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COMPREHENSIVE RADIOLOGICAL SURVEY 

OFF-SITE PROPERTY K 
NIAGARA FALLS STORAGE SITE 

I.EWISTON, NEW YORK 

INTRODUCTION 

Beginning in 1 944} the Manhat=an Engineer District and ito auccea$Qr, 

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

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

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

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

residues frot! uranium proeee sing operations; however, they a1 so included: 

contaminated rubble and scrap from decomlLissioning activities, biological 

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

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

Atomic Power ~aboratory (KAPL). Receipt of radioactive waste was 

discontinued in 1954, and following cleanup activities by Hooker Chemical 

Co., 525 hectares of the original Gl2-h~~Lar~ ~iL~ w~re declared surplus. 

This property was eventually sold by the General Services Administration to 

various private, commercial, and governmental agencies. l 

SCA Chemical Services, Inc. (SCA) H the current owner of a tract 

identified as off-site property K (see Figure 1), A radio1ogical survey of 

that tract, condl.:cted in October and November 1983, is the $ubj ect of this 

report. 

SITE DESCRIPTION 

figure 2 15 a plot plan of off-site property K. The property is 

rectangular in shape and meast!res approximately 740 tr, long by 600 m wide. 

I~ Q~~upi~s a LULal area of 44 hectares. fence lines delineate the 

northern, eastern, and western bounda::ies. The southern border is just 

north of Fort Conti Street. East Pntrol Road CrOGDCC the propc~ty ~lQn! 

the eastern per~metcr. Drainage ditches traverse much of the eastern half 

of the site. The central and northwcstern portion IS largely occupicd by 

ponds. The southwestern corner of the property has been designated a 
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"wetlands area" by tr.e state 0: :lew York. At the present time, tr.is 

I'ro!,>erty i~ uS9d by seA only '10 0. .ource of construction fii: dirt. Th".,: 

are no structures o~ the site; other than East Patrol Road, only ~nimproved 

haul roads are present on the property. The land is relatively level but 

heavily overgrown with brush, weeds, and crees. 

Radiological History 

Ihere is no evidence 0: burial or storage of contacinated material on 

this property. The 1971-72 AEC survey found no gamma radiation levels in 

eXCElSS of 20 uR/h; however, slightly elevateci uranium and radium 

concentrations were noted in surface soil from the site. l ,2 The 1980 

lliobil~ scan by 

radiation levels 

the Oak Ridge National Laboratory 

significantly above background. 3 

SURVEY PROCEDURES 

d:d not identify any 

The comprehensive survey of NFSS off-site property K was perfor~ed by 

the Radiological Site Assessment Program of Ouk Ridge Associated 

Universities (ORAU) , during October and November 1983. The survey was ~n 

accordance with a plan dated March 18, 1983, approved by the Depart~ent 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 the ""dio logical condi t ions on property K. 

collected included: 

Rau':ulogll,;Hl infurmation 

1. direct radiation exposure rates and surface bcta-ga~ma dose 

rates, 

2. concentrations of radionucl ides 1n surface and su:,surface soil, 

and 

3. concentrations of radionuclides in surface and ground water. 
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?rocedures 

1. Brush, weeds, and trees were cleared by Walt's rree Service of 

Lancaster, NY, under subcontract, to provide access for gridding 

and surveying. 

2. An 80 m grid system was established by McIntosh and McIntosh of 

Lockport, llY, under subcontract. The grid system is sho,",n on 

Figure 3. 

3. Walkover surface scans were conducted over all accessible areas 

of the property to identify locations of elevated surface 

radiat;ioll l"v~h, if any. Traverses were at 5-10 m intervals on 

those areas that were relatively inaccessible and l-2 m along all 

road9 ~nd open ~reas. Port~ble samm~ NaI(Tl) acinti~lntion 

survey meters were used for the scans. 

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

1 m above the surface at 80 m grid intervals. Measurements were 

performed using portable gamma NaI(Tl) scintillation survey 

meters. Conversion of these measurements to exposure rates in 

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

calibration with a pressurized ionization chamber. 

5. Beta-gamma dOSQ rate measurements were performed 1 Cm above the 

sl,ld""., dL 80 ill grid intervals. 1"hese measurements were 

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

able sc~le~/ratometQr$. Measurements ~ere also obt&ined with the 

detector shielded to evaluate contributions of nonpenetrating 

beta and low-energy gamma radiations. Meter readings were 

converted to dose rates in microrads per hour (prad!h) based on 

cross calibration with a thin-window ionization Chamber. 

6. Surface (0-15 cm) soil samples of approximately 1 kg each were 

collected at each accessible 80 m grid interval. 
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7. Detection ~ciences Group of Carlisle, MA, performed ground 

?enetrating radar surveys at proposed borehole locations to 

""our~ LhliL ,ub,u"face piping and utilities were not damaged 

during drilling. In some cases, slight relocations of borehele 

locations we.e required. 

8* Boreholes were crilled to p~ovide a mechanism ~OT lngglng 

subsurface direct radiation profiles and collecting subsurface 

soil and water samples. Four boreholes were drilled by Earth 

Dimensions of Aurora, NY, using truck mounted 20 em diameter 

hollow-stem augers. The locations of these boreholes are shown 

on Figure 4. 

Camma radiation scans were performed in the boreholes to identify 

the locations of elevated diret:t radiation levels which might 

indicate subsurface residues. Radiation protiles in the 

borehOles were determined by measuring gamma radiation at 

15-30 em int~rv,,"l~ between the surface and ground water or the 

ho le bo t tOIr .. A collimated gamma scintillation detet:tor and 

?ortable scaler were used for :hese measurements. 

A water sample of approximately 3.5 liters was collected from one 

oorehole location using a hand bailer. Soil samples of 

~pproximately 1 kg each were collected from various depths in the 

holes by scraping the sides of each borehole with an ORaU 

designed sampling tool. 

9. Three water samples were collected froe areaS of standing 

(surface) water (see Figure 5). 

10. Twenty Boil 5dmple5 and :seven wOltCJ; .s~rnples WCJ;e I;olle!;.ted f~om 

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

properties) to providp. ba,!:;p.linp. c.nnc..pnf",.,:qt; onp" of ,.~ti~ ""'11('1; rle~ 

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 ~easurements 

are shown on Figure 6. 



Sample Analysp< ~nd Intprprp~~tion of ~e.ult~ 

Soil samples were an.11y~ed by gamma spectrometry. Radium-226 was the 

major radionuclide of concern, although spectra were reviewed for U-23S, 

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

analyzed for gross alpha and gross beta concentrations. 

Additional information concerning analytical equipment and procedures 

~s in Appendix A. 

Results of this survey were compared to the applicable guidelines for 

fOl:mcrly utiliz:ed radioactive materials hanullug ~iL!::!t), which are presented 

in Appendix B. 

RESULTS 

Background Levels and Baseline Concentrations 

Background exposure rates and baseline radionuclide concentraticns in 

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

are presented in Table I-A. Exposure rates ranged from 6.8 to 8. 8 ~R!h 

(typical levels fer this area of :<ew York). Concentrations of 

radionuclides in soil were: Ra-226, <0.09 to 1.22 pCitg (picocuries p<"r 

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

to 1.18 pCitg; dud Cs-lJ7, <0.02 I.u l.O~ pCi/g. These concencrations are 

typical of the radion~clide levels normally encountered in surface 50ils. 

Radioac:ivity levels in baseline water samples are presented in 

Table 1-B. The gross alpha and gross beta concentrations ranged ~rom 0.55 

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

These are typical of concentrations normally occurring in surface water. 
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Direct Radiation Levels 

Direct radiation levels, measured at 80 m grid intervals, are 

presented ~n Table 2. The gamma exposure rates at 1 m above the surface at 

these grid points ranged from 5 to 12 I'Rlh (average 8 uR/h). Surface 

contact gamma exposure rates and beta-ganm.a dose rates were 5 to 13 uRlo. 

Ci.verage 8 "R/h) and 7 to 30 u radlh (average 14 ~rad/h), respectively. At 

most locations, measurements performed with the detector shielded averaged 

approximately 20% less than those with the unshielded detector. ':.'his 

indicates only a small portion of the surface dose rate is due to 

nonpenetrating beta or low-energy photon radiations. 

TI!" walkover survey did not identify any iocations having contact 

radiation levels above the ambient values. This indicntes the absence of 

isolated surface arena contoinins contaminated re~idue~. 

Radionll.ciide Concentrations in S"rface Soil 

Table 3 lists the concentrations of radionuclides measured in surface 

soil from 80:II gr id intervals. These samples contained Ra-226 

concentrations rangicg from <0.49 to 1.95 pei/g. The highest level was in 

the sample collected at grid point SOON, 1300E in the lower sot:thwest 

corner of the property. Although a small fraction of these samples 

contained radionuclide concentrations above the baseline ranges, none of 

the samples contained concentrations exceeding the cleanup guidelines. 

Borehole Gamma-Logging ~easurements 

Gamma scintillation measurements in boreholes did not indicate 

subsurface contarninari(")n. G2.mm~-logeing ti.:tt.{l ~er.e J:"I.ot 1..1 sed to quantify 

radionuclide concentrations in the subsurface soil because of the varying 

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

this site. 
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Radionuclide Concentrations in Borehole Soil Samples 

Table 4 presents the radionuclide concentrations measured ir_ soil 

samples from boreholes. Radionuclide concentrations in samples fro",- the 

four boreholes were in the ranges of baseline samples or less than the 

1!lini~um detectnb~c activity. 

Radionuclide Concentrations in Water 

Surface Water 

Samples l.'1-W3 from areas of standing water on property K (refer to 

Table 5) conLal",,<1 ISru.. alpha concent:racions ranging from <1.00 to 

2.46 pCi/1. Gross betn concentrations ranged from L 49 to 9.97 pCi/1. 

Thp.sp. v.'ll u@s are comp.n:r~ble to the levels me:.asllred in b,'lcclinc wllter 

samples. 

Subsurfnce Water 

Sample W4 collected from borehole H4 (l055~, 1240E) contained 

8.85 pei/l of gross alpha and 6.82 pei/l of gross beta. The alpha level is 

above the range measured in baseline water samples; however, it is within 

the EPA Drinking Water Criterion of 15 pei/l. 

COMP.~ISON Of SURVEY RESULTS WITH G~IDELINES 

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

Ni.;'lgara Falla Storage Sit~ &re presented in Appendix 3. Radiation lcvclo: 

and radionuclide concentrations on Property K are within these guideline 

values. 

The maxicum exposure rates at surface contact and at 1 m above the 

surface on this site are 13 \1R/h and 12 uR/h, respectively. These levels 

are well below 60 WR/h, which is the continuous exposure rate equivalent to 
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approximately 500 mrem/yr - the federally recommended limit for the general 

public. No a~e~S of $u~£ace contamination were identified by the w~lkove~ 

sca.n. 

Concentrations of Ra-226, U-238, U-235, Th-232 and Cs-:37 ~easured in 

surface soil are within the guidelines established for formerly utilized 

sites and no additional gamma emit:i:og radionuclides were noted in these 

samples. 

Borehole measurements and sampling did not identify any areas of 

subsurface contamination. 

RadiOlluditl~ concentrations in surface and subsurface water are within 

the EPA Interim Drinking Water Standards of 15 pei/ 1, gross alpha and 

50 pl.i/l, gro •• beta. 

SUMMARY 

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

Storage Site waS conducted during October and November 1983. The survey 

included surface radiation scans, measurements of direct radiation levels, 

and analyses for radionuclide concentrations in soil and water samples, 

both surfllce and subsurface. The results of the survey indicate that no 

areas of elevated direct radiation or soil contamination are present on 

this site. 
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TABLE I-A 

BACKGROUND EXPOSURE RATES 
AND 

RADIONUCLIDE CONCENTRATIONS IN BASELINE SOIL SAl-!PLES 

Location a 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Range 

U Refer to Figure 6. 
b Heasured at 1 m above the surface. 
C Errors are 20 based on counting statistics. 



TABLE I-B 

RADIO NUCLIDE CONCENTRATIONS IN BASELINE WATER SAMPLES 

Luc:aLiuua 

WI 
W2 
W3 
W4 
W5 
W6 
W7 

Range 

Radionuclide Concentrations (pCi/l) 
Gross Alpha Gross Beta 

0.95 ±. 0.93 b 
0.95 ±. 0.94 
0.55 ±. 0.18 
0.63 ±. 0.89 
0.73 ±. 0.68 
1.81 ±. 1.84 
1.16 ±. 0.66 

0.55 to 1.87 

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

<0.64 
14.3 .:!:. 2.4 

<0.63 

<0.63 to 14.3 

a Ref er to Figure 6. 
b Errors are 20 based on counting statistics. 
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Grid Location 
N E 

1524 1240 
1523 1300 
1523 1380 
1522 1460 
1520 1495 
1521 1540 
1520 1620 
1519 1700 
1519 1780 
~518 1820 
1440 1?40 
1440 1300 
1440 1380 
1440 1460 
1440 1495 
1440 1540 
1440 1620 
1440 1I0U 
1440 1780 
1440 1820 
1360 1240 
1360 1300 
1360 1380 
1360 1460 
1360 1495 
1360 1540 
1360 1620 
1360 1700 
1360 1780 
1360 1820 
1280 1:2,40 
1280 1300 
1280 1380 
1280 1460 
1280 1495 
1280 1540 
1280 1620 
1280 1700 
1280 1780 
12RO 1B20 

TABLE 2 

DIRECT YJJIATIOK LEVELS 
MEASURED AT 80 M GRID INTERVALS 

C amm...'1 E:-tpoO\,lre Gamma EXPQsurQ 
Rates at 1 rn Above Rates at the 

the Surface Surface 
(uR/hl ( uR/h) 

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

, , 
7 8 
7 7 
8 9 
8 8 
8 8 
7 8 
7 7 
8 8 
7 8 
8 9 
8 7 
7 7 
8 11 
a a 
7 7 
7 7 
8 8 
7 8 
8 8 
8 8 
8 B 
7 7 

17 

BQta-G-amm<Ol 

Dose Rates at 1 CC 
Above the Surface 

( urad/h) 

8 
7 
7 
7 

17 
8 

14 
7 
7 

30 
19 
25 

8 
7 
7 

25 
7 

14 
8 

26 
9 

14 
15 
11 
13 
9 

14 
9 
8 

30 
15 

a 
I7 
11 
8 

21 
12 
8 

21 
21 



Grid Location 
N E 

1210 1240 
1210 1300 
1210 1380 
1210 1460 
1210 1495 
1210 1540 
1210 1620 
1210 1700 
1210 1780 
1200 1820 
1120 1245 
l120 1300 
1120 1380 
1120 1470 
1120 1495 
1120 1540 
1128 1620 
llZO 1700 
1120 1780 
1120 1820 
1040 1240 
1040 1305 
1040 1380 
1040 14(,0 

1040 1495 
1040 1540 
1040 1620 
1040 1700 
!040 1780 
1040 1820 

9bU 1~4() 

960 DI0 
960 c38C 
%0 1460 
960 1495 
960 1540 
960 1620 
960 l700 
960 l780 
960 182:) 
880 1240 

TABLE 2. cant. 

DIRECT RADIATION LEVELS 
MEASURED AT 80 M GRID IKTERVALS 

C-<lmm-<J. Exposure Ga.mma ExposurQ 

Rates at 1 m Above Rates at the 
the Surface Surface 

(uR/h) ( uR/h) 

5 5 
a a 
7 8 
7 7 
7 7 
7 8 
8 8 
7 S 
8 8 
7 7 
8 8 
8 9 
B 9 
8 9 
B 8 
8 8 
8 8 
8 8 
7 8 
6 6 
8 8 
8 8 
8 8 
8 8 
8 8 
8 8 
7 8 
8 7 
7 7 
7 7 
9 9 
9 9 
7 8 
8 8 

8 8 
8 8 
8 10 
B 8 
8 8 
6 6 

12 13 

18 

Bq.t.;!-G~mm~ 

Dose Rates at 1 em 
Above the Surface 

( urad/h) 

22 
a 

22 
18 

0 
28 
8 
8 
8 

17 
25 
29 
28 

9 
17 

8 
24 

8 
8 
7 

25 
24 
14 
22 
24 
8 

21 
7 

17 
23 

9 
16 

B 
28 

8 
8 

19 
21 
11 

9 
19 



Grid Location 
N E 

880 :300 
880 138C 
880 1460 
880 1495 
880 1540 
880 1620 
880 1700 
880 1780 
880 1820 
800 1240 
800 1300 
800 1380 
800 1460 
800 1540 
800 1620 
800 1700 
800 1780 
!l00 HIZO 

TABLE 2, cont. 

DIRECT RADIATION LEVELS 
XEASURED AT 80 M GR:D I~TERVALS 

Camma Exposure Camma. ExpoGl,lrQ 
Rates at 1 m Above Rates at the 

the Surface Surface 
(uR/h) ( uR/h) 

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

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

~ No measurement taken; grid ~oint inneccaaiblc due ~o 

presence of standing water. 

BQta ...... Gamma 

Dose Rates at 1 cm 
Above the Surface 

( wrad/h) 

8 
7 

11 
18 
8 
8 
7 

17 
7 

13 
9 

21 
9 
9 

29 
14 
18 
12 



TABLE 3 

RADJONUCLIDF. CONCENTRATIONS IN SURFACE SOIL SAMPLES 
FROM 80 ~l GRID INTERVALS 

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

Gdd Loc3tion RadicJonuclide Concent[".Jli.oos (e1::i/g) 

" E -R-a.:"'126 ---·U::-235 U-23 fI Cs-]31 Ttl. 232 

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

1522 1240 .Os..! 0.2&3 <0.18 <I}. 9'1 (}.35 .. 0.10 0.'95- +- 0.43 
15-2] n~o 0.87 .!. 0,29 <0.23 LOB.:. 1..88 0.22 -:;- 0.15 G.os ~ 0.3J 
152] n", ~.66 .! O.2B <0.23 0.6J .:. D. 29 O. ~2 ~ 0.11 0.63 .±. 0.2'9 
u::n I}.to 0 1 .10. ~ 0.;)', -:0.3'.:1. l.b';' + 1.1) 0.

'
,3 0.1 :;, 1 .-1)) .!. -0.', ~ 

Ina 149l O.59.,:!.O.23 <0.19 1.43 11.32 0.31 ~ 0.12 0.62 + 0.45 
1>21 15.0 1.26 .!. 0.33 <O.2l.!. 1.77 .1 1.51 0.40 :t 0.16 0.11:; 0.42 
1>20 1620 I.OS .!. 0.)0 0.11 .! 0.51) 1. 51 :!: 1.5J G.llt :t 0.11 1.90 :t 0.66 
1 '}](I IHIO Onl.±,O.'4 «() 'J1 , 

" ±' 
., fI "il .... fI \1 n 7? .± () -:n 

1;19 1780 0.-650 t 0.25 <0.19 «(t.67 0.25 ! 0.10 0.83 .! Q •. H 
Illl 1022 LaO! 0.)1 '0.l4 <:1.07 0.45 :t 0.12 l.18 ! 0.40 

1<40 1240 0.% '" O. <0 0.46 ..! G.)2 I.IS • 1.98 <0.04 0.99 + 0.14 
11,1,O noD 1.38:± 0.20 0.25- .. 0.34 0.79 .:!:. 1.10. 0.28 + 0.13 0.1I + 0.18 

,~ 14l;.O J)@ 0.69 .± 0..33 <0.-:-11 0.98.:!:. 1.56 iLlS ~ 0.16 0.45 ; 0.41 
:=> 1.40 1400 0.11 + 0.30 <0.22 1.03 ! l. 9B 0.52!O.I' 0.92 ± 0.l6 

1440 1495 0..85 :! 0..25 <0..31 <D.91 0.55 .:!:. 0.12 1.09" .± 0.32 
14.0 1540 L4'9' .± 0..3) <I}. 2 5 0.52 Z 0.7'" Q.l4 + 0.18 0.93 .! 0.43 
11,4D 162:0 0.90 .! 0..30 <G.23 <D.&O 0.48:; 0.13 0.51 + 0.17 
1.£,40 1700 0.65 +- 0..14 O.llt t 0..63 1.06 + 1.23 Q. S4 :;: 0.14 1.06 + 0.45 
Ul;.O 1700 0.53 :! 0.40 <0-:-23 LOS:;: 1.66 iLf,5 ± 0.19 0.61 ~ O.)y 
1440 1822 O. E!-4 .! O.l;.O <0.26 <0-:-&1 0 •• 1 .± 0.14 0.98 ~ 0.55 

ll60 1240 0.9{1 .:!. 0.36 <G.ll <D.97 0.30 ..:!:. 0.12 1.12 ..! 0.32 
1160 1300 0.65 ..:!:. 0.2. <G.19 1.23 .!. 0.65 <0.0.3 0.1. .! 0.31 
lJ60 lJOO 0.71 ..! G.:Z 9 -<o.n l.H).! 1.4;; (J.14 1: 0.00 fJ.t4 .... 0.40 
1)(,0 II,bO O. III ! 0.15 <o.ll 2.94 !: 1.76 0.71 ~ 0.15 0.15 -;: O.ll 
1360 149l O. S4 + 0.:24 <G.22 <0.12 0 •• 1 oj- o.n 0.50 ! 0.28 
1360 1540 1.)6 :± n.ll <G.B 1.0'+ ! 1.56 0.72 ~ 0.16 1.2~ .!. 0.4) 
1.3(.0 H2O O.U 0-.19 O. SI) (Ll!:. 2.5-) ;:'.41 O.1t1 o.~(} O.CO • O •. H 

!l60 1700 O. so • o.,n <0..26 0.S9 .1.\5 I.B:; 0.21 2.14! 0.14 
lliO 1111) 0.64 i 0.16 <0.21 2.10! 1.07 0. 74 1 0 •11; 0.52 .! 0.44 
1)60 j 822 1.18!: 0.31 <0.)0 <1.12: 0.1010.15 1.14! 0.41 

1180 1140 0.&6 .!. ().2~ <(j. 2~ 1.1 !;II .! 1.'01 <0.04 1.05 l O.H 
1200 1)00 b b b b 
12W 13 ;!!l) O.tH of O.:U O. ;2 1. O. ~2 O.4J4!.1.$2 1.28 ± 0.17 l.ll .!. G.4J 
12m 1460 0.9&:; 0.3'1 <(J.B 1.1'7 .t 1.l.i1!. I.f.::!. .. 0." fl ..... t.. .! n "11 
12m 1" 9; 0.00 ! 0.2l <0.19 G.M .! O. 8J 0.23 ! 0.07 <O.2J 
lZoo 150" 1.6-0 .! 0.33 <0.26 <0.8J <0.0') O. ,9 ..! [).:?) 



TABLE 3, cont. 

IIAlIl OllUC!, Tm: CONCRNTRATIONS IN SOIL SAMPLES 

FROH 80 H GRID INTERVALS 

---- ---.------ "-----------------------_. ----
~.EMig!! ~OId i.o~ucl i.de Conc:entrati.[Jn& (pCi/g) 

N • 'R:8:':'226 U'-235 - V-138 Cs-137 Th-2i2' 
--- ------ .-.-_._-----

1280 1611} , , , , 
1280 16] 0 0_ 93 !. O • .l,.G <0.29 2: .m ! I.E'O 0.74 ~ 0.11 1.40 ! fl,,)] 

12&1 I7DO 0.94 ... {I.]{. <0.3:;:: 2.:;' 5- , L16 G.)I , D.15 1.24 , (J.n 
1::1.1i0 J7 '-0 O. il~ -:;: oO.::n "oO.:::I::t .0.9-.', I .~.G 0.. ~.', .0.:<') 1 • .00 .0 ,/, I) 

IHO IBn 0.70 ;: 0.30 ..:0.2:3 1.09:;: 1.69 O. &; :! (l,U 0.59 i 0.40 

1110 11'~ 0.1\4 .±. 0.::14 <0.11 1.-'8.! I.,. <0.04 1.4) i 0.>8 
1 ?10 11.G[) ), h ), h h 
1110 tHO O.W + n. ~~ <{I. I) 0.9, j: {I. Sl 0.'91 ! 0.15- (]. &\ of O,l;,11 

1110 1l..h0 0_01 :; O.ll <0.11 1.70 1.01 <(J.OG 1.10 : 0.36 
1110 1"9} 0.59 '+ n.n <0.10 <0-:-61 <0.0l 0.01 ± (j.n 
1110 1 :,<" 0.9) :;: 0.14 <0.)0 :l.10 .! 1.6i <c. OJ 1.15 , 0.1> 
1210 IIi 111 0.% :;: n.:?':' <0.26 0.97 , 1.71 0.72 , 0.16 0.66 · {I.J.O 

,..0 1210 I] 00 0.76 "+ O.lt. <0.22 1.11 ..!. 1.11 O.ftl -' O.ll l.H , 0.57 
1210 1180 0.96 -; O.2a <O.ll 2.12 · 1.17 0.19 ! 0.11 1.)6 ! 0.5 B 
1210 1 B22 1.05 :! 0.28 0.31 ! 0 . .52 2.1.0 ! 1.60 0.55 ! 0.16 0.72 , 0.2l> 

l1:W 1250 0.93 0.21 <0.30 <0.9"> 0.04 -,0 11 LIS .:. 0.41 
lDO DOO 0.98 ~ 0.:2£ <{I.ll) 1.65 · 1. 59 <O.G~ 0.55 j" {I.46 
ll20 !l8O O.H . 0.24 <0.14 0.98 i 0.47 <0.01 0.96 · (I.26 
1120 l'l.O b b b b b 
1120 1'11) 0.01 . 0_2& <{I.l2 0.l>0 · 1.34 0.11 .! 0.14 0.72 + D.44 
1120 1495 0.79 i 0.:25 <0.20 1.01 .. 0.77 0.08 .! O_OB 0.97 ± 0.32 
1120 15'0 0.78 .! 0.23 <0.21 1.32 ~ J.31i 0.97 .; 0.20 1.01 · 0.58 
lUO ltilO <.ro (10, )J ,,(1.40 'Q,l0 Q.51) ! 1.11 1.D .. 1).:.n 
1120 1700 0_16 ;: 0.4) <0.21 1.116 · 2.25 1.00 . 0.20 1.12 0.6; 
1110 1180 l.10 '! 0.31 <0.3.3 j.) , · I. .1 0 • .50 • 0.15 1.01 O.ll 
1120 1822 O_,J ... 0.:21 <0.1 j 1.04 ~ O.t;.~ l).a:2 ~ 0.12 0.9\ 0.% 

)Q40 llt.U CI.Tt. U.-41 <Q.21 O. Bl ! 1.30 <0.01 1.19 0.4, 
1040 DO, 0.80 0.3\ <0.22 1.24 -'- 1.78 <0.04 1.12 0.32 
1040 !:l80 0.91 0.19 <0.18 1.66 ! l. 52 <0 O~ 1.01 O.J 0 
lQ·~O JI·E.O Q." o.:n <'..Q~3 5 3..5.5 1.'S'] 00.41 1.S-', LOt 0.41 
1040 U.'9) 1.0) 0.28 <0.21 1. '7 , 1.04 0.12 0.1 ~ 0.50 0.21 
1040 1540 0.60 0.20 <(I.29 1. 51 · 1.6) 0.8.1 0.11 0.87 0.41. 
)040 1,20 0.78 0.28 <0.11 1.14 ! 0.9\ O. \9 n.ll 0.81 0.4' 
1nW 11 I'll) (LtiQ (10.1. ;;:.(:1. " 1.1(, .! 1_130 O.M .. o .Il (L ~, (L':J\ 

1040 1780 0.66 0.36 <f1.2 'j 1 .19 · I."" ~.40 0.1' 0.60 0.41 
1{140 1822 I.OS 0.1.11 O.1fi ~ 1}_6 fI <[,19 0.7l 0.11 O. so 0.47 



TAB!.!l 3, con t. 

FADIONUCLIDE CONCENTRATIONS IN SOIL SAMPLES 
FRml 80 M GRID INTERVALS 

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

§ .. Ei£.J:'2.!:l!t iu!,: 
N E 1i:a-2I6 

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

" 

%0 1,"0 
%0 !JID 
%0 IJ60 
~o 1400-
%0 149; 
960 !SljO 
%0 1620 
960 1700 

%0 1100 
%0 1822 

ABfI l-,l.O 
800 DOD 
800 lJ 80 
800 1l.60 
aoo 1<9~ 
880 15-100 
aoo 1620 
800 1100 
aoo 1180 
800 1822 

BOO 1240 
BOO l10n 
1:100 UtiU 
800 1460 
&,)0 149:1 
SOO 1540 
WI) 1t..HI 

MO 1100 
IlJO 11 ijIj 
000 1 an 

0.98..! 0.2"9 
1.0\ 2: 0.10 
J.l0~O-]6 
0.)") .:!" O.2Ci 

0.82 .± 0.2.8 
0.94 .! 0.30 
O. so ;i 0.25 
G.") ..!. G.:!! 
0.91 ;i 0.2) 
1.19;iO.19 

1 P.!.. .± fl.!..' 
{I.SO .!. O.lI:. 
1.04 -t 0.18 
0.73 + 0.13 
0.79: ~ 0.38 
0.,88.:!: 0.21 
1.0n .±. 0.34 
0.9B.±. O.2} 
0.64 .± 0.2.) 
0.94 .:!:. 0.24 

1.19.!. 0.)5 
1. 9~ _ 0.46 
0.% .! 0.31 
Q.n !. 0.41 
0.60 ! D.H 
LID 2: 0.28 
1.01 j: O.Jd 
1.2' • 0.34 
0.91 :;: 0.29 
0.49.!:. Q.20 

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

<£).11 

<0.3 ) 
<0.29 
<"'O.n 

<{l.1 '9 
<0.2.\ 
<0.24 
{iQ.2? 

<0.19 
0.47 ..:!: 0.71 

,,110 '1"'
<0.26 
<0.34 
<00.:3.5 
<1}.2] 
<0.2;;' 
<O.J6 
<0.16 
<0.1 a 
<0.23 

<0.27 
<0.28 
<O.H 
<0.29 
<0.21 
<0_1 B 
<'U.J4 

<0.19 
<0.16 
<0.11 

2.62.!. I.HI 
2.6£ f 1.95 
1.iJO :;: 2.13 
1. t:I~ .t l.~) 
1.12 ..!. 0.90 
2.56 ! 2.D 
1.9~ .1. 1.00 
J .4? .!. o.~~ 
1.09 ;i 1.17 

<~.Il> 

2.H .!. 1.G? 
1.23 -+ 2.39 
2.67 :! 0.&4 
2.'8~2.2{1 
2.21 + 2.49" 
1.12 ~ 0.97 
2.56 .!. 1.29 
1.57!.0~75 

1.'0. 1. 0.66 
1.28..!. 1.60 

<0.83 
<0..82 

~.20.!. 2.19 
2.46 ..! 2.N 

<1}.7 '9 
1.5) .t 0.10 
'i. .bti ± 'l.'l ..... 
O. i!i6 -t O • .BJ 
1.14 ;: 0.~1 
0.19" 0.78 

<0.0-4 
0.81 -' 0.11 
0..07 .! 0.07 
U.4b ..! U.J.) 

0.85;:0.16 
1.lJ ± 0.23 
0.46 :! 0.1l 
0.:'04 .! 0.11 
0.61 ! 0.1l 
0.1l> ! 0.11 

0.)0 .! (1.10 
O.7J.!O.IS 
0.63 t 0.14 
1.0.3 ! 0.20 
1.22 .!. 0.25 
0.54 + 0.16 
G.88:t 0.20 
0..50 .t 0.14 
0..502 .! 0.13 
0.63 :! 0.14 

O.-Eh ..! 0.19 
O.]O.! 0.19 
1.0. !: 0.18 
0.91 !: O.2Q 
0.51 ;! O.H 
0.66 + 0.12 
1.16.0.J8 
0.45:;: 0.11 
0.71 ! 0.12 
O.I~ ! 0." 

lh-2)2 

1.28 .± 0.-44 
1.10 + D.n 
1.12 + () .4j 
tJ.o!:-D ! tJ.;2 
1 .J{J ! 0.33 
0.68:! 0.65 
O. al ;i 0.48 
0.1) 1. 0.31 

0.93 !. O.Y) 
<:0.38 

1.06 f G.06.(} 

Ct.] a ~ G.15 
1.35 ; G.51 
l.lt.. + {J . .5J 
{I.92 + {J.].5 
O.B ! Q.40 
2.25 .± 0.56 
0.b2 + 0.49 
O.BS :;: 0.32 
1.14 ~ O.4{.1 

0.6] ~ 0.11 
0.99 .! 0.51 
O.88.! 0.34 
O.8J ! 0.47 
0.95 ! 0.44 
0 •• 6 .! O. '0 
0.86 ! 0.33 
1.04 10.,8 
0.95! 0.41 
0.5.\ ! O.lt 

h Errors arc 20 based on countin8 »tatistics. 
No sample collected; grid point inaccc~~ible due to preGcncc of 

c standing Haler. 
No sanple collected. 



TABLE I, 

RADIONUCLIDE CONCENTRATLUN~ IN BOREIlOLE SOIL SAHPLES 

lIoreho1t< 
No.a 

Depth 
(m) n.':'232 

HI D20 1235 Surface 0.53 .±. 0.24 <0.14 1.39 .±. 0.53 0.37 .±. 0.08 0.81 .±. 0.34 
0.5 O. S3 :!:: 0.29 ~O. 21 <:0.67 <0.0/, 0.7B:!::0.36 
0.4 1.14 .! 0.31 <0./,0 <1.26 <0.05 1.66 .±. 0.65 

112 1518 1817 Surface 1.04 ;'- 0.30 <0.31 1.7B:!::2.19 0.73 .! 0.1J 1.02 :!:: 0.40 
,~ 0.5 0.71 .! 0.28 <0.19 1. 78 !:. (). 99 <0.03 1.20.! 0.46 
'..J 1 0.89 .:!. 0.21 <0.27 3.21 + 1.31 <0.(}4 0.97 .:!:. 0.53 

H3 1210 1 BJ 7 Surface 0.86 .±. 0.24 <0.2\ 0.91 .! 1.49 0.99.!0.18 0.59 .! 0.26 
0.5 0.95 .! 0.25 <0.20 <0.64 <0.03 0.87 .! 0.30 
2 1.11 1; 0.24 <0.26 1.67 .:r- 1.:.i(i ~O.O"1 0.97 .!. 0.40 
4.7 0.80 _~ 0.26 <0.16 0.93 ± 0.93 <0.04 0.69 .±. 0.28 

114 1055 1240 Surface 0.651.0.21 <0.14 1.44 1 0.52 <0.02 1.08.±. 0.30 
0.5 1.35 .! 0.49 <0.23 <0-:84 0.10 , 0.10 1. OJ .± 0.35 
1 0.99iO.33 0.46 .± 0.54 1.32 .! 1. 58 0.15 -; 0.09 1.17 + 0.33 
6.4 0.94 .t 0.24 <.0.l3 ~0.96 <0.03 1.43 -; 0.44 

.. Het er to r"igure 4. 
b Errors are 20 based on counting statistics. 



TABLE 5 

RADIONUCLIDE CONCENTRATIONS IN WATER SAHPLES 

S.!lmplp Samplp 

No. Type 

Wi Surfacea 
W2 Surface3 

\.13 Su,£:'face a 

WI, Subsurface 
(Borehole 

a Refer Lo Figure S. 
b Refer to Figure 4. 

Gr;cI T.nr;;tinn 

N E 

1170 1495 
1120 1510 
1125 1280 

H4b ) 1055 1240 

C Errors are 20 based on counting statistics 4 

R::IilinnllC'lilit:< C:nnr,pnf"T.:::.t-;nnoQ. (!:!"; L 1 ) 

Gross Alpha Gross Beta 

2.46 ± O. 93 c 1.49 ± 0.77 
1.66 .+ 1. 01 9.97 ± 1.41 
1. 81 .±. 0.80 2.33 .±. O. SS 

8.B5 1:. 2.14 6.82 ± 1.63 
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APPENDIX A 

r~STRUY£NTATION ~~D ANALYTICAL rROCEDURE3 



APPENDIX A 

Instrumentation and Analytical Procedures 

Ga~a Scintillat~on Measurement 

Walkover surface scans and measurements of gamma exposure rates were 

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

Model 489-55 gamma scintillation probes containing 3.2 c~ x 3.8 em NaI(Il) 

scintillation crystals. Count rates were converted to exposure levels 

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

ao:.intill.;;1tion cietel;tor with that of a. R~l,lte~ 5toke5 model R3G-lll 

pressurized ionization chamber at loclltions on the NiagaX'a Falls Storage 

Site and ~ff-~itp. ?ropprt.lp~~ 

Beta-Gamma Dose Rate Measurements 

Measurements weX'e performed using Eberline "Rasc;).l," Model PRS-l, 

portable scaler/ratemeteX's with Model HP-260 thin-window, pancnkc G-M, beta 

probes. Dose rates (lJrad/hY weX'e deter:nined by comparison of the response 

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

probes. 

BoX'ehole Logging 

Borehole gamma radiation measurements were performed using a Victoreen 

Mnrl",l 489-55 e,amma scintill"tion probe, connect"d to a Ludlum Mood ?700 

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

lead shield with four 2.5 co x 7 me holes evenly spaced around the region 

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

tri?od holder wi~b a small winch. Measurements were performed at 15-30 em 

intervals in all holes. The logging data was usee to identify regions of 

possible residues and guide the selection of subsu~face soil sampling 

locations. Due to the varying X'atios of Ru-226, U-235, U-238, Th-232, and 

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

directly from the logging ,esults. 

A-I 



Soil Sample Analysis 

vamma Spectrometry 

Svil ~ampl~.:; wt:!r~ driec;i, mixed, aDd a IJurLiun :?l;Jcco. ill a 0 . .) 1 

Marinelli beaker. The quantity placed 1n each beaker was chosen to 

repro~uce the calibrated counting geometry an~ ranged from 600 to 800 g of 

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

intrins ic germanium or Ge(Li) detectors cou;>led to a Nuclear Data model 

ND-e SO pulse height analyzer system. Backgrcund and Compton stripping, 

peak search, peak identificatio~, and concentration calculations were 

performed using the computer capabilities inherent in the analyzer system. 

Energy peaks used for determination of radionuclides of concern were: 

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

U-235 0.143 MeV 

u-238 0.094 MeV from Th-234 (secular equilibrium assumed) 

Th-2J2 - O. 'ill ::-II;;V £.vw Ac-228 ( 5t;::CI,11.9-' f;:;y,uilibr-ium dO 5uwe<l) 

Cs-137 - 0.662 MeV 

Water Saml21e Analysis 

Water samples were ~ough-filtered through Whatman No.2 filter paper. 

Remaining suspended solids were removed by subsequent til tration through 

0.45 ~m membrane filters. The filtrate was acidified by addition of 10 rol 

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

to dryness and counted for gross alpba and gross beta using a Tennelec 

Xodel LB 5100 low-background proportional counter. 

Calibration and Quality Assurance 

With the exception of the exposure and dose rate conversion factors 

for portablQ su~ey gamma and bet&-gAmma metQrs) all survey and l~boratory 

instruments were calibrated with NBS-traceable standards. The calibration 

procedures for these portable instruments are described above. 
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Quality control procedures on all instruments inc~udeii daily 

background and check-source measurements to confim that eq"ipment 

performance was cOllsistent, within the allowable limits of statistical 

fluctuations. The ORAU iaborato=y participates in the EFA Qual~ty 

Assurance Program. 

A 3 



APPENDIX B 

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



u. S. DEPART~NT OF ENERGY 

INTERIM RES} DUAL CONTA.'1I~ATI ON A.\'D "'ASTE CONTROL GUIDELlKES 
FOR 

FORl':[RLY U7I:"IZED SITES RE::iEDIAL ACTlON PROGRAM (HSRAP) 
A."<D 

RE}!OTE SURPLUS fACILITIES V.A!0lGEr·:ENT PROGP.A.~ (SFl1P) SITES 

(Review ~ithin DOE Co~tin~ing) 

Presented here are the residual contamination cleanup and waste control 
guidc17nes of general applicability to the FUSRAP project and remote SF~~ 
sites-. A site-specific analysis will be pr"p"rec for """h Fr."RAi> ~nn ,. .. mote 
SFMP site prior to determining residual contamination guidelines for a specific 
site. In addition, it is the policy of the DOE to deContaminate sites in a 
manner consistent with DOE's as-1ow-as-rcasooably-achievable (ALAP~) policy. 
ALARA will be considered in reducing levels of residual contamination below 
applicable dose limits. ALARA Will be implemented using cost/benefit 
considerations, and applied on a site-specific basis. 

The soil residual contamination guidelines were developed on the basis of 
limiting maximum individual radiation exposure to DOE limits specified in DOE 
Ol·d". 5480.1A exclusive of exposure from na~ural 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 contribution from all major pathways, based on scenarios for 
permanent intrUSion, e.g., establishing residences on the Site, WaS ass~med. In 
most circumstances, the probability is low that such an intrusion will occur. 
Al~o~ con~prv~tive assumptions were used in deriving these g~idelines to ensurQ 
that a particular dose limit would not be exceeded. ese of these guidelines is 
additionally conservative because the pathways considered in the derivation of 
the guidelin"s 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 1s such that the probable radiation exposure to the 
average population on, or in the vicinity of, FUSRAP or remote SFMP sites 
decontaminated to these guidelines will not be appreciably different from that 
normally received from natural background radiation. 

The reSidual ~ontamination guidelines for surface contamination of structures 
were adapted from guidelines developed by the U. S. Nuclear Regulatory 
CommiSSlOn (NKC) for decontamination ot facllitieS and cquipment prior to 
release for unrestricted usc

2
?r termination of licenses for byproduct, source, 

or special nuclear matcrial -. The waste control guidelines are consistent 
with applir.:~blt! DOE O,t"ucJ:s i:1url EPAlIs reg~lation5 for inactive uranium milling 

sites, 40 CFR Part 192. 

l/A remote SFMP sitc is one that is excess to DOE programmatic needs and is 

March 21, 1984 
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located outslue a major operating DOE R&D or ?roduction area. Re~ote sites 
are mare likely to be released to the public or exces~ed to other government 
agencies after decontamination than are sites located with major R&D or 
production ar~d~. 

l/u. S. Nuclear Regulatory Co~ission 1982 Guidelines for Deco~tamination of 
Facilities and Equipment Prior to Release for Un~estricted Use or Ter~ination 
of Licenses for Byproduct, Source, or Special Nuclear Haterial. Division of 
Fuel Cycle and 1131:erial Safety, Washington, DC. 

A. 'RESIDUAL CONTAMINATION GUIDELINES FOR fDRMERLY UTILIZED SITES AND REMOTE 
SURPLUS FACILlTlES MAKAGEHENT PROGRAM SITES 

The following guidelines re?resent the moxi~um residual contamination 
limits for unrestricted use of land and structures contaminated with 
raciQnuclides rel~ted to the nuclear fuel cycle at FUSRAP and remote SFMP 
sites. A site-specific analysis yill be prepared for cach site prior to 
determining residual contamination guidelines for a specific site. It is 
the policy of DOE to decontaminate sites to cont~jnation levels at or 
below the limits and in a manner consistent with DOE's 
as-low-as-is-reasonably-achievable (ALARA) policy on a site-specifiC basiS. 
Site-specific guidelines and ALARA policy will be determined by DOE on a 
site-specific basis ana an ALANA report filed on completion or remedial 
action at a site. Existing state and federal standards will be applied for 
water protection. Residu~l contamination limits fOf/other nuclides will be 
developed whe:t1 required using the Sa.llie: wetlll.JJulugy- 4l~ wo:.o u:.oed for llH)~e 

represented here. 

1. Soil (Land) Guidelines (Maximum Li~its for Unrestricted Use) 

Radionuclide 

U-23:Y 
P",-231 
Ac-227 

Th-232 

Aln-241 S/ 
Pu-241-
Pu-23S, 239, 240 
Cs-137 

B-2 

S "1 C"t i 2/,3/,4/ 
D~ Tl PT d- - -

(pCi/g above background) 

75 
150 
150 

15 
5 pCi/g, averaged over the 
first 15 em of soil below 
the surface; 15 pCi!g when 
averaged over l~ 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 
H-3 (pCi/ml soil moisture) 

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

300 
5,200 

~/In the event of occurrence of mixtures of racionuclides, the 
fraction contributed by each radionuclide to its guideline shall be 
detennined, and the sum of these fractions shall not exceed 1. There 
are t~o special cases for which this rule must be modified: 

(a) If Ra-226 is preseot, then the fraction for Ra-226 should not be 
included in the sum if the Ra-226 concentratiOn is less than or 
equal to the Th-230 concentration. If the Ra-226 concentration 
exceeds the Th-Z3D concentration, then the Sum shall be 
evaluated by replacing the Ra-226 concentration by the 
difference between the Ra-226 and Th-Z30 concentrations. 

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

YExcept for Ra-226. these guidelines represent unrestricted-use 
residual concentr3tionc above b~ckground averag~d a~ro~s 30y 15 em 
thick layer to any depth and over any contiguous 100 m surface area. 
The same conditions prevail for Ra-226 except for soil layers beneath 
1.5 m; beneath 1.5 m, the allowable Ra-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 with elevated localized concentrations. 

1fA curie of natural uranium means the sum of 3.7 x 1010 

disintegrations per16econd (dis/s) over any 15cm thi§k 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 
ur: 6,600 !'vumls vi natural uranium. 

if Assumes no other uranium isotopes arc present. 

ZIThe Th-230 guideline is 15 pC1/g to account for ingrowth of ~~-226 
as Th-230 decays. Ra-226 is a limiting radionuclide because its 
dQcay produ~t f& Rn-??2 ga~_ 

~The Pu-241 guideline was derived from the Am-24! 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 con~entration of radon decay products 
is less than 0.03 WL within the structure. 

b. Indoor Ga~a Radiation 

The indoor g30ma radiation after decontamination shall not ex~eed 
20 microroentgen per hour (20 R/h) above background in any 
occupied or habitable building. 

c. Indoor/Outdoor Structure Surface Contamina:ion 

A1'lm,JAhlp ~l1rf~'1f:t?:' 'R~'j::jrfll;tZ (':ol"lt:.:tm-ll"l."!:tti<:'ln+
1 

(dpm/100 cm ) 

Radionuclides~/ Ave rag,)..! ,!!.I :1axim~/ ,~/ Removable!! ,f!..! 
Transuranics, Ra-226, 
Ra-228, Th-230, Th-228, 
Pa-231, Ac-227, 1-125, 
1-129 

ij-Natural, Th-232, 
5r-90, Fr-223, Ra-224, 
U-Z32, 1-126, 1-131, 
I-133 

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

Rpr~-e~mm~ pmi~tPT~ 

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

100 300 20 

1,000 3,000 200 

5,000 15,000 1,000 

5,000 15,000 1,000 

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

3! Where surface contamination by both alpha- and 
beta-gamma-emitting radionuclides exists, the limits 
established for alpha- Dud bc~a-g3mmn-cmittins r~dionuclides 
shall apply independently. 

3/ 

41 

Measurements of 3vzrage contaminant should not be averaged 
over more than 1 m. For objects of less surface area, the 
average shall be derived for each such object. 

The average and maximum radiation levels associated with 
surface contamination resultfng from beta-gamma emitters should 
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not exceed 0.2 mrad/h at 1 cm and 1.0 mrad/h at 1 cm2 
respectively, measured through not more than 7 mg/cm of total 
absorber. 

5/ 

6/ 

The maxi~um cont~mination level applies to an area of not 
more than 100 c~ . 

2 The amount of removable radioactive material per 100 em of 
surfa~e are~ &hculd he d~tprminpd by wiping rh~r ~TP~ with dry 

filter or soft absorbent ?aper, applying moderate pressure, and 
assessing the amount of radioactive material on the wipe with 
an appropriate instrumcnt of known efficiency. m1en 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 ~~ RESIDUES FROM FUSRAP ~~ REMOTE SFMP 
SITES 

Specified here are the control requirements for radioactive wastes and 
residues related to the nuclear fuel cycle at FUSRAP and ~emote SFMP sites. 
IL l~ the pollcy of DO~ to store radioactive wastes in a manner 
~epresenting 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 ¥~xed Waste Management. 

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

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

e. 5484.2, Unusual Occurrence Reporting System. 

f. 5820, Radio~ctivc Wn~tc Managc~ent. 

g. Control and stabilization features will be designed to ensure, to 
tho extent rG~gon4bly a~hievable» ~n pffp~~ivp lifp nf ,0 yp-ar~~ 
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!l at any given point, or an 
average concentration of 30 pCi/l for the facility site, or (2) 
exceed an average Rn-222 concentration at or above any location 
outside the facility site of 3.0 pC1/l (above background). 
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1. For ~ater protection, use existing state and federal standards; 
apply site-specific measures where needed. 

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

b. 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. Ru-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 
pG1/I. 

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

e. Prior to placement of any potentially biodegradable contaminated 
w~stes in a Long-T~rm Manag~mant Fa~ility~ su~h wast~s ~ll b~ 

properly conditioned to (1) ensure that the generation and escape 
of biogeniC gases will not cause the requirement in paragraph 2.c. 
to be exceeded, and (2) enSure that biodegradation within the 
facility will not result in premature structural failure not in 
accordance with the requirements in paragraph 2.b.. If 
biodegradable wastes are conditioned by incineration, incineration 
operations will 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 eFR Part 61, National Emission Standards for Hazardous Air 
Pollutants (NESHAPS). 

c~ EXGEPTIONS 

Exceptions may be made to the guidelines presented herein following . 
analysis of the 5itc-spc~1f1c BGpects of d candidate site. Specific 
situations that warrant consideration for modifying these guidelines are: 

1. ~ere re~edial ae~ions would pose a clear and prcsQQt risk of injury to 
workers or members of the public, notwithstanding reasonable measures 
to avoid or reduce risk. 

2. Where remedial actions would produce environmental harm that 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 excess of 
environmental harm is harm that is ~ong-term, manifest, and grossly 
disproportionate to health benefits that may reasonably be anticipated. 

B-6 



3. Where the cost of remedial actions for contaminated soil is 
unreasonably high relative to long-term benefits and the residual 
radioaGtive mat~.ials UO lloL pose'~ clear present or future ha~ard. The 
likelihood that buildings will be erected or that people will spend 
long periods of time at such a site should be considered in evalua:ing 
this hazard. Remedial actions will generally not be necessary where 
residual radioactive materials have been placed semipe~anently in a 
location where Site-specific factors limit their hazard and from which 
th~y Al'"P r:'n~t"1.y o-r difficult to t"E;!.::J:Iove, or uhcrg only minor quantities 
of residual radioactive materials are involved. Examples are residual 
radioactive materials under hard surface public roads and side~alks, 
around public sewer lines. or in fence-post foundatio~a_ Sl1pplem~ntAI 

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

4. Where the cost of cleanup of a contaminated building is clearly 
unreasonably high relative to the benefits. Factors that shall be 
included in this judgment are 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, ano the ap?licability or less costly remedial 
methods than r~moval of residual radioactive materials. 

5. W'her-e. there is no known relllc:=uii.tl tll.;;tiun. 

D. GUIDELINE SOURCE 

Guideline 

Residual Contamination Cr1terial/ 

Soil Guideline 

Structure Guideline 

Control of Radioactive Wastes and Residues 

Interim Storage 
Long-Term Management 
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Source 

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

40 eFR Part 192, 
NRC Guidelines for 
Decontamination of 
Facilities and Equip
ment Prior to Release 
fa. Ullrest:';.<.:~,,<l U,;" o. 
Termination of Licenses 
for Byproduct, Source, 
or Sp@eial Nuclear 
Material (July 1982). 

DOE Order 5480.1A 
40 CFR Part 192 



II 
- The h~.p~ of the ~p~;n,,~l ennt~minati~n guideline~ are developed in 

ORO-B)l and ORO-832. 

l/Eased on limiting the concentration of Ra-222 decay products to 0.03 ~~ 
within structures. 
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