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COMPREHENSIVE RADIOLOGICAL SURVEY 

OFF-SIIE PROPERTY I 
KIAGARA FALLS STORAGE SITE 

LEWISTON, NEW YORK 

INTRODUCTION 

Beginning i~ 1944, the Manhattan Engineer District and its successor, 

the Atomic Energy Comcission (AEC) , used porcions of the Lake Ontario 

Ordnance Works, (now known as the Niagara Falls Storage Site (NFSS) and 

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

New York, for storage of radioactive wastes. These was tes were primarily 

:t:c3idues from uranium pl;OC~Slid,.ug u~~rGLi{"lur:;; howevt:!r, they also included: 

contaminated r'.lbble and scrap from decommissioning activities, biological 

And miSCQllaneo1,,1.s wailtos £rom. the University of Rochester, and. lo'W-levcl 

fission-product waste from contaminated-liquid evaporators at the Knolls 

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-hectate site were declared surplus. 

This property was eventually sold by the General Services Administration to 

various private, commercial, and governmental agencies. l 

seA Chemical Services, Inc. (SCA) 1S the current owner of a tract 

identified as off-site property T (see Figure 1). A radiological survey of 

that tract, conducted in May-Augu$C 1983, is the subject of this report. 

SITE DESCRIPTION 

Figure 2 is a plot plan of off-site property T. The property is 

approximately 420 m 10"8 a,,,d 235 m wide and occupies a total "rea of 

9.9 hectares. The site is bounded on I'll: four sides by roads! "I" Street 

on the north, "M" StT'Ppt on thp s;ont:h l T.Ji?Q'Qon Ro...,d on the ~.a~t} .and lutts 

Road on the west. A fence borders "I" Street along the width of the 

property and :or much of the length along Lutts Road. Portions of the West 

and Central Drainage Ditches pass through the property. ''1.'' Street crosses 

the property in an east/west direction. Out-of-service railroad tracks are 

located on the western portion of the site. 
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Two scruccures on property are used by seA for miscellaneous 

materials storage. There are also three smaller buildings which are Ln 

poor cond~:lon and are unoc cupied. All of the present buildings on the 

property and three water reservoirs were co~structed for the Mathieson 

rocket fuel o?erations. There are scattered foundations and concrete pads 

indicating that additional structures were present on this site. 

There is no evidence that contaminated waste was buried on property ~. 

Temporary storage of contaminated material may have occurred - particularly 

along the railroad tracks and roads. l Following the 1972 decontamination 

efforts elevated gamma levels remained along the tracks and Wesson Road and 

at locations in the west-central, northvestern, and northeastern sections 

of the site. 2 The 1980 mobile scan by OR~'L identified above background 

levels along Lut ts Road, Wesson Road, "M" Street, and ''I.'' Street. 3 Some of 

the direct radiation :nay be due to natural radioactivity in the rock fill 

used on this property. The Central and West Drainage Ditches and areas 

along their banks remained contaminated from previous run-off of residues 

stored on the DOE site. 

SURVEY PROCEDURES 

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

the Radiolodcal Site Assessment Program of Oak Ridge Associated 

Universities (ORAU), during May-August 1983. The survey was ~n accordance 

with a plan dated ~arch IS, 1983, approved by the Department of Energy's 

Office of Nuclear Energy. The objective and procedures from that plan are 

presented in this section. 

Objective 

The objective of the survey was to provide a comprehensive assessment 

of the radiological conditions and associated potential health effects, if 

any, on property T. Radiological information collected included: 
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1. direct radiation expost.:re rat~A and "tI,.f,.ce beta-g;amma dose 

rates, 

2. locations of contaminated st.:rface areas, 

3. concentrations of radionuclides in surface and subsurface soil, 

4. concentrations of radionuclides in surface and ground ~ater, 

5. concentrations of radionuclides in sediment samples, and 

6. radiation levels inside structures. 

The Central Drainage Ditch, an easement of 13 m on each side of that 

ditch, and the West Drainage Ditch are being decontaminated and surveyed by 

3echtel ~ational, Inc. These areas were therefore not included in the ORAU 

,urvey operations. 

Procedures 

1. Bru.Rh :~nd 'I:otP~rl!; were clearad as n.eed.ed to P'l;'OV ide aCCQ$S for 

gridding and surveying and a 20 m grid system ~as established by 

McIntosh and McIntosh of Lockport, NY, under subcontract, The 

grid system is ShOWD on Figure 3. 

1. Walkover surface scans ~ere conducted over all accessible areas 

of the property. Traverses ~ere at 2-5 m intervals on those 

areas that were relatively inaccessible and had no history of 

radioactive use. Scanning intervals were 1-2 m along all roads, 

railroads, Ln areas previously identified as having elevated 

radiation levels, and in other areas where direct radiation 

measurements suggested posstble contaminated reSidues. Portable 

gamma NaI(TI) scintillation survey meters were used for the 

noted. 

3. Gamma exposure rate measurements were made at the surface and at 

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

performed using portable gamma NaI(Tl) scintillation survey 

meters. Conve.rsion of these measurements to exposure rates in 



microroentgens per hour ().I R/h) was in accordance with cross 

calibration with a pressurized ionization cha~ber. 

4. Beta-gamma dose rate measurements were performed at 1 em above 

the surface at 20 m grid intervals. These measurements were 

conducted using thin-window «7 mgl cm 2) G-M detectors and 

portable scaler/raCemeters. Measurements were also obtained with 

the detector shielded to evaluate contributions of nonpenetrating 

beta aIld low-eIlergy g.,lWUa • .,diai;io".. l'!"~"r ""a<iiuelo w,,"" 

converted to dose rates in microrads per hour (\lrad/h) based on 

cross calibr~tion with ~ thin-window ionization chamber. 

5. Surface <0-15 em) soil samples of Il.pproxi:nately I kg each were 

collected at each accessible 20 m grid interval. 

6. At selected locations of elevated surface radiation levels 

beta-gamma dose rates and exposure rates at 1 m above the surface 

were also measured. Surface samples were obtained from these 

locations and, following sampling, the surface exposure levels 

were remeasured for comparison with presampling levels. 

7 • Detection Sciences Group of 

penetrating radar surveys at 

aHHure that subsurface piping 

during drilling. In many 

slightly. 

Carl isle, 

proposed 

MA, performed ground 

boreho 112 locations to 

and utilities were not damaged 

cases, boreholes were relocated 

8~ BorAholA~ WArp drillAd ro providp ~ mpchanism for logging 

subsurface direct radiation profiles and collecting subsurface 

soil and water samples. Twenty-three boreholes were drilled by 

Site Engineers, Inc., of Cherry Hill, NJ, using a truck mounted 

20 em di.ameter hollow-stem auger. Two additional shallow 

boreholes were drilled by the ORAU survey team. The locations of 

these boreholes are shown on Figure 4. 



Crumma radiation scans were performed in the boreholes to identify 

the locations of elevated direct radiation levels which might 

indicate subsurface residues. Radiation ?rofiles in the 

·Joreholes were determined by measuring gamma radiation at 

15-30 cm intervals between the surface and ground water or the 

hole bottom. A collimated gamma scintillation detector and 

portabLe scaler were used for these measurements. 

G.ound w .. c,," .allll'l"~ of app:r:o>limately 3.:; liters "'ere collected 

from Seven borehole locations. The samples were collected using 

a h,":.d bailer. Soil sample. of approximately 1 kg .. ""h were 

collected from various depths in the holes by scraping the sides 

of ea.l!h bOr"@holA t61it.h .(In ORATT desi8ned sampling tool. 

9. Four water samples were collected from areas of standing water 

(see Figure 5). 

10. One sediment sample was collected from a drainage ditch (see 

Figure 5). 

11. Walkover surface scans were performed in the buildings on this 

property and on the concrete foundations of demolished 

structures. 

these scans. 

NaI gamma scintillation detectors were used for 

12. Twenty .oil samples and 3cven water ~ample$ were "ollected from 

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

p""p'!'t"ties) to provide baseline concentrations of radion1.1c:lid ... 

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 shown on Figure 6. 
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Sample Analysis and Interpretation of Results 

Soil samples ~ere analyzed by gamma spectrometry. R~dium-226 was the 

O1"jO'" radionuc1.1d .. of concern. alLhough ~peCu"a ",ere reviewed fur U-Z3~. 

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

anal)'~ed for gross alpha. (lod S:r:o •• bc~a conco;,ntr"tiono. Onc water ea"'ple 

was also analyzed for Ra-226. 

Additional info~ation concerning analytical equipment and procedures 

is in 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 Concentrations 

BaCkground exposure rates and baseline radionuclide concentrations in 

,oil. d~~eI"U1ined ror ZO 1~cation6 (flg~re 6) in the vicinity of the NFSS, 

are presented in Table l-A. Exposure rates ranged from 6.8 to a.8 )JR/h 

(typical level' for this ar.... of New York). ConcQntrations of 

radionuclides in soil were: Ra-226, <0.09 to 1.22 pCi/g (picocuries per 

gram); U-235. <0.14 to 0.46 pCi/g; ~-238. <2.20 to 6.26 pCi/g; Th-232. 0.32 

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

typical of the radionuclide levels normally encountered in surface soils, 

Radioactivity levels in baseline water samples are presented ~n 

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

to l.B7 pCi/l (picocuries per liter) and <0.63 to 14.3 pei!l, respectively. 

These are typical of concentrations normally occurring in surface water. 



Direct Ra6iation Levels 

Dueot radiation levels, measured at 20 m grid intervals, are 

presented in Iahle 2. Ihe gamma exposure rates at m above the surface at 

~hese grid points ranged from 5 to 16 "R/h (average 8 1JR/h). Surface 

contact gamma exposure rates and beta-gamm.a dose rates ..:ere 5 to 21 IJ R/h 

(""""":>8e S ~R/h) and 6 to 110 )Jrad/h (average 16)J rad/h), .e$p"<otively. 

Measurements performed with the detector shielded averaged approximately 

20% less than those with th" un"hipld"d d"tel't"r_ This indicates only a 

small portion of the surface dose rate is due to nonpenetrating beta Or 

low-energy photon radiations. 

The walkover survey identified mrme:::ous areas with elevated contact 

radiation levels. These areas are indicated on Figure 7 and associated 

radiation levels are presented in Iable 3. Surface contact gamma exposure 

rates at these locations ranged from 12-220 uR/h; the maximum contact level 

was measured at grid point 35N ,1SW. Exposure rates at 1 til above the 

surface ranged to 20 uR/h. Beta-gamma dose rates ranged from 

17-1730 ~rad/h. The maximum dose rate was measured near grid point 

80N, 40101. Sampling at many locations of elevated radiation levels did not 

significantly reduce the contact exposure rates; at SOme locations levels 

actually increased following .ampling. 

AlthQ~8h elevated areas were noted throughout property T, there 

appeared to be concentrations of such areas on certain ?ortions of the 

site. Along the banks of the West Drainaae Ditch there were mounds of soil 

up to 4:n in diameter and 1.5 m in height. These mounds are likely 

material dredged from the drainage ditch. t>umerous small isolated "hot 

spots" were also noted along the railroad tracks and in several areas along 

the interior and perimeter roads. Additional generally elevated areas were 

associated with regions of rock and gravel fill around buildings and on the 

surface of old parking areas, e.g. in the northwest portion of the 

property. 
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Radionuclide Concentrations in Surface Soie 

Table 4 lists the concentrations of radionuclides measured in surface 

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

concentrations ranging fron:. 0.19 :0 11.5 pCi/g. The highest level was u. 

the sample collected at grid poi:lt 41'(, 97W along the edge of "M" Street and 

near the Central Dro.inage Ditch.. Although many of the .sample5 contained 

Ra-226 concentrations exceeding those in the baseline soil samples, only 

eight ~ampl~H': ("-o~taiD.ed more th$.n 5 pC;i./S above the baseline: level, 

Concentrations of U-235, U-238, Th-232, and Cs-137 were not significantly 

different from those in baseline samples. 

radionuclides were noted in these samples. 

No other gamma emitting 

Radionuclide concentrations in samples from locations of elevated 

contaCt radiation levels are presented in Table 5. These samples appear to 

fall into three different categories. The first category is rocks or soil 

containing primarily Ra-226; included are samples 1'11, Bl 0, Ell, 812, 1'114. 

B16, 817, B21, 823, 824. 1'125. 827, 831, and 832. The highest Ra-226 

content (570 pCi/ g) was in a rock sample, 81. Similar rocks have been 

noted on other SCA properties in the vicinity of property T. Other samples 

in this category contained from 5.24 to 86.0 pCi/g of Ra-226. 

Samples 1'12, 1'13, 84, !IS, 86, B26. B29, and B35 represent a second 

genQ:ral type of mate:rial. Theee "re ,,11 rocl<n contAining .. high Th-232 

content. Levels range from 153 pCi/g (1'126) to 1180 pCi/g (B4). Ra-226 and 

U-238 concentrations are also "l"vat"d in th"RP ""mr>t".; l"vel. of these 

two radionuclides are approximately the same. 

The remainder of the samples are rock, gravel, and soil containing 

approximately equal quantities of Ra-226 and U-238, hut with baseline or 

undetectable levels of Th-232. Concentrations 0: Ra-226 and U-238 in these 

samples typically range up to 50 peil g. This material is similar to that 

used on other off-site properties and throughout the Niagara Falls area as 

construction fill and paving base. 
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The latt~r two categories of material are believed to contain 

radionuclide levels of nacural origin and are not likely attributable to 

?reVLOUS MED/AEC activities at NFSS. The first category of material, 

containing primarily Ra-226, is probably associated with the MED/AEC 

operations at this site. Areas included m this group are primarily 

Lndividcal pLeces of rock-like material or are piles of dredged sediments 

located nlQng the We.t Drai~age Dit~h. 

'3Qrehol~ G.amm.q-T.ogsing Me;asure:D1GntG 

The results of gamma scintillation measurements in horeholes indicatp 

chat contamination 1S confined to the upper 30 cm of soil, with the 

exception of areas near the West Drainage Ditch, where contamination 

extends to at least 60 el:l. As evidenced by sample analysis, the gamma 

count rates determined by the borehole measurements were reliable 

indicators of elevated subsurface radionuclide levels. However, the gamma 

logging data was not useful in quantifying r3dionuclide concentrations in 

the subsurface soil, because of the varying ratios of Ra-226, U-235. U-238, 

Th-232, and Cs-137 occurring ~n soils from this site. 

Radionuclide Concentrations in Borehole Soil Samples 

Table 6 presents the radionuclide concentrations measured in soil 

samples from boreholes. the thirteen borcholc3 (al-a13), located to 

?rovide a representative coverage of the property, contained radionuclide 

concentrations in the range o£ b"gpl inp 1 pvpl". Most of the borehole", 

IU4-11.24, drilled at locations identified by the walkover scan, contained 

elevated concentrations. The highest subsurface Ra-226 levels were 

measured in the piles of soil along the West Drainage Ditch; the maximum 

concentration of 36.4 pCi/l was at the 30 cm depth in borehole B20. 

Borehole HZZ contained a Ra-226 concentration of 32.1 pCi/ g at 15 em deep. 

Subsurface concentrations of U-235, U-238, Cs-137, and Th-232 were not 

significantly different than baseline levels. 
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Radlonucl~de Concentrations in Water 

Surface Water 

Samples 'i/l-W4 were collected from areas of standing water (refer to 

Table 7). These samples contained gross alpha concentrations ranging from 

<:0.30 eo <1.67 !,Cillo C"ooo beta concentration" r anI!; ed from 1.76 to 

20.3 pei/l. These values do not differ significantly from baseline levels. 

Subsurface ~ater 

Cross alpha and beta concentrations in subsurface water samples, 

collected from boreholes, ranged from 1.07 to 17.0 pCi/l and 2.27 to 

11.6 pCi/ l, respectively. The highest gross alpha c.oncentration was in 

sample Wll from borehole Hl7. This sample waS also analyzed for Ra-226 and 

contained <0.22 pCi/l of that radionuclide. 

Radionuclide Concentrations 1n Sediment 

One sediment sample was collected from a ditch 

northwest portion of the property (see Table 8). An 

located in the 

elevated Ra-226 

conccnt~ntion (9.15 pCi!g) was meaBu~ed in this sample possibly due to it. 

proximity to the Central Drainage Ditch. Levels of li~235, U-238, Cs-137, 

and Th-232 "'" .. '" in thO!! rans'os of ~asQline concentrations_ 

3uilding Survey~ 

Walkover radiation surface scans in buildings indicated gamma exposure 

rates ranging from 5-7 ~R/h. No areas of elevated direct radiation levels, 

which would suggest the presence of contaminated residues, were noted and 

no further measurements were performed. 

COMPARISON OF SURVEY RESULTS WITH GUIDELINES 

The guidelines applicable to cleanup of off-site properties at the 

Niagara Falls Storage Site are presented in Appendix B. Radiation levels 
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and radionuclide concentrations, associated with small areas o~ surface or 

near-surface contamination, exceed these guideline values. However, when 

considered in terms o~ potential exposures or averaged over larger surface 

areas, many of these levels and concentrations meet the cleanup criteria. 

The maximum exposure rate of 220 '.lR/h, ~n contact with one of the 

iHolated areas of suro;:ace contamination, exceeds ~he guideline of 60 ~R/h 

for open land areas accessible hy the general public. Exposure rates at 

1 :n above the .urfal;e .aDged f.oll1 8-20 ~K/II and are well witllin tlle cO ~K/ll 

criterion. 

Most areas of surface contamination, identified by the walkover scan, 

contained Ra-226 concentrations in eXCe •• of 5 pCi/g. U-23 R ,,,,d Th-'3' 

concentrations at some of these locations also exceeded the criteria of 

150 pCi/g and 15 pCi/g, respectively. Many of these areas of contamination 

were small and isolated, and concentrations would be below the guidelines 

when averaged over an area of 100 m2 • rhe areas exceeding guidelines are 

summarized in Table 9 and shown on Figure 7. 

Elevated radionuclide levels along the railroad tracks, roads, parking 

lots, and near buildings appear to be associated, in cost cases, with rock 

or slag materials used as a fill and paving base. Radium, uranium, and 

thorium levels in this material are of natural origin and do not arise from 

previou5 government ~cLLviLi~~ on this site. Similar materials have heen 

noted on other properties at NFSS and in the Le\iiston and Niagara Falls 

areas. 

Mounds of sediment and debris - the r"sult of dredging aetiviti"g 

along the West Drainage Ditch - are also a source of elevated direct 

radiation levels and contain surface and subsurface Ra-226 concentrations 

exceeding guidelines. It is estimated that a total volume of approximately 

216 m3 of this material is present on property T. 

Surface water contained radionuclide concentrations below the EPA 

limits of 15 pCi/l, gross alpha and 50 pCi/l, gross beta. One subsurface 

water sample contained a gross alpha concentration of 17.0 pCi/l. This 

~1 
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sample '"as "nalyzed for Ra-226 and found to con:ain <0.22 pei/1 - well 

below the EPA limit :or that radionuclide. Gamma scans of buildings auci 

foundations did not identify evidence of contaminated residues. 

SUMMARY 

A comprehensive Survey of off-site property T at the Niagara Falls 

Storage Site was conducted during May-August 1983. The survey iI:.cluded: 

.u.fac~ radiation scans, measurements of direct radiation levels, and 

analyses for radionuclide concentrations in soil and water samples, both 

surf Gee nnd oub.urface. Analy$e. of sediment samples wer~ al~u p~rrurm~d. 

Ground penetrating radar was used to identify subsurface utilities which 

:night p,.. .. "l"d<!' bo:rehole drilli"B' 

The results of the survey indicated small areas and isolated "hot 

spots" of Ra-226, U-238, and Ih-232 contl.1ll\ill.ation, which result in elevated 

direct radiation levels. The contamination is principally in the form of 

crushed rock or slag commonly used for fill and as a paving base in the 

Niagara Falls area; this material is not attributable to previous 

radioactive waste handling and storage activities at this site. Piles of 

Ra-226 contaminated sediment from dredging activities along the West 

Drainage Ditch were also identified. These piles and adj acent surface 

areas contain a volume of about 216 m3 . 

Although the contaminated residues on small portions of this property 

exceed the guid"ll .... s ,,~~a.bli~hed fe,,: ,elea~e of the site for unrestricted 

use by the general public, the contaminants do not pose potential health 

risks to the public or site workcre. Iherc in nQ evidence that migration 

of the radioactive materials is adversely affecting adjacent properties or 

the ground water. 
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N 
0 

Location a Exposure Rateb 
(].la/h) 

6.8 
2 6.8 
3 8.3 
4 7.9 
5 7.3 
6 7.7 
1 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 1.4 
17 7.0 
18 7.7 
19 8.8 
20 8.6 

Range 6.8 to 8.8 

TABLE I-A 

BACKGROUND EXPOSURE RATES 
AND 

RADIONUCLIDE CONCF.NTRATIONS IN BASELINE SOIL SAMPLES 

0.74 .±. 0.16c <0.19 <2.89 
0.15 .!. 0.19 <0.19 <3.:J!;; 
0.11 !. 0.18 0.46 .±. 0.41 <3.72 
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 
0.70 ±. 0.16 <0.19 <2.98 

<0.09 <0.19 <2.83 
0.48 .±. 0.13 <0.16 <2.84 
0.57 .:!:. O.}I, ~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 
1.22 1- 0.22 <0.23 <J.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 6. 
b flea sure d at 1 m a boy e the surface. 
C Errore are 20 based on countin~ statistics. 

.. _----
Cs-13 7 

0.70 ± 0.46 0.29 !. 0.08 
0.B41-0.2.4 0.24 I 0.01l 
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 :t 0.38 0.17 .:!:. 0.09 
0.83 ± 0.24 0.35 ±O.OS 
0.54 !. 0.23 <0.02 
0.83 .:!:. 0.38 0.69 !. {l.ll 
0.59 :I: 0.25 0.69 ± 0.10 
0.49 .±. 0.31 0.48 :t 0.14 
0.65 i 0.26 D.68±0.IO 
0.49 .:!:. 0.26 0.41 .:!:. O.OR 
0.67 ± 0.25 0.70 i 0.10 
0.72 i 0.35 0.23 ± 0.08 
0.83 .:!:. 0.28 0.61 1- 0.09 
0.32 .:!:. 0.22 0.38 .:!:. (/.OB 
1.01 .:!:. 0.44 0.32 ± 0.12 
1.06 1- 0.49 1.051-°. 13 
0.84 .:!:. 0.29 0.08 :t O.lll 

0.32 to 1.18 <0.02 to 1.05 



TAllLE l-E 

RADIONUCLIDE CONCENTRATIONS IN BASELI~E WATER SAMPLES 

Locationa 

Wi 
W2 
W3 
W4 
W5 
w6 
W7 

Range 

Radionuc1ide Concentrations (pCi/1) 
GlO056 AlplJa Gross Ilet:a 

b 0.95 + 0.93 
0.95 i: 0.94 
0.55 :!:. 0.78 
0.63 :!:.0.89 
0.73 :!:. 0.68 
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 

N rl 

0 0 
0 20 
0 40 
0 55 
0 80 
0 97 
0 100 
0 120 
0 140 
0 160 
0 180 
C 200 
a 220 
0 235 

20 0 
20 20 
20 40 
20 55 
20 97 
20 100 
20 120 
20 140 
28 160 
20 180 
20 200 
20 220 
20 235 

40 0 
40 20 
40 ',0 
40 57 
40 97 
40 100 
40 120 
40 140 
40 160 
40 180 
40 200 
40 220 
4() 235 

TABLE: 2 

DIRECT RADIATIO~ LEVELS 
MEASURED A':: 20 ~ GRID INTERVALS 

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

the SlJ.r£o.cc Surface 

(J.lR!h) ( J.lR!h) 

9 10 
10 9 
9 10 

10 Ie 
a a 
8 9 
8 9 
9 9 
9 10 
9 8 

10 to 
8 8 
9 9 

6 6 

8 8 
7 7 
7 7 
7 7 
9 9 
8 8 
8 8 
7 7 
8 8 
8 8 
7 7 
8 8 
7 7 

8 9 
9 8 
7 7 

8 9 
S 8 
8 8 
7 7 
8 7 
7 7 
7 7 
7 7 
8 8 
H B 

22 

Beta-Gamma Dose 
Rates at 1 em Above 

the Surface 

( urad/h) 

22 
9 

20 
I8 

a 
16 
9 

19 
25 
14 
11 
11 
13 

6 

17 
21 

7 
9 

13 
14 
11 
26 
8 

21 
14 
B 

17 

20 
19 

9 
19 
10 
21 
17 
7 
7 

16 
13 

8 
24 



Grid 
Location 

N W 

6C 0 
60 20 
60 40 
60 55 
60 60 
60 80 
60 100 
60 120 
6Q 140 
60 160 
60 180 
60 200 
50 220 
60 235 

80 ;) 

80 20 
80 40 
80 60 
80 80 
80 100 
80 102 
80 120 
80 140 
80 160 
80 180 
80 200 
80 220 
80 235 

100 a 
100 20 
lOa 40 
100 60 
100 80 
100 100 
1QO 102 
100 120 
100 140 
100 168 
100 180 
100 200 

~ABLE 2. cone. 

ClRECT RADrATlO~ LEVELS 
~ASURED AT 20 X GRID INTERVALS 

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

thp. ~Hrf;::tee Surface 
(~R/h) ( \.la/h) 

10 j:) 

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

7 7 
8 8 
7 7 
8 8 

7 7 
6 6 
8 21 
8 10 
a a 
a a 
8 8 
7 8 
7 8 
8 8 
7 7 
7 7 
8 8 
9 'l 

9 10 
9 10 
6 6 
a a 
a a 
a a 
8 8 
7 7 
8 II 
8 8 
8 7 

12 12 

23 

Beta-Gamma Dose 
Rates at 1 em Above 

:he Surface 
( urad Ih) 

33 
7 

12 
29 

a 
a 
:5 

11 
8 

17 
7 

15 
16 
15 

12 
12 

110 
10 

a 
a 
8 

21 
8 
9 

22 
13 
28 
23 

14 
31 
8 
a 
a 
a 
8 

13 
22 
19 

7 
21 



Grid 
Location 

:l \I 

100 220 
100 235 

120 0 
120 20 
120 40 
120 60 
120 80 
120 100 
120 105 
120 120 
120 140 
120 160 
120 180 
120 200 
120 220 
120 235 

140 0 
140 20 
140 40 
140 60 
140 64 
140 105 
14C 120 
140 140 
140· 160 
140 180 
140 ZOO 
140 220 
140 235 

160 0 
160 20 
160 40 
160 60 
160 67 
160 106 
160 120 
160 140 
160 160 
160 181 

TABL~ 2, cont. 

DIREC:: RADIAIION LEVELS 
ill:A5U!<ED AT 20 M GRID INTERV A:.S 

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

the. Surface Surfa.ce 

().la/h) ( ).lR/h) 

8 7 
12 10 

11 9 
8 7 
7 ~ 

I 

a a 
a a 
a a 
7 7 
7 B 
7 7 
7 8 
7 7 

12 13 
10 9 
a a 

9 9 
a a 
6 6 
7 8 
7 7 
7 7 
7 7 
9 8 
8 8 
9 8 

10 10 
11 ~ 

I 

8 8 

12 11 
8 8 

11 10 
12 12 
12 14 

7 7 
6 7 
a a 
a a 
7 7 

24 

Beta-Gamma Dose 
Rates at 1 em Above 

the S\lrfaoe 

( jlrad!h) 

12 
27 

11 
12 
13 
a 
a 
a 

10 
12 

7 
12 

7 
35 
12 
a 

17 
a 
6 

19 
I 

14 
7 

15 
24 
16 
35 
16 
15 

17 
31 
25 
32 
29 
16 
12 

.1 

;1 



Gird 
Location 

'" w 

160 200 
160 220 
160 23<; 

180 0 
180 20 
180 40 
180 60 
180 71 
180 110 
180 120 
180 140 
180 160 
180 181 
180 200 
180 220 
180 235 

200 0 
200 16 
200 40 
200 60 
200 70 
200 113 
200 120 
200 140 
200 160 
200 180 
200 200 
200 220 
200 235 

220 0 
220 20 
220 40 
220 60 
220 75 
220 LOa 
220 116 
220 120 
220 1~0 
220 160 

TABLE 2, cant. 

JIRECT RADIATION LEVELS 
MEASURED AT 20 M GRID INTERVALS 

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

eli", Sud ace SUl-face 
(~R/h) ( ).IR/h) 

!6 16 
9 10 
7 7 

9 8 
7 7 
8 8 

13 17 
9 9 
7 <I 
7 7 
a a 
a " 7 7 

16 15 
8 8 
7 7 

R 9 
7 7 
6 6 
7 8 
8 9 
8 8 
7 7 
7 7 
6 7 

10 10 
7 7 
8 8 
7 7 

9 8 
5 5 
7 7 
6 6 
8 8 
a a 
8 8 
7 7 
7 7 
8 9 

25 

Beta-Gamma Dose 
Rates at 1 em Above 

the Surface 
( ;.traO::/h) 

70 
10 
14 

8 
i 
8 

37 
27 

!l 
15 

a 
"-
7 

72 
10 
17 

32 
8 
6 
8 

19 
8 
7 

19 
7 

16 
7 
8 

20 

13 
14 
10 
12 
26 

a 
8 
7 
7 
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Grid 
Location 

N W 

22::> 180 
220 200 
220 220 
220 235 

240 0 
240 20 
240 40 
240 60 
240 79 
240 100 
240 118 
240 120 
240 140 
240 160 
240 180 
240 200 
240 220 
240 235 

260 0 
~n(j ?O 
260 40 
260 60 
260 78 
260 100 
260 118 
260 120 
260 140 
260 160 
260 180 
260 ZUU 
260 220 
260 235 

280 0 
280 20 
280 40 
280 60 
280 78 
280 100 
280 119 

TABLE 2, cont. 

nTRECT RAnIATICN LEVE~g 
XEASURED AT 20 M GRID :NTERVALS 

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

the Surface Surface 
CuR/h) CuR/h) 

13 12 
7 8 
7 7 
6 7 

9 9 
8 8 
8 8 
7 7 
8 8 

" a 
8 8 
8 8 
8 8 

12 13 
8 8 
8 8 
6 7 
7 7 

7 7 
7 7 

7 7 
7 7 
7 8 
a " 10 10 
8 8 

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

cO 10 
6 6 
6 6 
7 7 
7 8 
a a 
9 9 

26 

Beta-Gamma Dose 
Rates at 1 cm Above 

the Surface 
C urad/h) 

l8 
l6 

7 
15 

32 
17 
21 

8 
21 

a 
16 
13 
16 
26 
14 
14 
14 
10 

7 
R 

22 
26 
28 

a 
40 

8 
24 
14 
11 

7 
12 
6 

31 
6 

20 
16 
22 

a 
9 



Grid 
Location 

N W 

280 ~20 
280 140 
280 16C 
280 180 
280 200 
28a 220 
280 235 

300 0 
300 20 
300 40 
300 60 
300 80 
300 100 
300 118 
300 120 
300 140 
300 160 
,00 180 
300 200 
300 220 
300 235 

320 0 
320 20 
320 40 
320 60 
320 79 
320 100 
320 121 
320 140 
320 16G 
320 180 
320 200 
320 220 
320 235 

340 0 
340 20 
340 40 
340 60 
340 78 

TABLE 2, cont. 

DIRECT RADIATION LEVELS 
MEASURED AT 20 M GRID I~TERVALS 

Gamma ExpoS1,lre Gamma Exposc.re 
Rates at 1 m Above Rates at the 

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

9 8 
11 12 

9 10 
7 7 
7 7 
6 6 
6 7 

9 9 
11 12 
10 12 
7 7 
7 7 

a a 
10 10 
8 8 

10 12 
8 8 
8 R 
7 7 
6 7 
7 7 

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

9 8 
7 7 
7 8 
7 8 
6 7 

27 

Beta-Gamma Dose 
Rates at 1 em Above 

l.he Surface 
( ;;rad/h) 

8 
29 
?h 

7 
7 

11 
18 

29 
19 
25 
20 
15 

a 
11 
22 
25 
12 
10 
7 

11 
11 

17 
14 
10 
7 

12 
a 

27 
24 

') 

15 
16 
1A 
12 

36 
20 
15 
22 

7 



Gri.d 
Locatior. 

N .. ' 

340 100 
340 118 
340 120 
340 140 
340 160 
340 180 
340 200 
340 200 
340 220 
34U 235 

360 0 
360 20 
360 40 
360 60 
360 78 
360 100 
360 117 
360 120 
360 140 
360 160 
360 180 
360 200 
360 220 
360 235 

380 0 
380 20 
380 40 
380 60 
380 78 
380 100 
380 118 
380 120 
lRO 140 
380 160 
380 180 
380 200 
380 220 
380 235 

TABLE 2. con t . 

DIRECT RADIAT:ON LEVELS 
MEASURED AT 20 M GRID INTERVALS 

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

the Surfdce Surf ".;;'" 
(WR/h) ()JRlh) 

a a 
10 11 
10 11 
12 12 
11 11 

8 8 
8 8 
8 8 
7 7 
1 7 

8 8 
i 7 
7 7 
8 8 
8 8 
a a 

12 12 
8 8 
9 9 
9 9 
9 10 

12 12 
7 7 
7 7 

8 8 
7 8 
7 7 
7 7 
9 9 
II a 

8 8 
8 7 
7 7 
7 7 
7 7 
7 7 
7 7 
7 7 

28 

Beta-Gamma Dose 
Rates at 1 em Above 

the Surface 

: J,lrad/h) 

a 
34 
27 
30 
21 
18 
8 
8 

17 
23 

27 
7 
8 

12 
8 
a 

32 
24 
13 
19 
16 
18 
12 
19 

15 
8 
7 

23 
24 

a 

8 
7 

11 
20 
11 

7 
10 

7 



Grid 

TABLE Z, ~cn to 

nTRECT RADIATIDN LEVELS 
MEASURED AT 28 M GRID I~TERVALS 

Gamma :;xposure Gamma Exposure Beta-Gamma Dose 
Location Rates at 1 m Above Rates at the Rates at 1 em Above 

N W the Surface Surface the !iurface 
( uR/h) (uR/h) ( urad/h) 

400 0 8 8 26 
400 20 7 7 7 
/.00 40 7 7 20 
400 60 7 8 12 
400 79 9 10 20 
400 100 " a a 
400 119 7 8 18 
400 120 8 7 7 
400 140 7 7 6 
400 160 7 7 7 
400 180 7 7 7 , 
400 200 7 6 16 
400 220 7 7 16 
400 235 7 7 20 

420 0 8 8 23 
420 20 8 8 8 
420 40 7 8 10 
420 60 10 12 72 
420 78 8 8 20 
420 100 a a a 
420 117 B 9 17 
4:20 120 8 7 23 
420 140 7 7 18 
420 160 7 8 8 
420 180 7 7 9 
420 200 6 6 7 
420 220 6 6 6 
420 235 7 I ~4 

e No measurement taken due co presence or tne West and Cell~r"l Dta.L""gt.: 
Ditches, areas of standing water, or buildings. 

29 



TABLE 3 

DIRECT RADIATION I.EVELS AT IJJCATIONS 
IDENTIFIED BY THE WALKOVE R S lIRI'AC,: SCAN 

Grid Location" EX20sure Rate (~R/hl :;urtace sample conrac[ Exposure Ra[es 
N W Contact 1 m Above Surf ac.c Dose Ratc Identification After Sample Removal 

( ,.rad/h) (pR/h) 

35 18 220 17 380 81 240 
35 19 76 

____ b 

41 18 20 13 
79 37 20 
79 50 68 
79 52 37 
79 55 68 

w 80 34 68 
0 80 35 68 lZ 1020 B2 12 

110 38 114 

80 39 59 
80 40 84 13 1730 83 to 
00 4) 72 
80 45 29 
80 46 84 12 1330 B4 8 
80 50 JJ 12 390 B5 !I 
80 51 68 
80 53 84 
8t) 56 64 11 1550 !16 9 
85 40 17 12 17 B7 17 
87 43 21 14 68 B8 27 
90 32 23 12 26 B9 37 
9(} 230 21 13 42 BI0 20 

94-99 4-18 23-29 
95 5 29 20 43 
97 7 40 



TABLE 3, cont .. 

DIRECT RADIATION LEVELS AT LOCATIONS 
LDEN'fU'fm BY TIlE WAl.KOVER SURFACE SCAN 

Grid Location EXEosure Rate (pR/h) Surface Sample Contact Expo~ure Rates 
N W Contact I m Above Surface Dose Rate Identtfi~ation After Sample Removal 

(prad/h) ( ItR/h) 

--- -

99 15 23 8 110 
100 196 36 12 52 Bil ~6 

105 228 21 II, 30 BI2 29 
103-106 230-134 1<;-71 

107-116 22~-229 20-40 
109 228 30 
110 228 39 

'-'" 
111 228 35 11\ 85 013 35 
ll~ 228 40 6)1, 

liZ I 35 
113 0 40 
115 7 31 17 60 H15 33 
115 228 31 20 130 Bl6 44 
119 214 ,27 

119 215 42 
119 230 24 
120 234 31 14 9Z BI7 34 
123 203 45 
123 205 42 
143 6 40 12 110 B18 

\43-146 169-170 21-25 BI9 
154 202 40 
155 2 29 
155 I, 30 18 69 H2O 
156 2 31 
I S9 2 26 



---,--

Grid Location 
N W 

159 51 
159 52 
159 198 
162 43 
162 46 
162 202 
164 7 

w 162-164 20-40 
N 164 24 

164 26 
163-164 44-46 

164 212 
165 60 
165 209 
167 65 
168 2\0 

173 49 
177 49 
Ull LlIl 
178 207 
180 ',9 
180 52 

180-200 IS0-196 
lSI 192 
184 52 
185 52 

TABLE 3, cont. 

DIRJo;CT RADIATION J.EVELS AT LOCATIONS 
IDENTH'IED BY THI-; WALKOVER SURFACE SCAN 

EXEosure Rate (pR/h) Surface Sample 
Identtfi cRtl on Contact 

20 
20 
29 
26 
23 
40 
21 

14-27 
27 
24 

17-29 
29 
27 
22 
22 
22 
38 
9S 
l3 
33 
,,0 
/0 

12-84 
84 
95 
84 

1 m Above Surface Dose Rate 
(~rad/h) 

B21 

B2Z 
B23 

B25 

826 
1127 

B28 

B29 

Contact Exposure Rates 
After Sample Removal 

(pR/h) 



Grid Location 
N W 

185 56 
187 56 
189 52 
189 56 
190 52 
190 56 
!<l'j 'if. 

C.J 215 54 
C.J 220 54 

206-211 114-UB 
207 114 
209 118 

200--217 175-180 
210-219 183-187 

215 1116 
221 0 
221 3 
221 175 
ZZI 178 

222-240 160-17 1, 

225 178 
all )4 
228 55 

241-247 6-7 
21,2 6 
242 7 

TABLE 3, cont. 

DlRE(.'T RA!ltATION LEVELS AT LOCATIONS 
WENTfFrED BY TilE WALKOVER SUl<I'ACe; !leAN 

EX20sure Rate (~R/h) Surface Sample 
Contact 1 m Above Surface Dose Rate Identification 

( Ilrad/h) 

84 
50 
43 
36 
38 
53 
11 
4S 
44 

17~40 

40 
22 

23-25 
17-27 

27 
22 
44 
40 
40 

29-40 
25 
~u 

31 
29-40 

32 
40 

Conta~t Exposure Rates 
After Sample Removal 

(IIR/h) 



Grid Location 
N \, 

245 6 
241, n 
250 59 
260 14 

240-274 140-157 
243-247 159-162 
?41-?4'i \6'i-168 

w 290 201 
~ 292 136 

292 138 
292 200 
294 4 

298-300 4-20 
100 40 

280-300 118-1l9 
)00-)05 6-22 
J04-31~ 120-129 

323 14 
J32 47 
333 47 
340 47 
Jill D 

348 14 
)48 IS 
348 1.9 
149 49 

TABLE 3. cont. 

DIRECT RADIATION LEVELS AT LOCAT LONS 
IDENTIFIED BY THE WAr.KOVER SURFACE SCAN 

P.xposur~ Rate (~R/h) Surface 
Dose Rate 
(~rad/h) 

Sample Contact Exposure Rates 
Contact 1 m Above Surface 

38 
25 
47 
27 

12-33 
14-25 
14-38 

106 
20 
22 
21 
27 14 

11-28 
20 

17-20 
17-29 
14-20 

22 
36 
8iJ 

129 
25 
25 
29 
27 
29 

56 

Identification After Sample Removal 
(IIR/h) 

1130 
B31 
B32 

B33 28 



w 

'" 

Grid Location 
N II 

356 47 
346-354 161-180 
343-347 18)-187 
1~1-1'i'i 1114-1117 

355-357 188-191 
)55-357 192-196 
351-357 203-206 
360-366 179-183 

369 48 
372 411 

400 15 

a Re[~r to Figure 7. 

TABLE 3, cont. 

DIRECT RADIATION LEVELS AT l.OCATlOIlS 
IDENTIFIED BY THE WALKOVER SURFACE SCAN 

EXEosure Rate (pR/h) Surface Sample 
Contact I m Above Surface Dose Rate Identtfi cation 

(prad/h) 

58 
17-22 
20-29 
20-27 
29-48 !l34 
17-22 
29-1,0 
17-40 

76 1135 
36 
29 

b Dash indicates measurement or samplin8 was not performed. 

COlltacl Exposure RaLc~ 
After Sample Removal 

("R/h) 



TABLE 4 

RADIONUCI.IDE CONCENTRATIONS IN SUR~'AC~; SOIl. SAMPLES 
FROM 20 H GRID INTERVALS 

Grid Location Radi onnclide Concentrations ( I!Clfll) 
N W Ra-226 U-235 U 238 Cs-137 Th 232 

9 5 2.84 + 0.40 8 (0."0 5.19 .! 1.54 1.58 + 0.18 0.80 + 0.28 

" 20 b b b b b 
I. 1,0 2.85 + 0.48 <0.27 <0.93 0.79 + 1.30 ).08 + 0.32 
4 55 1.99 + 0.32 <0.34 3.84 + 1.26 0.46"+ O.lf, 0.67 + 0.28 
4 97 ll.S "+ 0.8 <0.1,5 < l":-J I 0.54 "+ 1.24 <0-:-35 
4 100 1.15 + 0.22 <0.30 <0.98 0.54 + O. \0 1.12 + 0.46 
4 120 1.91 +" 0.30 <0.23 <0.82 0.60 +" 0.12 0.85 +" 0.1,2 
4 140 0.91 + 0.20 <0.24 <0.68 0.14 + 0.06 0.86 + 0.26 

w 4 160 3.21 +" 0.48 <0.27 1.50 + 1.80 0.89 +" 0.12 0.51 :;- 0.3!> 

'" I, 180 8.09+0.78 <0.1,5 2.62 + 2.98 1.12 + 0.20 0.87 + 0.52 
4 200 2.30:;:- 0.28 <0.28 (0-:-91 0.48:;:- 0.10 0.89 + 0.34 
4 201 3.26+0.38 <0.37 2.33 + 1.60 0.78 + 0.14 0.68 + 0.1,2 
4 220 0.94 "+ 0.18 <0.24 1.17 "+ 1.28 <0-:-0'1 0.81 + 0.24 
2 23:; 0.% I 0.36 (0.21 1.18:;: 1.28 0.11 +0.0 1, 1.06:;: 0. 1,2 

20 3 0.51 :;- 0.16 <0.15 <0-:-'.9 <0-:-03 0.74" 0.28 
20 20 0.89 + 0.22 <0.21 <0.81 <0.1,9 1.01 + 0.38 
iU 40 0.73 :;: 0.20 <0.31 <0.90 0.57 + 0.12 0.04 .. 0.32 
20 55 0.69 :;:- 0.28 <0.18 <0.70 0.45"+ 0.12 0.72:;:- 0.28 
20 97 \.44:;:- 0.38 <0.24 1.60 + 1.54 0.68 :;: 0.12 1.31 :;: 0.42 
20 100 /.:lU + U.26 (0.32 0.81 :;: 1.44 0.81 + 0.14 0.97 :;: 0.38 
20 120 0.91 +" 0.28 <0.21 <0-:-73 0.75:;: 0.12 0.61, +" 0.38 
20 140 0.98 + 0.40 <0.31 <0.96 0.86 + 0.16 0.93 :;: 0.1,0 
20 160 1.16 + 0.22 <0.23 0.87 + 1.60 0.48 i 0.10 0.68 :;: 0.26 
20 180 1.39 +" 0.1,0 <0.33 1.43 + 0.98 0.1,2 + 1.56 I • 1 1 + 0.50 
20 200 1.28 +" 0.22 <0.31 0.86:;: 1.36 0.67 :;: 0.12 1.12 :;: 0.34 
20 220 1.20+0.22 <0.31 <0--:-97 0.54 T 0.16 0.97 :;: 0.34 



TABLE '" conl. 

RADIONUCLWI': CUNCENTRATlOtlS IN SURt'AC" SOli, SAI'IPLES 
FROM 20 M GRW INTERVALS 

Grid Location Radionuclide Concentrations ( ~Ci/!l) 
N W Ra 226 U 235 U-21B Cs-I37 Th-212 

20 235 1.11 + 0.26 (0.29 1.1B + 1.56 0.11 + O.LO 1.12 I 0.54 
40 2 2.46 "+ 0.38 0.~3 + 0.27 <0-:77 0.48"+ 0.12 0.50"+ 0.18 
40 20 b b b b b 
40 40 0.79 ... 0.22 <0.21 <0.85 0.33 ... O.LO 0.95 T 0.34 
40 57 0.54 + 0.20 <0.19 <0.66 0.40 + 0.10 0.77 + 0.2t! 
40 97 0.70 "+ 0.20 <0.36 4.06 + 2.64 0.53 ~ 0.12 O.lt! "+ 0.48 
40 100 \.01 + 0.26 <0.23 (0-:-93 0.56 + 0.18 U.t!7 + 0.40 
40 120 0.85:;: 0.26 (0.22 1.47 + 1.70 0.35"+ 0.12 0.68;: 0.26 
40 140 0.95 + 0.28 (0.29 1.90 + 1.80 0.1,8 + 0.12 1.13+0.71, 

w 40 160 0.75 ;: 0.28 (0.22 <0-:119 0.38 ;: 0.12 0.85 i 0.50 ..., 
40 180 0.83 + 0.20 <0.21 1.43 + 1.90 0.40 + 0.12 0.87 + 0.30 
',0 200 0.79 :;: 0.26 (0.30 3.53:;: 2.12 0.36 ::;: O.!It 1.1,6 :;: 0.51, 
40 220 0.88 + 0.22 <0.21 1.72+1.74 0.63 "+ 0.11, 0.66 j o.n 
1,0 235 1.00;: 0.22 <0.20 1.41 "+ 1. 28 0.07 ;: 0.08 0.53 ;: 0.36 
60 3 1.35 + 0.32 (0.33 <1-:01 0.87"+ 0.[/, \.04 "+ 0.44 
60 20 0.76 ;: 0.32 <0.23 <0.80 0.36;: 0.10 1.07 ::;: 0.36 
60 40 0.63 +" 0.28 <0.22 1.:39 + 1 .U't 0.29 + 0.10 0.% .. O.:l!l 
60 59 1.40 "+ 0.36 0.31 + 0. 1,8 1.53"+ 1.62 0,1,0;: 0.12 0.86 ::;: 0.42 
60 100 2.29 -; 0.32 <0:26 <0-:74 0.07 -; 0.11, l.18 -; 0.40 
60 120 0.94 +" 0.22 <0.24 <0.92 0.47 + 0.12 0.77 +" 0.42 
60 140 0.66"+ 0.22 0.36 + 0.58 (0.92 0.63 -; 0.12 0.76"+ 0.34 
60 160 0.79 +" 0.28 <0:30 1.21 + 0.94 0.64 "+ 0.11, 1.46 t 0.60 
60 160 0.63 ::;: 0.20 0.14 + 0.06 1.31 ::;: 1.99 0.36 ::;: 0.08 0.93 ::;: 0.)) 
60 200 0.70"+ 0.28 <0:30 1. 7/, ;: \.ltO 0.39 "+ 0.14 0.78 ;: 0.30 
60 220 1.01 "+ 0.22 <0.21 0.71 -; 2.22 0.44 T 0.12 0.53 + 0.36 
60 23) o.ytl :;: 0.21> (0.)1 1.31 ::;: 0.91, <O-:Olt 1.02 +" 0.32 



TABLE 4, cont.. 

RADIONUCLlDE CONCENTRATIONS IN SURFACE SOIL SAMPLES 
FROM 20 M GRID INTRRVALS 

Grid Location Radi{}Oucl1de Concentrations (get!l!) 
N ].I Ra-226 U-235 U-238 Cs-137 Th-232 

80 4 1.14 + 0.30 <0.22 <0.75 0.71 + 0.14 0.67 + 0.36 
80 20 0.91 +" 0.26 <0.29 <0.94 0.36 +" 0.10 1.52'+ 0.46 
79 40 1. 23 + 0.36 <0.35 2.93 + 2.72 1.01 +" 0.56 1.45 + 0.56 
80 60 1.05+0.14 <0.23 <0:-89 0.50 '+ 0.14 0.73'+ 0.30 
80 102 0.78:;:- 0.28 <0.22 2.21 + 2.26 0.47 +" 0.16 0.67 :;:- 0.44 
80 120 0.91 + 0.22 (0.20 0.90+2.12 0.65 I 0.12 0.70 + 0.40 
80 140 0.89 + 0.22 (0.22 1.37 + 2.02 0.52 +" 0.10 1.68 + 0.56 
!IV 160 J. 06 +" 0.30 ,0.19 ,0785 0.66 +" 0.18 0.97 +" o.~o 
80 180 1.06 + 0.28 (0.28 <t .00 0.49 j:" 0.14 1.30 + 0.42 

VJ 80 200 1.00 +" 0.26 (0.30 <0.90 0.54 +" 0.14 1.17+0.1,6 co 
80 220 1.29 +" 0.32 <0.20 1.38 + 1.28 0.70 +" 0.12 0.24 + 0.18 
80 235 2.29 + 0.35 <0.33 <I-:ln 0.)0 +" 0.10 I. 26 +" 0.49 

100 2 3.33 + 0.58 <0.29 2.60 + 2.60 O.3f> +" 0.14 0.50 :;: 0.36 
100 20 1.43 :.. 0.28 (0.24 1.90 + 2.24 0.24 + 0.10 0.69 + 0.36 
100 40 0.79 + 0.36 <0.20 1.83+0.18 <0:-04 0.77 + 0.36 
100 102 0.96 '+ 0.31 (0.23 0.84 + I. 58 0.30 + 0.12 0.93 + 0.43 
100 120 0.70:;:- 0.28 (0.34 2.39 + 1.66 0.73 :;: 0.14 0.97 + 0.42 
100 140 0.90 '+ 0.38 (0.31 <0:-99 0.62 +" O.I~ 0.69 + 0.26 
100 160 1.51 + 0.32 <0.24 0.70 + 1.64 0.19 +" 0.14 0.92+(1-% 
100 180 0.75 "+ 0.28 <0. t 9 <0:-77 0.52 +" 0.14 1.03 :;: 0.40 
100 200 2.60 + 0.36 (0.38 < 1.13 0.52 + 0.16 1.43 + 0.42 
100 220 1.21 :;: 0.22 <0.28 <0.83 0.80'+ 0.12 0.59 :;: 0.28 
100 235 1.58 + 0.40 (0.40 <1.16 (0-:04 0.95 :;: 0.31) 
120 I, b b b b Ii 
120 20 0.83 ... 0.29 <0.21 <U.S:! 0.30 + 0.14 0.74 .. 0.3& 
120 40 1.23 + 0.32 (0.28 0.70 + 0.88 0.09 +" 0.08 1.11 + 0.40 
120 120 1.26 + 0.40 <0.32 3.29 + 1.20 0.60 + 0.12 0.89 :;:- 0.34 



TABLE 4, COflt. 

RADIONUCLIDE CONCeNTRATIONS IN SURFACE SOIL ~AMPLES 
FROM 20 M GRID INTERVALS 

Grid Location Radionuclide Concentrations (EGi/g) 
N W Ra-226 U-235 U-238 Gs-137 Th-232 

~------.-.-- - -. 

120 140 0.95 + 0.28 <0.21 1.20 t- }.62 0.08 t- 0.08 1.06 t- 0.38 
L20 L60 O.Sl + 0.22 <0.23 <0:84 0.33 "+ 0.12 0.73 + 0.38 
120 180 0.80 :+ 0.21 <0.27 1.09 + 0.72 0.21 :.:. 0.07 0.94 + 0.38 
120 200 1.74 + 0.38 <0.25 0.99 "+ 1.89 0.59 "+ 0.16 0.57"+ 0.52 
120 220 1.73 "+ 0.30 0.22 + 0.54 1.04 "+ 1.46 0.85"+ 0.14 0.43 "+ 0.22 
120 235 0.74 "+ 0.22 <0:28 0.70"+ 1.96 <0:05 1.07 --~ 0.40 
140 3 1.44 "+ 0.26 (0.19 1.12"+ \.10 0.66 + 0.12 (0:14 
140 20 b b b b b 

'" 140 40 1.14 + 0.31 (0.40 0.46 + 2.58 <0.06 1.11 I 1.42 
'" 140 60 0.88 "+ 0.22 U.22 + 0.22 (0:68 0.18 + 0.06 0.50 + 0.38 

HO 64 2.33 "+ 0.30 (0:23 1.67 + 1.54 0.13 "+ 0.08 0.57 "+ 0.30 

140 120 1.29 + 0.30 <0.32 2.01 + 1.52 0.37+0.12 1.00"+ 0.311 
140 11,0 0.91, "+ 0.20 <0.31 1.69 "+ 0.80 0.31 "+ 0.14 1.07 "+ 0.40 
140 160 L b b b b 

140 180 1.86 + 0.40 (0.30 (0.99 0.15 + 0.08 0.90 I 1.4? 
140 200 2.99 + 0.40 - <0.43 5.10.! 1.42 <0:01, 2.29 + 0.50 
140 220 1.24 -;- 0.28 0.07 ... 0.07 -:1.00 0.23 T 0.11 1.15 + 0.47 
140 235 1.20 +0.36 <0:-31 (0.96 0.14 + 0.10 1.14 + 0.52 
159 5 3.60 + 0.42 (0.30 1.96 + 2.10 0.43 + 0.12 0.117 + 0.36 
160 20 1.40 + 0.)0 (0.31 1.56 -;- 2.16 0.53 + 0.14 0.81 -;- 0.62 
160 40 2.00 + 0.28 (0.30 2.66"+ 1.30 0.34 + 0.10 0.54 +- 0.26 
160 60 b b b b b 
160 106 0.94 + 0.26 <0.22 <0.68 0.10 i 0.06 0.99 + 0.36 
160 120 0.93 + 0.26 <0.31 1.98 + 0.88 0.14+0.06 1.10 + 0.38 
160 140 0.99 + 0.28 <0.21 2.05 + 1.62 0.14 + 0.06 0.87 + 0.66 
160 160 b b b b b 
160 18l 2.20 !. 0.32 <0.29 1.25 + l.80 0.32 + 0.10 1.12 + 11,]6 



Grid Location 
N W 

160 200 
160 220 
160 23~ 

180 2 
180 20 
180 40 
180 60 
180 71 
180 100 
180 120 
180 140 
180 160 
180 181 
180 200 
180 220 
180 235 
200 5 
200 20 
200 40 
200 60 

200 73 
200 113 
200 120 
200 140 
200 160 
200 180 
200 200 

TABLE 4, cont. 

RADIONUCLIDE CONCENTRATlONS IN SURFACE SOIL SAMPLES 
FROM 20 Ii GRfIl INTERVALS 

Ra-226 

9.24 + 0.70 
2.10 "+ 0.40 
I.UO :;: O.~6 
1.90"+ 0.40 
0.90 "+ 0.28 
0.64:;: 0.20 
0.84 "+ 0.20 
2.03"+ 0.38 
0.79 + 0.20 
0.99"+ 0.20 
1.30"+ 0.22 

b 
0.78 + 0.26 

IO.I "+ 0.9 
1.44 "+ 0.32 
0.74 "+ 0.20 
2.41 "+ 0.46 

b 
b 

1.~5 I 0.30 
1.41 + 0.25 
1.05 + 0.20 
1.09:;: 0.30 
0.74 +" 0.26 
0.73 + 0.18 
0.83 :;: 0.20 
0.41 + 0.28 

Radionucllde Concentrations (pCi/e) 
U-235 U-238 Cs-137 

(0.46 
(0.35 
<O.Hl 
<0.26 
(0.23 
<0.19 

0.25 + 0.26 
(0:26 
(0.17 
(0.29 
<0.30 

h 
0.27 + 0.40 

(0-:-49 
(0.35 
(0.25 
<0.25 

b 
b 

<0.21 
(0.23 
<0.29 
<0.24 
<0.25 
(0.29 
<0.20 
(0.21 

<1.38 
2.35+1.66 

<0-:-66 
2.13 + 1.90 

(0-:-76 
1.17 + 1.60 
3.11 + 1.72 
1.52 "+ 2.14 
2.05 + 1.10 

(0-:-92 
2.97 + 1.04 

b 
<0.85 
(I .47 
<t .08 
(0.80 
<1.10 

b 
b 

1.32 1 2.02 
0.72+3.44 
3.48 "+ 1.16 
1.61 :;: 1.90 
1.43"+ 1.88 
3.00 + 1.08 

<0782 
1.12 + 1.02 

0.41 + 0.20 
0.79 +" 0.14 

<O-:-O~ 
0.93 + 0.16 
0.16 +' 0.08 
0.36 :;: 0.08 
0.24 + 0.08 
0.35 "+ 0.10 

(0.04 
0.06 + 0.0(, 
0.31 +" 0.08 

b 
0.19 + 0.0(, 
0.46 +" 0.12 
0.45 .. 0.12 
0.07 "+ 0.06 
0.66"+ 0.14 

b 
b 

0.78 , O.I~ 

<0-:-06 
0.06 + 0.02 
0.09:;: 0.10 
0.06 +" 0.04 
0.09 + 0.08 

<0704 
0.44 + 0.12 

Th-232 

1.28 + 0.68 
1.04 "+ 0.44 
1.08 +" 0.38 
0.83 "+ 0.48 
0.93 + 0.28 
0.97 :; 0.32 
1.18 + 0.34 
0.90 + 0.42 
0.86 :, 0.28 
0.86 "+ 0.42 
1.22 +" 0.39 

b 
0.58 + 0.42 
1.12 "+ 0.64 
0.94 +" 0.50 
0.93 +" 0.26 
0.63"+ 1.12 

b 
1> 

0.56 , 0.28 

0.84 + 0.36 
1.25:; 0.36 
1.10:;: 0.l,4 

1.15 + o.:m 
1.34 + 0.50 
0.8l :; 0 • .38 
0./9 +" 0.40 



TAlJ!.F. 1,. cant. 

RADIONUCLlOE CONCENTRATIONS IN SURFACE SOIL SAMPLES 
FROM 20 H GRID INTERVALS 

Grid Location RadionucUde Concentrations (2Ci!g) 
N W Ra-226 U-235 U-238 Cs 137 Th 232 

200 220 I.S5 + 0.30 <0.34 <1.02 0.73 + 0.12 0.92 + 0.28 
200 235 0.94 + 0.23 <0.18 0.67 + 1.16 0.20 + 0.10 0.411 + 0.44 
220 3 1.83 ./- 0.33 <0.24 2.01 + 1.86 0.15 + 0.06 <0--:27 
220 20 Ii b b b b 
220 40 0.19 ± 0.28 <0.21 2.55 + 1.92 0.62 + 0.16 0.65 + 0.48 
220 60 0.99 + 0.20 <0.22 <0-:62 0.30"+ 0.08 <0.12 
220 75 0.61 !: 0.25 0.20 + 0.62 <0.91 0.12 + 0.56 0.93 + 0.62 
220 120 L 11 + O.?!! <0-:-30 1.34 + 1.48 <0-:-05 1.36 + 0.38 

~ 220 140 0.83 "+ 0.30 <0.35 1.44 "+ 0.16 <0.06 0.96 "+ 0.32 
..... 220 160 0.98 + 0.35 <0.25 <1-:13 0.26 + 0.16 0.98 + 0.50 

220 180 8.50"+ 0.75 <0.43 <1.50 0.66 "+ 0.24 1.71 "+ 0.78 
220 200 1.00"+ 0.28 <0.29 2.12 + 1.38 0.68 + 0.16 0.97 "+ 0.50 
220 220 0.78 "+ 0.25 <0.2~ <0-:87 0.70 "+ 0.19 1.13+0.46 
220 235 0.54 "+ 0.19 <0.23 0.96 + 1.36 0.26"+ 0.10 0.59 "+ 0.50 
240 5 1.44 + 0.25 <0.20 <0-:78 <0-:05 0./,2 + 0. /,0 
240 20 1.18"+ 0.28 <0.22 0.91 j 1.78 0.14 + 0.06 0.84 !: 0.32 
240 40 1.41 :; 0.)5 <O.D 2.55'-- 2.06 0.27 T 0.16 0.93 + 0.3& 
240 60 0.59 + 0.13 <0.17 <0-:52 0.34 + 0.08 0. 1,0 + 0.23 
21,0 76 0.8b + 0.25 <0.19 1.55 + 0.75 0.09 + 0.10 0.70 + 0.52 
Z40 J 10 0.98 + 0.28 <':0.23 1. 92 :; 1.68 0.17+0.10 1.00 + 0.:>4 
240 140 1.08 + 0.33 0.55 + 0.50 2.29+1.90 0.1,9+0.12 0.54 + 0.56 
240 160 9.61 + 0.78 <0':'46 <1-:-60 0.26 t 0.10 0.62 + 0.52 
240 180 U.Yb +" U.IY <D.:lU Z.U) T Z.)b 1,00:; 0.20 0.62 + 0.60 
240 200 0.94 t 0.30 <0.31 1.87 + 1.86 0.62 + O. [I, 0.9!, + 0.38 
2/tO 220 0.49 :j.- 0.28 <0.24 1.91 t 1.61 1.21+0.18 1.12 + 0.67 
240 235 0.81 +" 0.20 <0.30 <0-:-94 <O--:U4 U.83 +" 0.31> 
260 " 1.39 :f. 0.35 <0.32 2.62 + 0.24 <0.05 1.16 !: 0.38 



TABLE 4, cont. 

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES 
FROM 20 M GRID INTERVAl,S 

.,---

Grid l.ocation Radionuclide Concentrations (f!Ci!ll) 
N W Ra-226 U-235 U-238 Cs-137 Th-232 

260 18 0.73 + 0.23 (0.17 0.85 + 1.70 0.13 + 0.08 0.55 + 0.26 
260 1,0 0.91 + 0.28 (0.30 0.41 +, 1.70 0.84 :±: 0.12 0.85 :t 0.30 
260 60 0.86 + 0.30 (0.21 <0~95 0.20 + 0.08 0.72 + 0.28 
260 lOS 1.58 + 0.30 0.56 + 0.56 0.90 + 1.90 0.51 + 0.12 1.14 + 0.48 
260 120 0.83 + 0.28 <0-:-32 3.41 + 2.05 0.92+0.16 1.10 + 0.40 
260 140 0.76 + 0.24 <0.25 2.67 +" I.B5 0.76 +" 0.20 1.16 +" 0.42 
260 160 0.96 + 0.25 <0.24 <0-:-89 0.80 + 0.12 0.61 + 0.44 
260 180 0.75 +" 0.24 <0.2t> (1.06 0_7'1 + 0.1 'I I. 27 -:;: 0.60 
260 200 1.01 +0.25 (0.26 3.14 + 2.52 0.54 + 0.16 1.00 + 0.4', .... 
260 220 1.04+0.33 <0.23 3.32 + 2.14 0.67 + 0.16 1.47 + 1.03 N 

260 235 0.65 + 0.16 (0.27 2.39 + 1.41 0.20 :;:- 0.07 1.79 + 0.81 
280 3 2.26 + 0.39 <0.15 ( 1-:-07 (0-:-05 1.05 + 0.39 
280 20 h b b b h 
280 40 b b b b b 
280 60 0.19 + 0.28 <0.30 1.96 + 1.68 (0.40 1.43 + 0.42 
280 80 0.75 + 0.38 <0.22 1.07 + 2.01 0.07 + 0.12 0.83 + 0.34 
2S0 106 1.2'1 t 0.30 (0.27 2.25 :; 1.:;6 0.70:; 0.14 0.90:; 0.68 
280 120 0.81 +" 0.35 <0.38 <1-:-18 0.80 +" 0.22 1.19 +" 0.72 
280 140 4.74:;:- 0.68 <0.39 6.38 + 3.36 1.21 + 0.22 2.27 ::!:: 0.58 
250 160 1.10+0.3] <0.27 2.82 + 1.75 0.85 + u.m (l.1l1 .:t 0.J4 
280 180 0.98:;:- 0.45 <0.46 <1-:-45 1.14 :;: 0.24 0.71 + 0.91, 
280 200 0.68 +" 0.35 <0.20 1.00 T 2.00 0.31 + 0.12 0.84 +" 0.42 
260 220 0.61 + 0.24 0.1':! + 0.)3 0.84 +" 1.87 0.47:; O. \0 0.47 :; 0.30 
280 235 0.70 + 0.20 <0-:-27 4.33 +" 1.92 0.10 "+ 0.10 0.87 +" 0.',2 
JOO 3 1.16:;:- 0.28 <0.23 1.77+1.67 0.98 + 0.18 0.82 :;:- 0.30 
300 20 6.99 + 0.50 o .Iii + 0.86 4.32 + 2. \0 <0.06 0.16 + 0.23 
300 40 2.19 + 0.33 <0-:-22 2.05 +" 1.60 0.27 + 0.09 0.S5 + 0,1.2 



TABLE 4. ('ont. 

RADlONUCJ.TDE CONCENTRATIONS IN SURFACg SOIL SAMPLES 
FROM 20 M GR III INTERVALS 

Grid Location Radionucllde Concentr"tions ( pei/g) 
N W Ra-226 U-235 U-238 Cs-137 -----Th··232 

300 60 0.83 + 0.29 0.42 + 0.45 1.65 + 0.110 <0.04 0.99 i 0.30 
300 110 0.93 +" 0.25 <0:19 1.41 +" 1.42 <0.04 1.02 "+ 0.59 
300 95 0./11 +" 0.20 <O.~l 0.411 +" t.1 t U.LJ + 1J.ll 1.00 +" 0.)0 
300 \05 2.83 + 0.1,8 <0.42 0:21 0.74"+ 0.16 1.53"+ 0.60 
300 120 0.73 :;:- 0.29 (0.20 <0.75 0.',0"+ 0.10 0.64 :;:- 0.40 
300 140 0.50"+ 0.55 0.69 + 0.75 0.19 + 2.37 1.20"+ 0.22 0./6"+ O.:l2 

300 160 1.56:;:- 0.38 <0:43 [;74:;:- 1.32 1.27 "+ 0.23 1.35" 0.45 
300 180 0.95 + 0.31 <0.31 2.96 + 3.72 1./.1, + 0.23 1. 32 '+ 0.48 
300 200 1.19+0.38 (0.30 (I.OJ 0.58 +" 0.14 1.06 +" 0.60 

+' 300 220 0.60 + 0.35 <0.26 0.76 + 2.21 0.57'+ 0.16 0.90"10.48 w 
300 235 0.86 :;:- 0.20 (0.13 1.07 :;:- 0.48 0.11 :;:- 0.06 0.70 :;:- 0.30 
320 4 1.26 + 0.28 <0.23 0.93 "+ 2.02 0.66 +" 0.12 0.49"+ 0.23 
320 20 0.58 :;:- 0.31 0.72 + 0.57 1.12:;:- 1.04 0.52:;:- 0.13 0.73 :;:- 0.31 
320 40 0.65 +" 0.30 • <0:23 1.48 "+ 1.98 0.54 :;:- 0.12 1.09 "+ 0.43 
320 60 0.89 :;:- 0.38 0.37 -I 0.55 1.57"+ 0.16 0.37:;:- 0.12 1.11 :;:- 0.48 
320 80 0.54 "+ 0.18 <0:16 1.19"+ 1.21 0.41 "+ 0.08 0.56"+ 0.36 
320 12/ 0.79 :;:- 0.2', <0.18 <0-:72 0.57:;:- 0.10 0.88 :;:- 0.33 
320 140 1.24+0.34 <0.23 3.76 + 1.68 0.82 + 0.17 0.55 "+ 0.46 
320 160 1.14 +" 0.31 (0.28 1.72 +" 1.61 0.84 :;:- 0.21 0.82 + 0.46 
320 100 1.53"10.44 <0.29 < l-:-~O 1.05 -:; 0.2.1 0.70:; 0.50 
320 200 6.49 :;:- 0.55 <0.38 2.10+1.65 1.02;:: 0.17 0.82 :;:- 0.40 
120 220 0.69 ;:: 0.19 <0.21 1.02;:: 0.18 0.33 +' 0.10 0.62 "+ 0.40 
)20 2D 0.96 +' 0.24 <0.Z6 <0-:-52 0.25:; 0.06 1.16"10.40 
3/,0 3 2.49 + 0.41 (0.28 0.94 + 2.71 0.99"+ 0.17 0.66"+ 0.28 
340 20 0.84 :; 0.26 (0.19 1.02 +" 1.86 0.54 :;:- 0.13 0.88 .. 0.28 
J40 40 1.03+0.29 (0.20 <0-:95 0.31 :; 0.12 0.98 :; 0.42 
340 60 0.68:;:- 0.23 <0.22 0.90 + I.~O 0.71 :; 0.15 2.84 :;:- 0.54 



TABLE 4, cont. 

RADlONUC[.IDE CONCENTRATIONS IN SURFACt; SOiL SAMPLES 
FROM 20 M CRI!) INTERVALS 

Grid Location Ra<Honucll(1e (;oncent rations (e(;lf!lJ 
N !~ Ra 226 U-235 U-238 CS 137 Th-232 

340 78 0.45 + 0.19 <0.15 <0.67 0.42 + 0.10 0.56 + 0.49 
340 UO O.S3"+ O.lB (0.19 (0.6:1 o .OB "+ O.Of, 0.74 "+ 0.26 
31,0 [1,0 <0-:-31 (0.28 3.11 + 2.09 (0-:11 0.90 .j. 0.43 
340 160 3.60 + 0.1,5 (0.38 2.72 "+ 2.06 1.10+0.15 0.70 0.j: 0.43 
340 180 0.93"+ 0.24 (0.20 0.42 "+ 1.34 0.07 "+ 0.06 0.6ft "+ 0.25 
340 200 00.83"+ 0.20 (0.25 (0-:-82 0.36 "+ 0.09 1.00 "+ 0.52 
340 220 0.75 "+ 0.21 (0.22 0.67 + 2.83 0.49 + 0.12 (0.22 
340 235 0.85 "+ 0.29 (0.27 2.14"+ 1.1,8 (0-:-04 1.08 + 0.1,0 
360 3 1.1,3 + 0.38 (0.25 2.76 + 2.02 0.88 + 0.15 0.80 "+ 0.29 

l'- 360 20 0.66 "+ 0.23 0.92 .:!:. 0.1,5 (0:-83 0.62"+ 0.12 0.68 "+ 0.44 
l'-

0.83+0.26 360 40 (0.20 (0.75 0.30 + 0.10 1.03 + 0.30 
360 60 1.66"+ 0.33 <0.27 J. 71 + 2.29 0.44 "+ 0.13 1.03"+ 0.42 
360 78 1.00"+ 0.30 (0.23 (0:-84 0.81 "+ 0.16 0.15 "+ 0.1,9 
360 120 1.39"+ 0.3/, (0.34 2.71 + O.U 0.67"+ 0.12 0.74 ... 0.48 
360 140 1.21, "+ 0.31 (0.34 (1-:-11 0.85 "+ 0.15 l.67 "+ 0.42 
360 160 1.94 "+ 0.29 <0.33 1.65 + 1.52 0.63 -; 0.12 1.21 :;: 0.61 
360 HlO 1.30 T 0.33 <0.:34 3.57 +" 1.~(j 0.82 +" 0.14 0.70 + 0.70 
360 200 2.63 :;: 0.36 <0.27 (0:-82 0.81 :;: 0.12 0.46 :;: 0.1,6 
360 210 1.80 :;: O.V, (0.28 3.13 + 1.69 0.60 :;: 0.15 1.27"+ 0.38 
360 220 1.05 -:;:: 0.28 0.36 + 0.66 <0-:-90 0.43 "+O.ll 0.85 -:;:: o.n 
360 235 0.78 +" 0.20 (0-:-26 1.39 + 0.99 0.13 :;: 0.09 1.23 +" 0.511 
380 3 1.21 "+ 0.30 (0.25 0.72 :;: 1.93 0.99 "+ 0.14 0.76"+ 0.34 
380 20 0.61 "+ 0.24 (0.22 1.65 +" 1.00 0.79 "+ 0.15 0.74 "+ 0.1,6 
380 40 0.74 "+ O.H (0.21 (0:-77 0.50:;: 0.11 0.67"+ 0.37 
380 60 1.09 +" 0.43 (0.22 1.61 + 0.16 0.26 "+ 0.09 I .11, + 0.4/, 
380 78 1.45"+ 0.41 (0.22 2.12"+ 2.23 0.29"+ 0.11 1.10"+ 0.32 
380 120 0.55 ~ 0.07 0.08 !. 0.09 0.',8 ~ 0.33 0.07 ~ 0.0\ 0.15 + 0.07 



TASl.E I., cunl. 

RADIONUCI.WE CONCENTRATIONS IN SUR.'AC~; SO 11, SAMPLES 

FROM 20 M GRill INTERVALS 

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

Grid Location Radlonucl1de Concentrations (2C1 /!,;J 
N W Kf.-226 1/-215 11-238 Cs-137 -Th-232 

-----------
380 140 1.11 + 0.10 (0.31 1.61 + 1.1,4 0.68 + 0.14 0.83 + 0.31 
380 160 0.90 i. 0.40 (0.32 <1:06 0.75 +" 0.16 1.15 +" 0.38 
380 180 0.89 + 0.28 <0.30 1.49+1.61 0.85 +" 0.13 0.47 +" 0.52 
380 200 0.28 ! 0.38 <0.41 <1:18 1.22 +" 0.19 1.31 +" 0.54 
380 220 b b b b h-

380 235 0.7J + 0.26 <0.20 0.81 + 0.76 <0.04 0.60 + 0.43 
1,00 3 1.24 +" 0.54 <0.21 <0:92 0.45 + 0.12 0.56 +" 0.38 
400 20 1.44 +" 0.29 <0.22 1.42 + 1.49 0."3 +" 0.27 0.33 ... 0.27 
400 40 0.85 +" 0.20 <0.18 <0-:-83 0.72 :;:- 0.12 0.61 :;:- 0.39 

<- 400 60 1.23 +" 0.25 <0.21, 1.03.t 1.69 0.28 +" 0.01, 0.92 +" 0.31 
V> 

5.96 +" 0.55 1,00 77 <0.52 <1.40 0.62 + 0.15 1.29 + 0.76 
400 120 0.36 +" 0.68 (0.19 <0.59 (0-:-05 (0-:-20 
400 140 0.)4 :;:- 0.06 <0.05 l.lD + 0.30 0.21 + 0.03 0.14 + 0.08 
400 160 1.04 +" 0.39 <0.35 (1.11 0.88 "+ 0.13 0.86 "+ 0.43 
400 180 0.53 +" 0.1\ 0.\9 + 0.22 0.96 + 0.31, 0.38 +" 0.04 0.31 :;:- 0.11 
400 200 b b b b b 
400 220 O.SCI + 0.40 <0.:<2 0.54 + 1.49 0.78 + 0.14 1.00 + 0.47 
400 235 0.75 -; 0.21 (0.28 <0-:-85 0.22 -; O.LO 0.65 -; 0.Z9 
420 4 2.51 :;:- 0.39 (0.36 4.01 + 1.24 0.52:;:- 0.12 (0-:-24 
420 20 0.J8 -:; 0.:'11 <0.41 (1.11 O.IlJ -:; 0.20 (O.D 

420 40 1.00:;:- 0.43 (0.28 <0.91 1.01 +" 0.\9 1.08 + 0.36 
420 60 2.26 -; 0.43 (0.28 <1.21 0.37 -; 0.14 0.91 -; 0.50 
1,1U 18 1.7~ :j:" 0.38 <;0.28 <;0.92 1.08 +" 0.17 0.99::; 0.44 
420 120 2.60 +" 0.34 <0.34 (0.98 0.36 -; 0.\3 0.87 +" 0.36 
1,20 140 1.68 +" 0.39 <0.32 1.96 + 1.49 0.80 :; 0.14 0.42 +" 0.27 
416 160 1.55"+ 0.34 (0.25 <0790 0./4 "+ 0.11 1.11 "+ 0.42 
419 180 0.85 ~ 0.21 <0.33 2.20 + 1.49 1.05 ~ 0.15 0.69 ~ 0.35 



Grid Location 
N W 

400 200 
419 220 
420 235 
430 10 
430 20 
430 40 
430 60 
430 80 
430 100 

TABLE I,. cant. 

RADWNUCI,LDE CONCENTRATIONS IN SURFACE SOIL SAMPI.ES 
FROM 20 M GRIll INTERVALS 

Radlonuelide Concentrations <eCl/g) 
Ra 226 U-235 U-238 Cs-137 

1.21 + 0.29 (0.31 (0.95 0.72 + 0.13 
1.80 '+ 0.43 (0.38 4.00 + 0.25 0.57 '+ 0.16 
0.78"+ 0.35 (0.28 1.64 + 1.24 0.07 + 0.08 
1.46'+ 0.35 (0.33 2.14"+ 1.23 1.69 I 0.25 
1.51 + 0.35 (0.27 2.08 + 2.25 0.99 + 0.17 
1.98 "+ 0.35 <0.37 1.86"+ 2.02 l.14 "+ 0.16 
l.03 +" 0.24 (0.30 2.20 + 0.10 0.25"+ 0.10 
2.76+0.38 (0.38 <1-:-18 0.41'+O.1l 
3.24 + 0.40 (0.39 1.59 + 2.24 l.ll ±: 0.20 

a Errors are 2~ based on counting statistic~ • 
b No sample collected; grid poiot inaccessible due to presence of standing 

water:. buildings, or drainage ditches. 

Th 232 

1.1n + 0.34 
1 •• 21 '+ 0.66 
1.17+0.33 
0.85 "+ 0.57 
0.76 +" 0.68 
0.92 "+ 0.33 
0.91, + 0.34 
0.95 '+ 0.29 
1.00 +" 0.72 



TABLE 5 

RAOIONOCL IOE COOCEIITRATIONS IN SURFACE SAMPLES 

FRCH LOCATIOOS I DENT! FI EO BY lliE WALKOVER SCAN 

Sample S~mp' e Grlda R.dlonucllde Concentrations (eel/g) 
I dent I fl cat Ion Da~crJptlon Location Ra-226 1J-23,b 1J-238b Cs-137 b Th-2l2b 

N W 

Bl Rock 35 18 570 + Be <5.29 <8.72 <0.67 19.6 + 5.8 
A2 Rock 80 35 244 + 6 22.8 .!. 15.1 272 + 170 <1,21 9H ! 15 
83 Rock 80 40 179 .!. 16 <11,4 21} + 3 <2,68 804 .!. ;8 
84 Rock BO 46 247 .!. 7 10.9 + 16.3 257 .!. 205 <1.29 1180 .! 20 
B~ Rock 80 50 84,4 .!:. 3.6 6,79 I 1.0; 91,4 I- 1,4 <0.55 189 + 8 

86 Rock 80 56 165 .!. 25.5 .!. 11.8 184 .!:. 1.7 <0.97 614 .!:. 12 
87 Rock 85 40 32,S .!:. 0,8 3.11 !. 1,23 40,6 !. 17 ,I <0.07 <O,}1 

.... B8 Hock 87 43 13,1 .! 0,7 1,21 !. 1.02 10.1 .!. 7.6 0.60.!: 0,13 1,03.!: 0.61 

" 69 Ro~k 90 32 12,2 .!:. 0.7 <0,55 12.0 + 2.8 0.11.!. 0.08 O,45.!:. 0.51 
810 Soli 90 230 12.0 .!:. 0.8 O,56..! 0.90 <1,35 O.15.!. 0.09 O.IO..! 0.56 
Bl1 Soli 100 196 37.0 .!:. 1.5 4.47 .!:. 1,67 7,08 -'- 5.37 0.61 ..! 0.61 0.95 .:: 0.77 

812 Soli 105 228 31.6 .!. 1.4 0.69.! 1.51 <2,21 0.50..! 0.14 0.63.!. 0.96 
BI3 Soil 110 228 3.26..! O.H <0.34 <1.06 <0,00 <0,2> 
B14 5011 111 228 44.8 .!. 1.5 <1.16 <3,70 0.61 .!:. 0.16 <0,55 
B15 Rock 115 19.2 .!:. 0.9 . 1.73!. 1.50 14.4 .!:. 2,9 0.28 ~ 0.11 0,71 !. 0.86 
PI6 Soil 115 229 78-.1 .:: 2,0 :I;J9.!. 2.'6 a.a} ..:. ... 61 <0.::23 <0.75-

811 Soli 120 234 86,0 -'- 2,7 3,59 -'- 2,79 <3.77 <0.16 <0,68 
BI8 Soli & Grovel 143 6 10,7 .!. 0,6 <0.56 6.20.!. 2,64 <0.06 1.04..! 0.52 
Ol? 5<> II 146 160 0.',)4 !. 0,30 '<0.22 1.70 !. 1,IZ <D,O} 0,.71 ~ O.lO 
B20 Sof I & Grovel 155 33.3 + 1.1 3.26.!. 1,59 31,5 .!:. 3,5 <0.08 0.59 .! 0.47 
821 Soil 159 198 31,S .!:. 1.1 <0.90 1,14 .!:. 2.97 0.37 ..! 0.12 2.93 ~ 0.93 
e22 Rut;~ 164 4~ 9 .. 09..:!:.. O .... 'CI 1.41.!. Q,19 10.0 ..! z.o 0.00 ...!:.. O.O~ O ... M ...!- o. ~4 
B23 Soli 164 212 24.8 ~ 1,1 <0,92 <2,44 1.02 + 0.17 <0.43 
B24 Soil 165 209 47,8 .!. 1.6 <0,79 <2.05 1.18.!. 0.19 1.04..!. 0.87 
~L' »OIl 1M :flU 0/.1;1. !. l.b ~.U4 !. l.jU <1.22 <0,11 <0.45 
1126 Rock 117 49 38.4 .!:. 0.9 2.89..! 2.10 41,1 + 0,4 <0.35 153 ..! 2 



.' co 

r ABLE 5, cont. 

RWIOOLCLIDE CONCENTRATIOIIS IN SURFACE SAWLES 
rR~ LOCAlION5 IOENrl~IEO BY lHE WALKOVER SCAN 

S.mpl e S • .,p Ie Grid 
loc~t Ion 

N W 

R.dlonucllda Concentrations (pel/g) 
I dent i fl c~t Ion Oeser I pt Ion Ra-226 U-235 U-238 Cs-137 

B27 Soli 118 201 39.0 + 1.4 <0.81 
B28 Soil 198 193 1,41 !: 0,30 <0.17 

629 Rock lB4 52 63.0 .:!. 2.7 <3,42 

830 Soil 260 14 0.91.:!. 0.28 <0.24 
931 Sell 256 142 24,2 + 1.0 1.30.:!. 1,04 

832 Soli 244 160 5.24 !:. 0,46 <0,42 

B3J Soil & Graval 294 14.6 -" 0,6 1,50+ 0.97 
034 Rock 351 169 54,9 !.. 1,2 4,4B -" 1.56 
635 Rock 369 48 63.6 .:!. 2,4 <3,63 

a Refer to Figure 7. 

b Large relative errors and mlnlmum detect~ble actlvl1"les are the result of 
high continuum count rates caused by high R6-226 levels. 

C Errors are 20 based 011 count 1119 stlllt 1 st Ics. 

<2,07 0,25 + 0.12 
0,99 !.. 0,1\0 O.?I I 0.06 

62,4 .:!. 0,6 <0,53 
1,06 t 0.a2 <O,O~ 

<0-;-6 I 0.80.:!. 0.13 
<1,21 0.09.:!. 0,05 

15,7 t 2,2 <0,01 
61.5 -" 14,3 <0,11 

70,5 t 0.6 <0,56 

Th-232 

0.60 + 0.83 
1.13!: 0.45 

241 t 6 

I,I~ t 0.31 
1.01!: 0,50 

1.49.:!. o"a 
0,62 + 0,42 

<0,36 

261 + 1 



TABLE 6 

RAIl LONUGLIOE OONCRNTRATIONS IN BOREIIOLE SOIL SAMPLES 

Borehole Grid Depth Radi on"e 11 de Concentrations (~ci/g) 
No. a Location (m) Ra-226 U-235 U-218 C,,-137 Th-232 

N I. 

HI 20 L06 Surface 0.69 + 0.26 b (0.16 0.78 2:. 1.50 0.10 2:. 0.0') 0.79 + 0.32 
0.5 0.98 +" 0.30 <0.30 1.93 + 1.24 (0.04 0.97 -:;: 0.44 
1.0 1.08 "+ 0.28 (o.n 1.01 "+ 1.04 (IJ.U4 U.9l "+ n.ll 
2.0 0.98 +" 0.13 <0.21 (0-;74 <0.03 0.96 +" 0.34 

H2 31 200 Surface 0.89 + 0.33 (0.28 (0.85 0.37 + 0.11 0.97 + 0.31 
2.0 1.28 :t 0.26 (0.23 0.76 + 0.63 (0-:-04 1.10:; 0.64 

~, 113 37 19 Surface 0.88 + 0.25 <0.20 (0.69 0.18 + 0.06 n.70 + 0.41 
'" 0.5 0.83 +" 0.23 <0.24 2.18 + 1.49 (0-;-03 1.12:;' 0.31 

1.0 0.66 +" 0.24 (0.13 0.62 +" 0.53 (0.02 0.54 +" 0.21 
2.0 0.58 ::I 0.19 (0.18 1. 36 +" 1.24 <0.03 0.48 + 0.38 

HI. 94 20 Surface 1.01 + 0.25 (0.26 (0.79 0.07 + 0.06 0.65 + 0.41 
0.5 1.33 +" 0.28 <0.17 0.94 + 0.76 <0-;03 n.H'i :; 0.27 
1.0 LIS +" 0.23 (0.28 0.79 +" 1.53 <0.04 1.00 +" 0.42 
2.0 0.85 ~ 0.21 <0.15 0.57 +" 0. 1,5 <0.03 1.12 "+ 0.36 

H5 130 160 Surface 1.20 + 0.36 <0.36 (1.07 (0.05 1.70 + 0.38 
0.:> 0.09 t 0.20 <0. I') 1.26 I 1.70 0.08 I 0.13 1.29 "+ 0. 1.8 
1.0 1.35 +" 0.30 (0.34 <1:07 <0:05 1.16 +" 0.54 
2.0 1.10 +" 0.30 (0.19 0.91 + 0.83 «).03 1.08 -:;: 0.36 

H6 lit 8 18 Surface 0.80 + 0.24 <0.29 J.99 + 1.24 0.42 j- 0.14 0.36 t 0.42 
0.5 0.83 +" 0.19 (0.27 <0-;-77 <0-;03 1.08 +" 0.33 
I.U 1.UU +" U.4:> (U.32 4.23 + 1.U3 <U.Oj l.13 -:;: 0.62 
2.0 1.15 +" 0.21 (0.28 1.07 :;:- 1.~2 (0.04 1.32+0.40 



TABU: 6, cont. 

RADIONUCLlDE CONCENTRATIONS IN BOREIIOLE SO I L SAMPLES 

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

Borehole Grid Depth Radionuclide Concelltration:o ( ~Ci/!l:) 
No. Location (m) Ra 226 U-235 U-238 Cs 137 Th 232 

N Ii' 

H7 160 229 Surface 0.83 + 0.20 <0.25 1.36 + 1.43 0.12 + 0.04 1.0 I t 0.29 
0.5 0.79 +" 0.21 <0.21 <0-:-69 <0703 0.85 +" 0.34 
1.0 1.01 + 0.24 <0.26 2.19 + 1.93 <0.04 0.70 + 0.26 
2.0 0.98 ~ 0.29 <0.25 1.72 .:t 1.81 <0.04 O.6~ "+ 0.44 

118 229 78 Surface 1.09 + 0.20 <0.30 (0.81 <0.04 2.52 .:t 0.83 
2.0 1.08 + 0.35 <0.33 2.91 + 1.39 <0.05 1.09 I 0.40 

en 119 240 2 Surface 1.24 + 0.23 <0.26 <0.9 0.16 + 0.08 0.41 + O.IH 
a O.S 0.73 +" 0.20 <0.24 1.96 + 1.47 <0-:-03 0.87+0.50 

1.0 0.73 + 0.15 <0.2', <0-:-72 <0.03 1.21 + 0.37 
2.0 1.08 +" 0.28 (0.11 1.45 + 1.49 (0.04 0.87 +" 0.37 

1110 316 200 Surface 0.90 + 0.25 (0.28 1.93 + 1.60 (0.01, 0.80 + 0.17 
0.5 1.08+0.24 (0.16 0.99 + 1.05 0.05 + 0.17 1.47"+ 0.80 
1.0 1.15 +" 0.33 (0.21 1.83 -:;: 1.74 <0.03 0.96 + 0.40 
2.0 1.26:£ 0.26 <0.32 Z .57 !: \.19 <0.05 \ .20 !: 0.45 

HII 339 53 Surface 0.55 + 0.14 <0.24 1.64 + 1.55 0.17 + 0.09 1.0J + 0.39 
o.~ 0.91 +" 0.26 (0.15 0.79 + 0.46 <0-:-03 0.77 "+ 0.30 
1.0 0.83 + 0.19 <0.20 <0772 <0.03 1.00 + 0.38 
2.0 <0:16 <0.26 2.72 + 1.55 <0.03 1.15 "+ 0.35 

1112 418 70 Surface 0.91 + 0.23 0.42 + 0.64 5.01 + 2.35 <0.03 0.112 + 0.28 
0.5 0.78 + 0.29 (0-:-22 1.42 + 1.53 <0.03 1.19 +0.36 
1.0 l.ll "+ 0.25 (0.27 1.86 "+ 0.89 (0.04 1.07 "+ 0.39 
2.0 0.89"+ 0.19 (0.19 1.25 "+ 1.73 (0.03 0.79 I 0.31 



TABLE 6, cont. 

RADIONUCI.IDE CONCENTRATIONS IN BOREHOLE SO[(. SAl'IPLES 

.~.----

Borehole Grid Depth Radionuclide COllcellLrations ( ~ci/g) 
No. Location (m) Ra-226 - U-235 U-238 Cs-\37 Th-232 

N W 

Hl3 ql9 10 Surface 1.18 + 0.26 (0.29 1.57 + 0.89 0.11 + 0.07 1.21 + 0.41 
0.5 1.03"+ 0.26 (0.30 (0-:-88 (0-:-04 1.15"+ 0.37 
1.0 0.69 + 0.19 (0.22 2.18+ 1.55 (0.05 0.57+0.42 
2.0 1.03 ~ 0.23 (0.17 0.74 ~ 0.71 (0.02 0.63 "+ 0.42 

Hl4 4 235 Surface 4.00 + 0.49 (0.29 1.75 + 1.89 0.25 + 0.08 0.73 + 0.24 
0.3 1.15 + 0.25 (0.28 (0-:-92 (0-:-04 0.86 + 0.33 
0.6 1.29 ::!:: 0.25 (0.26 J.61 2. 1.77 0.082. 0 • 13 1.26 "+ 0.32 

eo. 
t-" HIS 110 228 Surface 3.26 + 0.39 (0.34 <1.06 <0.06 (0.25 

0.5 1.46 + 0.31 (0.32 ( 1.08 (0.04 L.J8+0.42 
1.0 1.383.:0.26 (0.23 0.75 + 0.14 0.04 + 0.01, 0.68"+ 0.33 

HL6 11,3 6 Surfa~e 10.7 + 0.6 (0.56 6.20 + 2.64 (O.O~ 1.04 + 0.52 
0.5 6.bl t 0.59 (0.32 3.82 + 0.95 <0.05 0.90 + 0.46 
1.0 1.80 .:!: 0.33 (0.26 2,)63.: 1.88 <0.04 0.96 "+ 0.55 

H17 146 160 Surface 0.94 + 0.30 (0.22 1.70 + 1.12 (0.03 D.71 + D.26 

HI8 159 198 Surfa~e 31.5 + 1.1 (0.90 7. (I, + 2.97 D.)7 + 0.12 2.93 + D.9) 
1.0 1.46 t 0.25 (0.14 1.07 + 0.73 (D -:-0) 0.84 + 0.30 

HI9 16L, 4~ Surface 9.09 + 0.56 1.41 + 0.79 10 .6 + 2.0 0.06 + 0.05 0.64 + 0.34 
0.15 1.18"+ 0.24 (0-:-16 1.57"+ 0.47 <0-:-03 0.93 "+ 0.32 
0.6 1.60IO.30 (0.25 1.23 +' 1.72 (0.05 O.9t, +' 0.46 



TABL~: Ii, con t • 

RAIITONlICLIIlE CONCENTRATIONS IN BOREHOLE SO [L SAHPLES 

------------- ---------------------
Borehole Grid 

Nu, LUCd I.. 1011 

Depth Radionuclide Concentration!! (eCi/aL ____ -------- •.• -
(on) ~22(;""""-- u 235 U-23!\ Go-137 Th-212 

N W 

----. ~~~~-- ~ ........ --- ---_._-.,..--------
H2O 165 209 Surface 47.8 + 1.6 <0.79 (2.05 1.18 + 0.19 1 .0/, + n.1l7 

0.3 36.4 +" 1.3 <0.98 <2.69 0.92 +" 0.16 3.7!:l + 1.53 
0.6 9.59 :! 0.84 <0.42 < 1.14 0.44 + 0.10 0.40 + 0.31 

1121 164 212 Surface 24.8 + 1 .1 <0.92 <2.',4 1.02 + 0.17 (O.4J 
0.3 3.49"+ 0.49 (0.45 <I.40 0.33 "+ 0.15 0.87 + [J.li7 

1122 168 210 Surface 67.8 + 1.6 2.04 + 1.30 <1.22 <0.11 <0.45 
0.15 

'" 
32.1 + 1.5 <o-:n <2.17 0019 + n.12 1,1,9 + 0.5H 

'" 
H23 178 201 Surface 39.0 ~ 1.4 <0.81 <2.07 0.25 + 0.12 0.60 + 0.83 . 

1124 260 14 Surface 0.91 + 0.28 <0.24 1.06 + O.8~ (0.03 1.15 + n.)1 

----~---~.---~--------

a Refer to Figure 4. 
b Er~ocG ar~ 2~ ba9~d on counting ~t~ti~ti~~~ 
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TAB!.E 7 

RADIONUCLIIJE CONCENTRATIONS TN WATER SANPLES 

a 
b 

Sample 
No. 

WI 
1-12 
In 
W4 
W5 
W6 
W7 
WB 
W9 
1-110 
1-111 

Refer 
Refer 

to 

Sample 
Type 

Sul' fdC~a 

Surf"ce" 
Surface" 
Surface a 

Subsurface, Borehole 
Subsurface. Borehole 
Subsurface. Borehole 
Subsurface, Borehole 
Subsurface, Borehole 
Subsurface, Borehole 
Subsurface, Borehole 

• 'Igure 5 • 
to Figure 4. 

Grid Location 
N W 

100 41 
130 10 
180 no 
2j5 75 

HS b 130 160 
H6 b Il.B 18 
H7 b 160 229 
1111 b 339 53 
1112 b 418 70 
H13 b 419 10 
lIl7 b 146 160 

c Errors are 20 based on count Ing statistics. 
d llaRh Indicates analysis was not performed. 

-- -------------
Radionuclide Concentrations S~_ 
Gru~::;. Alphtl GlUH!::i .Hel(:l Ra-226 

<1.35 20.3 I 3.0" 
(0.30 5.13 + 0.83 
<1.67 7 .39 + 3.31 

0.110 + 0.54 1.7610.67 
4.73+1.39 5.71 + 1.26 
8.29 + 3.41 11.6 :; 3.7 
4.23 + 1.49 6.62 -; 1.42 
1.07 -; 0.79 2.47 -; 0.89 
5.27 -; 1.29 5.59 -; 1.15 
6.63 ~ 1.90 2.27 T 1.63 

17.0 .:!: 5.5 8.22 + 5.12 (0.22 



Sample Gdd Location" 
No. N W 

SUI 415 182 

a Refer to Figure 5. 

TAB!.I': 8 

RADIONUC!.IOE CONCENTRATIONS IN SEDIMENT SAMP!.E 
FRON DRAINAGE DITCH 

Radionuclide Concentrations 
Ra-226 U-235 U-238 

9.1.; .!: O.BOb 0.63 .:': 0,91 (1,58 

b Errors are 2a based on counting statistics. 

( ~CiI!l) 
Cs-137 Th-232 

~~------.---.----.------

0.16 -I: 0.09 0.50 .:': 1.26 



TABLE 9 

LISTING Of AR[A 5 otl I1WPER I Y I IoI1ICH 

EXCEED RESIDU~l CONTAMINATION CRITERIA 

Grid Locatlona Rod lonuclldesu Estimated Quo"tltles 01 Moterlal Exceed I"g Guldellne~ RaJJ\drk~ 

N W Area 1m2) Ayg. Depth Vol1Jme 1m3 ) 

1m) 

94-!19 4-IS Ra-226, IJ-?3Sc 10 0.15 10.5 
)43-146 169-170 flo-n6, IJ-238' 3 0.15 .5 
162-164 20-40 Ra-226. IJ-23Sc 40 0.30 12 
163-164 44-45 R.-226, IJ-nac 2 0.30 0.6 Areas. 0 t rock fill or 

241-241 6-7 Ro-226, IJ-Z38c 6 0,15 0.9 pav I ng. Rock contalns 

298-300 4-20 Ro-:I26, IJ-Z3Sc 32 0.15 4.8 .pproxllTl<ltely equ~~ 

300-305 8-22 Ra-226. 1l-238c 10 0.15 10.5 amounts 01 Ra-226 and 
346-354 161-180 R.-Z26, U-238c 152 0.15 22.S IJ-238 and its rad I 0-

'" en 343-347 183-187 Ro-226, U-238c 16 0.15 2.4 ill/elide cootent Is 
353-355 184-187 Ra-n6, IJ-238c 6 0.15 0.9 consIdered of flatura I 

355-357 188-191 !la-226, IJ-238c 6 0.15 0.9 origin. 

355-35/ 192-196 Fla-226. IJ-23Sc S 0.15 1.2 
351-357 703-206 Ra-226, IJ-238c 16 0.15 2.1 
360-366 119-183 Ra-226, IJ-23Sc 24 0.15 3.6 

103-106 230-234 Aa.-226 12 0.30 '.6 
107-116 224~229 R,,-226 45 0.15 6.8 
180-Z00 180~196 !la-226 HO 0.15 48 
,00~217 11 :;-1 00 Ho-ZZ(I 0:; 0.15 12.0 Aroa~ ot contQmlnatlo~ 

206-211 114-118 Ra-226 20 0,30 6,0 asS<)cl ated wi th 

210-219 18)-187 !la-n6 36 0.30 IO.S mat.rI~1 dru~god from 
lll-24Q JoO-114 RO-ZZO liZ Otl., lO.i!) Ill[} Wo:::;.1 t.w Con I .... d I 

240-274 140·157 Rd-226 578 0.15 86,,50 Dr~1 naga DI tctH~S.. 

243-24) 159-162 R.-226 12 0.30 3.6 
743-245 165-168 Ho-226 6 0,30 I.B 
2B0-300 118-119 Ra-226 20 0.30 6 
3Q4-314 120·129 Ro-226 90 0.15 13.5 



briO LOCtlilion Rao I onuc I HltI::,. 

N W 

35 Ie ""-226 
~5 19 R.-22b 

41 18 ""-226 
19 31 Th-232. ""-226. 
19 50 Ih-232. R.-226. 
79 52 Th-232. Ra-226, 

79 55 Th-232. Ro-226. 

u 80 34 Th-232. Ro-226. 
C> 80 38 Th-232. Ro-226. 

80 39 Th-232. Rd-226. 
eo 43 lh-n2, Ro-226 , 

80 45 Th-232, ""-226, 
"0 " Th-'''. A,,-??n. 
eo 53 In-252, Ro-226 , 

S5 4Q ""-226. lJ-23Sc 

81 H R .. -226~ U-'3ac 

90 32 fla-226, IJ-Z38c 

90 230 ""-226 
100 196 flo-226 

105 228 Ro-226 

112 1 Ra-226. lJ-23Sc 

113 0 ""-226, lJ-23Sc 

115 Rio-226. lJ-23Sc 

119 214 Ro-226 
IIY ll' Ra-llo 

119 £.10 ""-226 
120 234 Ro-226 

TABLE 9, cont. 

LI ST HI(; Of AAEAS O~ PROPERTY T WlIICH 

EXCEED RESIDUAL COOTAMIAATION CRITERIA 

C::~4 lmoluu (mllll~:Io u I M(lltll lei I E;II, .... tnti,.,llll Oud \Jtp I file::. 

Area 1m ) Avg. Oopth Volume 1m ) 

1m) 

lJ-23Sc 

lJ-23ec 

lJ-23ec 

lJ-23ec 

lJ-238c 

lJ-238c 

lJ-238c 

lJ-23Sc 

lJ-23Sc 

11-2}8c 

lJ-238~ 

Rt:flilarl\::lo 

--~ .. -~~-

S"",II i so I at ad SUI"" faco or 
near sur fdCO "not-spot n 

«1 ",2 area) or 

Individual piece of cont.m-
Inoted rock-like moterl.l. 

The totdl value repl""ese~ted 
by thBse Inc~tlo~~ Is 

9stJmated to b9 less than 
15 m3• 



nSLE 9, coot. 

LISTING OF AREAS ON PROPERTY T WHICH 
E)l}EED RESIDUAL OONTAMIWlTlON CRITERIA 

Grid location Rad lonuc I I des Estlmot.d ~ontltles of Materia I cxceed lOB Guidelines H.emark 5 

N W Area (m2 ) Avg. Depth VoJume (m3 , 

(m' 

120 203 R.-226 
123 205 flo-226 

143 6 flo-226, 1J..23Sc 

154 202 R~-226 

155 2 flo-2Ui, 1J..23eC 

155 flo-226 , 1J..23ec 

156 2 flo-226. 1J..23Sc 

'-" 
159 2 flo-226 , 1J-218c 

..... 159 51 Ra-22Ii, lJ-23Sc 

159 52 flo-no, 1J-238c Sma II I so 18ted sur face or 

159 198 flo-2io nttdr ~UJ' fdCII;lI Uhot-~pot 11 

162 43 Ra-126, lJ-2>Sc «I rr1- .ro.' or 

162 46 Ra-226, 1J-23Sc Ino 1,lou.1 piece 0 f contam-

162 202 Ra-226 Inated rock-like material. 

164 7 Ra-226, 1J-23Sc The total va I uo roproson.tod 

'''4 212 Ro-226 by tna~o loeatlon~ l~ 

165 60 R.-226, 1J-23ec ~., Imaled to be I ass than 

165 209 flo-226 !5 m3 • 

101 C, Ri!lI"Z26~ IJooz:::.e.r 
168 201 R.-226 

113 49 Th-212, flo-226, 1J-23ec 

111 49 Ih-lH, Ra"'Z:l6, l..Jooo:ljBCl 

178 201 Ra-226 

118 207 Ra-221i 
lBO 49 TII-232 , Ra-226 , 1J-238G 

IBO 52 Th-23Z, Ra-226 , lJ-238c 

184 52 Th-HZ, Ra-226 , lJ-23Sc 



TABLE 9~ cont. 

LI ST I NG OF AREAS ON FROPERTY T \\IHCI~ 

ElICEEO RES IOUAl COtHAM I IlATiON CRITER IA 

Grid location Rad I onuc II dos Estimated ~.ntltlos of Material Excoodln9 Gul dollnos Remarks 

N W Area (m2) Avg. Depth Volume 1m', 

1m) 

185 56 Th-232. ""-226. lJ-23Sc 

181 56 Ih-232, Ra-n6, lJ-23SC 

la9 52 Th-232, Ra-n6, lJ-23ac 

189 56 Th-232, Ra-226, lJ-238c 

190 52 Th-232, Ra-226, lJ-238C 

190 56 TIl-232, Ra-226, lJ-238c 

195 56 Til-ZH. Ro-226. lJ-23Sc 

'" 215 ~4 Th-232, Ra-226, lJ-23Sc 
CO 

lJ-238c 220 54 TIl-232, R.-226, 
221 0 Ra-226, U-238c Sma II I sol ated sur face or 

221 5 Ha-226, 1I-238c near sur- fdce "hot-~potN 

221 115 Ra-226 «1 m2 aroa) or 
22! 178 Ra-n6 IndJvldoal p I ace 0 t contam-

225 rl8 ""-226 Inated rock-I ike mater lal. 

228 54 Th-232, Ra-226, lJ-23Sc Tho total valuo roprosofitod 
zze " Th-2":C:, Ro-2Z6, U-Z30c by tho~a loc3tlon~ I~ 

244 13 Ra-226, 1J.238c tlo~tlmdttJd to tffi le::ios than 

250 59 Th-232, Ra-226, 1)-238c 15 m'. 
LOU I. ""-220, 1..1-2'6"-

290 201 Ra-226. 1J.238c 

292 136 Ra-226, IJ-23Sc 

292 138 K~-2:loJ tJ-ljS-c 

292 200 Ra-226, 1J.23Sc 

294 Ra-226, 1J.25Sc 

300 40 f!d-226, 1I-23Sc 

323 14 Ra-216~ 1J.23Sc 

332 41 Th-L32, Ra-226, IJ.2lSc 



In 

'" 

Gr I d Locotloo 
N W 

333 41 
340 41 

342 15 
148 14 
348 15 
348 49 
34Q 40 

356 41 
369 48 
317 48 

400 15 

a RoEll fee to figure 7. 

R.~ lonve I Ides 

Ih-2n, fla-226, 
Th-232. 1<0-226, 
Ro-226, U-23aC 

Ro-226. U-23ec 

R~-226, u-23ec 

Th-232. Ra-226. 
1",_7,\7 ~ fill_"". 
Th-232. Ra-226. 
Th-232. Ra-226. 
fh-2.H, Ra-226. 
Ra-226. U-238c 

TABLt 9, cont. 

LI STING OF AREAS ON PROPERTY T \\Ii I CH 
EXCEED RESIDUAL CO~ITAMINATION CRITERIA 

Est I IMted antltles of Material Exceedin Guidelines 

U-Z3SC 

',""Se 
U-23Sc 

U-23Sc 

lI-23Sc 

Areo (m ) ~vg. Oep~h Volume 1m ) 

(m) 

Hell"oarks 

Sma II lsol ated sur tace or 
near sur face tlhot-Spot~1 

«I m2 area) 01' 

lod I y Idu.1 piece 0 t contam
inated rock-II ka fMtar I at .. 

TIlt, tol~ I va lua rtj:prasef1t~tJ 

by these I ocat Ions Is 

estimated to De less than 
15 m3 • 

b Based on locations, phy~lcdl appearance, dIrect radiatIon levels and analyses of stmillar materlal~. 
¢ r~aTUn.lJ Ily OGCUrlflg JJId )tn-lell III Iv{';"" fill. 
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APPENDIX A 

INSTRUML~TATION AND ANALYTICAL PROCEDURES 



Al'Pr:NDIX A 

Instrumentation and Analytical Procedures 

Gamma Scintillation M~asurement 

Walkover surface scans and meaSurements of gamma exposure rates were 

performed using Eberline Model PRM-6 portable ratemeters with Victoreen 

Xodel 489-55 gamma scintillation probes containing 3.2 cm x 3.8 Cm NaICTl) 

scintillation crystals. 

(].lR/h) using factors 

scintillation detector 

Count rates were converted to exposure levels 

det~=ined by comparing the response of the 

with that of a Reuter Stokes model RSS-lli 

?ressur ized ionhation chamber at several locations on the Niagara Falls 

Storage Site and off-site properties. 

Beta-Gamma Dose Rate Measurements 

Measurements were performed using Eberline "Rascal," Model PRS-l, 

portable scaler/ratemeters with Model HP-260 thin-window, pancake G-H, beta 

p.ub~". Do.e rates (1.lrad/h) were determined by comparison of the response 

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

probes. 

BoreholE! Logging 

Borehole gamma radiation measurements were performed using a Victoreen 

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

portable scaler. The scintillation probe was shielded by a 1.25 em thick 

lead shield with four 2.5 em 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 a small winch. Measurements were ?erformed at LS-30 em 

intervals in all holes. The logging data was used to identi.fy regions of 

possible residues and guide the selection of subsurface soil sampling 

locations. Due to the varying ratios of Ra-226, U-235, U-Z38, Th-Z32, and 

Cs-l37 there was no attempt to estimate soil radionuclide concentrat:ions 

directly from the logging results. 

A-l 



Soil and Sediment Sample Analysis 

Gamma Spectrometry 

Soil and sediment samples were dried, mixed, and n portion placed in a 

0.5 liter ~arinelli beaker. The quantity placed i~ each beaker was chosen 

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

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

solid state intrinsic germanium and Ge(Li) detectors coupled to a Nuclear 

Data model ND-680 pulse height analyzer system. 6ackground and Compton 

otrippinS) peak aearch, peQk identification, and coucent~ation calculations 

were performed using the computer capabilities inherent in the analyzer 

syst..m • 

were: 

En~X'ey peaks used for dE!!termina.t:ion of radionue.lides of cone~rn 

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

U-235 - 0.143 MeV 

U-238 - 0.093 MeV from Th-234 (secular equilibrium assumed) 

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

Cs-137 - 0.662 MeV 

Water Sample Analysis 

Water samples were rough-f iltered through Whatman No. ;! t ilter paper. 

Remaining suspended solids were removed by subsequent filtration through 

0.45 ~m wumbraue Lil~~rg. !he (ilc.~~e Wd6 acidified by addiLiou or La wl 

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

to d",ynes. and oou»t"d for &ro •• alpha "nil gro.s beta usinS a T .. nn<ll .. " 

Model LB 5100 low-background proportional counter. 

Analysis fOl: Ra-226 was performed using the standard technique EPA 

600/4-80-032 (August 1980). 
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C~libration and Quality Ass~rance 

With the exception of the exposure and dose rate conversion factors 

for portable survey g~ and beta-gamma meters, a1: survey and laboratory 

instruments were calibrated with NBS-traceable standards. the calibration 

procedures for these portable instruments are described above. 

Quality control procedures on all instruments included daily 

background and check-source measurements 

within expected statistical fluctuations. 

in the EPA Quality A33urance Progr~. 

A-3 
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APPENDIX B 

SUMMARY OF RADIAIION GUIDKLINES 
APPLICABLE TO OFF-SITE PROPERTIES AT THE NIAGARA FALLS STORAGE SITE 



v. S. JEPARTXENT OF E~ERGY 

!l\TERIH RESIDUAL CO"TA.'lI~ATIOX AND 1JASTE CONnOL GUIDELl~""£S 
FOR 

FOR.:~r:RLY UTILIZED SlIES RE~lAL ACTIor; PROGRAM (FUSRAP) 
AND 

REMOTE SURP~US FACILITIES V~GE,~NT PROG~~~ (SFMP) SITES 

(Revieu ~ithin DOE CQnti~uing) 

Presented here are the residual contarnin~tion eleanup and ~aste control 
guide!}nes of general applicability to the FUSRAP project and remote SFMP 
sites-. A site-specific analysis will be prepared for each FUSRAP and remote 
SFMP site prior to dete~ining 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-reasonably-achievable (ALAP~) policy_ 
ALARA will be considered in reducing levels of residual contamination below 
applicable dose limits. ALARA will be implemented 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 
cedi cal procedures. The radiuw-226 and rhotium-230 guidelines include an 
additional limitation for buildup of radon-222 decay products in buildings. The 
aggregate of the contribution from all major pathways, based on scenarios for 
permanent intrUSion, e.g., establishing residences 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 ensure 
that a particular do~c limit would not be ex~eeded. Uoe of thcoe ~idelines is 
additionally conservative because the pathways considered in the derivation of 
the guidelines aSsume all water intake and most food intake is from the site. 
Also, the FUSRAP and re=ote SFMP citeG often have limited agrieultural 
capability and the contamination is generally not homogeneous. The combined 
effect of these factors is such that the probable radiation exposure to the 
averag~ popula~ion on, or in the vi~inity of. FUSRAP or remote SFMP si~es 
decontaminated to these guidelines will not be appreciably different from that 
normally received from natural background radiation. 

The reSidual contamination guidelines for surface contamination of structures 
were adapted fro~ guidelines developed by the U. S. Nuclear Regulatory 
Commission (NRC) for decontamination of facilities and equipment prior to 
release for unrestricted use27r termination of licenses for byproduct, source, 
or special nuclear material -. The waste control guidelines are consistent 
with applicable DOE Orders and EPA's regulations for inactive uranium milling 
sites, 40 CFR Part 192. 

~/A temote SFMP site is one that is excess to DOE programmatic needs and 1s 

March 21, 1984 
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located outside a major operating DOE R&D or production area. Rewote si~es 
are more likely ~o be relp~~ed to the public or exee$s~d to other government 
agencies after decontamination than are sites located with major R&D or 
production areas. 

l/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 Nuclear ~~terial. ~ivision of 
Fuel Cycle and Material Safety, Washington, DC. 

A. 'RESIDUAL CONTA~!NATION GUIDELINES FOR fORMERLY UTILIZED SITES ~~ REMOTE 
SURPLUS FACILITIES MAJ~GEMENI PROGPJlli SITES 

The following guidelines represent the maximum residual contamination 
limits for unrestricted use of land and structures contaminated with 
radionuclides related to the nuclear fuel cycle at F~SRAP and remote 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 limits and in a manner consistent With DOE's 
as-low-as-is-reasonably-achievable (ALARA) policy on a site-specific basis. 
Site-specific guidelines and ALARA policy will be determined by DOE on a 
site-speCific basis and an ALARA report filed on completion of remedial 
action at a site. ~xist1ng state and federal standards will be applied for 
water protection. Residual contamination limits fol/other nuclides Will be 
developed when required using the same methodolog~ as was used for those 
represented here. 

1. Soil (Land) Guidelines (Maximum Limits for Unrestricted Use) 

R"dinnuclide 

U-23# 
Pa-231 
Ac-227 

Th-232 

Am-241 S! 
Pu-241-
Pu-238, 239, 240 
Cs-137 

B-2 

Soil Criteri~!,l/,i! 
(pei!S above backgro~nd) 

75 
150 
150 

15 
5 pCi/g. averaged over the 
first 15 em of soil below 
the surface; 15 pCi/g when 
averaged over 15 cm thick 
soil layers more than 15 cm 
below the surface and less 
than 1.5m below the surface. 

140 
40 

190 

15 

60 
2400 

300 
80 



Sr-90 300 
5,200 B-3 (pei/ml soil moisture) 

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

2/ 
- In the event of occurrence of mixtures of radionuclides, the 

fraction contributed by each radionuclide to its guideline shall be 
determined, and the sum of these fractions shall not exceed 1. there 
are two special cases for Which this rule must be modified: 

(a) If Ra-226 is present, then the fraction for 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 the Ra-226 concentration by the 
difference between the Ra-226 and Th-230 concentrations. 

(h) If Ac-227 is present, then the, same rule given in (3) for Ra-226 
relative to Th-230 applies for Ac-227 relative to Pa-231. 

1I Except for Ra-226, these guidelines represent uu:restricted-use 
re~idual,concentrations above background a~eraged acr02s auy 15 em 
th~(;k li::ly~r tu any d~pLb and uvt:.l:" aay contl.guous 100 III surface area. 
The same conditions prevail for Ra-226 except for soil layers beneath 
1.5 m; beneath 1.5 m, the allowable Ra-226 concentration may be 
affected by Site-specific conditions and must be evaluated 
accordingly. 

~/Lo~ali%Qd ~on~entrations in excess of these gu~delines are 
allowable provided that the average over 100 m is not exceeded. 
However, DOE ALARA policy will be conSidered on a site-specific basis 
when dealing vith elevated localized concentrations. 

11A curie of natural uranium means the sum of 3.7 x 1010 

disintegrations per Oecond (dis/s) Over any 15cm thi~k layers from 
U-Z38 plus 3.7 x 101 dis/s from U~234 p1us 1.7 x 10 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. 

2!The Th-230 guideline is 15 pCi/g to aecount for ingrowth of Ka-2Z6 
as Th-230 decays. Ra-226 is a limiting radionuclide because its 
decay product is Rn-222 gas. 

8/The Pu-241 guideline was derived from the Am-241 concentration. 

2. Structure Guidelines (Maximum Limits for Unrestricted Use) 

a. Indoor Radon Decay Products 

A structure located on private property and intended for 
unrestricted use shall be subject to remedial action as necessary 
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to ensu,e the annual average ~onc~~tration of radon d~cay pr~ducts 
is less than 0.03 WL within the structure. 

b. Indoor Ga~a Radiation 

The indoor ga~ma radiation after decontamination shall not exceed 
20 oicroroentgen per hour (20 R!h) a~ove background in any 
occupied or habitable building. 

~. Indoor/Outdoor.Structur~ Surface Contamination 

Allo~able Surface Residua~ Contamination+ l 

(dpm/l00 ~m ) 

RadionuclideSl / 3/ 4/ . 4/ 5/ 4/ 6/ Average- '- Max~mum- '- Removable- '-

Transuranics, Ra-226, 
Ra-228 , Th-230, Th-22B, 
Pa-231, Ac-227, I-125, 
1-129 

U-Natural, Th-232 , 
5r-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 
(radionuclides with 
decay modes other than 
alpha emission Or 
~pontaneOU3 fi~~ion) 

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 

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

3/ 

4/ 

means the rate of emission by radioactive material as 
d~tRrmined by eorreeting the counts per minute observed by an 
appropriate detector for background, efficiency, and geometriC. 
factors associated with the instrumentation. 

Where surface contamination by both alpha- and 
beta-gamma-emitting radionuclides exists, the limits 
established for alpha- and beta-gamma-emitting radionuclides 
shall apply independently. 

Measurements of aVirage 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 associaL~d with 

surface contamination resulting from beta-ga~a emitters should 
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6/ 

!lot exc!;!ed 0.2 ~rad/h at 1 em and 1.0 lCrad/h ae 1 C~. 
respectively, measured through not more than 7 rng/cmL of total 
absorber. 

The maximum cont~mination level applies to an area of not 
more than 100 cm • 

The amount of removable radioactive material per 10C cm2 of 
surface area should be determined by wiping that area with cry 
filter or 30ft absorbent paper, applyi~g mod~rBtc pr~s3~rc) and 
assessing the amount of radioactive material on the wipe with 
an appropriate instrument of known efficiency. When removable 
contamination on object9 of less surfaca area is determined, 
the pertinent levels shall be reduced proportionately and the 
entire surface shall be wiped. 

B. CONTROL OF RADIOACTIVE WASTES AND RESIDUES FROM F!)SRAP AND REMOTE SFMP 
SITES 

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 ~astes in a manner 
representing sound engineering practices consistent ~ith DOE's ALARA 
policy. 

1. Interim Storage 

All operational and control requirements specified in the following DOE 
Orders and other items shall apply: 

a. 5480.1A, Environmental Protection, Safety, and Health Protection 
Frogram for DOE Operations. 

b. 5480.2, Hazardous and Radioactive Mixed Waste Management. 

c. 5483.1, Occupational Safety and Health Program for Government-Dwned 
Contractor-Operated Facilities. 

d. 5484.1, Environmental Protection, Safety, and Health Protection 
Information Reporting Requirements. 

e. 5484.2, Unusual Occurrence Reporting System. 

f. 5820. Radioactive Waste Mana~ement. 

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

h. Rn-222 concentrations in the atmosphere above facility surfaces or 
openings shall not (1) exceed 100 pC!/l at any given point, or an 
average concentration of 30 pCi/l for the facility site, or (2) 
exceed an average Rn-222 concentration at or above any location 
outside the facility site at 3.0 pC1!l (above baCkground). 
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i. For ~otcr proteetion, usc e~i5ting state and federal stondordnj 
apply site-specific measures where needed. 

2. Long-Term Management 

a. All operational requirements specified for Interim Storage 
Facilities (H.I) will a?ply. 

b. Control and stabilization features will be designed to ensure to 
thp ~xtpn~ rp~snn~hly ~rhipv~h'p, ~n pffp~~iv~ lifp of 1.000 years 
aDd, in any case, at least 200 years. Other disposal site design 
features shall conform ~ith 40 CFR Part 192 performance 
guidelines/requirements. 

c. Rn-222 emanation to the atmosphere from facility surfaces or 
openi~g shall not (1) exceed an average release rate of 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 
pC!/l. 

d. For ~ater protection, use existing state and federal standards;. 
apply site-specific measures where needed. 

e. Prior to placement of any potentially biodegradable contaminated 
wastes in a Long-Term Management Facility, such wastes will be 
properly conditioned to (1) ensure that the generation and ~~caye 

, of biogenic gases will not cause the requirement in paragraph 2.c. 
to be exceeded, and (2) ensure that biodegradation within the 
facility will not result in premature structural failure not in 
accordance with the requirements in paragraph 2.b.. If 
biodegradable wastes are conditioned by incineration, incineration 
operations will bc carried out in ~ompliance with all applicable 
federal, state, and local air emission standards and requirements, 
including any standards for radionuclides established pursuant to 
40 CFR Part 61. National Emission St~nn~Tn~ Tor H~Z~Tdous Air 
Pollutants (~'ESHAPS). 

L~ EXCEPTIONS 

Exceptions may be made to the guidelines presented herein following 
analysiS of the site-specific aspects of a candidate site. Specific 
situatioQs that warrant consideration for modifying these guidelines are, 

1. Where remedial actions would pose a clear and present risk of injury to 
workers or members of the public, notwithstanding reasonable measures 
to avoid or reduce risk. 

2. Where remedial actions would produce environmental harm that 1s clearly 
e~ce55ive 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 environment. A clear excess of 
environmental harm is harm that is long-term, manifest, and grossly 
disproportionate to health benefits that may reasonably be anticipated. 



3. Wher" the cost: of remedial actions for contaminated soil is 
unreasonably high relative to long-term benefits and the residual 
radioactive materials do oot pose"a clear present or future hazard. The 
lik~l!hood Lhat buildings viII be erected or that people viII spend 
long periods of time at such a sit~ should be considered in evaluating 
this hazard. Remedial actions will generally not be necessary vhere 
residual radioactive materials have been placed semipe~anently in a 
location where site-specific factors limit their hazard and from vhich 
they are costly or difficult to remove, or where only ~inor quantities 
of rcaiducl radioactive material~ are involved. Exawples are residual 
radioactive materials under hard surface public roads and sidewalks, 
around public sever lines, or in fence-post foundations. Supplemental 
~tandards shall not be applied at ~uch ~itca, however, if individuol~ 
are likely to be exposed for long periods of time to radiation fro~ 
such materials at levels ahove those that would prevail in Subpart A. 

4. Where the cost of cleanup of a contaminated building is clearly 
unreasonably high relative to the benefits. Factors that shall be 
included in this judgment are ~he an~ic1pa~ed period of occupancy, ~he 

incremental radiation level that vould be affected by remedial actions, 
the residual useful lifetime of the building, the potential for future 
construction at the site, and the applicability of less costly remedial 
methods than removal of residual radioactive materials. 

5. Where there is no known remedial action. 

D. GUIDELINE SOURCE 

Guideline 

Residual Contamination Criteri~1 

Soil Guideline 

Structure Guideline 

Control of Radioactive Wastes and Residues 

Interim Storage 
Long-Term Management 
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source 

DOE Order 5480.~~, 
40 CFR Part 192-

40 CFR Part 192, 
NRC Guidelines for 
Decontamination of 
Facilities and Equip
ment Prior to Release 
for Unrestricted Use or 
Termination of Licenses 
for Byproduct, Source, 
or Special Nuclear 
Material (July 1982). 

DOE Order 5480.1A 
40 eFR Part 192 



II 
- The bases of the residual contamination g~idelines are developed in 

ORO-83l and ORO-632. 

~/Based on limiting the c~ncentration of Ra-222 decay products to 0.03 ~~ 
within structures. 
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