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COMPREHENSIVE RADIOLOGICAL SURVEY 

OfF-SITE PROPERTY N-NORTH 
NIAGARA FALLS STORAGE SITE 

LEWISTON, NEW YORK 

INTRODUCTION 

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

the Atoci~ Energy Commission (AEC) , used portions cf the Lake Ontario 

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

associated off-site properties) approxl.mately j km nortr.east of Lewl.ston, 

New York, fOr storage of radioac~ive wastes. These wastes Were primarily 

x:e.sidues froOl u~;au.i.UUl i'rv~,;tHp::;:iu~ op~raL:ionti; h(Jw~vt=r.l L.hE:'!Y also in~luded; 

contaminated rubble and scrap frOI:1 decommissioning activities, biological 

and mi.""ll .. neous ..,,,stes from the University of Rochester, "nd low-level 

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 6l2-hectare site were declared surplus. 

This property was eventually sold by the General Services Administration to 

various private) commercial, and governmental agencies. l 

Modern :andfill, Inc., is the current owner of a tract identified as 

off-site prO;lerty N-North (see figure 1). A 6. 5-hectare tract on the 

northwest ~Orner was previously surveyed and remedial action was performed 

to remove residues. An additional 45-hectare section in the western 

portion of the site has also been surveyed by an independent organization. 

A survey "0 confirm the resul"s of "he independent organi4acion's findings 

and to assess the radiological status of the remainill8 areas of property 

N-North, conducted in September through November 1?1!3, i. the subject of 

this report. 

S!TE DESCRIPTION 

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

approximately 1220 m long and varies in width from 630 m to 668 m. 

Included in this area is a sUlall C2.6 hectare) section, bounded by Track 
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Street and designated as area W-Nortr.j this area is the subject of a 

separate report. The remaining area occupies approximately 78.4 hectares. 

1'11" "",t boundary is 15 m (50 ft. ~ east of the centerline of Castle Garde,,­

Road. Part of the north boundary is 15 m (Sa ft.) sout~ of the centerline 

of "0" Street. Securi:y fences (actually on DOE propenyl parallel both of 

these boundaries. The east portion of the northern boundary is a partially 

demolish@d 'r';:t;lTOAd trat:'k; the east bQund~ry is a se~u.rit)' fence. No 

particula= features delineate the south bour.dary between Modern Landfill 

property and that belonging to the Department of Labor. Aside £ro~ Trac~ 

Street and South Track Street, which form the boundary of area N'-North, 

only unimproved haul roads exist on the site. Out-of-serv ice railroad 

tracks cross the northeast corner, parallel the easter~ boundary, and then 

turn toward the southwest, into the Track Street area. There are a nucber 

of drainage ditches throughout the property and a swampy region in the 

northeast corner has been designated by the State of New York as a 

"wetlands" area. 

The west portion of the property is being used as a sanitary landfill 

and contains several capped and open disposal trenches. Offices for the 

landfill operation are located in a temporary building (trailer), near the 

southwest corner. There are no additional structures on the property and 

the areaS not involved in l""dfill "ctivitico arc hcavily overllX'own wit:' 

brush and trees. 

Radiological History 

Handling and storage of radium bearing K-65 residues occurred on the 

northwestern corner of the property, particularly along "0" Street, Castle 

Garden Road, and Vine Street (this latter road no longer existsl. 1 These 

roads and the triangular area bounded by them were surveyed by Oak Ridge 

National Laboratory (OR-'lL) in early 1981 and elevated direct raciation 

levels and Ra-226 and Cs-137 concentrations in soil were identified. 2 

Cleanup of this small area was conducted ir. mid-1981 and a post remedial 

action survey was performed by Oak Ridge Associated llniversities (ORAU).3 

An additional 45 hectares in the western portion of the site was surveyed 

in late 1981 and early 1982 by Eberline Instrument Corporation under an 
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arrangement with the property owner. No raciionuclide contamination 

exceeding the guidelines was identified by this survey; however, elevated 

direct radiation levels were measured in the extreme nerth-central portion 

and in the vicinit:l of !racll. Street.4 ,5 !hese radiation levels aTe 

apparently the res~lt of residues located on the adjacent properties. The 

north-central portion is in close proxi~ity to the storage tower on the 

NFSS, and contamination, as a result of previous scrap handling operations 

in the Track Street area, was noted by the 1971-72 AEC survey and the 1980 

ORh'l. mobile scan. 6 ,7 Th"s" previous sl.l,vey" <lid not identi!y potential 

contamination on other portions of property N-North. 

SURVEY PROCEDURES 

The comprehensive survey of NFSS off-site property N-North was 

perforilled by·· tbe Radiological Site A.ssesS1l,\f:,nt P'tci;ram of Cak. Ridg,1I 

Associated Universities, during September-November 1983. The survey was il'1 

accordance wi:h a plan dated March 18, 1983, approved by the Department of 

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 tb~ radiolugical conditiou. un property N-Nurtb. 

information collected included: 

Radiolugic;;l 

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

rates, 

2. locations of contaminated surface areas, 

3. concentrations of radionuclides 1n sur£a~e 3nd subsurface soil, 

4. ~oncentratious of radionuc1ides in surface water, 3ud 

5. concentrations of radionuclides in sediment samples from drainage 

ditches. 
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Procedures 

Trees, brush, and weeds were cleared, as needed, to provide 

'scCPF:.r; fer g!'ic.ding and Rut"Veying. This OPPt"::!t1t":1n WAS; pArfn't"mec. 

~y Modern Disposal Co. of Model City, NY, under subcontract. 

2. The firm cf McIntosh and McIntosh of Lockport, NY, established a 

reference grid system on the property. A nominal 80 m grid 

s~ac~ng waS s~ecified; however, actual gTidding intervals varied 

slightly in some areas to make use of access paths previously 

cleared during the Eberline surveys. Use of these paths avoided 

unnecessary clearing expenses and also minimized further damage 

to trees and other vegetative ground cover. The grid system is 

indicated on Figure 3. 

3. Walkover surface scans were conduc~ed over all accessible areas 

of the propel-ty. Trdverses were at 5-10 1lI ic.terval.s on tho.:se 

areas that were relatively inaccessible and had no history of 

radioactive material uSe. Scanning in terval s were 1-2 m along 

roads, the north boundar'j, and in other areas whe"Ce diTect 

radiation measurements suggested possible contaminated residues. 

Portable gamma NaI(Tl) scintillation survey meters were used for 

the scans. 

noted. 

Locations of elevated contact radiation levels were 

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

1 m above the surface at intersections of the major grid lines. 

Measurements were performed using portable gamma NaI(Tll 

scintillation survey meters. Conversion of these measurements to 

exposure rates in Iticroroentgens per hour ()J Rt,,) was u. 

accordance with cross calibration with a pressurized ionization 

chamber. 

S. Bcta-gammn. dose rate tQc~$\lremcnta were performed 1 elR above th.e 

surface at major gri<l line i.ntersections. These measurem.ents 

wpt"p c.nnductpd "<iag thi:l-window «7 m&tc",2) G-M detectors nnd 



portable scaler/ratemeters. Measurements were also o~tained with 

the detector shielded to evaluate contributions of nonpenetrating 

beta and low-energy ganma radiations. Meter readings were 

converted to dose rates in microrads per bour (\1rad/h) based on 

cross calibration with a thin-window ionization chamber. 

6. ~urtace (0-1) em) soil samples of approxl.macely 1 kg each were 

collected at intersections of the major grid lines. 

7. At locations of elevated surface radiation levels beta-gamma dose 

8. 

rate$ dt. 1 Clll above the Gur£ace a.nd CXpO$ure rates at 1 to t1bove 

the surface were also measured. Surface soil samples were 

obtainpd f~om thes~ 'n~nricns 

surface exposure levels were 

?e6am~liug,levels. 

and. fnl1nwing gAmpling~ the 

remeasured for comparison with 

Detection ScienCeS 

penetrating radar 

Group of Carlisle, 

surveys at proposed 

MA, performed ground­

borehole locations to 

assure that subsurface piping and utilities were not damaged 

during drilling. In some cases, boreholes were relocated 

Slightly. 

9. Boreholes were drilled to provide a mechanism for logging 

subsurface direct radiHion profiles and collectillg subsurface 

soil and water samjlles. Five boreholes were drilled by Site 

Eugiueers. Ine.. of Cherry Hill, NJ, and Eal."th Dimensions of 

Aurora, NY, using truck mounted 20 em diameter hollow-stem 

augars. The loeations of these boreholes are sho~n on Figure ~. 

Gamma radiation scans were performed in the boreholes to identify 

the locations of e.levated direct radiation ~evels which might 

indicate subsurface residues. Radiation profiles in the 

boreholes were determined by measuring gamma radiation at 

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

hole bottom. A collimated gamma scintillation detector and 

portable scaler were used for these measurements. 



Soil samples of approximately 1 kg each were collected from 

various depths in the boreholes by scraping the sides of the ho~e 

witb an ORAIJ designed sampling tooL 

10. Three water samples were collected from areas of standing 

(5~rr~~~) waLe. (see figure 5). 

11 ~ Three eed.ime.nt s.a~ples w~re collected from dit~hes located near 

the periphery an~ eastern section of the property (refer to 

Figuu S). 

12. Twenty soil samples and seven water samples were collected from 

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

prop.ertiu) .. to p.ovide baseline concentrations of radionuclides 

for comparison purposes. Direct background radiation levels were 

measured at locations where baseline soil samples were collected. 

The locations of the baseline samples and background measurements 

are shown on Figure 6. 

Sample Analyses and Interpretation of Results 

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

majnr radionl"lclide ~f conc€tT'n~ althnugh SPActT';t lote-re revipwed for U-235, 

1J-238, Th-232, Cs-137, and other ganuna emitters. Water samples were 

analyzed for gross alpha and g.oss beta concentrations. 

Additional information concerning analytical equipment and proced~res 

is in Appendix A. 

Results of this survey were compared to the applicable guidelines for 

formerly utilized radioactive m~terials handling sites, whic~ are presented 

in Appendix B. 
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RESULTS 

Background Levels and Baseline Concentrations 

Background exposure rates and baseline radionuclide concentrations tn 

soil, detennined for 20 locations (Fig1.Ore 6) in the vicinity of the NFSS, 

ar~ ?resented 1n Table I-A. Exposure rates ranged trom 6. B to Il. Il ~R/h 

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

radionudide. lon ~Qil "".e; Ra-226, <O.O~ I. ... 1.22 pCi/!> (picocurie, 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 I'Ci!s; and C~-137, ~O.02 eo l.0'; pCi/g. These eoneent .. ~tiono a.rc 

typical of the radionuclide levels normally encountered in surface Boils. 

Radioactivity levels in baseline water samples are presented in 

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

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

These are typical of concentrations normally occurring in surface water. 

Direct Radiation Levels 

Direct radiation levels, measured at major grid line iI:.tersections, 

are presented in Iable:l. The gamma exposure rates at 1 m above the 

surface at these grid points ranged from 6 to 43 ~R/h (average 9 ~ R!h). 

Surface c;;ontact gaQ.l.i.:ll.a ~;r..rICJ~T,,;.rJ;:: r"L~bio and beta-galIllD.o::l dose rat:es were 7 to 

41 ~R/h (average 9 )JR/h) and 7 to 61 wrad/h (average 21 )Jrad/h), 

respectively. At most location~. mCaGUr~ent~ performed with the detector 

shielded averaged approximately 20% less than those with the unshielded 

detector. This indicat@s only a small p~~t~nn nf 'h~ '~rfa~e ~ose rate is 

due to nonpenetrating beta or lo,",-energy pho ton radiations. The highes t 

direct radiation levels were recorded in the north-central portion of the 

property and were due to the proximity of the stored K-65 residues on the 

adjacent DOE property. Figure 7 shows the 20, 30, nnd 40 wR/h isopleths on 

the N-North site. 

The walkover survey identified a few isolated spots of elevated 

contact radiation level s. These locations are indi.oated on Figure 8 and 
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associated radiation levels are presented In Table 3. Surf ace cor.tact 

gamma exposure rates ranged from 13-200 ;.:R/h; the maxi::cut:l was measured at 

grid point 66LN, 980E. Exposure rates at 1 m above the su=face ranged froe 

9 to :7 ~R/h. Beta-galDlUa dose rates ranged froe 43-79,000 ~rad/h. The 

maximum dose rate was also recorded at grid coordinate 664N, 980E. Contact 

exposure and beta-gamca dose rates were reduced by soil sampling at many of 

th",.e locati"".; Llli, indicates that most of the contamination is in small, 

discrete pieces of material rather than diffused throughout a larger area 

of ooil. 

The ~.alkov@T" SU"r'fAl"!t:.> .9-(" an also identified twO ad.d.itional areas of 

generally elevated radiation levels. Readings along the length of the 

railroad ~r3ck at the northeastern boundary and along a drainage die<:h 

(grid location 490-SZ0N, 980-1060E) averaged 12 to 14 \lR/h - slightly 

higher than baCkground-for the area. 

Radionu~lide Conc~ntrations in Surface Soil 

Table 4 lists the concentrations of radionuclides measured in surface 

soil from intersections of the major grid lines. These samples contained 

Ra-226 concentrations ranging from 0.35 to 7.23 pei/ g. The highest level 

...... ~;;:. the sample collected along a railroad track at gr::.d pOint ()ol:N, 

l060E. This sample was primarily rock ballast and also contained a U-238 

level c01l>parable to the Ra-226 c;ouc;entratiou. A r .. w additional samples 

contained Ra-226 concentrations exceeding those in the baseline soil, but 

non~ eXLeeded 5 pCi/g above the b:l.Gclinc level. Several samples also 

contained slightly elevated U-238 and Th-232 concentrations; the highest 

levels measured were 7.48 pCi/g of U-23B and 1.88 pCi/" ~f T)'-232~ L"v~J. 

of U-235 and Cs-137 were not significantly different from those in baseline 

samples. No other gamma eu:itting radionuclides were noted in 

concentrations exceeding those normally ~re$ent in surface soil. 

Radionuclide concentrations 1n samples from locations of elevated 

contact 

Ra-226 

radiation levels 

~n these samples 

are presented 10 Table 

ranged from <l .75 to 

5. Concentrations of 

210 pCi/g; the maX1mum 

concentration was measured in a rock (sample Ill) collected at grid point 
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301'1,1561:. 

of U-238. 

Sample 54 was a ?iece of yellowcake and contained 21,000 pCi/g 

Although samplicg at this location removed visible 

eoneami.natiotl) the conta.ct exposure ,at.~ oi 70 ;..R/h x-ecol."dt::J alter s.aUl~ling 

indicates that small pieces of residue still re~ain. 

Borehole Ga~a-Logging Measurements 

The results 0: gamma scintillation measurements in boreholes indicate 

no subsurface contamination. Based on previous subsurface investigations 

gamma count rates detern.ined by the borehole meas..:rements are reliable 

indicators of elevated subsurface radionuclide levels. However, the gamma 

logging data was not useful in quantifying radionuclide concentrations in 

the subsurface soil, because of the varying ratios of Ra-226, U-Z35, U-238, 

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

Radionuclide Concentrations lD Borehole Soil Samples 

Table 6 presents the radio nuclide concentrations measured In soil 

samples from boreholes. The five boreholes (HI-HS), located to provide a 

representative coverage of the jlroperty, contained radionuclide 

concentrations in the ranges of baseline samples. Inaccessibility of 

l'oT"tions of tbis ?roperty precluded a.dditional systemati.c boreholes. The 

effectiveness of surface sampling in removing the source of elevated 

contact radiation levels indicated that subsurface investigations at these 

locations were not warrented. 

Radionuclide Concentrations in Water 

Samples WI-W3 from areas of standing water on property N-North (refer 

to Iable 7) contained gross alpha concentrations ranging from 2.37 to 

7.16 pCi/l. Gross beta concentrations ranged fro~ 6.00 to 7.33 pei/l. The 

gross alpha levels are higher than the baseline range but within EPA 

interim Dr1nking Water lim1ts ot 1) p~i/l; the gross beta levels are w1th1~ 

the range of baseline concentrations. 
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Kadionuclide Concen~rations in Drainage Ditch Sediments 

Concentrations in sediment samples, co~lected from drainage ditches, 

are presented in Tab:'e 8. Samples SDl and SD3 coc.tained Ra-226 and Cs-l37 

concen:rations above baseline levels. Sample SD3 also contained 62.6 pCi/g 

of 1]-238 - well above the baseline concentration. Levels were, however, 

within cleanup s~~dglines established for formerly utilized SitC3. 

COMPARISON OF SURVEY RESULTS ~lTB GUIDELI~ES 

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

Niagara Falls Storage Site are presented in Appendix B. Radiation levels 

and radionuclic.e concentrations I at small, isolated spots of surface or 

near-surface contamination, exceed these guicieline values. 

The exposure rates in contact ~ith isolated areas of surface 

contamination do not exceed the guideline of 60 )lR/h for open land areas 

accessible by the general public, with the exception of grid location 664K, 

.aOE where a contact exposure rate of 70 ~R/h remained after sample 

collection. Average exposure rates at 1 m above the surface (9 ;,:R/h) are 

well withiu the 60 ),lR/h guideline. Higher gamma radiation levels in ehe 

north-centr~l portion of the property are the result of reoidues on the 

adj acent DOE property. Elevated levelS along the railroad tracks are 

~robably due to the natur~l radionuelidp ~on~~ntr$tion~ in the ballast. 

Areas of surface contamination. identified by the walkover scan, 

contained l\a-226 concentrations in excess of 5 pei/g; twO 0: the samples 

also contained U-238 concentrations above the ISO pCi/g criterion. These 

areas are summarized in Table 9 and indicated on Figure 9. Sample B4 

(664N, 980E) consisted mainly of yellowcake <21,000 pCi/g), most of which 

was removed by sample collection. Most of these areas of contamination 

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

when averaged over an area of 100 m2 . Borehole measurements and samples 

did not identify subsurface levels differing from those ~n baseline 

samples. 

lC 



Surface water ccntained radion~cl:de concentrations belOw the EPA 

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

Radionuclide concentrations ~n sediment samples ,from drainage eitches 

were wel~ wit~in the cleanup guidelines established for formerly utilized 

si:.es. 

SUMMARY 

A comprehensive survey of off-site property N-North at the :'liagara 

Falls Storage Site was conducted during September-November 1983. A porticn 

of the property ~n the northwest corner is an active landfill and was 

inaccessible for surveying. This area, howeve=. had been previously 

surveyed. :he Track Street area (Property N'-North) will be discussed in a 

separate repor~. The §urvey included surface radiation scans, measurements 

of direct radiation levels, and analyses for radionuclide concentrations in 

soil samples, both surface and subsurface. and in surface water samples. 

Analyses of sediment samples. collected at three locat~ons. were also 

performed. Ground-penetrating radar was used to identify subsurface 

utilities which might preclude borehole drilling. 

The >:esult$ of th ... ",rvay indicate a few, small. isolated areaS of 

elevated direct radiation and surface soil cont=inatioll. Elevated ga:tlll'llA 

radiation levels are present primarily in the north-central portion of :he 

property ~n close proximity to the K-65 storage tower. The major soil 

contaminants are Ra-226 and U-238. Sampling re:noved most of the 

cont<lmination; remaining contamination would meet cleanup criteria when 

averaged over an area of 100 m2. 

Gross alpha and beta levels from surface water were within EPA 

guidelines. No subsurface contamination was identified through borehole 

measurements and sampling. 

Although the contaminated residues and elevated direct radiation 

levels are present on small portions of this property, the contaminan~s do 

not pose potential health risks to the pu~lic or site workers. 
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TABLE I-A 

BACKGROUND EXPOSURE RATES 
AND 

RADIONUCLIIlE CONClmTRATlUNS IN BASELINE son SAMPLES 

LocationO Expo aure Ra teb 
(pR/ It) 

Radionuclide Concentrations (pCi/g) 
=-~~-------~~~=- Th-232 

2 
6.8 
6.6 

0.74 .:!:. 0.16 c <0.19 <2.89 0.70 + 0.46 
o.n ~ 0.19 <0.19 <3.35 0.84 :!. 0.24 

3 8.3 0.71 .:!:. 0.18 0.46 .:!:. 0.41 <3.72 0.88 .:!:. 0.33 
4 7.9 0.67 .:!:. 0.18 <0.22 <4.10 l.16 .:!:. 0.35 
5 7.3 0.70.±.O.16 <0.17 <3.34 0.6B .:!:. 0.24 
6 7.7 0.50 .±. 0.15 <0.16 <2.33 0.52 .±. 0.3B 
7 7.7 0.63 .±. 0.1J <0.17 <2.73 0.83 .±. 0.24 
8 7.6 0.59 .±. 0.12 <0.14 <2.20 0.54 :': 0.23 
9 7.1 0.63 .±. 0.20 <0.23 <4.16 0.83 .±. 0.38 

10 7.1 0.70 .±. 0.16 <0.19 <2.96 0.59 .±. 0.25 
J 1 6.7 <0.09 <0.19 <2.83 0.49 .:!:. 0.31 
12 7.1 0.48 .±. 0.13 <0.16 <2.84 0.65 .±. 0.26 
1J 6.7 0.57 .±. 0.11, <0.17 <2.36 0.1,9 :t. 0.26 
14 6.8 0.68 .±. 0.17 <0.19 <3.24 0.67 .±. 0.25 
15 8.2 0.65 .±. 0.14 <0.17 <3.20 0.12 i 0.35 
16 7.4 0.91 1. 0.17 <0.71 <3.50 0.8J , 0.26 
17 7.0 0.46 .:!:. 0.14 <0.16 <2.73 o.n .±. O.ll 
18 
19 
20 

7.7 
6.8 
8.6 

0.73 1. 0.16 <0.18 6.26 .±. 9.23 1.01 .±. 0.44 
l.22 ~ 0.22 <().2l <3.79 1.()S ~ 0.49 
0.83 .±. 0.17 <0.21 <3.59 0.64 .±. 0.29 

Range 6.8 to 8.8 <0.09 to 1.22 <0.14 to 0.1.6 <2.20 to 6.26 0.32 Lo 1 .. 16 

8 Refer to Figure 6. 
b I~asured at 1 m above the surface. 
c ~rrnrA nr. 20 hased on counting BtatiBtic •• 

(;);-137 

0.29 .:!:. 0.08 
0.24!0.08 
0.34 .:!:. 0.09 
0.12 ~ 0.07 
0.14 .±. 0.07 
0.17 .:!:. 0.09 
0.35 .:!:. 0.06 

<0.02 
0.69 .±. 0.11 
0.69 .±. 0.10 
0.48 .:!:. 0.14 
0.68 .:!:. 0.10 
0.1,1 :t. 0.08 
0.70 .:!:. 0.10 
0.23 :': 0.08 
0.61 .:!:. 0.09 
0.38 :!:. a.08 
0.32 .:!:. 0.12 
1.05 ~ 0.13 
0.08 :':.0.07 

<0.02 to 1.05 



TABLE 1-5 

RADIONUCL!DE CONCENTRATIONS IN BASELINE WATER SAMPLES 

Locationa 

III 
\12 
1<13 
W4 
w5 
W6 
W7 

Range 

Radionuclide Concen:rations (pCi!l) 
Gross Alpha Gross Beta 

0.95 .:t. 0.9.3 b 
0.95 .:t. 0.94 
0.55 .:t. 0.78 
0.G3 .:t. 0.69 
0.73 ..:t. 0.68 
1.87 ..:t. 1.84 
1.16 ..:t. 0.66 

0.55 to 1.87 

4.79 .:t. 1.15 
9.17 .:t. 1.31 
2.73 .:t. 1.05 
:;.37.:t.l.17 

<0.64 
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 
Location 
N E 

0 100 
J 180 
0 2S0 
0 360 
0 420 
0 480 
0 572 
0 665 
0 725 
0 620 
a 900 
0 980 
C 1060 
a 1140 
0 1240 

80 100 
80 lao 
80 250 
80 360 
BO 420 
60 480 
80 572 
80 665 
80 725 
80 820 
80 900 
80 980 
80 1060 
80 1140 
80 12.40 

160 100 
160 18C 
160 260 
160 360 
160 1,20 
160 480 
160 572 
160 665 
160 725 

TABLE 2 

::lIREe! RADIATION LEVELS 
MEASL~D AT INTERSECTIO~S OF THE 

MAJOR GRID LI~~S 

Galllll1a Exposure Gil1llJJla Exposure 
Rates at 1 m Above Rates at the 

the Surface Surface 
().lR/h) ().lR/h) 

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

11 01 12a 

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

~ 8 / 

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

lla lOa 
8 8 
8 8 
7 7 
7 8 

7 7 
8 8 

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

23 

Beta-Ga1llJJla Dose 
Rates at I c~ Above 

the Surface 
( ).lrad/h) 

30 
23 
34 
30 
16 
29 
14 
19 
35a 

8a 

39 
19 
19 
7 

25 

18 
2~ 

27 
16 
20 
21 
3S 
32 
18 
8a 

39a 
HI 
22 
16 
17 

9 
38 
b 

29 
i 

3;) 
26 
13 
29 



Grid 
LOcation 
N E 

160 820 
160 910 
1&0 978 
160 lCOO 
160 1060 
160 1140 
160 1240 

240 100 
240 180 
240 260 
~40 360 
240 420 
240 480 
240 572 
240 665 
24:) 725 
2/10 820 
240 910 
240 970 
240 1000 
240 1060 
240 1140 
240 1240 

320 100 
320 180 
320 260 
32C 340 
320 420 
320 480 
320 572 
32;) 665 
320 72S 
320 820 
320 91') 
120 97~ 

320 1000 
320 1060 
320 1140 
320 1240 

TABLE 2, cone. 

DIRECT RADIATION LEVELS 
~ASURED AT I~TERSECTIO~S OF THE 

XA;OR GRID LI~ES 

Gamma Exposure Gat:lJll<l Exposure 
Races at i m Above Races at the 

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

9 9 
10 10 
8a Sa 

lOa lOa 
Sa S" 
7 8 
7 8 

'~ b 
7 7 
b b 
7 8 
7 " I 

7 7 
9 9 

9 9 
8 9 
9 9 

9 9 
7 8 
8 8 
8 8 

~O 10 
7 7 

b b 
7 7 
b b 
b b 
b b 
7 9 

1D 10 
9 9 
9 9 

9 9 
9 :0 
i! 8 
8 8 
8 8 
8 8 
9 9 

2~ 

Beta-Gamma Dose 
Races at 1 ~ Above 

the Surface 
(~rad/h) 

26 
23 

Sa 
36a 

28a 
19 
8 

b 
7 
.~ 

24 
18 
18 
11 
20 
9 

35 
25 
9 

10 
30 
43 
24 

b 
18 

b 
b 
'~ 

14 
21 
15 
26 
29 
24 
1~ 
15 
10 
19 
16 



G:oid 
LOCac.1UIi 
~ E 

400 100 
~nn 180 
400 260 
400 340 
400 420 
400 480 
400 572 
400 665 
400 725 
400 820 
423 820 
423 910 
400 970 
400 1000 
400 106e 
400 l14C 
400 1240 

480 120 
480 180 
480 260 
480 340 
480 420 
480 500 
480 572 
480 665 
480 725 
450 820 
480 900 
480 1000 
480 1060 
480 1140 
480 1240 

560 100 
560 1BC 
560 260 
560 340 
560 420 
560 500 
560 572 
560 665 

TABLE 2. cont. 

DIRECT RADIATION LEVE~S 
MEASURED AT INTERSECTIO~S OF THE 

MAJOR GRID LI~ES 

Gamma Exposure Gamma Exposure 
R~L~~ dL 1 w Abuvc Rdces (I.e the 

the Surface Surface 
(w R/h) (jJR/h) 

b ;, 
h b 
b b 
b ;, 
b b 
8 7 

11 11 
1C 10 

9 10 
9 10 

10 I() 
9 D 
8 8 
8 8 
8 8 
8 B 
b b 

b b 
b b 
b b 
b b 

sb b 
b b 

14 14 
13 13 
11 12 
11 12 
9 9 
8 8 
8 8 
8 8 
b b 

b b 
b b 
b b 
b b 
b b 

b b 

20 17 
17 19 

::5 

Beta-Gamma Dose 
Kates at 1 CQ Above 

the Surface 
(,-radr~) 

b 
b 
b 
b 
b 
9 

21 
11 
24 
21 
20 
17 
45 

8 
12 
27 

b 

b 
b 
b 
b 
b 

b 
)4 
20 
12 
14 
15 
17 
~7 

14 
b 

~ 

~ 

b 
b 
b 

" JO 
39 



Grid 
Loc;.at.ion 

N E 

560 725 
560 820 
56C 900 
560 1000 
S6C 1060 
56C 1140 
560 1240 

635 10C 
635 18G 
635 260 
63~ 340 
635 420 
635 SOD 
635 572 
635 660 
635 745 
640 828 
640 900 
640 1000 
640 1060 
640 1140 
640 1240 

668 745 
668 820 
668 900 
668 1000 
668 1060 
668 1140 
668 124C 

a G1'"~n ['I(")int 

TABU: 2, cant. 

DIRECT P~IATION LEVELS 
MEASURED AT I~TERSECTIO~S OF TEE 

~OR GRIt LINES 

Gamma Exposure Gamma Exposure 
Kates at. 1 rn Above R"te5 a.t the 

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

14 14 
12 13 

9 9 
7 8 
8 8 
B 8 
b b 

b b 
b b 
b b 
L b 
b b 
b b 

43 41 
30 29 
20 20 
14 14 
12 12 
8 8 
8 9 
8 8 
b b 

b b 
l6 16 
b b 
9 9 

IJ 10 
8 9 
b b 

iF: on V'-Norr.'.i property. 

Beta-Gamma Dose 
Rotc::;; o.t 1 em Above 

the Surface 
(Ilrad/h) 

25 
29 
13 
17 
25 
28 

b 

b 
b 
b 
b 
b 
b 

50 
29 
39 
18 
29 
19 
28 
15 

b 

b 
61 

:, 
33 
12 
19 

h 

';:) Measurement not performed due to presence ~f a.ctive landfill, surface water 
or other obstruc~ion. 
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TABLE 3 

DIRECT RADIATION LEVEI.S AT LOCATIONS 
IDENTIFIED BY TIlE WAI.KOVER SURFACE SCAN 

Grid Location - .. --- - ---
N E 

30 156 
250 101 
259 107 
260 100 
516 1060 
664 980 

__ E~p0l>\lr~_ Rate _ ~\'R/!,) __ ... 
Cuntact 1 m Above Surface 

27 12 
36 14 
35 14 
26 13 

13 9 
200 17 

a Refer LO Figure 8. 
b Radionuclidc ~11,(11'ir:;t:;s dLt: pl.-ebcnt.cd ill Ti.lble 5. 

Surface Dose Rate 
( \.rad/h) 

960 
80 
61 
41 
50 

79,000 

C Dash indicates measurement or sampling not performed. 

Sample 
IdentiC ieat ionl> 

BI 
B2 

B3 
B4 

Contact Exposure RaLe 
After Sample Removal 

(~ R/h) 

9 
36 

13 
70 



TABl.E 4 

RAnTONUCLIDE CONCENTRATIONS IN SURFACE SOIl. SAMPLES 
COLLECTED AT I NTERSECTI OilS 01- TilE MAJOR GRID LINES 

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

~!i~ LQcat j nlll R3d j-o("!U( 1 i do(!' cQ~l"':.f'nl ral ion' (pCi/g) -. -c---- R':'-l:lo& ----- --It:'?l .. -- -- - 11:'"?lFL-- ---- . ~~·Cs:..i)]--- .. -Ih-H2 

.-----~ ---'-'" "-- --_. ---_. 
100 I.O} ! 0.41» <0.12 1.49 ;!. 1.11 <0.04 (I.l~ ! O.H 

0 18" fl. M .:t O_1oQ <0.:2'1 <0.1fI O. II · 0.01 1.24 · 0.1i) 
0 "0 O.ll ~ O.HI 0.14 . 0.16 O.8J ! 0.6J 0.42 · 0.11 0.8\ · 0.29 
(I 360 0.16 · O.ll ({)~2J 2. II · 1./3 

, <O~O6 1.12 , 0.62 
(I Ii 20 0.98:;0.21 '0. 1 \ <I.ll <0, \}Ii. 1.12 · 0.56 

t.J'iI 0.68 -.:! 0.l4 <0.26 I. 20 · 1.62 0.2l · 0.11 I.))! O.4~ 
11' 0 .• 9 !:. D.)O <0.21 I. l.to -. 2.].2 0.17 0.14 1.11 ! 0.41 .. , O. a; 0.2t. <0.19 1.01 ~ 0.62 0.20 O.I} O. 88 0 ..... 0 
121 b b b ,. 
82{1 b b b b 
900 0.8\ ! O.)~ <0. )4 ).02 1 1.10 u. 2) ! 0.1 ) O. Ell ! O. ~Io 
980 LJi. · 0.]6- "':0.41. :2. J.B ! 1.60 0,1] ! 0.18 1.1') ! O. "JI. 

lI}tJO O. ~6 .! 0.26 <0.1 a I_OR · 0.81 0.20 • O,OC} 1.00 , 0.31 
1140 0.80 · O.lO <0.:2 8 1. 'io8 · 1.1l 0.12 -:; O.{]'9 1.22 ! O. II 

'" " 1240 0.10 ..! 0.21 <0.16 1. 20 ~ O. q 8 0.]") -; 0.0'9 O.'HI ~ 0.24 
CC 80 100 0.91 .! O.lJ <0.22 «(I. RSo <0:01 I. 49 · l.ou 

80 160 1.09 ! 0.36 <0.21 I. I" ~ 1.41 0.1 " ~ O.Ofl o.n ; O. )4 
80 2\0 O. B6 · 11.48 <O,J9- 1.}8 ~ l.1 'GI 0.01 , 0.09 I. ')4 · O. ~1 
I!(l "0 l.OJ :1 IJ.J1J <U .lLl' "'0 • .GO 0.0';1 '1 0.001 0.15· ~ O. '':01 

00 4 III 1.00 ~ 0.29 <0.10 1.% · 1.18 1.18! 0.16 1.01 · 0.1" 
&l 511 0.84 1 0 .• 1 <0.2) (O~ B4 0.1 B ~ 0.11 0.14 ~ 0.55 
80 66\ I.Zl ! 0.11 <0.36. <1.1 B 0.1' ~ O.ll 1.14 ! 0.41 
80 '" U. HJ · U.J~ '\0.2) loU. 2:.5-1 0.2'1 0.11 (). S) C) .... ~ 

80 620 b b b b b 
W 900 b b b b b 
811 980 0.9" .t O,)h <O.lI 1. )/ ! 1. )6 O. a; .! O.lB J .01 .! O. SI 

"" lUb!) O • .., .!. Q.ll "'0. ?I LI~ I.O{l r). t;..1 Ct.tE> (I,ge ! 0.)9 
I!(l 11'0 a.6' · 0.4\ <0.1\ J.69 ! 1.1>8 OA) ~ 0.'1 J. 00 O. J) 
W 1140 O. ')8 .i 0.1I <(1.22 <0 •• , 0.66 ! D.}! 1.0l ~ 0.1\ 

160 100 O. SJ .! o .. n <0.19 I.J4 ! 1. 24 <0.04 O./B · o .l) 
I.U It-iJ o.06.f5 ..! Ct.}O <;;0.2) 1.1 J ".2'1 .({J .oOl .. "" ! O. H-
160 2S0 0.81 ! 0.)4 <0 •• 9 1. 7fl · 1.60 <O.Ot. O. BI · 0.2J 
lM l,O 0.51 ! 0.29 <0.22 2.81 •. I.J 0.11 1 0.09 O. II ! 0.21 
1.0 41O O. " .! O.){J <0.21 <0.14 0.70 0.16- O.9J · O • .{"l 
160 ,SO 0.90 ! 0.39 0.50 ! 0.6/ 1. 2' · 1./1 0.68 ~ 0.16 I. 04 "+ O.4l 
160 512 0.61 · 0.10 0.44 . 0.61 1.28 ! 1.65 0.40 :! 0.150 1.2\ ~ o. s.{J 
160 66\ O.71 + O.ll <O~20 2.04 · 1.61 O.ll " 0.1 ~ 0.69 , fL]! 
160 12\ 0.' 8 ! 0.24 <0.18 1. $9' ~ 0.60 0.31 · 0.14 O.ll · 0.4] ,.0 "" Q. '1) .! 'O'.:H -<;0. J 'So "40 2.D O~ 8-~ (,'ITI1, I 11 n MI 
HO 910 0.4. O.H <0.1. <o:~~ 0.61 ! 0.1 Ii 1.01 0.11 
100 9W b b b 



TABLE 4, cont. 

RAOIONUCLIDE CONCENTRATIONS IN SURFACE SOll. SAMPLES 
COLLECTED AT INTERSECTIONS OF THE MAJOR GRID LINES 

R .. 226 

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

ItO 1060 
16{1 1)1;.0 
160 iNO 
140 100 
240 I SO 
240 25-0 
)'0 j"O 
1'0 420 
1,0 4 SO 
1.0 ,12 
)'0 6.5 
1~[) H 50 
2Z.Q .£s:1'l} 
2t.O ';IIU 
gO 910 
1.:.0 ] 060 
240 11 4D 
2.c.O 1240 
280 100 
280 lSI] 
1M 2S0 
280 ]150 
215(10 420 
lID 400 
)20 511 
)11} 66 S 
)10' n:-
no 810 
JIG 910 
12G 910 
lIt) 1000 

110 11'0 
jl0 1240 
'DO 4 &l 
IioDO :;'1::i: 
400 .,; 
400 121 
400 !320 
400 1'1£1 
400 '910 

0.1') + O.B 
<0.151 

0.65 .! 0.19 
O.9rl .! 0.19 
0.8) .. 0.21:1 
1.49 ! 0.29 
0.14 ! O.ll 
O.66! 0.29 
0.16 .0.1. 
0.% • 0.40 
1.2\ ! 0.10 
O. ~~ .! O.:ll 
0.(11:1 4- 0,3:) 
0.16 + 0.10 
O.8l. !. 0,2'9 
1.fJ,0 f O. H 
1.21 ~ 0.2'6-
1_6~ ! O.l} 
1.11 + 0.26-
0.13 ~ 0.30 
O. '9) ..!. 0.2:5-
1.250 .! 0.30 
O.7li ! 0.25-
0.950 + 0.21 
LOS. ! 0.26 
0.14 .! O~l) 
O.IlJ! O.n 
0.64 ! 0.10 
0.11 ! 0.10 
0.1./'1 O.lr'l 

0.13 +-0.21 
0.19! 0.26 
1.09 ! 0.1. 
O.o/.HI..!. 0.14 
0.68.+ 0.25 
O~fJ3 1 O.2~ 
0.35 ! 0,)4 
O.('':il T .0.291 
O.W ~ 0.11 

b 
<0.24 
<fr.)) 

<fl.) ~ 

<fl.11 
<0.20 
<0.24 
<0.29 
<0.19 
<G.22 

O.U + 0.10 
<0".35-
<0.1 B 
<0.26 
<0.16-
<0.11 
<0.21 
<0.28 
<0.3) 

0.42 .!: 0.21 
<o.n 

0.32 + 0..78 
<0.31 
<0.1 B 
<0.] ] 

0.-41 ..! 0..70 
"'o.n 

0./1 ! o.le 
<O~ 1.8 
<o.n 
"'0. )1 
<0.11 

0.41:. f 0.)5-
<0.18 
"O.H 
<O.H 
<0.11 
<0.10 
..:(Jo.10 

<0..:2 ~ 

2.Jl,:!l.W 
2~50J.!LI6 

0.5.1 ..! o..J6 
Ll.O.! 1.)2 

1.10 + "'B 
1.91 • 1.19 
LI6!I.OI 
2.14 ! O.l~ 
1.60 • 1.00 
2.31 + l.1;.6 
),£'611.61 
). M ! 0.6) 

<0.89 
1.12!I.Jo. 
4. it 8 ..! I .... 50 
1.01 • 0.6-2 
4,21 -; LJ'S-
2.B.l!I.02 
0.99 .! 1 .46-
Lbl ..! 1..t.1Jo 
0.19 .! I.,s..~ 

1.48 ..! 1.~'9' 

<0..46 
2.0.8 .! 0.11 
1.J.B!I.96 
I.~' 1. i. i1 
fl..)] ! 1.76 
1.0J + 0.6' 
1.~4;2.G& 
1.1.(.1 !. 1. tI-':I 
1.11 • 0.68 
I . &l t G." 
1. II .! 1.19 
l,tlt'! • l.ll 

1.19;: J.lb 
1.76! 1..1 
1.95 ! 0.95 
1.(lo4 + 1.00 

1.-41 - 1.'94 

b 
0.31 • 0.0'9 
1.1~:!O.15 

<0.4D 
0.11 • 0.00. 
0.11 -:; 0.08 
0.2:2 ! 1).12 
0.)6 -! O. J:!' 
0.48 ! O.lfl 
0.62 • 0.14 
0.41 1 0.11 
D.;8 1 0.11 
O.Ob !. 0.0\ 
0.64.0.1'; 
fL')J -; fl.};;' 

D.10 - 0.11 
0.61 ! 0.11 
LOI ! O.ll 

<0.0 .... 
0.26. of 0.11 
0.68:; 0.1) 
0.)0 :± 0.12 
0.67 .! 0.12 
O.~~ -+ 0.10 
0.502 -; 0.12 
U.J/ ! U.I ti 
0.b1 ! 0.10 
0.\0 ! 0.11 
O.S1.0.1J 
U. ')':11 .. U.I) 
D.bl - 0.1] 
0.21 ~ 0.01 
0.10, O.lb 
O.HJ.*~J.I'I 
O.}O .! 0.1" 
O.16.!O.;n 
0.)) ! 0.12 
0.46 ... O.U 
0..60. ~ 0..13 

b 
I. 30 t 0.41 
O.IB!O.)J 
O . .BEI f 0.39 
0.64 - 0.;6 
0..061 + O.H 
1.04 ! O.~ 
1.13 O.ll 
1.24 ;! O.Hi 
0.31 to.~8 
1.01 ! 0.36 
1. \) • 0.» 
O.4~ 1. 0.18 
0.47 <to o.n 
{to s.z - 0 . .82 
I. 14 .!. 0.41 
1.11 + 0.]1;, 
O.9o.~O.JB 
1.[,,6 .! O. ~2 
O.btl .0.21 
1.06 .! O. Jl 
O.}O! 0..41 
1.~4 + 0.77 
O. B3 ! 0.19: 
0.96 • 0.19 
1 .... 1 !. O.4~ 
I .12 ! O. JJ 
I.ll. ! 0.41 
O.Ci4 ! O.){) 
O.W! 0.]9 
U. ~J • iJ. J '::I 

I.Ja! Q.~' 
0.91!0.)0 
O.6a ! O.~9 
J. ~u ! U.)t, 

I.HI f G.toO 
Q.9\ :; 0.19 
Q.9; ! 0.39 
u.;::!') .! U.HI 

1.11 + O.1i~ 
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TAllLE 4. cont. 

RADlONUCLIDF. CONCENTRATIONS IN SURFACE SOIL SAMPLES 
COLLECTED AT INTERSECTIONS OF THE MAJOR GRTll I.HIES 

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

Grid I.O;:II:at i(lon~ ~<I.~~,:!!.!ur.l !~_.~~!!!-~f"!.L !~t!~~ __ (l'~!! &1. __ 
'-tr t--- _. F:a-12iJ, U-71;:' U-2la Ca-1l7 

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

.... - Tb-:"-2fi 

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

400 1060 0.19 .:!:. 0.16 <0.19 1.61 ~ 1. ~~ O. }O .! 0.06 1.12 .! G.lf, 
400 1140 0 .• \ .:!:. 0.24 <0.18 1.17 , 1.6.] O. )I ..!. o.n D . .t;2 .:! 0.1fi 

400 1220 , c , , , 
4'" 4'" 0.33.! O.}O <0.21 <0.69 o.oa .. 0.07 0.62 .!. 0.26 

"W 51 '! 1.00 ! O.}J (0.28 2.9) j .1.08 O.H ~ 0.)) 1.21 .! {Ll47 

"'" .. ) 1.2) ! O.lf. <O.l8 \. ;] · 1.10 <0.06 0.951 ..: 0.64 

"'"0 71\ 1.01 ~ 0.1 ) <{t.2.o J.o~ ! 1.41 U.J1 1. U.1U !J.n j" U ..... '" 

"'" 820 1.)1 .. n.la, <U.l9" 6.60 .. 2.841 0.6) .. 0.).4 1.\1 .! 0.66 
400 90D o.a; ~ 0.2) <0.11 0.94 · O. j' 0.61 i 0.11 0.% .+ .0.)3 
.ao 900 I. 08 ~ 0.18 (0.2a 2.9~ :! 2.)1 0.1" .! 0.29 I.IJ ! 0.61 
.,." HlfllJl I.VI ! O.JtJ U.Jl .! U.,tD '-'1).,1 '0.6' .! 0.1:) O.ll-I ! O. ')1 

'811 1140 o.~ .. 0.19 1.00 ! 0.08 1.5'9' 1. 1.01 0.73 ~ 0,) ~ 0.'. .! 0.4) 

HO Ino < < c , , 
>'oil 4SO o.a; · 0.10 <0.22 0.13 ~ ),0) <O.O~ 0.90 . 0.38 
,,"" JT Z O.lu. 0.11 <0.2:2: 1.20.!. 1.51} <0.0"4 O. to? G • .(,Eo 

56" 66, 1.01 · 0.'9 <0.2.s ).1 ) · I. 89 0.)6 .!. 0.19 0.91 .! o. >, 
560 11, o.se i 0.23 <O.).t. •• ag · 1.)1 0.22 + 0.10 1.47 !: O.~4 
)100 820 o.a; !: 0.28 <0.1 e 2. )a · 1.>4 O. j' .! 0.16 O. 8~ ! 0.4) 

560 900 0.8B ~ 0.26 (L'j9 , G. HI L~9 .! 2. ~11 O.6t;, .! 0.19 1.13 .! O.£.f., 

560 980 0.59 ~ o.n <0.18 2.99 .. 1.12 0.1" .! O. " O. is''} !: 0.36 
560 1060 1.19 , 0.)3 <O.J 7 4. oS! .! 2.17 0.19 . O.n 1.18 ~ 0.12 
560 11'0 o.a~ !: 0.28 <0.20 2.61 ! 0.81< 0.961" 0.17 0.91 .! fL l~ 

560 122Q , , 
.J\ 460 1.00 ! O.H <0.]) <l.01 0.18 .. 0.09 1.0] !: 0.') 
,n j)2 0.1' '- O.B <O.l1 0.6) · 1.08 <0.04 O. B1 , 0.40 
;J) .'5 l.10 .! O. ~l <0.2'9 I.flb ~ 1.20 <0.06 1.01 . O.t.9 

'" " , Q. ee ..! 0.:1'9 <o.n <0.7:1' 0.09 .! CI.U " .06 ... 0_):1 

;;0 810 0.8a !: 0.2\ <0.28 1.51 !: 1.11 0.1. !: 0.16 0.85! 0.4B 
;;0 900 0.61 ~ 0.21 <O.Jb l.1l · 1.'0 O. S6 ! 0.11 1.1) .! 0.43 
640 9M 0.79 !: 0.11 <0.20 1.01 ! I.l1 0.81 .! O.D 0.6 e ! 0.'; 
,t,4) 1""0 0.9!. 0.3(1) "'0.:1'1 2.10 , ., .... , 50 ! 0 J 0' ! ('J JQ 

;;0 11'0 O.IJ() ~ O.J1 <0.12 1.10 ! 7.00 <0.07 0.11 ! 0.42 
i;O 1220 , , , , , 
.. a '00 1.3f> · 0.1 ; "0.3J ) .1' ! 1.1 \ 0.0 • .! O.(l) 1.69 ~ 0.49 
". ."" s,. ~ 0.93- <0.5,) 5.150 S •• O'\t. • 0 " 

, FlA..!. (j . .R) 

;;8 lC>OO 1.2) · 1.0; (0 •• ; ~.6 ; t J.U 0.21 i O.>U <0.52 

668 J 140 1.0) :; 0.29 <0.23 4.14 ! 0.94 0.90 ! 0.19 0.99 .! 0.34 
668 1210 

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

a Errors are 20 based on counting statistics. 
b Grid point location is on property H'-North; sample results are included in lhe 

report on that property. 
c No ~amp]e collected due to presence of surface water or otl.cr obstruction. 



TABLE 5 

RADIONUCLIDE CONCENTRATIONS IN SUR~·ACE SAMPLES 
FROM LOCATIONS IDENTIFIEO BY THE WALKOVER SCAN 

Sa!llple 
H, . 

II 
U 
OJ 

'" 

S.aDlplif" 
ID 

Rile\( 

Soil 
Soil 

JO 1:>6 
2\0 101 
516 1060 
E,(,.t, <;tOO 

a R~fer to Figure 8. 

210 .! UI1.. 
29.6 !. I. 9 
2.7)! O.1b 

.q .1 OJ 

40.1 ! 14.3 
<l.C}O 

l.1l 1.50 
)10 13 

b Refer to Table 3 for direct radiation levels. 
C Errors are 20 based on counting 5tatistics~ 

\40 
1.46 

~2 •• 
:1'1,000 

)2 
4.)6 
5. j 

00 

<1.01 
<0.16 

1.78 i 0.')3 
~o. '} 0 

Th-1J2 

16.3 + 11.1 
'O~\\ 

0.70.:!. 0.72 
-.;1. 00 
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TA8LE 6 

RADIONUCL IDE CONCENTRATIONS IN BOREHOLE SOIL SAMPLES 

Borehole GEi£.Loc~tion 
No.a N E 

III 0 101 

H2 480 

Ii) 240 107 

114 280 420 

H5 180 1082 

Depth 
(m) 

Suc[ace 
0.5 
2 

Surface 
0.5 
1 

Surface 
0.5 
1 

6.4 

SUI.~face 

0.5 
1 

Surface 
0.5 
1 
2 

Ra-226 

0.12 .!: 0.24b 
1.05 + 0.44 
1.08 1. 0.42 

1.15 ± 0.33 
1.08 ± 0.41 
1.22 + 0.31 

1. 23 ± 0.21 
l. 23 .+. 0.36 
1.02 .!: 0.25 
1.62 1. 0.38 

1.01 , 0.28 
0.63 .:!: 0.19 
1.00 .:!: 0.25 

0.59 .:!: 0.22 
0.71 ± 0.31 
0.89 + 0.21 
0.97 .!: 0.25 

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

a Refer to figure 4. 
b Error 5 are 20 based on counting statb:;tic~~ 

<0.19 <0.66 <0.04 0.94 .!: 0 • .39 
<0.33 O. &i ± 2.82 0.08 + O.lO 1. 20 1. 0.37 
<0.21 1.11 ± 1.',6 <0:04 0.82 + 0.46 

<0.28 1.15 .±. 2.35 0.37 .±. 0.16 1.41 .!: 0.1,5 
<0.31 <0.99 <0.06 1. 27 + O. &i 
<0.36 <1.10 0.16 ± 0.09 0.88 ± 0.34 

<0.21 1.64 ± 0.49 0.10 + 0.08 0.13 ± 0.21 
<0.26 I. 57 ± 1.60 <0.06 0.97 ± 0.54 
(0.2', 1.57 :' 1.87 <:0.03 1.1.0 .!. 0./,0 

<0.44 2.94 .! 2.1 Z <0.06 1.73 ± 0.50 

<0.1 ? 3.33 -'- 1.09 0.37 t 0.14 1.49 .!. 0.40 
0.2 /, .:!: 0.53 1.64 .:!: I .19 <0.03 0.91 + 0.41 

<0.40 <1.22 <0.05 1. 52 .:!: 0.53 

<0.13 <0.31 1.33 + 0.18 0.22 ± 0.31 
<0.20 1. 41 ±. 1. 76 <0.03 0.82 ± 0.35 
<0.21 Z.05 .! 1. 46 <.0.0) 0.1\4 1. 0.29 
<0.29 0.34 .! 1.68 <0.03 1.04 ± 0.28 

------------------------------
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TABLE 7 

RADIDNUCLIDE CONCENTRATIONS IN WATER SAMPLES 

Sample Sample 
Nu. Type 

WI Surface" 
W2 Surfacea 
1<3 Surfacea 

Grid l.oqlt ion 
N E 

1&1 
288 

o 

100 
360 

1057 

!<adio!IU~Hd!, (;QIl~!'Iltr;H iQIlLip(;ilH 
Gross Alpha Gross Beta 

6.34 ..!. 1.6Sb 

7.16~1.98 

2.37 ± 1.30 

6.371.. 1 . 35 
7 .33 ~ 1.63 
6.00 ± 1.5B 

a Refer to Figure 5. 
b Errors are 20 based on counting statistic •• 



TABLE 8 

RADIONUCLIDE CONCENTRATIONS IN SEDUIENT SAMPLES 
FROM DRAINAGE DITCHES 

bamplc Gria LocatlonA 

No. -tf~--E-' --

288 360 

Kadlonuclide Gonc~~tr~tl~~!~~e~i/l) 
U-2)5 U-238 C.-137 

<0.37 3.37 ..!. 2.84 
<0.23 <0.81 

SDI 
SD2 
SD) 

o 1057 
516 1060 

1.96 ..!. 0.44b 
0.95 + 0.28 
2.73 :t 0.76 3.71 ~ 1.50 62.6 ..!. 5.S 

2.36 ..!. 0.31 
0.26 + 0.08 
1.78':;:0.33 

a Refer to Figure 5. 
b Errors are 20 based on counting statistics. 

1.42 ..!. 0.71 
1.58 + 0.45 
0.70 :±: 0.72 
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G.I.i!LLocationa Radionuclidesb 
N E 

TABLE 9 

LISTING OF AREAS ON PROPERTY N-NllRTH WIIICH 
EXCEED RESIDUAl. CONTAMINATION CRITERIA 

EstimatedQuantities oLIl"terial Exceeding Gutdelines 
Area - (m1 ) Depth (m) Volume mJy--

--- --------_. -_._------------------
250 101 
259 107 
260 100 
664 980 

Ra-226, U-23 B 
l(a-226, U-238 
Ra-226. U-238 
U-238 

a Refer to Figure 9. 

<1 
<1 
<1 
<1 

b Radionuclide identification is based on a combination of sample analyses, direct 
radiation levels, location, distribution, and physical chara~teristics. 

Remarks 

Small isolated areas 
or individual pieces 
of contaminated 
material. 
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APPENDIX A 

INSTRUMENTATION AND ANALYTICAL PROCEDURES 



APPENDIX A 

Instrumer.tlltio:l and An:>.lytic,,' Prr>tpd"r,," 

Gamma Scintillation Xeasuremen~ 

Walkover surface scans and meas~rements of gam~a exposure rates were 

r'p.T"form.~(\ lJsi:lg Ebet'linG MOQel PRM-6 portoble raeemetcrS with V:i.ctorccn 

Model 489-55 gammA scintillation probes containing 3.2 em x 3.8 em NaI(n) 

scintillation crystals. 

(~R/h) using factors determined by comparing the response of the 

scintillatioD detecto= with that of a Reuter Stokes model RSS-lll 

pressurized ionization chamber at locations on the Niagara Falls Storage 

Site and off-site properties. 

Beta-Gamma Dose Rate Measurements 

Measurements were performed using Eberl ine "Rascal," Model PRS-l, 

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

probes. Dose rates (erad/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 cm 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 wi~ch. Measurements were performed at 15-30 cm 

intervals in all holes. ':'he logging data was used to identify regions of 

possible residues and guide the selection of subsurface soil sampling 

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 and Sediment Sample Analysis 

Ganma Spect~ometry 

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

0.5 1 Marinelli beaker. The quan ti ty placed in each beaker was cho sen to 

reprod"ce the ~dlib"at~d cuullLing geometry and ranged trom 600 to 800 g of 

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

intrinsic serm",,,;',,.,,, and Ce(Li) dctcctQro couple<i to " Nude ... D",a model 

:'ID-680 pulse height analyzer system. Background and Compton stripping, 

peak searchi peak identification. and eoncpnr~~rion caleulatio~s were 

performed using the computer capabilities inherent in the analyzer system. 

Energy peaks used for determination of radionuclides of concern were: 

Ra-226 - 0.609 MeV from Bi-214 (corrected for equilibriUl:l conditions) 

U-235 0.143 MeV 

U-238 0.094 MeV from Th-234 ( secuht eq'~ilibri= assUl:led) 

Th-232 - 0.9ll MeV from Ac-228 (secular equilibrium assumed) 

Cs-137 - 0.662 MeV 

ll'1ateI' Samele Anal)tsis 

Water samples were rough-filtered through Whaeman No. 2 filter paper. 

Remaining suspended BolidB were removed by subsequellt rilt""Ll.ull through 

0.45 ~m mem~rane filterS. The filtrate was acidified by addition of 10 ml 

Df conc~ntr~terl nitric acid. A kno~n volume of each $ample was evapor~ted 

to dryness and counted ;or gross alpha and gross beta using a Tennelec 

Model LB 5100 low-background prOPortional counter. 

Calibrntion and Quality Assurance 

With the excepticn of the exposure and dose rate conversion heton 

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 abcve. 
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Quality centrol procedures on all instruments included d;;lily 

background and check-source measurements to confir'" equipment operations 

wi~~in acceptable statistical fluctuations. The ORAD laboratory 

participates in the EPA Quality Assurance Program. 
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APPENDIX l3 

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



u. S. ;)E?ART~t;T OF ENERGY 

INTERIM RESIDUAL COt;TA.'fI:>ATICK A:;;) I,ASTE CCNTROL G;)IDELlr-,'"ES 
FOR 

FO~~rRLY UTILIZED SITES RE~IAL ACTION PROGRA.'f (fUSP~P) 
A.'W 

RnlOTE SURPLUS fACILITIES :-,.PT:AGE:-""H PiWGRA'1 (SP.1P) SITES 

(Aeview hithin DO~ Continuing) 

Presenled here are the re510ual conta~ln~tlon cleanup and waste control 
guide!~nes of general applicability to the FUSRAP project and remote SFMP 
sites-. A site-specific analysis yill be prepared for each FcSRAP and remete 
SfM:? site 10'.110': tu r.h:tl:n.wlulug n::~l.tluGil cvntdw1H~tl~1I ~\J.iflh.:l.ll1t::a) iol.- a sjJt':c1fic 
site. In addition, it is the policy of the DOE to decontareinate sites in a 
~anner consistent with DOE's as-low-as-reasooably-achievable (ALAP~) policy. 
ALARA ~ill be ~onaidcrcd in rcducing lcycla of reaidunl eont~minntion below 
applicable dose limits. ALARA ~ll be implemented using cost/benefit 
considerations, and applied on a Site-specific basis. 

The soil residual contamination guidelines ~ere developed on the basis of 
limiting maximum individual radiation exposure to DOE limits specified in DOE 
Order 5480.1A exclusive of exposure from natural background radiation or 
medical procedures. The radium-226 and thorium-230 guidelines include an 
additional limitation for buildup of radon-222 decay products in buildings. The 
aggregate of the cont~ibution 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 dose limit ~ould not be exceeded. Use of these guidelines is 
additionally conservative because the pathways considered in tbe derivation of 
the guidelines assume all water intake and most food intake is from the site. 
Also, the FUSRAP and remote SFMP sites often 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 
average population ou, or in the vicinity of, FUSRAr or remote SFMP sites 
decontaminated to these guidelines Will not be appreciably different iroQ 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 
Commisaiou (NRC) for decontamination Qf fncilitic3 Qnd cquipment prior to 
release for unrestricted use27r termination of licenses for byproduct, source, 
or special nuclear material -. The waste control guidelines are consistent 
~ith appli~Qhle DOE Orders and EPA's reg~l~tions for in~etive uranium milling 
sites, 40 CFR Part 192. 

l/A remote SFMP site is one that is exceSS to DOE programmatic needs and is 
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located outside ~ major operating DDE R&D or production area. Re~ote sites 
~re more likely to be releas~c to the public Dr excessec to o~her gover~~ent 
agencies after decontamination than are sites located ~ith major R&D or 
production areas. 

l/u. S. Nuclea= Regulatory Co~issiDn 1982 Guidelines fo. Decontamination of 
Facilities and Equipment Prior to Release fo. Unrestricted Use or Terminat:on 
of Licenses for Byproduct, Source, or Special Nuclear P~terial. Division of 
Fuel Cycle and Material Safety, ~ashingtDn, DC. 

A. : R.ESIDUAL COl':'l:AMHATION ClJIll1::l..Im:;S FOR FORMERLY UTILIZJ::ll 5:T1::5 M'll ffi>HOn; 

Sl1RPLL'S FACILITIES !'.AI\AGEHENT l'ROGR.A.'1 SITES 

Th~ follouing g~idelines rQpresQ~t the ~~xim~m re~idual cont~~ination 
limits for unrestricted use of land and structures contaminated ~ith 
~adionuclides relatec to the nuclear fuel cycle at FUSRAP and remote SFMP 
sites. j ~it~-~~peifi~ ana]y~i~ will hp prppRT@2 for €R~h ~ft~ prior to 
determining resicual 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 00 a site-specific basis. 
Site-specific guidelines and ALARA policy will be dete~ined by DOE on a 
site-spedfic basis- and an ALARA report filed on completion of remedial . 
action at a site. Existing state and federal standards will be applied for 
water protection. Residual contamination limits for/other nuclides will be 
developed when required using the same methodology- as was used for those 
represented here. 

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

Radionucl:l.de 

51 
U-Nat~7al-
U-2.3~1 
U-23'-'='7/ 
Th-23Q!. 
It .. :-226 

U-23:;,2! 
Pa-231 
Ac-227 

Th-232 

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

B-2 

Soil Criteri~/,ll.~1 
(pC1/g above background) 

7S 
ISO 
150 

15 
5 pel/g, ~veraged over the 
first 15 em of soil belov 
the surface; 15 pCi/g whe~ 
~v~~~e~d ~ver 15 ~m thf~ 
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 



5r-90 
B-3 (pCi/ml soil moisture) 

3ClU 
5,200 

!!Desc~ibed in ORO-831 and ORO-83Z. 

21 - In the event of occ~rrence of ~ixtures of radionuclides, the 
fl.-detion CViltIlbuteu 1.Jy ti:i::H':!l laU1Ullur.:.lluc to it5 gI",11ucl1~H~ sha.ll be 

clete~ined, and the sum of these fractions shall not exceed 1. T~ere 
are two special caseS for which this rule must be modified: 

(a) I: 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 con~cntrntion. If the Ro-226 concentration 
exceeds the Th-Z30 concentration, then the sum shall be 
evaluated by replacing the Ra-226 concentration by the 
difference bet~een the Ra-226 and Th-230 concentrations. 

(b) If Ac-Z27 is present, then the same rule given in (a) for Ra-226 
relative-to Th-230 applieS for Ac~227 relative to Pa~231. 

~/Except for Ra-226, these guidelines represent unrestricted-use 
residual concentrations above background averaged acrozs aoy 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 
1.5 m; beneath 1.5 m, the allowable Ra-226 concentration may be 
affected by site~specific conditions and must be evaluated 
accordingly, 

~/Localized 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 dealing Yith elevated localized concentrations. 

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

dis1ntegrations perlBecond (dis/s) over any 15cm thi§k layers from 
U-238 plus 3.7 ~ 10 dis/s from 0~2)4 plus 1.7 x 10 dis/s from 
0-235. One curie of natural uranium is equivalent to 3,000 kilograms 
or 5,600 pound$ of natural uranium. 

!/Assumes no other uranium isotopes are present. 

lIThe Th-230 guideline 1s IS pC1/g to account for ingrowth of 
as Th-230 decays. Ra-226 is a limiting radionuclide because 
dQ~ay product ig Rn-222 g~~_ 

Ra-ZZ6 
its 

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

2. Structure Guidelines (Maximum Limits for Unrest~icted Use) 

a. Indoor Radon Decay Products 

A structure located on private property aod intended for 
unrestricted use shall be subject to remedial action as necessary 
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to ensure the annuol vvcrogc conce~tratiQn of redOD decay products 
is less t~an 0.03 Wl within the structure. 

b. Indoo~ Ca~a ~diation 

The indoor gacca radiation after decontamination shall not exceed 
20 microroentgen per hour (20 R/h) above b6ckground in any 
occupied or ~abitable b~ilding. 

Allowable Surface Residua1 Contamination+ 1 

(dpn:/l 00 em ) 

Radionuclides3./ 3/4/ .4/5/ 4/,6/ Average- '- Max~mu~ '- Removable- -

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

U-Natural,.Th-232, 
Sr-90. Fr-223, Ra-224 , 
U-232, 1-126, 1-131, 
1-133 

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

Beta-gamma emitters 
(.adiouuclides with 
decay modes otber than 
alpha emission or 
~pontaneou~ fico1on) 
except 5r-90 and others 
noted above 

100 

1,000 

5,000 

5,000 

300 20 

3,000 200 

15,000 1,080 

15,000 1,000 

11 As used in this table, dpm (disintegrations per minute) 

2/ 

3/ 

41 

means the rate of emission by radioactive material as 
determined by correcting the counts per minute observed by an 
appropriate detector for background, efficiency, and geometric 
factors associated with the instrumentation. 

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

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

The average and maximum radiaLion lev~l~ ~~sociated with 
surface cootalllinatioo result:1og froUl beta-gamma emitters should 
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5/ 

6/ 

not ~x~eed 0.2 mrad/h a~ 1 ~m and 1.0 mrad/h at 1 cm
1 respectively, measured through not more t~an 7 mg/cm of total 

absorb~=. 

The maxirn~ cont 2mination level app:ies to an area of not 
more than 100 cm • 

The amount of removable radioactive material per :00 cm Z of 
surfa~e area should be determined by ~iping that area ~ith dry 
filter or soft absorbent paper, applying moderate pressure, and 
ass~ssing the amount of radioactive material on the ~ipe ~ith 
an appropriate instrument of known efficiency. WheD removable 
contamination on objects of less surface area is determined, 
the pertinent levels shall be reduced proportionately and the 
eotire surface shall be wiped. 

B. CONTROL OF RADIOACTIVE WASTES AND RESIDUES FRO~ FUSRAF AND REMOTE SFMP 
SITES 

Specified here are the""control requirements for r~dlo~ctive wastes and 
residues related to the nuclear fuel cycle at FUSRAP and remote SFXP Sites. 
It is the policy of,DOE to store radioactive wastes in a manner 
representing sound engineering practices consistent with DO~'s ALARA 
policy. 

1. lnte.iw Storage 

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

a. 5480.IA, Enviroumental Protection, Safety, and Health Protection 
Program for OO~ Oper~tinns. 

b. 5480.2, Hazardous and Radioactive ~xed Waste Management. 

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

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

e. 5484.2, Unusual Occurrence Reporting System. 

f. 5820, Radioactive Waste Management. 

g. Control and stabilization features will be designed to ensure, to 
the extent reasonably achievable, an effective life of 50 years, 
and 1n any case, at least 25 years. 

h. Rn-222 concentratioDs in the atmosphere above facility surfaces or 
openings shall not (1) exceed 100 pC1!1 at any given point, or an 
average concentration of 30 pC1!1 for the facility site, or (2) 
exceed an average Rn-222 concentration at or above any location 
outside the facility oitc of 3.0 pC1/l (abovQ backgro~nd). 



i. For ~ater protection, use existing state and federal standards; 
apply site-specific measures ~here ~eecled. 

a. All operational requirements specified for Interi~ Storage 
Facilities (B.I) will a?ply. 

b. Control anc stabilization features ~ill be designed to enSure to 
the extent reasonably achievable, an effective life of 1.O~0 years 
aod, in any case, at least 200 years. O:her disposal site design 
features shall conform ~ith 40 eFR Part 192 perforoance 
guidelines/requirements. 

c. Rn-222 emanatiou to the atmosphere from facility surfaces or 
openi~g shall not (I) exceed an average release rate of 20 
pCi/m /s, or (2) increase the annual average Rn-222 concentration 
at or above any location outSide the facility site by more t~an C.S 
pCl/l. 

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

e. Prior to placement of an'y potentially biodegradable contaminated 
wastes in a Long-Term Management FaCility, such wastes will be 
properly conditioned to (1) en.ure Lhat the g~ue~atiun 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 will not result in premature structural failure not in 
accordance ~ith the requiraments iu paragraph 2.b.. If 
biodegradable ~astes are conditioned by incineration, incineration 
opcrationo will be carried out in compliance with all applicable 
federal, state, and local air emission standards and requiremeuts, 
including any standards for radionuclides established pursuant to 
40 C'FR Part 61, N"rinn"l End.""ion Standards for Hazardous Air 
Pollutants (NESHAPS). 

C::. EXCEPTIONS 

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

1. "Where remedial actions would pose a clear and present risk of inju'Y to 
workers or members of the public, not~ithstanding reasonable measures 
to avoid or reduce risk. 

2. Where remedial actions would produce cnvironmental harm that is clearly 
excessive compared to the health benefits to persons liviog on or near 
affected sites, DOW or in the future, not~ithstanding reasonable 
measures to limit damage to the environment. A clear excess of 
environmental harm is harm that is ~ong-term, manifest, aDd grossly 
disproportionate to health beuefits that may reasonably be anticipated. 
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3. ~~ere the cost of remedial actlo~S for conta:inated soil is 
unreasonably high relative to long-term benefits and the residual 
radioactive materials do DOt pose-~ clear present or future ha~ard. The 
likelihood ~hat buildings will be erected or that people will spend 
long periods of time at such a site should be considerec in evaluating 
this hazard. Remedial actions vi:l ge~erally no~ be necessary where 
residual radioactive oaterials have been placed semipe~anently in a 
location vhere Site-specifiC factors 1imi: their ha~ard anc from which 
they are costly or difficult to re~Dve. or where only minor quantities 
of residual radioactive materials are involved. Exa~ples are residual 
radioactive materials under hard surface public roads and sidewalks, 
around public sewer lines, or in fence-pest foundations. Suppleme~tal 

standards shall not be applied at such Sites, however, if individuals 
are likely to be exposed for long periods 0: t:me to radiation from 
such materials at le~els above these that would prevail in Subpart A. 

4. Where the cost of cleanup of a conta~inated building is clearly 
unreasonably high relative to the benefits. Factors that shall be 
included io this judgment are the anticipated period of occupancy. the 
incremen~al radiation level that would be affected by remedial acr1ons, 
the residual useful lifetime of the building, the potential for future 
construction at,the site, and the applicability of less costly remedial 
methods than r~moval 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 Manag9mont 
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Source 

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

40 eFR Part 192, 
NRC Guidelines for 
Decontamination of 
Facil1t1es and ~qu1p­
ment Prior to Release 
for Unrestricted Use or 
rerm1nat1an at Licenses 
for Byproduct, Source, 
or Special Nuclear 
Material (July 1982). 

DOE Order 5480.lA 
40 en Part 192 



1/ - The b~$es of the residual contamination guidelines are developed in 
ORO-83J ao~ ORO-832. 

l/Based 00 limiting the c~ncentration of Ra-222 decay products to 0.03 ~~ 
within structures. 
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