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COMPREHENSIVE RADIOLOGICAL SURVEY 

OFF-SITE PROPERTY H 
NIAGARA FALLS STORAGE SITE 

LEWISTON, NEW YORK 

INTRODUCTION 

Beginning in 1944, the Manhattan Engineer Distri~t and its successor, 

the Atomic Energy Commission (AEC) , used portions of the Lake Ontario 

Ordnanc.e Works (now knc:rwn as the Niagara Falls Storage Site (N)'55) and 

associated off~site properties), approximately 3 km r.ortheast of Lewiston, 

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

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

contaminated rubble and scrap from decommissioning activities, biological 

and miscellaneous wastes from the University of Rochester, and low-level 

fission-product waste trom contaminatec:l-liquid evaporators at the Knolls 

Atomic Power l.aboratory (KAFL). Receipt of radioactive waste was 

di.continue,,) .1.11 1954, «lid £0110 .. illl> cleanup « .. tivitie5 by llooker· Chewical 

Co., 525 hectares of the original G12-hectare site were declared surplus. 

This property was eventually sold by the General Services Administration to 

various private, commercial, and governmental agencies.! 

SCA Chemical Services, Inc. is the current owner of a tract identified 

as off-site property H (see Figure 1). A radiological survey of that 

tract, conducted in June-August 1983, is the subject of this report. 

SITE DESCRIPTION 

Figure 2 1.8 a plot plan of off-site property H. The property is 

approximately 350:n long and 180 m wide and occupies a total area of 

6.3 hectares. The site is bounded on three s~des by :coada: "I" Street on 

the north, "5" Street on the east, and Wesson Road on the west. A chain 

link fence runs parallel to "!" Street along the length of ChI< property. 

An out-of-service railroad track is located along the southern bound~ry. 
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This property ~s nat currently in use and is partially overgrown with 

brush and trees, especially in the northwest corner. There are several 

small, badly deteriorated structures and numerous concrete pads and 

foundations 0: buildings, which have been demolished previously. Piles of 

building rubble and debris are also located on portions 0: the property. 

Radiological History 

There is no history of contaminated waste burial on this property, 

although it is possible that temporary storage occurred along the railroad 

tracks near the southern boundary and along Wesson Road, "I" Street, and 

"5" Street. Previous surveys have identified spotty contamination and 

elevated di.ec;r; c"tll"liull l~v",LH along portions of the boundary roads and 

in several areas in the interior of the site. Above background conditions 

1n c.p.T'r.:aiu areas of thQ property a.X'e believe.d to bc of nlltuX'tll origin and 

not a result of previous ){ED/ AEC activities. Buildings demolished in 

recent years were associated with a rocket fuel plant and ar~ nnt likely to 

contain residual radioactive materials. 1- 3 

SURVEY PROCEDURES 

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

the Radio logical Site Assessment Program of Oak Ridge Associated 

Universities (ORAU) , dllring June-August 1983. The survey was in accordance 

with a plan dated March 18, 1983, approved by the Department of Energy. 

Ihe objectives and procedures from that plan are presented in this section. 

OlJj"cLive 

The objective of the au~cy was to provide a co~prehen$ivc Q$$eS5ment 

of the radiological conditions and associated potential health effects, if 

any. on propprty H_ RAd;nlog;c.~l in.formation c:ollec.ted included: 

1. direct radiation exposure rates and surface beta-gamma dose 

rates~ 
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2. locations of elevated surface residues, 

3. cor.ccnt1:'ationG of radionuelides in surface and SUbSl,,;.l,ract:= soil) 

and 

4. concentrations of radionuclides 1n surface and ground water. 

Procedt:res 

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

gridding and surveying and a 20 m g=id system was established oy 

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

grid system is shown on Figure 3. 

2. Walkover surt'ace scans were conducted over all accessible areas 

of the property. Traverses were at 2-5 1JI intervals on those 

.u:eao that were relatively inaccessible and had no history of 

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

in ArC4G previously identified as having elevat~d ~adiaLiun 

levels, and in other areas where direct radiation measurements 

suggested possible contaminated residues. Portable gamma NaI(Tl) 

scintillation survey meters were used for the scans. Locations 

of elevated contact radiation levels were noted and surface 

exposure rates were measured at these locations. 

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

1 m above 

performed 

the surface at 20 m grid intervals. Measurements were 

using portable gamma NaI(Tl) scintillation survey 

meterS. Conversion of these measurements to exposure rates in 

microroentgens per hour ("J a/h) was ~n accordance with cross 

calibration with a pressurized ioni~ation chamber. 

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

~urface at 20 m g~lu intervals. The~e measurements were 

conducted using thin-window «7 mg/cm2) G-M detectors and 

portable scaler/ratemeters. Measurements were also obtained with 

the detector shielded to evaluate contributions of nonpenetrating 
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beta and low-energy gamma radiations. Meter readings were 

converted to dose rates in microrads per hour (~rad/h) based on 
Cross calibration with a thin-window ionization chamber. 

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

collected at each accessible 20 m grid interval. 

6. At selected locations of elevated surface radiation levels, 

considered representative of conditions throughout the site, 

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

surface were measured and surface soil samples were obtained. 

Following sampling, the surface exposure levels were remeasured 

for comparison wiLh presampling levels. 

7. Detection Sciences Croup of Carlisle) MA1 performed ground 

penetrating radar surveys of property H at proposed borehole 

locations to assure that subsurface piping and uti1i~ie9 were not 

damaged during drilling. Slight relocations of most borehole 

sites were required, based on the radar results. 

8. Boreholes were drilled to provide a mechanism for logging 

subsurface direct radiation profiles and collecting subsurface 

soil and water samples. Twelve boreholes were drilled by Site 

Engineers, Inc., of Cherry Hill, NJ, using II truck mounted 20 em 

diameter hollow-stem auger. The locations of these boreholes are 

shown on Figure 4. 

Gamma radiation scans were performed in the boreholes to identify 

the locations of elevated direct radiation levels which might 

indioate e;UbfJUr£ilCC r<;!Jid1J.e3 .. Radiation proiilea ~n the 

boreholes were determined by measuring gamma radiation at 

15-30 em interva.ls bet.wf!p.n thfll QurfacFI ~"nd gt""l1nd. "-'.Arer O::r the 

hole bottom. A collimated gamma scintillation detector and 

portable scaler were used for these measurements. 



Ground ",ater samples of ap?roximately 3.5 liters "'ere collected 

from five borehole locad<"lo". Th" <ampl<>s ",,,,,p c{)11eo.tQd using .q 

hand bailer. Soil samples of approximately 1 kg each ",ere 

collected from various depths in the holes by scraping the sides 

of eacb borehole with an ORAU designed sampling tool. 

9. Water samples were collected from a sanitary sewer manhole and an 

area of standing water (see Figure 5). 

10. Walkover surface scans were performed in existing structures on 

this site using gamma scintillation detectors. Building surveys 

were limited in scope due to the dilapidated conditions of the 

s~ructures. 

11. Twenty 30il 88mple6 and !Seven water .:$a"Wpl~5 were collectt!u .f.o;:n 

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

prop .. "ties) to provide basel in", ~on"Qntrations of radionuclide" 

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. 

Sample Analyses and Interpretation of Results 

Soil samples were analyzed by gamma spectrometry. Radium-226 was the 

major radionuclide of concern, al though spectra were reviewed for u-23 5, 

U-238. Th-232. Cs-137. and other gamma emit ters. Water samples were 

analyzed for gross alpha and gross oeta concentratlons. One water sample 

was analyzed for Ra-226 also. 

Additional information concerning analytical equipment and procedures 

i. in Appendix A. 
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Resules 0: this survey were compared to the applicable guidelines for 

fo:merly utilized radioactive materials handling sites. which are presented 

:'n Appendix B. 

RESULTS 

Background Levels and Baseline Concentrations 

Background exposure rates and baseline radionuclide concentrations in 

$oil, determined for 20 locations (Figure 6) in the vicinity of the NFSS, 

are presented in 'lable i-A. Exposure rates ranged from 6.8 to 8.8 )JR/h 

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

r"dionuclide5 in soil we.",,:: aa-ZZ6, <0.09 LU 1. ZZ pCil g (picocuries per 

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

to 1.18 pei/S; and C~-137, <0.02 to 1.05 pCi/g. These conccntrationo arc 

typical of the radionuclide levels normally encountered in surface soils. 

Radioactivity levels Ln baseline water samples are presented Ln 

Table 1-B. The gross alpha aud gross beta concentrations ranged from 0.55 

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

These are typical of concentrations normally occur~ing in surface water. 

Direct Radiation Levels 

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

presented. in lable 2. lhe g= exposure rates at 1 m above the surface at 

these grid points ~anged from 5 to 22 lJR/h (average 8 \JR/h). Surface 

"ontact gil"""'" "xpo~ur" r<iL"~ and. beta-gamma do"e race" were ) Co 27 \Jl!./h 

(average 8 )JR/h) and 5 to 61 ).Irad/h (average 18 )Jrad/h), respectively. 

MQasurQ,lluant$ PQ.£'OnDofid. with the detef.:tgr shi.eld.ed a.ve.aged appro&ima.tely 

20% less than those with the unshielded detector. This indicates only a 

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

low-energy photon radiations. Maximum direct radiation levels at 20 m grid 

intervals were at grid point 360N, 1 DOE; this locution was near several 

isolaeed "hot spots" noted during the surface scan. 
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The walkover survey identified numerous small, isolated surface areas 

with elevated contact ra.d.i.at::"o1:. lev~l.$. The5e lo.:.ation.s are indil:.ated. on 

Figure 7 and associated radiation levels are presented in Table 3. Surface 

contact gamma exposure rates ranged from :7-150 ;;R/h; the maximum contact 

level (before sampling) was measured at grid point 124N ,llOE. Exposure 

rates at 1 m above the surface ranged frOI:! 10-29 :.R/h. Beta-gamma dose 

rates ranged frOm 20-760 urad/h. The maximum dose rate was also recorded 

at coordinate 124N,110E. Soil sampling at many of these locations did not 

reduce (and in some cases actually increased) contact exposure rates; this 

indicates that contamination at some locations elttends greater than IS em 

below the surface and/or is diffused rather than in discrete deposits. 

Radionuclide Concentrations ~n Surface Soil 

Table 4 lists the concentrat~ons of radionucl~des measured in surface 

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

concentrations <'allg.i.ug l .. ,m 0.44 Lu 9.25 pei/g. Th" higheHt l"v"l WaH in 

the sample collected at grid point 420N,10E. Many of these samples 

contained Ra-226 concentrations exceeding those in the baseline soil 

samples, but less than 3% were greater than 5 "Ci/g above the baseline 

level. A few of the surface soil samples also contained slightly elevated 

levels of U-238. The highest U-238 concentration was 8.26 pCi/g ~n the 

sample from grid coordinate BON,IOOE. Concentrations of U-235, Th-232, and 

Cs-l37 ware not significantly different from those in baseline samples. No 

other gamma emitting radionuclides were noted in these samples. 

Radionuclide concentrations in surface samples from selected locations 

of elevated contact radiation levels are presented in Table 5. All of the 

samples contained Ra-226 concentrations exceeding baseline soil levels. 

Coc.centrations ranged from 5.23 to 865 pCi/g. The highest Ra-2Zb 

concentration was measured in the sample from grid point 124N, 1l0E. tn 

addition co Ra-226 chis sample concained 70.9 pCi/g of U-238 and 65.2 pCi/g 

of Th-232. Elevated U-238 concentrations were also evident in most of the 

other samples. 
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San:;>1ing indicated that the elevnted direct radiation levels were 

associated with building rubble, individual pieces of rock-type ~aterial, 

or extended a~ea$ of crushed rock, similar to that used for fill and IS a 

pav ing bas e. Sam?les BI-B13 contained between 5 and 50 pei/g of Ra-226 

with ccmparable levels of U-238. These concentrations and approximate 

radium/uranium equilibrium conditions suggest that the material is 

pseudowallastonite, a slag byproduct of chemical processing operations. 

This material has had wide usage throughout the ~iagara Falls area and has 

been identified on several of the other NFSS off-site properties. 4 The 

presence of tilis material on property H is not attributed to previous 

activities of the Manhattan J::ngineer Dist:nct Or Atoml.C Energy Commission 

at the NFSS. 

Samples B14 and illS are a diffetent rock-like material containing 

sig,nifi.e.antly hiahQr eoneentrations Q£ Ra-22&, "le";).ee<l Th-232 l"""l&, and 

U-238 levels which are not in equilibrium with the Ra.-226. This type 

material has. also been found on other NFSS properties and is probably 

assodated with previous government operations. Samples 1116 and B17 are 

pieces of btick building rubble; they do not contain elevated levels of 

radionuclides and monitoring indicates they do not have surface 

contamination. 

Borehole Gamma-Logging Measurements 

The results of gamma scintillation measurements in boreholes indicate 

that contamination is confined to the upper 30 em of soil. As evidenced hy 

sample analysis, the gamma count rates determined by the borehole 

:n"asnrements were reliable illdicacors of eleva1:ed subsurface rad10nuclide 

levels • However, the gamma-logging data was not useful in quantifying 

radion~clidc ooncentrationa in the aubGurf~ee soil, bccauac of the varying 

ratios of Ra-226, U-235, U-238, Ih-232, and Cs-137 occurring in soils from 

this sitp. 
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Radionuclide Concentrations ~n Borehole Soil Samples 

Table 6 presents the radionuclide concentrations measured in soil 

samples fro", boreholes. The six boreholes (HI-H6). located to provide a 

representative coverage of the property, contained radionuclide 

concentrations in the range of baseli~e levels. Boreholes H7-Hl2, drilled 

at locations identified by the walkover scan, contained elevated 

concentrations. The highest subsurface 1a-226 (21.4 pCi/g) and U-238 

(14.7 pei/g) concentrations were noted at grid coordinate lS7N,39E at a 

depth of 0.5 m. Borehole H8, at grid coordinate 36DN ,lODE, contained 

Ra-226 and U-238 concentrations of 11.7 and 10.5 p~i/g, respectively, at a 

depth of 0.15 m. 

Radionuclide Concentrations in Water 

Surface Water 

Samples Wl and W2, collected from a sanitary sewer manhole and an area 

of standing water (refer to Table 7) contained gross alpha concentrations 

of 1.73 pei/l and 3.41 peill, respectively. Gross beta concentrations of 

8.23 pei/l and 10.5 pei/l, respectiveLy, were measured. These values are 

within the EPA lnterim Drinking Water Standards of 15 pei/l, gross alpha, 

and 50 pei/l, gross beta. 

Subsurface Water 

Gross alpha concentrations in subsurface water samples collected from 

boreholes ranged from 1.09 to 12.3 pei/l. G.u •• b~La concencrations ranged 

from 1.50 to 14.8 pei/l. The maximum levels of both alpha and beta were in 

sample W4 from borehole H3. This sample waS ~l.o anQly~cd for Ru-22G and 

contained <0.27 pei/l of that radionuclide. It should be noted that 

several of these samples contained high conc~ntrations of d;~.olv~d solid •. 

This necessitated the use of smaller volumes of water for the gross alpha 

analysis, thus resulting in larger than usual relative errors in the alpha 

concentrations. 
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Building Surveys 

Due to the dilapidated condition of the str~ctures oc this property, 

building surveys were limited to walkover surface scans. No areas of 

elevated direct radiation were noted; therefore further measurements were 

not taken. 

COMPARISO~ 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 

and radionl,lclide concentrations, associated with small, isolated spots of 

surface or near-surface contamination, exceed these guideline values. 

However, when considered in terms of potential exposures or averaged over 

l.arger ourface nrcnn) mO$t of theae levels and concentrations meet the 

cleanl,lp criteria. 

The maX1.mum exposure rate of 150 ).IR/h, 1.n contact with one of the 

isolated areas of surface contamination, exceeds the guideline of 60 ~R/h 

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

1 m above the surface ranged from 10-29 ~R/h; these values are well within 

the 60 ).!R/h criterion. 

Isolated areas, identified by the walkover scan, contained &a-226 

concentrations in excess of 5 pCi/g; none of the samples contained U-238 

concentrations above the 75 pei/g criteria. Most of these areas of 

contamination are small and concentrations are within the 5 pCi/g Ra-226 

guideline if averaged over an area of 100 m2 . A listing of the areas is 

presented in Table 8 and their locations shown on Figure 8. 

Elevated radionuclide levels appear to be associated, Ln most cases, 

wi.th a rock slag commonly ucad .as a fill and pnV'ins base. R.Q.dium and 

uranium levels contained in this material do not result from previous 

government activities on this site. Similar materials have been located on 

other properties of the NFSS and off-sice properties and in the Lewiston 
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and Niagara Fal:s areas. Several other pieces of rock-type material were 

identified IoIhich contained high~,. 1 ev"ls of R,,-22~ ~nd are cons ide",," 

attributable to ~ffiD/AEC operations. 

One small region of subsurface 1a-226 exceeding 15 pCi/g was noted at 

grid coordinate 157N,39E. The gamma scan indicated that contamination doeS 

not elttend below a depth of 0.6 l!".. Ihis was in an area of rock-fill and 

the material is likely of natural origin. 

Surface water collected from twO locations contained radio nuclide 

concentrations below the EPA limits of 15 pei!l. gross alpha and 50 pCi!l. 

gross beta. No subsurface water salllples contained gross alpha or beta 

concentrations exceeding the guidelines. One borehole sample containing a 

gross alpha concentration of 12.3 pCi!l, also contained <0.27 pCi!l of 

Ra-226 (EPA guiddi .. e i~ 5 pCi/l tota.l ... <iiWll). The an..lysiH of wate,' 

obtained from boreholes indicates that residues on the property are not 

producine ground water concentrations above th .. guidelines. 

SUMMARY 

A comprehensive survey of off-site property H at the Niagara Falls 

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

surface radiation scans, measurements of direct radiation levels, and 

analyses for radionuclide concentrations in soil and water samples. both 

surface and subsurface. Ground penetrating radar was used to identify 

subsurface utilities which might preclude borehole drilling. 

'rhe results ot the survey indicate a number of small areas with 

elevated radiation levels caused by Ra-226 and U-238 in the surface soil or 

rock. 'I'heBe a.l;eaS are mainly aBJ:ioci~Lt:HJ wiLh a .furm of crushed rot:k, 

believed to be a chemical processing slag commonly used as a fill and 

paving base in the Niagara Fallc area. This matQ~ial ia not attributed to 

previous MED/AEC waste handling and storage activities at the NFSS. 

Several individual pieces of rock-typp material with highf'r o.onCE!ntration. 



of Ra-226 were also identified; this material is probably associated with 

~!ED/AEC operations. Only nne S1j~h aru of MED/AEC contruninaeion. ;it grid 

coordinate 124N. lOSE, remains on :tis property. 

One area of subsurface (to 0.6 "') Ra-226 contamination was noted; 

however, the material at this location is identical to the crushed =cck 

mentioned above and likely of similar origin. 

Samples of surface and subsurface water did not contain concentrations 

exceeding the EPA Interim Drinking Water Standards. The results indicate, 

therefore. ~hat contamination of the ground water system is not occurring. 

Although radionuclide concentrations in SOLI and rock on small 

portions of this property exceed the guidelines established for release of 

the .iee for unrc~tricted ",ae by the general publi", moot oJ: til" ~l~v"L"d 

levels are associated with naturally occurring materials in rock fill. 

This material is not attributpd t<> I're'l1ioue MED/AEC ""dvities at th" 

Niagara Falls Storage Site. The radionuclide levels present do not pose 

potential health risks to the publ·ic or site workers. There is no evidence 

that migration of radioactive materials is adversely affecting adjacent 

properties or the ground water. 
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'" >-' 

Location. a Exposure Rs teb 
(jJR!h) 

1 ".R 
2 6.8 
3 8.3 
4 7.9 
5 1.3 
6 1.1 
1 7.7 
8 7.6 
9 7.1 

10 7.1 
11 6.7 
12 7.1 
13 6.7 
14 6.B 
15 8.2 
16 7.4 
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 

BASELINE RADIONUGLIDE CONCENTRATIONS IN SOIL 

Radionuclide Concentrations (pCi/g) 
Ra-226 

0.74 ±. O.l" C 

0.75 .±. 0.19 
0.71 .±. 0.18 
0.67 + 0.18 
0.70 ~ 0.16 
0.50 .±. 0.15 
0.63 .±. 0.13 
0.59 .±. 0.12 
0.63 .±. 0.20 
U.lO .±. O.lb 

<0.09 
0.48 + 0.13 
0.57 :t 0.14 
0.68 .±. 0.17 
0.65 ± 0.14 
0.91 .±. 0.17 
0.48 .±. 0.14 
0.73 ±. 0.16 
1.22 1. 0.22 
0.83 .±. 0.17 

<0.09 to 1. 22 

.w-'~'--U:2jS' .............. _. U .... 238 -.-------nl:~-

<0.1 9 
<0.19 

0.46 .±. 0.41 
<0.22 
<0.17 
<0.16 
<0.17 
<0.14 
<0.23 
<U.19 
<0.19 
<0.16 
<0.17 
<0.19 
<0.17 
<0.71 
<0.16 
<0.18 
<0.23 
<0.21 

<0.14 to 0.46 

<7.89 
<3.35 
<3.72 
<4.10 
<3.34 
<2.33 
<2.13 
<2.20 
<4.16 
<l.96 
<2.83 
<2.84 
<2.36 
<3.24 
<3.20 
<3.58 
<2.73 

6.26 ±. 9.23 
<3.79 
<3.59 

<2.20 to 6.26 

0.70 ±. 0.46 
0.84 .±. 0.24 
0.88 1. 0.33 
1.18 .±. 0.35 
0.68 ± 0.~4 
0.52 ±. 0.38 
0.83 ±. 0.24 
0.54 .±. 0.23 
0.83 .±. 0.38 
0.59 ±. 0.25 
0.49 ± 0.31 
0.65 + 0.26 
0.49 ~0.26 
0.67 .±. 0.25 
0.72 .-1: 0.35 
0.83 .±. 0.28 
0.32 ±. 0.22 
1.01 ±. 0.44 
1.08 ±. 0.49 
0.84 .±. 0.29 

0.32 to 1.18 

a Refer to Figure 6. 
b !leasured at 1 m above the slIrface. 
~ Errors are 20 based on countIng statistics. 

Cs-137 

11.29 ±. 0.011 
0.24 .±. 0.08 
0.34.±. 0.09 
0.12 .±. 0.07 
0.14 .±. 0.07 
0.17 .±. 0.09 
0.35.±.0.08 

<0.02 
0.69 ± 0.11 
0.69 ±. 0.10 
0.48 i 0.14 
0.68 ± 0.10 
0.41 ;to.08 
0.70 ± 0.10 
0.23 + 0.08 
0.61 .± 0.09 
0.38 . .±. 0.08 
0.31 i. 0.1? 
1.051.0.13 
0.08 .±. 0.07 

<0.02 to ) .05 



TABLE 1-B 

RADIONUCLIDE CONCENTRATIONS IN BASELINE WATER SAMPLES 

Location<t 

Wl 
W2 
W3 
W4 
w5 
w6 
W7 

Range 

Radionuclide Concentrations (pCi/l) 
Gross Alpha Gross Bets 

0.95 .. O.93b 
0.95 i 0.94 
0.55.±. 0.78 
0.63 z 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 i 1.31 
2.73 .:!:. 1.05 
5.37 .t 1.17 

~O.64 

14.3 .t 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 Locati.on 
iii' E 

430 0 
430 20 
430 40 
430 60 
430 00 
430 100 
4:)0 120 
430 140 
430 160 
430 180 

420 0 
420 20 
420 40 
420 60 
420 00 
420 100 
420 120 
420 140 
420 160 
420 100 

400 0 
400 20 
400 40 
400 60 
400 00 
400 100 
400 120 
400 140 
400 160 
400 ISO 

3SO a 
3SO ZO 
380 40 
3SO 60 
380 00 
380 100 
3SO 120 

TABLE 2 

DlK~~I RADIATION LEVELS 
MEASURED AT 20 M GRID INTERVALS 

Gamma Exposure Ga=a Exposure 
R4tcS at 1 m Above Ro.t<:. at tne 
the Surface (~R/h) Surface (~R/h) 

10 9 
8 8 

13 13 
10 10 

9 9 
14 14 
11 12 
12 12 
12 10 

7 7 

9 9 
8 9 

12 11 
10 12 
11 13 
11 12 

9 9 
12 12 
10 10 

7 7 

8 9 
8 8 
7 8 
9 9 
8 8 
8 8 
S 8 
8 7 
8 8 
7 7 

8 9 
8 8 
8 8 
8 7 
6 6 

10 10 
7 7 

23 

Beta-Gamma Dose 
Rates at 1 ~m Above 
the Surface (~rad/h) 

43 
25 
40 
30 
38 
27 
30 
32 
36 
2.7 

20 
11 
39 
40 
37 
30 
27 
34 
31 
12 

23 
18 
II 
18 

8 
16 
l2 
17 
26 
7 

19 
15 

9 
16 
10 
23 

9 



Grid Location 
N E 

380 140 
380 160 
380 180 

360 0 
360 20 
360 40 
360 60 
360 !J) 

360 lOO 
360 120 
360 140 
360 160 
360 ISO 

340 0 
340 20 
340 40 
340 60 
340 !:l) 

340 100 
340 120 
340 l40 
340 160 
340 180 

320 0 
320 20 
320 40 
320 60 
320 8) 

320 100 
320 120 
320 140 
320 160 
320 180 

300 0 
300 20 
300 40 

TABLE 2, cont. 

DIRECT RADIATION LEVELS 
MEASURED AT 20 M GRID INTERVALS 

Gam:na Exposure Gamma Exposure 
R~~~~ $t 1 m Above R.at"," at thE! 

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

8 8 
8 8 
7 7 

9 10 
7 7 
7 8 
8 7 
7 8 

22 27 
8 7 
7 8 
7 7 
7 7 

9 9 
7 8 
7 8 
8 7 
8 8 

10 10 
8 8 

12 12 
8 8 
7 7 

9 9 
7 8 
il 9 
8 8 
7 8 
8 8 
B 8 
8 9 
8 7 
7 7 

10 10 
8 8 
7 7 

24 

Beta-Gamma Dose 
RatQs at .: em Above 
the Surface (wrad!h) 

13 
17 
11 

25 
7 
8 

24 
9 

61 
7 

21 
22 
15 

16 
9 

28 
15 
19 
24 
23 
24 
23 

7 

34 
8 

2(, 

13 
16 

8 
8 

12 
14 
10 

17 
25 
14 



Crid Location 
N E 

300 60 
300 80 
300 100 
300 120 
300 140 
300 160 
300 180 

200 0 
2.80 2.0 
280 40 
280 60 
280 80 
200 100 
200 120 
280 140 
200 160 
200 180 

260 0 
260 20 
260 40 
2(:)0 60 
260 00 
260 100 
260 120 
260 140 
260 160 
260 180 

240 0 
240 20 
240 40 
240 60 
240 00 
240 100 
240 120 
240 140 
240 160 
240 180 

TABLE 2, cant. 

DIRECT RADIATION LEVELS 
MEASURED AT 20 M GRID INTERVALS 

Gamma Exposure Gamma Exposure 
RaCe5 at 1 w Above RaL~" at the 
the Surface (~R/h) Surface (]lR/h) 

8 8 
10 11 

7 7 
8 8 
9 10 
8 8 
7 7 

10 10 
8 8 
7 8 
8 8 

10 12 
6 6 
6 6 
9 9 
8 8 
7 7 

8 8 
9 9 
9 10 

10 10 
8 8 
9 11 
9 9 
9 9 
9 9 
7 7 

10 10 
a 11 
8 8 
8 8 
9 9 
8 8 
8 9 
8 8 
8 8 
8 8 

25 

Beta-Gamma Dose 
Rates at 1 cm Above 
the Surface (~rad/h) 

19 
34 
17 
17 
33 
20 

7 

29 
11 
31 
11 
19 
23 

6 
36 
26 

7 

9 
19 
25 
21 
18 
24 
28 
27 
27 

7 

29 
16 
27 

8 
33 
30 
22 
24 
22 

8 



Grid LQCat~r;!1l 
N E 

220 0 
220 20 
220 40 
no 60 
220 00 
220 100 
220 120 
220 140 
220 160 
no 180 

200 0 
200 20 
200 40 
200 60 
200 00 
200 100 
200 120 
200 140 
200 160 
200 180 

160 0 
180 20 
180 40 
180 60 
180 &l 
180 100 
180 120 
180 140 
1&l 160 
180 180 

160 0 
160 20 
160 40 
160 60 
160 00 
160 100 
160 120 

::ABLE 2. con t • 

DIREC~ RADIATION LEVELS 
~SURED AT 20 M GRID INTERVALS 

Gamma Exposure G= Exposure 
Ra~@s ~t 1 m Ahov~ Rates at the 
the Surface (~R/h) Surface (~R/h) 

10 10 
10 11 

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

8 8 
q 9 
8 7 
7 7 
7 7 
6 6 
8 8 
8 8 
7 7 
6 6 

8 8 
7 8 
9 8 
7 7 

6 6 
8 8 
8 B 
7 7 
8 8 
7 7 

12 12 
6 7 
8 8 
7 7 
8 8 
7 7 
7 7 

26 

Beta-Gamma Dose 
Rates at 1 em Above 
the Surface (~rad/h) 

34 
34 

7 
14 

5 
23 

8 
7 

15 
11 

17 
13 

7 
7 

22 
7 

27 
8 

13 
6 

24 
15 
20 
s 
6 

25 
16 
20 
11 

7 

27 
17 
20 
17 
21 
14 
20 



Grid Location 

160 140 
160 160 
160 180 

140 0 
140 20 
140 40 
140 60 
140 ro 
140 100 
140 120 
140 140 
140 160 
140 180 

120 0 
120 20 
120 40 
120 60 
120 00 
120 100 
120 120 
120 140 
120 160 
120 180 

100 a 
100 20 
100 40 
100 60 
100 ro 
100 100 
100 120 
100 140 
100 160 
100 180 

ro 0 
80 20 
80 40 

TABLE 2, con t. 

DlRECT RADIATlON LSVELS 
MEASURED AT 20 M GR!D INTERVALS 

Gamma Expo sure Ga= Exposure 
Rates at 1 m Above Rates at the 
the Surface (\J R/h) Surface (\.1 R/h) 

7 7 
6 6 
6 5 

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

12 10 
7 7 
9 9 
6 5 

12 14 
8 7 
7 8 
8 8 
5 6 
7 6 

10 10 
7 7 
8 7 
8 7 

12 8 
9 10 
8 i 
6 6 
6 6 
7 8 

8 7 
7 6 
7 6 

27 

Beta-Galllllla Dose 
Rates at 1 em Above 
the Surface (urad/h) 

7 
11 
10 

18 
9 
8 
8 
6 

13 
26 
23 
10 
12 

23 
7 

13 
5 

27 
7 
8 

38 
13 
12 

18 
7 
9 

10 
8 

18 
18 

9 
9 
8 

12 
11 

6 



Grid Location 

80 60 
80 00 
SO 100 
80 120 
80 140 
80 160 
80 180 

TABU; 2, cont. 

DIRECT RADIAtION LEVELS 
MEASURED AT 20 M GRID INTERVALS 

Gamma Exposure Gamma Expos1.'re 
Rates at 1 m Above Rates at the 
the Surface (;J R/h) Surfac.e ()lR/h) 

7 7 
7 i 
7 7 
8 8 
8 8 
8 8 
8 8 

28 

Beta-Gamma Dose 
Rates at 1 em Above 
the Surfac.e ()lrad/h) 

7 
7 

15 
18 

8 
21 
15 



'" "" 

Grid 
Loc~'!.a 
N E 

424-427 4-176 
424 2 
424 4 

423-424 4-176 
1,21 50 
393 85 
375 :> 

353'·368 96-116 
362 100 
360 100 
362 110 
36() 116 

3'.2-346 89-91 
342 90 

340-346 128-139 
31,4 iJ7 
31,4 132 

335-338 96-116 
338 99 
337 109 
331 102 
310 6 
304 4 
270 7S 
268 Z(J 
267 80 

TABLE 3 

DIRECT RADIATION LEVELS AT LOCATIONS 
IDENTIFIED BY TH~; WAl.KOVER SURliACE SCAN 

__ Exposure Rate (\lR!h) __ _ 
Contact I ill Abtwe Surtace 

14-27 
46 
27 

14-Z) 

20 
20 
Z7 

14-40 
38 
4U 
44 
1,0 

17-29 
27 

17-31 
31 
29 

17-31 
31 
31 
11 

50 
36 
17 
36 
25 

____ c 

to 

to 
14 

18 

18 

22 
12 

Surface Dose Rate 
(\lrad!h) 

46 

20 
48 

70 

53 

31 

62 
36 

Sample ConLact Ex.pn~l1n~ H:ilt-f~ 

Identificalionb After Sample kemova1 

BI 
112 

113 

B4 

B5 

B6 
U7 

(11K/h) 

27 
26 

40 

38 
20 



w 
0 

Grid 
Location -----N E 

256 71. 
238 131 
237 108 

2:lJ 2Jlt 33 40 
231-232 76-78 
229--240 106-116 
227-220 41--52 

227 76 
225 20 

n;,-nJ 16-18 
224 21 
224 18 

221-222 1--2 
220-223 19-20 
204-216 46-48 
1~1-200 44 .. 46 

197 15 
191 15 
191 45 
189 ',5 
183 45 

I 73-Ill! 1<7-49 
173 1,7 
l'iR ,'I 
157 B 
157 39 

TABI.E :J, cun t. 

DIRECT RADIATION LEVELS AT LOCATIONS 
IIlF.NTIFIEIl BY 'I'IIE WALKOVER SURFACE SCAN 

E~posure Rate (~R/h) ~urface Dose KRte 
(\lrad/h) 

Sample 
Identification Contact I m Abuve Surface 

37 

27 
1,6 

14-17 
20-2':1 
14-58 
17 21 

22 
26 

25-;'~ 

26 
37 

22-29 
14-26 
27-29 
17-30 

n 
23 
10 
23 
23 

22-27 
27 
15 
40 
40 

?? 

29 

22 

16 

20 
21 

1R 

JOO 

50 

37 

54 
71 

B8 

89 

BIO 

BII 
1112 

Contact EXpOSllTC Wate 
Aftpr S8mpl~. f.:t.'IfIDv,a1 

(pK/h) 

30 

48 
50 



TAIII.!': 4, cont. 

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES 
FROM 20 M GRID INTERVALS 

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

Grid Location _________ Radionucli_d_<:..~o~a t i.2,."_s-.i pCi! £2 .. ________ . ___ 
N E Ra-226 U-235 U-238 Cs-137 rh-232 

-------

380 160 1.35 + 0.36 (0.33 1.11 + 2.21 0.311 + 0.1J 1.6tl + 0.)6 
380 178 1.41 + 0.34 (0.18 0.77 + 0.87 0.86 + O.l'. 0.39 + 0.37 
360 3 1.64 + 0.28 0.53 + 0.56 0.42 + 1.59 0.84 + 0.17 0.71, + 0.43 
360 20 0.85 + 0.23 <0-:-28 2.32+1.01 0.32 + 0.14 I.ll ~ 0.32 
160 40 1.26 :; 0.34 <0.36 2.10:; 1.26 0.60:; 0.13 1.66 + 0.55 
11\0 60 0 • .1'5+0.14 <0.18 1.15 + 0.61. 0.53 '+ 0.09 <0-:-17 
360 80 0.91 '+ 0.29 <0.25 0.96 '+ 0.81 0.66"+ 0.12 0.70 + 0.29 
360 100 6.46 + 0.53 0.80 + 0.71 4.00 "+ 1.54 0.40'+ 0.13 2.37 "+ O.I,S 

'" 360 120 LSI + 0_49 <0-:-43 <1-:-13 1.15+0_70 0_78 + O.!.'l 
w 360 140 1.09 + 0.29 <0.33 (1.00 0.35 + 0.17 0.87 + 0."0 

360 160 0.91 '+ 0.21 <0.32 1.43 + 2.02 O.ld '+ 0.11 1.24 "+ 0.48 
360 178 I.S1 + 0.)5 (0.20 1.40 + 0.59 0.62+0.16 0.77 + 0.37 
31,0 3 2.61 "+ 0.39 <0.22 2.23 + 0.67 0.29 "+ 0.08 0.66 + 0.7" 
340 20 0.94 + 0.20 (0.30 3.00 + 3.17 0.52+0.16 1.17 + 0.62 
340 40 1.30 + 0.30 (0.32 0.81 + 2.83 0.29 + 0.10 0.96 t 0.52 
340 60 0.98 + 0.26 (0.28 (0-:-92 0.21 + 0.72 0.97 + O.2l 
340 80 0.68 + 0.19 (0.32 0.82 + 2.11 0.39 + 0.12 0.55 + 0.27 
)40 100 1.03:;:- O.lt; (0.28 (0-:-85 n.D + 0010 0.90 :;:- 0.56 
340 120 1.25 + 0.33 (0.33 1.65 + 3.48 0.82 + 0.18 1.34 + 0.40 
340 140 8.30 + 0.95 (0.72 2.02 + 3.91 1.36 + 0.27 1.05"+ 0.58 
340 IbO O./b + 0.1':1 <U.JI <II-:-~IJ U.J:J 1 0.1l 1.1':1 t 11.4':1 
340 178 1.55 + 0.34 (0.35 <I.OI 0.67 + 0.16 0.95 IO.42 
320 2 1.73 + 0.44 0.60 + 0.41 3.45 + 1.36 0.44 '+ 0.13 0.84 + 0.46 
320 20 0.76 +" 0.29 <0-:-22 0.79 +" 0.55 0.47 :;:- 0.11 0.62 :;:- 0.24 
320 40 1.30'+ 0.31 <0.21 0.32 '+ 0.47 0.50+0.11 0.60 + 0. 1,2 
320 60 0.81 "+ 0.18 (0.13 1.04 "+ 0.40 0.16 t 0.05 0.64 "+ 0.23 
320 80 0.801 0.26 (0.13 0.83 ./. 0.44 0.24 ./. 0.11 I.O~ ./. 0.35 
320 100 1.11 + 0.40 (0.37 2.26 + 1.92 0.56 + 0.16 (0-:-35 



Grid 
Location 
N Ll 

134 
132 
127 
126 
124 
124 
124 
122 
120 
110 
108 

36 
40 
38 
40 
38 

105 
110 
105 
80 

3 
68 

a Refer to Figure 7. 

TARtI': 3, cont. 

DiRE,,! RADIATION I.EVELS AT LOCATIONS 

IDENTIFIED BY TIlE WALKOVER SURfAC~; SCAN 

Expos\lre Rs te {1l:.:R:.:,/..:.;h:.<.)..,....._ 
ConLact I m Above Surfac~ 

25 
46 
33 
43 
29 
52 

150 
49 
20 
38 
22 

11, 
27 

12 
II 
14 

14 

Surface Do~e Rate 
(\lrad/h) 

49 
120 

760 
1,9 
24 

Sample 
Identification 

R13 

HI4 
BI~ 

BI6 

BI7 

b Radionuclide analy~es are presented in Table 5. 
C Dash indicates measurement or sampling not performed. 

Contact Exposure RUle 
After Sample Removal 

( loR/h) 

2S 

II 
to 
21 

20 



TABLE 4 

RADlONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES 
FROM 20 M GRID INTERVALS 

Grid Location Radi ontlc1 ide Concentrations (Eel/g) 
N E Ra-226 U-235 U-238 cs-137 Th-232 

420 10 9.25 + 0.63a <0.59 1.01 + 2.04 0.99 + 0.16 1.02 + (l.50 
420 20 3.31 "+ 0.41 (0.36 Z.03 :;:: Z.U) U.71 :;:: O.D 1.26 TO. 35 
420 40 1.95 + 0.36 <0.20 1.30 :;:: 0.70 0.60:;:: 0.12 0.63:;:: 0.71 
420 60 4.14 :;: 0.50 <0.44 4.14 +" 2.26 1.11 :;:: 0.16 0.66 :;:: 0.89 
420 80 3.26 + 0.41 <0.35 2.00 :;:: 1.26 0.72 :;:: 0.13 0.83 :;:: 0.46 
420 100 2.05 :;: 0.3t, <0.39 1.01 + 2.06 0.66:;:: 0.13 1.22 :;:: 0.3t, 
420 120 1.29 + 0.29 <0.29 <0:96 0.33 :;:: 0.09 0.74 :;:: 0.47 
420 140 1. 75 -; 0.30 <0.31 1.17 + 1.9& 0.45 :;: O.!O 0.96 :;: 0.37 
420 160 2.95 + 0.38 (0.38 2.82 + 1.24 0.08 + 0.05 0.84 "+ 0.80 

~ 1,20 170 6.,\0::;: 0.1'.4 <0.55 7.60 :± 1.98 1.66 :± 0.22 0.99 :;: 0.54 
N 

400 3 2.61 +0.38 <0.19 1.28 + 0.66 0.35 + 0.17 0.61 + 0.54 
400 20 1.71 :;:: 0.35 (0.33 2.62 :;:: 1. 29 0.53 :;:: 0.1t, 1.01 :;:: 0.52 
400 '.0 1.39 :;:: 0.35 <0.32 ?1!! '+ 1.01'. n.5'i +" 0.l.3 1.06 +" 0.46 
400 60 4.20 :;: 0.44 <0.47 <1-:45 0.31 '+ 0.13 1.14 :;: O.Sl 
400 80 2.44 +" 0.39 <0.37 <1.18 0.48:;:: 0.15 1.19 +" 0.74 
400 100 0.99 .. 0.20 <0.12 0.51 -I- 0.67 0.211 :; 0.88 0.66:; 0.11 
400 120 0.75 "+ 0.21 <0.21 <0-:84 0.40:;:: 0.12 0.82 "+ 0.]) 
400 140 1.40:;:: 0.29 <0.31 <0.1& 0.36 :;: 0.14 1.16 :;:: 0.43 
400 160 1.OJ :; 0.29 <0.25 2.12 ~ 0.96 0.37 :; 0.01l 1.7B :; 0.57 
400 178 2.65 +" 0.38 <0.22 1.10 :;:: 1.08 0.61 "+ 0.1L 0.71 +" 0.37 
380 :3 1.56+0.33 <0.35 1.09"+ 1.67 0.33:;:: 0.14 2.12 +' 0.37 
180 20 1.20::;: 0.26 <0.30 2.54 +" 2.11 0.41 -; O.ll ! .09 -:;: 0.45 
380 40 2.04 :;:: 0.19 <0.39 0.98 +' 2.69 0.64 +0.15 1.51 :;:: 0.58 
180 60 0.96 "+ 0.26 <0.29 <0-;-90 0.32 :;: 0.10 0.89 "+ 0.47 
385 80 1.40"+ 0.2) <U,:;1 I.UI + l.ti) 0.36 :; 0.69 1.0Z:;0.:H 
380 100 3.05 '+ 0.34 <0.32 2.82 '+ 1.08 0.27 :;: 0.08 <0-:16 
380 120 1.04 :;:: 0.39 <0.33 <1-:05 0.68:;:: 0.18 0.98 + 0.44 
380 [40 1.03 ! 0.31 <0.3l 1.71 .:':: 1.52 0.22 ! 0.09 O./U ! U.2b 



Gr id Loca tion 
N F. 

TABLP. 4, cont. 

RADIONUCLlDP. CONCENTRATIONS IN SUR~'ACE SOIL SANPLES 
FRON 20 M GRID INTERVALS 

Radionuc 1 ide Con<een tra t ions. JpCiUlL ___________ _ 
U-235 LT-2JH Cs-137 Th-232 

------' --------------
320 
3?0 
320 
320 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
280 
280 
280 
280 
280 
280 
?RO 
280 
280 
280 
260 
260 
260 
260 

120 
140 
IbO 
178 

4 
20 
40 
60 
80 

100 
120 
140 
160 
178 

2 
20 
40 
60 
80 

100 
I ?O 
140 
160 
I -Iq 

3 
20 
40 
&0 

0.85 + 0.30 
0.86 + 0.36 
1.41 '+ 0.34 
1.6J +' U .jl 
1.71 '+ 0.24 
1.05 '+ 0.29 
1.41 + 0.36 
1.38 :;:' 0.30 
0.95 '+ 0.31 
0.56 +' 0.21 
1.00 "+ 0.28 
2.01 + 0.36 
0.93 '+ 0.33 
1.15 + 0.23 
2.31 '+ 0.31 
1.01 + 0.25 
0.81 '+ 0.23 
1.25+0.28 
1.06 + 0.23 
0.98 :; 0.53 
0.69 + 0.23 
\.15 +0.30 
1.24 + 0.35 
3.84 + 0.41 
1.72+0.34 
0.85 + 0.28 
2.0fi '+ O. ~h 
1.19 +" 0.26 

<0.32 
<0.29 
<0.34 
<O.J) 
(0.29 
<0.33 
(0.17 
<0.32 
<0.15 
<0.14 
<0.17 
<0.39 
<0.20 
<0.28 
<0.17 
(0.19 
<0.15 
<0.32 
(0.30 
(0.19 
(0.18 
<0.34 
<0.22 

0.42 + 0.58 
<0-::-28 
<0.26 
<O.IFI 
<0.2F1 

0.98 ~ 1.55 
1.14+1.J8 
1.',6 + 2.12 
L .31 :;:- 1.74 
1.65 + 0.90 

<1-::-09 
I.IY + lI.9Y 

<0-::-93 
0.89 I 0.52 
0.55:;:- 0.72 
0.95 + 0.51 
2.01 + 2.23 
1.96 .. 0.71 

<0-:-96 
1.80 + 0.1,9 
1.66 + 0.57 
1.22 I 0.48 
1.31 + 2.78 

<0.93 
<1.09 

0.82 I 1.19 
<0:-96 

1.19 + 0.61 
1.78 + 1.15 
2.44'T 1.05 

<0-:-76 
1.11 + 0.92 

<0-:-84 

0.57 + 0.13 
0.21 + 0.10 
0.37 + 0.13 
0.61 .,. o.n 
0.96 + 0.12 
0.20 + 0.09 
o.j) + lIdl 
0.39 :; 0.12 
0.83 + 0.14 
0.43 :j:' o.to 
0.32 + 0.12 
0.14 + 0.10 
0.63 + 0.14 
0.80 +" 0.1& 
0.28 + 0.08 
0.49 + 0.13 
0.27 :; 0.10 
0.81 :;: 0.16 

<0-:-05 
2.24 + 0.25 
1.51 + 0.19 
0.81 +" 0.13 
0.1', + 0.09 
0.15 + 0.15 
0.26 + 0.1)9 
0.10 :;: 0.09 
0.13 +0.06 
0.22 + n.08 

1.11 + 0.37 
0.85 + 0.61 
1.08 + 0.50 
1.04 :;:- 0.40 
0.74 + 0.32 
1.7J + 0.46 
n.l!; :;:- 0.37 
1.08 + 0.37 
0.66 + 0.41 
U.btl +' (J.n 
0.90 + 0.51 
1.19+0.57 

<0-::-34 
0.89 + 0.41 
0.5J:; 0.30 
0.51 + 0.60 
0.67 :; 0.36 
1.15 + 0.1,0 
1.02 + 0.3(, 
0.87 + 0.33 
0.70 + 0.35 
1.06 + 0.49 
0.60 + 0.24 
0.55 + 0.92 
0.52 + 0.36 
0.94 T 0.38 
0.61 + 0.26 

<0-:-17 



TABLE I" canl. 

RADIONUCI.IDli CONCliNTRAT ION:> IN ~lII{FACF. SOIl. SAMPLES 
FROfI 20 M GRID INTERVALS 

.---.----

Gdd Location Rad!nnllclide Concentrations ( 2Ci/~) 
N E Ra-226 U-235 U-238 Gs-137 Th-212 

------.---
260 80 1.03 + 0.24 (0.16 (0.15 0.71 + 0.12 0.40 + 0.30 
260 100 6.44 + 0.59 4.76 + 0.99 6.34 j. 2.53 0.68 + 0.15 <0-:-38 
260 120 1.88 :;: 0.48 <0.35 <1.16 0.54:;: 0.12 0.78 + 0.90 
~bU 14U 1.6J "+ O.l6 (0.)6 1.06 !. 0.60 0.32"+ O.H o.n ::;:: 0.43 
260 160 1.90 "+ 0.29 0.93 + 0.55 2.41 + 1.52 0.34 :;: 0.10 1.00 + 0.35 
260 178 1.55 "+ 0.39 <0-:-20 1.89 +" 0.75 0.99 + 0.21 1.14 "+ 0.66 
240 2 1./0 "+ U.39 <0.21 1.4U"+ 0.,:/) U.41 +" U.lU U.~1 +" U.26 
240 20 0.96 + 0.24 <0.26 <0':-82 (0-:-03 0.90 +" 0.34 

w 240 40 0.94 + 0.28 <0.31 2.03 + 1.87 0.66 + 0.11 0.76 :;: D.!,7 
'" 240 60 1.15 "+ 0.34 <0.35 3.29"+ 1.51 U.04:;::U.14 I.JJ T 1).)2 

240 80 1.03"+ 0.34 <0.22 1.72 "+ 0.72 0.63 + 0.16 0.77 "+ 0.33 
240 100 1.59 "+ 0.33 <0.26 3.71 + 1.23 0.44 +0.12 0.89 "+ 0.36 
240 120 0.99 "+ 0.29 <0.38 <l-:-19 0.75 + 0.18 l.09 "+ O.n6 
240 140 1.38 + 0.28 <0.18 1.23 + 0.77 0.61 "+ U.15 n.79 "+ 0.43 
240 160 1.08 + 0.29 <0.32 <1-:-01, 0.78 + 0.15 0_78 "+ 0.32 
240 178 1.25 + 0.24 <0.17 0.56 + 0.98 0.73 + 0.!3 <0-:-25 
220 4 1.46 + 0.]5 (0.]4 (0-:-89 0.79 -. 0.16 <0.21 
220 20 0.94"+ 0.23 (0.14 0.93 + J.21 0.40 "+ 0.09 0.45 + 0.31 
220 40 3.16 "+ 0.46 (0.41 5.56 "+ 2.42 0.68 + 0.15 0.93 + 0.31, 
226 60 1.50 + 0.31 (0.37 1.87 + 1.77 0.51 "+ 0.13 0.93 "+ 0.49 
no 86 0.95 :j.' 0.30 <0.22 1.12"+ 1.19 0.71 ± 0.16 0.55 :± 0.43 
220 100 1.19 + 0.36 (0.36 <1-:-03 0.68 + 0.13 1.29 + 0.56 
220 120 0.98 :;: 0.21 <0.18 1.04 + 0.53 0.54 "+ 0.12 0.97 + 0.66 
no 140 0.44 + 0.15 <0.14 <0-:-29 0.61 + 0.11 0.30 + 0.28 
220 160 2.33 :;: 0.34 <0.34 4.21 + 1.50 0.43 "+ 0.12 1.12 :;: 0.45 
220 177 2.35"+ 0.1,0 <0.38 2.98 :;:- 1.94 0.46 "+ 0.10 0.67 + 0.35 
200 '1 7.'i4 :;: 0.'\1 <0.'\1 .'\.2fi + 2.1 '; n.lll "+ 0.11 0.71 + O.lfl 
200 20 J.21 "+ 0.35 <0.31 2.59 + 1.98 0.58 + 0.!3 1.53 + 0.43 



TABLE 4, cant. 

RADIONUCLlDE CONCENTRATIONS IN SURFACE SOIL SAMPLES 
FROM 20 M GRID INTERVALS 

---~---------------

Grid Location Radionuc1ide Concentrations (ECi/~) 
N E Ra-226 U-235 \J-238 Cs-137 Th-232 

------"--- -------~ 

200 40 3.08 + 0.40 0.48 + 0.50 2.77 + 0.83 0.81 + 0.16 0.89 + 0.37 
200 60 0.94 + 0.25 <0:-30 1.65 + 1.38 0.56+0.11 1.05 :;: 0.37 
200 80 0.91 "+ 0.20 <0.22 <0~6J 0.37 + 0.09 0.28 "+ 0.27 
200 100 ! .04 + 0.24 <0.24 1.11 '" 1.44 0.49 + 0.1D 0.66 :;: 0.28 
200 120 b b b b b 
200 140 1.40 ... 0.35 <0.22 0.80," 1.03 0.71 '" 0.15 <0.30 
200 160 0.59 :;: 0.21 <0.23 <0:-77 0.42:;: O.W 0.52 '" 0.20 
7110 1711 1.59 + 0.29 <0.38 <l.07 0.53 :;: O.ll 1.10:;: 0.43 
180 2 1.28 :;: 0.24 <0.29 2.51 + 1.67 0.34:;: 0.14 0.40:; 0.21 

\.0 
180 20 1.06 :; 0.20 <0.28 <0:-93 0.48 :;: 1.20 1.0\ :;: 0.34 '" 180 40 O.RO :;: o.?q <0.17 1.42 + 0.79 1.29 :;: 0.16 0.43 :;: 0.34 
180 60 0.63:; 0.21 <0.25 <0:-79 0.69:;: 0.12 0.65 :;: 0.27 
180 78 0.76 :;: 0.20 <0.29 3.41 + 1.70 1.20 + 0.15 0.93 :;: 0.32 
180 100 LOS:;: 1'1.26 (0.'1'1 1.4'1 :;: 1.7'; n.1iD :;: 1'1.) 1'1.9, :;: 0.29 
180 120 1.09 :;: 0.29 <0.29 1.17 + 2.42 0.89 + 0.14 ! .05 :;: 0.37 
180 140 1.52 :; 0.23 <0.27 <0:-71 0.31, :;: 0.09 0.88 :;: 0.36 
180 160 0.78 '+ 0.21 <0.14 1. 29 .;. 0.82 0.66:;: O.D 0.91 :;: 0.34 
180 182 0.94:;: 0.18 <0.22 <0:-63 0.50 :;: 0.09 0.48 :;: 0.23 
160 1 1.74+0.23 <0.12 1. 30 + 0.06 0.08 :;: 0.03 0.34 :;: 0.23 
160 20 1.86 + 0.33 0 • .13 + 0.62 2.1;9 + 1.27 1.5.1+0.18 <0-:26 
160 40 1. 36 :;: 0.26 <0:-28 2.71 :;: 1.49 0.29 :;: 0.09 0.50 + 0.26 
160 60 1.00 t 0.20 <0.23 <0:-66 0.19 :;: 0.05 0.41 :;: 0.26 
HiO 80 0.81 I 0.18 <0.13 0.50' 0.38 0.26 :;: 0.65 0.24 +' 0.53 
160 100 1.06'+ 0.31 <0.28 0.54 :;: 2.66 0.41 :;: O.ll 0.88 :;: 0.30 
160 120 1.04 + 0.24 <0.26 <0-:74 0.63 '+ 0.10 0.62 + 0.39 
160 140 0.88+0.23 <0.25 (0.71 0.37 I' 0.08 0.43 T 0.40 
160 160 1. 58 :;: 0.31 (0.29 <1.02 1.19 + 0.16 0.97 :;: 0.34 
160 182 0.66 t 0.20 <0.22 0.91 + 0.77 0.18 :;: 0.05 0.36 + 0.17 



Grid Location 
N ~; 

140 
140 
140 
U8 
140 
140 
140 
11,0 
1M] 

140 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
100 
100 
100 
100 
100 
100 
100 
100 

4 
20 
40 
57 
82 

100 
120 
11,0 
160 
178 

3 
20 
40 
60 
80 

100 
120 
140 
160 
178 

J 
20 
40 
60 
80 

100 
120 
140 

TABLE '" cont. 

RAflIONl!CI.TIJE r'(lNCp.NTRATlONS IN SURFACE SO [I, SAMPLES 
FROfI 20 H GRID INTERVALS 

Ra-226 

2.24 + 0.30 
0.841 0.20 
0.55 +" 0.28 
0.65 +" 0.20 
0.54 +" 0.20 
0.91 + 0.21 
0.95 +" 0.29 
0.75 +" 0.44 
0.1l1. :;: 0.26 
1.98 +0.39 
1.85 +" 0.31 
0.5', + 0.21 
1.18:;: 0.44 
0.53 + 0.18 
0.70 + 0.2', 
1.06 + 0.24 
0.78 +" 0.30 
1.41 IO.38 
0.90 + 0.23 
1.35 +" 0.26 
3.\3:;:- 0.41 
0.79 -; 0.24 
1.45 :; 0.31 
6 .. 40 +" O.JJ 
1.15 +" 0.45 
2.14 + 0.38 
1.68 '+ 0.3', 
2.39 + 1.30 

Radionllclide Concentrations (pei/g) 
-'-U-23S- U-238 Cs-137 

<0.17 
<0.28 
<0.12 
<0.28 
<0.35 
(0.14 
<0.30 
<0.20 
<0.14 
<0.42 
<0.36 
<0.17 
<0.43 
(0.26 
<0.13 
(0.17 
<U.19 
(O.J4 
<0.28 
(0.15 
<0.36 
<0.23 
<0.32 

0.76 .,. 0.84 

<0.32 
<0.41 
(0.19 
<I.37 

1.21 + 0.53 
1.69+1.78 

<0-:-,1 
1.87 + 1.35 

<1.1l 
O.Ql + 0.(,7 
3.19 +" 1.32 
0.84 + 1.92 
0.34 :;:- 0.39 

<1-:-24 
l.n + 2.17 

<0-:113 
(1.36 

1.04 + 1.40 
0.77 +" 0.77 
1.06 + 0.55 
0.84 + 1.19 
1.91 I2.91 
1.40 + 1.99 
0.89 +" 0.53 
:J.!4 :;: 1.78 
0.82 + 1.06 

<1:03 
15.05 T 1.78 

1.74 +" 1.35 
1.1,2 + 2.00 
1.18 + 0.56 

<2-:95 

J.40 + 0.17 
0.49 + 0.09 

<0-:-07 
0.55 + 0.12 
0.43 :; 0.13 

<0-:-03 
0.46 + 0.13 
0.78 + 0.17 
0.17 + 0.07 
0.97 + 0.19 
0.98 +" 0.16 
0.95 + 0.16 
0.66 + 0.21 
0.67"+ 0.12 
0.29 + 0.12 
0.59 1 0.16 
0.61 + 0.16 
0.70 !: O,J~ 
O.l] + 0.12 
0.71 :;: 1.10 
0.67 :;: 0.1', 
0.64+0.18 
0.56 f 0.12 
Z .06 + 0.20 

1.10 + 0.2', 
1.18 + 0.18 
0.4Z + U.O~ 
2.53 + 1.48 

Th-232 

0.46 + 0.36 
1.13+0.38 
0.~1 :;:- fL?R 

<0:20 
1.65 + 0.1,) 
0.69:;:- 0.33 
0.82 :; 0.44 
1.03 -; 0.58 
0.72 :;:- 0.2', 
0.68 :;:- 0.32 
0.79 + 0.36 
0.61 :;:- 0.32 
0.62 +" 0.56 

<0-:19 
0.54 ~ 0.25 
0.77 ~ 0.36 
0.84 + 0.43 
1018+0.49 

0.94 "+ 0.34 
0.75 + 0.25 
0.69 '+ 0.37 
1.24 ~ 0.48 
I.Ol! + 0.47 
0.54 :;: 0.54 

0.90:; 0.64 
1.20 + 0.36 
U.b2 -.;: 0.3& 

<0-:95 



TABLE 4, cont. 

RAULONUCLlDE CONCENTRATIONS IN SURFACE SOIL SANPLES 
FROM 20 N GRID INTERVALS 

Grid Lor.ation Radionuclide Concentrations _( ECi/g) 
N E Ra-226 U-235 

100 160 1.16 + 0.34 (0.21 
100 178 1.23:;: 0.24 (0.26 
80 I. 1.51. :;: 0.11. (0.20 
80 20 0.96 :;: 0.34 (0.21 
80 40 1.39 :;: 0.30 (0.32 
IlO 1i0 o.q~ :;: ().?~ (0.17 
80 80 0.68 :;:- 0.20 (0.18 
80 100 1.33 :;: 0.60 <0.54 
80 120 LU4 + 0.38 <0.24 
80 140 1.13:;: 0.28 (0.19 
80 160 1.05 :;: 0.26 0.52 + 0.83 
80 178 2.19 :; 0.35 (0-:19 

a Errur:!:; al'c 20 bas~d on counting statistics. 
b No sample collected. 

U-238 Cs-137 

1.11 + 0.89 J.92 + 0.28 
(0-:77 0.15 :;: 0.08 

1.20 + o.g,; n.Ii" + 0.11 
1.38:;: 0.66 0.83 :;: 0.19 
2.05 + 1.89 0.86 :;: 0.\7 

(1-:-1 Ii !.?1+0.18 
0.81 + 1.29 0.46 :;:- 0.10 
8.26 + 2.32 1.33 :;:- 0.28 
2.55 -:;: 0.79 0.75 + 0.16 

(0-:52 0.49 :;: 0.15 
(1.23 0.66:;: 0.15 

0.44 + 1./3 1.17 "t 0.17 

Th-232 

0.56 + 0.34 
0.73 :;: 0.35 
n.RR + n.I<1 
0.61 :;: 0.61 
!. 22 + 0.66 
1.43 + 0.5/, 
1.05 :;: 0.1,0 
0.77 :;: 0.85 
1 ~/15 '+ 0.9 /1 

0.78:;: 0.52 
1.23:;: 0.1,5 
0.20 :;-- 0.29 



TABLE 5 

!(ADTONllCI.IDE CONCENTRATIONS IN SURFACE SAMPLES 
FROM LOeAT IONS IDENTH'lt:!J BY TifF. WALKOVER SCAN 

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

Sample Sample Grid Location a Rad ionuclide Concentrations (I'Gi/!l;)b 
ID Description N E Ra-226 U-2J5 U-238 e5-[37 Th-232 

Bl Rock(s) 393 85 14.1 + 0.6c 1.28 + 0.76 14.0 + 1.3 <0.05 0,1,7 + 0.36 
il2 Rock(~) 375 5 '10 ~ 1 + \.\1 <1.3fj 37.1 • 13.6 <0 ~ 16 (fl."h 

B"I Rock(s) 360 100 39.7 +" 1.7 2.22 + 2.66 41.0 + 7.2 (0.15 <0.54 
B4 Rock(s) 342 90 32.9 + 0.9 3.04 +" 2.0 31.0 + 2.0 <0.08 <0.33 
Be; Rock(5) 338 99 25.6 + 0.9 '1,.IjS ::;- 1.51, 55.1, +" " .36 0.23 + 0.10 0.99 + 0.66 
B6 Rock(s) 304 4 20.5 + 0.8 1.41 :; 1.40 29.0 + 3.4 2.53"+ 0.27 0.55 "+ 0.84 
B7 Rock(s) 270 75 5.23 +" 0.53 1.31 :; 1.10 6.33 :!: 1.42 <0:08 1.34 :; 0.69 

c.> B8 RucK( ~) 2)7 108 29.J ~ 0.8 3.10 :; 1.04 25.3 + 1.8 0.72 + 0.12 0. /01 + 0.',8 
'-D B9 Rock( s) 224 18 39.0 + 1.3 4.% :; 2.00 51.7 + 5.1 <0:16 <0:59 

IlIO Rock(s) 191 45 21.2 + 0.9 1.05 + 1.78 45.2 + 4.3 0.45 + 0.13 0.91 I 0.79 
BllA Rock( s) 157 8 31.3 +" 1.0 2.71 +" 1.20 27.2 +" 2.0 0.40:; 0.12 1.00 + 0.61 
BllB Rock(s) 157 8 41.8 + 1.6 3.39 "+ 2.52 39.3 :; 6.6 <0:14 <0:60 
BI2 Rock( s) 157 39 35.4 + 1 .1 4.49 i 1.82 32.1 .:!:. 4.0 <0.13 <0.48 
813 Rock(s) 134 38 45.3 + 1.8 0:48 44.0 + 6.4 <0.67 <0.59 
B14 Rock( s) 124 110 865 +" 33 27.5 + 2' •• 9 70.9 +" 48.2 <2.61 65.2 + 22.3 
B15 Rock(s) 122 105 283 + 3 0:68 44.6 + 10.8 <0.43 19.2 :; 2.9 
616 Rock(s) JW 80 0.92 + 0.08 «0.13 1.55 + 0.42 <0.01 1.:17 + 0013 
817 Rock(s) 108 68 1.03 +" 0.12 <0.20 0.44 :; 0.95 <0.02 1.23 :; 0.17 

a Refer to Hgure 7. 
b Rf'ff>r to Table 3 for direct radiation levels. 
C Errors are 20 based on counting statistics. 



TABLE 6 

RADlONUGLlDE CONCENTRATIONS IN BCRIlHOLE SOIL SAMPLES 

.--------------------_. __ .. '-------

Boreholea Grid Depth Radionuclide Concentrations ~ __ ._. _____ 
-.-..... .... --.~ ~.- - -

No. Location (m) Ra-226 U-235 U-23B Cs-13! Th-232 
N E 

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

III 390 160 Surface 0.74 + 0.21 b <0.14 1.12 + 0.70 <0.03 0.70 , 0.22 
8JI 1.00 + 0.71l <0.17 0.1lf. + 0.9R <0.04 LOll + o.~q 

HZ 2/,0 168 SU1:face <0.19 <0.27 <0.95 <0.08 <0.28 
8.0 1.09 :!:. 0.14 (0.1'; 1.f,f, + 1 • ~~ <11.114 1 • -11 + II.-IR 

H3 128 151 Surface 0.83 + 0.19 <0.15 <0.41 0.76 + 0.11 0.69 + 0.31, 
.~ S.O 0.99 :;:: 0.24 (0.25 <0.75 (0-.04 0.83 :; 0.29 
0 

H4 108 20 Surfacec 0.86 + 0.26 <0.24 1.22 + 1.39 0.07 + 0.07 0.90 + 0.45 

HS 228 28 Surfacec I. !O + 0.23 (0.34 2.25 + 1.69 0.21, + 0.13 0.99 + 0.38 

H6 329 18 Surfaccc 0.81 + 0.20 <0.17 0.91 + 0.87 <0.02 0.97 + 0.36 

H7 1,21 I, Surface 2.80 + 0.44 (0.40 3.I,B + !.JI <0.05 0.87 + O.Jl 
1.0 0.% -:;: 0.21 (0.1'. 1.55 , 0.49 (O.OJ 0.95 T 0.28 

118 360 lOO Surface 39.7 + J.7 2.22 I 2.26 41.0 + 7.2 <0.15 <0.54 
O.D 1 J. 7 :;:- 0.7 1.10 :;:- 1.1) 10.5 +4.8 0.10 ... 0.07 0.83 -t- 0.46 
1.8 3.59 :! O.ld (0.22 1.26 "+ 1.22 <0-:-03 0.75 "+ 0.39 

H~ 237 lOB ~llrrace 29,J + 0.8 J.lO + 1.04 25.3 + 1.6 O.lL + 0.12 0.41 + 0.48 
0.5 5.66 IO.49 0.71 +" 0.55 3.80 +" 1 .2 J <0-:-04 1.lJ + 0.34 

Hto DI JY Surtacp.: D.4 + 1.1 4.4Y + I.I:I~ :Jl.j + 4.0 <'O.lj <'1).41:1 
0.5 21.4 +" 0.9 1.29 +" 0.85 14.7 + 2.2 <0.06 0.B9 + 0.47 



TABLE 6, cont. 

RADLONUCLIII~: CONCENTRATIONS IN BOREHOLE SOIL SANPLES 

Boreholea 

No. 
Grid 

Location 
Depth 

(m) 
Radionuclide COllcelllraliuns (pei/g) __________ ._. ___ _ 

Ra-Z26 u-235 U-218 Cs-137 Th-232 
N E-

!Ill 132 40 Surtace 10.7 + 0.7 1.44 + 0.97 6.81 + 1.90 <0.07 1.18 + ll.55 
0.5 1.36 I 0.2f> <U:17 1.82 1.. 0.54 <0_03 1.14 + 0.36 

H12 Illl 3 Surfacec 7.26 :': 0.53 0.46 + 0.49 4.29 + 0.87 <0.05 1.26 + 0.42 

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

a Rpf~r to Figure 4. 
h rrrt' ..... r~ ~r() ?(1 hA~f'd on rrmnting s.tatistics .. 
C Subsurface samples not taken due to negative findings of thR horehole gamma scan. 



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

Sample Sample 

\,1 Surfaced 
"2 Surfaced 
W3 ~lIhoe::::llrf:lf"'" 

11'4 Subsurfa~oe 

WS Subsurface 
lJ6 Subsurfaee 
W7 Subsurface 

--------
"" 

TABLE 7 

RADIONUCLIOE CONCENTRATIONS IN WATER SA~WLES 

Type Grid 
N 

340 
282 

Rnrphnl .. lIl e 1'10 
Borehole 113" 128 
Borehole H4e 108 
Borf:..·hol~ me 4?l 
Borehole \II Oe 157 

Location 
E 

16 
18 

160 
151 

20 
4 

39 

Radionuclide Concentrations (pCi/l) 
Gross Alphaa Gross Beta Ra-226 

1.73 + 0.87 b 
1.41 "+ 1.34 
1.0'1 + 1.02 

12.3 "+ 5.5 
6.93 "+ 3.46 
?71\ "+ 0.'1"\ 

10.4 :! 1.9 

8.23 + 1.05 
10.5 + 1.45 
f, .or. .±. 1.12 

14.8 + 5.5 
8.94 + 3.60 
1 • 'in + n. 7q 

8.33 :! 1.40 

<0.27 

N a Large amounts of dissolved solid~ resulted in relatively poor detection sensitIvities and 
high errors for gross alpha analysis. 

b Errors are 20 based on cotlnting statistics. 
C Dash indicates analysis not performed. 
d Refer to Figure 5. 
e Refoer to Figure 4. 



Grid Locationa 

N E 

424-427 4-176 
424 2 

423-424 4-176 
421 50 
393 85 
375 5 

353-368 96-116 
342-346 89-91 
340-346 128-139 
33:;-338 96-106 

310 5 
304 4 
270 75 
268 20 
267 80 
256 74 
238 131 

233-234 38-40 
231-232 76-78 
229-240 106-116 
227-228 41-52 

227 76 
224-225 16-21 
221-222 1-2 
220-223 19-20 
20/,-216 46-48 
181-200 44-46 

197 15 
191 15 

173-178 47-49 
158 39 
157 8 
157 39 
134 38 
132 40 
127 38 

TABLE 8 

LISTING OF AREAS ON PROPERTY H WHICH 
EXCEED RESIDUAL CONTAMINATION CRITERIA 

Estimated Quantities 
Radionuclicles of Material Exceeclin Guideline. 

Area III Depth m Volume m 

h 516 O.lO l.():,) 

b <1 
b 172 0.15 25.8 
b <1 

Ra-226. U-238c <1 
" " c <1 
" " c 150 0.15 22.5 

" " c 8 0.15 1.2 
" " e 66 0.15 9.9 
" " " 30 0.15 4.5 

b <1 
Ra-226, U-238e <1 

" " ~1 

b <1 
b <1 
b <1 
b <1 

Ra-226, U-238c 2 0.15 <1 
b 2 0.15 <1 
b 110 0.15 16.5 
b 11 0.15 1.7 
b <1 

Ra-220, 11-238c 5 <1 
b 1 0.15 <1 
b 3 0.15 <1 
b 2/, 0.15 3.6 

Ra-226, U-23 Be 38 0.15 5.7 
b <1 
b <1 
b 10 0.15 1.5 
b <1 

Ra-226, U-23 Be <1 
" " c <1 

" " c <1 
b <1 
b ~1 
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Grid Location 

N E 

l~ 

124 
124 
110 

40 
38 

105 
3 

TABLE 8, cont. 

LISTING OF AREAS ON PROPERTY H WHICH 
EXCEED RESIDUAL CONTAMINATION CRITERIA 

Estimated Quantities 
Radionuclidea of Mate"i~l Ex~eedin~ Guideline. 

Area (m2) Depth (m) Volume (m3) 

b 
b 
d 
b 

<1 
<1 
<1 
<1 

a Refer to Figure 8. 
b Determination not made; radiation levels, location, distribution, and 

physic~l appearance GuggCGt area of rock fill containing ~aturally 
occurring Ra-226 and U-238. 

C Rock fill (slag?) - probably pseudowal1n$tonite. 
d Determination not made; location and radiation level suggest primarily 

Ra-226 (probably AEC/MED origin), 
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APPENDIX A 

INSTRUMENTATION AND ANALYTICAL PROCEDURES 



APPENDIX A 

Instrumentation and Analytical Procedures 

Gamml;l Scintil1~tion Med5Urew.;:ll.C 

Walkover surface scans and measurements of gamma exposure rates were 

performed using Eberline Model PRM-6 portable ratemeters with Victoreen 

Model 489-55 gamma scintillation probes containing 3.2 em x 3.8 em Nal(Tl) 

s~iutil1atiou ~ry5tal$. Count !UlI.:!S were c.onverted "\..1,;.' e1i.p05u.t:e '(<ltt:.$ 

(]lR/h) using factors determined by comparing the response of che 

.eintillation de"eetor with that of ~ Reuter Stokes model RSS-lll 

pressurized ionization 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 Hodel HP-260 thin-window. pancake G-M, beta 

probes. Dose rates (~rad/h) were determined by comparison of the response 

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

probes. 

Borehole Logging 

Borehole gamma radiation measurements were performed using a Victoreen 

Model 489-55 gamma 5cintillation 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 It 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 performed at 15-30 em 

intet'Vals in all holes. The logging data was used to identify regions of 

ponible residues and guide the selection of 6ubsurtnce soil salll?ling 

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

Cs-137 there was no attempt to estimate soil radionuclide concentrations 

directly from the logging results. 
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Soil Sample Analysis 

Gamma Spectrometry 

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

Marinelli beaker. The quantity placed ~n 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 germaniuf.1 and Ge(Li) detectors coupled to a Nuclear Data 

model ND-680 pulse height analyzer system. Background and Compton 

stripping, pea~ search, peak identification, and concentration calculations 

were performed using the computer capabilities inherent b the analyzer 

system. 

were: 

Energy pe .. k~ u.",d fur determination of radionuclides of concern 

Ra-226 - 0.609 MeV from 5i-214 (corrected for equilibrium conditionsl 

1:-235 - 0.143 MeV 
U-238 - 0.093 MeV £rom Th-234 (secular equilibrium assumed) 

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

Cs-137 - 0.662 MeV 

Water Sample Analysis 

'/later samples were rough-fil tered through Whatman No. 2 filter paper. 

Remaining suspended solids were removed by subsequent filtration through 

0·45 llID lllewliL"ILI" rilL"r.. Ill" filtrate was acic:li!iec:l by addition of 10 m: 

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

r" rtryn".. and ¢o\lnt"d for gro •• alpha and g:toss bet" \lSinS " Tcnnclcc 

Model LB 5100 low-background proportional counter. 

Analysis for Ra-226 was performed using the standard technique EPA 

600/4-80-032 (August 1980). 
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Calibratian and Quality Assurance 

With the exception of the exposure and dose rate conversion factors 

for portable survey gamma and beta-gamma meters, all survey and laboratory 

instruments were calibrated with NBS-traceable standards. The calibration 

procedures for these portable instruments are described above. 

Quality control ;:>rocedures on all instruments included daily 

background and check-source measurements to confirm equipment operation 

within acceptable statistical fluctuations. The ORAU laboratory 

v.,,:t.Ldpate~ in the EPA Quality Assurance Frogran:. 
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APPENDIX B 

SUMMARY OF RADIATION GUIDELINES 
APPLICABLE TO OFF-SITE PROPERTIES AT TrlE NIAGARA FALLS STORAGE SITE 



U. S. DEPARTXENT OF EKERGY 

INTERIM RESIDUAL CONTJ...'1I~ATIO!'> Ahll '..IASTE CO!'>TROL GUIDELIKES 
FOR 

FO~~ERLY UTILIZED SITES RE~IAL ACTIO!'> PROGRA'1 (FUSRAP) 
AN;) 

RE~10TE SURPLUS FACILITIES l{~GEXENT PROGRA."I (SFM?) SITES 

(Review ~ithio DOE Con:inuing) 

Presented here are the residual contamination cleanup and waste control 
guide170es 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 determining residual contamination guidelines for a specific 
site. In addition, it is the policy of the DOE to decontaminate sites in a 
~anner consistent with DOE's as-low-as-reasonably-achievable (ALAP~) policy. 
ALARA will b~ considered in reduc1ng levels of residual ¢on~am1nar1on below 
applicable dose limits. ALARA will be implemented using cost/benefit 
considerations, and applied on a Site-specific basis. 

The soil residual contamination guidelines ~ere developed on the ba~is of 
limiting maximum individual radiation exposure to DOE limits specified in DOE 
Order 5480 .. lA PXt""l11!iivp of pXpn~l1T'p from nR.tHT';tl 'hA.~kg'r(i1Jnd r9di,gtion or 
medical procedures. The radium-226 and thorium-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, ~as 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 dose limit would not be exceeded. Use of these guidelines 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. 
AJ.so, the t'USRAP and remote Sr'HP sites otten have limited agricultural 
capability and the contamination is generally not homogeneous. The combined 
effect of these factors is such that the probable radiation exposure to the 
aV.,. .. ge l'opulaLluu un, 0;[" In Lbt! vlclu1.Ly ur, FU5RAP 0;[" :L~mot.e SFMF :;1.Le15 

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 from guidelines developed by the U. S. Nuclear Regulatory 
Commi~~{oo (NRC) for decontami'O..(':tinn nf f:t ... :Jlit:"1pl=:. :Inn pqltipm~nt prior' to 

release for unrestricted use27r termination of licenses for byproduct, source, 
or special nuclear material -. The waste control guidelines are eOns is tent 
with applicable DOE Orders and EPA's regulations for inactive uranium milling 
sites, 40 eFR Part 192. 

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

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

l/u. S. Nuclear Regulatory Co~ission 1982 Guld~lines for Decontamination of 
Facilities and Equipment Prior to Release for Unrestric~ed Use or Termination 
of Licenses for Byproduct, Source, or Special Nuclear Material. DiviSion of 
Fuel Cycle ,md Material Safety, Washington, DC. 

A. R1:SIDUAL C:ONIAl1INA'IlON l;U!1)~LLNt::S FOR FORMERLY UTILIZED SITES M'D REMOTE 
SURPLUS FACILITIES MAr~GE~~NT PROG~~ SITES 

The £"ll"wiog gl,li<l"lllll''; l'''pre~ent. the ma>:lcum resHlual contamln"tion 
limits for unrestricted use of land and stru~tures contaminated with 
radionuclidcs related to the nuclear fuel cycle at FUSRAP and remote SFMP 
sites. A vitc-vpceif1c ~u~ly3i3 ~ill be prepared fo, ~a~h site prior to 
cetermining residual contamination guidelines for a specific site. It is 
the policy of DOE to decontaminate sites to contamination levels at or 
below ~he limir~ ~n~ i~ ~ ~~~ner consistQnt ~th DOEI S 
as-Iow-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. Existing state and fcderal standards ~ll be applied for 
water protection. Residual contamination limits for/other nuclides ~ll be 
developed when required using the same methodolog~ as was used for those 
represented here. 

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

Radionucli<.1e 

U-23~/ 
Pa-231 
Ac-227 

Th-232 

Jur.-241 S/ 
Pu-Z41-
I'u- 238. 239. 240 
Cs-137 

B-2 

Soil Cri teri~/ ,3'/ ,y 
(pCl/g above background) 

75 
150 
150 

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

140 
40 

190 

15 

60 
2400 

300 
80 



Sr-90 
B-3 (pC~/ml soil moisture) 

lID "b d " 831 - escr1 e 10 DRO- and ORO-832. 

300 
5,200 

l/rn the event of occurrence of ~ixtures of radionuclices, 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, th~n the fraction for Ra-226 should not be 
included in the sum if the Ra-226 concentration is less than or 
equal co tIll;: Th-Z30 ~,,"c:eIl~r,.Ll"n. If lhe Ra-226 concentration 
exceeds the Th-230 concentration, then the sum shall be 
evaluated by replacing the Ra-226 concentration by the 
difference bet~ccn the RA-22G and Tb-230 concentrations. 

(b) If Ac-227 is present, then the same rule given in (a) for Ra-226 
rel~tivR to Th-210 ~pplip~ for Ar-227 rpl~tivp to P~-?11. 

2!Except for Ra-226, these guidelines represent unrestricted-use 
residual concentrations above background averaged acro2s aay 15 cm 
thick layer to any depth and over any contiguous 100 m surface area. 
The same conditions prevail for Ra-226 except for soil layers beneath 
1.S m; beneath 1.S m, the allowable Ra-226 concentration may be 
affected by Site-specific conditions and must be evaluated 
accordingly. 

~/Loca11zed concentrations 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 deallQg w1 tl1 e1evat.,,] localized concentrations. 

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

di~int:cgr~tion~ p~r16ceond (diG/G) over any 15cm thiyk layers from 
U-238 plus 3.7 X 10 dis/s from U~234 p1us 1.7 x 10 dis/s from 
U-235. One curie of natural uranium is equivalent to 3,000 kilograms 
(:loT:' 6 .. 600 I"('Il.1"t'U~~ nf n:u"1.1TJ!!Il Hl"::1ni nm_ 

i/Assumes no other uranium isotopes are present. 

2iThe Th-230 guideline is 15 pCi/g to account for ingro~th of Ra-226 
as Th-230 decays. Ra-226 is a limiting radionuclide because its 
decay product is Rn-222 gas. 

8/The Pu-241 guideline was de~ived 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 ensure the annual average concentration of radon decoy products 
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 microrocntgen per hour (20 R/h) above background in any 
occupied O~ habitable building. 

c. Indoor/Outdoor Structure Surface Contamination 

Allowable Surface Residua~ Contamination+1 

(dpm/IOO cm ) 

RadionuclidesY 3/ 4/ . 4( 5/ 4/,5/ 
Average- '- Max~mum-'- Rcmovabl~ -

Trausuranics, Ra-225, 
Ra-228, Th-230, Th-228, 
P~-231, Ac-227, I-12j, 
1-129 

U-Na~ural, Th-232 , 
$r-90, Fr-223, Ra-224, 
U-232, I-126, 1-131, 
I-133 

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

Beta-gamma emitters 
(radionuclides with 
decay modes other than 
alpha emission or 
spontaneous fiSSion) 
except Sr-90 and others 
noted above 

100 

1,000 

5,000 

5,000 

300 20 

3,000 200 

15,000 1,000 

15,000 1,000 

1/ As used in this table, dpm (disintegrations per m~nute) 

3/ 

3/ 

4/ 

means the rate of emission by radioactive material as 
d¢termined by correcting tho Qounts PQr min~t¢ ob$erved by an 
appropriate detector for background, efficiency, and geometric ... 
factors associated with the instrumentation. 

Where surface contamination by both alpha- and 
beta-gamma-emitting rad10nuclides 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 rad~at1on levels associated with 
surface contamination result:t."ng from beta-gamma emitters should 
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5/ 

6/ 

not exceed 0.2 mrad/h at 1 cm and 1.0 mrad/h at 1 cm~ 
respectively, measured through not more than 7 rug/cm of total 
absorber. 

The maximum cont2mination level applies to an a~ea of not 
more than 100 em • 

2 The a",ount of remo"able radioactive material per 100 cm of 
surface area should be determined by wiping that area with dry 
filter or soft absorbent paper, ap?lying moderate pressure, and 
assessing the amount of radioactive material on the wipe with 
an appropriate instrument of known efficiency. '~eo removable 
contamination on objects of less surface area is determined, 
the pertinent levels shall be reduced proportionately and the 
entire surface shall be wiped. 

B. CONTROL OF RADIOACTIVE WASTES Ah~ RESIDUES FROM FUSRAP 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 i$ the policy of DOE to store radioactive ~astes in n manner 
representing sound engineering practices consistent with 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 
Program for DOE Operations. 

b. 5480.2, Hazardous and Radioactive Mixed Waste Management. 

c. 5483.1, Occupational Safety and Health Program for Government-~ed 
Contractor-Operated FaCilities. 

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

e. 5484.2, Unusual Occurrence Reporting System. 

£. 5S20, Radioactiv~ ~~$~P M~naeement. 

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 pCi/1 at any given pOint, or an 
average concentration of 30 pCi/1 for the facility Site, or (2) 
exceed an average Rn-222 concentration at or above any location 
outside the facility site ot 3.0 pCi/1 (above background). 



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

2. Lonr,-Term Management 

a. All operational requirements specified for Interim Storage 
Facilities (B.l) ~~ll apply. 

h. Control and stabilization' features will be designed to ensure to 
the extent reasonably achievable, an effective life of 1,000 years 
and, in any case, at least 200 years. Other disposal site design 
features shall conform with 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 
pC1/I. 

d. For water protection, usc e~isting state and federal standards;. 
apply $ite speeifie rneasure$ where needed. 

e. Prior to placement of any potentially biodegradable contaminated 
~astes in a Long-Term Management Faeility. sueh ~astes wi" hp 
properly conditioned to (1) ensure thac the generation and escape 
of biogenic gases will not cause the requirement in paragraph 2.c. 
to be exceeded, and (2) ensure that biodegradation within the 
facility ~ll not result in premature structural failure not in 
accordance with the requirements in paragraph 2.b.. If 
biodegradable wastes are conditioned by incineration, incineration 
operations will be carried out in compliance with all applicable 
federal, state, and local air emission standards and requirements, 
including any standards for radionuclides established pursuant to 
40 CFR Part 01, National Emission Standards for Hazardous Air 
Pollutants (NESHAPS). 

C~ ~XC~FTION5 

Exceptions may be made to the guidelines presented herein follo~ng 
analysis of the site-specific aspects of a candid~tc ~itc. Specific 
situations that warrant consideration for modifying these guidelines are: 

1. Where remedial actions would pose a clear and p~~~~n~ Ti~k of injury t6 

workers or members of the public, notwithstanding reasonable measures 
to avoid or reduce risk. 

2. Where remedial actions would produce environmental harm that is clearly 
excessive compared to the health benefits to persons living on or near 
affected Sites, now or in the future, notwithstanding reasonable 
meaSures to limit damage to the environment. A clear e~cess of 
environmental harm is harm that is ~ong-term, manifest, and grossly 
disproportionate to health benefits that may reasonably be anticipated. 



3. Where the cost of remedial a~tionS for contacinated soil is 
unreasonably high relative to long-term benefits and the residual 
radioactive materials do Dot pose'~ clear present or future hazard. The 
likelihood that buildings will be erected or that people will spend 
long periods of time at such a site should be considered in cvaluu~ing 
this hazard. Remedial actions will generally not be necessary where 
resicual radioactive materials have been placed scmipermanently in a 
location where site-specific factors littit their hazard and from which 
they are costly or difficult to remove, or where only minor quantities 
of reSidual rad10actlve materials are involved. Examples are residual 
radioa~tive materials under hard surface public roads and sidewalks, 
around public sewer lines, or in fence-post foundations. Supplemental 
st~l,d~ldH sllall not be appl1ed a~ such s1~es, however, if individuals 
are likely to be exposed for long periods of time to radiation from 
su~h materials at levels above 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 
;~cl"rl~d in this judgme~t ara the anticipated period of occupancy, the 
incremental radiation level that would be affected by remedial actions, 
the residual useful lifetime of the building, the potential for future 
construction at the site. and the appli~ability 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 Criterial' 

Soil Guideline 

Structure Guideline 

Control of Radioactive Wastes and Residues 

Interim Storage 
Long-Term Manage~ent 

B-7 

Source 

DOE Order 5480.2t, 40 CFR Part 192-

40 CPR 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 198Z). 

DOE Order 5480.1A 
40 CrR Pare 192 



J / 
- The bases of the residual contamination guidelines are oeveloped in 

ORO-831 and ORO-832. 

~/Based on limiting the c~ncentration of Ra~222 decay products to ~.03 WL 
within st~uctures. 

B-S 
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