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COMPREHENSIVE RADIOLOGICAL SURVEY 

OFF-SITE PROPERTY R 
KIAGARA FALLS STORAGE SITE 

LEWISTON, ~m; YORK 

lli!RODtCTION 

Beginning ln 1944, tne Manhattan Eng~neer District and its successor, 

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

Ordnancp Workq (p~p~~nfly ~~fqrrQd to as the Niagsra F~ll~ Sto~~8Q S~tQ 

(~FSS) and off-site properties), approximately 3 km northeast of Lewiston, 

New York, for storage of radioactive wastes. ;:heae wastes were pr:'mari~y 

residues from uranium processing operations; however, they also included: 

cOlltaminatec. rubble and scrap from decommissioning activities, biological 

and miscellaneous "' .. stes from the University of Rochester, and low-l.vel 

fission-product ",aste from contaminated-liquic evapQr"to~s at the Knoll. 

AtomiQ Power Laboratory (KAPL). Receipt Q: ~&4ioective wa3t~ wad 

discontinued in 1954, and, following cleanup activities by Hooker Chemical 

Co., 525 hectares of the original G12-hectare site were declared surplus. 
Thi. property was eventually sold by the General Services Adcinistration to 

various private, commercial, and governmental agencies.~ 

Niagar3 Mohawk Power Corporation is the current cwner of a tract from 

the NFSS, iU"uI.H;'~u ... "H-.;'I.~ property R. (.ee Fi~ure ;.). A radiological 

survey of that tract, conducted July-September 1983, is the subject of this 

report. 

S!TE DESCRIP'I'lON 

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

recrangular (about 190 m x 120 m) and occupies approximately 2.3 hectares. 

It is bounded on the south by ~letcher Road. Drainage ditches are located 

Power tran~mission linee 

cross the property in a north! south direction and a small paved road 

provides access to these power lines. The property is otherwise unused and 

c.ontains no struct"ures. The la.nd is level and is cvergrown with brush a.nd 

treeS. 
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Radiological History 

1here is no evidence of contaminated waste burial or storage on 

property R; however, slightly elevated radiation levels have been detected 

:t1one 'P19tt:'hQr Road and the tlo:r;thQ.n ~itQ bou.nd. ... y.1-3 L~ak.::J.Sc 01:' cpilloge 

of small amounts of contaminated residues from waste transport vehicles may 

have resulted in the elevated levels on Pletcher Road. Shine from residue 

materials, ~ocated on the nearby NFSS, has been suggested as the source 0: 
elevated radiation levels on the northern portion of the property. 

SURVEY PROCEDURES 

The comprehensive survey of off-site property R was performed by the 

Radiological Site Assessment Program of Oak Ridge Associated Universities 

CORAU) , du,ing the period of July-September, 198J. 'rhe survey waS l,n 

accordance "ith a plan dated March 18, 1983, approved by th~ Department of 

Energy's Office of Nuclear Energy. The objective and procedures from that 

plan are presented in this section. 

Objective 

the objective of the survey "as to provide a compr~hensive assessment 

0: the radiological conditions on property R. 

collected included: 

Radiological information 

1. direct rad.at.on exposure rates and su,facc beta-gamma dose 
tates, 

2. lQc~tion~ of elevated ~ur£3ce residues, 

3. concentt'3.tions of radionudides in surface and subsurface soil, 

4. c.oncentrntions of ,adionucl ides in ground water, and 

5. concentrations of radionuc1ides In sediment from drainage ditches 
on the pl:"opel.-ty. 
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Pr~cedures 

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

gridding and surveying and a 20 ~ system was established. These 

operations were performed ,y McIntosh and !1cIntosh of Lockport, 

NY) u,lllll;!.t' ~ui.H';l"Jut:.rQI,;t:.. The 6rid system is sho'W'n on :figure 3. 

2. Gamma exposure rate meaSurement.s w~r~ madp :::tt. f"_hp ~ll"t"f;1.t;'.e ~r'In ~t 

I m above the surface at 20 :n grid intervals. Neasure::1encs were 

performed using portable gamma NaI(Tl) scintillation survey 

meters. Conversion of these measurements to eKposure rates in 

microroentgens per hour ("a/h) was .n accordance with CrOSS 

c~libration with a pressurized ionization chamber. 

3. Reota-gamma dOSe rate me!l.SUl:'rt1:!lentso WQre parformed. 1 Cm above the 

surface at 20 m grid intervals. These measurements were 

conducted using thin-window (<7 mgl cmll G-to! detectors and 

portable scaler/ratemeters. Measurements were also obtained with 

the detect~r shielded to evaluate contributions of nonpenetrating 

beta and low-energy gamma radiations. Meter readings were 

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

C~QaB c~lib.~tiQn with a thin-window ioni~ntion chacb~r . 

. 4. Surface (0-1.5 em) soil samples of approximately 1 kg each were 

collected at 20 m grid intervals. 

5. Walkover surface scans were conducted at 1-2 m intervals over all 

accessible areaS of the property. Portable gamma scintillation 

~ut:'Vl::!y mt:n.~r~ were used tor these scans. Locations of elevated 

contact radiation levels were noted and surface exposure =ates 

were measured at these ~ocat£ons. 

6. At locations of elevated surface radiation levels (see Figure 4), 

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

rates at 1 em above the surface were also measured. Surface soil 
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sa~ples were obtai~ed froc these locations and, following 

sampling, the surface exposure levels were remeasured ~o evaluate 

che effectiveness of shallow sampling on removal of the radiation 

source. 

Detection Sciences Group of Carlisle, "M, perfo::med 

ground-peuetratiug radar surveys at loca.tions of proposed 

subsurface investigations to ~dentify the presence of underground 

piping or utilities which would preclude borehole drilling. 

8. Boreholes were dt;illed to pt"ovide ;j. weClidJli..sw .Lo.:.: lUgg..i.ll~ 

subsurface direct radiation profiles and collecting subsurface 

Three boreholes were drilled by Site 

Engineers, Inc., of Cherry Hill, NJ, using n truck nounted 20 em 

diameter hollow-stem auger. The ~ocations of these boreholes are 

shown on Figure 5. 

A gamma scan of the boreholes was performed to identify elevated 

radiation levels~ which would indicate subsurface residues. 

Radiation profiles in the boreholes were determined by ~easuring 

gamma radiation at 15-30 cc intervals between the surface and the 

hole bottom. A collimated gamma scintillation detector and 

portable Scaler were used for these measurements. 

A sam?le of the ground water was collected from one of the 

boreholes using a hand bailer. Soil samples .of app::oximately 

1 kg ~ach we-rc collected from vllriou::; depth:) ill the; holes by 

scraping the sides of each borehole with a spec~ally constructed 

sampling tool. 

9. Sediment Samples (1 kg) were collected from two locations in the 

ditch on :he site's west perimeter (see figure 6). 

10. Tw~ul..y ::;uil ::;9.wpl~~ .;lur.l l:j~v~n wa'-~:t" ::.;awp 1 tHi w~n~ r.;fJ:'l~r,;ted ft"l.'lm 

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

properties) to provide baseline concentrations of radionuclides 
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for co~par:son purposes. Direct background radia~ion levels were 

ceasured at locations where baseline soil samples were collected. 

The "ocations of the baseline samples and background measurements 

are shown on Figure 7. 

Samplp An~lv~9~ ?n~ TutQrpretat~on of Results 

Soil and sediment samples were analyzed by gamma spectrometry. 

Radium-226 was the major radionuclide of concern, although spectra were 

reviewed for Cs-137, U-23S, U-238, and other gamma emitters. <later was 

analyzed for gross alpha and beta concentrations. 

AdditiOUQl information concertting analyti~al equipment dnd proced~re5 

is contained in Appendix A. 

Results of ~his survey were compared to ~he applicable guidelines for 

formerly utilized radioactive materials handling sites, which are presented 

in Appendix"B. 

RESULTS 

Backgrpund Leyels and Baseline Concentrations 

Background exposure rates and baseline radionuclide coneen"trations in 

soil, determined for 20 locations (FigUre 7) in the vicinity of ~he NFSS, 

are presented in Table l-A. Exposure rates ranged from 6.8 to 8.8 "R/h 

(typi:al levels for this area of New York). Concentrations of 

radionuclides ;,n soil were: Ra-226, <0.09 to 1.22 pCi/& (picocuries per 

gram); U-235, <0.11, to 0,1,6 pCi/;; 1)-238, <2.20 ~o 6.26 ?Ci/!>; 1:h-232, 0.32 

to 1.18 pei!g; and Co-l37, <0.02 to 1.05 pCi!g. Tbese concentrations are 

typical of the radionuclide levels normally encountered in surface soils. 

Radioactivity levels in baseline water samples are presented in 

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

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

These are typical of concentrations normally occu~ring in surface water. 
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Direct ~adiation Levels 

!)irec:. radiation levels) measured at 20 m grid intervals, a.re 

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

ranged from 7 to 11 "JR/h (average 8 ~R/r.). At surface contact, the 

exposurE I'::lteS ranged from 6 '::0 17 ]..: R/h (:1V~"J:"~8Q 9 \-R/h). Set:1-samma dO~Q 

rates ranged from 8 to S1 ~rad/h (average 22 ;Jrad!h). Measurements 

performed with the detector shielded averaged approximately 20% less than 

those with the unshielded detector. This indicates only a small portion 

of the surface dose rate is due to nonpenetrating beta Or low-onergy phot~n 

radiations. Levels were generally higher along the shoulder of Pletcher 

Road (grid lines 302-3045). 

The walkover survey identified four .mall isolated areaS with elevated 

surface radiation levels. These locations are indicated 0;1 Figu"e 4 and 

direct radiation levels at these locations are presented in Table 3. 

Contact gamma exposure rates ranged from 16 to 29 vR/h. Gamma exposure 

rates at 1 m above the surface and beta-gamma dose rates ranged from 12 to 

14 ;JR/h and 20 to 56 ~rad/h respectively. Sampling at these locations had 

no significant effect on the direct radiation levels, suggesting that any 

contamination at these points is di£f~sed rather than in small disc-rete 

deposits. 

Radionuclide Concentrations lU Surface Soil 

Table 4 lists the concentrations of radionuclides measured in surface 

,,,i1 from ZO m grid intervals. These samples contained R .. -l4~ 

concentrations ranging from <0.14 to 17.3 pei/g. "he highest level was in 

the sa.mple from grid point'. 303S,80W ..... l()r'l.g thf" ~hnlllrlQ'" of P'.Qtch~r R"sd. 

Other samples fram the shoulder of the road also contained elevated Ra-226 

levels. Concentrations of u-235 and u-238 were not significantly different 

from those in baseline samples. The Cs-137 levels in samples from 159S.6QW 

and 302S ,10011 were 6.45 and 3.46 pei! g, respectively. Other samples 

contained baseline levels of that radionuclide. 
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Samples from ~ocations of elev"ted contact J;adiation levels ranged 

how 6.:;] "0 29 .. 9 ?Ci/~ of R.a-2Z~ isee Table 5). rhe ma"imuI:l LeveL was in 

sample 84 from grid "ocat:'on 304S, 73W at the shoulder of Pletcher Road. 

7hese sa1Dples did not conta.in significant concentrations of other 

radionuclidesa 

Borehole Gamma Logging Measurements 

Ihe J;esults ot gamma sc~nt.llat.on measurements performed in boreholes 

indicated no subsurface contamination. Gamma logging data were not used to 

~uantify radinrttl~l~,rlq concentrations in the subsu~f~cQ soil becouee of the 

varying ratios of Ra-Z26, U-235, U-238, and Cs-137 occurring in soils from 

this site. 

Radionuclide Concentrations in Subsurface So~~ 

Table 6 present. the radionuclide concentrations measured in soil 

samplec from three boreholes) loc.ated to provide a rep.(ese.lltat":'vt! L:vv~t".Qg~ 

of the property. These soil samples had radionuclide concentrations either 

1n the range of baseline samples or less than the minimum detectable 

ac.tivity. 

Radionuclide Concentrations in Water 

No 5urfae~ wu~~r ~uurc~~ w~r~ available on the property at ~he time of 

the survey. Water waS obtained from one borehole and contained 

concentrations of 15.4 pC:.!!. ~ross a~pha and 8.10 pCi/l e"~"" h~b (.~~ 

lable 7). rhis samp~e also contained 0.38 pCi/1 of Ra-226. 

Radionuclide Concentrations in Storm Drainage Ditch Sediments 

~oncentratl0ns in sediment samples, collected fJ;om the drainage ditch 

along the western property boundary, are presented in Table 8. These 

stJ.mplG.!:I did not Qont:.ain. rad.ionuc.lid~ Levels significantly different £rom 

the levels in baseline soil. 
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COMPARISON OF SURVEY RESULTS WITH GUIDElINES 

The guidelines applicable to cleanup of the off-site prope:rties at. 

NFSS are presenced in Appendix B. All "xposure rates at ! m above che 

ground surface on property R are ~ess than 20 ~R/h above the background 

level. The average level of 8 ~ R/h is well below the 6 0 ~R/h criteria for 

open land arau. 

Surface soil samples, collected along the shoulder of !'letCher Road 

and at several locations of elevated direct radiation levels, exceed 

S pCi/s of Ra-226. The.~ u.~a •• r. indicated on Figure 6. Tce area along 

Pletcher Road is a narrow strip, 1-2 m wide, bet'lleen grid points 701'1 and 

180W. Other locations of Ra.-226 surfa.ce soil eonta.minn..tioD a.re isolatnd 

from each other and the concentrations averaged over 100 m2 would be belo'll 

the 5 pCi/g level. Direct measurements and sampling indicate that the 

conta:mination is limited to the surface soil. The gross alpha 

concentration of 15.4 pC ill in water from one borehole exceeded the EPA 

Interim Drinking Water Standard of l5 pCi/l for gross alpna. rhe Ra-ZZo 

concentration was 0.38 pCi/l - well below the EPA Standard. It should be 

noted that the EPA Standards are used here £or comparison purposes only and 

are not applicable to this site because the water does not actually 

represent a source of drinking water. 

Sediment samples from property ditches did not contain radiom.:clide 

levels differing from baseline levels. 

SUMI'.ARY 

A comprehensive survey of off-site property R at the Niagara Fulls 

Storage Site was conducted during July-September, 1983. :he survey 

included surface radiation scans, measurements of direct radiation levels, 

and analyses of radionuclide concentrations in surface and subsurface soil 

samples and in subsurface water. Analyses of sediment samples were also 

pe;rrUJ;lIl~tl. 

The results of the survey indicate a narrow strip of Ra-226 

contaminated surface soil (0-15 em deep) along the shoulder of Pletcher 



Road. This area coul~ be brought into compliance with the criteria by 

removal of approximately 3C m3 of soil. Locations of soil area'; where 

Although there are small isolated areas of contaminated residues on 

port~nns of th~A prop@rty, th~ ~ontaminants dn ~ot pose pot~neiAl hpnlrh 

risks. 7here is no evidence that migration of the radioactive materials is 

adversely affecting adjacent properties or the ground water. 
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>-" 
cc 

Location a Expo aure Ra teb 
(~R/h) 

1 6.B 
2 6.8 
3 8.3 
4 7.9 
5 7.3 
6 7.7 
7 7.7 
8 7.6 
9 7.1 

10 7.1 

11 6.7 
12 1.1 
13 1'..7 
14 6.8 
15 8.2 
16 7.4 
17 7.0 
18 7.7 
19 8.8 
20 8.6 

Range 6.8 to 8.8 

a Refer to Figure 7. 

TABLE I-A 

BACKGROUND EXPOSURE RATES 
AND 

RAOIONUCLIDE CONCENTRATIONS IN BASELINE SOIL SAMPLES 

0.74 .:!::. O.16C <0.19 <2.89 
0.75 !. 0.19 <0.19 <3.35 
0.71 !. 0.18 0.46 !. 0.41 <3.72 
0.67 .:!: 0.18 <0.22 <4.10 
0.70 .:!: 0.16 <0.17 <3.34 
0.50 .:!: 0.15 <0.16 <2.33 
0.63 .:!: 0.13 <0.17 <2.73 
0.59 .:!: 0.12 <0.14 <2.20 
0.63 !. 0.20 <0.23 <4.16 
fI.70±.O.lh <0.19 <2.98 

<0.09 <0.19 <2.83 
0.48 !. 0.13 <0.16 <2.84 
0.57 i 0.14 <0.17 <2.36 
0.68 ±. 0.17 <0.19 <3.24 
0.65 ±. 0.14 <0.17 <3.20 
0.91 ± 0.17 <0.71 <3.58 
0.48,;1: 0.14 <0.16 <2.73 
0.73 ± 0.16 <0.18 6.26 ± 9.23 
1.22+ 0.22 <0.23 <3.79 
0.83 .:!: 0.17 <0.21 <3.59 

<0.09 to 1. 22 <0.14 to 0.46 <2.20 to 6.26 

b Uea sured at 1 m above the surface. 
C Errors are 20 based on counting statiBti~s. 

Cc-l37 

0.70.:!: 0.4& 0.'9 ±. (l.01l 
0.84 .:!: 0.24 0.24 .:!: 0.08 
0.88 !. 0.33 0.34 .:!: 0.09 
1.18 !. 0.35 0.12 .:!: 0.07 
0.68 .:!: 0.24 0.14 !. 0.07 
0.52 .:!: 0.38 0.17 .:!: 0.09 
0.83 .:!: 0.24 0.35 !. 0.08 
0.54 !. 0.23 <0.02 
0.83 !. 0.38 0.69 !. 0.11 
0.59 ±. 0.25 0.69 ±. 0.10 
0.49 !. 0.31 0.48 ±. 0.14 
0.65 .:!: 0.26 0.68 ± 0.10 
0.49 .:!::. 0.26 0.41 + 0.08 
0.67 ±. 0.25 0.70 ± 0.10 
0.72 !. 0.35 0.23 ± 0.08 
0.83 ± 0.28 0.61 ± 0.09 
0.32 .:!: 0.22 0.38 .:!: 0.08 
1.01 ±0.44 0.32 ±. 0.12 
1.08±0.49 1.05 ± 0.13 
0.84 .:!: 0.29 0.08 ±. 0.07 

0.32 to 1.18 <0.02 to 1.05 



TABLE 1-B 

RADIO NUCLIDE CONCENTRATIONS IN BASELINE WATER SAMPLES 

Location" 

W1 
W2 
W3 
W4 
w5 
w6 
Vl7 

Range 

Radionuclide CQncentratiouo (pCi/l) 

Gross Alpha Gross Beta 

0.95 !. 0.93 b 
0.95 .:!:. 0.94 
0.55 .:!:. 0.78 
0.63 ±. 0.89 
0.73 + 0.68 
1.87 i 1.84 
l.l6 ±. 0.66 

0.55 to L87 

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

<0.64 
14.3 ±. 2.4 

<0.6J 

<0.63 to 14.3 
.... _ ... _._._._-------

a Refer to Figure 7. 
b Errors are 20 based on counting statistics. 
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Grid 
Lo~at;i.on 

S W 

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

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

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

180 60 
180 80 
180 Ion 
180 120 
180 140 
180 160 
180 180 

200 60 
200 80 
200 100 
200 120 
200 140 
200 160 
200 180 

TABLE 2 

DIRECT·RADIATION LEVELS MEASURED 
AT 20 M GRID INTERVALS 

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

the Surface Surf ace 
(~R/h) (ll R/h) 

9 9 
9 9 , 9 
8 9 
8 8 
8 8 
8 9 

8 8 
6 9 
8 8 
9 9 
9 9 
8 9 
8 8 

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

8 9 
8 8 
8 9 
9 9 
8 8 
8 8 
8 9 

8 8 
8 a 
8 8 
9 9 
8 8 
8 9 
8 8 

20 

Beta-Gamma 
003C Ratc~ at 1 C~ 
Above the Surface 

(\lrad/h) 

47 
22 
10 
20 
41 
23 
20 

16 
u 

8 
12 
14 
36 
32 

14 
12 
19 

9 
21 
22 
10 

20 
8 

23 
37 
26 
23 

9 

11 
s 

16 
22 
22 
20 
10 



GT'i d 

Location 

S W 

220 60 
220 80 
220 100 
220 120 
220 140 
220 160 
220 180 

240 60 
240 80 
240 100 
240 120 
240 140 
240 160 
240 180 

260 60 
260 80 
260 100 
260 120 
260 140 
260 160 
260 1 ~u 

280 60 
280 80 
280 100 
280 120 
280 140 
280 160 
280 180 

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

TABLE 2. cont. 

DIRECT RADIATION LEVELS MEASURED 
AT 20 M GRID INTERVALS 

Gamma Exp-OQu~Ei!< Camma Exposure 

Rates at 1 m Above Rates at the 
the Surface Surface 

(II R/h) (\la/h) 

8 8 
8 lO 
8 8 
7 7 
7 S 
7 7 
8 a 
9 9 
8 9 
8 7 
7 8 
7 7 
7 8 
7 8 

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

9 8 
9 S 
7 7 
7 8 
8 10 
8. 9 
7 7 

9 9 
9 9 
9 11 
9 9 
9 9 
8 9 
8 9 

B~t",-Coilmma 

Dose Rates at 1 em 
Above the Surface 

(u rad/h) 

27 
23 
20 
17 
22 
13 
11 

J2 
13 
27 
18 
17 
27 

8 

23 
26 
4f, 

22 
21 
20 

8 

26 
44 
25 
19 
21 
21 
23 

29 
25 
38 
31 
31 
30 
25 



Grid 
T-oeation 

S W 

304 60 
304 80 
304 100 
304 120 
304 140 
304 160 
304 180 

TABLE 2. cent. 

DIRECT RADIATION LEVELS MEASURED 
AT 20 M GRID INTERVALS 

GallUlla Exposure Gamma Exposure 
Rates at 1 m AbQv~ R.;LtGll5' ~t thQ 

the Surface Surface 
()lR/h) ()lRI h) 

9 10 
9 8 
8 7 

11 12 
10 12 
10 13 
10 17 

22 

Beta-Gamma 
DQ~e Ratas at 1 ~m 

Above the Surface 
().Irad/h) 

15 
12 
a 

21 
51 
32 
34 



TABLE 3 

DIRECT RADIATION LEVELS AT LOCATIONS IDENTIFIED 
BY THE WALKOVER SURFACE SCAN 

Grid LocationS Exposure Rates (~R/h) Surface Dose 
Location Rste 

S \I Contact 1 m Above Surface (~rad/h) 

187 171 29 14 
__ c 

2 lSI 97 16 12 20 

3 300 83 16 12 56 

4 304 73 21 12 47 

a Refer to Figure 4. 
b Radionuclide analyses of samples are presented in Table 5. 
c Dash indicates measurement or sampling not performed4 

Sample 
No.b 

Bl 

Bl 

B3 

B4 

Contact Exposure Rate 
After Sample Removal 

(~Rfh) 

29 

14 

20 



Grid Location 
S W 

120 60 
120 50 
120 100 
120 120 
120 140 
120 160 
120 180 

140 6U 
140 80 
140 100 
140 120 
140 140 
140 160 
140 180 

159 60 
160 81 
160 100 
160 120 
160 l:40 
160 160 
160 180 

180 60 
180 60 
180 100 
180 120 
180 140 
180 160 
180 180 

zoo 60 
200 80 
200 100 
200 120 
200 140 
200 160 
200 180 

TABLE 4 

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL 
SAMPLES FROM 20 M GRID INTERVALS 

Radionuclide Concentrations (ECi/g) 
Ra-226 U-235 U-238 C.-137 

0.91 ± 0.253 <0.18 1.28 .:!: 0.91 0.64 ± 0.14 
0.61 .:!:. 0.30 {0.24 2.61 .:!:. 2.06 0.58.±. 0.12 
1. 01 .:!:. 0.39 <0.34 4.73 ± 2.07 0.72 .±. 0.15 
1.13 .:!:. 0.31 0.601: 0 . 62 3.26 ± 1.90 0.80 .:!:. 0.16 
I .OR .t. O •. ~2 <0.?5 <0.92 0.54 .t. 0.17 
0.841:0.27 <0.20 1.67 .:!:. 0.62 0.82 .:!:. 0.16 
1.22 ± 0.32 <0.40 4.35 1: 2.36 1.19 !. 0.22 

1.03 .:!:. 0.25 <0.19 0.71 !. 0.72 0.54 ± 0.10 
1.33 .:!:. 0.31 <0.39 0.94 .:!:. 3.72 0.84 .:!:. 0.17 
0.85 .:!:. 0.20 <0.22 1.57 ± 1. 93 0.63 :!:. 0.15 
0.98 ;!; 0.32 0.31, =. o. SO 3.37 .t o. aI, loll;!; 0.17 

<0.16 <0.22 4.56 .:!: 2.63 0.07 .:!: 0.05 
1.04 :!:. 0.29 <0.23 1.50 + 0.67 0.93 .±. 0.18 
0.39 :!:. 0.19 <0.46 4.03 ~ 5.06 0.68.±. 0.21 

1.44 1: 0.31 <0.47 1.86 .±. 2.51 6.451:0.38 
1.04 .±. 0.21 <0.15 <0.33 1.23 .±. 0.26 
1.17 .±. 0.32 <0.39 4.151: 2 .22 1.05 + 0.20 
0.90 + 0.33 <0.24 2.93 .:!:. 1.20 0.72 '!: 0.14 
0.71 '!: 0.29 <0.28 1. 87 + 1.78 0.36 .±.0.19 
1.38 .±. 0.35 <0.39 1.69'!:3.96 0.82 .:!:. 0.18 
1.49 .:!:. 0.31 <0.29 5.23 .t1.70 0.61 .±. 0.13 

0.84 .:!:. 0.28 <0.29 LIS.:!: 1.76 0.27 ± 0.11 
1.34 .:!:. O.:l:l <O.:l:l <1.0a 1.01 ... 0.16 
0.89 .:!: 0.26 <0.28 1.68.±.O.91 0.72 :t 0.10 
1.01 1: O.:U <0.30 <0.97 0.71 .±. 0.12 
1.15 + 0.23 <0.23 <0.74 0.59 ± 0.11 
0.93+ 0.24 <0.31 1. 76 .±. 2. 57 0.53 .:!: 0.18 
0.95 :;:: 0.24 <0.35 <1.08 0.99 ± 0.16 

0.69 :!:. 0.18 <0.13 0.21 1: 0.28 0.401: 0 . 09 
0.98 ± 0.21 <0.18 0.98.:!:. 0.98 0.30 .:!: 0.10 
0.98 + 0.24 <0.28 0.78 + l.47 0.75 .±. 0.13 
1.17 :t 0.26 <0.30 2.02 :± L q5 0.71 ;!; 0.11 
1.13 ± 0.22 <0.33 2.83 .±. 1.37 O. 57 .±. a .15 
l.09 .:!:0.29 <0.28 <0.95 0.48:!:. O.lS 
0.71 1: 0.25 <0.19 0.73 .:!: 1.14 1.03 .±. 0.20 

24 



Grid Location 
S W 

220 60 
220 80 
22.0 100 . 
220 120 
2.20 140 
220 160 
2:1.0 180 

240 60 
2.40 80 
240 100 
240 120 
240 140 
240 160 
240 180 

260 60 
260 80 
260 100 
260 120 
260 140 
260 160 
260 180 

280 60 
280 80 
280 100 
280 120 
280 140 
280 160 
280 180 

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

TABLE 4, coot. 

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL 
SAMPLES FROM 20 M GRID INTERVALS 

Radionuc lide, Concen:rations (ECi/gl 
Ra-2:l.6 U-235 U-238 Ca-137 

0.20 .:!; 0.11 <0.14 <0.77 0.16 .:.0.08 
1.02 + 0.24 <0.31 <1.01 0.27 .±.O.10 
1.42 -;: 0.27 <0.30 1.86 .:. 2.'3 0.8Z + O.lA 
0.75 -; 0.29 <0.23 1.96 .±. 1.16 0.56 :t 0.11 
0.59 -; 0.18 <0.16 <0.54 0.59 .! 0.11 
0.65 :i 0.2.3 <0.13 Q.19 .± 0.62 0.66 .±,O.IO 

0.73 .:!; 0.28 <0.22 l.09 .:!; 0.86 1. 53 .:!:. 0.21 

0.99 .:!:. 0.2.3 <0.21 1.76 .:to.56 0.64 .:!; 0.16 
0.85 .:!:. 0.2.4 ~O.21 1. 7! .:!:. !.4:J 0.:11) .±. O.lZ 

<0.19 <0.14 0.66 .! 0.75 0.63 .±. 0.11 
0.76 .:!:. 0.23 <0.27 <0.77 0.56 + 0.11 
0.18.± 0.23 <0.14 \.74 + 0.64 <0-:-06 
0.83 .:!:. 0.24 <0.16 0.88 -; 0.47 0.39 .:!:. 0.08 
O.65.!0.23 <0.15 0.68 '!: 0.64 0.41 .:!:. 0.10 

0.95 i 0.29 <0.19 0.84 .! 0.54 <0.09 
l.03 .! 0.31 <0.22 1.71 .! 1.63 0.52 .:!:. 0.13 
0.73 .:!:. 0.19 <0.15 0.57 .:!: 1.47 0.24 .:!:. 0.07 
1.06 .:!:. 0.28 0.20 .:!:. 0.55 <0.39 0 • .17 .:!:. 0.16 

<0.14 <0.23 <0.71 <0.06 
0.74 + 0.20 <0.24 <0.74 0.59 .! 0.12 
0.64:! 0.24 <0.14 1.06 .± 0.50 0.57 .!:. 0.12 

1.16 .:!:. 0.30 <0.30 2.72 .± loll 0.45 .:!:. 0.10 
2.43 .± 0.35 <0.22 2.41 .:!:. 1.10 0.52 .:!:. 0.12 
0.73 .:!:. 0.14 <0.20 2.22 I 1.20 0.49 .:!:. 0.10 
0.60 + 0.14 <0.23 <0:-68 0.50 .:!:. 0.09 
0.83 :;: 0.18 <0.15 0.63 ± 0.69 0.56 .!:. 0.09 

<0:-16 <0.20 <0.61 0.04 ± 0.04 
0.86 .± 0.21 <0.21 4.02 .! 0.93 0.57 ± 0.14 

1. 43 .:t0.46 <0.34 <1.08 <0.07 
1.76 .!. 0.J1 <0.35 <1.04 0.48 .!. O.ll 
'1..65 .! 0.36 <0.19 l.75 .±. 0.74 0.35 .!:. 0.08 

<0.26 <0.30 <1.00 0.24:,: 0.12 
l.98 ± 0.48 <0.37 <1.09 0.71iO.17 
1.75 .:!:. 0.29 <0.20 1.36 ± 0.53 0.69 + 0.14 
1.79.:!:.O.30 <0.32 2.30 .:!:. 1.80 0.65 '! 0.15 
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Grid Location 
S II 

304 60 
303 00 
302 100 
303 120 
304 140 
302 160 
304 180 

TABLE 4. COil t • 

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL 
SAMPLES FROM 20 M GRID INTERVALS 

Radionuc1id~ CQocentrations(ECi/g) 
Ra-226 U-235 U-238 C.-137 

1.90 .:t 0.39 <0.21 <0.50 0.33 .:!:. 0.12 
l7.3 .:!: o. a <0. '6 <l.S6 0.38 + 0.12 
15.9 .:!: 0.8 1. 76 .:!:. 1.13 <1. 95 3.46 -; 0.27 

8.73 .:!:. 0.58 <0.29 <0.55 1.14 ~ 0.14 
S.68±O.55 0.74 ... 0.78 <1 .16 1.10.=0.17 
7.98.:!: 0.55 1.:0 ~ 0.80 <1.40 1.26 .:!:. 0.17 
6.29 .:!: 0.49 <0.48 <1.34 1.87 .:!:. 0.19 

a Errors are 20 based 00 counting statistics. 
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TABLE 5 

RADIONUCLIDE CONCENTRATIONS IN SURFACE SMIPLES 
fROM LOCATIONS IDENTIFIED BY THE WALKOVER SCAN 

Sample Grid Location Radionuclide Concentrations .. u:=~'-=-__ 
U-235 U=238 -No.a S W Ra-226 

HI 187 171 25.1 .t 1. 2b 2.16 :! 1.56 4.94 + 3.84 0.28 t 0.12 
82 281 97 6.55 .±. 0 ~/19 0.57 .± 0.11 I, .16 ,+ 0.76 0.82 -!- 0.11 
53 300 83 20.7 :! 0.9 0.88 :! 0.18 <0.68 1.58.+ 0.11 
M 304 73 29.9 :! 1.2 <0.97 <2.62 1.49 + 0.18 

a Refer to Figure 4. 
b Errors are 20 based 0" counting statistics. 
C Refer to Table 3 for direct radiation levels. 



TABLE 6 

RAOIONUCLIOE CONCENTRATIONS IN BOREHOLE SOIL SAMPLES 

Iloreho Ie Grid Depth Radionuclide Concentrations (pGi/g) 
No.8 I.ocation (m) 

~-S--II- Ra-226 U-235 U-238 Cs-137 

111 120 62 Surface 1.30 .:!: 0.28b <0.32 I. 56 .:!: 2.72 <0.05 
0.5 1.26 .:!: 0.29 <0.35 <l.ll <0.05 
1.5 1.09 1: 0.22 <0.30 1.781:1.69 <0.04 

N H2 296 156 Surface l.03 .:!: 0.30 <0.33 3.68 .:!: 1. 91 0.54 .:!: 0.12 
{D 0.5 0.76 .:!: 0.19 <0.17 0.50 ! 0.57 <0.04 

1.5 0.87 .:!: '0.26 <0.29 1.80 .t 1. 74 <0.04 

113 300 61 Surface 1.151:0.40 <0.19 0.71 :': 0.82 0.64:+ 0.13 
0.5 0.81 1: 0.25 <0.30 1.83 .:!: 1.60 <0.04 
1.5 0.66 ! 0.20 <0.14 0.69 .:!: 0.62 <0.03 

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

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



TABLE 7 

RADIONUCLIDE CONCENTRATlotlS IN BOREHOLE WATER SAMPLE 

S~mfl.g. 

Idenlificalion 

WI 

a Refer to Figure 5. 

Subsurhce 
(Borehole H3)a 

CJ."iJ 

Location -g--V 

300 61 

b Errors are 20 based on counting statistics. 

Cvuwc»Lralionu (pei/i) 

Gross Alpha Gross Beta Ra-226 

I 'i. 4 .±1 . I b II. 10 .! '- n q 



w 
o 

Grid Location a 
--S---W-

TABLE 8 

RADIONUCI.IDE CONCENTRATIONS IN SElllllENT SAMPLES 
FROM IlRAlNAGE DITCHES 

Radionuclide Concentratio~,,-ipCi/gl 
U-235 U-238 - -C-8-137 

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

224 17 9 

270 17 9 

a Refer Lo Figure 6. 

0.92 ..:!: 0.27 b 

1.30 .t 0.33 

0.28! 0.52 

<0.39 

b Errors are 20 based on counting statistics. 

1. 74 ! 0.63 

3.89 ! 2.20 

0.62 ! U.16 

1.62 ! 0.19 
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APPENDIX A 

Instrumentation and Analytical Procedures 

3amma Scintillation Measurement 

Walkover surface Scans and measurements cf gamcu exposure rates were 

pertormed unng Eberline Model PRM-6 portable ratemetcrs with Viccoreen 

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

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

scintillation detector with that of " Reuter Stokes model RSS-lll 

pJ:"essurized ionization chamber at ;'ocat~ons on the Niagara Falls Storage 

Site and off-site properties. 

Beta-Gamma Dose Rate Measurements 

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

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

probe.. Dose rates ("rad/il) were determined by comparison with the 

response of a Victoreen Model 440 ionization chambe" survey meter. 

Borehole Logging 

Borehole gamma radiation measurements were performed using a Victcreen 

ModA:l 48Q-iC; e.;lmm~ ~c:intil1ation probe, ~o'O.l'lected to ~ Ll,ldl\U:Q Mod.el 2.200 

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

lead shield with four 2.5 em x 7 mm holes evenl)" spaced around the region 

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

tripod holder wit~ a small winch. Measurements were performed at 15-30 em 

intervals in all holes. The legging data were used to identify regions o£ 

possible ~esidues and guide the selection of subsurface soil sampling 

lQ~ations. Due to th~ varying ratio~ of Rd-226~ U-23S~ U-23S, 4nd C5 137 

there was no attempt ~o estimate soil radionuclide concentrations ~irectly 

fro~ the Logging results. 

1<-1 



Soi~ and Sedicent Sample Analysis 

Soil and sediment samples were d~ied, mixed, and a portion placed i~ a 

C.5 liter Marinelli "::>eaiter. The quantity ;>laced in each beaker was chosen 

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

of soil. Net coil 'WeightB were determined dnd the ~a.mples counted. uoit'l.g 

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

ND-6S0 pulse height analyzer system. Background and Compton stripping, 

teak search, peak identification, and concentration calculations were 

;>er:ormed using the computer capabilities inherent in the analyzer syst~. 

Energy peaks used for dete~ination of radionuclides of concern were' 

l\a-226 - 0.609 H.V fJ;OIll 3i-U4 (corrected £,," .quilibr:LulIl con<lhiuu.l 

U-235 - 0.143 MeV 

U-238 - 0.09 .. MeV from Th-234 (secular equilibrium assumed) 

Cs-137 - 0.66 Z MeV 

Water Sample Analysis 

Water samples were rough-filtered tnrough Wnatman No. Z t.lter paper. 

Remaining "u"pended solids were removed by subsequent filtration through 

ThG £iltrate was 3.cd,rl1.f:i.e-d by additi()t1 ()-t 1 n ml 

of concentrated nitric acid. A kno~ volume ~f each sample was evaporated 

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

Model LB 5100 low-background proportional counter. 

Analysis for Ra-216 was performed using the standard technique tJ?h 

600/4-75-008 (rev). 

Calibration and Quality Assurance 

With the exception of the exposure and dose rate conversion factors 

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

instruments were calibrated with NBS-traceable standa.rds. The calibration 

procedUres for these portable instruments are described above. 



Quality contro. procedures Oil all ir,struments incluciec. daily 

background and check-source measurements to conri"", lack of I:lalfunctions 

and nonst3.tistical r.eviations III equipment. The ORAD la.boratcry 

participates in the EPA Qual~ty Assurance Program. 



APPENV!X B 

SUMMARY OF RADIAT!ON GU:VELINES 

APPLICABLE TO OFF-SITE PROPERTIES AT THE N!AGARA FALLS STORAGE SITE 



RESIDuAL CO:>TA.'1INAT!OS iJ',":J \.lASE CO:.-rRC:' CRITERIA 
FOR 

FO~~~Y UTILIZED SITES R~~IAL ACTION PROGR)~ (FUSP~) 
AND 

REH8TL SURPLUS FACILITIES ~~GE~~:>T PROGRA'1 (SF~) SITES 

Presented here are the residual conta~1nation cleanup and ~aste control 
critef~a of general applicability to the FUSRAP project and remote SF~~ 
5itt;:;:.- .. 

~ith the exception of limits for radium-226, the soil residual contaminatioc 
crit~ria ~ere developed on the basis of limiting maxi~u~ individual radiation 
exposure to DOE limits specified in DOE Order 5480.1A exclusive of exposure 
from natural background radiation or mecical procedures. The aggregate of the 
contribution from all major path~ays, based on scenarios for permanect 
intrusion, e.g., establishing residences on the Site, has been assumed. In 
most circ=stances, the. probabi11ty 1s 10'" that such an intrusion ... ill occur. 
Also, conservative ass=ptlons "cre used in deriving these criteria to ensure 
that a parti~ulsr dose limit uould not be exceeded. Use of the~e eriteri3 is 
additionally conservative because th~ pathways considered in the derivation of 
the criteria aSSU2e all "ate! intake and cost food intake is froc the site. 
Also, the Sites often have licited agricultural capability and the 
contacination is generally not homogeneous. The cocbineci e!fect of these 
factors is such that. the probable radiation exposure to the average populatioc 
on, or in the vicinity of. rUSRAP sites decontaminated to these criteria limits 
... ill not be appreciably different fro~ that normally rece1ved irom natural 
background radiation. 

The re5idual eooc~min~t1on cr1teria for Gu~f~7. con~aminat!on o£ £tructurQS 
~ere developed from a proposed ANSI standar~ codified as appropriate to be 
consistent with DOE Orde~ 5480.1A and the specific needs of FUSRAP for 
cost-effective. workable ~uidelines which provide an adequate safety ~arg1n. 
The ~aste control criteria are consistent "ith applicable DOE Orders and EPA's 
regulations for inactive uran1uc milling Sites, 40 erR 192. 

l/A re~ote SFY~ site is one that is eX,ess to ~C~ prog,a~atic needs and is 
lQ~~~~d out~iQe 0 wajor op~rocins DO~ ~&D or ~.o~uction 4r~~. Remote ~ites 
are more likely to be released to the public or excessed to other ~overnment 
agencies after decontamination than are sites located ,..ith major RSD Qr 
production areas. 

y A.~SI K!3.12 (proposed) -- an adaptation to be applied, as appropr.1ate. 
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A. RESIDl'Al COl\'A.~lNATIOi': CRITF;P.IA FOP. FOP_""~l Y liTlllZED SIES A:::' P.E"lOTE 
S~·RP!..t'> fACl:"'lTl::S !'.A.,(AGEX::::" ?RCG?..AM SITES 

The follo~·ing criteria represent the maxi",,,,,, "residual contru:ination li",its 
for unrestricted use of land and structures cont=lnated ~ith tadlonuclides 
related to the nuclear iuel cycle at fUSRAP aDd remote SIMP sltes. It 1s 
the policy of DOE to decoota",inate sites to eonta:ioatl0n levels at or 
belo~ the limits and in a manner consistent with DOt's 
as-low~a$-i$-reasonably-achievable (ALARA) policy. Residual ccnt=inatlon 
IlmltS ! or yp'Ier nuclides wl11 be dev .. lop~<l "l!~n requ1n:d \I$ing the ...... ~ 
rnethodolog~'" as was used for those repteser.ted here. 

1. Soil (Lane) C~iteria (Maxim~ Li~i~s tOt Unrestricted Use) 

Radionudide 

r-Katuul!l 
u-23~j 
U-2:V,,§.I 
Th-23oZ.1 

Ra-226 

U-Z3s.2.1 

Pa-231 
A.~-227 

Th-Z3Z 

Am-241 S/ 
Pu-241-
Pu-238 , 239, 
C~-lJ7 

S,-90 
P.-3 (pCi /::1 

240 

soil lI>oiHure) 

!/Described in ORO-B3) and ORO-tiJ2o. 

Soil Criter:iJ.I·~'/·!:.I 
(~Ci/S above back~round) 

75 
l.SD 
150 

15 
5 pel/g, averageo over the 
first 15 c~ 0: soil belo~ 
the surface; 15 pei/g ~hen 
averaged ove·r 15 em thick 
soil layers ~ore thar. 15 Cb 
be:o~ the surtace anc less 
than 1.Se belo~ .the surface. 

140 
40 

190 

15 

200 
800 
1 DO 
.so 

) 00 
~.200 

~/ln the event of occurrence of mihturcs of radionuclides, the 
fraction contributed by each radionuclide to its limit shall be 
dcterQined. and the sum of these fractions shall nO: exceed ~here 
are two special cases for which this rule lI>ust be lI>ocllfiec: 
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(a) If Ra-226 is ,resent, then ~he fracUon for .Ra-226 should not be 
included in the Su~ 1: the ka-226 concentratlon is less than or 
.~~~l to the Tn-230 concent~ution. 1£ the p~-Z26 eoncertt~at~on 
exoeeds the Th-230 concen~ration,.then the sum Ghall be 
e¥aluatec by replaein~ the Ra-226 concentration by the 
difference betveen the ka-226 and th-230 conce~tratlons. 

(b) If Ac-2Z7 is prescn:, then the same ru~e given in (a) fo~ p~-226 
relative to Th-230 applies for Ac-227 rela~1ve to Pa-231. 

l/Except for Ra-226, thes~ c~~teria represer.t unrestricted-use 
residual concentratlons above backgro~nd averaged acro~s any 15 em 
r.h~ek la~~r to ~n? dep~h and over any contisuo~G 100 ~- surface ~r~a. 
,he sa~e conditions prevail for Ra-226 ~xcept for soil layers b~t.eath 

1.5 m; beneath 1.5 K, the allouable Ra-226 concentration may be 
affected by site-specific ccoditicns and must be evaluatec 
accordingly. 

4/ 
- Loeal!zed ccncentrat1~ns in excess o~ these limits are al1o~able 

provided that ~he Qverage ove~ 100 w ~5 not ~Aceeded. 

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

disintegrations per secoSd (dis!5) from U-238 plus 3.7 X 1010 disJ. 
!rom V-234 plus 1.7 x 10 dis/$ from U-Z35. One curie of natural 
uran!~ 1$ equivalent to 3,000 ki:ogr~s or 6,600 pounds of naeural 
uranit.Jlll. 

6 I 
-' Assuces no other uraniu~ isotopes are present. 

7 ' _'The Th-220 SuidelinQ i~ 1$ pCi!g tc ~ccount.lor in~rQvch of Ra-22t 
as Th-230 decays. Ra~226 is a limiting ~adionucllde because its 
decay product 15 Rn-222 gas. 

!/The Pu-24 1 criterion was der~ved irom the Am-241 concentration. 

2. Structure Criteria (May.imu~ Li~1ts for Unrestr1cted Use) 

a. Indoor Radon Decav Products , 

A ~~~CLUr@ loca~~d On pri~~te prOF~rty ~nd intQnded ~or 
un=estricted use shall be subjec: to remedial action as necessary 
to ensure the annual average concer.tration of radon decay ?~ociuc!s 
is less than 0.03 b~ ~ithin the structure. 

b. lncoor CA::l::'o F.adiaeion 

Tile: indvct ga:::U:;;a ,adiBt:.1t;m aft-Ill ut:'cont.4:tUlindt1QrJ ~hd.ll not;; ex,,;;;er:::d 

20 mi ero,oen t ger. per hou, (:C' JlR/h) above bacJq;!'ound·. 
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c. Indoor/Outdoor Structure Surface Contacination 

Group 1: 

Radionuclides for ~hlch the 
uncont~olled area concentratigo 
guide i=3air above back.roun~1 1& 
2 x lO-! C1/m~ or less or for 
which the uncontrolled area oon
centration2~uide in W3!;! abo~e 
b~cksrQun~ is 2 ~ 10 Ci/m 
or less; includes Pa-231, Tb-228. 
Th-230, Ac-227, Ra-Z26, Ra-228, and 
Pb-.1.l0. 

Group 2: 

Aa'1onuc11des not in Group 1 for 
~hich the uncontrolled area oon
centraHon guide illl:!ir abjve back
sroun~ is 1 x 10 Ci/o or less 
or for which the uncontrolled area 
concentrat1~n guide 1n_;ater ~bove 
backgrouo~ is 1 x 10 C1/m or 
less; 1ncludes U-232, U-238, Th-232, 
Ra-223, and Po-ll0. 

Graup ~: 

Those radionuclides not in Group 
1 or Croup 2; l,,,d,,d .. s 1l-234 , 
U-235, and Ra-224 
and all other beta-gaCJ:>a emitters. 

Allo~able Surface , 
Residual conta:!natlonl' 

(dp:>/IOO em"") 

Total 

100 20 

1,000 200 

5,000 I. 000 

liThe levels may be /lveragec! ove:; 1 m" provided the maximum 
activity in any area of 100 CIIl- is less than 3 times the Umit 
value; dpm - dli>lnte(fI"atJ.c,H1S per minute. In t.ne: e"~ent of 
occurrence of mixtures of radionuc11ces, the fraction contributec 
by each radionuclide to its limit shall be determined, and the 
sum of thp~p fractions shall not exceed 1. 

l/Given in Attach~ent 1 to Chapter XI, Table II, DOE Order 
5480.1A. 
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B. CO!~~OL Of RAD!OACTlVE -ASTES &\~ P~SIDL~S FRO~ FUS?~P Aim PL~OT! S~~ 
SITES 

S?~~lljecl hvrc ~ ••• he control reGuirements lcr1terla) tor ra~1oactive 
~astes and residues rela~ed to the nuclear fuel cycle at FUSRhP and remote 
5FMP sites. 

I. Int.ric Stora~e 

All opera,ional and control requirements specifiec 1n the following DOr 
Orders shall apply: 

a. 54BO.1A, Environ~ental Protection, Safe~y, and Health Protectloc 
PrQ!~a~ fot DO~ Op~ratlons. 

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

c. 5'83.1, Occupational Safety and Heal~h Prograc for Gov.r~ent-o~~ed 
Contractor-Operated Facilities, 

d. 5484.1, E~v1ron~ental Protection, Safety. and Health Protection 
Information Reporting Requtrements. 

Q~ SlS4.2. Vnucu~l Oecurrcnc~ Reporting System. 

f. Control anG stabilization feature. ~1l1 be designed to ensure, to 
the extent reasonably achievable. an effective life of 50 years. 
and in any case, at least 2S years. 

g. Rn-222 concentrations in the atmosphere above facility surfaces Or 
Qpen~ngs shall Dot (1) exceed 100 pC1!l at, any given polnt, or an 
average concentration of 30 pCl/l for the facility site, or (2) 
exceed an $verage Rn-222 concentration at o~ above any location 
outs1dp th~ fA~ility sitP n~ ~.O pC1/1 (abov@ background). 

h. For ~ater protection, use existing state and federal sta~dards: 
apply site-specific measures ~here needed. 

Z. Long-Te~ ~~nagement 

a. All ope=ational require~ents s~ecified for Interim Storage 
Facili=i~s (B,l) will apply. 

b. Control anc stab111~ation features ~ill be designed to ensure to 
the extent reasonably ach!e~able. an effective life of I,OOG years 
anc. in any case, at least 200 years. Other dis?osal site design 
f~~tures shall confo~ ~ith 40 eFR Part 19Z perfo~ance 
guid~lines!requirements. 



o. Rn-222 e~anatior. to the at:osphe,e from facility surfaces or 
openi98 shall not (1) exceed an average release rate of 20 
pCi/~-/s, or (2) increase the annual average Rn-222 concentration 
at 0, above any location outside the·facility site by more than 0.5 
pC1/l. 

O. for Water ?rOreCt10n, use eX1St~ng state and federal standards; 
apply site-specific measures where needed. 

$.. P-:-iQr to pl.al;il1zuilnt o£ a,1lj-' potentially hiodQsradable c.ootatt:!"nated 
wastes in a Long-Term ~~nagement Facility, such wastes will be 
properly conditioned to (1) ensure that the genera:1on and escape 
of biogenic gases will not cause the criteria in paragraph 2.c. to 
be exceeded, and (2) ensure that biodegradat~on wit~iD the facility 
will not result in premature structural failure ~ot in a~cordance 
With the criteria in paragraph 2.b.. If biodeg~adable wastes are 
conditioned by incineration, incineration operation. will be 
carried out in compliance Yith all applicable federal, state, a~d 
local air emission standards and requirements, including any 
~t.Rnrl;(,.rl~ for !"'Arfiof'\tlt".'lid~~ ~st.ablish@d pursuant 'to 40 CFR PaI': 61 .. 
National Emission Standards for Hazardous Air Pollutants (h~SP~S). 

c. - EXCE?nONS 

1. Procedure -- Analysis of Site-specific conditions. 

2. Anpl1cability -- '~ere health and safety would ~e endangered,· or 
~here cost clearly outweighs benefits. 

D. CRITERIA SOL~CE 

Crt teria 

Residual Contamination Criteriall 

SoU Criteda 

St~ucture Criteria 

Control of Radioactive ~astes and Residues 

lnterim Storage 
!..ong-Tt=.:tw Mallage::i.lent 
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Source 

DOE Order 5480.Z~' 
40 eFR Part 192-

40 cra Part 192, 
proposed ~~Sl ~13.12. 

DOE Orde~ 5480.1A 
40 en. P"re 192 



Exte~tions 

Procedure 
Applicability 

40 CFR Pan 192 
4.0 eFR Part 192 

liThe haSC$ Qf the res1ayal cont~inQtion cr1tc~1Q ore develQPQd i~ 
ORO-531 as supple~ented and ORO-832. 

l/B~~pd ~~ limiting .he ~oncentration of radon-222 decay products to 
0.03 ;r~ with~n structures. 
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