N 200E 
680N 22QE 
660N 90W 
660~ BOW 
660~ 60W 
660N 40W 
660N 20W 
660N OE 

TABLE 2, cont. 

DIRECT RADIATION LEVELS 
MEASURED AT 20 M GRID INTERVALS 

Gamma Exposure Gamma Exposure 
Raten at 1 m Above Ratco at the 

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

7 i 
7 7 
8 9 
6 6 
6 5 
a " 7 
9 9 
5 5 
6 5 
5 5 
6 6 
~ 6 
7 7 
6 6 
7 7 
7 7 
7 7 
7 7 
8 8 
7 7 
a a 

" " 7 7 
3 9 
5 5 
5 6 
6 5 
6 6 
6 6 
6 S 
6 5 
8 12 
7 7 
6 7 
7 7 
8 7 
6 7 
a a 
a a 
5 6 
7 8 

25 

BeCa-Gamma 
DODO Rotca at 1 em 

Above the Surface 
( ~rad/h) 

1: 
7 
9 
6 
5 

" 7 
15 

5 
5 
5 
6 
6 
7 
6 
7 
7 
7 
7 

18 
7 
a 
"-
7 

21 
It 
14 

S 
6 
b 

15 
5 

26 

13 
24 
II 
23 
20 

a 
a 

10 
24 



Gt:id LV(';d.t.1on 

660N 20E 
660N 4DE 
660N 60E 
660N 80E 
660N lODE 
660N 120E 
660N 140E 
660N 160E 
660N l80E 
660N 200E 
660N 220E 
640N 90W 
640N 80W 
640N 60W 
640N 40W 
640N 20W 
640N DE 
MON 20B 
640N 40E 
640N 60E 
640N tiOE 
640N lODE 
64DN 1Z0E 
640N l~OE 

MON 160E 
640N 180E 
640N ZOOE 
MON ZZUll 
620N 90\.1 
620N SOw 
6?ON I'oOW 
620N 40W 
620N 20W 
620N OE 
620N 20£ 
620N 40£ 
6Z0N 60E 
,,20N 80E 
620N 100E 
620N 120E 
620N 140C; 
6Z0N 160E 
6Z0N 180E 

TABLE 2. cone. 

DIRECT RADIATION LEVELS 
I1EAS\lRED AT 20 M GRrD INTE:RV ALS 

Camma Exposure Gamma Exposure 
ttcttt1-S at 1 m AbuvC;l: 1\dtt::B at I.h~ 

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

5 5 
5 5 
5 5 
5 6 
5 5 
6 7 
6 7 
7 7 
7 7 
7 7 
6 7 
8 8 
6 6 
5 5 
6 6 
4 5 
8 8 
6 7 
7 7 
7 7 
1 7 
I) 7 
7 8 
7 7 
7 7 

7 8 
7 7 
I 7 

7 7 
7 7 
7 8 
5 5 
6 5 

14 18 
6 6 
6 7 
5 5 
6 6 
8 9 
7 7 
8 7 
7 7 
7 8 

26 

]leta-Gamma 
D06~ RGte~ at 1 em 

Above the Surface 
( urad/h) 

5 
5 
9 
6 

11 
17 
7 

37 
15 
10 
14 

9 
6 
tl 

6 
5 
B 

30 
9 
7 

10 
21 
28 
14 
12 
31 
7 
7 
7 

19 
23 
12 
9 

35 
10 
10 

5 
6 

19 
20 
12 

7 
IS 



Grid LOI;(lCiQIl. 

620N 200E 
620N 220E 
600l\' 90Q 
6001' SOW 
600N 60W 
600N 401< 
600N ZQW 
600:-l DE 
600)1 20E 
600N 40E 
600N 60E 
600N SOE 
600N 100I:; 
600N 120E 
600N 140E 
600N 160E 
600N 180E 
600N 200E 
600N 220E 
580N 90W 
seON 80101 
S80N 60101 
S80N 40W 
580N 20w 
S80N OE 
SSON 20t: 
S80N 40E 
S80N 60!! 
SSON 8CE 
580N 100E 
S80N 120E 
S80N 140E 
J130N loOE 
S80K 180E 
S80N 2O:lE 
580"1 220E 
560N 90W 
560N BOW 
560N 60W 
560N 40W 
560N 20W 
S60N OE 

TABLE 2. cont. 

DIRECT RADIATION LEVELS 
MEASURED AT 20 M GRID INTERVALS 

Gamma Exposure Gar.lma Exposure 
Rate5 at 1 m Above Rates .:it the 

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

7 8 
7 8 
8 8 
7 7 
6 E .. a 
7 7 
9 9 
a a 
a a 
7 7 
5 5 
7 6 
7 7 
8 9 
8 10 
7 8 

14 14 
12 12 

9 8 
8 8 
7 7 
a " 7 7 
9 9 

10 17 

9 9 
13 13 
9 12 
8 7 
7 7 
a " " a 
6 6 
7 7 
7 7 
8 8 
8 8 
7 7 
7 7 
6 6 
9 9 

27 

Beta-Gamma 
Doae Rate~ at 1 em 
Above the Surface 

( ~rad!h) 

15 
24 

i:I 
23 
15 

" 12 
9 
a 
a 

16 
11 

6 
7 

20 
23 
' 0 
"~ 
3, 
25 

9 
:8 
10 

" 27 
9 

11 
25 
13 
18 

7 
16 

a 

" 15 
13 
IS 
24 
17 

7 
20 

6 
22 



Crid Location 

560N 20E 
560N 40E 
560N oDE 
560N BOE 
560~ lODE 
S60N 120];; 
560N 140E 
560N 160;;: 
560N 180E 
560N 200E 
560N 220;:: 
540N 90'. 
540N BOW 
540N 60'. 
540N 40W 
54 ON 20W 
54 OK DE 
540K 20E 
540K 40E 
5401' 60E 
5401' aOE 
S40N IOOE 
5401>' 120C 
54CN 140E 
540N 1601: 
540N 180E 
540N 2::10E 

TABLE 1., cont. 

DIRECT RADIATION LEVELS 
~ASURED AT 20 M GRID I~TERVALS 

Gamma Exposure Ga-;nma Exposure 
Ro.teQ at 1 m Abo .... e Rates .'at ehe 

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

12 13 
8 lZ 
9 8 
9 8 
6 6 
6 7 

a a 
a a 
6 5 
7 7 
7 7 

' , 11 
8 9 
7 8 
6 6 
5 5 
9 8 
7 9 
9 9 
9 a 
8 9 
6 6 
? 8 
a a 
a a 

II 8 
10 12 

Beta-Gamma 
DOGe 'Rater:;; at: 1 em 

Above the Surface 
( urad/h) 

13 
12 
18 

8 
18 
16 

a 
a 
8 
7 
7 

20 
12 

8 
9 
5 

17 
16 
29 

a 
9 
6 

11 
a 
a 
8 

19 

~ M~asurement not taken due to presence of building surface water, or other 
obstruction. 

28 



TABLE 3 

DIRECT RADIATION LEVELS AT LOCATIONS 
IDENTIFIED BY THE WALKOVER SURFACE SCAN 

Grid EXI,l:0sure Rate (ilK/h) Surface Dose Rate Sample Contact Exposure fulte 
Locationa Contact 1 m Abov(l Surf ace ( IJrad/h) Identification b After Sample Removal 

(~R/lt ) 

86Z-870N 21-31W 20-39 
861,N 27W 39 23 57 BI 43 
862N 16W 20 

852-856N 90-91W 17-20 
840-846)1 14-201-1 22-48 

844)1 17W 48 26 109 B2 36 
834-840N 32-4m-l 12-20 

l~ 827N 60W 29 
'" 824N 26W 29 

821N 4811 38 
821N 43w 27 
alON 561, 29 
SIGN IS~ 23 

810ll 21E 28 
816N 24E 30 
SlSN 23E 38 21 69 In 29 

B09-B20N 40-47W 17-29 
812-8WN 29-4011 29 

SOON 58W 17 
687-691N 32-35E 17-36 

689N 33E 36 
616-625N 0-7E 11,-31 

621N IE 21 
600-603N 134-140E 17-29 

60211 136E 29 14 40 B4 48 
600-602N l6a-I76E 14-21 



TI\HL~; .3. contI 

DIRECT RADIATION LRVELS AT LOCATIONS 
1!)t;NTIFIEO BY THP. WALKOVER SU!tf'ACf. SCAN 

Grid EXEosure Rate (~R/h) Surface Dose Rate Sample Contact Exposure Rate 
Location Contact 1 m Above Surface (~rad/h) Identi fication After Sample Removal 

( ~RI h) 

!'lOON IO}OE 21 IJ 21 BS 37 

600N l70E 21 
600-604N 206-220E 17-40 

!'lOON ZI::iE ~O 

580-600N 212-214E 14-29 
595N 211R 29 
:;97N I%E 37 

w 595-600N 48-521.' 14-31 
0 

600N 511.' 31 14 43 B6 58 
59SN 51\, 31 

591-591,N 481.' 27 
580-592N 49-51\1 14-29 

590N 49H 29 
590)1 196£ 32 

581.-588N 47-48\, 29 
seo -5S2N 60-63E 1',-22 

581N 62E 20 14 20 B7 2_1 
575N 64~; 20 

S69 572N 49-52>: 11,-20 

564N 24£ 23 
56lN 22£ 20 
559N 19E 31 17 41 B8 31 
559)1 21E 23 

.';50-558)1 50-56,; 14-20 
5l,O-51,SN 1-11 E 14-?r' 



TABI.E J, cont. 

DIRECT RADIATlml LEVELS AT LOCATIONS 
IDt;NTIFIED BY THt; WALKOVf.K SUKt'ACE S(;AN 

Grid 
Location 

Exposure Rate (~R/h) 
Con t ac t I rn -Above ";s~'lI'-'r-;f~a-c-e 

Surface Dose Rate 
( ~rad/h) 

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

)4'.N 
543N 
541N 
,41N 

~7h 

S7E 
123E 
179t: 

.a Rt!r~L lu FlgllLC" 7. 

27 
33 

240 
220 

21 
25 

b Radionuclide analyses of samples presented in Table 'i. 
c. Dash indicates measurement or sampling not performp.fI. 

450 
220 

Sample 
Identification 

B9 
DIO 

Contact Exposure Rate 
After Sample Removal 

(~K/h) 

280 
1100 



TAtlLt; 4 

RADIONUCLIDE CONCENTRATIOl!5 IN SlIRPACE SOIL SAMPLES 
~'RUl1 ZU N GIUIJ INTERVALS 

Grid Radionuclide Concenlralions (l!ci/ ~) 
Location Ra-226 U 235 U-238 e. 137 Th 232 

900N 90W 1.0S + 0.29 a <0.33 1.92 + 1.47 0.67 + 0.15 0.67 + 0.53 
91JIJN a()\, 1.20:;; 0.41 <o.n <1-:01 0 .. 65 , 0.1) 1.36 , 0.45 
900N 6011 0.58'+ 0.19 <0.12 0.78 + 0.60 0.46'+ 0.12 0.51 '+ 0.25 
900N 4()W LOt, + 0.36 <0.33 2.07 + 1.15 0.61 ::t 0.15 0.86 + 0.32 
900N 201< 0.85 ;- O.2 i • <0.15 0.00 .. 0.86 0.57 , 0.1 I 0.84 :;:- 0.35 
900N ')1;1 0.85 + 0.24 <0.13 1.18 + 0.64 0.94 + 0.13 0.51 + 0.29 
900N 20E 1.03'+ 0.23 <0.32 <0:98 0.72 '+ 0.19 1.84 :;:- 0.48 
900N 4ClE 1.0170.21 <0.18 0.71 + 0.S7 0.'.0 +: 0.09 1.3S + 0,15 

w 900N 60E 0.90 :;:- 0.24 <0.26 <0:84 0.62'+ 0.11 0.61 :;:- 0.51 
,~ 

80E 0.98 + 0.2S <0.31 <0.93 0.68 + 0.12 0.77 + 0.31, 900N 
900N 100E 0.98 + 0.23 <0.17 0.90 + 0.61 0.46:;:- 0.10 1.10+0.33 
900N 120E 0.98 + 0.24 <0.34 2.08:;:- l.12 0.74:;:- 0.14 0.98 + 0.49 
900N II,OE 0.S3 :;:- 0.34 <0.18 1.29 + 0.93 0.80:;'- 0.15 0.89 + o.t,s 
900N 160E 0.80 + 0.20 <0.32 2.12 + \.55 0.57 + 0.11 \.10 + 0.46 
900N ISOE 0.73'+ 0.25 <0.15 0.51 '+ 1.26 0.52:;: 0.12 0.58:£ 0.33 
900N 200E 0.70+0.20 <0. Ii, 1.45 + 0.43 0.38 + 0.09 0.62 + 0.28 
900N 220E 0.96+0.29 <O.H <0-:-86 0.27 :;: 0.08 0.84 :;: 0.34 
880N gem 0.95 + 0.10 <0.18 0.75 + 0.59 0.98 +: 0.15 0.87 :;: 0. /,1, 
880N 80W 1.20:;:- 0.33 0.89 .!. 0.70 3.64+2.21 1.43:;:- 0.18 1.26:;:- 0.36 
seON 60W 0.88 :i:' 0.25 <tJ.13 0.65 ~ o.q,; 1.01 +: (1.1(, O.8G :;: 0.17 
B80N 4011 1.45:;: O.3J (0.39 <1-:-22 1.95 :;:- 0.22 1.12 :; 0.1,0 
B80N 20H 1.58:;: 0.38 <0.24 0.90 + O.SO 2.57 :; 0.29 0.92 :;: 0.56 
BBON 41< 0,93:;:- 0.21 <0.29 «(1":'81 n.r,1 :;:- 0.12 0.6'; :;:- 0.40 
882N IOE 1.09 :;:- 0.28 <0.29 <0.98 0.00+0.12 1.16 + 0.29 
880N 20E 0.83 :;: 0.25 <0.15 1.62 + 0.62 0.68'+ 0.11 0.60 + 0.25 
880N 41)E L13+fl.?8 (O.?q 7.11i :;: 1.92 0.40:;:- 0.12 0.78 +0.1,11 
8S0N bUE 1.08 '+ 0.41 <0.21 0.66 :;:- 1.13 0.92 :£ O.IS 0.68 :£ 0.43 



TABLE 4, cont. 

RADIONUCL IDE CONCENTRATIONS IN SURFACE SOIL SAHPLES 
fROM 20 11 t;RtIJ IN'l'I>RVALS 

Grid Radionucl1de Concentrations (Eei/ !:!) 
Location Ra-226 U-235 U-238 Cs-137 Th-232 

8eON IIOE 0.~8 + 0.28 <0.17 I .O~ + 0.81 0.74 + 0.14 0.70 + 0 .3~ 
MON lODE 1.10;: 0.29 <0.20 1.42 t 1.77 0.77 .. O.IJ I.J~ .. O.J? 

880N 120E 1.09 + 0.24 <0.17 O.7! + 0.51 0.61 :; 0.13 0.78 :;: O.~I 
S80N V,OE 1.31 "+ 0.26 <0.30 1.59"+ 1.01 0.48 :;: 0.13 1.21 !: 0.37 
aaON 16DB 0.W:C0.2J <0.16 1.17 :c 0.53 O.G4 :c 0.12 0.66 , 0.33 
S80N 180E 0.94 :;: 0.23 <0.32 1.76:;: 1.93 0.83:;: 0.17 0.63 :;: 0.29 
8BON 20DE 0.91 + 0.21 <0.17 1.38 + 0.92 1.16 :; 0.16 1.13 :;: 0.46 
!J60N 90\1 0.39 :c 0.49 <0.46 2.23'+ 2.05 0.63 -;: 0.16 0.92 '+ 0.5B 

co 860N 80\<1 1.84 :; 0.31 <0.20 1.74 :; 0.72 0.48 + 0.13 0.90 + 0.55 
co 860N 60W 1.19:;: 0.25 <0.15 0.72 :;: 0.51 0.43 :;: 0.12 0.50+0.29 

8GON 40W 1.58 + 0.38 <0.38 <1-:-27 0.96 + 0.20 1.41 :;: 0.67 
860N 20W 1.83 -:;: 0.30 <0.35 3.79 + 1.16 0.24 + 0.08 1.10 :;: 0.32 
860N 3W 1.15 + 0.24 <0.16 1.54 :;: 0.53 0.96+0.15 0.54 + 0.39 
860N 20E 0.84 -:;: 0.23 <0.15 0.47 -:;: 0.42 0.08 -:;: 0.08 1.12 -:;: 0.37 
860N 40E 0.79 + 0.2', 0.66 + 0.50 2.25:; 1.15 0.19 :; 0.06 1.45 + 0.39 
B60N 60E 0.94 :;: 0.26 <0-:27 <0-:87 0.65 -:;: 0.11 1.35 -:;: 0.38 
S60N SOE 1.00 +" 0.2/, <0.17 2.17 ... 0.62 <0-:-05 1.10 +" 0.42 
S60N IOOE 0.83 -:;: 0.26 <0.14 0.96 -:;: 0.72 <0.04 0.66 -:;: 0.44 
860N 120E 0.70 + 0.16 0.12 + 0.40 1.22 + 0.45 0.13 + 0.07 0.66 + 0.30 
86011 I/,OE 0.8S -.: 0.29 0.32:0 0.5S 1.59 .~ 1. 78 0.63 :;: 0 13 1.3S :;: 0.38 
860N 160E 0.80 + 0.24 <0-:-16 0.55+1.24 0.17 +" 0.09 1.10+0.33 
B60N 180E 0.78 -:;: 0.24 <0.15 (0-:41 0.14:;: 0.08 0.50:;: 0.24 
a60}! 201111 0.110 + 0.11 <11.7(, 0.111 + 1.17 11.07:; O.Of, 1.4~+O.lR 
860N 220E 0.73 :;: 0.21 <0.12 0.24 :;: 0.44 <0-:03 0.55 :;: 0.36 
8~ON 90W 1.00 + 0.26 <0.16 0.19 :; 0.89 0.15 + 0.09 1.01, + 0. /,5 
R40N ROW 0.99 + 0.21 <0.16 1.'il :; 0.66 0.60:;: 0.12 0.95 -:;: 0.59 
84011 60W 1.13+0.33 <0.28 <0-:97 0.82 + 0.14 0.94 + 0.3~ 



'fAIlL~ 4, cont", 

RADIONUCL IDE COtlCENTRATIONS III SURFAcr; SO lL SANPLES 
FRoa 20 M GRID INTlIltV ALS 

Grid Radionucl1de Concentrations (~Ci/ 1;) 
Location Ra-226 U-235 U-238 Cs-IJ7 Th-232 

840)1 4011 1.78 + 0.34 <0.36 <1.10 0.56 + 0.17 1.06 + 0.45 
540N ZOW I.J!i • o.ze. <0.1e. 0.64 I 0.79 <0:-01, 0.37"+ 0.16 
840N 311 0.79 +" 0.30 <0.14 0.54 +" 0.76 0.83 + 0.11 0.1,2 +" 0.32 
8',ON 20E 1.14:; 0.29 <0.30 <0-:-92 0.26 "+ 0.09 1.60 +" 0.44 
8'.ON 40(, 1.04'0.30 <0.34 ?.85 ... 2.30 0.23::; 0.12 1.19:;: 0.1,9 
MON 60E 1.06 :; 0.20 <0.28 1.42 +" 1.29 <0-:-05 1.10 "+ 0.35 
840N 80E 0.78 +" 0.19 0.22 + 0.32 1.06 +" 0.46 <0.04 0.75:;:- 0.29 
00\0" IOOE 0.86 "+ 0.23 <0.16 1.1,3+0.59 0.35 ... D.ll 0.64 -:;: 0.24 

'" 
840N 120E 0.91 :;:- 0.21 <0.26 1.00:;:- 1.16 0.10 :;:- 0.06 0.84 ::; 0.30 

" 8.\ON 140E 0.91 +" 0.21 <0.17 1.08:; 0.52 0.31 +" 0.11 1.18 +" 0.36 
840N 1601': 0.74 :;:- 0.21 <0.15 0.95 :;:- 0.47 1.18:;:- 0.06 0.53:;:- 0.33 
840N 180E 0.84 :;:- 0.31 <0.30 <0--:-91 0.68 +" 0.12 0.96 +" 0.29 
840N 200E 0.84:;:- 0.19 0.11 + 0.31 0.71 + 0.92 0.19:;:- 0.07 0.93 :;:- 0.24 
840N 22nE 1.11 + 0.25 (0-:-16 1.18"+ 0.49 0.47:;:- 0.10 0.98 "+ 0.56 
820!'! 901/ 0.96 :;:- 0.23 (0.28 1.76 :;:- 1.06 0.16 :;: 0.06 1.13 :;:- 0.36 
820N 8011 0.79 :; 0.18 <0.13 0.71 "+ 0.12 0.31 +" 0.09 0.69 +" 0.37 
820)1 601-1 0.85::; 0.21. (fJ.29 1.07 ::; n.R7 (fJ-:-04 1.20; :;:- 0.34 
82011 40W 3.54 +" 0.34 <0.18 1.93 +" 0.64 0.36 + 0.07 0.53:; 0.2& 
820N \8\1 1.04 "+ 0.29 <0.36 2.12 :;:- 3.',8 0.93 :;:- 0.17 \.65 :;:- 0.79 
finN 31,1 0.83 ... 0.19 «1.16 <n-:-7H n.44 "+ 0.10 0.71 +" 0.2/, 
820N 201': 0.95:;:- 0.16 <0.15 1.06 + 0.57 0.73 +" 0.12 0.67 :;:- 0.31 
820N 40E 0.75"+ 0.31 <0.15 1.54 +" 0.8l 0.40 +" 0.13 0.67 :;: 0.43 
82011 6011 o.r.o; +" 0.21, (n.ls 0.91 :;:- 0.54 0.83 :;: 0.07 0.72 :t: 0.37 
820N 80E 0.94 +" 0.26 (0.14 0.56"+ 1.07 0.12 +" 0.05 0.85 + 0.24 
82011 lODE l.18 +" 0.31 <0.36 1.96 :;:- 1.17 0.54 :;:- 0.17 1.06 T 0.52 
Fl2nN I?OE {] .8') + 0.21, <0.26 <0-:-85 0.47 -; 0.13 0.99 +" 0.38 
820N 140E 0.81 !:: 0.25 (0.1/, 1.1,6 + 0.61 0.21 :;:- 0.10 0.79 +" 0.39 



TABLE t., COIlL. 

RAD [()IIUCl.IDE CONCENTRATIONS IN SURFACE SOIL SAMPLES 
FROM 20 M GRID INTERVALS 

Grid Radionucl1de Concentrations (pCi/,&L 
Location Ra-226 U-235 U-238 Cs-137 Th-232 

82011 160B 1.19 + 0.24 <0.28 0.97 + 2.25 0.17 + 0.07 0.67 + 0.25 
820N lODE h b h h h 
820N WOE 1.10 + 0.26 <0.29 4.45 + 1.98 O.Y. + 0.11 1.09 + 0.64 
820N 2Z0E 0.68 "+ 0.36 <0.18 0.92 "+ 1.08 0.18 "+ 0.08 0.92 "+ 0.58 
700N 90\1 0.85 +" 0.23 <0.27 2.83 :;: 1.71 0.36:;:- 0.10 1.05 :;: 0.1.0 
780N 801/ 1.08 :;: 0.26 (0.33 <0-:92 0.39 :;: 0.09 0.78 "+ 0.41 
780N 6011 0.65:;'- 0.20 <0.13 0.59 + 0.66 0.25:;:- 0.08 0.74:;'- 0.27 
790N ~Oll 1.01 + 0.28 <0.17 1-33 :;: 0.54 0,60+0.11 0.1.4 + O. 'l? 

w 780N 20\/ 0.54 :;.- 0.15 <0.23 (0-:68 0.73:;'- 0.11 0.40 :;: 0.20 
'-" 780N 31-1 0.93 :;: 0.20 <0.15 0.82 + 0.91 0.73 :;.- 0.13 0.33 :;.- 0.30 

780N 20K 0.86:;'- 0.26 (0.32 2.25 :;.- 1.77 0.65:;'- 0.13 0.88:;'- 0.35 
780N !'OE 1.46:;: 0.33 (0.20 2.52 :;: 0.70 0.41 :;.- 0.11 1.03 + 0.50 
780N 60E 1).86 :;.- 0.26 (0.15 1.34 :;.- 0.79 0.09:;'- 0.05 0.79:;'- 0.41 
780tl 80E 1.04+0.25 <0.27 2.76 + 1.25 0.19 + 0.08 0.83 + 0.37 
780N lODE 1.23:;: 0.25 0.53 + 0.46 1.40 :;: 1.72 0.23 + 0.13 1.04 + 0.45 
780N 120E 1.03 + 0.23 (0-:33 J .49 + 1.87 0.59:;: 0.12 L13 :;: 0.39 
nON Ii.OE 0.78 :;: 0.25 0.24 + 0,55 ().(,R + 0.<;7 0.43 + 0.12 1.05:;: 0.37 
780N 160E 0.76:;: 0.21 <0:-11, 1.21 '+ 1.19 0 • .';8+0.12 0.82 + 0.41 
780N IBOE 0.71 ;- 0.19 <0.16 1.14+1.04 0.28'+ 0.08 1.21:;: 0.42 
7801-1 200E o_~~ + (L" (0. i7 l.oq + 1.QO 0.1.6 '+ 0.11 1.11 :± 0.40 
780N nOE 1.08 :;:- 0.39 <0.37 3.02:;:- 2.72 0.92 :;::- 0.19 1.32+0.1,3 
760N 9011 0.88 + 0.24 (0.29 0.96 + ).82 0.21 + 0.09 0.98:;: 0.34 
7601-1 R()\I l.on :;: n.28 (0.27 (0-:80 0.24 :;::- 0.08 0.96 ±: 0.29 
76011 60W 0.79 :;: 0.21 <0.14 0.41 + 0.44 0.0') '+ 0.07 0.74 + 0.26 
760N 1.011 0.88 +" 0.29 (0.28 1.22+1.69 <0":04 0.83:;:- 0.31 
7hON 7011 0.89 .± 0.26 <0.18 1.65 ± 0.60 O.5U ± 0.13 0.8l .I 0.27 



TA)jI,~ 4, cone. 

RADIONUCLIDE CONCENTRATIONS IN SOIL SAMPLES 
FROM 20 M GRID INTERVALS 

Grid Radionuclide Concentrations (pCi/g) 
Location Ra-226 U 235 U-238 Cs-137 Th 232 

760N 411 0.94 + 0.25 (0.31 3,82 + l~Sl 0.7'. + 0.17 0, 'f9 + o. '.1 

760N 20E 1.11 +0.26 <0.30 (0:-93 0.76 +" 0.15 0.76"+ 0.37 
760N 40E 1.03"+ 0.35 <0.18 2.82 + 1.16 0.15 + 0.12 1.31 "+ 0.44 
760N 601': 0.90 :;:- 0.28 <0.15 0.81 :;:- 0.72 0.15+0.10 0.89 + 0.32 
760N 80r: 1.11 "+ 0.33 (0.28 1. 59 +" 1. 71 (0-:-05 1.16 + 0.35 
760N 100E 0.73 +" 0.31 0.30 + 0.18 1.05 "+ 1.15 0.17 + 0.06 0.85 +" 0./12 
nON 120E 0.99 -:;: 0.21, <0-:-30 1.71, -:;: 1.89 0.25 -:;: D.il> 0.91 -:;: 0.1,2 
760N 140E 0.74 +" 0.23 <0.29 2.06 +" 2.00 0.119 +" 0.11 0.74 +" 0.35 

w 760N 160E 0.73"+ 0.29 (0.17 <0:-44 OJ,2 +" O. II 0.49 "+ 0.24 
'" nON 180E 0.89"+ 0.20 <0.27 6.54 + 1.53 0.60 + 0.12 0.85 + 0.45 

760N 200E 0.94 +" 0.19 <0.30 <0-:-86 <0:-04 0.83 + 0.35 
nON 220E 0.59"+ 0.20 0.27 + 0.25 0.76+0.73 0.19+0.07 0.78 + 0.27 
740N 90W 1.18+0.26 (0:-34 1.40"+ 1.46 0.21 + 0.10 1.02 + 0.1.5 
740N SOW 1.13 + 0.26 <0.14 0.94 + 0.68 0.21 "+ 0.07 0.34 + 0.25 
740N 60W 0.88 + 0.23 <0.14 0.78"+ 1.32 0.18+0.10 0.63 + 0.26 
nON 40lJ 0.R1 +" n.l0 <0.11 I. 97 +" LOI, {l.~~ +" 1l.14 1.1l4 :;:- 0.1:> 
HON lOW 1.08 + 0.29 <0.17 1.46 "+ 0.62 0.25 + 0.10 1.05 + 0.34 
HON JW 1.96 +" 0.43 <0.20 1.71 +" 0.68 0.98 + 0.16 0.62 + 0.30 
740N ?rw O.hll -:;: 0.?1l (O.?~ (Il-:n O.hD+O.11 0.44 "+ 0.74 
740N 4at; 0.7/j +" 0.16 (0.23 <0.70 0.70+0.11 0.85 + 0.40 
740N 60E 1.09 +" 0.26 <0.40 <1.09 0.55+0.16 1.09:;: 0.42 
HON BOE b b b b b 
74011 IOOE 0.56 + 0.17 (0.13 0.91 + 0.80 0.86 + 0.11 0.26 + 0.21 
740N 120r: 0.80 + 0.25 <0.27 1.92+1.14 0.48+0.11 0.80 + 0.54 
740N 140E 0.74 + 0.21 <0.15 0.64 +" 0.51 0.46 +" 0.11 1.05 +" 0.40 
740N 160E 0.90"+ 0.23 <0.33 2.69 + 2.36 0.33 +" 0.12 0.81 + 0.41 



Grid 
Location 

740~ 

740N 
740~ 

720N 
nON 

nON 
72 ON 
nON 
720N 
720N 
720N 
nON 
720N 
nON 
nON 
720N 
720:1 
720N 
720N 
720ll 
700N 
lOON 
700N 
700N 
700N 
UlON 
700N 

180E 
lOOE 
220E 

901-1 
801; 
60\, 
401-1 
2011 

311 
20E 
40E 
GOE 
SGE 

100E 
120E 
HOE 
160E 
ISO!:: 
200E 
nOli: 

871-1 
SOI-l 
60W 
,,ow 
20W ,II 
20E 

TAIlLh 4, cont. 

RADIONUCLIDF. CONCENTRATIONS IN SOIL SAMPLES 
J<'I(QM 20 M GRID INTlIRVALS 

Ra-226 

0.65 + 0.25 
0.8J :j: 0.30 
0.74 + 0.31 
0.59 :;: 0.58 
0.94 ., 0.J8 

0.80:;: 0.25 
0.93 :;: 0.24 
0.89 -;: 0.25 
1.41 + 0.34 
0.88 :;: 0.19 
0.70 :;: 0.18 
0.90:;: 0.30 
0.46:;: 0.15 
0.34 -;: 0.14 
0.81 :;: 0.21 
0.91, :;: 0.21 
1.14 :;: 0.34 
0.89:;: 0.18 
0.80:;: 0.17 
0.744: 0.75 
2.59:;: 0.45 
l.00 :;: 0.36 

h 
b 

0.63 + 0.28 
I.OJ :;: 0.33 
0.49:;: 0.18 

Radionuclide Concentratiolls (pCi/g) 
U-235 U-238 Cs 137 

<0.16 
<0_1:; 
<0.34 
<0.26 
(0.27 
<0.32 
<0.28 
<0.17 
(0.20 
<0.23 
(0.13 
(0.23 
(0.22 
(0.12 
<0.35 
(0.17 
<0.41 
<0.14 
<0.12 
(0. ,1 

(0.30 
<0.27 .. 

b 
0.35 + 0.76 

<0:26 
(0.11 

2.10 + 0.64 
0.(,4 .. 0.84 

0-:-10 
0.S2 + 0.75 
1.89 :;: 1.23 

<0:88 
(0.85 

1.53+0.sa 
2.50:;: 0.75 
1.40:;: 1.21 
1.17 :;: 0.43 
1. 07 :;: 1. 44 

(0-:-62 
0.70+0.37 
0.90 + 3.93 
1. 43 + 0.50 

<1-:-14 
1. 02 + 0.89 
0.23 :;: 0.28 

(1-:-00 
3.36 ... 1. 94 
2.48 + 2.19 

h 
b 

(1.14 
(0.90 

0.52 + 0.57 

0.47 + O. J3 
0.2) I 0.10 
0.54 + 0.17 
0.73:;: 0.13 
0.10+0.09 
0.16 + 0.06 
0.20 :;: 0.09 
0.61, + 0.15 
0.59:;: 0.12 
0.39 + 0.08 
0.42 + 0.10 
0.35 :;: 0.07 
0.64:;: 0.10 
0.78 + O.!O 
0.37 + 0.20 
0.13+0.08 
0.54:;: 0_!5 
0.26 + 0.08 
0.07 :;: 0.05 
0.74"+ 0.1') 
0.66:;: 0.14 
0.35 i 0.18 

b 
b 

0.50 + 0.16 
0.69 + 0.14 
0.95:;: O.ll 

Th 232 

0.83 + 0.69 
0.97 I 0.30 
1.24 :;: 0.36 
0.78 :;: 0.45 

<0-;-12 

1.09 + 0.52 
0.79:;: 0.38 
0.91, + 0.40 
1.21 :;: 0.35 
0.65:;: 0.23 
0.41 :;: 0.27 
0.80 :;: 0.29 
0.59 :;: 0.23 
0.16+0.24 
1. 24 :;: 0.40 
0.97:;: 0.37 
1.19+0,19 
0.87:;: 0.25 
0.63 + 0.30 

<0-:-'11 
1.06 + 0.53 
0.51 "+ 0.40 

b 
b 

1.58 + 0.46 
0.S6 "+ 0.41 
0.29:;: 0.24 



TAIILE; 4, c.onL. 

RADIONUCL.IDE CONCgNTRATIONS IN SOIL SAMPLES 
FROM 20 M GRID INTERVALS 

Grid Radionuclide Conr.entrations (pei/g) 
Location Ra-226 U-235 U-238 -Cs=i3T-- Th-232 

700N 40E 1.34 + 0.24 <0.28 1.15 + 1.66 0.37 + 0.09 0.65 + 0.27 
700N GOll 0.40 I O.~O <0.14 0.S8:;: 0.5J 0.J5 :;: O.O~ 0.3S :;: 0.31 
700N 80E 0.53:;: 0.20 <0.23 <0.66 0.53 + 0.11 0.39 :;: 0.18 
700N 100E 0.80 + 0.21 <0.12 0.61 + 0.37 0.08 + 0.08 0.69 + 0.41 
700N 120E 1.03 T 0.26 <0.16 1.2/, +" 1.09 0.30+0.15 I. 15 + o. % 
700N IIIOE 1.00:;: 0.25 <0.29 3.28:;:: 1.93 0.89 + 0.15 1.04 :;:: 0.31 
700N 160E 1.46:;: 0.34 <0.36 1.77 +" 1.13 0.39 + 0.19 I. 92 "+ 0.63 
700N IBOE O.9 1t '+ 0.2.1. <O.lS 0.95+0.73 0_ 25 + 0_ I 'l I. OR + O.4Q 

w 700N 200E 0.89 :;: 0.2', <0.16 0.66 :;: 0.46 0.37 + 0.10 0.63 :;: 0.32 
00 

700N nOE 0.89 + 0.21 0.',9 + 0.73 4.43:;: 1.53 0.45 :;: 0.13 0.94 :;: 0.44 
680N 87w 0.99 + 0.40 <0:-31 2.57 :;: 1.16 0.68"+ 0.20 0.95 + 0.52 
680N 80W 1.19 + 0.30 (0.24 <0:-88 0.39+0.14 0.60 + 0.42 
680N 60W b b b b b 
680N 401-1 b b b b b 
680N 201-1 0.94 + 0.30 <0.25 1.77 + LID 0.65 + 0.20 1.05 + 0.70 
680N 31-1 I.D:;: 0.32 <0.34 2.75 + 2.02 1.10 + 0.16 1.14 + 0.44 
680N 3E 0_85 +" 0.77 (0.19 <0-:-73 1.64 +" 0.22 0.95:;: 0.38 
680}! 20E 0.71 :;:: 0.26 0.19+0.40 <0.56 0.46 + 0.10 0.3S + 0.28 
680N 40E 0.76 +" 0.22 <0:-18 (0.65 0.40 + 0.12 0.78 +" 0.32 
6BON 60~ 0_41 + O.7.R (O.l~ <0.50 0.55+0.10 0.32 + 0.20 
680N 80E 0.50 + 0.20 <0.13 (0.64 O.ll +0.05 0.56+0.24 
6S0N IOOE 0.45 "1: 0.18 <0.15 0.31 + 0.87 0.64+0.10 0.44 + 0.24 
6!lON 12()E 0.48 +" 0.52 <0.41 4.84:;: 1.92 0.63+0.11 0.60 + 0.76 
68011 140E 1.10+0.24 <0.29 1.73 + 1.72 <0:-09 0.95 + 0.40 
680)1 160E 0.29 + 0.21 (0.16 (0:-63 1.10+0.16 0.26 + 0.3', 
!iRON 180E 0.74 +" 0.38 <0.19 2.15 ·1 1.74 0.49 -+- 0.13 1.10 :;: 0.46 
680)1 200E 0.89 "+ 0.30 <0.28 0.90:;: 1.67 (0-:-04 0.94 + 0.40 



l'AllLII 4, cant .. 

RADIONUeL IDE CONCENTRATIONS IN SOIL SAMPLES 
FRO" 20 ~I GRiD INTERVALS 

-- - - - - - - -

Grid Radlolluclide Concentrations (~Ci/~) 
Location Ra-226 U-235 U-238 Cs-137 Th-232 

baON 220E 0.96 + 0.27 <0.31 4.02 + 1.65 0.41 + 0.12 1.05 + 0.66 
MON 67'" 1.10,0.34 <0.31 1.60 , 1.70 0.26 "+ 0 .. 10 0.92:;: 0.30 

660N 80W 0.61 '+ 0.21 <0.20 0.92 '+ 1.31 0.86'+ 0.14 0.57 +" 0.21, 
660N 60W b b b b b 
G&ON 40W b b b " b 

660N 20W b b b b b 
660N 4R 1.24 + 0.22 <0.24 <0.74 0.34 + 0.09 0.92 + 0.42 
660N 20£ 0.40 + 0.16 <0.09 <0.52 0.75 + O.ll 0.28+0.18 

w 660N 40R 0.39'+ 0.13 (0.12 (0.42 0.04 '+ 0.03 0.47 '+ 0.34 
'.D 

60R 0.49 + 0.21 (0.20 0.77 + 0.96 1. 07 + 0.12 0.81 + 0.20 660N 
660N SOE 0.69 +" 0.19 (0.13 1.17'+ 1.32 0,1,6 +" 0.11 0.68 +" 0.42 
660N 100E 2.11 + 0.45 (0.29 (0-:-87 1. 34 '+ 0.18 0.58 + 0.29 
660N 120E 0.S4 +" 0.25 (0.26 <0.77 0.92 + 0.17 1.19 +" 0. 1,2 
660N 140R 0.74 + 0.26 (0.25 1.04 + 1.30 0.30+0.12 0.82 + 0.34 
660N 160E 1.31 '+ 0.24 <0.28 2.58 + 1. 54 0.29 +" 0.14 0.74 +" 0.43 
660N 180E 0.56 + 0.22 <0.19 0.98 + 1.22 0.12+0.06 0.70+0.31 
660N 200E 0.76 + 0.25 <0. II! 1.?R + 7.1(, (0--:-04 0.11 +" 0.40 
660N 220E 0.59:;: 0.22 <0.21 1.36'+ 1.41 <0.05 0.70 :;: 0.37 
640N 87W 0.64 +" 0.30 <0.22 <0.94 0.79+0.14 0.65 +" 0.41 
6·~OU 80~' 1 rn"+ 0 1"1 <O.?f, 1.01 + 0.7'; 0.24:;: 0.11 0.78:;: 0.29 
640N 60W b b b b b 
640N 40W b b b b b 
61.0N ?OW b b b b b 
61,ON 0 b b b b b 
MON 20E 0.65 + 0.29 <0.23 (0.67 0.66 + 0.13 0.88 + 0.32 
f.40N 40E 1.03 +" 0.28 0.35 + 0.73 4.34 + 1.97 0.64:;: 0.12 1.17 +" 0.46 
640N 60E 0.88 +" 0.33 (0-:-23 1. 58 +" 2.89 0.56 + 0.16 1.19 + 0.43 



IAIILE 4, COllL • 

RADIONUCLIDE CONCENTRATIONS IN SOIL SAMPLES 
FROM 20 ~I GRID INTERVALS 

... - -- ---- - - - - - ---- ---------

Grid Radionuclide GoncentratlonR (pei/e) 
Location Ra-226 U-235 U 238 Gs 137 "fh 232 

640N 80E 0.86 + 0.23 <0.23 1.11 + 2.23 0.26 + 0.09 l. 29 + 0.36 
MaN laO!; 0.91 10.23 (0.:27 <0:-86 0. 1.5 "+ 0.10 1.35:;:- 0.38 
640N 120E 0.86"+ 0.19 <0.29 3.72+1.97 0.50+0.10 0.97 +" 0.33 
64011 140B 0.63 '+ 0.26 <0.21 1.14'+ 1.60 0.65 '+ 0.11 0.63 '+ 0.27 
640N 160B 1.09:;:- 0.31, <0.26 ',.35 :;:- 2.35 0,',0 :;:- 0.13 1.09 :;:- 0.52 
640N 1aOE 1.43 '+ 0.29 <0.31 0-;-05 0.67 + 0.11 0.87 + 0.33 
640N 200E 3.29 + 0.56 <0.28 1.00 + 4.29 0.06 + 0.10 0.92 +" 0.75 
6',ON 220E I.I,l :;:- 0.39 <0.24 (U-:77 0.&3+0.23 0.73:;:- 0.84 

;j 62011 90W 0.81 "+ 0.25 <0.23 <0.83 0.15 :;:- 0.09 1.09:;:- 0.60 
620N 80H 1.04 + 0.26 <0.24 1.17 + 2.11 0.70+0.16 0.56"+ 0.28 
620N 60W 0.65 "+ 0.23 <0.22 <0-;-63 0.33"+ 0.12 0.66"+ 0.36 
62011 40W b b b b b 
620N 201, b b b b b 
62011 Ot; h b b b b 
620N ZOE 0.65 + 0.23 (0.18 (0.69 0.61 + 0.12 0.58 + 0.36 
620N 40E I. 33 + 0.30 <0.25 1.23 / 2.06 0.61 + 0.16 0.89 "+ 0.49 
6~ml hOE h h h b b 
620N 80£ 0.69 + 0.30 <0.23 1.02 + 1.72 0.45 + 0.12 0.80 + 0.42 
6201l 100E 0.70 +" 1.24 <0.27 1.74"+ 1.37 0.36"+ 0.10 1.24'+ 0.35 
670}l DOE 0.70'+ 0.26 (0.18 0.91 "+ 1.86 0.25+0.12 0.91 + 0.41 
620N 140E 0.69 +" 0.27 <0.21 0.65 +" 1.81 0.65"+ 0.11, 0.95 "+ 0.29 
620N 160~ l.03 :;: 0.40 0.76+0.51 1.41 + 1.82 1. 24 "+ 0.22 0.67 + 0.1,6 
6201l 180E 1.51 "+ 0.28 0.29+0.70 <0-:-93 0.34"+ 0.14 0.75"+ 0.54 
620N ZOOE 1.19:;: 0.40 0.23 i 0.62 2.35 + 1.48 0.53+0.16 0.89 '+ 0.44 
620N 220E 0.83 "+ 0.18 <0-:-25 <0-:-80 0.43 "+ 0.11 0.86 +' 0.32 
600N 90W 0.96 +" 0.26 <0.24 0.91 + 2.02 0.61 "+ 0.14 1.08:;: 0.41 
600N 80W 0.66 "+ 0.25 <0.27 <1-:-05 0.46 +" 0.12 0.90 +" 0.36 
600N 601-1 0.59 "+ 0.23 <0.23 <0.99 0.35"+ 0.14 0.71 + 0.32 



TABLE 4, coot ... 

RAIl IONUCL lDE CONCENl'AATIONS DI SURFACE SO [I. SAHPI.ES 
FROt-! 20 H GRID INTF.RVALS 

Grid Radionuclide CUllcenlratious (~ci/g) 
Location Ra-226 U-235 U 238 Cs-J37 Th 232 

600N 50W 7.40 + 0.65 0.85 + 0.89 7.00 + 1.83 0.23 + 0.08 <0.26 
OOOIl 4()W ); 1, b b b 

600N 20\, 0.44 + 0.29 0.40 + 0.52 1.51+2.03 0.43 + 0.l4 1.00 + 0.67 
600N 3W 0.61 "+ 0.23 0.52 "+ 0.37 2.01 :E 1.22 0.41 +" 0.10 1.21 "+ 0.33 
GOON ZOE b b b b b 
600N 40E b b b b b 
596N 60E 0.75 + 0.29 <0.23 1.91, + 1.89 0.52 + 0.14 0.78 + 0.40 
5%11 BOB 0.59 ..... 0.20 <O.IS 0.69 ..... 2.20 0.29"'" 0.10 0.32 +" 0.10 

'" 600N 100E 0.91 +" 0.26 <0.20 1.20 +" 1.50 <0-:-04 0.68 +" 0.25 ,- GOON 120E 0.76"+ 0.26 <0.25 3.20 "+ 1.45 0.53+0.10 0.81 "+ 0.41 
600N 140E 1.01 +" 0.25 <0.19 2.05 +" 1.21 0.23 +" 0.11 0.78 +" 0.38 
600N 160}; 1.43 +" 0.31 <0.19 1.93 + 1.93 0.33 + O.ll 0.64 + 0.57 
600N 180E 1.14 +" 0.26 <0.25 2.80 +" \.05 0.52 +" 0.09 0.81 +" 0.32 
600N 200E 0.69 +" 0.23 <0.29 3.33"'" 1.36 <0-:-04 0.88 ..... 0.38 
600N nor: 2.94 +" 0.44 <0.27 2.50 +" 2.27 <0.05 0.76 +" 0.31 
580N 90W 0.88"+ 0.19 <0.17 1.16 :; 1.35 0.36 + 0.07 0.70"+ 0.34 
S80N BO\ol 0.76 +" 0.29 <0.22 1.68 +" \.59 0.22 +" 0.12 0.6B ..... 0.40 

580N 60\1 0.58:; 0.26 <0.24 1.49 "+ 1.80 0.39"+ 0.16 0.67 "+ 0.31 
580N 50H 0.91 ;- 0.25 <0.27 2.12 +" 2.04 1.24 ;- 0.23 0.65 ..... 0.31 
5BON 1.0\01 h h h h h 

580N 2011 0.601 0.20 <0.21 1.62 + 2.05 0.37 + 0.11 0.76 + 0.30 
580N 311 0.65"+ 0.20 0.17 + 0.63 1.84 "+ 0.98 0.57 +" 0.13 0.17 + 0.38 
SBON ?ilF 1.111 ..... 0.14 <0-:-% d710 1l.69 +" 0.17 (!i:-:j() 
S80N I,OE 2.00 "+ 0.34 <0.36 3.54 + 1.52 0.82"+ 0.15 0.44 + 0.31 
580N 60E 3.51 ..... 0.1,5 0.82 + 0.75 7.00:; 1.76 0.67;- 0.14 <0:29 
~RON ROE 0.95;- 0.24 <0-:-23 <0-:-89 0.57 :;: O.Ii, 0.61 + 0.56 
580N 100E 1.00 IO.23 <0.34 (1.15 0.58 +" n.ll 1.32 +" 0.51 



TABLE 4, cont. 

RADIONUCLIOE CONCENTRATIONS IN SURFACE SOIL SAHPLES 
FROM 20 H GRID INTERVALS 

Grid Radionuclidc Concentrations (pCi/lii) 
Location Ra-226 u-235 U-238 Cs-137 Th 232 

)80N 120E 0.76 + 0.26 <0.22 (0.71 (0.04 0.55 + 0.32 
58011 140£ b b b b b 
58 ON 160£ b b b h b 
580N 178E 1. 36 + 0.29 <0.32 <I.Ol 0.51+0.12 0.74 + 0.43 
580N 200E 0.55 +" 0.20 <0.22 2.06 + 1.03 0.59 +" 0.14 0.74 +" 0.33 
580N 220E 0.44 "+ 0.26 (0.22 (0:-98 0.1,0 "+ 0.12 1.09 "+ 0.61 
560N 90W 0.95'+ 0.34 (0.21 1.61 + 1.73 0.28 '+ 0.09 0.75'+ 0.42 
56011 80W 1.29"+ 0.38 0.36 + 0.58 <1:-03 0.26'+ 0.08 1. 21 "+ 0.42 
560)1 60W 1.59'+ 0.31 <0:-33 1. 40 + 1.60 0.44 '+ 0.11 0.98 '+ 0.39 
56011 40W 0.73 "+ 0.26 (0.20 1.22"+ 1.51 0.04'+ 0.05 0.90 "+ 0.40 
~60N 201-/ 0.:;:; "+ 0.21 ,,0.16 (0-:-72 O.JO :;: 0.10 0.66 T 0.27 
560N 3W 1.08"+ 0.1,5 (0.24 1.21 + 0.95 1.00+0.16 0.67"+ 0.31t 
560N 20E 1.78 + 0.41 (0.31, . 1.66 +" 1. 65 0.71 +" 0.13 0.86 +" 0.42 
56011 40E 1.03 l' 0.26 (0.21 1.62 +" 1.54 0.20 -;- 0.12 0.97 -;- 0.39 
560N 60E 2.15 +" 0.40 <0.1t3 2.77 +" 2.20 0.63 +" 0.15 1.26'+ 0.47 
560N 80E 1.13 '+ 0.26 <0.22 1.38 +" 1.',0 0.37"+ 0.16 0.83"+ 0.40 
560N LOOE O.3~ :;: 0.16 (0.14 2.n'+ 1.67 0.51 '+ 0.12 0. 1,0 + 0.35 
560N l20E 0.73+0.29 (0.21 <0-:82 0.36"+ 0.10 0.33'+ 0.34 
560N 140E b b b b b 
5UOII 160E b L b b b 
56011 178E 0.89 + 0.35 (0.38 2.f>9 + 3.02 1.28 + 0.19 0.78 + 0.36 
560N ZODE 0.63 + 0.39 <0.22 0.98 + 3.08 0.90"+ 0.20 0.79+0.36 
560N nOE 0.56 + 0.25 (0.21 (0-:75 0.2\ T 0.08 0.86 + 0.40 

:lI Error:;:! Q;['"C 2-v baccd on connting statistic:r;;::. 

b No soil sample collecled due to presence of huilding, water, or other surface condiLions. 



~, 

w 

Sample Sample 
No. Type 

Bl Rock 
HZ Kock 
B3 Rock 
BII Rock 
B~ Rock 
86 Rock 
B7 Rock 
118 Rock 
B9 Rock 
BIO Rock 

----

a R~fer to Table 

Grid 
Location 

86 /1N, 27W 

I.I""~, 17W 
815M, 23E 
602N,136E 
6001'1,160B 
600N, 51W 
5a1N, 62E 
Yi9N. 19E 
541N,12JE 
St.1N,179E 

3 for direct 

TABLE 5 

RADIONUCLIDE CONCENTRATIONS IN SURFACe SAMPLES 
FROM LOCATIONS IDENTlFltW BY Till:: WALKUVI::I( 5CAN 

_~~~ _____ Radionuclide Concentrations (pCi!g)8 
Ra -226 U-:n-Sb . - U-2JS b Cs-13 7 

36.1 + 1.0c 2.81 + 1.20 16.8 + 2.3 <0.09 
'19.' :;: Z.O 12.1 ..- 3.) J3.4 :;: 8.J ,,0.10 
34.8 + 1 ~ 5 2.28 + 2.20 36.6 + 9.8 <0.14 
23.7 + 1.3 <0-:91 25.3 + 7.8 0.19+0.13 
43.7 + 1.J 4.62 + 1.89 72.0:;: 2G.2 0.13 T 0.11 

25.3 + 0.9 1.86 "+ 1.08 30.7 + 2.7 0.03"+ 0.05 
37.6 + 1.7 3.72 + 3.01 43.4 "+ 7,4 (0-:-15 
20.7:;: 1.4 2:.59 f- 2.33 19.0 I B.O <0.13 

990 + 12 58.8 :;: 16.2 94.8 :;: 26.9 <LOI 
4280 + 30 170 + 35 <58-:3 0.11 

radiation levels. 
b Large errors and poor detection sensitivities result from high activity of Ra-226. 
C Errors are 20" hased on counting statistics. 

Th 232 

<0.36 
<0.7G 
<0.61 
<0.43 
(0.53 

0.75 + 0.60 
<0-:-69 
<0.52 

84.5 + 7.1 
95.7 + 22.8 



TAB!.!> 6 

RADIONUCLIOE CCNCENTRATIONS IN BOREHOLE SOIL SAHPI.ES 

• p ___________ ._r r _P __ .. 6. ~_._. __ ~~_. ___ ~ ~ ~ • ~ P. ______________ 

Borehole Grid D~pth Rad1onnr.J1de Conr-entrat1ons ( ~C!/g) 
No." Location (m) Ra 226 U 235 U 238 Cs-i37 Th 232 

1Il 860N, 301/ Surfaceb 1.09 + 0.26 c (0.30 0.85 + 1.86 (0.03 1. I. 2 + 0.12 

112 060tl, JOE :Jurfac.cb 0.88 + 0 ... 21 <0,17 0.90 + 0.97 0.38 -'.. OdZ 0.7\ , 0 • .\0 

n3 840N,152E Surfaceb 1.43 2: 0.31 <0.30 1.73 + 1.65 <0.04 1.80 .! 0.45 

H4 nON, tOE Surfaceb 0.91 + 0.24 0.\3 + 0.33 1.40+0.77 0.07 ~ 0.09 1.00 + 0.33 

H5 620N ,195E Surfacg,h 0.80 ... 0.1& <0.26 1.63 ... 1. 31 0.12 + O.OS 0.92 + 0.31 

~-
Sudaceb ~- H6 570N, 20E 0.93 + 0.20 (0.14 0.58 + 0.81 (0.02 0.77 + 0.27 

H7 580N, 83W Surfaceb 0.93 + O.'d <0.32 <0.98 0.31 + 0.11 2.06 + 0.55 

118 614N, 85W Surfaccb 0.89 + 0.28 (0.17 0.77 + 0.53 0.56 + 0.10 0.54 + 0.42 

119 620N, 70W surfac.eb 1.28+0.36 (0.36 \.71 .! 1.85 0.59 + 0.16 0.90 + 0.35 

1110 600N, 51W Surface 25.3 + 0.9 1.86 + 1.08 30.7 + 2.7 0.03 + 0.05 0.75 + 0.60 
0.15 20.6 "+ 0.9 2.60"+ 1.35 39.1 "+ 3.5 <0-:-09 <0-:-38 
0.50 0.83 IO.24 (0-:-14 1.22 I 0,1,7 <0.0, 0.H7 :t. n.'1 

Hl1 8114N, 171" Surface 49.5 + 2.0 12.1 + 3.5 53.4 + 8.5 <0.18 <0.76 
0.15 0.98 "+ 0.20 <0-:-15 1.55 '+ 0.54 <0.02 0.97 .± 0.35 
0.90 1.16+0.23 (0.29 1.35 I: 0.95 (0.04 l.O6:!:.O.31 



<-, 
en 

Borehole Grid 
No. Location 

HI2 81SN, 23E 

H13 541N,179E 

"14 '41N,lZ3E 

TABLE 6. cont. 

RADIONUCLIDE CONCENTRATIONS IN BOREHOLE SOIL SAMPLES 

Depth Radionuclide Concentrations (pCi/g) 
(m) Ra-226 U-235 U-238 Cs-137 

Surface 34.8 .!. 1.5 2.28 + 2.20 36.6 + 9.8 <0.14 
0.15 1.16 + 0.29 <0-:-15 1.11+0.87 <0.02 
U.~O l.lb "+ U.JY <o.n 'L.IY"+ 1.:14 (0.04 

Surface 4280 + 30 170 + 35 <58.3 0.11 
0.30 Jl.3 + 0.8 <0-:04 <1.b!S <U.UI 
1.20 3.65 I 0.41 <0.19 <0.47 <0.03 

Surface 990 ... 12 58.8 ... 16.2 94.8 ... 26.9 <1.01 
0.15 1.04 + 0.30 <0-:-26 <0-:-79 <0.03 

Th-232 

<0.61 
0.98 + 0.56 
1.15:± 0.33 

95.7 + 22.8 
l.J4"+ O.b4 
0.78 + 0.31 

84.5 + 7.1 
0.93 +" 0.38 

a Refer to Figure 4. 
b Subsurface sampling was not performed based on negative findings of the borehole gamma scans. 
C Errors are 20 based on counting statistics. 



TABLE:: 7 

RADIONUCLIDE CONCENTRATIONS IN WATER SAMPLES 

Sample 
No. 

WI 
W2 
W3 
W4 
W5 
w,; 
W7 
W8 
1,9 
WID 
Wll 

Sample 
Type 

Surface Cl 

SurfaceB 

Sub!ilurfaCQ 

Subsurface 
Subsurface 
Sllh~'lrf.Rr,p. 

Subsurface 
Subsurface 
Suhsurfar.e 
Subsurface 
Subsurface 

a Refer to Figure 5. 
b Refer to Figure 4. 

'B-orehole 

Borehole 
Borehole 
R ..... t'"phnlp 

Borehole 
Borehole 
Borehol~ 

Borehole 
Borehole 

Grid 
Location 

570N, 79E 
560N, 45E 

H1h 860'1, 30W 
1!2b 860N, JOE 
1!4b nON, lOE 
H9 b /;?ON, 7(l].j 

U5b 620N ,195E 
USb 614N, 85W 
H6h S70N. 20E 
HUb 541N,179E 
nl4b 541N,I2JE 

Radionuclide Concentrations (~Ci/l) 
Gross Alphac Gross Beta 

1.62 + O.47d 2.77 + 0.47 
1.83:;: 0.51 10.3 + 0.7 
7.01 :;: 1.65 1,.20:;: 1.19 

10.2 :;: 2.1 6.98:;: 1.58 
8.85 "+ 3.78 11.2 :;: 4.3 
7.~q :;: 1.79 4.74 :;:: 4.01 
3.8/+ :;: 1.06 5.03 "+ 0.98 

10.6 :;: 3.4 14.7 "+ 3.3 
6.54:;: 1.61 7. R9 :;: I. ';9 
1. 5/, :;: 0.80 2.65 :;: 0.88 
1.08 :;: 0.66 1.15 :;: 0.80 

c Large amounts of dissolved solids resulted in relatively poor detection 
sensitivities and high errors for gross alpha analysis. 

d Errors are 2 a based on counting statistics. 
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TABLE B 

SUmlARY OF RESULTS OF BUILDING SURVEYS 

Gam:na ~xposu,e 

nutlding 3 Rates I ~lelel: Above 
the Floor 
()lK/h) 

A 4.4-~.7 

B 4.2-5.5 
C 4.9-5.7 
D 5.5-5.9 
t: 5.9-6.1, 

---.. ~ 

a Reter to t'igure 2. 

Ulrecrly Measured .:")Ul."face Cunt,.arnlEIC:JLlull LII;,!'Vt;:l~ 

Alpha Beta-G~l'1mR 
(~/ul/ 100 ~'" ) 

<26-10) 09',-6)', 
<26-17 094 
<26-64 094 

51-103 <394 
(26-51 (394 

Beta-Gamma Dose Rate 
(n,,:ud/h) 

.Ol~- .0) 

.01-.02 

.01 

.01-.02 

.01 



Grid Locetiona 

862-870~ 21-31W 

852-856" 90-91W 
840-S46N I A-ZOW 
834-840' 32-40W 

eO,-a20~ 40-47W 
a 12-a:;w~; 
681-691 , 

616-625N 

600-60~N 

600-602N 

29-40W 

32-35E 

0-7£ 
1~4-140E 

160-176E 

~OO-604" 206-220E 
580-600N 212-214£ 
580 .. ttQUN 

580-582N 

569-572N 

4 (-')"b/ 

60-63E 
49-52E 

~~O-558N 50-56= 
540-545N I-liE 

862N '0. 
827N eO. 
824N 26W 
821N 48W 

821N 43W 
62CN 56W 

81eN 18£ 
816N 21£ 

81eN 24E 
815N 23£ 

aOON 58W 

59JN 196£ 
590N 196E 

575" 64£ 
564N 24. 
56 1f~ 22E 

;59N 19£ 

559N 21E 

544N 57£ 
543N 57E 

'541N 12~£ 

'/541N 179£ 

a Refer" to ~\gure 7. 

TABLE 9 

SlJ<MARY Cf AREAS ON PROPERTY V W-i Ie, 

eXCEED RESIDUAL CONTAMINATIO' CRITERIA 

P~'nclp~t £5tlma~ed Ou~ntitle5 of Materi~l Exceeding Guldel loes 
Radlonwclldes D Ai08 (m) Avei8go DODth (m) Volume (m ) 

Re-226, U_238c 

R.-226, U-238" 
R.-226, U-238' 
R.-226, U_23Sc 

Ro-226, U-138" 
~o 226, U .. 23SC 

RtJ-226, U_238C 

Ra-226~ U-2)SC 
Ro-226. u-nec 
Ro-226, U_23Sc 

Ro-226, U-23Sc 

R.-225, U-23Sc 

Ko!I-Z:lb, U-i.Je¢ 

R.-226, U-238" 
R.-225. U-238° 
Ra-22'5. 1.1-238';; 

R~-226, l.:-23SC 

R.-225, ,-238c 

Ra-226. 1,..-23Sc 

Ra-226, U_23Sc 

R.-22o, U-238c 

R.-22~, U-238c 

Ri.'.I .. ZZ6, U_Z!6C. 

~a-220, U-2~8C 
R.-'Z6, U-238" 
;;'8 ... 226. U ... 23SC 

R.-l26, U-2;;S" 
~.-126, U-2:18c 

<.-226, U-238° 
Ro-226, U-238' 
R;;:I-.226. U_2;)Sc 

Ra-226, U-23Sc 

Ro-22G,. U-230c 

Ro-226, U_23Sc 

R.-226. U-Z38c 

Ra-226. u-238c 

R.-226, U-238" 
R.-226 c 

Ri:-226 12! 

SG 
4 

3e 
4d 

71 
as 

6~ 

16 
32 

5(0 
40 

IUU 

o 
9 

48 

50 
__ d 

0.15 
0.15 
0.15 
0.15 

0.15 
0.15 

0.15 

0.15 
0.15 
0.15 

0.1 ~ 
0.15 
U. I, 

0.15 
O. I 5 
o~ 15 

0.15 

0.30 

12 
0.6 
5.4 
7.2 

11.6 

1.8 

9.5 

4.8 
8.4 
6 
I~ 

0.9 

.4 

7.'2 

7.5 

Gt;tn('lr.., I ..,ro.;l~ Qf 

c:",u!;.'\ed rock 

II I I • 

!$Ol<:ated II~01' 

spo"t~" contZlill­

Ing crushed reck. 
or Individual 
p I ece~ of r"OC<-
I I ... ~ !TII:II~I 101. 

Unl~ss. Indlcatod 
otn~rWI:s..;" 

a'llert'llJB deeth 1$ 
lIppro:»:. : ... 15 m. 

The volume of 

rrater i 0: I at e~ch 
of these loc8-
t 1on5 Is 

ostl"",tOd to be , 
leS3 thu"'l , m • 

b eased ;In Inforll'\oeltlon from s"mple <:InZ!lv~I:;, dlroet radiation :evels t locatlo'lst dis.tr"lbutlon, 
and physkal er,aractoristics. 

c Bel loved to bo ot natur~1 orlgl; <:and not attributable to prevlou~ MED/AE~ opei~Tlons. 
d D~sh indiC<:lt~s deter~ln~Tlon not mado. 
e Consider-Be to havo r05uitad fro'll pr"evloL:s !w1ED/AEC activities. 
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APPENDIX A 

Instrumentation and Analytical Procedures 

Gamma Scintillation Measurements 

Walkover 8u);"fil~e scans ~nd measurewe.o.L.s vf gaunua e.:x:l:-I0sux;e 1;.ates were 

perfor:ned using Eberline Model PRM-6 portable ratemeters with Victoreen 

Xod~l 489-55 ~amma scintillation probes containing 3.2 cm x 3.3 Cm NaI(T!) 

scir.til lation 

(uRlh) using 

sdntillation 

crystals. 

factors 

detector 

Count rates 

de t ermined by 

with that of 

Were converted to exposure rates 

comparing the response of the 

a Reuter Stokes model RSS-III 
pressurized ionization chamber at :'ocations on tbe Niagara Falls Storage 

Site and off-site properties. 

Measurements werE!: pt:=!rfot":'ned using Ehpr1 ine "Rascal. 11 Model PRS-l, 

portable scalerlratemetcrs with Model HP-260 thin-window, pancake G-M, beta 

probes. Dose rates (~radlh) were determined by comparison of the response 

of a Victoreen Model 440 ionization ch9mber survey meter to thac 0: the G-M 

probes. 

Borebole Logging 

Borehole gamma radiation measurements were performed using a Victoreen 

Model 489-55 gamm .• <c;ntillation pro],I'. c.nnnpcted to a Ludlum Model 2200 

portable scaler. The scintillation probe was shielded by a 1. 25 cm thick 

lead shield with fou);' 2.5 cm x 7 mm holes evenly spaced around the region 

of the scintillation crystal. The probe was lowered into each hole using a 

tripod holder with " small winch. MeasGrements were performed at 15-30 em 

intervals in all holes. 

possible residues and 

The logging data was used to identify regions of 

guide the selection of subsurface soil sampling 

l,,;;atiou.. Oue to tile varyinl$ r"t~os of R,,-22G, U-Z::l5, 1,)-238, IIt-23Z, "lid 

Cs-137, there was no attetllpt to estimate soil radionuc1ide concentrations 

directly from the loSSiDg ~e~vlt~-
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Soil SamEl. Analy.i. 

Gamma Spectrometry 

Soil samples were dried, mixed, and n 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 froe 600 to 800 g of 

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

intrinsic germanium and Ge(Li) detectors coupled to 11 Nuclear Data model 

ND-680 pulse heigllr analyzer sysrem. ~acl<gr:ound and Compton stripping, 

peak search, peak identification, and concentration calculations were 

Energy peaks used for deternination of radionuclides of concern were: 

Ra-226 - 0.609 MeV from Bi-214 (corrected for equilibrium conditions) 

U-235 - 0.143 ~eV 

U-238 - 0,094 MeV from Th-234 (secular equilibrium assumed) 

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

c.-137 - 0.6u2 ~~V 

Water Sample Analysis 

Water samples were rough-filtered through Whatman NQ. 2 filter paper. 

Remaining suspended solids were removed by subsequent filtration through 

0.45 ue membrane filters. The filtrate was acidified by addition of 10 ml 

of conccntrate6 nitric acid. A known volume of each sample was evaporated 

to dryness and counted for gross alpha and gross beta using a Tennelcc 

Model La 5100 low-background proportional counter. 



Calibration and Quality Assurance 

With the ex.ccptioll of the eXl'ost.Cre and dos., rate conversi.on facto'ts 

for POI" taLl.~ survey g~llllJli';i t\IHI beta-g«unI'b. IDt! ter5 t all ::IUJ;V~y and l(:iUura.Lury 

instruments were calibrated with NBS-traceable standards. The calibration 

procedures for these portable instruments are described above. 

Quality control procedures on all instruments included dail:; 

background and check-source meaSUl:emen,s to confi-rm equi.:pment p/;:do1:mance 

was within eKpected statistical fluctuations. The ORAU laboratory 

participates in the EPA Quality Assurance Program. 
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APPENDIX 3 

SUMMARY OF RADIATION GUIDELINES 
APPLICA~LE TO OFF-SITE PROPERTIES AT THE NIAGARA FALLS STORAGE SITE 



V. S. DEPARTMENT OF E~ERCY 

INTERIM RESIDUAL CO~T&~INATION &,D ~ASTE CO~TROL GJIDELI~~S 
FOR 

FO~~[RLY UTILIZED SITES RE~-SIAL ACTION PROGRAM (FUSRAP) 
M,:J 

REMOTE SURPLUS FACILITIES K'.~;.~GE~NT PROGRA.~ (SFl1P) SITES 

(Review ~ithin DOE Co~ti~uing) 

Presented here are the rcsldual conta~i~Ation cleanup and waste control 
guide!~nes of general applicability to the FUSRAP project and remote SFHP 
sites-. A Site-specific analysis will be prc~ared for each FUSRAP and remote 
SFMP site prior to determining residual contamination guidelines for a specific 
site. In addition, it is the policy of the DOE to decontaminate sites in a 
manner consistent with DOE's as-low-as-rcasonably-achievable (ALARA) policy. 
ALARA will b~ ConSidered in reducing levels ot residual ~ontamination below 
appli~able dose limits. ALARA will be imple~ented using cost/benefit 
considerations, and applied on a site-specific basis. 

The soil residual contamination guidelines were developed on the basis of 
limiting maximum individual radiation exposure to DOE limits specified in DOE 
Order 5480.1A exclusive of exposure from natural background radiation or 
medical procedures. The radium-226 and thorium-230 guidelines include an 
additional limitation for buildup of radon-222 de~ay products in buildings. The 
aggregate of the contribution from all major pathways, based on scenarios for 
permanent intrusion~ e.g., establishing rcsidcncc6 on the site, was assumed. In 
most circumstances, the probability is low that such an intrusion will occur. 
Also, conservative assumptions were used in deriving these guidelines to ensu~e 
that. a pat Ll1;1,l1,p,1 (,It,.l~t: l.i.m.lr... wV1,l1d llut 1.>1'.: t::A(,:l:':t::ut::ll.. Ulbtt;': vf lll1':~~ ~ul<lt::l111l:':s is 
additionally conservattve be~ause the pathways considered in the derivation of 
the guid~lines ~$$u~e all water intake and most food intake is fro~ the site. 
Also. th~ FUSRAP and remote SFMP ~ite~ o£teo have limited agricultural 
capability and the contamination is generally not homogeneous. The cocbined 
effect of these factors is such that the probable radiation exposure to the 
averag~ population on, or in the vicinity of, FUSRAP or remote SFMP sites 
decontaminated to these guidelines will not be appreciably different from that 
normally received from natural background radiation. 

The residual contamination guidelines tor surtace contamination of stru~tures 
were adapted from guidelines developed by the U. S. Nuclear Regulatory 
Commission (NRC) for decontamination of facilities and equipment prior to 
~elcasc fo. un.e~t~ict.ed u6e2Y~ termination of licenBe6 fo~ byprodvct, 3 0 urcc, 
or special nuclear material -. The waste control guidelines are consistent 
with applicable DOE Orders and EPA's regulations for inactive uranium milling 
Rit~~. 40 CFR P~~. 192. 

!/A remote SFMP site is one that is excess to DOE programmatic needs and is 

March 21, 1984 
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located outside a ~ajot operating DOE R&D or production area. R~mote sites 
are more likely to be released to the public or excessed to other government 
agencies after decontamination than are sites located with major R&D or 
prOduction areas. 

!/U. S. Nuclear Regulatory Commission 1982 Guidelines for Decontamination of 
Facilities and Equipment Prior to Release for Unrestricted Use or Termination 
of Licenses for Byproduct, Source, or SpeCial ~uclcar P~tcrial. Jivision of 
Fuel Cycle and Material Safety, Washington, DC. 

A. : RESIDUAL CONT~~IKATION GUIDELI~~S FOR fO~~RLY UTILIZED SlTES A~D REY-OTE 
SURPLUS fACILITIES MA!<AGEHENT PROGRAM SITES 

T~e following guodelines represent the maximum residual contamination 
limits for unrestricted use of land aod structures contaminated ~ith 
radionuclides related to the nuclear fuel cycle at FUSRAP and re~otc SFMP 
sites. A site-specific analysis will be prepared for each site prior to 
determining residual contamination guidelines for a specific site. It is 
the policy of DOE to decontaminate sites to contamination levels at or 
below the liJ.JJ..it~ Cl.ml iu G lDatlU~.L f,;um)l~l.eIll ·.."ilh DOe's 

as-low-as-is-reasonably-achicvablc (ALARA) policy on a site-specific basis. 
Site-specific guidelines and ALARA policy will be determined by DOE on a 
~:drp-~J1Pt:'ifi,c ba.~.:t.!;: and a.'c Al...ARA report filed. on complet.ion o! remedial 
action at a site. Existing state and federal standards will be applicc for 
water protcction. Residual contamination limits for/other nuclides will be 
developed when required using the sa:ne methodology- as "as USed for those 
represented here. 

1. Soil (Land) Guidelines (Maximum Limits £or Unrcstricted Use) 

R,agionuclidc 

U-23S¥ 
Pa-231 
Ac-227 

!h-232 

Am-241 S/ 
Pu-241-
Pu-23S, 239, 240 
C6-lJ7 

B-2 

Soil Criteri~/,~/,il 
(pCi/g above background) 

75 
150 
150 
15 

5 pei/g, averaged over the 
first 15 em of soil below 
the surface; 15 pCi/g when 
averaged over 15 em thick 
~Q.ll l#lYt.:"";s mun: than 15 ~1ll 

below the surface and less 
than 1.5m below the surface. 

140 
40 

190 

15 

60 
2400 
300 

80 



Sr-90 
H-J (pCi/ml soi2 moisture) 

liD "b d " - escr~ e lU ORO-83! and ORO-832. 

300 
3,200 

~/Ip the event Q£ o~~u~rQnCQ ~f ~ixturQs of r2dionu~lidQG, the 
fraction contributed by each radionuclide to its guideline shall be 
determined, and the Sum of ~hese fractions shall not exceed 1. 7here 
are two special cases for ~hich this rule must be modified: 

(a) If Ra-226 is prescnt, then the fraction lor Ra-226 should not be 
included in the sum if the Ra-226 concentration is less than or 
equal to the Th-230 concentration. If the Ra-226 concentration 
exceeds the Th-230 concentration, then the Sum shall be 
evaluated by replacing thc Ra-226 concentration by the 
difference between the Ra-22G and Th-230 concentrations. 

(b) If Ac-227 is present, then the, same rule given in (a) for Ra-226 
rpl~tive to Th-230 ~pplies for Ac-227 relative to Pa-23l. 

~Except for Ra-226, these guideli~es represent unrestricted-use 
residual concentrations above background averaged acr02s any 15 em 
thick layer to any depth and over any contiguous 100 m surface area. 
The same conditions prevail for Ra-226 except for soil layers beneath 
1.5 m; beneath 1.5 m, the allowable Ra-Z26 concentration may be 
affected by site-specific conditions ~nd must be evaluated 
accordingly. 

~/Localized concont+~tion& in excess of those g~~d~lines a~e 
allowable provided that the average over 100 m is not exceeded. 
However, DOE ALARA policy will be considered on a site-specific basis 
when dealin~ with elevated localized concentrations. 

~/A curie of natural uranium means the sum of 3.7 x 1010 

disintegrations perlBecond (dis/s) over any 15c~ thigk layers from 
U-238 plus 3.7 x 10 disls from U-Z34 plus 1.7 x lU dis/S from 
U-23S. One curie of natural uranium is equivalent to 3,000 kilograms 
or 6,600 pounds of natural uranium. 

!/Assumes no other uranium isotopes are present. 

~/ThQ Th-230 guid~line is J~ pelle to accOunt for ingrowth of Ra-226 
as Th-230 decays. Ra-226 is a limiting radionuclide because its 
decay product is Rn-222 gas. 

~/The Pu-241 guideline was derived fro~ the Am-241 concentration. 

2. Structure Guidelines (Maximum Limits for Unrestricted Use) 

a. Indoor Radon Decay Products 

A ~tructuTe located O~ private property and intended for 
unrestricted use shall be subject to remedial action as necessary 
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to ensure the annual average concentration of radoo d~cay ?Toducts 
is less than 0.03 WL within the structure. 

b. Indoor Ga~a Radiation 

The indoor gacma radiation after decontamination shall nct exceed 
20 ~icroroentgen per hour (20 R/h) above background in any 
occupied or habitable building. 

c. Indoor/Outdoor Structure Surface Contamination 

Allowable Surface Rcsicua~ Contamination+ 1 

(dpm/lOO em ) 

RadionuclidesY 3/ 4/ . 4/ 51 4/,6/ Average- '- Max~mum- '- Removable- -

Transuranics, Ra-226, 
Ra-228, Th-230, Th-228, 
Pa-231, Ac-227, 1-125, 
1-129 

U-N3tur31~ Th-131, 
Sr-90, Fr-223, Ra-224, 
U-232, 1-126, 1-131, 
1-133 

U-Natural, U-235 , U-238, 
and associated decay 
products 

Beta-gamma emitters 
(radioDuclidc~ with 
d~cay mod~s other than 
alpha emission or 
spontaneous fission) 
except 5r-90 and others 
noted above 

100 

1,000 

5,000 

5,000 

300 20 

3,000 200 

15,000 1,000 

15,000 1,000 

1/ As used in this table, dpm (diSintegrations per minute) 

2/ 

3/ 

4/ 

means the rate of emission by radioactive material as 
deternined by correcting the counts per minute observed by an 
appropriate detector [DC btH::l<1>, <> ... m1, efficiency, BOU geomet:dc .. 
factors associated Yith the instrumentation. 

Where ~ur£ace contamin~tio~ hy ~~th n1pnn- ~nd 

beta-gamma-emitting radionuclides exists, the limits 
established for alpha- and beta-gamma-emitting radionuclides 
shall apply independently. 

Measurements of avzrage contaminant should not be averaged 
over more than 1 m. For objects of less surface area, the 
average shall be derived for each such object. 

The average and maximum radiation levels associated Yitb 
sur-fdee 4;;;ODt:.~in.ation re5ulti'ng from bc.ta-go.mmn emittcr., ::Jhould 
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5/ 

6/ 

not exceed 0.2 mrad/h at 1 em and 1.0 mrad/h at 1 cmZ respectively, measured through not more than 7 mg/cm of total 
.a.L~ULbe.r-. 

The maximum contijmination level applies to an area of not 
more than 100 cm~. 

The amount of remo\'able radioactive material per 100 cm2 of 
surface area should be determined by ~iping that area with dry 
filter or soft abso~bent paper, applying moderate pressure, and 
assessing the amount of radioactive material on the wipe with 
an appropriate instrument of known efficiency. '.'hen re:mova1:>le 
contamination on objects of less surface area is determined, 
the pertinent levels shall be rcdeccd proportionately and the 
entire surface: shall be wiped. 

B. CONTROL OF ~\DrOACTrVE WASTES AND RESIDUES FROM FUSRAP AND REMOTE SFMP 
SlIES 

Specified here are the control requirements for radioactive wastes and 
residues related to the nuclear fuel cycle at FUSRAP and remote SFMP sites. 
It is the policy of DOE to store radioactive wastes in a m~nner 
re?Iesencing sound engineering practices COnsistent with DOE's ALARA 
policy. 

1. lncerim Scorage 

All operational and control requirements specified in the follo~ng DOE 
Orders and other items shall apply: 

a. 5480.1A, Environmental Protection, Safety, and Health Protection 
Pro~ram for DOE Operations. 

b. 5480.2, Hazardous and Radioactive Mixed Waste Management. 

C. 5483.1, Occupational Satety and Health Program for Government-OWned 
Contractor-Operated Facilities. 

d. 5464.1, Environmenca1 rrotectiou y Saiccy, nnd ncnl~b Pro~cction 
Information Reporting Requirements. 

f. 5820, Radioactive Waste Management. 

g. Control and stabilization features will be designed to ensure, to 
the extent rea~onably achievable, an effective life of 50 years, 
and in any case, at least 25 years. 

h. Rn-222 concentrations !n the atmosphere above facility surfaces or 
openings shall not (1) exceed 100 pCi/l at any given pOint, or an 
average concentration of 30 pC!/1 for the facility site, or (2) 
exceed an average Rn-222 concentration at or above any location 
outside the facility site of 3.0 pCilI (above background). 
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i. For ~ater protection, use exis~ing state and federal standards; 
~pply site-specific measures where needed. 

Long-Term Management 

a. All operational requirements speCified for Interim Storage 
Facilities (B.Il ~ll apply. 

b. Control and st3bili~ation· fQ~ture~ will ba dQ~isned to Qns~rp to 
the extent reasonably achievable, an effective life of 1,000 years 
and, in any case, at least 200 years. Other disposal site oesign 
features shall conform with 40 CFR Part 192 perfo~ance 
guidelines/requirements. 

c. Rn-222 e~anatioD to the atmosphere from facility surfaces or 
openi~g shall not (1) exceed an average release rate ot 20 
pCi/m Is, or (2) increase the annual average Rn-222 concentration 
at or above any location outside the facility site by more than 0.5 
pCi!l. 

d. For water protection, use existing state and f~deral standards;. 
Apply ~itP-~pecific measures where needed. 

e. Prior to placelllcllt of a';y potentially biodegradable contaminated 
wastes in a Long-Term Management Facility, such wastes will be 
properly conditioned to (1) ensure that the generation and escape 
of biogenic gases will not cause the requirement in paragraph 2.c. 
to be exceeded, and (2) ensure that biodegradation within the 
facility ~ll not result in premature structural failure not in 
accordance with the requirements in paragraph 2.b.. If 
biodegradable wastes are conditioned by incineration, incineration 
operatiQnc ~ll be ~arriad out iD compliaoce with all ~ppli~~hlp­
federal, state, and local air cmission standards and rcquirements, 
inclUding any standards for radionuclides established pursuant to 
40 CFR Part 61. National Emission Standards for Hazardous Air 
Pollutants (NESHAPS). 

C;. EXCEPTIONS 

Exceptions may be made to the guidelines presented herein following 
analysis of the site-specifie aspects of a candidate site. Specific 
situations th8t warrant consideration for modifying the~c guidelinec are: 

1. Where remedial actions would pose a clear and present risk of injury to 
'W'Q;dt.Q",f,! ox- membQrs of th~ !'l1h1 i~,. notwith~tandiflg reasonable measures 
to avoid or reduce risk. 

2. Where remedial actions would produce environmental harm that is clearly 
excessive compared to the health benefits to persons living on or near 
affected sites, now or in the future, notwithstanding reasonable 
meaSures to limit damage to the environmcnt. A clear excess of 
environmental harm is harm that is ~ong-term, manifest, and grossly 
disproportionate to health benefits that may reasonably be anticipated. 
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3. Where the ~ost of remedial actions for contaminated soil is 
unreasonably high relative to long-ter~ benefits and the residual 
radioactive materials do not pOS~-8 clear present or future ~azard. The 
likelihood that buildings will be erected or that people will spcnd 
long periods of time at such a sitc should be considered in evaluating 
this hazard. Remedial actions will genernlly not be necessary ~heTe 
residual radioactive materials have been placed semipe~anently in a 
location where site-specific factors li~it their ha~ard and from which 
they ore cootly or difficult t~ remOve, or ~hcrc only ~inor guantitica 
of reSidual radioactive materials are involved. Examples are residual 
radioactive materials under hard surface public roads and sidewalks, 
around public SEWer lincs~ or in fence-post foundation~_ Su~plemental 

standards shall not be applied at such sites, however, if individuals 
are likely to be exposed far long periods of time to radiation from 
such materials at levels above those that would prevail in Subpart A. 

4. '~ere the cost of cleanup of a contaminated building is clearly 
unreasonably high relative ta the benefitS. Factors t~at shall be 
Included in tnis judgment are ~he an~1c1pared perI ad af occupancy, rne 
incremental radiation level that would be affected by remedial actions, 
the residual useful lifetime of the building, the potential for future 
con£tru~tion at the ~ite, ~nd the ~pplic~bility o£ less costly ~emedial 

methods than removal of residual rndioactive ~~terials. 

5. Where there is no known remedial action. 

D. GUIDELI~~ SOURCE 

Guideline 

Residual Contamination Criteriall 

Structure Guideline 

Control of Radioactive Wastes and Residues 

Interim Storage 
Long-Term Management 
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Source 

DOE Order 5480'2~' 
40 CFR Part 192-

40 CFR Part 192, 
NRC Guidelines for 
Decontamination of 
FHclll~l~s Hud Equip­
ment Prior to Release 
for Unrestricted Use or 
Te~in~tioD of Lieen~e~ 
for Byproduct, Source, 
or Special Nuclear 
Material (July 1982). 

DOE Order 5480.1A 
40 CFR Part 192 



1/ 
- Th~ b3~es 0: the rQsidual contamination guid~li~~c arc dev~loped i~ 

ORO-B3) and ORO-832. 

l/Bas~d on limiting the coneentr~tion of Ro-222 decay products to 0.03 "~ 
within structures. 
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