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COMPREHENSIVE RADIQLOG:CAl. SURVEY 

OFF-SITE PROPERTY W 
NIAGARA FALLS STORAGE SITE 

LEWISTOK, NEW YORK 

!NTRODUCTION 

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

Ato:nic Energy Commission (AEe), used portions of the Lake Ontario Ordnance 

'.orks (presently refe:-red to as the ~1agara Falls Storage SHe (NFSS) and 

·~ff-s1te properties), ap?roximately 3 kill northeast of Lewiston, W, for 

storage of radioactive wastes. These ~ere primarily residues from uranium 

processing operations; however, they also included: contaminated rubble and 

scrap from decommission1ng act1v1t1es, b1o~og1cal and miscellaneous wastes 

from the University of Rochester, and low-level fission-product waste from 

contaminated-liquid eV3po~3torG at the Knollc Atomic Power Ltiboratory (RAPL). 

Receipt of radioactive waste was discontinued in 1954, and, following cleanup 

activities by Hooker Chemical CO., 5Z5 hectares of the original 612 hectare 

site were declared surplus. rhis property was eventually sold by the General 

Services Administration to various private, commercial, and governmental 

agenCies. 1 

seA ChemiCal Services, Inc., (SeA) is the current owner of a tract 

identified as off-site property W (see Figure 1). A radiological su:rvey of 

~h .. t orace, conducl:ed in July 1983, is the subject of th1s report. 

SITE D~SCRIPTION 

General 

Figure 2 is a plot plan of off-site property W. ~he property is roughly 

t=iangular in shape and occupies approximately 1.3 hectares. "M" Street is 

the southern boundary; a chain link security fence forms the property boundary 

along the northwest perimeter. The propeny is preser>Uy unused, overgrown 

with "rush and trees, and contains no structures. The West Drainage Ditch 



passes in a generally north/sout~. direction t!hrough the eastern section of the 

property. 

Radiological History 

Ulera 1s no ev1dence ot st:orage or tlUrlal or contaminated ll1atenal on 

property W. Runoff fro!:! storage areas on the Department of Energy site 

p~Qvio~~ly ent~~Qd the WQBt DrainagQ Ditca, oontamina~ing sQdiments in the bed 

of the d1:ch. Dredgings from the ditch have been deposited along the east 

bank. Pt"eviou$ surveys have indicated elevated radiatio:l levels along the 

ditch and its banks. 2- 4 

SURVEY PROCEDURES 

The l.:umIJt"f;::llt~n~lvt: ~u,,"v~y of N'FSS urr-:::dL..: }JI"I"lt'~t·Ly W waa }J~~foLmed by t.he 

Radiological Site Assessment Program of Oak Ridge Associated Universities 

(ORAU) during July 18-29, 1983. The survey was in accordance with a plan 

dated March 18, 1983, and approved '~y the Department of Energy. The objective 

and procedures from that plan are presented in this section. Decontamination 

and resurvey of th~ West Drainage Ditch is the responsibility of Bechtel 

National, Inc.; that ditch ~a$ thetefote excluded from ORAU sUt"vey activities. 

Objective 

The objective of the survey was to provide a comprehensive assessment of 

ehe ~adiological on prope~ty W. aadiologic~l i~for~aeion collected incl~dcd: 

1_ dil"~~t. l"':ltH;:tt.ion expoaure rates and sttr'fac.e b~ta-gallllIl:a dose ra.t.es ~ 

l. locations of elevated surface residues, 

3. concentrations of tadionuclides" in surface and subsurface soil, and 

4. concentrations of radionuclides in ground water. 

2 



Procedures 

1. Site Preparation 

a. Brush and weeds were cleared as :leeded to provide access for 

gr1dding and surveying. This operation was performed under 

subcontract by Modern Disposal Co., Model City, NY. 

',. A loG 01 grid ByBtem -""5 e5tabli5hed by Mcl"to5h ",nd McIntosh of 

Lockport, NY, 1,Uldet $ubco'ltract. 

Figure 3. 

Thh grid $y$ tem is shown on 

2. Gamma exposure rate measurements were made at the surface and at 1 IJ:. 

above the surface at each 40 m grid interval. Measurements were 

perfort:led (.Ising portable gamma NaI(!l) scintillation survey meters. 

Conversion of these mensurements to exposure rates in microroentgens 

per hour (~R/h) was in accordance with cross calibration with a 

pressur1zed 1on1zat~on chamber. 

3. Beta-gnmma dose rate measurements were performed 1 em above the 

surface at each 40 m grid interval. These measurements were 

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

sca1er/ratemeters. Measurements were n1$0 obtained with the detector 

shielded to evaluate. contributions of non-penetrating beta and 

low-energy photon radiations. Meter readings were converted co 

dOse-rate in microrads per hour (~rad/h), based on cross calibration 

with a thin-window ionization chamber. 

•• Surface (0-15 em) 5011 samples of approx1ma~ely 

collected at or ncar each 40 m grici interval. 

kg each were 

5. Walkover surface scans were conducted over all accessible areas of 

the property. 

banks and 2-5 

Scanning 1::.tervals were 1-2 m along roads and di tch 

m on other property areas. Pot"table gamma 

scintillation survey meCerS were used for these scans. Locations of 

elevnted contact radiation levels were noted nnd surface exposure 

rates were measured at these locations. 

3 



6. At selected locacions of elevaced 5urf(l.ce radiation levels. 

beta-gamlta dose rates and exposure rates at 1 m above the surfa~e 

were also measured. Surfa~e soil samples were obtained tram chese 

locations and, following sampling, the surface exposure levelS were 

~emeasured to evaluate the effectiveness ot shallow sampling on 

removal of the radiation source. The locations where these 

additional Jr.easurements and samples were obtained are indicated cn 

7. 

Figure -',. 

Detection Sciences Group 

penetrating raaar scans 

of 

at 

Carlisle, 

locations 

MA, 

of 

performed Ep·ound 

proposed subsurface 

investigations. The purpose of these radar scans was to identify the 

presence of underground piping or utilities wh~ch ~ould preclude 

borehole drilling. 

8. Boreholes were drilled to provide a mechanism for logg1r.g subsurface 

<.IL""ct radiation profiles and COllecting Subsurface solI and watex­

samples. Seven boreholes to ground water depth (3.5-6 m) and one 

~hallow (to I.S m) borehole were drill~~ by Site ~ngineerB, Inc., of 

Cherry :lill, NJ, USing a ::'Uc.k.-\Uounted 20 cm diametel> hcl1<:>w-st.em 

auger. Five of the deeper boreholes were drilled at locatiOns 

considered to be representative of average property conditions. The 

other two deep boreholes and the one Shallow borehole were at 

!ocation$ where direct radiation levels had indicated contaminated 

residues. Locations of these boreholes are shown on ~igure 5. 

A gamma scan of each borehole was performeci to identify elevated 

,ddlatlult l"v"l,", wh~ch would lndlcace subsurface res.dues. 

Radiation profiles in the boreholes "'ere cetermined by measurements 

of gamm.'l t";;H'i~ati.on at 15-30 ~m intG!:'vals h'iitwQQn tht:!! surface <'lAd the 

hole botto~. A collimated gamma sc:ntillation detector and portable 

scaler were used for these measurements. 

Ground water samples of approximately 3.5 liters each were collected 

from three boreholes USing a hand baIler. soil samples of approxi-

mately 1 kg each were "oUeered from various depths in the holes by 



scraping. the sides of each borehole with a specially constructed 

sampling tool. The sampling locations were at depths where galllllla 

logging indicated possible contaminated residues and at additional 

random depths to adequately characterize the subsurface distribution 

and levels of cadionuclides. 

9. Twenty soil samples and seven -"ater samples were collected froQ the 

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

to provide 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 b. 

Sample AoalY$c$ and lnte~p~etation 0= Results 

Soil samples were ;m"lyzed by g"mma "P""t ~nm@. try. P..arl i mn-? ?6 "'''S the 

major radionuclide of concern, although spectra were reviewed for Cs-137, 

U-235, U-238, and other gamma emitters. 5r-90 analyses were also performed on 

so11 samples from an area of elevated Ra-226 concentrations and elevated 

direct radiation levels. Water samples were analyzed for gross alpha and beta 

concentrations. Additional information concerning analytical equipment and 

procedures is contained in Appendix A. 

Results of this survey were compared to applicable guidelines for 

formerly utilized radioactive matcrialD handling Gitc~ 3a prc~cntcd 1n 

Appendix B. 

RESULTS 

Background Levels and Baseline Concentrations 

Background exposure rates and baseline radionuclide concentrations in 

soil, determined for 20 locations (Figure 6) in the vicinity of the ~FSS, are 

presented in ':able i-A. Exposure rates ranged from 6.8 to 8.8 ~R!h (typical 

levels for this area of New York). Concentrations of raaionuclidcs in soil 

5 



0.46 pCi/g; U-238, <2.20 to 6.26 pCi/g; rh-232, 0.32 ~o 1.18 pCi!g; and 

Cs-:37, <0.02 to 1.05 pe1/g. These concentrations are typical of the radion­

nuclide levels normally encountered in surface soils. 

Radioactivi ty levels in baseline water 

Iable l-e. Ihe gross alpha and gross beta 

0.55 to 1.87 pCi/1 (picocuries per liter) 

samples are presented in 

concentrattons ~anged from 

and <0.63 to 14.3 pCi/l, 

re~PQQ~ively. Thcoc arc typical of conccn~rationo normally o~curring in 

surface ·"ater. 

Direct Radiation Levels 

Direct radiation levels, measured at approximately 40 m grid intervals, 

are p~esented i~. Table 2. The gamma exposure rates at 1 m above the surface 

ranged from 6 to 9 J.lR/h (average .s ).tR/h); contact gllll!l1la exposure rates and 

beta-gamma dose rates at these locat:'ons ranged from 6 to 9 ~R/h (average 8 

~R/h) and 6 to 30 urad/h (average 17 urad/h). respectively. 

Beta-galDllla messurements performed with the G-M detector shielded 

averaged approximately 2070 less than those with the unshielded detector. This 

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

nonpenetrating beta or low-energy photon radiations. 

The walkover survey identified several areas on property W with elevated 

surface radiation levels. These areas are indicated on Figure 4, and 

associated radiation levels are presented in Table 3. 

Gamma exposure rates at contact and at 1 fD abo'le the surface at ctlese 

locations ranged from 17 to 76 uR/h and from 10 to 27 uR/h, respecti vel),. 

Contact beta-ga"""" <lo~ .. ,,;>t .. ~ """S .. <I from 110 to 250 ~rad/h. The: maximum 

contact radiation levels were at grid location 83N, 260W. This area and most 

of the other areas identified by the surface scan were associated with small 

mounds of earth along the West Drainage Ditch. These 1l1Ounds are likely 

sediIl!enc <!redged from the ditch during previous cleanout of this crainage 

pathway. 

6 



Direct radiation levels were not reduced 'oy sampling; ac tnOS~ locaHonS 

~evels actually increased following removal of soil samples. This sugges ts 

that the contamination i;: these areas ext:ends greater t:han 15 em below the 

suriace and/or is diffused rather than in discret:e particles. 

Radionll~lid~ Con¢antrations in SurfacQ So~l 

Table 4· lists the concentrat:i.ons of radionuclides measured in surface 

soil salr.ples collected from approximat:ely 40 m grid intervals. Ra-226 

concentrations ranged from <0.15 to 1.23 pCi/g - not $l.gni£:lcantly different 

from baseline levels. Other radionuclides in these samples were also in the 

ranges of baseline concentrations. 

Rad1onucl1de concenCrat10ns in surface soil samples, collected from 

lo""eioo$ of elevate<.l ,'"<.l.l,,U<>u lev<!b a«! presenl;ed. in Table', !be samples 

contained Ra-226 concentutions ranging from 25.3 to 102 pCi/g, The highest 

concentration WA!'! """"sured in sa .. ple B3 from g-rid location 8111, 2521<. Thi" 

sample was from one of the mounds of eart:h along the West Drainage Ditch. 

Levels of U-235 and U-238 were also elevated in t:hese samples; however, Ra-226 

is the most significanc rad~onuclide. Sample B6 fro .. location 99N, 240W was 

also analyzed for Sr-90 and found to contain only a small level 

(0.35 ! 0 •• 9 pC1/g) of this radionuclide. 

BorehOle uamma-logging Measurements 

Camma acintillatiQn meaaurement.s perfol"UJlI;u in bvt:ldhQl~~ indicated no 

subsurface contamination in most borehole locations and that contamination in 

the mounds of dredied di tch sediments i. 11mi t .. rl to th" "PI''''' hO-90 <:m, 1..,,­

the app:oltimate depth of the moundS. As evidenced by soil sample analysiS, 

the gamma count rates determined by the borehole measurements loIer:e reliabl,,­

indicators of elevated $ubsur:f ace radionuc11de levels. However, the 

gamma-logging data were not used to quantify radionuclide concentrations 1:1 

the subsur! ace soil, because of the varying ratios of Ra-226. U-235, U-238, 

and :s-137 occurring in soils from this site . 

• , 



Radionuclide Concentrations in Subsurface Soil 

Table 6 presents the radionuclide concentrations measured i~ 80il samples 

from boreholes. The five boreholes (H1-H5) at locations selected to provide a 

repres.entative coverage of the property, had subsurface radionuclide 

concentrations eithl:!L' 1u tht.:: J,;'ange of bdBeline sampletl or let,i:\5 tha.n the 

minimum detectable activity (MDA). 

Boreholes H6-H8 were at locations where the walkover scan had identified 

possible contamination. Subsurface samples from these boreholes contained 

Ra-226 levels ranging from 1. n to 81. 5 pCi/g; however, only one of these 

samples (at the 0.15 em depth in borehole H8) exceeded 4.20 pCi/g. Samples 

from the surface and at 15 em deep in borehole H8 contained 5r-90 

concentrations of 0.35 :! 0.19 and 0.23 + 0.18 pCi/g, respectively. 

Concentrations of other radionuclides were much lower, moat being in the range 

of baseline samples. 

Radionuclide Concentrations in Subsurface Water 

Water samples obtained from three· boreholes contained gross alpha and 

gr·oss beta concentrations ranging from <0.66 to 7.09 pC!/l and from 

1.00 to 6.88 pC1/l, respectively. Since concentl:'ations were below the EPA 

drinking water criteria of 15 pCl/l gross alpha and 50 pCl/l gross beta, no 

additional isotopic analyses were performed on these samples. 

COMI'AU:;ON O~· :;UKVo;y Kh:~ULT:; WITH GUIDELINES 

The guideline" applicable to cleanup of the off-,,1tc pt'ope .. tice o.t 1>."5S 

are presented in Appendix B. ~he ~ximum gamma exposure rate measured at 1 m 

abolle the surface was 9 uRih - not s1,mficantly different from background 

levels and well below the 60 uR/:~ Nuclear Regulatory Commission criteria for 

open land areas. 

The results of the walkover surface scan and analysis of soil samples 

from selected locations of elevated direct radiation levels ~ndicate that 

isolated areas of Ra-226 surface soil contamination, averaged over 100 m2 , 



exceed 5 pCi/g above baseline levels. these areas. 

associated with small mounds of earth. apparently 

Drainage Ditch and located along the east bank of 

shown on Figure 7, are 

removed from the West 

the ditch. Subsurface 

measurements and samples indicate that concentrations of Ra-226 exceeding 

IS pCi/g are within 0.5 m of the surface and are limited to a small area. If 

averaged over an area of :00 [D2, th~ l.:.uuct!uLral..luu wl,)ul<.l nul exc.~ed t..he 

15 pCi/g criteria. Concentrations of other radionuclides :0 surface and 

Subsurface water samples from three boreholes were within the EPA Interim 

Drinking Water Standards of 15 pCi/1 gross alpha and 50 pCi!l gross beta. 

SUMMARY 

A comprehensive survey of off-site property ~ at ~he Niagara Falls 

Storage Site Was conducted during July 1983. The survey included surface 

radiacion scans, measurements of direct radiation levels, and analyses of 

radionuClide concentrations in surface and subsurface soil samples and in 

subsurface water samples. The West Drainage Ditch is already scheduled for 

cleanup and resurvey by Bechtel National. Inc. and was therefore not included 

in the ORAU survey. 

The tesults of the survey indicate small 1llOunds of earth, apparently 

dredged from the West Uralnage Uttch, containing Ka-2Zb concentrations 

elCceeding the cleanup criteria of 5 pCi/g for surface so11s. These areas, 

shown 0" Figur<! 7, cover appro"im4tely 80 m2 and Qvcrngc appro"im4tcly 1$ CCl 

deep. About 12.5 0
3 of soil would have to be removed to bring this property 

into compliance with criteria for unrestricted use. 

Al though there are small areas of contaminated residues .on portions of 

this property. the contaminants do not pose potential health risks. There is 

no evidence that migration of the radioactive materials is adversely affecting 

adjacent properties or the ground water. 

q 
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-, 

Lucation a Exposure Rate b 

(I'R/h) 

1 6.8 
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 6.7 
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 

TABLE I-A 

BACKCROUND EXPOSURE RATES 
AND 

RADIONUCLIDE CONCENTRATIONS IN BASELINE SOH SANPLES 

Radionuclide Concentrations (pCi/g) 
Ra-226 '~--ij:235-~-11-238----- Th-2.12 

0.74 ::t 0.16" <0.19 <'2.89 0.70 + 0.46 
0.15 :t 0.19 <0.19 <3.35 0.86 IO.24 
0.71 ±.O.IS 0.46 ±. 0.41 ().72 0.88 ±. 0.33 
0.67 :!. O.IS <0.22 <4.10 1.18 ±. 0.35 
0.70 :!. 0.16 <0.17 <3.34 0.68 ±. 0.24 
0.50 ! 0.15 <0.16 <2.33 0.52 ±. 0.38 
0.63 :!. 0.13 <0.17 <2.73 0.83 ±. 0.24 
0.59 ±. 0.12 <0.14 <2.20 0.54 ±. 0.23 
0.63 :!. 0.20 <0.23 <4.16 0.83 .!. 0.38 
0.70 ±. 0.16 <0.19 <2.98 0.59 :t 0.25 

<0.09 <0.19 <2.83 0.49 :!:. 0.31 
0.48 ±. 0.13 <0.16 (2.84 0.65 ! 0.26 
0.57 !. 0.1'0 <0.17 <2.36 0.49 ±. 0.11. 
0.68 ±. 0.17 <0.19 <3.24 0.67 ±. 0.25 
0.65 !. 0.]4 <0.17 <3.20 0.72 !. 0.35 
0.91 ±. 0.17 <0.71 <3. SII 0.83 !. 0_28 
0.48 ±. 0.14 <0.16 <2.73 0.J2 ::t 0.22 
0.73 :t 0.16 <0.18 6.26 :t 9.23 1.01 !. 0.44 
1.22 :!:. 0.22 <0.23 <3.79 1.0B :!:. 0. 1,9 
0.83 .:!:. 0.17 <0.21 <3.59 0.84 .! 0.29 

<0.09 to 1.22 <0.14 to 0.46 <2.20 to 6.26 0.32 to 1.16 

Q Refer to figure 0. 
b Hca£ured at 1 ID above the surface. 
C Krrors arc 2u based on CDu"tiog statistics. 

--_. --_ .. -
Cs-lJ 7 

------
0.29 :t 0.08 
0.24 :to.OS 
0.34 :t 0.09 
0.12 ! 0.07 
0.14 ±. 0.07 
0.17 ±. 0.09 
0.35 ! 0.08 

<0.02 
0.69 1. O.ll 
0.69 + 0.10 
0.48 :t 0.14 
0.68 .±. 0.10 
0_41 i. 0.08 
0.70 ! 0.10 
0.23 .±. 0.08 
0.61 .±. 0.09 
0.38 !. 0.08 
0.32 ± 0.12 
1.05 =- 0_13 
0.08 :':. 0.07 

<0.02 to 1.05 

-----



TABLE 1-B 

RADIONUCLIDE COllCENTRATIONS IN BASE::..I:lE WATER SAMPLES 

Locat:'ona Radionuclid~ Conepntr~r~on~ (pC~Jl) 

W1 
W2 
W3 
W4 
W5 
W6 
Vl7 

Range 

Gross Alpha 

0.95 ±. 0.93 b 
0.95 ±. 0.94 
0.55 ±. 0.78 
0.63 ±.0.89 
0.73 ±. 0.68 
1.87 ±. 1.84 
1.16 ±.O.C6 

0.55 to 1.87 

a Refer to Figure 6. 
b Errors are 20 based on counting statistics, 

18 

Gross Been 

4.79 ±. 1.15 
9.17 ±. 1.31 
2.73 :!:. l.OS 
5.37 ±. 1.17 

<0.64 
14.3 .±. 2.4 

<0.63 

<0.63 to 14.3 



Gd" 
Location 

0 ,24aW 
0 ,Z80W 
0 ,320101 
Co ,360101 
0 ,3801< 

40N,240W 
40N,280W 
40N,320W 
40N ,350101 
80N,240W 
SON ,280101 
SUN ,JUU\;' 

120N ,2401." 
120N ,278101 
160N ,240\,' 
200N ,235W 

TAlILE 2 

JIRECT RADIATION LEVELS MEASURED 
AT APPROXIMATELY 40 ~ GRl~ INTERVALS 

C.amma E:1I';P"t;1.1"t"~ G~mm.Q "SxfJo~ttrf.:l: 

Rates at I m Above Rates at 
the Surface the Surface 

(uR/h) ( ~R/h) 

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

19 

R~t:a.-r,.amma Dos.:>. 

Rates at 1 cm Above 
the Surface 

( urad/h) 

7 
6 
6 
6 

30 
16 
11 
14 
26 
19 
17 
30 
26 

8 
22 
21 



'0 a 

TABLE 3 

DIRECT RADIATION I.EVELS AT LOCATIONS 
IDENTIFIED BY THE WALKOVE~ SURFACE SCAN 

Grid 
Point 

r:~poBure Rate (~R/h) 
Contact I In above 5urfac-": 

Surface Dose Ral~ 
(~rad/h) 

Samplea 

Ide"Liflc~lion 

4MI,?4i\W 22 10 110 BI 
BO-B3N,251-255W 29-68 ··--b 

BON,253W I j ] 27 160 B2 
SIN,252W 6B 27 120 83 
81N,254W 53 23 220 84 
83N,260W 76 20 250 B5 
95N,250W 54 

97-102N,23B-242W 17-45 
99N, HOW l,S 21 130 B6 

QR-101N.250-253W 29-55 
100N,250W 36 
10211,2521< 55 
IO?)l.?~lW 42 

a ~l1j 1 rnncentrations presented in Table 4. 
b Dash indi cates rneilSlJrcmcot or sampling was not performed. 

Contact Exposure Rate 
after 

Sample Removal (~R/h) 

17 

40 
90 
57 
90 

68 



Grid 
Locat ion 

o 2401,1 
o 28011 

o 320W 
o 360W 
o 380W 

40N 21,01, 
40N 280W 
1,01'1 320\,1 

40N 350W 
80N 240W 
BON 280W 
UON 3001< 

120N 240W 
llON 278W 
160N 240W 
200N 235W 

TABU, 4 

RAOlONUCLlDE CONGr;NTHATIONS IN SURFACE SOIL SAMPI.ES 
FROM APPROXHtATELY 1,0 M (;RIfI iNTERVALS 

Radionuclide Concentrations (pCI/g) 
""'R-a-""""'2'"'Z:"76----'-'= \1-235 \1-238 

1.21+0.28 U 

1.0.3 :j: O~~l 
0.87 :; 0,19 
0.54 + 0,18 
1.00:;:'0.20 
0,58 + 0,22 
0,68 + 0.20 
1.00:j:O~H 
0.82 :; 0.22 
0.71 + 0,25 

<0-:-15 
0.68 + 0.21 
0.80 :; 0.24 
0.51 + 0.23 
0.58 + 0.17 
0.58 + 0.18 

(0.22 
<o.,g 
(0.29 

0.33 + 0.1,0 
o .~q :; 0.107 

<0-:-17 
(0.29 
(0.22 
(0.28 
(0.22 
<0.21 
<0.27 
<0.27 
<0.27 
<0.19 
<0.20 

<\1.78 
<0.86 
<1,.92 
(0.63 
<0.74 

0.96 + 0.92 
4.67 :; L6B 
0.94 + 1.66 
3.06 :; 1.31 

<0-:-65 
), 58 + \.97 

<0-:-83 
<0.85 
<0.85 

1.63 + 1.67 
2.14 .! LIZ 

~ Errors err. 20 based on counting statistics. 

Cs-137 

0.83 + 0.11, 
I.n + 0.16 
0.65 +" 0.14 
0.81 + 0.11 
0.33 ±: 0,10 
0.]6 t O.tS 
0.42 "+ 0.09 
O.H + 0.15 
0.42 :; 0.09 
0.5',+0.11 

<0-:-08 
0.38 + 0.09 
0.22 "+ 0.08 
0.43 + 0.09 
0.39"+ o.n 

«()-:-03 
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ThllLE S 

RADIONUCLIDE c()NCENTRATIUNS IN SIIKFACE SAMPLES 
FROM Se:LECTPn 1.0(!ATTONS TnTmTHI ED BY '!'m: WAI.KOVER SCAN 

Sample Grid 
Identificatioll Location Ra 226 

BI 46N,246W 55.0 + t.B~ 
B2 HON,25JIJ fll .11 + I.~ 

B3 BIN,252W 102 '+ 2 
B4 SIN,254W 66.1 "+ \.8 
BS B3N,260W 2<;.3'+ 4.q 

B6c 99N,240W 91." "+ 2.1 

a Refer to Ta~le 3 for direct radiation lev~ls. 

b Errors are 20 oased 01\ counting stat1sticA. 
c Also contains 0.35 ~ 0.19 pCI/s of Sr-90. 

kadionuclide Concentrations ( £Ci/!;)a 
!l 235 U-238 

I.B3 + 2.30 0.66 
(1-=-47 9.31 + 5.68 
<1,30 0-=-58 

4.14 + 2.21 4.73 + 5.30 
7.0S +" 1.94 IO.S +" 11.4 
1. 36 ~ 2.60 <4-.67 

Cs-137 

0.51 + 0.17 
<0.16 

0.90 + 0.23 
0.80 +" 0.17 
1.64 I 0.40 
1.31 + 0.26 



TAHLE 6 

RAD IONUGL ID~; CONCHNTRATTIlNS [N BOREHOLE SO II. SIIMPLES 

~-,~~---

Borehole Grld Depth Rad J ,mucllde Concentrations ( I!cl/!!) 
No. a LOC':A.tion ( rn) Ra-226 U-235 U-238 Cs-IJ/ 

III 4N,351W Surface 0.81 + 0.33 h «(l.27 (0.88 0.Z8 + 0.10 
0.5 0.95 I 0.23 (0.19 (0.110 (0-;-04 
I .fl 1.29 + 0.13 (0.35 2.70 ±. 2.27 (0.05 
2.0 0.81 I 0.20 <0.31 1.35 + 0.96 <0.04 

112 20N, ?36W ~,.rf~('"fJo 0.11\ + 0.211 (0.31 0.1l3 + 1.85 0.37 + 0.11 
0 .. 5 1.00 :;: 0.26 <0.24 <0'~85 <0.01, 
\.0 0.69"+ 0.\6 <0.28 <0.115 <0.03 
?O 0.~5 :±: 0.\6 <0.18 1.511 ±. 1.83 <0.03 

" 113 !'ON.335W Surface 0.68 + 0.26 (0.19 1.84 -t 1.38 0.15 -t 0.06 c·, 
0.5 1.15:;: 0.26 (0.33 <1-:-06 (0-:-04 
1.0 0.83 +" 0.23 (0.20 <0.70 (0.02 
2.0 0.88 10.24 (0.28 <0.95 (0.04 

!II, IIBN,25SlI Snrface 1.01 + 0.29 <0.27 (0.87 <0.0 /, 
0.5 0.65 +" 0.23 (0.22 1.79 -t 1.50 <0.04 
Lfl fl.lI~ :;: fl.1'i (0.27 (0.80 (0.04 
2.0 0.85 IO.18 <0.19 0.94 + 1.42 <0.03 

H5 160N, ~29W ~ltrfs:1l"",p fl.lIl + O.?fl (fl .?~ I .1fl + 1.1.1 0.12 + 0.111, 
0.5 0.79"+ 0.2\ <0.21 <0-:69 <0-:-03 
1.0 1.01 :;: 0.24 <0.26 2.19 l- [,93 <0.04 
2.0 fl.9R l 0.19 (O.2'i 1.72 l I.R I (0.04 

!l6 411,235>1 Surface 4.00 + 0.49 <0.29 1.75 + l.B9 0.25 + 0.08 
0.1 1 .1~ +" fl.1~ <0.211 (0-:-92 (0-:0 /, 
0.6 1.29 I 0.25 (0.26 1.61 .! 1.77 0.08 + 0.13 



TABLE 6, Cont. 

RAllIONIICI.!DE CONCENTRATIONS IN BOREHOLE SOIL SAMPLES 

Borehole 
No. 

Grid 
Location 

Depth Radionuclidc Conccu t:t' u tiona (pCi/g) 
(m) Ra-226 U-235 

H7 8IN,252W Surfal:e 102 + 2 (1.30 
0.15 J.93 "+ 0.44 (0.39 
0.5 2.19 "+ 0.30 (0.33 
2.0 l'.01 "+ 0.24 (0.29 

HS~ Surface 91./1 + 2.1 !. 36 + 2.60 
0.15 81.5 "+ 2.0 3.23+2.51 
0.5 3.59"+ 0.44 <0:-30 
1.0 1,.20"+ 0.49 <0. 1,0 
2.0 .2.38"+ 0.29 0.33 + 0.54 

a Refer to Figure 5. 
b Error~ arc 20 based on counting stallsllc~. 
c Also ~ontain~ 0.35 + 0.19 pCi!g of Sr-90 at ourfacc and 0.23 + O.IS pCl/~ 

of Sr-?O at 0.15 m dept h. 

U 238 

0.58 
1.60 + 2.02 
0.90 "+ 1.45 

(0-:-94 

<4.67 
<4.39 
<0.86 

J.lS + 1.44 
<0-:-73 

.uu. _____ 

Cs 131 

0.90 + 0.23 
n.20 "+ O.M 

(0-:-05 
(0.04 

i.3i 1- 0.2.6 

0.42"+ 0.18 
<0:04 
<0.04 
(0.04 



tv 
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TABLE 1 

RADlONUGLIDE GONCENTKATlONS IN BOREHOLE WATER SllMPLES 

Sample 
Identifl.ellrlon 

WI 
WZ 
!J1 

Sample 
Type 

Subsurface (Borehole !l2)a 
Subsur (ace (BurdlOle 113) 
SuhHnrf ;:tre (Bor~ho Ie H5) 

a Roe-fer l ("II Pf .e:"l·~ 'L 
b Errors are 20 b,,"ed on counting statistics. 

Gdd 
weation 

20N,236W 
ItON,335W 

160N .229W 

Radionucllde ConcentratlonH (pCI/I) 
Gruss All''''' Gross Beta 

<0.66 
7.09 + 3.88 
4.2J ± 1.49 

----------
1.00 + 1.08b 

6.88 "+ 3.61 
6.621: 1.42 
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APPENDIX A 

~N:;Tl{UMMnAnUN IINV ANALYTICAL PROCEDURES 



APPENDIX A 

!nstrumentat~on and Analytical Procedures 

Gamma Scintillati'on Measurement 

Walkover surface scans and measurements of gamma exposure rates were 

v~rformed using Eberline nodel PRM-o portable ratemeter~ w1th Vlctoreen Model 

489-55 gamma scintillation probes containing 3.2 em x 3.8 em NarC!l) 

g~intillat1on Qrystals. Co~nt rat~. ~e~e ~onverted eo exposure level. (~R/h) 

using factors determined by comparing the response of the scintillation 

detector with that of a Reuter Stokes nodel RSS-Ill pressurized ionization 

chamber at several locations on the NFSS and off-site properties. 

Beta-Gamma Dose Rate Measurements 

Measurements "'ere performed using Eberline "Rascal," Model PRS-I, 

portable scaler Iratemeters with Model HP-260 chin-window, pancake G-M, beta 

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

a Viccoreen Model 440 ionization chamber survey meter to chat of the G-M 

probes. 

Borehole gamma radiation measurements were ~erformed using a Victoreen 

Model 489-55 gamma SCintillation probe, connectd to a Ludlum Model 2200 

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

shield "'ith four 2.5 cm x 7 mm holes evenly spaced around the region ot the 

scintillation crystal. The probe '.las lowered into each hole USing a tripod 

hQlde. wich a ~wall win~h. The length Qt ,he hQl~ wa~ ~canncd and 

measurements were performed at 15-30 em intervals in all holes. The logging 

MAt"fI W~1"e! 1.1!!C~d r.n i "'Anti fy T"p.:gtom; of possible residues and guide the 

selection of subsurface soil sampling locations. Due to the varying ratios of 

Ra-226, U-23S, U-238, and Cs-l37 there was no attempt to estimate soil 

radionuclidc concentrations directly from the logging results. 
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Soil SalllpleAnalysis 

Soil samples were dried, mixed, and a portion p::'aced in a D.5 liter 

Marinelli beaker. The ~uantity placed in each beaker was chosen to reproduce 

the calibrated counting geometry and typically ranged from 600 ~o 800 g of 

soil. :<let soil weights were determined and sam.,!es counted using SOl1.d 

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

I1<>d"l ND-680 pulse height; dua.ly"el; 3YBtem. ll .. "ks"ound an<l Compton "tripping 

peak search, peak identification, and concentration calculations were 

p .. rfo,.", .. rl "~i"'g th .. ",ompllt"r capabilities inherent in the analyzer system. 

Energy peaks used for determination of radionuclide$ of concern were: 

Ra-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) 

Cs-137 - 0.662 MeV 

Strontium-90 analysis was performed following standard procedures 

spe~ified in "Radiochemical Analytical Procedures for Analysis of 

Environmental Samples," EMSL-LV-0539-17, March 1979. 

Water Sample Analysis 

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

Remaining suspended solids were removed by subsequent filtration through 

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

concentrated nitric acid. A known volt.:me of each sam.,le -.,as evaporated to 

dryness and counted tor gross alpha nnd grooo b",,, using d Tennelec 

Model LaStOO low-bac~ground proportional counter. 

Calibration and Quality Assurance 

With the exception of ~he exposure and dose rate conversion factors for 

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

instruments were calibrated with NBS-traceable standards. The calibration 

procedures for these portable inscruments are described above. 
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Quality contro: procedures on all instft:ments included daily background 

and check-sourc~ measurements to confirm lack of :nalfunc:ions ana. 

nonstatistical deviations in equipment. The ORAU laboratory participates in 

the EPA Quality Assurance Program. 



APPEKDIX B 

SUMMARY OF RADIATION GUIDELINES 
APPLICABLE TO OFF-SITE PROPERTIES AI THE 

tlIAGARA FAlT.S 'l1'ORAC:F. ST1'F. 



D. S. D!PARM!'T or ES'tRGY 

R!:SIDliAL CCN7 ..... '1INA TI O~; ,,"\1) '..lASH CO!\'TROL CRITERIA 
FOR 

fO~~RLY UTILIZED SITES P~MIDIAL ActlON PROG~~ (FUSRAP) 
AND 

RLXOTt SURPlUS FACILITIES P~vtMtN! PROGR&'1 (SFX?) SITES 

Presented here are the residual contac1nation cleanup and ~3ste control 
criteria of ~@neral applicability to the FUSRAP ~roject and rem~te SF~ 
sites-' • 

~ith the exception of li~its for radi~-226. the so~l residual contaoinaeioD 
criteria vere developed on the basis of limiting ~axi~um individual radiation 
exposure to DOE limits specified in DOE Order ;480.1A exclusive of exposure 
fro~ natural ba~kground radiation or medical procedures. The aggregate of the 
contr1bution from all ~ajor pathways, based 00 scenarios for permanen: 
intrusion, e'i-, establishing residences on the site, has been assumed. In 
m::>st circI.CsCAnces. the probabflity 1s 10'0' that such an int.rusion will occur. 
Aluo, ~OP3erY4tive eS$u=ption~ ~ere u5ed ir. deri~ing ~hc~e cr1~er1a to ensure 
that a particular dose limit vould not be exceeded. Use of these criteria is 
add:itioo.311:: tonser"\,arive because the pathways cons;ldered in the deri.at!oo of 
the cri~~ri2 aS$t~e all water i~~ak~ and ~ost food intake is froc the site. 
Also, the sites often have limited agrlcultural capability and the 
contamination is generally not homogeneous. The combined effect of these 
factOrs 1s such that the probable radiation ex?osure to the aye rage population 
on, or in the vicinity of, rUSRAP sites decontaminated to these criteria li~its 
will not be appreciably different from that normally received from natural 
background radiatioo. 

The residual contamination criteria for surf2~e contwnination of structures 
~ere developed fro~ a proposec ANSI standar~' modified as appropriate to be 
consistent; -.rith DOE Order 5~80.1A and the spec:!.!!" needs Qf FUSRAP for 
cost-effective, workable guidelines yhich provide an adequate safety margin. 
The vaste control criteria are consistent y1th applicable DOE Orders and EPA's 
r.gulation$ for inaetiv$ ur~n1um ~llina ~t.~~. ~O eFR 192. 

1 ' -' A re~ote SfY~ site 1s one that is excess to DO! ?rogra~atic needs and is 
located outside a ~ajor operating DOE R&D or production area. Remote sites 
3r~ oore likely to b~ released to the public or excessed to other sovernment 
agencies after deconta~ination than are sites located with major RQD or 
production areas. 

'!! A.'1S1 :iD.IZ (proposed) -- an adapta1:10n [0 be applied, as appropt".iace.. 
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A. JU;SIDl'Al CO~"lA.~ISA110~ CRlTEF,I'" FOP. FOP.~RLi' \'"llLlZED SIT:::S A::r; P.E~C·n: 
S~'!l.l'Lt'~ rACILITl!:S r.Al\AC;E~:;-: ~ROC;P.AX sr::::::s 

The £oll;)\'-~:1g cri teria represe:1t the maximu:o 'residual conta:;.inatio:1 liei ts 
for unrestricted use of land and Sttuctures CC:1tam1nated with !adi~nuc11de5 
rtlated to the nuclear fuel cycle at FUSRAP ace remote SFM? 6ites. It i~ 
the pol1e)' ot I);)L to ceeocta::linate $ites to cont.ac:1I!a~10n levels at or 
bela." :ht' 2i.mic$ and ln 8 llI<Jt1ner ct:Jr;sistetlt ,.:1orb DDE's 
as-lo~-af-is-reasonably-ach1evable (ALAP~) policy. Residual conta:ina:ion 
1~m1ts fOT !;her nuclide. will be developed v~cn required ~.ins the s~~ 
methocolog~~ as Wes used for those represented here. 

1. Soil (Lane) Criteria (Xaxi~uc L1~!ts for Unrestricted Use) 

Radic:'luclide 

,. \' 151 
u-"atUL'a -
U-23~' 
U-23t.Y 
Th-23c21 
~-226 

U-23s!1 
Pa-231 
Ac-227 

Th-232 

Am- 24l S/ 
Pu-241-
Pu-238, 239, 240 
Cs-137 
Sr-90 
H-3 IPClh",l SQ;il .. ois""r .. ) 

YDescribed 1n ORO-B3i and ·:lRO-832. 

21 31 41 
Soil Cr1ter12- '- '-
(?Ci/~ above baekg~ound) 

75 
150 
150 
15 

5 pCi/g t ave~~ged over the 
first 15 ~ of soil belo~ 
che s<.:r:!ace: 15 pel!1; ~"nei!:l 
a~era2ed over 15 C~ .hick 
soil layers ~ore than 15 ~ 
belov the .urface a:1~ less 
than 1.5~ belov the surface. 

140 
40 

190 

15 

20 
800 
100 
80 

10C 
~,200 

!/ln the event of occurrence 0: mixtures 01 radionucliceS. tne 
fraction contributed by each radionuclide to its limit shall be 
dete~1ned. and the sum of these fractions shall not exceed I. There 
.are t .... o 6pec.1al cas~~ for: ~hidl this ~1J.le: wuSt be modified; 

B-2 



(a) If Ra-Z26 is prtsent, thee the fraction for Ra-226 .hould not be 
included in the &u~ if the Ra-226 concentration 1$ less than or 
equal to the Th-230 concentration. If the Ra-226 concentration 
exceeds the Th-230 concentration, .then the sum shall be 
evaluated by replac~n& the Ra-226 concentration by the 
difference bet~een the Ra-226 and Th-230 concentrations. 

(b) If Ac-227 is present, then the saQe rule g1~en in (a) for Ra-226 
relative to Th-230 applies for Ac-227 relati~e to Pa-23l. 

31 - Except for Ra-226, these criteria represent unrestricted-use 
resldual concentrations above hackground averaged acro~$ any 15 em 
thiek layer to any d~pth ~nd over ~ny CQnt1guou~ 100 m- S~~£4ec draa. 
The same conditions prevail for Ra-226 except for so~l layers b~neath 
1.5 m; beneath 1.5 m, the allo~able Ra-226 concentration may be 
aff~cted by s1te-~~Qcific eondition~ and mll~t b@ ~valuaLed 
accordingly. 

41 
- Localized concentr~tions in excess Of these limits are allo~able 

provided that the average over 100 m is not exceeded. 

~/A curie of natural uranium means the sum of 3.7 x lOla 
dis1nce&rations per seco£d (d1S!S) from U-Z38 plus J.1 x lOla dis!s 
froll! ll-234 plus 1.7 x 10 dis/$ hom U-235. One curie of natural 
uran1~ is equivalent to 3,000 kilograms or 6,600 pounds of natural 
UI';o."i=. 

6 1 
-' ASSUmes no other uranium isotopes are present. 
7/ . 
- The Th-~30 guideline is 15 pC1/g to account for ingrowth of Ra·22E 

as Th-230 decays. Ra-226 is a limiting radionuclide be~ause its 
decay product is Rc-Z22 gas. 

!/The Pu-241 criterion was derived from the Am-241 concentration. 

~. Scructur~ Criteria (Maximu~ L1mit~ ior Unr~str1ct~cl Use) 

a. Indoor Radon Decay Products 

A structure located on private property and intended for 
u~restricted use shall be subject to remedlal action as necessary 
to ensure the annual average concentration of radon decay products 
is less than 0.03 WL ~ithin the structure. 

b. In~oor Ga~=Q Radiation 

The indoor gamma radiation after decontaminat1on shall not exceed 
20 microroentgen per hour (20 ~R/h) above background. 
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c. Il1't!oor/Outcioo'l' Structure Surface Cor.ta:::.ir.ation 

Rad1""ue11des 

Group 1: 

Ra~ionuclide5 for which the 
uncontrolled area concentration 
g'~ide !It,air a~ove backg~ollncFl is 
2 x 10 - Ci/~ or less Or for 
~hich the uncontrolled area con­
centration2~uide in wa~,r abo~e 
backgroun~ 1S 2 x 10 eiie 
or less; includes Pa-231, Th-228, 
Th-230, Ac-227, Ra-226, Ra-228, and 
Pb-210. 

Group 2: 

Radionuclides not in Group 1 for 
which the uncontrolled a~ea con­
centra2~on guide 1~1~ir ab~ve back­
groun~ is 1 x 10 Ci/~ or less 
or for ~h1ch the uncontrolled area 
concentrat;9n guide in_;ater ~bove 
oaCkgrouu~ 1$ 1 x 10 ~1/~ or 
less; includes U-Z32, U-23B, Th-232, 
Ra-22J, and Po-210. 

Group 3: 

Those r~dionuclid~~ no~ t~ Croup 
1 or Group 2; includes U'234 , 
U-235, and Ra-224 
and all other beta-gacca e~1tters. 

Allo~able Sur!ace 1/ 
R~~idu41 C~nta~1nati~~ .. (dp=/lOO C~ ) 

Total 

100 20 

1,000 200 

5,000 1,000 

11 The levels may be ;weragec over 1 ~2 pro .... 1ced the ma:-:imlJl1! 
activity in any area 01 100 cm- 1s less tr.an 3 t~~e$ the 11m!t 
value; dp~ • disi~tegrat1o~s per minute. In the e~ent of 
occurrence of mixtures of radionuclides, the fraction contributed 
by .... ,,11 ra.ti"uu~l1,je to i~,; l1wit shall be uet",,,,,ined, and "he 
sum of these fractions shal! not exceed 1. 

~/Given in Attach~ent 1 to Chapter XI, Table II, DOE Order 
.5480.1A. 
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13. COlITROL or RAD10ACtlvt IIASTES A.l1'D P';:SIDl.'tS FRO!"! F'US1'..AP N:)) P';:~OTE SFMl' 
SITtS 

S~.e!fied here ar~ the ~ontrcl requirements t~r1t@r1a) fo~ radioactive 
~astes and residues rela~ed to the nu~lear fuel cy~le at Fl.'SRAP and remote 
SFl1P sites. 

1. Interim Storage 

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

a. 5480.1A, Environmental Protection. Safety. and Health Prote~tioo 
Program fer DOE Operatlons. 

~. 5480.2, Ha:ardous and Radioactive Mixed Waste ~~nagement. 

c. 5Q83.1, Occupational Safety and Health Program for Government-o~~ed 
Contractor-Operated Fac1l1t1es. 

d. 5484.1, EnVironmental Protection. Safety, and Health Protectioo 
Info~ation Reporting R~quirements. 

e. 5484.2. Unusual Occurrence Reporting System. 

f. Control ane Stabili~ation features vill be d~signed to ensure, to 
the extent reasonably achievable, aD effective llfe of '0 ~~~~S, 
and in any case, at leest 2S years. 

g. ~n-222 con~entrat1oo3 in the s~mosphcre abOve fac~lity ,ur£aQQs O~ 
openings shall Dot (l) ex.ceed 100 pC1/1 at. any given pciot. or an 
average concentration of 3C pCi/l for the facility Site, lOr (2) 

. exceed an QVer8gp Rn-222 concentration at or above any location 
outside the facility dte cf 3.0 pCi!l (above background). 

h. For water protection, use existing state and federal standards; 
apply site-spec1fic measures where needed. 

2. Lcn~-Term ~~na~ement 

a. All ope:ational requ1rements speCl!leo tQr lnterim Storage 
Facilities (B.l) wil: apply. 

b. Con~rol and ~Lac111zation £e~tures ~il1 be designed to cnsvrc to 
the extent reasonably achievable, an effective life of 1,000 years 
and. in any case, at least 200 years. Other disposal .i~e desigp 
fcatl.lt"ec shall c<;>nrorm '-':lto. ~o erR l'~,.t 192 p"rforI:lance 
guid~lines/requirements. 
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c. Rn-222 emanation to the atmosphere frem facility surfaces or 
o?eni~g shall not (1) exceed an average release rate of 20 
pC1im Is, or (2) increase the annua: average Rn-222 concentration 
at Or above any location outSide the·facility site by more than O.S 
pC:!./!. 

d, For v.t&r prcte~~iont ~$e exi$~ing 't~te and federal ~~~nd~rd~: 
apply site-specific ceasures where needed. 

e. Prior to placement of acy.potentially biodegradable Contam!nated 
~astes in a Long-Term ~~nagement Facility, such wastes will be 
properly condit~oned to (1) ensure that the generation and escape 
of biogenic gases will not cause the criteria 1~ paragraph 2.c. to 
be exceeded, and (2) ensure that biodeSTadatlon within the facility 
~ill not result in premature structural failure oot in accordance 
~ith the criteria in paragraph 2.h.. 1£ biodegradahle ~astes are 
ccnd1t1oned by incineration, !nclneratlon operation~ ~111 be 
carried out in complianc~ with all applicable federal, state, and 
lOCal air ·emission standards and requirements, including any 
~t~nd~rd~ for radionuclides est~bl~shBd pur~u~nt to ~O CF~ Par~ 61, 
Nat!onal Emission Standards fo" Hazardous Air Pollutants (~~SP~S). 

C •• EXCEP:r!ONS 

1. Procedure -- Analysis 0: Site-specific conditions. 

2. Annlicability -- hnere health and safety yould be endangered,' or 
~here cost clearly outweighs benefits. 

D. CRITERIA 50~~CE 

Criteria 

Soil Cr:l teria 

Structure Criteria 

Control of Radioac~ive Was res ~nd Residues 

Inter1m Storage 
Long-Term Xanagement 

B-6 

Source 

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

40 eFR Part 192, 
proposec ~~Sl X13.12. 

DOE Orde~ S4~O.lA 
40 eFR Part 192 



Except! O:lS 

Procedure 
Appl1 ca bili t)' 

40 cn Part 192 
40 CFR Part 192 

l/7he ba~~< nf the r~<idual ~ontamination criteria are developed in 
ORO-831 as supplemented and ORO-832. 

I/Based on limitin~ the concentration of radon-222 decay produ~ts to 
0.03 ~~ within structureS. 
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