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COMPREIiE:-ISrVE RADIOLOC:CAL SURVEY 

OFF-SITE PROPERTY P 
NIAGARA FALLS STORAGE SITE 

LEWISTO:-l. ~~W YORK 

INTRODUCTION 

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

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

Works (now known as the :>Iiagara Falls Storage Site (NFSS) and associated 

off-site pl:opertie:s), apPl:oJ(imately 3 kIn northeast of Lewiston, New York., r",-
storage of radioactive wastes. These wastes were primarily reSidues from 

rubble and scrap from decommissionIng activities, biological and miscellaneous 

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

from contaminated-liquid evaporators at the Knolls Atomic Power Laboratory 

(KAPt). Receipt of radioactive waste was discontinued in 1954, and fOllowing 

cleanup activities by Hooker Chemical Co., 525 hectares of the original 612 

hectare site were declared surplus. This ?roperty was eventually sold by the 

General Services Administration 

governmental agencies. l 

to various private, commercial, and 

SCA Chemical Services, Inc. is the current owner of a tract identified as 

off-Site property P (see Figure 1). A t'adiolog1cal survey of that tract, 

conducted in June and July 1983, is the subject of this report, 

SITE DESCRIPTION 

Figure 2 is a plot plan of off-si te property P. The property is roughly 

rectangular in shape, measuring 490 m long and varying in width from about 

128 III at the south end to 185 III .;llong the northern boundary. Property P 

occupies a total area of approximately 6.6 hectares. The site is bounded on 

the north by Balmer Road, on the south by I Street, and along the western 

perimeter by Lutts Road. The Central Drainage Ditch easement forms the 

eastern boundary. 



There are three buildings on che property: 1l a one-story building 

occupied by SeA adminiscrat111e otticeSj 2) a one-story building used tor 

miscellaneous storage and maintenance; and 3) an unoccupied two-story 

:$tru~tUl:"e. T'ae-r-e dI"e t;H:v'::.(,:a.l dccess l;oads and paved Vat":r..l.ug areas i;:). the 

vicinity of these buildings. With the eKception of several small stands of 

Clndergrowth along ehe Cantr".l OI:'o.1n"$o llitch and Balonel:' Road the property is 

cleared and maintained. 

Radiological History 

There is no evidence of storage or burial of contaminated material on 

property P. One small area e)tceeding 20 IlR/h was identified by the 1972 

survey.2 This area was in the vicini ty of the north parking lot. The 

:nobile scan by ORNL in 1980, indicated eleVated radiation levels along Lutts 

Road. 3 Por~ions Ot the Central Drainage Ditch are also contaminated.I,Z 

SURVEY PROCEDURES 

Th" comprehensiv .. survey of Nl'SS off-Site property P was perf",-",",d by the 

Radiological Site Assessment Program of Oak Ridge Associated Universities 

(ORAU) , during the period of June and July, 1 QWJ. The 9'.'''v"y ..,,,s in 

accordance with a plan dated December I, 1982, approved by the Department of 

Energy. The objectives and pJ;"ocedures from that plan are presented in this 

section. It should be noted that the Central Drainage Ditch and its easement 

are being surveyed and cleaned by Bechtel National, Inc. i this portion of the 

property was, therefore, excluded from the ORAU survey. 

Objective 

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

the radiological conditions and associated potential health ef fects, if any, 

on property P. Radiological information collected included: 

1. direct radiation eKposure rates and surface beta-gamma dose rates, 
Z. locations of elevated surface residues, 
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3. concentrations of radionuclides in surface and subsurface soil, 
4. concentrations of radio~uclides ~n ground water, and 
5. surface COntamination levels in buildings on the site. 

Procedures 

1.. A 20 ~ ~y~tem W";il.S established by McIntosh and Mclntooh of Lockport,. 

NY, under subcontract. This grid system is shown on Figure 3. 

2. Gan:IM exposure rate measurements were :nade at the surface and at 1 r.J 

above the surface at 20 m grid i~tervals. 

pe::-formed using portable gamma NaI (Tl.) scintillation 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 per:ormed 1 em above the 

surface at 20 m grid intervals. These measurements were conducted 

USing thin-window (7 mg/cm2 ) G-M detectors and portable scaler-

ratemeters. Measurements were also obtained with the detector 

shielded to evaluate contributions of non-penetrating beta and 

low-energy gamma radiationa. Meter readings were converted to 

dose rate in microrads per hour (Urad/h), based on cross calibration 

with a thin-window irmi~"tion ~h"mh .. " ,,~i."g soil sam;>les from NFSS 

off-site properties. 

4. Surface (0.15 em) soil. samples of approximately 1 kg each were 

collected at approximately 20 interval.s. 

5. Wal:tover surface SCans were conducted at 1-2 m intervals over: all 

accessible areas of the property. Portable gamma scintillation 

survey meters were used ~or these scans. 

contact radiation levels were noted. 

Locations of elevated 

6. At selected locations of elevated surface radiation levels, gamma 

exposure rates at 1 m above the surface and beta-gamma dose rates at 
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1 em above the surface were measured. Surface samples were obtained 

at several of these locatiott5 and, tollowi:l.g sam?ling, the surfac", 

exposure levels were remeasured to evaluate the effectiveness of 

shallow sampling on removal of the radiation source. 

7. Detection S ciettces Group of Carlisle, MA, performed ~round-

penetrating radar surveys at locations selected for subsurface 

investigations to identify the presence of underground ~iping or 

utilities which would preclude borehole drilling. Several boreholes 

were relocated slightly to avoid possible underground objects. 

8. Five boreholes were drilled to a depth of 5-6 m to provide a 

mechanism for logging subsurface direct radiation profiles and 

collecting subsurface soil samples. Drilling was performed by Site 

Engineers, Inc., of Cherry Hill, NJ, using a truck mounted ;::U em 

diameter hollow-stem auger. Locations of the boreholes are indicated 

on Figure 4. 

The boreholes were gamma scanned over their entire length for the 

presence of subsurface residues. Radiation profiles in the boreholes 

were determined by measurements of g~mm~ radiation at 15-30 em 

intervals between the surface and the hole bottom. A collimated 

gamma scintillation detector and portable scaler were used for these 

measurements. 

A water sample of approximately 3.5 liters was collected from one of 

the holes (water was not available in the other boreholes). 

Collection was performed using a hand bailer. S oil samples of 

approximately 1 kg each were collected from various depths in the 

holes by scraping the sides of the borehole with an ORJill designed 

sampling tool. 

9. Exploratory direct radiation and surface contamination measurements 

were performed in all buildings. ~he building surveys included: 

a. walkover surface scans usi:l.g NaI gamma scintillation detectors, 
h. expo5ure ~ate rneaBurement~ at 1 ~ above the floor, 

L. 



c. measurements of t~tal alpha and beta-gamma levels on floot:'> and 
wallS, and 

d. smear sample'> to determine levels of removable alpha and beta 
contamination. 

10. Twent)' soil samples and Seven water samples were collected ~t:Ot:l the 

Lewiston area (but not on NFSS or associated off-site pt:opert1es) 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 backgrounc measurements are shown on 

Figure 5. 

Samele Analyses and Interpretation of Results 

So11 samples were analyzed ':>y gamma spectrometry. Radium-226 was the 

major radionuclide of concern, although spectra were reviewed for U-235, 

U-Z38, Th-232, Cs-137, and other gamma emitters. The water sample was 

analyzed for gross alpha and gross beta concentrations. Smears of building 

surfaces were counted for gross alpha and gross beta contamination. 

Additional information concerni~g analytical equipment and procedures is 

contained in Appendix A. 

Results of chis survey were compared to the applicable guidelines for 

formerly utilized radioactive materials handling Sites, which are presented in 

Appendix B. 

REStr'wTS 

Background Levels and Baseline Concentrations 

Background exposure rates and baseline radionuclide concentrations 1n 

so11. determined for 20 locations (Figu~e 5) in the vicinity of the ~iagara 

Falls Storage Site, are presented in Table i-I\.. Exposure rates ranged from 

6.8 to 8.8 ~R/h (typical levels for this area of New York). Concentrations of 

5 



radionuclides in soil were: Ra-226. <0.09 to 1. 22 pCi!g (picocuries per 

gram); 11-2.,1, <0.14 to 0.46 pCi!g; U-228, <2.20 to 6.26 pCi!g; Th-232, 

<0.32 to 1.18 pCi!g; and Cs-137. <0.02 to 1.05 pCi/g. These c.oncentrations 

are typical of the racionuclide levels normally encountered in surface soils. 

Radioacti vi ty levels in baseline water samples are presented in 

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

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

These are typical of concentrations normally occurri~g in surface uater. 

Direct Radiation Levels 

Direct radiation levels, systematically measured at 20 m gl;id intervals 

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

x:anged frum ;; to 8 ~R!tJ.. Surface cont:acc exposure rates also ranged fl;om 5 to 

8 ~R/h. Beta-gamma dose rates at the surface ranged fl;om 5 to 28 ~rad/h. 

Measurements performed with the deteotor shielded averaged approximately 20% 

less than those ",1 th the unshielded detector. This indicates only a small 

portion of the surface dose rate is due to nonpenetratlng .beta or low-energy 

photon radiations. 

The walkover survey identified numerous small isolated areas of elevated 

surface radiation levels. With the exception of one area at grid point 497~, 

181W, these elevated areas were located in the paved parking lot north of the 

unused two-story structure, i.e. between 640-680N and 140-220W. The locations 

of these areas are indicated on Figure 6 and the associated radiation levels 

are presented in Table 3. Exposure rates at surface contact with these areas 

ranged up to 48 ~R/h. Eltposl,lte rates at 1 m above the surface and beta-gamma 

dose rates at the surface ",ere measured at several of these locations, 

conSidered to be representative or the general conditions. The maximum 1 m 

exposure rate uaa 17 ~R/h and the nighest contact dose rate was 60 ~rad/h. 

There was flO di.ffe:cen.ce between Ll1~ ~hl~lded and ull~hielded dose rate 

measurements, indicating ~egligible beta contributions. At the three 

locations ",here samples ",ere collected, tnere was no change in the surface 

radiation level after sampling. 
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Radionuclide Concentrations in Surface Soil 

Table 4 presents the conc.,ntra~ions of radionuclides measured in surface 

soil samples, systematically collected at approximately 20 m intervals. These 

samples contained the following ranges of concentra~ions: Ra-226, 0.31 to 

2.56 pei/a:; U-235, <0.14 to 0.57 pCi!g; U-238, 0.47 ~o 6.~1 pCi/g; Cs-137. 

(0.04 to 4.16 pCi/g; and Th-232, 0.20 to 1.62 pCilg. Several of the samples 

contained levels of the Ra-226, Cs-137 and Th-232 higher than the ranges noted 

~n baseline samples; however, average concentrations were comparable to the 

baseline levels. Other gamma emitting radionuclides were not detected in 

significant cOncentrations in these samples. 

Radionuclide concentrations in samples collected at selected locations of 

elevated contact radiation levels are presented in Table 5. Sample I'll from an 

isolated area at grid point 497N,181W, contained 14.9 pCi/g of Ra-226 , but no 

significant concentrations of additional radionuclides. Sampling in the 

vicinity of the north parking lot indicated that the elevated radiation levels 

\oIere associated with rock (possibly slag) used as a base for the asphalt 

paving. Two samples of this paving base material, 1'121'1 and 1'131'1, contained high 

concentrations of Th-232-931 pCi/g and 944 pCi/g, respectively. These samples 

"lso contained .. le""ted level$ of Ra-226 and IJ-Bfl. !=;..qmp 1 po R,2R t":.ontrtinp.:d 

199 pCi/g of Ra-226 and 192 pCi/g of U-238; sample B3B contained 172 pCi/g of 

Ra-226 and 189 pCi/g of U-238. The presence of Ra-226 and U-238 at 

equilibrium concentrations, suggest that this material is a naturally 

occurring ore or slag from operations not concerned with separation of 

uranium. Sample l'I3A, containing a mixture of soil and gravel, had lower 

concentrations of Th-232, Ra-226, and U-238; however, the ratios of these 

nuclides were similar to those in the paving base material. A sample of the 

aphalt paving (B2A) did not contain significant ,adionuclide levels. 

l'Iorehole Gamma-Logging Measu,ements 

Gamma JleasUrements in the boreholes did not identify any evidence of 

elevated subsurface radionuclide levels. The gamma-logging data was not used 

to quantifying cadionuclide concentrations in the subsurface soil because of 

the varying ratios of Ra-Z26, U-235, Th-232, U-238, and Cs-137 o,,-,,-urring in 

soils from the NFSS. 
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Radionuclide Concentrations in Borehole Soil 

Table 6 presents radionuclide concen=rations measured in soil samples 

froC! boreholes. None of the samples contained radionuclide levels diffeLing 

from those in the baseline soil samples. 

Radionuclide Concentrations in Water 

The gross alpha and gross beta concentrations measured in water froc 

borehole H4 (the only borehole where water was available) were 2.27 pd/l <lnd 

2.42 pCill, respectively (see Table 7). No additional analyses were required 

on this sample, because the levels were well wi thin the EPA criteria for 

drinking water systems. 

Building Surveys 

The results of "exploratory" :surveys conducted i,1 the uuJ.ld.i.ag~ on 

property P are summari~ed in Table 8. No areas of elevated direct radiation 

or surface contamination were noted. 

therefore not necessary. 

Further ~uilding measurements were 

COMPARISON OF seRVEY RESULTS WITH GUIDELINES 

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

Niagara Palls Storage S He are presented in Appendix B. Radionuclide con­

centrations associated with small surface or near-surface areas of 

contamination and materials, exceed these guideline levels for Ra-226 

(5 pei/g), U-238 (150 pCi/g), and Th-232 (15 pCi/g). Most of these areas are 

aSSOCiated w1th the material used as a paving base for one of the parking lots 

on property P. This rock contains Th-232 concentrations up to 944 pCi/g and 

U-238 concentra-tions "IJ Cu 192 pCl/g. Ra-Z26 is in equ~l1b,,~um with U-238. 

The equilibrium condi tion suggests that the elevated racionuclide levels in 

this ~aterial are of natural origin and are not the result of previous federal 

government activities on this property or the NFSS. 
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On", small isolated area at grid locatio", 497x,181W has a surface soil 

concentrat:'on of Ra-226 of 14.9 pei/g, bu: no significant levels of other 

radionuclides. The concent ration averaged over 100 m2 in this area would 

not exceed the criteria of 5 pCi/g above background. 

Direct radiation levels on the property are well below the guideline of 

60 \.IR/h for open land areas. The maximum exposure rate measured ;ras 48 )lR/h 

at surface contact with a small area in the parking lot. At Ii height of 1 m 

above the surface, the highest exposure rate measured an the property was 

17 \.la/h. There was no indication of contamination in subsurface soil or water 

samples. Measurements in buildings indicated levels are within the guidelines 

for ~nres~ricted ~se by the general public. 

SUMMARY 

A comprehensive survey of off-Site property P at the Niagara Falls 

S to cage Site was conducted dur;-ing June and July, 1983. Til" ~u.vey l"":!'u<.lt:U: 

surface radiation scans, measurements of direct radiation levels, analyses for 

radionuclide concentrations in surface and subsurface soil and in one 

subsurf ace ;rater sample, and measurements of contamination levels in 

building~. 

The results of the survey indicate the presence of rock-like material, 

containing elevated levels of the thorium and uranium decay series. This 

material has been used as a paving base in one of the parking areas. The 

cooposition of this material and the history of development of property P 

suggest that this material is not attributable to previous waste handling and 

storage sethi ties at NFSS. There is one isolated area of Ra-226 

contamination which could be eliminated by the removal of a very small (less 

than 1 m3 ) amount of surf ace soi 1. Locations of these areas of elevated 

rad10nuclide levels are indicated on Figure 7. Contami~ation was not noted in 

su~surface soil and water or on interior building surfaces. 

Radionuclide levels on this property do not pose potential health risks 

and there is no evidence that ~gration of :he radioactive materials is 

advcraely affecting ddjacen~ propc~tie~ or the g~ound water. 
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TABLE I-A 

BACKGROUND EXPOSURE RATES 
AND 

RADIONUCLIDE CONCENTRATIONS IN BASELINE SOIL SAHPLES 

Location a Exposure Rate b 

(\lR/h) Gs-13 7 

6.8 0.74 .:t. 0.16 C <0.19 <2.89 0.70 .:t. 0.46 0.29 .:t. 0.08 
2 6.6 0.75 1:. 0.19 <0.19 <3.35 0.861:.0.24 0.24 :!:. O.OS 
3 8.3 0.71 .:t. 0.18 0.46 .:t. 0.41 <3.72 0.88 .!. 0.33 0.34 :!:. 0.09 
4 7.9 0.67 .:t. 0.18 <0.22 <4.10 1.18 1. 0.35 0.12 I. 0.07 
5 7.3 0.70 .:t. 0.16 <0.17 <3.34 0.68 .:t. 0.24 0.14 .:t. 0.07 
6 7.7 0.50 .:t. 0.15 <0.16 <2.33 0.52 ±. 0.38 0.17 .:t. 0.09 
7 7.7 0.63 .:t. 0.13 <0.17 <2.73 0.83 .:t. 0.24 0.35 .:t. 0.08 

~ B 7.6 0.59 .:t. 0.12 <0.14 <2.20 0.54 .:t. 0.23 <0.02 
'-' 9 7.1 0.63 .:t. 0.20 <0.23 <4.16 0.83 .:t. 0.38 0.69 .:t. 0.11 

10 7.1 0.70 ±. 0.16 <0.19 <2.98 0.59 + 0.25 0.69 .:t. 0.10 
11 6.7 <0.09 <0.19 <2.83 0.49 1. 0.31 0.4B±,0.14 
12 7.1 0.48 .:t. 0.13 <0.16 <2.84 0.651.0.26 0.68 ±. 0.10 
13 6.7 0.57 .!. 0.14 <0.11 <2.36 0.49 :t 0.26 0.41 i 0,01\ 
14 6.8 0.68 ±. 0.17 <0.19 <3.24 0.67 ±. 0.25 0.70 ±. 0.10 
15 8.2 0.65 .:t. 0.14 <0.17 <3.20 0.72 1. 0.35 0.23 .:t. 0.08 
16 7.4 0.91 .:t. 0.17 <0.71 <3.58 0.83 .:t. 0.28 0.61 ± 0.09 
17 7.0 0.48 .:t. 0.14 <0.16 <2.73 0.32 .:t. 0.22 0.38 .:t. 0.08 
18 7.7 0.73.1'.0.16 <0.18 6.26 .1'. 9.23 1.01 .:t. 0.44 0.32 ±. 0.12 
19 8.8 1.22 .:t. 0.22 <0.23 <3.79 1.08 .:t. 0.49 }.O:; :!:. 0.13 
20 8.6 0.83 .:t. 0.17 <0.21 <3.59 0.84 ± 0.29 0.08 ±. 0.07 

Range 6.8 to 8.8 <0.09 to 1.22 <0.14 to 0.46 <2.20 to 6.26 0.32 to 1.18 <0.02 to LOS 

a Refer to Figure 5. 
b tleasured at 1 m above the 5urface. 
C Errors are 20 baaed on counting Htatiatic8. 



TABLE 1-3 

RADIONUCLIDE CONCENTRATIONS IN BASELI~E WATER SAMPLES 

. a Lo catl.on Radionuclicte Concentrations (pCi/l) 

"'1 
W2 
W3 
W4 
\015 
\016 
W7 

Range 

Gross Alpha 

b 
0.95 !. 0.93 
0.95 !. 0.94 
0.55 .:!:. 0.78 
0.6.3 .!.O.8~ 
0.73 .:!:. 0.68 
1.87 !. 1.84 
1.16 !. 0.66 

0.55 to 1.87 
----------" .. -_._--

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

Gross Beta 

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

<0.64 
14.3 .:!:. 2.4 

<0.63 

<0.63 to 14.3 



Grid 
Location 

N W 

900 240 
900 220 
900 200 
900 180 
900 160 
900 140 
900 120 
888 240 
880 220 
880 200 
880 180 
880 160 
880 140 
880 120 
860 240 
860 220 
860 200 
860 18C 
860 160 
860 140 
860 120 
840 240 
840 220 
840 200 
640 18U 
840 160 
840 140 
840 120 
820 240 
820 220 
820 200 
820 180 
820 160 
820 140 
820 120 
800 236 
800 220 
800 ZOO 
800 180 
800 160 

TABLE 2 

JlRECT RADIATION LEVELS SYS7E~ATICALLY MEASURED 
AT 20 M GRID IN7ERVALS 

Gamma Exposure Ga:nma Exposure Beta-Gamma 
R~tes at 1 ill Above Kates at tht: DO~t:!: RQt..I:!~ d.L 1 <:w 

the Surface Surface Above the Surface 
(\.IR/h) ( uRI h) ( wrad/h) 

7 7 20 
8 8 ~ 

7 8 12 
7 8 21 
8 7 14 
7 7 27 
6 7 10 
7 8 27 
I:) I:) 15 
7 8 19 
7 7 13 
8 8 8 
7 8 25 
7 8 28 
5 5 , 5 
8 8 14 
7 8 21 
8 8 24 
8 7 18 
7 8 22 
7 7 17 
7 7 27 
7 7 7 
8 8 18 
/ I;! 12 
8 8 18 
8 8 21 
8 8 22 
7 8 21 
8 7 7 
7 7 IS 
8 8 18 
7 7 14 
7 7 7 
8 8 16 
7 7 16 
6 7 10 
7 7 11 
7 7 10 
7 7 14 

:9 



Grid 
Location 

N .T 

800 140 
800 120 
780 236 
780 220 
780 200 
780 180 
780 160 
780 140 
780 120 
760 236 
760 220 
760 200 
760 180 
760 160 
760 140 
760 120 
740 236 
740 220 
740 200 
740 180 
740 160 
14U 140 
740 120 
720 236 
720 220 
720 200 
720 180 
720 160 
720 140 
720 120 
700 236 
700 220 
700 200 
700 180 
700 160 
700 140 
7CO 120 
680 236 
680 220 
680 200 

TABLE 2, cont. 

DIREC7 RADIATIO~ LEVELS SYSTEMATICALLY MEASURED 
AT 20 M GRID INTERVALS 

Gamma Exposure Gamma Exposure Beta-Gamma 
R.11teEj at 1 ':'Q Aboye Ratca at the DOOle Ra.tca at l em 

the Surface Surface Above the Surface 
( IlR/h) ( ~R/h) ( Ilrad/h) 

7 7 8 
7 7 23 
7 7 11 
6 6 6 
6 7 10 
7 7 7 
7 7 8 
7 7 10 
8 B 12 
7 7 11 
6 6 6 
6 7 10 
7 7 7 
7 7 8 
7 7 7 
7 7 7 
7 7 7 
7 6 6 
7 7 14 
7 7 10 
7 7 • I 

7 7 10 
7 8 14 
7 7 14 
6 7 17 
7 7 11 
7 7 10 
7 7 7 
7 .6 

, 
I 

7 7 13 
7 7 16 
6 6 6 
6 7 14 
• 7 7 I 

7 7 7 
7 7 l3 
7 7 8 
7 7 8 
5 8 14 
7 7 10 

20 



Grid 
Loc~t;.O\.'1 

::l W 

680 180 
680 160 
680 140 
680 ~20 
660 236 
660 220 
660 200 
660 18C 
660 16C 
660 140 
660 120 
640 236 
640 220 
640 200 
640 180 
640 160 
640 140 
640 120 
620 236 
620 220 
620 200 
620 180 
620 140 
620 120 
620 107 
600 236 
600 220 
600 200 
600 180 
600 l60 
600 140 
600 120 
600 107 
580 236 
580 220 
580 200 
580 180 
580 160 
580 140 
580 120 

TABLE 2, CO;) t. 

DIRECT RADIATIO:< LEVELS SYSTEMATICAL!."'! MEASIl!U:D 
AT 20 M GRID I~TERVALS 

Gamma Exposure Gamma Exposure Beta-Gal:llIla 
Rat~s ~e 1 m Above R.":H'P.c: ~t" t"hp l)o!=:p R.qtpg ;::tt 1 em 

the Surface Surface Above the Surface 
( \lR/h) (\lR/h) ( urad/h) 

7 7 7 
7 8 ~5 

6 6 :9 
7 8 8 
7 7 7 
5 5 5 
5 5 6 
5 5 5 
5 5 5 
5 5 5 
7 8 8 
7 7 7 

5 ~ 5 
5 5 15 
5 5 5 
5 5 5 
5 5 5 
6 7 18 
7 7 7 
6 7 g 
6 6 6 
6 7 10 

5 5 5 
7 " 8 I 

6 6 6 
7 7 8 
7 7 7 
6 7 IR 

6 6 6 
5 5 5 
6 6 6 
5 5 5 
8 8 22 
7 7 11 
6 6 12 
7 7 7 
6 7 7 

7 7 10 
7 7 7 
6 6 6 
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G=id 
Location 

N W 

580 107 
560 236 
560 220 
560 200 
560 180 
562 160 
560 140 
560 120 
560 107 
540 236 
540 220 
540 200 
540 180 
538 160 
583 140 
583 120 
583 107 
520 236 
520 220 
520 200 
520 180 
520 160 
520 140 
520 120 
520 107 
500 236 
500 220 
500 LUlJ 
500 180 
500 160 
500 140 
SOD 120 
500 107 
1,80 2:>5 
480 220 
480 200 
480 180 
480 160 
480 140 
480 120 

TABLE 2, cont. 

JlRECT RADIATION LEVELS SYSTEYATICALLY XEASURED 
AT 20 :1 GRID INTERVALS 

Gamma Exposure Gamma Exposure Beta-Gamma 
Rates at 1 m Above Rates at the Gose Rates at 1 cm 

the Surface Surface Above the Surface 
( J,lR/h) ( \lR!h) ( ~rad/h) 

8 7 10 
7 7 7 
6 7 8 
7 7 13 
5 5 5 
5 6 6 
7 7 7 
7 7 10 
8 8 17 
7 7 7 
6 7 17 
6 7 I 
5 5 5 
5 5 5 
7 7 7 
7 7 7 
8 8 l8 
6 7 10 
6 7 14 
6 6 6 
6 7 7 
6 7 8 
6 7 7 
6 7 13 
7 7 14 
7 7 8 
6 7 11 
I I 10 
7 7 7 
6 7 7 .. a a 
7 7 14 
8 7 20 
6 7 21 
6 6 6 
7 7 16 
7 7 14 
7 7 13 
a a a 
7 7 7 
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Grid 
Location 

N ',j 

480 10i 
460 235 
460 220 
460 200 
460 180 
460 160 
460 140 
460 120 
460 107 
440 235 
440 220 
440 ?OO 
440 180 
440 160 
440 140 
440 120 
440 107 
420 235 
420 220 
420 200 
420 180 
420 160 
420 140 
420 120 
420 107 

TABLE 2, con t. 

DIRECT RADIATION LEVELS SYSTE~~TICALLY ~ASUKCV 

AT 20 M GRID INTERVALS 

Gamma Exposure Gan:ma Exposure Beta-Gamma 
R~te~ 3t 1 m AbQVQ Rates at the Dos .. Rat .. s at 1 em 

the Surface Surface Above the Surface 
( ~R/h) (uR/h) ( ~rad/h) 

8 7 10 
(; 6 16 
6 6 6 
7 7 16 
7 

, 
11 , 

7 7 '21 

6 5 18 
8 8 17 
7 7 10 
6 7 14 
7 7 7 
7 7 7 
7 7 7 
7 7 11 
5 5 5 
5 5 11 
8 8 19 
6 6 9 
6 5 12 
6 7 18 
7 7 8 
6 7 13 
6 7 17 
6 7 7 
8 8 11 

aGri.rl point not acce"s! hIe dUQ to presence of b,dIding. 
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TABLE 3 

DIRECf RADIATION LEV!;LS AT I.OCATTON;; 
IDENTIFIED BY THE WALKOVER SlJRFACE SCAN 

Grid Exposure Rate (VR/h) Surface Dose Rate Sample" Contact ~xposure Kate 
Location Contact 1 m Above Surface (llrad/h) Identification After Sample Removal 

N W (IlR/h) 

497 181 20 9 29 J:l1 20 
647 173 20 ---b 
648 172 29 
654 157 38 \U 71 
658 186 17 
662 148 17 
665 160 32 

N 665 182 14 
~ 

666 157 37 
666 166 17 

668 199 38 
670 157 23 
670 172 31 
670 196 36 
670 210 48 17 48 B2(A+B) 1,8 
671 J76 26 10 26 
672 174 33 
672 180 18 
673 165 18 
673 175 14 
673 208 21 10 25 
673 209 26 10 67 
674 188 27 
6l!. 190 21 
674 195 23 
675 164 16 1---
676 179 26 JO 60 
677 161 14 



Grid 
Location 
-N W 

b77 
b78 
679 
680 
680 
681 
681 

203 
163 
204 
205 
21l 
210 
211 

TABLE J, cont. 

DIRECT RADIATION LEVELS AT LOCATIONS 
IDENTIFIED BY TilE WALKOVER SURFACE SCAN 

Exposure Rate (IIII/h) 
Contact 1 ro Above Surface 

Surface Dose Rate 
(~rad/h) 

Sample 
Identification 

27 
20 
21, 

16 
26 
17 
35 

13 
20 
12 

12 

27 
25 
28 

47 B3(A+B) 

anad~onu~ltdc analycQO arc presented in Table 5. 

bDssh indicates measurement or Rampltng not performed. 

Contact Exposure Rate 
After Sample Removal 

(,.R/h) 

26 



TABLE 4 

RADIONUCLIDE OONCENTRATIONS IN SURf'ACIi SOII. SAMI'LIiS 
COI.LEC1'ED FROM 20 M GRID INTERVAlS 

Grid Location Radionuclide Concentrations (!.!cilg) 
N II Ra':226'-" U-235 U-238 Cs-I37 Th-232 

900 240 0.85 + 0.34a 0.49 + 0.48 I. 21 + 1.30 0.05 + 0.09 0.92 + 0.33 
900 220 0.96 "+ 0.31 (0:28 3.33 ''; 1.57 0.15"+ 0.08 0.85 .. 0.41 
900 200 0.87 +0.20 (0.23 1.59 +" 1.05 0.62"+ 0.11 1.08 +" 0.35 
900 180 0.87 "+ 0.21 (0.22 1.38 "+ 1.64 0.34 "+ 0.12 1.13"+ 0.37 
900 160 0.86 "+ 0.18 (0.26 1.63 :;. 1.45 0.30 + 0.13 0.69 + 0.33 
900 140 0.97 "+ 0.32 <0.30 1.83 + 1.08 0.36 + 0.13 1.12 + 0.35 
900 120 0.74 + 0.25 (0.22 1.23 + 1.35 0.30:;: 0.13 0.88 :;: 0.35 
880 240 0.95 "+ 0.31 (0.22 1.41 :;: 2.16 0.28±0.1I 0.88 .. 0.39 

N 880 220 0.91 + 0.20 (0.30 1.65 :;: 1.08 0.70 + 0.13 1.41 :;: 0.38 
a- 880 200 0.77 "+ 0.29 0.34 t 0.47 3.36 :;: ].20 0.45:;: 0.13 1.07 :;: 0.,4 

880 180 1.08 "+ 0.24 (0:31 (0:90 0.53:;: 0.17 1.21 :;: 0.40 
880 160 1.04 + 0.23 (0.20 0.86 + 1.46 0.61 "+ 0.14 0.91 + 0.35 
880 140 1.09 + 0.36 (0.20 (0:75 0.31 + 0.13 1.08"+ 0.34 
880 120 0.86 :;: 0.21 (0.33 1. 12 + 2.06 0.43 -.j: 0.12 1.14+0.40 
860 238 0.90 +" 0.26 <0.31 1.1.4 +" 1.68 1.03:;: 0.16 0.61 :;: 0.26' 
860 220 0.96 + 0.21 (0.21 0.75 +" 0.86 0.51 "+ 0.10 0.84 +" 0.33 
860 200 0.91 T 0.23 <0.29 0.84:;: 1.57 0.49 + 0.10 1.25 + 0.42 
860 ISn 0.96 :;: 0.23 (0.29 <0:-96 O.H :; 0.08 1.36 :;- 0.36 
860 160 0.90 +" 0.23 <0.27 4.79 + 1.55 0.59 +" 0.16 0.87 + 0.38 
BoO 140 0.90 :;: 0.27 ,0.23 2.22 + 2.24 0.73 -:;: O.D 1.17 :;: 0.39 
860 no 1.20 :;: 0.27 <0.30 2.08 :;: 1.63 0.59:;: 0.14 1.04 :; 0.30 
840 240 0.87 :;: 0.23 <0.20 <0:-65 0.13 "+ 0.09 0.98 "+ 0.28 
~4U UO 0.97 ;- 0.27 <0.28 (0.99 0 • .5.5 :;:- 0.11 l.18 :;:- 0.39 

840 200 2.56 :;: 0.40 (0.27 1.63 + 2.00 0.62 "+ 0.17 0.65 :; 0.'.2 
840 180 0.87 :;:- 0.20 <0.29 3.08 +" 1.68 0.55 +" 0.11 1.10 +" 0.45 
840 160 0.83 +" 0.29 <0.25 (0784 0.12 ;- 0.11 1.10 :;: o.~o 
840 140 0.66 +" 0.35 <0.25 <0.94 0.85 + 0.17 0.58 +" 0.'.3 
840 120 0.68 t:" 0.20 <0.31 1.45 i. 1.47 1.01:;: 0.16 1.47 "+ 0.41 



TAIIL~ 4, cont. 

RADlUNIICLIDE CONCENTRATIONS IN SURFACE SOlI. SAMPLf!:S 
COIM:CTED FROM 20 M GRID INTERVALS 

Grid Location Radlonuclide Concentrations (ECi/g) 
N W Ra-226 U 235 U-238 Cs-137 Th":i3i 

820 240 0.92 + 0.22 <0.20 <0.73 0.13 + 0.05 0.93 + 0.31 
820 220 0.96 +" 0.20 <0.30 <0.91 0.71, +" 0.13 0.62 +" 0.23 
820 200 0.84 "+ 0.23 <0.21 I.n + I.I~ 1J.b4 "+ U.U U.7B "+ 0.37 
820 180 1.12 :; 0.31 (0.32 2.72 +" 1.06 0.55 +" 0.13 0.92 ... 0.44 
820 160 0.84 + 0.19 <0.20 <0-;72 0.49 + 0.11 1.25 + 0.50 
820 1'.0 0.97 + 0.22 <0.29 (0.84 0.78 + 0.14 1.12 "+ 0.34 
820 120 0.76 + 0.26 <0.22 (0.69 0.45 + 0.11 1.41 + 0.44 
800 233 1.08'" 0.26 <0.28 4.52 + 1.71 0.17:; 0.06 1.35 ... 0.35 

'" 
800 220 0.73 "+ 0.20 <0.31 (0.89 0.70 + 0.15 0.77 "+ 0.30 

--.J 800 200 0.74 "+ 0.29 <0.21 <0.82 0.66+0.11 0.64 "+ 0.42 
800 180 0.69+0.18 <0.19 1.34 + 1.37 0,1,8 "+ 0.12 0.70"+ 0.26 
800 160 0.88 "+ 0.25 <0.28 2.19"+ 1.76 0.71 ... 0.12 0.93 "+ 0.35 
800 140 0.99 "+ 0.22 (0.23 1.32"+ 1.43 0.26 ±: 0.11 0.90 "+ 0.27 
800 118 0.93 :; 0.29 <0.29 0.73 ... 3.27 0.54 + 0.17 0.80 ... 0,1+1 
780 233 0.92 + 0.27 (0.19 <0-~71 0.23 + 0.09 0.93 + 0.34 
780 220 1.13:; 0.33 <0.33 <0.99 0.91 ... 0.14 1.48 + 0.39 
780 200 0.93:;:- 0.24 <0.23 6.06 + 1.78 0.70:;:- 0.16 0.78 :;:- 0.31. 
780 180 0.83 + 0.21 <0.21 (0-;80 0.59 + 0.13 0.85 ... 0.38 
780 160 0.73 + 0.28 (0.21 1.16 + 2.48 0.83 IO.16 0.91 + 0.55 
780 140 O.H + 0.29 (0.14 3.45'12.12 1.26 , 0.18 1.20 '10.44 
780 119 0.71 "+ 0.17 <0.28 3,08 + 1.03 0.54 + 0.1l 0.85 + 0.31 
760 233 0.80 + 0.26 <0.18 <0-:-68 0.16 + 0.09 1.05 + 0.31 
760 220 0.95 :;:- 0.31 (0.22 1.09 .. 1.09 0.41 :;:- 0.09 0.52:;:- 0.24 
760 200 0.82 :; 0.42 <0.24 <1.02 1.38 + 0.23 1.33 :;: 0.52 
760 180 0.86 + 0.29 <0.28 1.98 + 1.88 0.58"+ 0,12 1.49"+ 0.28 
760 160 0.86"+ O.H <U. JI ("-;99 0.95 +" 0.15 1.07 "+ 0.39 
760 11,0 0.85 ±: 0.39 0.24 .!. O.ll 1.17 + 1.70 1.06"+ 0.15 0.89"+ 0.15 



TABLE 4, cont. 

RADIONUCLIOl> CONCENTRAT IONS IN SURFAC~; SOIl. SAMPLP.S 
COLLECTED FROH 20 H GRID INTERVALS 

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

Grid Location Radionuclide Conce"l~allons (~Cl/g) 
N W Ra-226 11-235 11-238 Cs-I37 Th-232 

760 118 0.99 + 0.21 <0.28 <0.89 0.61 + 0.14 1.17 + 0.42 
740 233 0.98 '+ 0.30 <0.27 2.00 1 1.56 0.40 '+ 0.09 1.07 '+ 0.32 
740 220 0.81, "+ 0.23 <0.20 1.65 "+ 1.49 0.73 :t 0.15 0.66 "+ 0.110 
740 200 0.84 + 0.22 <0.24 1.11 + 2.16 0.56 + 0.13 1.11 + 0.49 
740 180 0.79 ::; 0.27 (0.22 <0-:73 0.32 '+ 0.08 0.50::; 0.24 
740 160 1.03 + 0.28 (0.28 1.17 + 0.87 0.77 1- 0.15 0.99 + 0.40 
740 )40 0.78::; 0.23 (0.21 <0-:70 0.39 "+ 0.09 I.U5 "+ 0.33 
740 110 0.60 "+ 0.28 0.38 + 0.62 2.05 I 1.95 0.91 .. 0.18 0.52::; 0.79 
720 2JJ 0.76 ::; 0.19 <0-:25 <0-:85 <0-:05 0.99 + 0.30 

N 720 220 0.84 + 0.25 (0.19 1.06 + 2.07 0.60 + 0.12 0.63 ::; 0.29 '" 720 200 0.90 + 0.24 <0.21 <0-:88 0.30+0.11 n.75 + n.3) 
720 180 1.14 + 0.26 <0.31 2.71 + 1.07 0.61 + 0.15 0.82 + 0.41 
720 160 0.36 + 0.28 <0.19 <0-:77 0.52 ::; 0.18 0.67 + 0.61 
720 140 0.92 + 0.32 <0.33 1.96 + 1.07 0.92:;- 0.16 1.12 :;- 0.43 
720 120 0.77+0.35 0.49 + 0.14 <1-:02 0.65 ::; 0.12 0.68 + 0.40 
7UO 233 0.76 + 0.25 <0.21 0.67 + 1.70 0.14 '+ 0.07 0.92 + 0.37 
700 220 0.63 :;:- 0.25 <0.20 1.99:;- 1.95 0.71 :;- 0.13 0.7710.49 
700 ZOO 0.28 + 0.29 <0.19 <0-:74 0.1,6 + 0.16 1.34 + 0. 1.0 
700 180 1.10 ::; 0.32 <0.35 4.79 + 1.82 0.69 + 0.16 1.33::; 0.72 
700 160 0.76:;: 0.24 (0.28 4.21 :;: 1.79 0.77 :;: 0.14 1. 32 :;: 0.40 
700 140 0.73 + 0.23 <0.23 1.54 Io.95 0.66 + 0.14 0.85 + O.VI 
100 119 1.01 f 0.36 0.52 i 0.13 2.87 + 1.79 0.63 ~ 0.15 1.00"+ 0.51 
611U 233 0.69 "+ 0.24 (0-;-Z6 1.)6 +" 0.66 0.18"+ 0.07 1.29 T 0.28 
680 220 0.67"+ 0.17 <0.15 0.55+1.14 0.18 "+ 0.09 0.38"+ 0.19 
682 200 0.87 ::; 0.41 <0.29 <t-:OO 3.26 + 0.30 0.65::; 0.50 
680 180 0.75 '-j: 0.32 <0.28 <1.08 3.25 ::;. 0.34 0.41 + 0.44 
680 160 0.60 + 0.28 <0.23 1,1,8 + 1.80 0.86 + O.!I. 0.75+0.41 



TABLK 4, cont. 

RADIONUCL IIlE CONCENTRATIONS IN SURFACE SOIL SAMPLES 
COLLECTEIl FROM 20 H GRIll INTERVALS 

Grid Location Radionuclide.Concentrations (EC1!g) 
N W Ra-226 U-235 U-238 Cs-137 TII-232 

680 140 0.70 + 0.40 <0.45 2.35 + 2.46 1.57 + 0.25 <0.27 
680 120 0.66 + 0.25 <0.19 2.04 + 2.06 0.45 + 0.11 1.07 + 0.,,2 
660 233 0.97 ± 0.21 <0.2tl j.OO ± 1.01 lI.n +0 IJIl I •. ll + II •. H:! 
660 220 b b b b b 
660 200 b b b b b 
660 180 b b b b b 
660 160 b b b b b 
660 140 b II b b b 

N 660 120 0.90 + 0.26 <0.21 0.94 + 2.01 0.42 + 0.\0 0.88 + 0.47 
'" 640 Z33 0.97 + 0.25 <0.22 2.31 + 1.03 0.22+0.12 0.78 -i- 0.37 

640 218 1.04 :;: 0.22 0.25 + 0.11 2.61 + 1.37 0.43 + 0.08 0.59 "+ 0.22 
637 200 0.70+0.30 <0.25 <0-:-90 1.15+0.18 0.71 + 0.33 
638 180 0.91 + 0.27 <0.20 <0.83 2.82"+ 0.27 0.68 :;. 0.40 
640 160 1.00 "+ 0.38 <0.25 1.62 + 2.68 1 •• 16"+ 0.37 0.87 "+ 0.35 
640 140 0.60 +" 0.41 <0.43 0-:-32 1.84 "+ 0.47 <0-:-35 
640 135 0.56 + 0.25 <0.20 1.46 + 1.72 0.24 + 0.10 0.)0 + 0.3/ 
640 120 1.0/, :;: 0.29 <0.20 6.11 :;: 1.93 0.50:;: 0.1f. 0.71. :;: 0.37 
620 233 0.78 :;. 0.23 <0.18 2.24 +" 1.48 0.15 "+ 0.07 0.60 +" 0.31 
620 220 0.95 :;: 0.24 <0.27 1.51 "+ 1.01 1.04 :;: 0.14 0.70"+ 0.36 
620 200 0.1111 I 0.)1 (0.23 (0.82 0.69 +" 0.19 1.01 .. 0.49 
620 180 0.86 +" 0.22 (0.21 1.46 + 1.69 0.53 :;: 0.11 0.42"+ 0.25 
620 160 1.04 :; 0.30 <0.30 <0.87 0.62 :; 0.13 0.87 :;: 0.48 
623 140 0.86 + 0.21 <0.27 0.69 ;- 1.~9 0.66 + 0.11 0.72 +" 0.26 
620 120 0.74 :;: 0.19 0.24 + O.ll (J .00 0.62 + 0.12 1.07 "+ 0.33 
620 109 0.39 "+ 0.19 (0-:-16 1.28.!. 1.23 0.27 +' 0.11 0.40 +' 0.30 
bOO Z:Jb u.84 "+ 0.27 (0.25 (0.83 0.42 "+ 0.10 0.77 "+ 0.44 
600 220 0.96 ±: 0.21 0.20 + 0.10 1.57 .!:.. 1.99 0.76 ±: 0.13 0.98"+ 0.45 



TAB1.E 4, cone. 

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAHPLES 
COLLECTED FROM 20 H GRID INTERVAI.S 

Grid Location Radionuc lide Concentrations (Eei/g) --- - - - - ---- --
N W Ra-226 U-235 U-238 Cs-137 Th-232 

- - - - • ~ ~ #~ 

600 200 0.86 + 0.23 <0.34 3.06 + 2.14 0.52 + 0.16 0.11/ + 0.4:' 
600 180 1.21 + 0.29 <0.25 < 1-:-03 1.03 + 0.17 0.85 + 0.31 
600 160 0.49 + 0.24 <0.23 3.23 + 1.36 0.84 + 0.16 0.77 + 0.35 
600 140 0.85 + 0.24 0.19 + 0.13 3.29 + 1.60 0.62 + 0.14 1.10 -.;. 0.39 
1i00 120 b b b b b 
600 107 0.93 + 0.24 0.55 + 0.49 <0.76 0.56 + 0.123 0.30 + 0.41 
580 236 0.67 + 0.24 <0.18 1.40 + 1.53 <0-:-04 0.72 + 0.24 
580 220 0.82 + 0.28 (0. ?Ii O.fl?+I.~~ 0.19 + 0.12 0.1'\ '+ 0.30 
580 200 0.77 :; 0.35 <0.27 2.60 + 2.41 0.61\+0.15 0.99:; 0.74 

w 580 180 0.56 "+ 0.41 <0.26 0-:-15 0.89 + 0.23 0.64 + 0.54 
0 580 160 0.76 :; 0.26 <0.19 <0.84 0.26 :; 0.08 0.66:; 0. 1,8 

580 140 0.97 + 0.26 <0.31 <1.08 0.44 + 0.12 1.14 + 0.50 
580 120 0.61 :; 0.31, <0.23 1.08 + 1.53 1.58 + 0.19 0.8/ + 0.31 
580 107 0.82 + 0.28 0.34 + 0.51 <0-:-83 0.63 + 0.15 0.86 + 0.62 
560 236 0.74 :; 0.32 <0-:-21 (0.81 0.12 + 0.12 0.97 + 0.37 
560 220 b b b b b 
560 200 1.12 or 0.29 (0.24 2.13 -t 1.79 0.64 ... 0.17 0.7/, ... 0.32 

562 180 0.64 "+ 0.21 <0.14 <0-:-60 0.98 "+ 0.17 0.28 "+ 0.20 
560 160 0.92 + 0.25 (0.20 0.50 + 1.50 0.87 + 0.15 0.47 "+ 0.26 
JOO 14U u.n +' 0.24 \).16 ... 0.15 1.15:; 1.79 0.55 +' 0.13 i.57 +' 0.54 
560 120 0.78 I 0.25 0.15 IO.13 1.66 + 2.09 0.96 IO.15 0.99 I 0.52 
560 107 0.73 + 0.28 <0.21 1.07 "+ I. 55 0.51 + 0.\3 0.66 + 0.35 
540 236 0.91 + 0.30 (0.22 <O-:~O U.lO + U.05 0.':1/ + O.ll 
540 220 0.)4"+ 0.19 <0.17 <0.61 0.68 10.14 0.48 + O.H 
5/,0 200 0.70 :;- 0.28 <0.20 2.10 + 1.93 0.97 :;:- 0.20 0.85 + 0.57 
540 184 0.62 :; 0.23 <0.17 0.95"+ 1.29 0.48 +0.12 0.49 "+ 0.36 
540 160 b b b b b 



TABLE 4, cont. 

RADI0NUCLIDE CONCENTRATIONS IN SURFACE SOl!, SAMPLES 
COLLECTED FROM 20 M GRID INTERVALS 

---~--

Grid Location Radionuclide Concentrations (eCi!g) 
N 11 Ra-226 U-235 U-238 --Cs-l37 Th-232 

540 140 0.93 + 0.33 <0.22 1.40 + 2.23 0.67 + 0.15 0.65 -t 0.38 
540 120 0.69 +" 0.30 <0.20 <0-:77 0.51 +" 0.36 1.14 +" 0.49 
540 107 0.70 +" 0.29 <0.16 1.22 + 1.23 0.31 + 0.10 0.77 + 0.32 
520 236 0.88 "+ 0.20 <0.28 1. 23 "+ 1.25 0.09 +" 0.12 0.73 .- 0.44 
~20 220 0.83 ± 0.24 <0.18 (0-:70 0.48 +" 0.09 0.51 +" 0.20 
520 200 0.93 + 0.32 (0.38 3.92 + 2.50 0.66 "+ 0.15 0.20 + 0.26 
520 180 1.07 +" 0.33 (0.32 6.97 +" 1.97 0.79 + 0.15 1.0310.40 
520 160 0.97 +" 0.24 <0.111 2.\0 "+ 1.80 0.69 "+ 0.13 0.69 "+ 0.34 

w 520 140 0.82 +" 0.25 <0.21 1.75 +" 1.56 0.62 + 0.16 0.64 + 0.31 
520 120 0.98 "+ 0.25 (0.20 <0-:74 0.28"+ 0.15 0.99'- 0.42 
520 107 0.63 + 0.20 (0.24 <0.75 0.43 + 0.10 0.53 + 0.25 
500 236 0.86 "+ 0.22 <0.22 <0.85 0.11 "+ 0.09 0.94 "+ 0.35 
500 220 0.50 + 0.23 (0.18 <0.79 0.41 :;: 0.11 0.57 1 0.30 
500 200 0.99 +" 0.30 <0.35 3.54 + 2.59 0.74 "+ 0.16 0.89"+ 0.37 
500 180 0.89 :;: 0.26 (0.30 <1-:05 0.77 + 0.16 0.97 "+ 0.5Y 
500 160 0.78 "+ 0.34 0.57 + 0.16 1.86 + 1.75 1.18 + 0.19 0.83 +" 0.35 
'00 }40 b b b b b 

500 120 0.84 + 0.29 <0.29 <0.88 0.55 + 0.20 1.19 + 0.88 
500 107 1.02 :;:- 0.27 <0.21 <0.85 0,55 +" 0.13 0.75:;- 0.4B 
4~0 ZJb U.)9 +" O,W <0.22 1.07 + 1.63 0.54 ;: 0,08 0.76;: 0.42 
480 220 0.62 :; 0.16 <0.13 <0-:60 0.44 Io.1l 0.23 +' 0.17 
1,80 200 0.70 + 0.23 <0.25 2.00 + 2.12 0.68 + 0.15 0.48 + 0.35 
480 180 0.88 '+ 0.33 0.2b + 0.11 b,Ub !: 1.':11 U.35 +" 0.13 l.JB +" 0.J7 
1,80 160 0.72 + 0.20 <0-:33 i.80 I 1.64 0.66 I 0.\8 0.73 + 0.30 
480 140 b b b b b 
/,80 120 0.97 + 0.35 <0.40 2.30 + 2.79 0.82+0.19 1.62 + 0.53 
/.80 107 0.76 IO.29 <0.21. <0-:92 0.44 Io.13 0.99 +" 0.32 



TABLE 5 

RADlONUCLIDE CONCENTRATIONS HI SAMPLES FROM SELECTED 
LOCATIONS IUENTIFIED BY TIiE WALKUVER SCAN 

Sample Grid Location Radionuclide Concentrations (pCi/g)a,b 
N \I Ra-226 U-235 U-23B Cs-137 

BI 497 181 14.9 .:!: 1.1 c 0.95 + 1.31 9.B7 + 2.39 
R2A 670 2:10 0.68 .!:. 0.12 <0-:-10 0.74 ::t 0.42 
(Asphalt ) 
B2B 670 210 199 + 15.7 + 0.8 192 + 14 
(R-wk) 

BJA 680 211 49.3 + 3.9 2.39 + 3.04 44.9 + 5.0 
(S oil & Gravel) 
BJS 680 211 172 .:t. 17 29.6 .:t. ?9.1 IRQ .:t. 14 

(Rock) 

aRefer to Table 3 for direct radiation levels. 
bLarge re 1 at I "e "rrors and minimum detectable activities for some samples 
are the result of high continuum count rates caused by high U-238 and 
Th-232 levels. 

cErrors are 20 based on counting statistics. 

0.37 + 0.19 
0.03 .:t. 0.05 

<0.11 

1.14 + 0.33 

(? .'1 

Th-232 

0.69 + 0.41 
0.89 .:t. 0.]6 

931 + 

193 .:!: 8 

'144 .! 41 



TABLE 6 

RADIONUCLWr: CONCENTRATIONS IN BOREHOLE SOIL 

Borehole" Grid Location [lepth Radlonuclide Concentrations (ECl/g) 
No. N W (m) Ra-226 0-235 U-238 Cs-lJ7 

III 420 125 Surface 0.98 I O.32 b <0.16 0.67 + 2.36 0.05 + 0.04 
0.5 1.02 "+ 0.22 <0.26 ::S.Of "+ I.D (U70) 
1.0 1.08 ± 0.28 <0.18 1.65 + 0.64 <0.03 

112 420 167 Surface 0.83 + 0.28 <0.17 <0.66 <0.03 
0.5 1.05 + 0.27 <0.29 1.39 + 2.J8 <0.03 
1.0 0.91 ± 0.23 <0.15 1.10+0.66 <0.03 

H3 420 210 Surface 0.80 + 0.24 <0.17 1.72 + 0.87 <0.04 
0.5 0.76 + 0.16 <0.24 1.92 + 1.33 0.04 + 0.05 

'" 
1.0 0.85 :£ 0.21 0.19 + 0.35 0.80 + 0.64 0.05 + 0.08 

~ 2.0 0.81 + 0.28 <0-;24 (0': 79 (0.03 

114 580 226 Surface 0.71 + 0.17 <0.23 <0.75 (0.03 
0.5 0.76 +" 0.19 0.23 + 0.32 <0.32 «(J.O) 
1.0 0.82 + 0.18 <0-:19 1.19 + 1,1,) (0.0) 
2.0 0.79 :£ 0.24 <0.25 2.80 +" I. 'i2 (0.04 

H5 6~0 127 Surfact! 0.94 + O.ZJ (0. J 5 0.51 + 0.99 (O.OJ 
0.5 1.01 +" 0.20 <0.25 <0:81 <0.()4 
1.0 0.87 +" 0.23 (0.29 (0.86 (0.04 
l.O 0.99 :!: 0.24 (0.17 0.45 + 1.77 <0.0 /, 

aRefer to Figure 4. 
br:rrors are 20 based on counting statistics. 



TABU, 7 

RADIONUCLlllE <XINCE.NTRATIONS IN BOREHOLE WATF.R 

Sample 
No. 

Sample Tvpe 

Subsurface 
(Borehole HI.) 

Grid Location 
N II 

'i80 230 

"Errors are 20 based on counting statistics. 

Radionuclide Concentrations (l!.G.un 
Gross Alpha Gross Beta 

2.27 !: 1.47" 2.42 + 1.64 



Building 

Administration 

2 Storage and 
l-t.aintQn:;l!oce 

1 !loused two -
atory ctruc:turo 

TABLE 8 

SUHHARY OF RESULTS OF IllJILlIlNG SllRVEYS 

Gamma Exposurea 
Rates 1 Heter Above 

the Floor 
(]lR/h) 

5-7 

6-12 

4-6 

Surface ContamInatIon 
DIrect Measurement 

Alpha Beta-Gamma Heta-Gamma Dase Rate 
(d/m/lOOcrn2) (rnrad/h) 

(526 (0.02 

<54 <526-1610 (0.02-0.06 

(54 <526 <0.02 

Levels 

Alpha Beta-Gamma 
(d/m/llOOcm2 ) 

0-1.4 2.1-12 

0-2.9 2.3-18 

0-5.7 1.4-14 

~Ho dred5 of elevated gamma rodiaticn were identified by walkover 5Cdoa of building ~u~fdce~, 
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APPENDIX A 

INSTRUMENTATION AND ANALYTICAL PROCEDURES 



APPENDIX A 

lnstrucentation and Analytical Procedures 

Gamma Scintillation Measurements 

Walkover surface scans and measurements of gamma exposure rates were 

perform"d ""tng Eberlin" )Iod"l PRM-6 pOl:"eabl .. "ae"matars with Vi,,~ore"n Model 

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

crystals. Count rates were converted to exposure rates (uR/h) using factors 

determined by comparing the response of the scintillation detectors with that 

of a Reuter Stokes Model RSS-ill pressurized ionization chamber at locations 

on the Niagara Falls Storage Site. 

Beta-Gamma Dose Rate Measurements 

Measurements were performed using Eberline "Rascal," ~!odel PRS-l, 

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

Dose rates (Ilrad/h) were determined by comparing the response of a Victoreen 

Model 440 ionization chamber survey meter to that of the G-M probes. 

Borehole Logging 

Borehole gamma radiation measurements were performed using a Victoreen 

Model 489-55 g"= ~,,1nti 11 ".i on I'ro),I' , o.I'Inn" ... ",,<I ,." '" l. ... d1,,'" Model noo 
portable scaler. The SCintillation probe was shielded by a 1.25 cm thick lead 

shield with four 2.5 1lIII x 7 111m holes evenly spaced around the ref(ion of the 

scintillat:!.on detector. '!:he probe waS lowered into each hole using a tripod 

holder with a small winch. The borehole was scanned and measurements were 

performed at intervals of 15-30 em to identify regions of possible reSidues 

and guide the selection of subsurface soil sampling locations. Due to the 

varying ratios o~ Ra-226, U-235, U-238, 'l'h-232, and Cs-137 on NFSS properties 

there was no attempt to estimate soil radionuclide concentrations directly 

from the logging results. 
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Building Surface Contamination Measurements 

Total alpha ar.d beea-gamma levels on building s~r~aces were me<Isurcd 

using Eberl1ne mode:' AC3-7 ZnS alpha scintillation and Eberline model HP-260 

chin-window, pancake G-M detectors, respectively. These probes were coupled 

:0 Eberline "Rascal," )lodel PRS-l, portable scaler Iratemeters. Count rates 

were corrected fo~ background and appropriate efficiency and probe area facts 

a?pl1ed. 

Removable contamination levels were deter:nined by wipe (smear) tests of 

appro~imately 10C cmZ of the surface using 5 cm diameter filter paper. 

These wipe samples were counted for gross alpha and gross beta activity usi:'\g 

a Tennelec Model LB-SIOO low-backgrDund proportional counter, and appropriate 

background and efficiency corrections were applied. 

Soil and Sediment Sample Analysis 

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

O.S-liter Marinelli beaker. The quantity placed in each beaker was chosen to 

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

soil. ~et soil weights were determined and samples counted using solid state 

Ge(Li) and intrinsic germanium detectors COl,lpled to a Nuclear Data Model 

No-680 pulse height analyzer system. Background and Compton stripping, pea;':; 

search. peak identification, and concentration calculations were performed 

using the computer capabilities inherent in the analy~er system. Energy peaks 

used for determination of radionuclides of concern were: 

Ra-226 - 0.609 MeV from Bi-214 (equilibrium corrections applied) 

U-235 - 0.143 MeV 

U-238 - 92.3 and 92.8 keV trom Th-Z34 (secuLar equilibrium assumed) 

Cs-l37 - 0.662 MeV 

lh-232 - 0.911 ~eV from Ac-1Z8 (secular eyu1l1brlum a~sumed) 

Several 5ample~ with high concentrations were Gubccqucntly annlyzcd for 

U-238 by neutron activacion. Approximately 19-20 g of soil were irradiated 

for 15 minut"~ in ~ neutron flllx nf 108 n/cm2/see. After a one minute 
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wait time, the U-239 peak (74.6 keV) was counted for 10 minutes and the U-238 

~on~@ntration ealeulaeed. 

Water Sample Analysis 

Water was rough-filtered through Whatman ~o. 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 ml of 

concentrated nitric acid. Fifty mi:liliters was evaporated to dryness an': 

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

low-background proportional counter. 

Calibration and Quality Assurance 

W1~h 1:he exCeptiOn of exposure and dose rate converSlon factors Ior 

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

i"stt'umento werc calibratcd with NBS-trnecD.blc "rundnrd$. The eclibrntion 

procedures for these portable instruments are described above. 

Quality control procedures on all instruments included daily background 

and cheek-source measurements to confirm equipment operation within acceptable 

statistical fluctuations. The ORAD laboratory participates in the EPA Quality 

Assurance Program. 
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APPENDIX B 

SUMMARY OF RADIATION GUIDELINES 
APPLICABLE TO OFF-SITE PROPERTIES AT T.~E 

NIAGARA FALLS STORAGE SITE 



u. S. DE?ARI~NT OF EK~RGY 

INTERIM RESlnUAL CO~r~~INATION ~~U ~AST£ CONTROL GUIDELI~~S 
FOR 

FORl·:ERLY l.iTILlZED SITES RE'iEDIAL ACTIOr; PROGRAM (FUSRAP) 
MW 

REHOTE SURPLUS FACILITIES ~tI\iiAGE.'{ENT ?ROGRA'l (SFMP) S lTES 

(Review n'ithin DOL: Contiuul;l~) 

p~p~pn~~d here ~r~ the residual ~onto~~~~eion clcQn~p and w~5te control 
guideifnes of general applicability to the FUSRAP project and remote SFHP 
sites-. A site-specific analysis will be prepared for each FUSRAP and remote 
SFHP site rr;~r ~c deter~ining re$id~31 eont.mination guidelineb for Q opc~ifie 

site. In addition, it is the policy of the DOE to decontaminate sites in a 
manner consistent with DOE's as-lo~as-reasonably-achievable (ALAr.A) policy. 
ALARA will be considered in reducing levels of re~1dual cont~min~t'nn hpln~ 
applicable dose limits. ALARA will be implemented using cost/benefit 
conSiderations, and applied on a site-specific basis. 

The soil residual contamination guidelines were developed on the basis of 
limiting maximum individual radiation exposure to DOE limits specified in DOE 
Order 5480.1A exclusive of exposure from natural background radiation or 
medical procedures. The radium-226 and thorium-230 guidelines include an 
additional limitation for buildup of radon-222 decay products in buildings. The 
aggregate of the contribution from all major pathways, based on scenarios for 
permanent intrusion, e.g., establishing residences on the Site, Was assumed. In 
most circumstances, the probability is low that such an intrusion will occur. 
Also, conservative assumptions were used in deriving these guidelines to ensure 
that a p~rticular dose limit would not be exceeded. Use of these guidelines is 
additionally conservative because the pathways considered in the derivation of 
the guidelines assume all water intake and most food intake is from the site. 
Also, the FUSRAF and remote SFHr sites often hHV~ limited agricultural 
capability and the contamination is generally not homogeneous. The combined 
effect of these factors is sueh that the probable radiation eXposure to the 
averag~ population on, or in the vicinity of, FUSRAP or remote SFMP ~itee 
decontaminated to these guideline~ will not he appreciably different from that 
normally received from natural background radiation. 

The residual contamination guidelines for surface contamination of structures 
were adapted from guidelines developed by the U. S. Nuclear Regulatory 
Commission (NRC) for decontamination of facilities and equ1pme~t prior to 
release for unrestricted use27r termination of licenses for byproduct, source, 
or special nuclear material -. The waste control guidelines are consistent 
with applicable DOE Orders and EPA's reg~lations for inactive urani~ milling 
sites, 40 CFR Part 192. 

!/A remote SFMP site is one that is excess to DOE programmatic needs and is 

March 21, 1984 
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located outside a major operating DOE R&D or production area. Remote ;ites 
"re morp 1 ;,I'el), to be released to the public:: or exc:e(locd to other gover=ent 
agen~ies after decontamination than are sites located with ~ajor R&D or 
produ~tion areas. 

l/u. s. Nuclear Regulatory Commission 1982 Guidelines for Decontamination of 
Facilities and Equip~ent Prior to Release for Unrestricted Use or Termination 
of Licenses for Byproduct, Source, or Special Nuclear l".aterial. DiviSion of 
Fuel Cycle and Material Safety, \"ashington, DC. 

A. 'RESIDUAL CONTAMINATION GUIDELINES FOR FORMERLY U~ILIZED STTF.S A~~ RF.MOTE 
SURPLUS FACILITIES MANAGEMENT PROGRAM SITES 

The following guidelines represent the maxi~um residual con~amination 
limits for unrestricted use of land and structures contaminated with 
radionuclides related to the nuclear fuel cycle at FGSRAP and remote SFMP 
sites. A site-specific analysis will be prepared for each site prior to 
determining residual contamination guidelines for a specific site. It is 
the policy of DOE to decontaminate sites to contamination levels at or 
below the limits and in a manner consistent with DOE's 
as-low-as-is-reasonably-achievable (ALARA) policy on a site-specific basis. 
Site-specific guidelines and ALARA policy will be determined by DOE on a 
Site-speCific basis and an ALARA report filed on completion of remedial 
action at a site. Existing state and federal standards will be applied for 
water protection. Residual contamination limits fOY/other nuclides will be 
developed when required using the same methodolog~ as was used for those 
repr~~elll~d here. 

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

lI.adionucl.ide 

U-NatgyalSI 
U-23~/ 
U-23":::':71 
Ih-23()':': 
Ri-226 

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

Ih-232 

Am-241 S1 Pu-241-
Pu-238. 239, 
Cs-137 

240 

B-2 

Soil Criteri~/,l/.il 
(pCi/g nbove bnckground) 

75 
150 
ISO 
15 

S pei/g. averaged over the 
first 15 em of soil below 
the surface; 15 pCi/g when 
averaged over 15 em thick 
soil layers more than 15 em 
below the surface and less 
than 1.5m below the surface. 

140 
40 

190 

15 

60 
2400 

JOO 
SO 



Sr-~O 300 
5,200 B-3 (pei/ml soil moisture) 

!/Described in ORO-B31 and ORO-832. 

2/ 
- In the event of occurrence of mixtures of radionuclides, the 

fraction contributad by oach radionuelide to its S~idclinc ~hall be 
determined, and the sum of these fractions shall not exceed 1. There 
are t~o special cases for which this rule must be modified: 

(a) If Ra-226 is present, then the fraction for Ra-226 should not be 
included in the sum if the Ra-226 co~centration is 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 replacing the Ra-226 concentration by the 
difference between the Ra-226 and Th-230 concentrations. 

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

l/Except for Ra-226, these guidelines represent unrestricted-use 
residual concentrations above background averaged acro~s any 15 em 
thick layer to any depth and over any contiguous 100 m surface area. 
The same conditions prevail for Ra-226 except for soil layers beneath 
1.S m; beneath 1.5 m, the allo~able Ra-226 concentration may be 
affected by Site-specific conditions and must be evaluated 
accordingly. 

~/Localiz~d conc~uLratlon~ in ~xc~sS ur th~s~ guid~lln~~ are 
allo~able provided that the average over 100 m is not exceeded. 
Bo~ever. DOE ALARA policy will be considered on a site-specific basis 
vhen dealing vith elc~atcd localiz~d eoneentrations. 

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

disintegrations per16eeond (dis/s) over any 15cm thi~k layers from 
U-238 plUG 3.7 x 10 dis/s from U~234 p1us 1.7 x 10 dis/s from 
U-235. One curie of natural uranium is equivalent to 3,000 kilograms 
or 6~600 pounds of natural uranium. 

!/Assumes no other uranium isotopes are present. 

lIthe Th-230 guideline is IS pCi/g to account for ingrowth of Ra-226 
as Th-230 decays. Ra-226 is a limiting radionuclide because its 
decay product is Rn-222 gas. 

~The Pu-241 guideline was derived from the Am-241 concentration. 

2. Structure Guidelines (Maximum Licits for Unrestricted Use) 

a. Indoor Radon Decay Products 

A structure located on private property and intended for 
unrestricted use shall be subject to remedial action as necessary 

B-3 



to ens~r~ th~ annuHl average concenLration of radon decay products 
is less than 0.03 w~ within the structure. 

The indoor ga~ma radiation after deconta~ination shal: not exceed 
20 microroentgen per hour (20 R/h) above background in any 
occupied or habitable building. 

e~ Indoor/Outdoor Structure Surface Contaminntion 

Allowable Surface Residua2 Contamination+ l 

(dpm/IOO em ) 

RadionuclidesY 3/ 4/ . 4/ 5/ 4/ 6/ 
Average- '- Max1mum- '- Removable- '-

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

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

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

Beta-gamma emitters 
(radioDuclides with 
decay modes other than 
alpha emission or 
Bpontan~ous fission) 
except 5.-90 and others 
noted above 

100 

1,000 

5,000 

5,000 

300 20 

3,000 200 

15,000 1,000 

15,000 1,000 

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

2/ 

3/ 

4/ 

means the rate of emission by radioactive material as 
illlIot"':'1'::"Tl1inl!lOn hy eo"'~#*~f:"ing t'hlP: e.Ollnt:~ pP.l'" minut:B ohg€1':rv~d by an 

appropriate detector for background, efficiency, and geometric., 
factors associated with the instrumentation. 

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

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

The average and maximum radiation levels associated with 
surface contamination resulting from beta-gamma emitters should 
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6/ 

not exceed 0.2 ~r3d/h at 1 cm and 1.0 mrad/h at 1 c~~ 
respectively, measured through not more than 7 mg/cm of total 
absorber. 

:be maximum cont2mination level applies to an area of not 
more than 100 em • 

2 The amoun: of removable radioactive ~aterial per 100 cm of 
surface area should be determined by Wiping thac area with dry 
filter or soft absorbent paper, applying moderate pressure, and 
assessing the amount of radioactive material on the wipe with 
an appropriate instrument of known efficiency. '~en removable 
contaminatlon on objects of less surtace area is determined, 
the pertinent levels shall be reduced proportionately and the 
eutire surface shall be wiped. 

B. CO~TROL OF RADIOACTIVE WASTES AND RESIDUES FROM FUSRAP AND REMOTE SFMP 
SITES 

Specified here are the control requirements for radioactive wastes and 
residues related to the nuclear fuel cycle at FUSRAP and re~ote SFMP sites. 
lt is the policy of DO£ to store radioactive ~astes in a manner " 
representiug sound engineering practices consistent with DOE's ALARA 
policy. 

1. lnterim Storage 

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

a. 5480.1A, Environmental Protection, Safety, and Health Protection 
Program for DOE Operations. 

b. 5480.2, HazardQus and Radioactive Mixed Waste Management. 

c. 5483.1, Occupational Safety and Health Program for Government-0wned 
Contractor-Operated Facilities. 

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

e. 5484.2, Unusual Occurrence Reporting System. 

f. 5820, Radloa~tlve W~$te Management. 

g. Control and stabilization features Will be designed to ensure, to 
the extent reasonsbly achievnble, nD effective life of 50 years, 
and in any case, at least 25 years. 

h. Rn-222 concentrations in the atmosphere above facility surfaces or 
openings shall not (1) exceed 100 pCi/1 at any given point, or an 
average concentration of 30 pCi/1 for the facility site, or (2) 
~~~~pd an average Rn-222 concentration at or above any location 
outside the facility site of 3.0 pCi/1 (above background). 
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i. For ~ater protection. use existing state and federal standards; 
apply site-specific measures where needed. 

2. Long-Term Management 

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

b. Control and stabilization features will be designed to ensure to 
the extent reasonably achievable) an effective life of 1,000 yea~~ 
and, in any case, at least 200 years. Other disposal site design 
features shall conform with 40 eFR Part 192 performance 
guidelinec/requirement~. 

c. Rn-222 emanation to the atmosphere from facility surfaces or 
~peni~g shall not (1) exceed an average relea~e rate of 20 
pCi/m Is, or (2) increase the annual average Rn-222 concentration 
at or above any location outside the facility site by more than 0.5 
pCi/l. 

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

e. Prior to placement of any potentially biodegradable contaminated 
wastes in a Long-Term Management Facility, such wastes will be 
properly conditioned to (1) ensure that the generation and escape 
of biogenic gases will not cause the requirement in paragraph 2.c. 
to be exceeded, and (2) ensure that biodegradation within the 
facility will not result in premature structural failure not in 
accordance with the requirements in paragraph 2.b.. If 
biodegradable wastes are conditioned by incineration, incineration 
operations Will be carried out 1n compliance With all applicable 
federal, state, and local air emiSSion standards and requirements, 
including any standards for radionuclides established pursuant to 
40 CPR Fart 61, National Ewission Standards ior Bazardou5 Air 
Pollutants (NESHAPS). 

G~ EXCEPTIONS 

Exceptions may be made to the guidelines presented herein following 
analyclc of the G1te-~pecific aQpactQ of a candidate site. Specific 
situations that warrant consideration for modifying these guidelines are: 

1. YhPTP Tpmp~f~l ~c~inn~ would pose a clear and present risk of injury to 
workers or members of the publiC, notwithstanding reasonable measures 
to avoid or reduce risk. 

2. Where remedial actions would produce environmental harm that is clearly 
excessive compared to the health benefits to persons living on or near 
affected sites, now or in the future, notwithstanding reasonable 
meaSures to limit damage to the environment. A clear excess of 
environmental harm is harm that is ~ong-term, manifest, and grossly 
disproportionate to health benefits that may reasonably be anticipated. 



3. ~ere the cost of remedial 8~tions for con~arninatecl soil is 
unreasonably high relative to long-term benefits and the residual 
radioactive materials do not pos~·a clear present or future hazard. The 
lik~lihood that buildingc will be erected or that people will spend 
long periods of tim~ at such a site should be consjder~d in evaluating 
this hazard. Remedial actions will generally not be necessary where 
residual radioactive materials ~ave been placed semiperwanently in a 
location where site-specific factors limit their ha~ard and from whic~ 
they are costly or difficult to remove, or where only minor quantities 
of residual radioactive ~ateriAl~ ar~ involvprl_ E~~mpl~s are ~esidu~l 
radioactive materials under hard surface public roads and sidewalks, 
around public sewer lines, or in fence-post foundations. Supplemental 
standards shall not be applied at such sites. ho~ever. if individuals 
are likely to be exposed for long periods of time to radiation from 
such materials at levels above those that ~ould prevail in Subpart A. 

4. Where the cost of cleanup of a contaminated building is clearly 
unreasonably high relative to the benefits. Factors that shall be 
included in this judgment are the anticipated period of occupancy. the 
incremental radiation level that Would be affected by remedial actions, 
the residual useful lifetime of the building, the potential for future 
construction at the site, and the applicability of less costly remedial 
methods than removal ot residual radioactive materials. 

S. Where there is no known remedial action. 

D. GUIDELINE SOURCE 

Cuideline 

Residual Contamination Criterial! 

Soil Guideline 

Structure Guideline 

Control of Radioactive Wastes and Residues 

Interim Storage 
Long-Term Managemenc 
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DOE Order S480.2t. 40 CFR Part 192-

40 CFR Part 192, 
NRC Guidelines for 
Decontamination of 
Facilities and Equip­
ment Prior to Release 
for Unrestricted Use or 
Termination of Licenses 
for Byproduct, Source, 
or Special Nuclear 
Material (July 1982). 

DOE Order 5480.1A 
40 CFR. P a.t: 192. 



1/ , 
- ine b~ses 0: the residual contamination guidelines are developed it 

ORO-B3l and ORO-832. 

~/Ba$ed on limiting the concentration of Ra-222 decay ?roducts to 0.03 ~~ 
within structures. 
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