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COMPREHENSIVE RADIOLOGICAL SURVEY 
OFF-SITE PROPERTY F 

NIAGARA FALLS STORAGE SITE 
LEWISTON, NEW YORK 

IN7RODU CTI ON 

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

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

Ordnance Works (presently referred to as the Niagara Falls Storage Site 

(NFSS) and off-site properties) approxi:nately 3 km cortheast of Lewiston, 

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

I'esidues from uranium processing operations; however, they also included: 

contaminated rubble ar.d scrap :rom decon:missioning activities, ~iological 

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

fission-product waste hom contaminated liquid evaporators at the Knolls 

Atomic Power Laboratory (KApt) . Receip~ of radioactive waste was 

discontinued in 1954, and, following cleanup activities by !iooker Chemlcal 

Co., 525 hectares of the original 612 hectare sit~ were declared surplus. 

This propet'ty was eventually .sold by the General Serv ices AJ'.IIiu.i.~ tl.'at.i.uu to 

various private, commercial, and governmen~al agencies. l 

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

the NFSS, identified as off-site property F (see Figure 1). A radiological 

survey of that tract, conducted during April-June 1983, is the subject of 

t;his report. 

SITE DESCRIPTION 

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

approximately rectangular in shape (670 :n in length by 400 m wide on the 

western portion and 345 m wide on the eastern portion) and occupies an area 

of 24. a hectnres. It is bounded on three sides by roads - Castle Garden 

Road on the west, M Street on the north, and MacArthur Street on the east. 

'rhe soucherr. boundary is a securiLY fence sepnraLing seA properLy :rom the 

Jepartment of Energy's Niagara Falls Storage Site. The ?roperty is almost 

entirely occupied by landf ills, salts areas, and waste treo.tment ponds; 

much of the original land surface has been disturbed. There are no 
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permanent buildings on the site. !he land is essentially free of brush and 

weeds. The southwest corner of the ptoperty is covered by a swamp. 

Radiological History 

There LS no evidence or contaminated waste burials on property F. 

Howeve., it is li .. "ly chat portions of ?roperty F were occasiona:ly used 

for temporary storage due to its proximity to other properties, e.g. 

prope.rties C J 

radioactive loIaste 

Eo"", and the prescnt NFSS, where burial.!! 0'1; $t!;;q;Qge of 

were conducted. Contaminatior., if any, from previous 

activities has probably b""n 

the present occupants. 

contamination and elevated 

forming property ·~oundaries. 

rpln~Ar~rl riuriftB disturbances of the site by 

Previous surveys have identified spotty 

direct radiation levels along the streets 

(1-3) Higher radiation levels are present 

throughout the southern portion of the site, due to materials stored on tee 

adj acent DOE ?roperty. The K-65 storage tower. in particular, causes 

significant increases in direct radiation levels along the southern 

boundary. 

SURVEY PROCEDURES 

Th., comprehensive survey of NFSS off-site property F was perfor.ned by 

the Radiological Site Assessment Program of Oak Ridge Associated 

tlnive ... citico (OMU) , ci.u ... inS the periods of Ap>:il18-2? and June 1-3,198:3. 

The survey was in accordance with a plan dated March L4, 1983, approved by 

th~ n"l'artment of EneX"gy's Office of Nud .. " ... Energy. The obj"ctive and 

procedures from that plan are presented in this section. 

Objective 

The objective of the survey was to provide a comprehensive assesstcent 

of the ra<iiological conditions on property F. Radiological information 

collected included: 

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

rates j 
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2. locations of elevated surface residues, 

3. cor.centration$ of radionuclides in surface ane subsurface soil, 

and, 

4. concentrations of radionuclicies Ln subscrface water. 

Procedures 

1. Site Preparation 

A 40 m grid system was established by McIntosh and !1clntosh of 

Lu~kpurL~ ~y~ under ~ubcunLr~ct. 

Figure 3. In the southern portion of the property, this grid was 

subdivided into 20 m inte~~le by the eurvey te~ to p~ovide for 

additional systematic soil sampling in the areas of higher 

ambient direct radiation levels. 

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

1 1:1 above the surface at each accessible 40 m grid interval. 

Measurements were performed using portable gamma Nal (Tl~ scin-

tillation survey meters. Conversion of these measurements to 

exposure rates in microroentgens per hour (~R/h) was in 

accordance with cross calibration with a pressurized ionization 

chamber. 

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

surface at each. accessible 40 m grid interval. These 

measurements were conducted using thin-window «7 mg/cm 2) G-M 

detectors and portable 3caler/ratemeter~. At 3clectcd locutiOdn, 

measurements were also obtained with the detector shielded to 

evaluate cont~ibutions of non-penetrating bQta and low-energy 

photon radiations. Meter readings were converted to dose-rate in 

microrads per hour (urad/h). based on cross calibration with Ii 

thin-window ionization chamber. 

4. Surface (0-15 em) seil samples of approximately 1 kg each were 

collected at or [lear each accessible 40 m grid interval 

J 



ehrougnout the property ace at each accessible 2C ill grid interval 

on the southern po:tion of the ?roperty. 

S. Walkover surface scans were conducted over all accessible areas 

of the property. Scanning intervals were 1-2 m along roadways 

and 2-5 In on all other portions of the site. Portable gamma 

sCintillation survey meters were used for chese scans. Locations 

of elevated contact radiation levels were noted and surface 

6. Ae .elece~d locations 0: elevated surface r~diatio~ levels, 

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

were also measured. Surface soil samples were obtained from 

seven of these locations and, following sampling, the surface 

exposure levels were remeasured to evaluate the effettiveness of 

shallow sampling on removal of the radiation source. The 

locations where these additional measurements and samples were 

obtained are indicated on Figure 3. 

7. Detection Sciences Group of Carlisle, MA, performed ground 

penetrating radar surveys at locations selected for subsurface 

sampllng. The purpose ot these radar scans was to identify :he 

presence of underground piping or utilities which would preclude 

·"u."l1u1 .. drllllul!l' 

s. Borchalc5 were drilled to provide 3 mech$nism for logging 

subsurface direct radiation profiles and collecting subsurface 

~oll ::lnd watp,.. ,:::;t::lmplA~ ~ S~ven bcreholes were drilled to ground 

water depth (3-6 ml, by Site Engineers, Inc., of Cherry Hill. ~J, 

using a truck'"1llounted 20 em diameter hollow-stem (luger. The 

locations of these boreholes, shown on Figure 4, were selected to 

provide representative sampling of the property. Due to the 

presence of landfills and other waste handling areas, boreholes 

could not be drilled on the property interior without 

jeopardi2ing these control features. 



A gattma scan of each borehole was performed to identify elevated 

radiation levels, which would indi~ate subsurface residues. 

Radiation profiles i"" the borehol es were determined by 

measurements cf gamma radiation at 15-30 em intervals between the 

surf ace and the ho le bo ttom. A co~limated gam:u.a scintil:ation 

detector and portable scaler were used for these measurements. 

Ground water samples of approximately 3.5 liters each were 

ccllpl"'".tec from. the boreholes, l,,1oing (l hand ;'diler~ 

soil samples were collected from various depths by scraping the 

sides of the borehole with a sp""illlly o~nstruct"d sampling tooL 

9. Iwenty soil samples and Seven water Samples were collected from 

the Lewiston area (but not on the NF8S or associated off-site 

properties) to provide basel:'ne concentrations of radionuclides 

for comparison purposes. D~rect background radiation levels were 

measured at locations where baseline soil samples were collected. 

Ihe locations of the baseline samples nnd baCkground ~easurements. 

are shown on Figure 5. 

Sample Analyses nnd Interpretation of Results 

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

major radionuclidc of concern, althou.gb spectJ.'a Wldrt!l r~viewed for Cs-IJ7, 

U-235, U-238, and other gamma emitters. 

Water samples were analyzed for gross alpha and beta concentrations. 

Radium-226 analyses were performed on water samples exceeding "hp RPA 

dr~nking water standards for gross alpha activity. Analysis for 8r-90 was 

also performed on one sample. Additional informntion concerning analytical 

equipment and procedures is contained in Appendix A. 

Results of this survey were compared to applicable guidelines for 

formerly utilized radioactive materials handling sites as presented In 

Appendix B. 
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RESULTS 

Background ~evels ~nd Baseline Concentratio~s 

~ackground exposure rates and baseLine radioGuclide concentrations in 

soil, determined for 20 locations in the vicinity of NFSS are presented in 

!"ble i-A. E"I'03ure rate/! ranged from 6.8 co a.8 ~R/h (ty"ical levels [or 

this area of New York). Concentrations of radionuclides in soil were; 

Ra-226. <0.09 t~ \.22 pCi/g (picocuries per gr"m): U-235, <0.14 to 

0.46 pCi/g; U-238, <2.20 to 6.26 pei/g; Th-232, 0.32 to l.18 pCi/g; and 

Cs-137, <0.02 to 1.05 pCi/g. These concentrations are typical of the 

radionuclide levels no~ally encountered iG surface soils. 

Radioactivity levels ~n baseline water samples are presented ~n 

Table l-B. The gross alpha and gross beta concentrations ranged from 0.55 
to 1.87 pCi/1 (picocu=ies per liter) and <0.63 to 14.3 pei/l, respectively. 

These are typical of concentratiOns normally occurring in surface water. 

Direct Radiation Levels 

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

p.e5ent~d in Tabl~ 2. The gamma exposure rateS at 1 m above _he surface a_ 

these locations ranged from 5 to 30 lJ Rlh (average 11 )lR/h). At surface 

~ont~¢t the expOSuro r~tc" ranged from 5 to 31" R/h .... ith an avcrnge of 

11 wR/h, and the beta-gamma dose rates rang'ad from 6 to 51 ~rad/h (average 

21 lJrad/h). Dos .. "at" m"""",, .. ment. p" .. form .. d with the detector .h;ptded 

averaged approximately 20% less than those with the unshielded detector. 

This indicates only a small portion of the surface do se rate is due to 

nonpenetrat:ng beta or low-energy photon radiations. 

Direct radiation levels measured at the 40 m intervals were generally 

higher along the southern boundary, ?articularly near the southeast corner 

of the property. This is due to the radioactive K-65 residues stored in 

the water tower on the adjacent DOE property. Additional measurements of 

gamma eXposure rates near the south boundary fence indicate a maximum level 

of 42 "R/h at g=id point 350S,850B. Figure 6 shows tlle isopleths for 20, 

30 and 40 ~R/h at 1 m above the surface on property f. 



The ~alkover survey identified t~o areas of generally elevated direct 

radiation levels. These areas ~ere at grid coordinates 13Z-l40S,480-S05E 

and :24-1365, 520-532E. Contac: exposure rates at these locations ranged 

from Ii to 60 uR/h. The higher radiation levels in these two areaS are 

believed to be primarily due to the ?resence of fly ash, which has been 

wh~<l wiLl! chemical wastes prior co l:heir diSpOSal. :ly ash l:ypically 

contains slightly elevated concentrations of naturally occurring 

l'(ldiOO\lolidco from the. T,.l1:"e.n;'1,1.m and thorium d.ecay ~erie5. Ten acditional 

isolated locations of elevated contact radiation levels were noted on 

property F. 

to 2900 \lR/h. 

Exposure ~ates i~ contact with thp-sp- lccation~ rangpci from lu 

The maximum level was at grid point 130S,720E. At 1 m above 

the surface the exposure rates ranged from 6 to 14 '.R/h; beta-gamma dose 

rates at these isolated locations ranged from 33 to 16,800 ),Irad/h. The 

locations of the elevated areas identified '~y the walkover scnn are shown 

on Figure 3; direct radiation levels associated with these areas are 

presented in Table 3. 

At grid location 130S,720E, identified by the scan, su"face soil 

sampling was effective in greatly reducing the radiation level. This 

indicates that the contaminant was in the form of a discrete particle or 

small objec:. At several other locations the contact exposure rates were 

not significantly changed as a result of soil sampling, suggesting that the 

contamination at these lo~ations e~tend5 greater than 1S em below the 

surface andlor is diffused rather than in discrete particles. 

Many of the isolated areas of contamination were located adjacen; to 

main roads - a situation noted on other off-site properties and sug~esting 

spillage of srnall quan:ities of residues or wastes from ccntainers during 

traosportaticn, loading and unloading, or temporary roadside storage. 

Other isolated areas were associated with earthen berms and regions of 

fill. It ia sl,lspected that some of this contamination was relocated to 

property F from other off-site properties during co~struction of the 

landfills and treat~ent ponds. 
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Radion~clide Concentratic~s in 5urfa~e Soil 

Table 4 lists the concentrations 0: radicnuclices measured in surface 

soil COllected at 400 and 20:n grid intervals. These samples contained 

Ra-226 concentrations ranging from <0.43 to 1.78 pCi!g. With only a few 

exceptions, the 1l.a-226 concentrations "ere in the range of the baseline 

sam~les. Concentrations of U-235, U-238, and Cs-137 "ere not significantly 

different from those in baseline samples. 

Radionuclide concentrations ~n samples from areas of elevated contact 

~sdiation levels, identified by the walkover scaD, are ?esented in 

lable 5. All of these samples cor.tained Ra-226 concentrations above those 

~n bas~li~Q sample$; the hish~st l~vol" ~e~e in $a~p'e. B2 ~~d t4S. ,h~~~ 

samples contained small chips of lead cake residue "ith Ra-226 levels of 

20 :.Ci and 2..8 ;.lei. respectively. Levels of uranium in these samples were 

.~lso elevated, with the highest concentntion being 12.6 pCi/g 1n 

sample Bl. Samples from the areas where ~ly ash is oixed with chemical 

waste cO:ltained concentrations of Ra-226 and U-238 o:>.ly slightly r.igher 

chan those in baseline samples. These samples also contained Ag-llOm and 

very low levels of Co-60. The source of these radionuclides is not known 

~ut. due to the shore half-life of Ag-liDo (295 cays) it is unlikely that 

this contaminant is the result of previous MED/AEC activities on the site. 

30rehoie Gamma-Logging Measurements 

Gmnma scintillation measurements perfor~ed in boreholes did no: 

identify evidence of subsurface contamination. 

Radionuclide Concentrations in Subsurface Soil 

Table 6 ~resents the radio nuclide concentrations measured in soil 

samples from boreholes. None of these samples contained Ra-226 Or other 

gamma emitting tadionuclides outside the ranges determined in baseline 

soil. 



Radionuclide Concentrations in Water 

Radionuclide concentrations in water Samples obtained from boreholes 

~re presented in Table 7. Most of these samples contained gross alpha and 

gross beta concentrations above those in the baseline water samples. It 

should be noted that all of the samples also cont~ined high concentrations 

of dissolved solids - possibly due to chemical disposal activities on this 

site. Dissolved solids result in residues. which adversely affect the 

detection sensitivities of the gross alpha procedure. 

The highest gross alpha concentration of 21.5 pCi/l w~. noted in 

sample W6 from borehole H6; the highest gross beta concentration of 

102 pei/l was in sample Wl from borehole Hl. Samples WI. W3. W5. W6, and 

W7 were analyzed for Ra-226. The maximum Ra-226 concentration measured was 

1.47 pCi/l (sample WI) - well below the EPA Interim Drinking Water 

Standard. Sample WI was also analyzed for Sr-90; ,he concentration of this 

radionuclide was <0.27 pCifl - also well below the EPA standard of 8 pCifl. 

COMPARISON OF SURVEY RESULTS WITH GUIDELINES 

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

NFS$ axe p;,;e5ellted .i.n Al.Ivend.i." r;. On f,,;-ope."ty J;' the Ul""i.,,,Ul g""""" e>;po5".e 

rate measured at 1 m above the surface is 42 w Rlh total or a90ut 34 ~R/h 

above baCkground; the average levQl is 11 MR/h. Th@s@ levels $rQ below the 

60 ~R/h Nuclear Regulatory Commission criteria for open land areas. 

Results of the walkover scan and analysiS of surface soil $ampie$ 

indicate isolated areas with Ra-226 soil concentrations exceeding 5 pCi/g. 

These locations are shown on Figure 7. Sampling at several other isolated 

spots was effecti.ve in completely removing small chips of contaminated 

residue. Analysis of samples B6 and B7 from the two areas of generally 

elevated radiation levels (132-1405, 480-505E and 124-1365, 520-532E) 

indicates that the major radionuclide in these areas ,$ Ag-IIUm. 

Concentrations of 10.9 and 27.7 pCi/g were found in samples collected from 

these elevated areas. This radionuclide is not attributable to the 

previous Manhattan Engineer District or Atomic Energy Commission activities 

~t this sicQ. Its p~esQn¢Q on this proPQrty i~ unexrlaln~n. 
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Borehole logging and sampling did not identify any areas of subsurface 

radion~cl:de concentrations 

from two boreholes exceeded 

exceeded 50 pCi!l gross beta. 

in these samples indicated 

thcDe radionuelide~. 

exceeding 

15 pCi!l 

the guidelines. Subsurface water 

gross alpha. One of the samples 

Analysis for Ra-226 and $r-90, respectively, 

concentrations are below the EPA ~imits fer 

~ITMMARY 

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

Storage Site was conducted during April-June 1983. Tbe survey included 

surface radiation scans, measurements of direct radiation levels, and 

analysis for radionuclide concentrations in surface and subsurface soil 

samples, and in subsurface water samples. The results of the survey 

indicated elevated direct radiation levels on the southern (particularly 

the southeastern) portion of the property. These levelS are primarily due 

to the residues, containing Ra-226, stored i~ the water tower on the 

adjacent Department of Energy site. The maximum level of 42 ~R!h is within 

the NRC guidelines for unrestricted areas. 

S~v~ral Hurface 

5 pCi/g, were noted 

areas, having Ra-ZZ6 50il contamination 

(see Figure 7). These locations were 

excee<ling 

small and 

isolated and I in ca.ch C,(lDe) r.o.d.iol1uolide eoo.eentro.t.iona overllged ove:r .o.n 

area of 100 m2 wou~d be within the applicable criteria. Subsurface 

sampling and mp.:tsU'Tpmpnt$;. lndic.,.qtp that c.onta.min;:tti.on i~ limitp.d t:n thp. tnp 

15-30 cm of soil. Ag-llOc was iden~ified in two areas used for mixing 

chemical wastes. Although the source of chis radionuclide was not 

determined, it is not attributed to previous federal government activities 

(It the site. ;:hese two areas are therefore not subject to the cleanup 

criteria established for formerly ~tilized sites. 

Although elevated direct radiation levels und isolated areas of 

surface soil Ra-226 contaoination are present on property F, ~nder present 
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condie iOns of usage the contaminants do not pose potential health risks to 

workers of the general public. There is no eviderrte that migration of the 

radioactive materials is adversely affecting adj acent properties or the 

ground watar. 
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FIGURE 6. Exposure Rates (~R/h) Measured at 1 m Above the Surface On 
Property F. 
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TABLE l-A 

BACKCROUND EXPOSURE RATES 
AND 

RADIONUCL IDE CONCENTRATIONS IN BASELINE SOIL SAHPJ,ES 

EKp-osure Ratc b 

(~Rlh) 

6.8 
~.~ 

a .3 
) .9 
1.3 
7.1 
1.1 
).6 
1.1 
1.1 
0.1 
I, ) 
6.1 
, .8 
8.2 
1.4 
1.0 
1.1 
6. B 
B .6 

RadicHH1'llidof! Conc:en.tutilllHi (pell.,;} 
•• -2"26--" ---ij:-ilS'".--u::hs-----rh:.:2l~ 

O~}4 to O.J6 c 

O~J' ~ 0.19 
0.11 1. 0.18 
0.61 ;:. 0.18 
0.10 ;:. 0.16 
U.lO • 0./5 
0.f)3 - O,ll 
0.\91.0.11 
0.,) :!. 0.10 
0.10 1. 0.16 

<0.09 
0 .. ',8 + O.lJ 
0.51 :; 0,)4 
0.08 ;:. D.ll 
0.65;:' 0.14 
0.91 !. O.ll 
0.48 :!. 0.14 
0.13 :t 0.16 
1.12;:.0.22 
0.8] ;:. 0.11 

<0.19 
";:0.19 

0.46 !. 0.41 
<0.22 
<0,1) 
<Q.lQ 
<O.ll 
<0.14 
<0.J3 
<0.19 
<0.19 
<0.J6 
<0.11 
<0.19 
<0.11 
<0.11 
<0.1. 
<0.18 
<0.13 
<0.21 

<),a9 
..;:J.,) :> 

<).72 
<4.10 
<3,14 
<2.») 
<2.11 
<2.2{J 
<4.16 
<2.95 
<2.83 
<1.84 
<2.36 
<3.2-4. 
< 1. 20 
<3.;8 
q.ll 

6.26 .!. 9.21 
<1.19 
<1.59 

0./0 .!::. 0.46 
0.00. .!. 0.24 
0.B8 ;:. 0.l3 
1.18 .!::. 0.J5 
0.68;:. 0.2" 
U.52 + 0.38 
0.83 .!. 0.24 
0.51, .!::. O.ll 
0.83 ;:. 0.18 
0.59 .!. 0.25 
O.4~ !. 0.31 
0.65 !. 0.2" 
0.49 , 0.26 
0.61 .!::. 0.25 
0.12 :!. 0.35 
0.83 !. O.2~ 
0.32 .!::. 0.22 
1.01 .!::. O.!'!' 
1.08 .!::. 0.49 
O.flt • ..t. 0.29 

0.29 !. 0.08 
0.Z4 !. 0.06 

0.14 t 0.09 
0.12 !. 0.01 
0.11 :t 0.08 
O.ll .!::. 0.09 
0.3> .!: 0.08 

<0.02 
0.69 !. 0.)1 
0.69 .!::. 0.10 
0."81. 0 .1" 
U.68 ;:. 0./0 
0.1,1 + 0.08 
n.lO + 0.10 
0.23 ;: 0.08 
0.61 !.0.09 
0.38 !. O.OB 
0.32;:.0.12 
1.01 .!::. O.ll 
0.08 ;:. 0.01 

Range 6.8 to B.B <0.09 to 1.21 <0.14 to 0."6 <2.20 to 0.26 0.31 to 1.18 <0.01 Lo 1.05 

a Ref er to Figure 5. 
b Heasured at 1 m above the surface. 
C Errors are 20 based on counting statistics. 



TABLE l-5 

RADIONt:CLIDE CONCENTRA:'IONS III BASELINE '!lATEl SAMPLES 

Locationa 

W1 
1.12 

W3 
W4 
W5 
W6 
W7 

Ranse 

Radionuclide Concentrations (pei/l) 
Gross Alpha Gross Beta 

0.95 ±. 0.93 '~ 
0.95 .:. 0.94 
0.551:.0.78 
0.63 1:. 0.89 
0.73 .:. 0.68 
1.87 ±. 1.84 
1.16 1:. 0.66 

0.55 to 1.87 

4.79 1:. 1.15 
9.17 .:. 1.31 
2.73 1:. LOS 
5.37 1:. 1.17 

<0.54 
14.3 ±. 2.4 

<0.53 

<0.63 to 14.3 

n Refer to Figure 5. 
b Errors are 2cr based on counting statistics. 



Grid 
Locar:lnn 

S E 

0, 360 
0, 400 
0, 440 
0, 480 
0, 520 
0, 560 
0, 600 
0, 640 
0, 680 
0, 7Z0 
0, 760 
0, 800 
0, 840 
0, 880 
0, 920 
0, 960 
0,1000 

40, 360 
40, 400 
40, 440 
40, 480 
4O, 520 
40, 560 
4O, 600 
40, 640 
40, 680 
40, 720 
40, 760 
40, 800 
40, 840 
40, aso 
40, 920 
40, 96 0 
40.1000 

80, 360 
80, 400 
80, 440 

'1:ABLE 2 

DIRECT RADIATION LEVELS 
MEASURED AT 40 M GR:D I~TERVALS 

Gan:ma Exposure Gamma Exposure 
Rates at 1 m Above Rates at 

the Surface ~he Sur.cuct! 
(~R/h) ( \lR/h) 

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

8 8 
8 8 
8 7 
8 7 
8 8 
7 7 
8 7 
7 7 
8 8 
8 8 
0 8 
" 8 I 

7 7 
a s 
8 8 
7 8 
8 8 

8 8 
<l a 

" a 

21 

Beta-Gamma 
Dose Rates at 1 em 
A~uv~ Lll~ SurfHce 

(\lrad/h) 

6 
12 

7 
9 
6 
6 

12 
6 
6 
8 
7 
6 
7 
6 
8 
8 
6 

25 
12 

7 
10 

8 
14 
II 
10 
12 

8 
8 

12 
7 
s 
8 

10 
12 

25 
a 
a 



Grid 
LocatiDn 

S E 

80, 480 
80, 520 
SO. 560 
80, 600 
8O, 640 
80, G 80 
SO, 720 
SO, 760 
80, 800 
50, 840 
80, 880 
80, 920 
80, %0 
80,1000 

120, 360 
120, 400 
120, 440 
120, 480 
12O, 520 
120, 560 
120, 600 
120, 640 
120, 68O 
120, 720 
1Z0, 760 
120, 800 
120, 840 
120, 880 
120, 920 
120, 960 
120,1000 

160, 360 
160, 400 
160, 440 
160, 480 
160, 520 
160, 560 

TABLE 2, cont. 

DIRECT RADIATION LEVELS 
MEASURED AT 40 M GRID I~TERVALS 

Ga,"",a Exposure Ga,"",a Exposure 
Rates at 1 m Above Rates at 

the DUJ;£a.c;e the Su:o:fa.;;;,e 

("R/h) CR/h) 

a a 
a a 
a a 
7 6 
a " a a 
a a 
8 8 
8 8 
a a 
a a 
a a 
a a 
8 8 

7 7 
a. a 
a a 
a "-
a a 
a a 
7 7 
8 8 
8 8 
8 9 
9 9 
9 8 
(I a 
a " 
" a 
a a 
a 9 

7 8 
Ii R 
8 8 
8 8 
9 10 
9 9 

22 

Beta-Gam:na 
Dose Rates at 1 cm 

Above the Surface 
<:.. lOad/h) 

a 

" " 6 
a 
a 
a 

15 
14 

a 
a 
a 
a 

10 

21 
a 
a 
"-
a 
11 

7 
12 

8 
17 
18 
24 

a 

" a 
a 

19 

24 
17 
28 
22 
20 
22 



Grid 
Location 

S E 

160, 600 
160, 640 
160, 680 
160, 720 
160, 760 
160, 800 
160, 840 
160, 880 
160, 920 
lbO, 960 
160,1000 

200, 360 
200, 400 
200, 440 
200, 480 
200, 520 
200, 560 
200, 600 
200, 640 
200, 680 
200, 720 
200, 760 
200, 800 
200, 840 
200, 880 
200, 920 
200, 960 
200,1000 

240, 360 
240, 400 
240, 440 
240, 480 
240, 520 
240, 560 
240, 600 
240, 640 
240, 680 

TAlILE 2, cont. 

JIRECT RADIATION LEVELS 
~lliASURED AT 40 M GRID INTERVALS 

Gamma Exposure Gamma Exposure 
Rates at 1 ~ Above Rates at 

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

8 9 
9 9 
9 9 

10 10 
11 10 
12 12 

a a 
a a 
a a 
a a 
9 9 

7 ~ 

8 8 
8 8 
8 8 
9 9 
9 10 

10 10 
12 12 
12 12 
13 12 
14 14 
14 14 
a a 
a a 
a a 

" a 
16 16 

8 8 
6 B 
8 8 
9 9 
9 9 

10 lO 
11 l2 
12 13 
14 14 

23 

Beta-Gamma 
Dose Rates at 1 em 
Above the Surface 

(;Jud/h) 

51 
9 

15 
21 
34 
22 
a 
a 
a 
a 

17 

23 
18 
17 
18 

9 
15 
18 
29 
15 
32 
15 
24 

a 
11 

S 

a 
25 

8 
19 
15 
29 
27 
14 
23 
20 
27 



Grid 
Lnc.~t:ion 

S E 

240, 720 
24O, 760 
240, 800 
240, 840 
240, 880 
240, 920 
240, 960 
240,1000 

280, 360 
280, 400 
280, 440 
280, 480 
280, 520 
280, 560 
28O, 600 
280, 640 
280; 680 
280, 710 
280, 760 
28O, 800 
280, 840 
280, 880 
280, 920 
280, 960 
280,1000 

320, 360 
320, 400 
320, 440 
320, 480 
320, 520 
320, 560 
320, 500 
320, 640 
320, 680 
320, 720 
320, 760 
320, 800 

TABLE 2, cont. 

DIRECT RADIATION LEVELS 
MEASURED AT 40 M GRID INTERVALS 

Gamma Exposure Gamma Exposure 
Rates at 1 m above Rates at 

the SUI' '::ac~ Lh~ Surfdl,;l:::! 

(:J R/ h) (;,R/h) 

16 16 
18 18 
18 18 

a a 
a a 
a a 
a a 

16 16 

I 7 
8 8 
8 8 
8 8 
9 9 

13 12 
13 13 
14 14 
16 16 
18 18 
21 21 
23 23 
a a 
a a 
a a 
a a 

24 II;! 

a a 
Ii " a a 
a (\ 

10 10 
12 12 
14 14 
16 16 
17 27 
21 21 
27 27 
30 31 

24 

Beta-Ga=a 
Dose Rates at 1 em 

Abuve th~ Surface 
C; t'ad/h) 

33 
45 
29 

a 
a 
3 

a 
47 

17 
22 
25 
28 
26 
22 
30 
34 
40 
42 
41 
44 

0-

a 
a 
a 

34 

a 
Ii 

a 
a 

10 
18 
23 
29 
33 
31 
34 
50 



Grid 
LOQ.etion 

S E 

320, 840 
320, 880 
32O, 920 
320, 960 
320,1000 

360, 360 
36O, 400 
360, 440 
360, 480 
360, 520 
360, 560 
360, 600 
360, 640 
360, 680 
360, 720 

400, 360 
400. 400 
400, 440 
400, 480 
400, 520 
400, 560 
400, 600 
400, 640 
400, 680 
400, 720 

TABLE 2, cont. 

JIRECT RADIATION LEVELS 
MEASURED AT 40 M GRID INTERVALS 

Gamma Exposure Gamma Exposure 
Rates at 1 ~ Above Rates at 

tne Surface tne 5urtace 
().I R/h) (~ R/h) 

30 30 
29 30 
27 28 
29 28 
25 27 

a a 
a a 
tl a 
II a 
a a 

12 12 
13 13 
14 13 
15 14 
16 16 

10 10 
12 l' 
12 12 
13 13 
14 14 
15 15 
16 15 
16 15 
21 20 
25 24 

Beta-Gamma 
Dose Rates at 1 C~ 
Above the Surface 

(\.! rad/h) 

44 
41 
37 
45 
48 

a 
a 
a 
a 
tl 

23 
17 
29 
27 
36 

29 
25 
21 
29 
38 
29 
28 
35 
36 
46 

II Location inaccessible due to presence of surface water. 

25 



N 

'" 

Grid 
Pointa 

S E 

36 360 
130 720 

10 617 
11 510 

108 358 
132-140 400-505 

140 483 
1211-136 520-532 

128 523 
18 670 
9 684 

150 658 
190 400 
264 418 

TABLE 3 

DIRECT RADIATION LEVELS AT LOCATIONS 
IDENTIFIED BY THE WALKOVER SURFACE SCAN 

Exposure Rate (~R/h) Surface 
Dose Rate 

Contact 1 m Above Surface (Ilrad/h) 

25 12 79 
2,900 14 16,800 

:1.0 7 41 
57 7 57 
31 7 66 
27 60 9 10 
25 10 33 
17-48 8-10 
44 9 124 
18 8 
20 6 
14 8 
14 8 
14 8 

Contact Exposure Rate 
Sampleh After Sample Removal 

(Il RI h) 

--------

BI 21 
B2 13 
B3 ?I 

B4 (MB) 14 
B5 21 

B6 25 

117 46 

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

a Reier to Figure 3. 
b Radionuclide concentrations are presented in Table 5. 
C Dash indicates sampling or measurement was not performed. 



TABLE 4 

RADlONUCLIDIl (';UN(';lltlTKATlUN~ IN SURFACE SOIL SAMPLES 
FROM 40 M AND 20 M GRID INTERVAl.S 

Gl i-d LDcat lOn:5 s - -- --E,-

lOb loO 
,;b l.{lO 
,b 4QO 

,b 1,80 
;b \20 
50 )60 
)b (.o(H) 

5b 61,0 
;b 680 
50 720 
Sh :rGCJ. 
5b BOO 
7b B40 
50 BBO 
5b 920 
5b 960 
lb 1000 

40 3'0 
l,O 400 
40 440 
40 'BO 
!'O )20 
l,,0 560 
'0 ~OO 

'0 640 
,0 660 
'0 720 
40 );0 
40 800 
'0 8,0 
!,O 8BO 
!,O 910 
40 960 
40 1000 
80 360 
80 ':'00 
BD 1,40 
a[} .:i80 
80 )20 

O.~4 .:!:. O~:2l· 
L18±.O.:26 
J .,J .!. 0.10 

1.08 !. 0.16 
I.II!. 0.14 
1.29 !. 0.6 
l.U .!.. ('L2~ 

0.0. !. 0.18 
0.91 !. 0.2l 

c 
1.10 =- Q..~g. 

O,M ! D.29 
O.55~O.19 

I) ,64 ~ [) .25 
0.58 1. O.J5-
O.fJlD .i 0.2) 
0.59 .!. 0.19 
1,060 .i 0.23 
LOI .!. 0.27 
O.B) !. 0.19 
J.l) !. ° .JJ 
0.;8 !. 0.2> 
0.6.6 :+. 0.151 
0.451.0.16 
1.06 :': 0.29 
0.93 !. 0.20 
0.98 + O.l; 
0.S3 1. O.lo 
0.9l :!. 0.11 
0.91 • 0.21 
0.93 ~ 0.29 
0.85 ! 0.24 
O.9tl .:t. 0.20 
0.93 ! 0.10 
0.6) 10.18 

<0.16 
'O.::i!3 
.... 0.11 

<0.17 
<0.11 
<0.26 
<(}.22; 

<0.10 
«10.24 

c 
"C)..11 
<i},n 
(I).IB 
<[),21 
«(),IS 
(D.U 
<O.IS 
<() • .26 
<o..2l 
<0.13 
<0 . .26 
<0.2l 

o.. '27 ±- 0 . .28 
<0.17 
<0.2l 
<0.17 
<O.lO 
<0.20 
<0.10 
<0.10 
<0.21 
<0.21 
<0.21 
<0.10 
<0.12 

<0.61 
LJ6!.{I.S2 
J .41 ... 1.(I~ 

0.') ~ 0.11 
0.61 ! 0.97 
2,{}9 .!. 2,20 

<G.1:5-
0.90 ! 1.1. 

<0. Bli 

1.10. .!. 2.'.1, 
<().1l 

1.10- ~ 1.41 
([).lJ 

<0..65 
] .63 .. I, 2~ 
I.N .. fJo.12 

<) -:-~O 
I.]B .!. 1.051 
0.951.1.20 

([t.69 
1.61} .!. 1. 91) 
O. S5 t. 0.6B-
1.]5! 1.24 

<1.02 
1.62 ! 0.15 
1.41 t 1.11 
J.J51 .t 1.84 

<0.01 
0.62 t 0.61 
J.I1 , 0.71 
1.01 .- 0.67 
0.0\ ! 0.48 

<0.76 
<0.5/ 

C6-~ 37 

0.09 !. (I,OB 
<O.ot. 

0'.12 "t O,Oel 

0.07 +" 0.0£ 
(Q~M 

0.08 1. 0.06 
.;o.o.t, 
<O.OJ 
<o.OJ 

< 
<0.0'" 
<0.0 ..... 
<0.03 
<O.Ot. 

0.11 :!:. (I,Ub 
<0.05 
<O.Ot. 

0.1l .!. (I.OJ 
<0.0] 
<0.04 
<0.0:5 
<O.Ot. 
<o.ot. 

0.04 :!. 0.04 
0.44 ! 0.14 
0.l7 ! 0.09 
0.46 t 0.10 
0.06 ! 0.08 

<O.O~ 

<0.05 
0.06 ! O.JO 

<O.Of.! 
O.Oj ! 0.07 
0.06 !. O.OB 

<0.01 



TABLE 4, cont. 

RADlOIWCJ.IDE CONCENTRATIONS IN SURFACE SOIL SAMPLES 
FORM 40 M AND 20 M GRID INTERVALS 

Cr ld Ll.)ca t ion.; -s ----i--

80 
SO 
SO 
SO 
80 
80 
'0 
80 
80 
80 
"0 
80 

110 
120 
110 
120 
120 
120 
120 
120 
12Sb 

12Sb 

120 
110· 
120 
120 
120 
120 
120 
160 
160 
ItO 
160 
160 
160 
10" 
160 
160 
160 

5.0 
600 
61;0 
680 
720 
)60 
.00 

840 
880 
910 
"M 

1000 
360 
400 
"40 
!'ao 
520 
560 
600 
640 
680 
720 
160 
BOO 
MO 
B80 
920 
960 

1000 
160 
.00 
•• 0 
400 
510 
560 
oou 
64" 
.ao 
110 

c 
0.63 :'" .0.21 

c 
I.n !. 0.31 
O.P) .!. O.l .... 

0.150 t (J.n 

0.86 1. 0.11 

0.56 !. 0.21 
1.OIi ..!. 0.30 
0.91 .±- 0.3-4 
1.{lO !. 0.3-4 
O.tlD .:!:. 0.;20 

0,61 !. 0,26 
0.64 ! 0,19 
O,~O !. O,ll 
0,;1 ! 0,17 
0,84 ! 0,21 
o,~, ! 0,25 
0,91 !. 0,21 
0.]) .± 0.)9 
LOS! 0,26 
0,90 ! 0, 1I 
0,65:!,0,,. 

c 
<0.19 

< 
(0.21 

<0,)1 
<fJ.20 

. 
<0.20 
<0.10 
<0.20 
<0.250 
<{J.22 

< 
c 

<.0.20 
<0.11 
<0,19 
'0,20 
<0,20 
<0,20 
<0,18 
<0, )9 
<0,28 
<0,20 
<0, )6 

, 
0.63 .:!. 0.'96 

< 
<.0.'93 

.0.10:1\. 1.':l 

0,," ! 0,6, 
I. >~ i 1..9 

< 
<0.1 :> 
<1.OJ 
<0.90 
<-0.519 

J .l<6 .:!:. {I.96 

, 
< 

1.64 i 1.01 
Q,l) ! 0,61 
0,), :!. O.W 
1.63 ! l. 94 
0.611.0,69 
1.03 :!. 0,)4 
0,66 • 1.91 
).01 ! 0,16 
).IB ! 1.66 

<0,93 
0..73 !.. 1~4:2 

, 
({I.OJ 

0.15 t 0..11 
0.:;'11) .!. D.IO 

0.)) 1. 0.0.($ 
<O.£}4 

< 
0.14 1. {I.09 

<fl.m. 
0.31 1. f).OS 
0.66 !. 0.!4 
0.16 ..!.. 0.08 

< 
< 

0,15 i 0,09 
0,1l i 0,05 

<0.04 
<0,0' 
<0.03 
<0.0; 
<0.03 
<0,0, 
<0,0, 

0,08 ! 0,0. 
<0.04 



TABLE 4, cont. 

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES 
FROM 40 M AND 20 H GRID INTERVALS 

Grid Lo-catlonl!. 
5---' £ 

160 
160 
IOU 
160 
160 
160 
10" 
200 
100 
ZOO 

'"" 100 
100 
100 
100 
200 
100 
10Q. 
200 
200 
100 
100 

'"" 100 
240 
240 

"" 140 
,tt(} 
240 
240 
240 
140 
240 
240 
"0 
240 
100 
2,0 

760 
BOO .," 
8BO 
920 
960 

1000 

l.O 
400 
440 
4" 
~20 
560 
tOO 
640 
.BD 
720 
7.0 
000 
840 
BBO 
920 .,n 

1000 
J60 
400 
440 
480 
)/0 
SOD 
600 
640 
680 
120 
160 
BOO 
B40 
BBO 
9~O 

2l;.U 5160 

0.91 :!. 0.16 
O.SJ 0.24 

O.HI .... o.U 
0.64 :; 0.2/ 
0.78 !. 0.2. 
I ,OJ:!. 0.27 
0.')0 _ o.z-'i 
1.19 .i 0.43 
LOl • 0.10 
(LliS -; O.2~ 
0.91 ;:: 0.29 
LO} .i 0.24 
0.83 ... 0.25 
1.01 1: 0.23 
0.88 .i 0.26 

0.91 0.29 
0.90 • 0.21 
0.99 !. 0.14 
n.S1 .!.- .o.11:l 
O.BI • 0.20 
0.78 !. 0.11 
0.91 ! 0.1. 
0.9\ ±0.21 
0.66 ! 0.20 
0.84 ! O.B 
O.SI ! 0.19 
0.B8 + 0.1. 
0.93 ! 0.23 

<O.H 
<0.16 

'\U • .tJ 

<0.19 
<0.20 
<0.11 
<-0.:20 

<0.:26 
<O.2G 
((J.) 1 
<0. 2~ 
<0.19 
<0.2G 
<0.2) 
<0.20 

<0.24 
<0.20 
<0.20 
({l 'l'I 
<0.2() 
<0.22 
<0.20 
«Ltg 
<0.20 
<0.19 
<0.20 
<0.22 
<O.J5. 

0.91 :!. 0.65 
<{I • .f:I1i 

U.!IIt! 1. V.IoIS 

<0.80 
0.9. 1. 0.6& 
0.84 ~ 1.90 
l.l1 .!. 0.14 

<0.92 
1.92.:!:. lo11 

<0.71 
J .0.9 .!. 1.30 
l..28 .!. 1.5050 
J .39 .!. 1.450 
0.48 :!. 1.25 
1.47 !. l.BI 

<1.32 
<0.1l 

1.36 1. J.ll 
1 ~7 1 til 

1.03 .!. 0./0 
1.12 1. J."B 
1.21 1. 1.21 
L19 .!. fL,{;,jI 

Q.83 .!. 0.91 
<0.08 

1.79 ! 1.51 
1.11 , 1.01 
1.'941. 1.52 

0.03 :!. 0.0. 
<O.1JI4 

, 
u.tlft !. 0 •• " 
0.2) ~ D.1l 

<0.03 
'0.01 
..;;() .01 

<0.04 
<0.01 
<0.01 
<0.04 
<0.04 
<0.0] 
<0.04 
<0.04 

0./0 :!. 0.16 
<0.04 
<0.04 
<11. n,4 

<0.03 
<0,0) 

O.() :!. 0.0) 
<o.n.!. 
<0.04 
<0.0) 
<O.OJ 
({J .O~ 

<0.0:) 



TABLE 4, coot, 

!lADIONI1CLlDE CONCI1:NTRATIONS IN SURFACE SOIT. SMIPUlS 

,'ROM 40 M AND 20 M GRIll INTERVALS 

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

Gdd LocatioDS Rad ionuc) ide CODceri(.rat irj)~\J;; (pCi./g,) 

S • Ra-226 U-2J:S- U-2l8 Cs-J)] 

--------- -.- ---- - -- ------- ----. --
HOb 900 0 • .86.:!: O.ll <(].21 <0. sa <0.04 
Hob no 0.91 .! 0.11 <0.20 L)I + 1.41 <0.01 
110' 940 0.91 ..!. 0.20 <0.20 LIJ ~ 1.59 <0.1)) 
HO" %0 U./1i i. U.;l4 <'O,"l.J .t.I'J .!. I. U1 ~U.1J4 

120b 9W 0.% .! O.ll <0.19 <0.70 <O_OJ 
120 1000 1.00 " 0.21 <0.20 /.IS .! 0.46 <0.01 
)40 600 0.81 ± 0.10 <0.20 /.0) :!. 1. BI 0.36 1. 0.16 

"" ,OU tI.'J) 1: U.ll .. 0 • .1:' J .IJ .!. 1.02 ... c.r.<.t4 
lllb )20 1.11 !: 0.26 <0.22 1.00 ,0.93 <0.04 
340 140 0.79 i 0.11 <0.26 1.4; ~ /.14 0.00 '!' 0.08 
340 160 1.,1 i 0.11 <0.11 <1.0; fJ.]O! 0.22 

w 
,40 700 0.15 .!. 0.11 -(G.:;;::;' :J:..77 I.D <0.0$ 

0 ]40 BOO 1.10 :t 0.23 <0.24 0.96 ~ O. BJ o.oa ! 0.01 
340 B20 0.61 .!. 0.1.8 (1).1 a- 0.62 .! O.t9 <0.03 
340 1>10 0_ 95 ..!. 0.26 <0.21 <O.M <0.04 
]40 ffiO 1.01 1, 0.30 <0.2) <0.81 0.8"1-tO.17 
340 880 1.09' ..!. 0.26- <0.19 1.{lS ... 0.69 <O~OJ 
340 900 0.89 t 0.1.8 <0.23 0.% ! 1.61 <0.05 
340 920 1.On :± 0.29 <0.19 2.0S + 1.71 <{I.ot.. 
>40 9.0 0.91 .! 0.25. <0.20 Q.92 ± 0.86 «l.OJ 
1'0 %0 0.91 " 0.2\ <0.22 0.72 ± 0.69 (O.OJ 
340 "<l 0.61 + 0.31 <0.25- <0.87 54 ... 0.12 
)40 1000 O.BH ~ 0.1 t:I <0.21 1.01 .± O.&) <O.{I4 

'" "0 
1.0 400 
3>0 440 
1.0 400 
'.0 ~'(I. 

160 ~O , , , 
160 600 0.06 ! 0.20 <0.10 <0.81 0_11 :!: 0.)' 
loa 610 0.94 ! 0.19 <0.28 l.ll .t 1,8] <O.Q-£. 
V.O ",0 •. 11 .i 0.11 <(). ,:;. 'LII .:! I. '11:, n.20.;t O.U 
J,O 660 0.&1 ± 0.20 0.38 t 0.16 D.1lI. ! 0.99 0.20 ! 0.09 
l60 6&1 0.90 ± 0.21 (0.21 O.9fj ! 0.46 O.IO! 0.05 
)60 100 1.11 .:t O.ll (0.1 B 1.93 ..! 1.J! (J.Y2 ;t 0.)] 
'"0 12" 1.07 .± 0.]0 <O.2R 1_27 .1 0.7 B 0.70 .t 0.1 is 
lW 600 O.al .± 0.26 O.JJ ± o.n 1.21 .! 0.16 <0.1)4 
300 620 1.00 1: 0.33 <0.2) <0.89 0.2. l" 0.12 
3W .40 0.81 :1 0.J8 <0.20 1.36 .! '1.1Q n.).] .! 0.13 
]00 .60 1.1I .! 0.]0 <0.25 <0.9S 0.28! 0.10 



TABLE 4, coot. 

RADJONJJCUDIl C.ONCRNTRATLONS TN SURFllCE SOIL SAMPLES 

FROM 40 M AND 20 M GRID INTERVALS 

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

Grid l.ocatio-DI _fl...aQ.~~~I~l!~hl.!~trdli.Q~1i tI&t/&-) __ _ .. - .-- -£_.- Ra':2:2'6 0-21; U 216 Cs-1H 
---------_. -_.---- -------

2,0 1000 LIl .t 0_19 <0.24 0.91 !. 1.10 <0.0; 
180 360 O.7~ .! 0.23 <0.20 <O~l9- 0.33 !: 0.1> 
180 400 0.68 :!. O.ll <0.19 1.12 :!. 1.4" <0.04 
280 1,40 0.81 :!. 0.11 <0.2, 1.21 :!. 1.i9 <'1).04 
260 480 0.B4 1: 0.2'4 <0.25- <O.S; <00.04 
260 ;20 0.66 • 0.2. <0.2l I. 91 ! 1.62 <0.04 
lao 560 <O~43 <0.19 0.13 • 0.')6 <i).()] 

280 .00 0.6> • 0.21 O.lI .t O.ll 0.10 ! 0 .• 2 <0.04 
180 6i.0 l.0. ~ 0.29 <0.20 l.i8!. 1.11 <0.04 
280 6BO 1.05 !: 0.23 <0.21 0.98!: 0.46 <0.0; 
160 720 0.11 .t 0.24 <0.20 1.03 .t 0./'8 0.04 .t 0.0\ 
260 ]60 0.61 :!. 0.24 <0.21 0.10 :!. 0.92 <0.03 
lBO eoo l.14 • 0.11 <0.18 l.JI 2.1S <o.ot. 
280 81\' 0.71 ~ 0.31 <0.24 2.0. 1.49 <0.01 
280 MO 
280 860 
no 910 
260 960 < , < 
280 1000 l.O) + 0.2. <0.2, 1.14 .t 1.0\ <0.05 
lOa ~oO O."~ ! 0.19 <0. Ji 1.51 i 1.91 <o.o~ 

laO 815" 0.65 i D.ll ":0.19- 1.16 .t 0.49 <O.OJ 
llO 360 
120 <aD 
320 4.'iO 
)20 .80 
110 ,20 , , < , 
lID S6~ 0.1f> i O.J' <0.10 0.91 i 1.99 D.1l i 0.01 

"" 600 0.16 1.0'.11 ... 0.2.::' 1.31 .! ] .40- O~14 ! 0.l2. 

lID 0'0 0.81 :!. 0.21 <0.20 1.30 ! 0.90 0.06 t 0.04 
320 MO 0 .• ) ! 0.2~ (0.19 <0.\1 D.l! !. 0.01 
121i 700 0.B9 ! 0.20 <O.lB J./J :!. l.BO 0.29 10.11 ". no ('J.91 .. (). ~o <00.21 • ~:'1 !. 1.lSl (,).2i .!. o.U 
Jl0 740 0.69 ~ 0.24 <11.1 B (0.14 0.121: 0.09 
]20 no 0.68 .. 0.351 <0.11 1.00 ! 0.11 0.11 .t 0.01 
320 180 0.16 ~ 0.11 <0.11 1 .• S.1.O.8B 0.1:107 ..t. O.DS, 
HO 600 0.1\ + D.N <0.10 <0.1l 0.40 ! 0.13 
120 BJO 0.88:;: 0.2> <0.20 0.93 ! O.BI <0.03 
110 0 640 O.BO + 0.29 <0.24 J.;j :!. 1.46 <0.04 
310" 860 0.66 ! 0.2. <O.IS 0.99 i 0.;9 <0,03 
.))G!h "0 0.1::0 !. (L::1) "O~17 l.(f:io !. 1.00 "'0.0) 



w 
N 

a 
b 
c 

TABLE 4, cone. 

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES 
FROM 40 M AND 20 M GRID INTERVALS 

G["j~ l.Clri'lt iO[]11 Had io:r.uo[ 1 ide: Concent rat ionli (pCilg) 
·S-------F.-- - aa-226 ·-----"=2)5--· --- -- --u-tir--- c5-U1 

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

"0 '>0 "0< ~ ? <~ ,. , .0;0;; .t 1."..4 <0.04 
350 100 0.6, :t 0.20 <0.17 ) .1. + ).0' {I.n + 0.08 
J50 no I.J. 1. 0.29 <0.21 <1-:-00 1.24 i 0.23 
400 )60 0." .!. 0.26 <0.16 <o.n O.IS + 0.09 
400 '00 0.86 • 0.21 <0.21 1. 55 · I.e) -I}_20 ~ 0.11 
400 440 0.63 i O.ll <G,24 0.96 , 1.04 <:1.12 .!. 0.12 
400 480 0.1$ .!. 0_21 <0.18 <D~8& 0_19 . 0.08 
4M 520 0.86 .!. 0,11 ,,0.23 <1.01 D.n ± 0.09 
400 560 0.99 "- 0.14 <0.11 .2) · I./,9 <0.0\ 
400 600 D.B · 0.19 <0 _ 25 <0-:-92 0.29 " 0.10 
'00 620 1.1. · 0.31 <0.22 1.40 · 0.91 I1.G9 . 0.051 
400 640 0.99 ± 0.13 (0.26 <Q~96 (O~Oj 
400 660 0.63 :t 0.16 <0.17 1.2'5- .!. 0.61 0.49 " 0.11 
400 eBO I. 14 + 0.351 <0.)5 2.01 · 2.BO 0.91 + 0.20 
400 )00 O.Sl :; 0.31 <G.2B LIZ .!. 2.21 0.93 ± 0.)4 
400 120 0.[.6 !. O.2S <0.25- 0.39 · 0.99 1.04 .!. O.l.) 

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

Errors are 20 based on counting statistics. 
Nearest accessihle location to systematic grid point was sampled. 
Area covered by water or active waste operations; sample not available. 
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a 
b 
c 

d 

e 
f 

TltBLE 5 

RADIONUCLIDE CONCENTRATIONS. IN SURFACE SAMPLES 
FROM LOCATIONS IDENTIFIED BY TilE WALKOVER SCltH 

Sample Grid Radionuclide Concelltrations .l£Ci/g)8 
No. Location Ra-226 U-235 

Bl 34s.360E 7.20 + 0.6l b <0.53 
B2 130S, 7 20E c c 
B3 lOS ,677E 5.31 .± 0.45 <0.44 
B4-A s.o'; 1 II~, ~10E 22.4 i 1.0 <0.61 
B4-8 chip l1S,510E d d 
BS 108S,358E 21.4 .± 0.9 1.11 .± 0.97 
B6 e 140S.483R 1.41 i 0.55 
B7 f l28S ,523E 1.43 .!. 0.64 

Direct Radiation levels are presented in Table 3. 
Errors are 20 based 011 counting statistics. 

<0.20 
<1.13 

11-218 

12.6 .!. 2.3 
c 

2.70 .± 2.82 
<1.71 

d 
10.7 .+ 1.8 

2.11 ±. 1.63 
4.28 .!. 4.44 

Activity level was too high for routine gamma spectrometry; analysis indicates 
total Ra-226 activity of 20 ~Ci in small chip of lead cake. 
Activity level waS lOO high for routine gamma spectrometry; analysis indicates 
total Ra-2Z6 UCLivitJ uC 2.B ~Ci iu 5wall ~hip gf lead ~ake. 
Also contained 10.9 ~ 0.5 pCi/g of Ag-I10m and 0.36 .± 0.26 pCi/g of Co-60. 
Also contained 27.7 .± 0.8 pCi!g of Ag-11Om and 0.98.± 0.42 pCi/g of Co-60. 

Cs-137 

<0.07 
c 

<0.05 
0.26 + 0.11 

d 
<0.18 
<0.14 
<0.83 



TABLE Ii 

RAllIONUCLlDE CONCENTRATIONS IN BOREll OLE SOIL SAMrr.RS 

III 

01 

III 

HI 

"1 

Gdd 
Ll.)c at lOll 

Ii Rder to Figure 4. 

Sllrfuc 
0.1 
1.0 
l.1.) 

Surface 
0.1 ... 
2.0 

SUlfil1(.t 

0 • .1 
LO 
2.0 

Surtac..e 
0.) 
l.0 

~" ... f ~~~ 
O. S 
1.0 
2.0 

Su:rf ",or II!' 
0.5 

a.ls , O.30b 
0.8\ -; 0.10 
iI.86 :; 0.29 
O.'1U ! U.i~ 
O.6l.!.0.14 
0.60 :!. O.H 
'1.1.66 0.16 
0.74 + 0.2, 

0.1'9 .. (J .2$ 
LOQ i 0.10 
().28 1. 0 .2~ 
0.18;!. 0.2a 

0.78 _ Q.::!() 

O.~6 ! 0.24 
0.11 .!. 0.21 

1.09:!.0.2' 
0.8l :!. O.ll 
0.8) ± 0.24 

1 _fl.... fl 11 

a.ls ~ 0.21 
0.61 :!. O.ll 
1.0) :!. 0.14 

1.0Q !. 0,20 
1.4' ~ D.n 

b Errors are 20 based on counting statisticB. 

<0.1 ! 
<0.1 j 
<0.3'1 
«(,I .11 

<0.11 
<0.21 
..;0,11 

< •• 10 

<O.U 
'0.11 
<0.11 
<o.n 

-<.-0.1:0 
<(1.22 
<0.11 

(0,28 
<0.21 
<().20 

<n. ?, 
<0.1. 
<0.19 
<0.10 

<0.13 
<0.20 

<U.12 
<O.S2 
<o~n 
<I). 'lro 

0.36 ! U.30 
1.9l :!. 1.04 
t).}O 1. (1'.04 

1.16 :!. 0.51 

0.99 :!. I.l2 
l.ll :!. 0.11 
1,]0 :!. o.g! 
1.8) ! 1.1) 

I).!ll 0.(,.2 

0.86 ."t. (1.0131 
<!;o.u~ 

J .43 f ) .'i6 
1.08 ! 0.16 
0.S6 i 1.52 

(l ,f,' (\.7' 

l.47 ! 1.44 
<D.7< 
<G.S2 

1.26 ±. 1.90 
<O.B) 

c,-D) 

<O.OJ 
(0.0) 
<0.04 
(,'I,J.Uj 

(0.04 
<O.Ot, 
":0.01 

{J.lJ2: ~ 0.06 

0.01 ! O.OJ, 
o(O~OJ 

<0.03 
<O.OJ 

!,).06 _ oO.CIoS 

<0.01 
<0,04 

0.10 .! {I,10 
<0.05 
<0.04 

fl 1..(. ~ n 1('1 

<O.OJ 
<o.OJ 
<:0.03 

<0.01 
<0.04 



::;-: 

Sa::.pli:! 

I" 

WI Subsurf i:lee 
V2 
Wl 
V4 
WI 
,'6 w, 

TABLE 7 

RADTONIICLIDE CONCENTRATIONS IN BOREHOLE WATER SAMPLES 

(bol'eholr: Hl)b 
( Hl)" 

J'lJ )1:> 

H4l" 
El)b 
"6)6 
:t]nb-

Grid 
LQC.3.t ion 

lOSS, 351£ 
2915, 349E 
,i1:), .Nor; 
145. 192E 
lOS, ~90' 

1 ~'S.I 000£ 
104:3, I GOU: 

-- --------" ..... _------

<,fi.60 
<2.&; 

10.6 1. .)..) 

<1.4> 
9.% i 5-.l.i6 

21.5 :' B •• 
:<:.51 ~ -4., I 

102 ! 25' 1.47 .! 0.11 
4.]1 ± •. 10 

1'.1 ! ... 0.:)) ~ 0.1:i 
18.0 ± J.1 
6.25 :!: 6.. 9~ 0.09 .i G.O] 

22.5 !: 12.5 0.19 , 0.16 
2. eo t.SS -'!'D:OS. 

SI-9{J 

<0.'17 

a Large amounts of dissolved solids resulted in relatively poor detection sensilivilic~ and 
high errors fur gross alpha analysis. 

b Refer to Figure 4. 
c Errors are 20 based on counting statistics. 
d Da~h indicates analysis not performed. 
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APPENDIX A 

!NSTRUMENTATION AND ANALYTICAL PROCEDURES 



APPENDIX A 

Instrumentation and Analytical Procedures 

Gamma Scintillation ~easurement$ 

Walkover surface scans and measurements of gamma exposure rates were 

perfol:'llled using Eberline Model PRM-6 portable ratemeters with Victoreen 

Model 489-55 iamma scin~illa~ion p,."h,," c~"nr.,;n;ng 'L1 em " 3-8 Om tJ~T(Tll 

crystals. Count rates were converted to eXposure levels ('~R/h) using 

factors determined by comparing the response of the scintillation detector 

with that of a Reuter Stokes model RSS-l:l pressurized ionization chamber 

at several locations on the Niagara Falls Storage Site and off-site 
properties. 

Beta-Gamma Dose Rate Measurements 

~eaSUl:ements were performed using Ebedine "Rascal," Model PRS-l, 

por:able ratemeters with Model HP-26 0 thin-window, pancake G-M, beta 

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

of a Victoreen Model 440 ionization chacber survey meter to that of the G-M 

probes. 

BOiPhole Logging 

Borehole gamma radiation ~easurements were performed using a Victoreen 

Model 489-55 gamma scintillation probe, connected to a Ludlum Model 2200 

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

lead shield with four 2.5 em lC 7 rum holes evenly spaced around the region 

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

tripod holder with a smal" winch. Measurements were performed at 15-30 cm 

i:ltervals ir. all holes. The logging data was used to identify regions of 

possible residues and guide the selection of subsurface soil sampling 

locations. Due to the varying ratios of Ra-226, U-235, U-238, and Cs-137, 

which occur on the NFSS off-site propertles, there was no attempt to 

estimate soil radionuclide concentrations directly from the logging 

results. 
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50il Sample Analysis 

Soil samples were dried, mixed, and a portior. ?laced in a 0.5 liter 

}Iari.nelli beaker. The quantity placed ~n eac:" beaker was chosen to 

repr~dllep thp, e.q1 inr.~ted cOl"lnting geometry and typically ranged from 600 to 

800 g of soil. Net soil weights were dete~ined and the samples counted 

using solid state i.ntrinsic germaniutr. and Ge(Li) detectors coupled to a 

Nuclear Data model ND-680 pulse height analyzer system. Background and 

Compton stripping, peak searc:", peak identification, and concentration 

calculations were performed using the computer capabilities inherent in the 

analyzer system. Energy peaks used for determination of radionuclides of 

concern were: 

Ra-226 

U-Z35 

U-238 

Cs-137 

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

- 0.143 !oIeV 

- 0.093 MeV from Th-234 (secular equilibrium assumed) 

- 0.662 MeV 

Co-60 - 1.332 MeV 

Ag-llOm - 0.447 MeV 

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 ~~ membrane filters. The filtrate was acidified by addition of 10 ml 

of concentrated nitric acid. Ten to fifty ~illiliter$ (depending on 

dissolved solid content) of each sample was evaporated to dryness and 

counted for gross alpha and gross beta using a Tennelec Model LB 5100 

low-background propor:ional counter. 

Analysis for Ra-226 

EPA 600/4-75-008 (revised). 

was performed usi~g the standard technique 

Analysis for Sr-90 was performed according to 

methods described in "Radiochemical Analytical Procedures for Analysis of 

Environmental Samples," EMSL-LV-0539-17, March 1979. 
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Calibration and Quality Assurance 

With the exception o£ deter~ining the site specific exposure and dose 

rate conversion factors for portable survey gamma and beta-gam~a meters, 

all survey and laboratory instruments were calibrated with NBS-traceable 

standards. 

Quality control procedures on all instruments included daily 

background and check-source measurements to confirm lack of malfunctions 

and nonstatistical deviations ~n equipment. !r.e ORAU laboratory 

participates in the EPA Quality Assurance Program. 
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APPENDIX B 

SUMMARY OF RADLATION GUIDELINES 
APPLICABLE TO OFF-SITE PROPERTIES AT THE 

NIAGARA FALLS STORAGE SITE 



U. S. :lEPA.RDiE~T OF r:;rRGY 

RE5!D!:';!. CO~TA':IINATIO:; A,.\'!J WASTE CO~-rROL CRITE?lA 
FOR 

FOF~~~Y UTILIZED SITES P~X£5IAl ACTION PROGR}~ (FUSF~) 
AA'!J 

RE~OTt SURPL~S FACILITIES ~~GE~~NT PROGRA~ (SFXP) Sl7ES 

Presented here are the residual conta~1nat1on cleanup and ~aste control 
c=itel~a of general applicability to the FUSRAP project and re~ote SFMP 
sites-' . 

~ith the exception of limits for radi~-226, the soil residual contamination 
criteria were developed on the basis of limiting maximum individual raciation 
exposure to Dot 1!m1ts specltled tn DOf Order '4BO.lA exclusive ot exposure 
from natural background radiation or medical procedure$. The aggregat~ of the 
contribution from all major path~ays, based on scenarios for pe~anent 
1nt rlJ.:!:I ion , t!!.g. ~ es tablishing l:'e~idt:nc::.t:~ on the bl tc t h(l~ been a,!:Hj'U.mcd.. In 
mos~ circc:r.stance5, the probability is low that such an intrusion will occur. 
Al~o, conservative ass~?tions were used in deriving these ~r!ter1a to ensure 
~hat a particular dose limit uould not be exceeded. Use of these criteria is 
additionally cOnservative becaus~ the pathways conSidered in the derivation of 
the criteria ass~e all water intake and Qost food intake is froa the site. 
Also, the aites often have li~itQd agrieultural capability and the 
contamination is generally no: homogeneous. !he combined effect of these 
factors is such that the probable radiation exposure to the average population 
on, o~ in th .. vidn1ty of. FUSRAP sites d~contaminated to these criteria limits 
will not be appreciably different from that normally received from natural 
background radiation. 

The residual contamination criteria for 6urfire contamination of structures 
were developed from a proposed A.~SI standar~ modified as appropriate to be 
consistent with DOE Order 5480.1A and the specific needs of FUSRAP for 
cost-effective, workable guidelines which provide an adequate safety margin. 
The waste control criteria are consistent with applicable DOE Orders and EPA's 
regulations for inactive uranium milling sites, 40 eFR 192. 

11 - A re~ote SFXP site is one that is excess to DO~ programwatic neeQs and lS 
located outSide a ~ajor operating DOE R&D or productio~ area. Remote sites 
are more likely to be released to the public or excessed to oth~r goverr~e~t 
agencies after decontaminat1on than are sites located .1~h major R&D or 
production areas. 

?J A..'lSI IID.1Z (proposed) -- an adaptatiun to be .appli"d, as "p~cop~,iate, 
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A. RESDt'Al c:)~;-rA..'!rNA710N CR1T!F.IA FOP. FOP',!!RLY L,IL:ZED SITES ~:;:, 1'.E~OTE 
Slli..i':"l!~ f AC:U n;:s !1MAG1:XE:);1 ~ROC?.A.': SI'l'ES 

!h~ follo"'~:1g criteria represent the tl8xil13u:1l "residual c:onta::.ination li:!:its 
fur unres,r1cted use ot land anc structures conta=lnatec W1th rad~onuc:11des 

related to the nuclear fuel cyde at FUSRA.P am! remote 5fM:? sites. It is 
the policy of DOE to decoota~inate sites to conta~ina:ion levels at or 
'l:.t1.o .. - t11t:' lir::lit!i oGtoud .in H llla.:ntl~r consis'Lent ,.·J..t:.h DOc's 
as-lol.·-af-is-reasonably-achievable (Al.A.RA) policy. Residual conta:;:.ina:ion 
lioits for ~7her nuclides will be developed when required using the &am~ 
method~log~- 43 ~~s u$cd for those represented here. 

Radionuclide 

U-l\atutal2.! 
l! - 2:3 s.;;.1 
C_",61 
Th:Z3c21 
Ra-226 

u-z3sil 
Pa-231 
A<:-227 

Th-232 

Am-241 B1 Pu-241-
Pu-238. 239. 240 
Os-137 
5=-90 
E-3 (pei!::l soil moisture) 

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

S 11 C 1 i 
2/,3/,4/ 

o r ter a- - -
(pelle shovp ba~k~rQu~d) 

7S 
150 
ISO 
15 

5 pC1/g. averagec over the 
first 15 c~ of soil below 
the surface.; 15 pCi/g ",hen 
averaged over 15 cm thick 
solI layers more than 15 ~ 
belo~ the surface anc less 
than 1.St belo~ the surface. 

140 
40 
l~O 

15 

20 
800 
100 

BO 
100 

5,200 

~/I~ the even~ of occurrence of mixtures of radionuclides. the 
fractiOn contributed by each radionuclide to 1:5 limit shall be 
dete~ined, and the sum of ~hese fractions shall not exceed 1. There 
are two special cases for whiCh thiS rule must be ~odlflec; 
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(a) If Ra-226 is present, then the fraction fOT Ra-226 should not be 
included in the sum if the Ra-Z26 concentration is less than or 
equal to the Th-2JO con~entration. If the p~-22Q concentration 
exceeds the Th-230 ~oncentrat1on •. then the sum shall be 
evaluated by replacing the Ra-22b concentration by the 
difference between the Ra-226 and Th-230 concentrations. 

(b) If Ac-Z27 is present, then the same rule given in (a) for Ka-Z26 
relative to Th-230 applies for Ac-227 relative to Pa-231. 

l/t~cept for Ra~~26. these criteria represent unrestricted-Y5C 
residual concentrations above background averaged acro~s any 15 em 
thick layer to any depth and over any contiguous 100 ro surface area. 
The same condi~ionc prevail fo~ ~-226 except fer soil la~ers bGna3~h 
1.5 m; beneath 1.5 m, the allo~able Ra-226 concentration may be 
affected by site-specific conditions and must be evaluated 
a~~ordinely. 

~/tocalized concentrations in excess o~ these limits are allowable 
provided that the aver aRe over 100 m is not exceeded. 

1/A curie of natural uranium meanS the sum of 3.7 x 1010 10 
disintegrations per seco~d (di5/5) from 0-Z38 plus 3.7 x 10 dis/s 
from U-234 plus 1.7 x 10 dis/. from U-235. One curie of natural 
urani~ is equivalent to 3,000 kilograms or 6,600 pounds of natural 
urani~. 

61 - Assumes no other uranium isotopes are present. 

liThe Th-1JO guideline is l~ pCi/g to account for ingrowth of Ra-ZZe 
as Th-Z30 decays. Ra-ZZ6 is a limiting rad10nuclide because its 
decay prodUCt is Rn-222 gas. 

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

2. Structure Cr1terin (M~y.imum Limits for Unrestricted Vee) 

a. Indoor Radon Decay Products 

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

b. Indoor Ga~=s Radiation 

The indoor ga~a radiation after decontamination shall not e~ceed 
ZO microroentgen per hour (20 ~R/h) above background. 
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c. Indoor/Outdoor Structure Suriace Cor.tacinat1on 

Radionuclides 

Group 1: 

Radionuclides for whicr. the 
uncontrolled area concen.ra_1Q? 
guide ~!3air a~ove backfroun~ is 
2 x 10 Ci/m or less or for 
wr.ich '::he ur.controllC!::c area c.uu
c:entration2~uide in wa!,r abo~e 
backgroun~ 1s 2 x 10 Ci/m 
or less; 1nclude$ Pa-221, Th-22S. 
Th-230, Ac-227, Ra-226, Ra-22S, anc 
Pb-:nO. 

Group 2: 

Rad10nuc:11des not in Group 1 for 
which the uncontrolled area c:on
centraEton guide 1Elqir ~b5ve back
groun~ is 1 x 10 ~ Ci/m or less 
or for which the uncontrolled area 
concentrat2~n guide in_;ater ~bove 
backgroun~ is 1 x 10 Ci/m or 
less; includes U-ZJZ, U-2J8. Th-ZJZ, 
Ra-22J, aDd Po-ZIO. 

Group 3; 

Those radionuclides not in Group 
I or Group 2; includes ~-2J4, 
U-235, and Ra-224 
and all other beta-ga~a e~itters. 

A1:c~&ble Surface 11 
Residual Cc~ta~~nation

(cb::/10:J C:~~) 

Total Re"lcvable 

lOC 20 

1,000 200 

',000 1,000 

liThe levels may be ","erag"c! oveJ; 1 m2 
pro"1dec the maXi:llUlll 

A~~1Yity ~n any ATPa of 100 ~m~ is l~ss thK~ 3 ti~es the l!:it 
value; dpm • disintegrations per minute. l~ the e~ent of 
occurrence of ~1xtures of radionuc11des. the fraction contribute~ 
by each rad1cnuclide to its limit shall be determined, and ~he 
sum of these fractions shall not exceed 1. 

3./ Given it'. Attachment ~ to Chapter XI, Table Il, DCE O=der 
5480.1A. 
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B. CCr:TRO:.. Of RADIOACTIVE I.'ASTES AIm P..!::SIDUES fRO!'! Ft:SP.AP AXD P..!::!10TE SFl".!' 
SHES • 

SpeCified here are the control reGuirements lc:iteria) for radioactive 
~astes and residues related to the nuclear fuel cy~le at Ft:SRAP and recote 
SFMl' sites. 

1. Interio S~~rage 

All operational and control requirements specified in the following Dor 
Orde~s 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. .548:3.1, OccupaLi"noi.l Sdfety ",,,,I 'flealth r.og""'" for GQvc .... .","nt-<l""'"d 
Contractor-Operated Facilities. 

d. 5484.1, Environmental Protection, S~fe~y, $nd Heal~h Protection 
Information Reporting Requirements. 

e. 5484.2. Unusual Oc~urrence Reporting Syste~. 

f. Conerol anc stabilization features will be clesigned to ensure, to 
the e~tent r~3~nnably a~hiev~ble. an effective life of 50 1ears. 
and in an~ ~ase. at least 25 years. 

g. R~-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 pCi/l (above background). 

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

2. Long-Term ~~nagement 

a. All operational requirements speCl!led for In~~ri~ S,o,age 
Facilities (B.l) will ap?ly. 

b. Control anc stabl11~atlon Ieature~ ~ill be clc$igned to enSure to 
the ~xtent reasonably achievable, an effective life of 1,000 years 
anc, in any case, at least ZOO years. Other cisposal site design 
fea];lne, ~h"ll confonu .. ith 40 eFR Part 192 p .. rformancQ 
guidelines/requirements. 
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c. ~-222 e~anat1on to the st~osphere ~oc facility su.~aces or 
O?eni~g shall not (1) ex~eed an ave.age .elease rate Qf 20 
pC1/~ Is, or (2) increase the annual average Rn-222 concentration 
at or above any location outside the-facility site by Qore than C.S 
pC1/1. 

d. for water protection, use existing state and federal standards; 
apply site-specific measures ~hcrc needed. 

e, Prior to place~ent of any,potentially biodegradable ccnta:inated 
~astes in a Long-ter: ~Dagement Facility, such Y~st~" will be 
properly conditioned to (1) ensure that the generation and eSCape 
of biogenic gases will not cause the criteria in paragraph 2.c. to 
b~ exceeded, and (2) ~nsur~ that biodegradation within the facility 
will DO: result in pre=ature structural failure not in accordance 
with the criteria 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 CrR Par: 61, 
Natio~al Emission Standards for Hazardous Air Pollutants (~~S?~S). 

c .. EXCEPTIONS 

I. Procedure -- Analysis ,of site-specific conditions. 

2. Applicab1l1ty -- ~~ere health and safety woulc be endanger~d,' or 
where cost clearly outweighs benefits. 

D. CRITERIA SOL~CE 

Criteria 

RC3idual Contamination Cri~eri~1 

Soil eri tetia 

Structure Criteria 

Control of Radioactive ~astes and Residues 

Interim Storage 
Long-Term Manage~ent 
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Source 

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

40 CFR Part 192, 
proposec &~SI ~13.12. 

DOE Order 5480.IA 
40 CFR Part 192 



!xceDtions 

Procedure 
A?pli ca bilH)' 

1 I 

40 eFR ?art 192 
1;0 erR Part 192 

~'!he bases of the r~sidual contaoina=ion criteria are developed in 
ORO-631 as su~plewentec and ORO-832. 

l/hasc~ on limiting the concentration of fadon-222 decay products to 
0.03 ~~ ~ittin struc~ures. 
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