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COMPREHENSIVE RADIOLOGICAL SURVEY 

OFF-SI!E PROPERTY D 
NIAGARA FALLS STORAGE SITE 

LEWISTON, NEW YORK 

INTRODUCTION 

Beginning in 19&." > th~ Ma.nhattan Engineer Di$trict ago i.tS' Q\Z.l;;;eessQr) 

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

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

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

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

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

contaminated 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 (KAPL). 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 property was eventually sold by the General Services Administration to 

various private, commercial, and governmental agencies. 1 

sr~ Chemical ServicQs, l~c. i. the cu~~ent owne~ of 3 tr3ct identified 

as off-sit e property D (see Figure 1). A radiological survey of that 

tract, conducted in May through August 1983, is the subject of this report. 

SITE DESCRIPTION 

Figure 2 is a plot plan of off-s ite property D. The property is 

rectangular in shape and measures approximately 812 m long by 280 m wide. 

It occupies a total area of 23 hectares. The site is bounded on three 

sides by !;'oads: "R" Street on the north, MacArthur Street on the east. and 

"5" Street on the west. Chain link fences cross the property in a 

north-south direction near the extreme eastern and western edges. The 

western portion of tnis property is largely occupied by landfill areas 



which are accessed by unpaved roads. The property contains two major 

drainagQ ditcneg (the ditch ae~r thA wAst~rn boundAry ha~ bAAn only 

recently constructed). 

ponds on the site. 

There are also four waste treatment or retention 

There lS one small, badly deteriorated, wooden 

structure; originally this building was part of the munitions operations 

which occupied the site prior to use by MED/AEC. With the exception of the 

landfill and several treatment pond berms, the land is relatively level. 

Host of the land has been cleared al though small areas of trees and brush 

remain along the northern perimeter. 

Radiological History 

There is no evidence of cont ... minated material burials on property D; 

however. the 1971-72 AEC survey identified two small areas of possible 

surface co n tHmilla I.;. ion " 1,2 One of these was located near the northwest 

corner of the property, about 60 m south of "H" Street and 80 m west of 

Cas t l@ Garden Road. Direct radiation levels in this area ra.nged up to 

40 ~R/h following the 1972 cleanup operation. The second elevated area was 

in the mid-eastern section of the property, near the south end of First 

Street. This area. which had direct radiation levels up to 2S \.lR/h, is 

presently covered by a chemical landfill. A 1980 mobile scan by the Oak 

Ridge National Laboratory indicated above-background levels along "H" 

Street and minor spots along the north-south roads. 3 It is possible that 

some of these previously identified areas may have been disturbed or 

relocated as a result of on-going construction and property maintenance 

activities conducted by SeA. 

SURVEY PROCEDURES 

.he comprehensive survey ot NFSS ott-site property D was perrormea DY 

the Radiological Site Assessment Program of Oak Ridge Associated 

Univcraitieo (ORAU)J during Hoy-August 1983. The ~urvcy wac in accordance 

with a plan dated February 3, 198.3, approved by the Department of Energy. 

The objectives and procedures from that plan are present@d in this section. 
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Db iective 

The objective of the survey was to provide a comprehensive assessment 

0= tbe radiological conditions and associated potential health effects, if 

any, on property D. Radiological information collected included: 

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

rates, 

2. locations of elevated surface residues, 

3. concentrations of radionuclides in surface and subsurface soil, 

4. concentrations of radionuclides in surface and ground water, and 

5. concentrations of radionuclides Ln sediment samples from drainage 

die ches. 

Frocedu;["(!!J 

1. 'Rrunh .and weedG were clcnrcd llG needed to provide llcccsa for 

gridding and surveying and a 40 m grid system was established by 

McIntosh and McIntosh of Lockport, NY, under subcontract. The 

grid system is shown on Figure 3. 

2. Walkover surface scans were conducted over all accessible .areas 

of the property. Traverses were at 2-5 m intervals on those 

areas that were relatively inacceasible and had no history of 

radioactive use. Scanning intervals were 1-2 m along all roads, 

in areas previously identified as having elevated radiation 

leve 1s, and in other areas where direct radiation measurements 

suggested possible contaminated residues. Portable gamma NaI(TIJ 

scintillation survey meters were used for the scans. Locntions 

of elevated contact radiation levels were noted and surtace 

exposure rates were measured at these locations. 

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

1 m above the surface at 40 m grid intervals. Measurements were 

performed using portable gamma NaI(Tl) scintillation survey 

meters. Conversion of these measurements to exposure rates in 
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microroentgens per hour (JJ R/':J.) was 1n accordance with cross 

caliol-ation with a. p.["~:ssurized ~uuiz.aL.iuil t.:lu:llLIbt:.[". 

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

surface at 40 m grid intervals. These measurements were 

eDnriu~t:l?d t,t~ing t:hin-windolo1 «7 rng,J em2 ) G-M dett;'-ctnrs and ~l"'"t

able scalerJratemeters. Measurements were also obtained with the 

detector shielded to evaluate contributions of uonpenetrating 

beta and low-energy gamma radiations. Meter readings were 

converted to dose rates in microrads per hour (llrad/h) based on 

cross calibration with a thin-window ionization chamber. 

5. Surface (0-15 em) Boil samples of approximately 1 kg each were 

collected at each accessible 40 m grid interval. 

6. At selected locations of elevated surface radiation levels 

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

were also measured. Surface soil samples were obtained from 

these locations and, fo 11 awing sampling, the surface exposure 

levels were remeasured for comparison with presampling levels. 

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

penetrating radar surveys at proposed borehole locations to 

assure that subsurface piping and utilities were not damaged 

during drilling. In some cases, S light relocations of boreho 1e 

locations were required. 

8. Boreholes were drilled to provide a mechanism for logging 

subsurface direct radiation profiles and collecting subsurface 

soil and water samples. Twelve boreho les were drilled by Site 

Engineers, Inc., of Cherry Hill, NJ, and Earth Dimensions of 

Aurora, NY, using truck mounted 20 em diameter hollOW-Stem 

augerS. The locations of these boreholes are shown on Figure 4. 
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GammA radiation scans were performed in the boreholes to identify 

the location" o£ elevated direct radiation levela which might 

indicate subsurface residues. Radiation profiles in the 

boreholes were determined by measuring gamma radiation at 

15-30 em intervals between the surface and ground water or the 

hole bottom. A collicated ~amma scintillation detector and 

portable scaler were used for these measurements. 

Ground ,.,ater samples of approximately 3.5 liters were collected 

from five borehole locations. 

hand bailer. Soil samples 

The samples were collected using a 

of approximately 1 kg each were 

collected from various depths in the holes by scraping the sides 

of each borehole with an ORAll designed sampling tool. 

~. Four water samples were collected from areas of standing 

(surface) waeer (see Figure 5). 

10. Three sediment samples were collected from ditches located near 

the periphery and center of the property (refer to Figure 5). 

11. Twanty ~oil samplp.s and sp.ven water samples were collected from 

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

properties) to provide baseline concentrations of radionuclides 

for comparison purposes. Direct background radiation levels were 

measured at locations where baseline soil samples were collected. 

The locations of the baseline samples and background measurements 

are shown on Figure 6. 

Sample Analyses and Interpretation of Results 

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

major radionuclide of concern, a1 tbougb spectra were reviewed for U-Z35, 

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

analyzed for gross alpha and gross beta concentrations. 
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Additional information concerning analytical equipment and procedures 

is in Appendix A. 

Results of this survey were compared to the applicable guidelines for 

formerly utilized radioactive materials handling sites, which are presented 

in Appendix B. 

RESULTS 

Background Levels and Baseline Concentrations 

Background exposure rates and baseline radionuclide concentrations in 

soil, det"rmin .. <l [or 20 locations (Figur .. 6) in the vicinity of the NFS3, 

are presented in Table l~A. Exposure rates rsnged from 6.8 to 8.8 '.JRih 

(typical levels for this area of New York). Con"entrlltiong of 

radionuclides 10 soil were: Ra-226, <0.09 to 1. 22 pCil g (picocuries per 

gram); U-23S, <0.14 to 0.46 pCi/g; U-238, <2.20 to 6.26 pCi/g; !h-232, 0.32 

to 1.18 pCi/g; and Cs-l37, <0.02 to 1.05 pCi/g. These concentrations are 

typical of the radionuclide levels normally encountered in surface soils. 

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

These are typical of concentrations normally occurring in surface water. 

Uirect Radiation Levels 

DiLt!cL x:atiiHLiull l~v~lfl\) wtcasureu at 40 til grid iutervalz, ax-e; 

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

these grid point. ranged from (', eo 10 "R/h (av.",,,s .. 7 jIR/h). Surface 

contact gamma exposure rates and beta-gamma dose rates were 5 to 10 ~ R/h 

(average 7 uR/h) and 5 to 35 ~rad/h (average 17 urad/h), respectively. At 

most locations, measurements performed with the detector shielded averaged 

approximately 20% less than those ",ith the unshielded detector. This 

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

nonpenetrating beta or low-energy photon radiations. 
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The walkover survey identified numerous isolated spots of elevated 

contact radiation levels. These locations are indicated on Figure 7 and 

associated radiation levels are presented in Table 3. Surface contact 

gamma exposure rates ranged from 29-3000 ;:R/:,; the maximum was measured at 

grid point 384N, 3I2E. Exposure rates at 1 m above the surface ranged from 

B to llO '_R/h. Beta-gamma dose rates ranged from 29-6450 ;.!rad/h. The 

maximum dose rate was recorded at grid coordinate 376N, 292E. Contact 

exposure and beta-gamma dose rates were reduced by soil sampling at many ot 

tbese locations; this indicates that most of the contamination is in small, 

discrete pieec3 of ~terial rathcr than diffused throughout the ooil. 

RadioPtl("!lid2 ConcentrAtions in Sur-fac.t=!! Soil 

Table 4 lists the concentrations of radionuclides measured in surface 

soil from 40 m grid intervals. These samples contained Ra-226 

concentrations ranging from <0.16 to 2.44 pCi/g. The highest level was in 

the sample collected at grid point 5381'1, 760E. A few additional samples 

contained Ra-226 concentrations exceeding those in the baseline soil, but 

none exceeded 5 pCi/g above the baseline level. Several of these samples 

also contained slight ly elevated U-238 concentrations. The highest U-23 8 

concentration was 8.40 pCi/S at grid coordinate 400N, 740E. Concentrations 

of U-235, Th-232, and Cs-137 were not significantly different from those in 

base line samp les. 

these samples. 

No other gamma emitting radionuclides were noted in 

Radionuclide concentrations in samples from locations of elevated 

Concentra.tions o£ 

Ra-226 in these samples ranged from 0.95 to 11 ,200 pCi/g; the maxilllum 

concentration was measured in a piece of rock-type material (sample B8) 

from grid point 460N, 742E. Most of the other samples which contained high 

Ra-226 levels were also pieces of this same material and ranged ~n s~%e 

from approximately 200 g to 1.5 kg. These samples also contained elevated 
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U-238 and Th-232 levels. The rock sample, BIB, from location 539N, 222E, 

contained 403 pei/ e of 11-23 8 and 553 pCi/g of Ti'.-232 - the highest l@v"l8 

of th"." two radionuclides measured in samples from property D. 

Sample B12 consisted of several chips from a large metallic-looking 

mass weighing an estimated 30-40 kg. Samples BlO and Bll contained small 

objects which were the source of the contamination. Sample S10 contained a 

small white chip (probably lead cake) having a total activity of 0.31 ~Ci 

of Ra-226; sample Bll was a ceramic device known as a "spark gap" and 

contained 25.4 ~Ci of Cs-137. 

~orehole Gamma-Logging Measurements 

The results of gamma scintillation measurements in boreholes indicate 

no subHurface contamination. The gamma count rates determined by the 

borehole measurements were reliable indicators of elevated subsurface 

radionuelide levels. However, the gll'lDDlll logging d.a.t.tl wan not uDc£ul in 

quantifying radionuclide concentrations in the subsurface soil, becsuse of 

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

soils from this site. 

Radionuclide Concentrations in Borehole Soil Samples 

Table 7 presents the radionuclide concentrations measured ~n soil 

samples from boreho lu. Neither the six borehOles (Rl-H6), located to 

provide a representative coverage of the property, nor boreho les H7-H12, 

drilled in areas of elevated radiation levels identified by the .... alkover 

scan, contained radionuclide concentrations differing from the ranges in 

baseline samples. 

Radionuclide Concentrations ~n Water 

Surface Water 

Samples WI-W4 from standing water on property D (refer to Table 8) 

contained gross alpha concentrations ranging from <1.68 to 5.05 pCi/l. 



Cross beta concentrations ranged from 3.15-8.45 pCi/L These values are 

within the EPA Drinking Water Standards of 15 pCill, groH alpha, "nd 

50 pCi/l, gross beta. 

Subsurface Water 

Water samples collected from boreholes contained from 1.02 to 

6.19 pCi/l of gross alpha and 5.52 to 65.4 pei/1 of gross beta. The sample 

from borehole HIl exceeds the EPA guideline of 50 pCill for gross beta. 

The remainder of the samples are within the EPA criteria with most having 

concentrations in the range of baseline levels. I t should be noted that 

many of these samples contained high concentrations of dissolved solids. 

Ihis neCE!ssitated the USE! of smaller volumes of water for gross alpha 

analysis, 'CE!sulting lon larger relative errors than are usually associated 

with thia procedure. 

RR.dionu~l ttle r.oncemtrar.l.ons in Drainage Dit~h. Sedimetlts: 

Concentrations Ln sediment samples, collected from ditches found on 

the eastern, central, and western portions of the property, are presented 

in Table 9. Levels of Ra-226, U-235, U-238, Cs-137, and Th-232 were all 

comparable with baseline concentrations. 

COMFARISON OF SURVEY RESULTS WITH GUIDELINES 

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

Niagara Falls Storage Site are presented in Appendix B. Radiation levels 

and radionuclide concentrations, at small, isolated spots of surface or 

near-surface contamination, exceed these guideline values. 

The exposure rates in contact with most of the isolated areas of 

surface cont~in4tion, exeeed the guideline of 60 ~R/h for open land orcno 

accessible by the general public. The highest level measured was 

3000 \lR/h. (The object responsible for this radiation level was removed 

from the property by sample collection operations; ho"'ever, other small 

locations of contact exposure rates exceeding 60 '"R/h remain.) Exposure 

rates at 1 m above the surface are within the 60 '.1 RI h guidel ine with the 
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exception of an area near a metallic looking rock. The level at 1 11: from 

this mate~ial WaG 110 uR/h. 

Areas of surface contamination, identified by the walkover scan. 

contained Ra-226 concentrations in excess of 5 pei/g; three of the samples 

also contained U-238 concentrations above the 150 pei/g criterion. Most of 

these areas of contamination are small and isolated, and concentrations 

would be below the 5 pei/g and 150 pei/g guidelines if averaged over an 

area of 100 m2 . Many of the high radiouuclide concent~ations are 

associated with pieces of rock- or slag-type material. This material was 

noted primarily in the northwest and west central portions of the property 

and in areas of recent construction or earthmoving activities. Sampling 

aUo identified one piece of lead cake residue (Ra-226) and a Cs-137 "spark 

gap" device. each containing radionuclide levels exceeding the guidelines. 

(These obj eces were also removed by Mmpling.) Borehole measurements and 

samples did not identify subsurface levels differing from those in baseline 

samples. 

Surface wat.f!!:'r contained radi.onu~l ide concp.nt:rlQtions below I"h~ F.PA 

limits of 15 peill, gross alpha and 50 pCi/l, gross beta. None of the 

subsurface water samples contained gross alpha levels exceeding 15 pei! l; 

however, sample 108, collected from borehole llll at grid point 372N, 336E. 

did contain a gross beta concentration of 65.4 pCi/l. This sample was from 

an area identified by the walkover scan as having elevated direct radiation 

levels and several spots of isolated Gurface contamination. It should be 

noted that the EPA Drinking Water Standards are not applicable to sources 

of water which are not community water supplies. These standards are 

therefore presented only for comparison purposes and are not applicable to 

the water sources sampled on property E. Other borehole water samples 

indicate that radioactive residues on the property are not producing 

general ground water contamination. 

SUMMARY 

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

Storage Site was conducted during ~ay-Augu$t 1983. The survey included: 

surface radiation scans, measurements of direct radiation levels, and 

10 



a.nalyses for radionuclide concentrations in soil and water samples, bot!'! 

surface and subsuriace. A~alyses of sediment samples, coll~etcd at several 

locations, were also performed. Ground penetrating radar waS used to 

identifY subsurface utilities which might preclude borehole drilling. 

The results of the survey indicated numerous, small, isolated areas of 

elevated direct radiation and surface soil contamination. The major 

contaminant was Ra-226; however, U-238, Th-232, and Cs-137 contamination 

was also noted. Most of these areae. We1:'e associated with pieces of a 

rock-type matedal (possibly a chemical processing slag). This material 

was noted primarily in the northwest and west-central sections of the 

property and in areas of recent construction or earthmoving activity. 

Other objects, e.g. a "spark gap" device, lead cake, and a me-tall ie-looking 

mass. we1:'e also identified as sources of elevated radiation levels. Many 

of the small iSQla.ted 50urCeIS of radia.tion were removed by the .survey 

sampling procedure; however, there was no attempt to remove all such 

SOUl:'CPR ~ It is .!1.1$O p08Aibl@ th8t .addit:ional materials .are present beneath 

the fill and piles of earth which have been accumulated in the section of 

the site (near 360N,320E). It is estimated that less than 2 m3 of the 

rock-type material and other isolated objects with radionuc.lide levels 

exceeding the criteria, are present on this property. Locations of the 

remaining areas, noted by this survey, are listed in Table 10 and shown on 

Figure 8. 

No subsurface cont~ination was identified and sampling indicates that 

contamination is not migrating from the property into surface or ground 

water systems. 

Although the contaminated residues on small portions of this property 

exceed the guidelines eot4blishcd for rcleo.e of the site for ~nreGtrict~d 

use by the general public, the contaminants do not pose l'otential health 

risks to the public or site workers. There are continual construction and 

maintenance activities on this property and these activities h3ve the 

potential for relocating, distributing, and concealing contam.inated 

residues that were identified by this survey. During n vi$i~ to the 
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property in November 1983 (after the survey had been completed), it was 

observed that additional earthmoving has occurred in the west-central 

portion of the property, the area where numerous isolated pieces of the 

contaminated rock-type material had been identified. 
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TABLe I-A 

BACKGROUND EXPOSURE RATt:S 
MHl 

H/I[llotHlGI,IflE C0HCEI1TR/lTlOH5 Iii BIIS~!.lNE 50IL SAtIl'l.ES 

F:q,nSI)I(, R.atO!D 
(,.R/h) 

6 •• 
! .8 
8.3 
I.~ 

I.l 
1.1 
7.7 
7.6 
1.1 
1.1 
6.1 
).1 
1>. ) 
•• 8 
a .1 
7.4 
1.0 
1.1 
e .S 
B .6 

RllodiOl1uc\ ide 
'R;;=216 "--'. 'li=iE ij~iii 

0.74 , 0.16' 
0.7) ~ O.I~ 
Q.ll + 0.18 
0.£01 2: {l.1L' 
O.IO!O.li 
0.50 f 0.15 
0.£3 ! O.ll 
0.59! 0.12 
0.63 ! 0.10 
O.)O!O.I' 

<0.09 
0.4S ! 0.11 
0.>7 ! 0.14 
0.68 ! 0.1) 
0.6j ! 0.11, 
0.91 ! 0.17 
0.48:!. 0.14 
0.11 ! 0.16 
l.U y 0.21 
0.S3 ! 0.11 

<U.19 
<0.19 

<0.22: 
<0.11 
<0.16 
<0.1 I 
<0.11; 
<O.ll 
<0.19 
<0.19 
<0.16 
<0.1 ) 
<O.U 
<0.17 
<O.ll 
<0.16 
<O.li 
.. 0.2) 
<0.21 

<2.89 
<l.lI 
<1.12 
o(,q.l() 

<3.34 
<2.J) 
<,.11 
<2.10 
<4.1i 
<2.n 
<1.8) 
<2.84 
<1.16 
<3.24 
<J. "0 
<J.IS 
<l.l) 

~.26 1.9.23 
.;) .151 
<1.59 

0.70 ! 0.46 
0.86 ! 0.14 
0.88 ! o.n 
l.lG 1. D.); 
0.68 • 0.110 
0.52 -;: O.H 
0.8l • 0.1'. 
O.14!0.lJ 
0.8l !O.lS 
0.59 .0.15 
0.49 -; O.JI 
0.6; • 0.20 
0.49 :;: 0.16 
O.b/ ! 0.15 
0.12 ! 0.)5 
0.8J ! 0.23 
0.H1.O.12 
1.01 ! 0.1.4 
t.OlS .... 0 .. 49 

0.84 :;: 0.19 

0.29 ! 0.08 
0.21, ! 0.U8 
O.H ! O.O? 
0.12 ,. G.G)' 

O.ll 1: 0.U8 
0.11 1. 0.09 
0.)5 :!. 0.08 

<0.0) 
o .6g 1. 0.1 j 
0.69 , 0./0 
0.48.0.14 
0.68 • 0.10 
0. 1.1 :; 0.08 
0.10 i 0.10 
0.11 1. 0.08 
0.61 t 0.09 
O.lB ! 0.08 
0.32 + 0.12 
1.0' ~ 0.13 
0.08 1. 0.0) 

Rl;\op,e i.BlOB.S <0.09 to 1.12 <0.14 to 0. 1.6 <<.20 to 6.26 0.12 to 1.18 <O.Ol to l.O) 

a Refer to Figure 6 • 
b Neasured at 1 m above the surface. 
C J;TTnT R aTP 2n ha oe d on counting sta ti sl i cs. 



TABLE l-B 

~DIONUCLIDE CONCENTRATIONS IN BASELI~E WATER SAMPLES 

"Location Radionuclide Concentrations (pei/l) 

Wl 
W2 
W3 
W4 
WS 
W6 
W7 

Range 

Gross Alpha 

0.95 !.0.93 b 
0.95 !. 0.94 
0.55 !. 0.78 
0.63 !. 0.89 
0.73 !. 0.68 
1.87 !. 1.84 
1.16 !. 0.66 

0.55 to 1.87 

a Refer to Figure 6. 
b Errors are 20 based on cQunting statistics_ 

22 

Gross !leta 

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 E 

540 225 
540 240 
540 280 
540 320 
540 360 
540 400 
540 440 
,,40 480 
540 520 
540 560 
540 600 
540 640 
540 680 
540 720 
540 760 
540 800 
540 840 
540 880 
540 920 
540 960 
540 1000 
540 1008 

520 225 
520 240 
520 280 
520 320 
520 360 
520 400 
520 440 
520 480 
520 520 
520 560 
520 600 
520 640 
520 680 
523 720 
520 7&0 
520 800 

TABLE 2 

JIRECT RADIATION ~EVELS 
MEAStRED AT 40 M GRID INTERVALS 

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

the Surface Surface 
(l' a/h) ( ... a/h) 

9 S 
7 7 
8 9 
8 9 

10 10 
9 8 
9 9 
9 9 
9 10 
8 10 
9 10 
8 8 
9 9 
8 9 
8 7 
8 8 
8 8 
8 8 
8 8 
8 8 
7 7 
6 5 

7 6 
8 8 
6 7 
6 7 
8 8 
6 7 
6 7 

7 7 
7 7 
6 7 
7 7 
7 8 
7 7 
6 6 
7 8 
7 7 

23 

Beta-Gamma 
Dose Rates at 1 em 
Above the Surface 

(~ rad/h) 

15 
24 
26 
23 
26 
14 
25 
14 
14 
21 
24 
29 
29 
30 
14 
22 
21 
27 

8 
27 
17 
5 

IS 
21 

8 
7 

11 
14 

7 
15 
21 

7 

7 
18 
14 
6 

15 
18 



Grid Location 
N--E--

520 840 
520 880 
52.0 920 
520 960 
520 1000 
520 1008 

480 225 
480 240 
480 280 
480 320 
480 360 
480 400 
400 440 
480 480 
480 520 
480 560 
480 600 
400 640 
480 680 
480 720 
400 760 
480 800 
480 840 
480 880 
480 920 
480 960 
480 1000 
480 1009 

440 200 
440 24Q 
440 280 
440 320 
440 360 
440 400 
440 440 
440 480 
440 480 

'::ABLE 2, cont. 

DIRECT RADIATION LEVELS 
MEASURED AT 40 M GRID INTERVALS 

Gamma Exposut'e Gam1ll4 Eltpo sut'e 
Rates at 1 m Above Rates at the 

the Surface Surface 
(\.lR/h) (,lR/h) 

8 8 
8 8 
Il 8 
8 8 
7 7 
7 7 

7 7 
7 7 
7 6 
7 7 
a 8 
7 8 
7 8 
7 7 
6 7 
7 7 
7 8 
7 7 
8 7 
7 8 
S 8 
7 7 
8 8 
8 8 
7 7 
8 8 
7 7 
6 6 

a a 
6 7 
6 7 
6 7 
8 10 
7 7 
7 8 
7 8 
7 7 

24 

Beta-Galllllla 
Dose Rates at 1 cm 
Above the Surface 

(\.l rad/h) 

21 
28 

8 
32 
7 
9 

10 
31 
6 
7 

18 
16 
27 
18 
14 
26 
13 
20 
26 
35 
s 
7 

27 
22 
18 
21 

9 
11 

a 
23 
20 

7 
10 
11 
14 
14 
20 



Grid Location 
--N E---

440 520 
440 560 
440 600 
440 640 
440 680 
4/,0 720 
440 760 
440 roo 
440 840 
440 880 
440 920 
440 960 
440 1000 

400 200 
400 240 
400 280 
400 320 
400 360 
400 400 
400 440 
400 480 
400 520 
400 560 
400 600 
400 640 
400 675 
400 720 
400 760 
400 800 
400 840 
4UO 880 
400 920 
400 960 
400 1000 

360 180 
360 200 
360 240 

TABLE 2, cont. 

DIRECT RADIATION LEVELS 
MEASURED AT 40 M GRID INTERVALS 

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

the Surface Surface 
('JR/h) (~R/h) 

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

7 7 
7 7 
7 8 
7 7 
9 10 
7 7 

8 8 
7 7 
7 7 
7 7 
7 7 
7 7 
7 6 
II a 
8 8 
8 8 
7 8 
8 8 
7 8 
8 7 
6 6 

9 9 
7 7 
6 6 

25 

Beta-Gamma 
DDS~ Ra.t.@s .at. 1 em 

Above the Surface 
(~rad/h) 

18 
20 

II 

7 
a 
Oil 

31 
29 
24 

16 
20 
12 
17 

24 
15 
16 
10 
10 
IS 

8 
17 
26 
13 
24 
27 
19 

a 
15 
17 
21 
28 

9 
7 

25 

26 
21 
19 



Grid l.ocation 
N E 

360 280 
360 320 
360 360 
360 400 
360 440 
360 400 
360 520 
360 560 
360 600 
360 640 
360 680 
360 724 
360 760 
360 000 
360 840 
360 Sa:> 
360 920 
360 960 
360 1000 
360 1008 

320 180 
320 200 
320 240 
no 280 
320 320 
320 360 
320 400 
320 440 
320 480 
320 520 
320 560 
320 600 
320 640 
no 680 
320 720 
320 760 
no 800 
320 840 

TABLE 2, cont. 

DIRECT RADIATION LEVELS 
MEASURED AT 40 M GRID INTERVALS 

Gamma Exposure Gamma Exposure 
R$teS at 1 m Ah~v~ Rates At th" 

the Surface Surface 
().:R/b) (iJR/h) 

6 7 
10 9 

7 8 
7 7 
7 7 
6 6 
7 7 
6 7 
7 7 
7 7 
a Ii 
6 7 
7 7 
7 7 
7 7 
7 7 
1 ~ , 
7 7 
7 7 
6 7 

8 9 
7 7 
8 8 
7 7 
7 7 
S 10 
6 7 
6 7 
6 7 
7 7 
6 6 
7 7 
7 7 
7 / 

7 ~ , 
7 7 
8 8 
8 8 

26 

Beta-Gamma 
Dos" RAtes At 1 em 
Above the Surface 

(lJrad/h) 

26 
15 
11 

7 
7 

l:i 
13 
14-
2/, 

9 
a 

20 
27 
21 
30 
17 
11 
21 
15 

7 

29 
18 
31 
27 
13 
20 
24 

8 
7 

21 
25 
20 
7 

20 
17 
16 
17 
25 



G>:id Location 
N E 

320 8SO 
320 920 
320 960 
320 1000 
320 1008 

ZSO lSO 
280 200 
280 240 
2SO 280 
280 320 
280 360 
2SO 400 
2SO 440 
297 4SO 
295 520 
295 560 
295 600 
2SO 540 
2SO 680 
280 720 
280 760 
280 BOO 
tell 840 
280 a80 
280 920 
200 960 
290 1000 
280 1008 

a Measurement not 

TABLE 2, cont. 

DIRECT RADIATION LEVELS 
MEASURED AT 40 M GRID INTERVALS 

Gamma Exposure Gamma Exposure 
RateB at 1 ~ Above RaLeti a~ the 

the Surface SuX'face 
(\la/h) ("R/h) 

8 8 
8 8 
7 7 
7 7 
6 7 

6 6 
7 8 
7 7 
7 7 
7 7 
8 8 
7 7 
7 7 
7 7 
7 7 
7 7 
7 7 
8 7 
7 8 
8 8 
7 7 
7 8 
7 7 
7 7 
7 7 
7 7 
6 6 
6 6 

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

(Il rad / h ) 

24 
22 
17 
10 
15 

6 
12 
13 
21 
26 
18 
27 
20 

7 
7 
9 

26 
20 
21 
11 
12 
19 

7 
D 
27 
12 
20 

6 

taken due to constX'uction or presence of standing wateX'. 

27 



'.,J 
00 

£il'i-d L()cati~lla 

SB HZ 
'!IJ6 2n 
\16 222 
136 224 
52} 7;8 
'.9) ,,, 
491 221 

'"'~ 140 
464 108 
-'1~O 142 
418 164 
,07 9a9 
1!;1, )1, 
1M 320 
ltll 128 
lilO no 
316 291 
369 120 
1i1 116 
162 lIe 
362 322 
3.1 310 
36] 323 
10l 32, 
360 299 
160 100 
360 308 
319 3,0 
na 1,0 
350 322 
350 3lB 
351 324 

TABLE 3 

DIRt;t;T MUtATION LIIVIlL5 AT LOCATlOll5 

IDENTIFIED BY THE WALKOVER SURFACE SCAN 

-- ------------
.~~!,O&1JTe Rate. !lI~t~~ Surf Ace Dou Rate Sample 

(l,.Iud/h) Idcnt it leU ioub 
COTlI.a("t m Aho'lo'e Surface 

44 I) 100 au 
4b " " ... 

1100 14 1020 326 
38 10 38 63 
1. 10 16 R4 
40 IJ 0" "' 29 B '" •• 140 10 120 81 
31 9 110 

190 11 ,40 88 
110 9 1010 89 
72 8 210 '10 

3000 '1 3M" MI 
68 9 66 ." S 44 
}9 10 19 

l~OO JlO MjG BIl 
no 13 220 
4, 1) 42 
3. 9 1,6 6\) 
5Z 12 a6 

'20 14 220 
68 lJ bS 
;0 II \6 
106 Il 69 'I. 
&\ 14 S4 
59 10 .5 
29 13 ,9 
29 9 !9 

100 12 100 
120 20 j2\\ 
200 IJ 200 

------ -------
Contact E.p{'"ur~ R.a~£! 
ILhel S.ampl+- R'l"P"{.1 ... .al 

(",") 

9~ 

" 
10 
10 
40 

~ 

J2 
8 
8 

12 

12 

-.--.~-------------- ---------.-- -------
a Rehr lo Figure 7. 
b Rad iOllUC tide analyses of samples presented in Tables 5 and 6. 
C Dash indicates measurement or sampling not performed. 



TABLE 4 

RADIONtJCLIDE CONCENTRATIONS IN StJRFACE SOIL SAMPLES 
FROM 40 M GRID INTERVALS 

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

Grid Loeatice. Jhdionuc:Jide Co~c:-cO~£!!!2!l..!.J.t£!1gL ______ 
-ji--··-i---- Ra-226 V-235 U 2).8 C .. -!3J Th-2] 2 

515 24O 1.051:;0421- <0.19 1.07 .! I. 58 0.10 10.08 0.7l + O.4'S 
537 2f1l 0.14 ... 0.19 <0.20 <0.65 1.17 .;. 0.16 0.87 ~ 0.34 
537 320 0.00 i 0.19 <0.21 <0 , 1IlI) 0.9510.13 lI.{}t:. 1: O.jE. 

'" ,GO 0.""5' ..!.. O.lS1 <0.11 1.~04 Z 1.;)l 0.24 .!. (1.10 (,I,,' .! O.t;j.-, 

53. 400 0.B5 1 0.19 <0.24 0.63 ± 2.08 0.5910.12 0.94 .! 0.51 
.Ill 440 0.95 ! 0.25 <0.11 I.H ! 1.32 0.51 10.11 (!l.13 

511 4f1l ).01 .! 0.21 <0.16 0.65 1 0.42 0.45.! 0.10 0.66 ! 0.21 

'" '"" 0.91 !. 0.20 .qO.Z'J 1.501 .i 0.99 0.3J .! 0.10 I.Q7 .... 0.24 

III 560 1.05.! 0.24 0.37 1. 0.4Q 0.9910.61 0.11 10.09 0.90 :; 0.35 
536 600 01B1 0 .)6 <0.1 B <0.78 0 .• 3 -,0.11 0.50 :t 0.15 
536 6'0 1.00 ± 0.19 0.14 ! 0.11 <D.n 0.21 ! 0.09 0.58 ! O.lO 

'" S;M o. gl;. ..!:. CL~l "'G.1 i 1.01..! 1.50 1, 0.o, + 0.09 00.S!:. t 0.3.(, 

'" 
53; 720 0.89 .!. 0.25- <0.1 B <0.67 0.16 ~ 0.01 1),73 "+ 0.26-

'" 518 7M 2.44 .!. O.ll <0.11 <0.15- <0.04 O.40~O~32 
540 fIlO O.ll 10.21 <0.16 0.50 ..! 0.4-4 <0.03 0.87 • 0.31 
,B MO 0.96 .:t 0.16 <0.2S 1.2. ! 1.47 <0.(1'4 1.59.t 0.4, 
540 Sfil O~89 .:t 0.26 <0~21 <0.66 <0.0) O. au .. 0.33 
\,0 920 O~8J .! 0.21 <0.27 <0.8S <O.(I'} 1.)) ~ 0.J1 
\40 %0 0.83 .± 0.29 <0.16 0.18..! 0.'951 <0.01 O. ~ .! 0.26 
539 1000 O.98,i0.21 <0.20 O. a1 ..!. 1.50 <0.04 0.72 • 0.36-
110 110 0.31 ± 0.21 <0.32 L5' ! 2.0 0.99io. 1• 0.94:;: 0.16 
520 240 O.84+0.2~ <0.21 <0.81 <0.04 0.8810.43 
520 lfll 0.55 :t 0.19 <0.18 1.16 ! 2.1! 0.68! 0.14 LOO .! 0.')6. 
520 320 0.61 ± .o.l9 <0.16 <0. as. 0.90 .t 0.17 O. '].4 ;t 0.2'5 
SIO JOD 0.69 t 0.20 <0.16 0.B9 ! O. fl1 0.09 ! 0.08 0.71 + 0.26 
)20 ~Q 0.6910.20 <0.19 <0.71 0.,7 i 0.12 0.61 t 0.40 
)20 41.0 O.H! 0.20 <0.16 I. 51 ! I. 20 0.98! 0.15 0.77 :; 0.48 
520 "Ell 0.68! 0.28 <0.30 0.51 , 0.61 0.63 • 0.]2 0.90 ! 0.]0 
520 Sl~ 0.86 .! 0.26 <0.15 0.191 0 •• \1 O.ll ! 0.01 0.15 ! O.li 
520 560 1.00 ! O.H <0.43 2.60 ., 2.1 S 1.0510.18 1.&-\ ! 0.75 
520 600 0.81 i 0.28 <0.29 2.42 ! 2.00 0.75 ! 0.18 <0.23 
520 .40 0.19 , 0.20 <0.1 a <0 •• ) 0.10 .0.07 0.81 " 0.40 
520 6 III 0.71 -. O.l(t <0.19 0.84 ! I.B7 0.19.! 0.09 0.68 ! 0.43 
Hl 120 0.76 :t O.ll <O.U 1.23 ± 0.11 0.66 .!. 0.14 0.17 ! 0.l3 
520 160 1.00 ! 0.21 <0.20 <0.18 o.oa • 0.06 O.89.!: 0.39 
j20 fIlO 1.63 1. 0.26 <0.2l o.8l t 1.52 0.16:; 0.01 0.89 + 0.29 
520 8'.0 0.84 .! 0.20 <0.1-4 0.56 .± 0.41. <0.02 0.14 .! 0.36 
520 gEl) 1.13 ~ 0.21 <0.29 S.03 + 1 ~ 7-4 <U.03 0.82 .! 0.41 
SOO 920 0.% 1. 0.24 <0.18 <0.;9 <0.01 1.04 1:. 0.29 



TABLE 4, COl1t. 

AAlJIONUCLJDE CONCENTRATIONS IN SURFACE SOIL SAMPLES 
FROM 40 M GRID INTEItVALS 

-------~--

G£l.d L{Jcat ion R.;I;di.onuclide CODcentratioD& !~£ii.) "ii-- --E- ._- -Ra-226 ---- U-21j- 0-238 Cs-137 th-232 

520 '/60 1.33 ..:t. 0.24 <0.30 , .21 ~ 0.93 <0.04 1. 01 -.! 0.]0 
520 1000 1.03 .!: D.ll <0.251 <0. j5 O.bl + 0.16 1.34 .. 0.11 
520 1004 0.60 .±. 0.:21 <0.l9 1.31 . 1.11 0.05 ~ O.OS 0.66 :! 0.3:2 
.00 2>0 0."" .I 0 • .)3 ...;:0.1' -<Qo:-1.) 0.:":;; ,!, 0.14 0.7(0 .!. 0.40 

.00 HO 0.68 i 0.24 <0.18 <O.W <O.{13 0.66 + 0.59 
410 280 O.~ ± 0.16 <0.26 <0.38 0.73 :!: 0.13 1.04 !: 0.]9 
400 320 0.71 .!: 0.16 <0.17 1.15 i 0.46 0.73 .!: 0.13 0.66 .! 0.32 
<so ,"0 IJ.i£.3 o.a <0.1 FJ. loU 1. 1.0:1' O~75 J.. 0.0j! O.~J .! Q •. H 
400 400 0.90:;:0.21 <0.26 2.17 .!: 1.02 0.l6 j; 0.10 0.65 !: 0.44 
4SO .. 0 0.61 j; 0.21 <0.14 1.19 .!: D.\1 <D.03 1.05 ! 0.25 
4SO "00 0.35 ± 0.19 0.60 j; 0.43 J .4ii t 0.93 0.30 .0.01 1.01 .! 0.45 

'"" S.1() f'J ~.A .!: l'I ] ~ <n '')t.. 0:'11-)1 <n~nt 1 I'J,L • () 'l.n 
480 560 0.76 + 0.26 <0.19 <0.71 <0 _ 02 0.91 ;'0.19 

\.oJ 
480 000 0.70 -; 0.19 <0.14 0.941: 0 . 351 <0.03 0.95 .! 0.10 

0 460 640 0.06 :!: O.B <0.1 j 0.49 .! 0.64 0.09 Z 0 08 0_62 .! 0_4Ll 
480 680 O.H + 0_16 <0.13 0.95 .! 0.~2 0.04 :'.0 06 0.77 + 0.26 
480 720 0_&1 :± 0_24 <0_16 0_92!. 1_79 0_08 .. 0_08 L05 1: 0_32 
480 760 L08,.!O.19 <0_26 I_Jj .! 1_63 O.ll :! O_CHl 0.92 .!. 0_J6 
460 800 0.9'1 ! 0.26 <0.18 1.06 ! 0.76 0.09 !. (J _15 0.91 .! 0.J6 
480 840 1.25 ,.! 0.26 <Q.26 <0.89 <0.01 0.'91.!0.J6 
4 !Ill 6&1 J.W ! 0.29 <0.10 1.15 ! 0.48 0.0. • O.Oj 0.91 • 0.37 
480 920 0.9"4 1: 0.20 <0.11 0.1'9 .! 0.4.0 <0.03 0.73 ;: 0.46-
480 900 ),08:'.0.26 <0.17 <0.35 <0.03 ) .0; !: 0.37 
460 1000 0.90 + 0.26 <0.15 1.41 + 0.62 0.88. .. 0.16 0.19 .0.11 
480 1001 0.88 j; 0.19 <0.23 l.20 • 1.07 0.'" • 0.08 0.81 !. 0.27 
440 220 0.10.!. 0.18 <0.17 0.B9:;: 0.71 0.46 :;: 0.09 0.71 j; 0.29 
440 140 O.W .!: O.l! <0.23 1.10.!:1.1l 0.43 j; 0.11 1.11 ! 0.40 
440 200 0.19 • 0.18 <0.21 <0.72 0.7. • 0.1. 0.58.0.30 
440 HO 0.99 ! 0.19 0.00 ! 0.08 1.19 ! 1.21 0.0.\ ! 0.04 O.'\j ! 0.30 
440 )60 0.80 ! 0.21 <0.16 1.11 ! 1.11 0.13 ! 0.07 0.84! O.ll 
440 400 0.00 ! 0.11 <0.25 I.l4 !: 1.10 <0.03 0.64 • 0.20 
440 440 0.80! 0.16 <0.19 <0.64 <0.02 0.70 ... 0.24 
440 400 0.64 • 0.24 <0.14 0.94 .! 0.43 O.OB • 0.06 0.86 .! 0.12 
440 520 0.34 .. 0.26 <0.27 2.15 ! 1.01 0.07 ! 0.08 1.00 + 0.16 
440 :.60 0.76" 0.20 <0.18 <0.64 <0.0) 0.6:l :; 0.20 
445 6 00 0.79! 0.18 <0.1 ~ 0.76 ! 1.16 <0.01 1.01 ! 0.35 
440 640 0.66 1. 0.:26 <Ll.l B l.12 .! l.~l" <0.04 0.91 + 0.2 B-
"55 oW 2.34 t 0.14 <0.25 <0.91 <n.Ll3 O. !13 :! O.SJ 
440 120 h b b b b 
440 160 0.81 ! 0.21 <O.lf> <0.77 <0.01 0.60 ! 0 _41 



TABLE 4, coot. 

RADIONUCLlDE CONCENTRATIONS IN SURFACE SOIL SAMPLES 
FROM 40 M GRID INTERVALS 

.. ------ .. 

Grid L:)t:nion . _____ .lI.adi2J!!!..ili!!e CUllctmratiotl@ i~_ 
'M'--i-- a;:". U-21S U-238 C .. ~lJl Th-2) 2 

--_._------_. 
uo mo 0.13 .!. 0.11 <0.20 <0.8l 0.01 1 O.lI 1.28:! a.14 
440 I!I.O O.H .!. 0.24 <0.2.\ '0.81 <0.04 0.94 ! 0.30 
4<0 600 0.741. 0 . 23 <0.1S 1.16 .! 1.43 <0,04 U./tliO.2'J 
,~o 92n 1.14 .!. 0.23 <0.30 1.16 1. 1.48 O.31l 1. 0.]0 O.SB.!.o.a 

4.G 96G l.14 !. 0.)1;. <O.2S 1.61 .! L29 <0.04 L02 .. o-~54 

44G lMO 1.21 ! 0.20 <0.1\ 0.62 + O.H <0.04 0.6.1 .. 0.10 
440 1001 O~8) ..:t O.lob <0.115- <0.15 <0.04 0.72 .!: 0.32 
420 176 1.40.,!.O.lO <0.21 1.15 .!. 1.% 1.1810.1S 0.41 + 0.26 
420 280 0.68 ..!. 0.24 0.01 + 0.04 <).88 0.61 .:!: 0.13 1.23 -; 0.16 
420 no 0.1,\ .!. 0.15 ,0-:-21 1.11 .! 1.4) 0.38.:!: 0.14 0.751 -:; o.)f, 

420 600 0.75 .! 0.24 <0.25- l.4~ 1. 1. 21 <(I.Ol O.88~O.)1 
w 102, 120 0.74 .! O.l.t. <0.16 0.91 1. 0.19 <0.03 0.81:;:0.24 ...... 1,00 III 1.0) .!. O.2.o1! '0.18 O.ffi.!. 1.43 0.14 .t 0.12 0.68 .. 0.12 

1000 2{10 0.00 .:t 0.24 <0.30 <).01 0.3, .!. 0.10 0.89 :! 0.28 
400 "0 o.~ z O.Z> ..... 11.10 <0.00 o.S!) .!,. 0.11 O~l'" !. O.:!5-
4GO 240 0.63 ! 0.24 <0.16 I.Z3 ! 1.)2 0.15 ! 0.10 0.80 + 0.2. 
400 260 0.&5 .!. 0.21 <0.14 1.14 ;!. 0.49 0.16 ! O.OB 0.96 -; 0.2. 
400 2!1l 0.78 .!. 0.1I <0.1.\ 0.\9 .!. 0.18 O.ll ! D.ll 0.69:;: 0.l2 
400 '00 D.l0 ! O,ll <0.17 <0.(,') (LQ9 .! C).U) 0.3> ... 0 . .38 
400 310 0.66 • O.IB <0.1, 0.5) .!. O.lB 0.11 ! 0.0\ D • .\) -; 0.23 
.00 ),0 0.19 :;: 0.18 <n.1S <0.69 <0.01 1.!I6.i 0.34 
"o0 160 <0." <0.11 1.09.!. 1.19 0.11 ! 0.0; O.\O! 0.45 
.no '00 0 • .>$ .! 0,2'" <!.l.!? ioU .! 1.29 ...-1')"0) o.lR,in_ll 
400 4.10 D.89 .t 0.20 <0." l.lO .t 0.43 <0.02 0.19:,: 0.26 
400 41<1 0.66 ;t O.ll <0.13 O.BI i 0.60 0.0) ! 0.04 0.61 + 0.26 
400 \20 0.11 ! 0.16 <0.11 O.BI + 0.62 0.02 ! 0.03 0.64:;: 0.19 
" .. "". 11:.(1.9 ~ ,0.% ..:6.25 O.hE. :;. Ll1 <lLn, n.82 .! 0.28 
400 600 0.61 .! 0.26 (Q.21 4.48! 1.\9 <0.0) l.07 + 0.36 
1,00 6100 0.63 .! 0.19 <0.19 0.95 .! 1.11 ,o.01 1.12 -; 0.41 
1000 140 0.81 ..!: 0.19 <0.24 6.100 . 1. ,1 ({I.0) 0.95 -; 0.31 
1000 100 0.9 • .! 0.2. <0.19 1.2. :;: 1.)1 <0.04 0.)8:; 0.1\ 
.00 000 o. as. • 0.20 0.22 1. 0.29 0.71 .!. 0.44 0.14 .± 0.05 0.56 -t- O~4S 

400 OOG 0.9J :! 0.21 0.14 ..! 0.36 1.)5. !. 0.11 <0.0) 0. B5 :;: 0.11 
4GG "G O. f:O .:! 0.2if:. <0.10 (0.69 <0.03 1.02 .! 0.28 
J,GO . ., • • b b b 
400 910 0.91 ! 0.20 <O.IU 1.46 .! t.J' <0.01 0.74 + 0.,6 
400 960 O.Bl , 0.210 <0.18 <0.63 ,o.04 0.66+0.42 
400 100O 0.19 :;: 0.21 <0.22 <O.ll O. II ! 0.11 0.» ! 0.42 
.00 1M ..... "" .to " <fl.l fi <!.l.b3 0.08 ± 0.0 • 0.18 + 0.21 



TABLE 4, cont~ 

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES 
FROM 40 M GRID INTERVALS 

.. . _---_._-------- ._-- ._---_ . 
Gri.d LOC4tioIJ _. ___ •. ____ !t(d ip~y.d ide- fef!ll!!!I"t: ionl J.r£iIsL ___ 
···-~-E~ R,a-22t. U-1B U-238 Cp-l17 -'Tb:Yif 

la:J 2M" O.~~.! C.1B <0.20 1.99.! 2.19 0.91 :! 0.16 1.10 .! O.li 
la:J 2a:J ~ .• 9 .! 0.24 0.16 :! 0.12 1.10 ! 1.1" 0.11 ! 0.0\ 0.% :! 0.1" 

'''' ,no (L FI.f;J -+ tL2g. <0_2,8 1_411 .J. 1.7 '5 0.10 ~ 0.08 1.11 , 0.40 
380 120 0.91 ... 0.24 <0.27 1.96 !. 1.10 0.:22 .! 0.12 1. 21 .! 0.30 
100 340 O.611 !: 0.1 a <0.18 <0.17 <[}.O/i O.tS 1" 0.31 
160 177 0.6\ .! 0.1\ <0.22 <0.73 O.~ ..!. 0.11 0.72 .! 0.16 
360 200 O.S\ :! 0.29 <0.23 1.60. ..! 1.509 0.601. 0 .11 0.73 ! 0.42 
100 210 0.66 ..:!: 0.25- <0.21 l.79 Z 1.84 0 .•• ! {I,D 0.67 .± 0.10[;. 
360 240 0.04 + 0.19 <0.11 1.10 1. 0.68 <0.02 0.69 !. 0.251 
160 2MI (L93 ~ 0.26 0.2\ :! O.D 1.99" ." 1.61 O.N .! 0.09 1.32 .!. 0..41 
360 200 0.10 ..!. 0.23 <0.16 0.91 ± l.15 0.15- ..:!: 0.0.6 0.88 , 0_31 

w 3.0 100 O.9~ 1:. O.2:~ <0.21 <0(1.72 <O.{)4 1.19 ~ O.itl 
t-> 160 llO 1.0l!. 0.20 <0.10 0.29 :! 0."1 0.04 ! 0.06 0.94 :! 0.11 

160 l40 1.04..!: O.21i <'0.'19 <0. ,ffi <O.(){j, 1.23 ,0.35 
3.0 360 0.99 ..!. 0.24 <0.16 1.13 .! 0.J9 0.08:! 0.0. 0.47 :; 0.41 
3.0 400 0.73 :! 0.1. <0.24 <0.76 <0.0) 1.15:t 0.28 
360 4'10 O.ll t 0.2$ <0.19 1.3\ .! 1.59 <0.01 1.01 ! C.ll 
liO .eo 0.43 .! 0.11 (0.14 0.94 1. 1.13 <0.03 O.~I :! O.lO 
360 S20 0.6 B :! 0.<1 <0.14 0.61 .! 0.41 0.19 !:. 0.01 0.17 :! 0.11 
l60 ;40 0.14 ! 0.21 <0.14 0.90 • 0.40 <0.03 0.89 ! [L::P~ 

160 560 0.94 .! 0.21 <0.26 1.15 , 1.1 B 0.10 .! 0.01 0.9\ .! 0.32 
l60 600 0.00 :! 0.21 <0." <O • .lS <0.03 O.ll ,0.34 
)60 MO 0.71 :! 0.23 <0.11 <0.6/ <o.m 0 .• 8 ~ O.ll 
l.O 675 0 .• 1 .! O.!' <0.19 0.10 .! 1.2) <0.01 v.n .! V.V 
360 llO b b b b b 
l60 11>0 0 • .18 ! 0.19 <0.11 <0.5) 0,04 .t O.OJ O.74!:.O.58 
l60 !Oo 1.04 ! 0.l4 0.11 ! o.oe 1.10! 1.74 o.l~! 0.10 1.)9 :': 0,,0 
360 .. 0 J .JU .! U.:..!U <U. :-.lJ l.Oi + 0.6(; ~'I) .QoJ 1.1 fI .,. 0.'1 
360 BOO 0.99 .! 0.250 0.02 ., 0.03 1.)6 :; 1.60 <0.03 0.81 ! 0.)£ 
360 920 0.90 :! 0.70 <() -:19: (0-:81 ({J .(t4 1.11 ..! 0.34 
)60 960 0.69 ! 0.28 <if).:2 2 1.11 + ].76 <{J.04 0.92 ..! 0.)4 
360 IGOO 0.18:! 0.21, <0.1l 0.81' LII 0.44 .! 0.14 0.6S .0.18 
l60 1004 0.9) 1. 0.21 <0.26 0.32 1. 1.505 <0.04 0.11 :! Q.29: 
'll;.€'1 260 0.66:! 0.19 <0.29 1.9'] + 2.07 0.94 ..!. 0.13 1.4'2 + 0.13 
1,0 200 O. a; .± 0.24 <0.20 1.20 , 1.4B 0.14 .! 0.10 0.66 -; O.25c 
'.U JUU l.ll .! O.2e. 1.0. ZSI "U~W .;O~O) 1.1.'+:iQ.:U-
340 llO 0.% ! 0.21 <0.18 1.11 :! 1.1.1 (O.Oll 0.10 ! 0.l4 
340 l\O Q.$1.! 0.l4 <0.10 1.69:! 2.27 2.17 .! 0.24 0.1ll ! 0.41 
no 163 0.91 .! 0.14 <0.12 0.96 • 0.59 0 .• 0 ± O.D 0.J7 f 0.21 
JW :OWl!' v.e..'J .! O .. H "'0.:2 , 1.Il-,e :! 1.n 0.11 .! 0.01 1.2.4 .!. -(10.:)0 



TABLE 4, cont. 

RADIONUCI.IDE CONCENTRATIONS IN SURFACR SOn. SAMPLES 

FROM 40 M GRID INTERVALS 

----------

Gdd Locatioc. ELadioDuclide Concentratiorl" (f£Hs!.. --ii--E- i.&-2i6------ --- U-i3"5----- U-23 fI C .. -137 ih-232 
----------

320 220 0.65 + 0.]1 <O~21 <O.iIO 0.82 1. O.l.fl 0.50 .!. 0.63 
)20 2.0 0.16 :;: O.l 8 <0.26 t.1.5 1. 1.5.5- <O.O~ 0.82 ..!. 0 • .3.5-

"" "" O.q,l .t o. 'FI <0 _ jll 1 '" .! 10;1 () ?1 .. n 11 1 I Q ... (), 'l.o 

320 ,to 1.01 ..+: 0.26 <0.19 0.9'.!:1." .1} ~ 0.11 O. !Il -; 0.39 
320 320 0.16 i 0.21 <0.20 L/;>iLl1 0.1I .!: 0.06 0.81 :t. O~27 
320 358 0.18.!: 0.23 <0.16 0.16 1. 1 .'58 0.14 ! 0.09 0.78 i 0.50 
320 400 0.69 .. 0.21 <() .lljl <{).10 <0.0& 1.1'5;tfl." 
no 440 O. B8 .!: O.ll <0.16 <0.65 0.0. ! 0.0. 0.65 .!: 0.25 
J20 411) 0.50 .! 0.19 <0.14 <0.48 0.05 .! 0.04 0.42 + .0.26 
110 520 0.91 + 0.2. <0.19 0.89!1.82 0.09 • 0.09 0.92 ~ 0.16 
320 :.60 0.75;: 0.19 <0.14 0.44 + 0.66 'O~OJ 0.69 " 0.29 

w 320 600 {I. ffi 1. 0.23 <0.26 0.61 .. 1.21 0.12 + 0.05 1.16 + O • .a!i.a. 
w 320 640 0.14 .! 0.19 <(1.16 <(I -:-507 O.U -; 0.0.5- 0,11 ~ 0.21 

320 6ff) O. ffi ! 0.19 0.l5 ! O.OB 2.07 .! J .36 <O~02 1.01 ! 0.10 
320 720 0.98 .!. 0.28 <0.2.50 1.10 + ].14 <{I.04 0.19 + 0.30 
320 760 1.21 ! 0.24 <0.22 1.06 1: 1.fI B 0.09 -+ 0.05- 1.43 -:; 0.47 
320 BOO 1.2(1 .! 0.26 <0.30 1.65 + 1.74 <0-:-04 0.99 ! 0.55 
320 840 0.881. 0 •29 <0.20 <0-:-64 <{I.OJ O • .sJ + 0.41} 
320 811) O.81 ! 0.25 <0.19 <0.63 <0.04 0.90 ~ 0.15 
320 910 0.63 + 0.25 <0.21 <0.16 ({I.0). 1.09' .:t. 0.11 
]20 960 0.94 -;: 0.28 <0.l6 0 • .)9 .! 0.8) 0.02 ! 0.03 0.68 i 0.32 
320 1000 0.91 -; 0.26 <0.20 2.].fI .! 1.00 0.71 + 0.16 0.72 + 0.11 
320 1009 0.85 :;: D.1i 0.40 .± 0.)0 1.24 ! 0.18 0.01 ~ 0.05 0.74 ~ 0.20 

'"" "" O.lli .! O.l (i '-'0,1) 1.JO .! 0.41 ({l.lU U.9~ !. O.:lil:!i 
lOG 520 0.19.1 0.21 <0.21 1.11 .:t ).22 0.16 ! 0.06 0.81 ! 0.35 
300 :.60 0.94 ! 0.24 <0.24 <0.7. O.OJ ! 0.08 0.84 .t 0.29 
100 600 0.83 .!: 0.26 <0.18 <0.72 0.0. ! 0.01 0.9B! 0.34 ,II> "n l.ll ..!. 0.1.rs "O.l~ O.~!tI .:t 0./ '.II lI./U .! 0.11 U.b4 ± 0 • .:14 
211) lOa 0.78 • 0.2. <0.1 B 2.09 .!: 1.40 O.OB , 0.07 0.69 ! 0.41 
280 NO 1.0i ! 0.10 <0.32 1.21+1.8. 0.6 i ~ 0.1. 0.9B • 0.43 
Ito Ito ).0) .!: 0.2. <O.H 1.20:;: 2.60 0.1/ ± O~IO 1.21 1 0.19 .", »0 1.100 oJ 0.2) "o.2., 1.6,) ..! l. IU Q.ll .! iJ.ll'.i 0. ru 1. 0.41} 
2!1l 158 1.00 L 0.26 <0.20 1.32 .t 1.45 0.1. ! 0.11 0.76 .i 0.39 
21j) 4fl0 0.8l .!: 0.20 <0.25 <0.84 0.51 ! O.U 0.82 ± 0.29 
280 440 O.ffl ! O.ll <0.19 1.21 ! 1.24 <0.04 O.B9! 0.18 
1'" 400 b b • b 
280 S20 b b b b 
280 560 b b b b 
2to 600 b b b b 
2to 610 0.B8!. 0.20 <0.19 0.9> .! 1.67 0.06 ! 0.01 0.74 ! 0.25 



200 olll 
200 120 
200 1;0 
ZOO 1Il0 
ll)) ~!() 

21n 800 
200 920 
200 %0 
200 1000 
Hil lOO~ 

TABU: 4, "'Oll~. 

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES 
PROM 40 M GRID INTERVALS 

0.9,) :! U.1J 
1.09 ! 0.20 
0.7l ;!. o.n 
0./0 .!. 0.20 
0." .!.. 0.26 
a.BBio.!1 
1.04 ! 0.31 
0.71 + 0.26 
o .• a:t 0.20 
0.14 ! 0.16 

'<.U.J ':I 
<0,26 
<0,1 ~ 
<0.2. 
":0.26 
<0.18 
<0,25 
<0.1 e 
<0,11 
<(}.22 

1." .i l.li' 
0.91 .! 1.4l 
1.44 .! 1.51 
) .~(). .t I . ~ 
0.':2: .! 1.'D~ 
0.81.11.43 
I. 23 ! J.l6 

<O.SO 
O~92!l.M 

<0 .. '2 
-------_._--

u.u~ 1. u.Uti 
<0.04 
<O.Ol 

0.07 ! 0,01 
.... O.D) 

<0.03 
0.09 ! 0.10 

<0,0) 
0.10 ! 0,09 

<0.0\ 

I)., tI .± 0+40 

0,9) ! O.ll 
0,80\ .! 0.l5 
0.16! o,z. 
1.o, .!. 0.14 
0.89 :t 0.26 
0.61 ! O.H 
0.61 ! 0.42 
0,\2 ! 0.32 
0.69 ! 0.1l 

a ~rror" are to based on counting statistics. 
b No sample collected; grid point inaccessible due to presence of surface 

water or landfill area. 



TABLE 5 

RADIONUCLIDE CONCENTRATIONS IN SURFACE SAMPLES 
FROM LOCATIONS IDENTIFIED BY THE WALKOVER SCAN 

-----~~--. ---------.-----
SdJDpl e De:lloCtlpll.O'Q c.;'( ~d Locat ioo 

No. --,.------r-

.,. Soil 
" 'lI 

... 
OIB ilod IJ9 222 
BU Soil IJ8 222 

2:.60... O.3:l-t. <(I.ll 5.60 . 1.3(1 0.1:l + O.Ll 
\)90 ~ 99 <608.'9' 40J + 369 <10-:-1 

2.2:5 1" o.]~ <O.2J 1. 47 1: Loa <0.04 
B2B Rock 5] B 122 1100 .lj \0.1 . Il.l 211 • II B <1.44 
BJ Soil 116 224 l.M ± 0.26 ([}-:-21 3.05, ~ 1.31 <0.03 
B4 Rock 121 75B 
BI 50il 493 221 

"' Soil "91 221 
.7 Rock 46\ 740 

1190 .! 39: <25.5- lOB -.! 121 :3.0G + 3.68 
29.0 .! 1.3 <o.n 16.4 . 3.2 0.55"! 0.14 

\.11 · 0.10\ <C).43 6.8J 4- 1.6\ 0.291. 0 . 07 
6660 • 91 <61.7 <148 (8.72 

BB Rock 460 742 
89 Rock ~~8 J04 

11,200 1: 110 169 . 11 \ <I 'Ill <II. 2 
2160 · 3. <)Q-:-9 <16. B <4.09 

'10 Cbip 407 989 d d d 
"1 <;'J'~ r'l. C. "'I;' H" ll7 , . 
812 Roc.'k(Metall:ic} 316 192 4250 ± 61 <1.11 <41. B <4.S> 
OIl 1I.0l::.k 1~2 31 B 1660 + 16 <34.3 <7 •• 9 <) .~9 
814 SQil 360 299 0.9:S ± 0.28 <0.20 1.78 .! I. III <0.04 

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

a Refer to Table 3 for direct radiation levels. 
b L4~ge relative errOre and mioimum d~tQctablQ activ;tj~A ~TP thp r~st1tt of 

high coutinuum count rates caused by high Ra-226 levels. 
C Errors are 20 based on counting statistics. 

) .14 0.16-
~53 ;- B4 

1.29 1: 0.45 
• 50;! ..!. 19 

0.69" 0.41 
81.3 ! 28.2 
0.71 0.19 
1.20 -; 0.55 

98. \ ~ :S9~1 
<4J .6 

191 .±35 
d , 

11\ , 39 
43.1 ! 26.9 

(I.69 • 0.)·\ 

d Small ~dwpl~ with Ra~226 activity too high for ga~ma spectrometry annlyGis~ r~f~r 

to Table 6 for total Ra-226 content. 
e Small sample with Cs-137 activity too high for gamma spectromelry analysis; refer 

to Table 6 for total Cs-137 content. 



Sample 

BIO 

B11 

TABLE 6 

RA-226 AND CS-137 ACTIVITY IN SAMPLES FROM 
LOCATIONS OF ELEVATED DIRECT RADIATION LEVELS 

Cz:-id Loeation Natyre of Sample &4-226 
N E (\J cU 

407 989 Plaster-like chip 0.31 

384 312 ceramic "spark-gap" 
device 

a Da~hes iDdica~e negligible level. 

36 

Cs-l37 
(\lCi) 

___ a 

25.4 



TABLE 7 

RADIONUCLIDE CONCENTRATIONS IN BORIlHOJ.E SOIL SAMPLES 

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

:Borebo Ie Grid Locatloo Deptb. Radlolllllcilde Concentration .. (pci/.&l __ ___ ----------
No.' ---H--'-i;- (D) R. 220 "-21~ U-238 C .. -))7 Th-212 

--------

Ul ~'O 238 Surface 0.10 a.20b <D.I B <(l.SS <0.0:2 O.84.:!:O.1f1. 

Hl 52S 758 Sl.J.rflCE: 0.&3 .! 0.20 <0.16 0.98 .! 1.54 <0.0) 0.61 ± 0.22 
O. S D.6.S .! 0.1 S ({] .11 0.94 ± 1.39 <0.01 0.9) .! 0.17 

1l.1 522 1007 Su['f,Ie.1t! 0.&3 .1 0.23 <".21 <0 .6~ <:0.03 0.10 :t 0.17 
0.5 0.60 .!: 0.26 <0.20 <0.11 <0.01 0.89 .!: 0.)0 
1 1.01 ... 0.1ti <0.32 <0.99 <0.04 a.1ll + 0.1:2 

O.9l ! 0.21 «(].21 <O • .fI~ <0.03 0.9) ± 0.41 

H4 126 1002 511( fa,e O.!!; .!: 0.2) <0.21 2.04 .t 1.]1 <0.04 1.0) ! 0.31 
0.5 0./8 ! 0.20 <0.22 O. !OJ .! 1.36 <0.04 1.03 .! 0.48 

1.0' t 0 . .,9 C.O.J,2 <:"0.51::' <,I).IJJ U."., ... U.JtI 

0.93 ~ 0.30 0.051 .:!: 0.06 2.~8..!.1.a2 <I).OS 0.7) :± 0.60 

H) 320 645 Surface 1.1 • ... 0.1) <0.21 1.:W ... 0.76 0.25 ... 0.09 1.01 ... 0.l2 
0.) J.B -;: 0.14 <0.21 1.11 -; 1.,(,8 <0.03 J .02 -; 0.31 
1 0.98.! 0.2) <0.10 2.22 :! 0.91 <0.04 1.13 ! 0.32 
2 O.8:),:!:.O.2] <0.19 1. 82 .! 1.61 <0.03 1.44 ..t 0.42 

0.98 .! 0.20 <0.2, 2.21 .! 1.25 <0.04 0.7 • .! 0.11 

~. ) 2\ 184 Sudac-e 0.88 .0.21 <0.19 1. 22 .! 1.1;0 0 ... .. 0.11 O.88.! 0.70 
0.9 0.8) 1. O.2B <0.27 0.97 .:t 0.81 <0-:-03 0.91 .± 0.3] 

"' 31" ,,.., t:,,!;i .. ~ .. loll .! Q.JJ <0.2S- l • .5-G .!. 1.0) Ct. 11 . .! D.O{' L.16 O.4e 
0.5 0.71 ,!: 0.2. <0.18 <O.IB <0.03 0.78 0.29 
I 0.94 .!. 0.21 <0.25 <0.7) <0.01 0.93 0.12 

"' '" 300 .(i.urt:.a.ct; 1. .. 9 ~ O~J:j ~-o. 21 ~().£ 1 <D.D~ 0.% D.J7 
0.5 0.9\ .!. 0.25 <0.21 <0.61 0.02 .!. 0.03 0.12 0.2. 
I 1.08 .!. 0.11 <0.11 2.12 .1 1.09 <0.04 1.40 0.38 
2 0.69 ± O.ll <0.19 1.0.\ .! 2.09 <O.Ol 1.1;1 0.16 

~9 l6 j 310 Surface O.99,!:O.ll <0.28 1.44 .! 0.90 <0.04 1.01 0.1i8 
1 1.04 .! 0.2. <0.21 2.66!. LI3 0.01 ! 0.06 J.1I 0.31 
3 1.31 !. 0.4; <0.25 <0.91 <0.05 0.96 0 •• 9 

Hl0 360 ) 20 SlJrfa-ce 1.01 0.34 <0.16 <0.66 <0.0) 1.08 0.31 
0.1 j O. It> 0.21 <0.2B 1.91 + 1.39- 0.22 • 0.14 0.13 0.23 
0.) 1.0. 0.21 <0.17 3.12 -;: I.IJ 0.06 ; 0.04 1.02 0.38 
I 0.71 0.15 <0.11 <0:)9 <0:0. 0 .• 8 O.H 
6.1-<;./ 1.16 0.26 <0.11 3.96 ..!. l.ifl 0.11 ..!. 0.07 1.20 0.51 



TABLE 7, cant a 

RADIONUCLIDE CONCENTRATIONS IN BOREHOLE SOIL SAMPLES 

1ia["f'bLJol~ Grid lor;:at ion Di:pth IladioDuclide Conce.n.kratioD:5 Ip~!I&) -------
No. 

N----[-- 1m) -i.'-226- 0-2H - -U--21-S C&-] :n Ih-232 

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

"11 "" ~ ..... f.A .. S> 1 _OQ ~ n_1i' <0.20 fl.W .± 1.l.iO <0.04 0.16 + Oa!H 
0.90 10.21 <0.22 0.61 ! 1.~1 <O.Ol 0.19 .!: 0.29 
0.1!4 10.21 <0.11 o.n 1; 1.20 <O.OJ 0.951;0.40 

1-11 "2 4S4 na Sud ace 0.90 + 0.21 <0.18 1.61 + 1..')9 <O.Ol 0.61 .0.30 
O.S 0.61 :! O.2l <0.18 0.68! 1.34 <O.OJ 0.19 + O.ll 
1 0.66 .! 0.1 ~ <0.19 1.21 .! J.l3 <0.03 0.60 ! O.H 

------------- -----~- -_. ----

a Refer to Figure 4. 
b Errors are 20 based on counting statistics. 
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TABLE B 

RADIONUCLIDE CONCENTRATIONS IN WATER SAMPLES 

Sample Sample 
No. Type 

WI Surface Watera 
W2 " 
til " 
\.14 " 
tiS Subsurface 
W6 " 
W7 " 
WB " 
W9 " 

a Refer to Figure 5. 
b Ref~r lo Figure 4. 

" a .. a 

" a 
Borehole 

" 
" 
" 
" 

Hlb 
H3b 
H12b 
HUb 
1I10b 

Grid Location Radionucl!de Concentrations ~i/l} -N --E--'- Grou Alpha c Gross Beta 

40(} 600 <1.68 3.15.!: 3.9sd 
320 560 <3.22 8.45 .!: 7.14 
305 190 2.97 + 4.43 6.53 .!: 6.89 
305 960 5.05 :± 1.95 6.91 ;!: 2.93 
540 238 1.02 + 1.52 5.52 ± 2.25 
522 1007 6.19+1.83 14.2 :! 2.7 
464 738 4.72 :± 1.90 22.9 :! 2.8 
372 336 3.76 + 1.70 65.4 ± 3.3 
360 320 3.18::±: 2.06 5.55±1.&l 

C Large amounts of dissolved solids resulted in relatively poor detection sensitivities 
and high errors for gross alpha analysis. 

d Errors are 20 based on counting statistics. 



./., 
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Sample Grid Location 
No.a N E 

SOl 320 560 
SD2 305 190 
SD) 305 960 

'lABLE 9 

RADIONUCLIDE CONCENTRATIONS IN SEDIMENT SAMPLES 
FROM DRAINAGE DITCHES 

Ra-226 

1.18 + 0.26 b 
0.76 1: 0.18 
0.83 .:t 0.20 

K~~iQ~uclide Concentrations (pCi/g) 
U-235 U-238 Cs-137 

<0.25 
<0.29 
<{I.17 

<0.92 
1. 82 1. 0.92 

<0.68 

0.10 + O.ll 
0.27 1: 0.08 
{I.32 :!:. 0.08 

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

Th-232 

1.17 + 0.46 
1.10 -:;: 0.36 
0.72 !. 0.45 



TABLE 10 

LISTING OF AREAS ON PROPERTY D WHICH 
EXCEED RESIDUAL CONTAMINATION CRITERIA LEVELS 

Grid Locationa Remarks 
N 

539 
538 
493 
491 
464 
384 
380 
JIlO 
400 
369 
363 
362 
361 
361 
361 
360 
360 
359 
358 
356 
356 
351 

Ii: 

222 
222 
221 
221 
708 
320 
328 
330 
2SOb 
320 
:lZ6 
322 
310 
323 
325 
300 
308 
320 
320 
322 
328 
324 

Each o£ thes~ areas listed conc~ins an 
isolated piece of rock-type material 
contaminated primarily with Ra-226. It 
is estimated that the total vol~me 0: 
these pieces of material is less than 
2 ~3. Recent earthmoving activities on 
this property may have disturbed these 
areas, relocating or covering the 
source and possibly uncovering 
additional contaminated material not 
accessible during che ourvey 
described in this report. 

a Refer to Figure 8. 
b Relocated from 376N, 292E. 
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APPENDIX A 

INSTRUMRNTATTON AND ANALYTICAL PROCEDURES 



APPENDIX A 

Instrumentation and Analytical frocedures 

Gamma Scintillation Measurement 

't!alko"'eT sUTtaee scans and measurements of gaClllla e~p08ure rates were 

performed using Eberline Model PRM-6 portable ratemeters with Victoreen 

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

scintillation crystals. Count rates were converted to exposure rates 

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

ecintillation detector with that of a Reuter Stokes model RSS-111 

pTessurized ionization chamber at locations on the Niagara Falls Storage 

Site and Of£-fi;t@ p~n~~rti~s. 

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

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

probes. Dose rates (~rad/h) were determined by comparison of 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 4S'}-55 gamma $cindllation probe, conne"ted to a Ludlum MoJel 2200 

portable scaler. The scintillation probe was shielded by a l. 25 em thick 

lead shield with four 2.5 em x 7 mm holes ~enly SpaCQ4 around the region 

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

tripod holder with a small winch. Measurements were performed at 15-30 Cm 

intervals in all holes. 

possible residues and 

locations. Due to the 

The logging data was used to identify regions of 

guide the selection of 

varying ratios of Ra-226, 

subsurface soil sampling 

U-235, U-238, Th-232, and 

Cs-l37, there was no (lttempt to estimate soil tadionuclide concentrations 

directly from the logging results. 
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Soil and Sediment Sample Analysis 

Gamma Spectrometry 

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

0.5 1 Marinelli beaker. The quantity placed it:. each beaker .... as chosen to 

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

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

intrinsic germanium and Ge(Li) detectors (Princeton Gamma Tech) coupled to 

a Nu.;lear Data model ND-680 pulse height analyzer system. Background and 

Compton stripping, peak search, 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 - 0.609 MeV from Bi-214 (corrected for equilibrium conditions) 

U-23S 0.143 MeV 

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

Th-232 - 0.911 MeV from Ac-228 (secular equilibrium assumed) 

Cs-137 - 0.662 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 ~m membrane filters. The filtrate was acidified by addition of 10 wl 

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

to dryness and counted for gross alpha and gross beta using a 1:ennelec 

Model LB 5100 low-background proportional counter. 

Calibration and Quality Assurance 

With the exception of the exposure and dose rate conversion factors 

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

instruments .... ere calibrated with NBS-traceable standards. The calibration 

procedures for these portable instruments are described above. 
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Quality control procedures on all instruments included daily 

background and check-source measurements to confirm equipment operation 

within acceptable statist~cal fluctuations. The ORAU laboratory 

participates in the EPA Quality Assurance Program. 
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APPENDIX B 

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



o. S. DEPART~NT OF ENERGY 

INTERIM RESI D:JAL CO);TA."!l:-;ATI OS Mill WASTE CO:-;TROL GUIDELll'i'ES 
FOR 

FOREERLY UTILIZED SITES RE:1EriIAL AC':'lON PROGRA!1 (FUSRAP) 
AND 

REnaTE SURPLUS FACILITIES M.<T;AGEr-::::~T PROGRA"! (SFMP) SITES 

(Review ~ithin DOE Continuing) 

Presented here are the residual contamin~tion cleanup and waste control 
guidel~nes of general applicability to the FUSRAP project and remote SFHP 
site&-. A site-specific analysis will be prepared for each FUSRAP and remote 
5FHP site prior to determining residual contamination guidelines for a spec1fic 
site. In addition, it is the policy of the DOE to decontaminate sites in a 
manner consistent with DOE's as-low-as-reasonably-achievable (ALARA) policy. 
ALARA will be considered in reducing levels of residual contamination below 
applicable dose limits. ALARA Will be implemented using cost/benefit 
considerations, and applied on a site-specific basis. 

The soil residual contaminatiou guidelines ~ere developed on the basis of 
li~iting maximum individual radiation exposure to DOE limits specified in DOE 
OTnAT S4l'!O.IA ex~lus,"e of p><pnRnTP fTom nRtuT,,1 b""kground rRdiRtion 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 oc~ur. 
Also, conservative assumptions were used in deriving these guidelines to ensure 
that a particular dose limit would not be exceeded. Use of these guidelines is 
additionally conservative because the pathways conSidered 1n the derivation of 
the guidelines assume all water intake and most food intake 1s from the site. 
Also, the FUSRAP and remote SFHP sites often have limited agricultural 
capability and the contamination is generally not homogeneous. The combined 
effect of these factors is such that the probable radiation exposure to the 
averag€:! population on, or in the vicinity of, FUSRAP or remote SHU' sltes 
decontaminated to these guidelines vill not be 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 
COllllllisl;iioll (NRC) for d"couLamlllatlQu of facilities aud eq .. .dpment prior to 
release for unrestricted use21r termination of licenses for byproduct, source, 
or special nuclear material -. The waste control guidelines are consistent 
with applicable DOE Orders and EPA's reg~l~tionc for insetive uranium milling 
sites, 40 CFR Part 192. 

!/A remote SFMP s1te is one that is excess to DOE programmatic needs and 1s 

March 21, 1984 
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located outside a major operating DOE R&D or production area. Remote sites 
are more likely to be released to the public or ex~essed to other government 
agencies after decontamination than are sites located ~ith major R&D or 
production areas. 

llu. S. Nuclear Regulatory Co~ission 1982 Guidelines for Decontamination of 
Facilities and Equipment Prior to Release for Unrestricted Use or Termination 
of Licenses for Byproduct, Source, or Special ~uclear P~terial. Division of 
Fuel Cycle and Material Safety, Washington, DC. 

A. 'RJ::SIDUi\L CUN'fAl1INATlON GUIDELINES FOR FORMERLY UTILIZED SITES M"D REMOTE 
SURPLUS FACILITIES HAl;AGEHENT PROGRA!':! SITES 

Th~ follow1ng guidelines represent the maximum residual contamination 
limits for unrestricted use of land and stru~tures contaminated ~ith 
radionuclides related to the nuclear fuel cycle at FUSRAP and remote SFMP 
sites. A s1t~-~p~c1fic analysis will be prepared for each s1~e prior ,0 

determining residual contamination guidelines for a specific site. It is 
the policy of DOE to decontaminate sites to conta~ination levels at or 
below thc 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 
a~tion at a site. Existing state and federal standards will ~e applied f9r 
water protection. Residual contamination limits fol/other nuclides will be 
developed when required using the "'AmI'! m"thodology- "" "'''''' ""prl for tho"" 
represented here. 

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

Radionuelide 

U-Nat~7al5/ 
U-23~/ 
U-23r.::..7/ 
Ih-23~ 
&,1-226 

U-23s§! 
Pn-231 
Ac-227 

Th-232 

Am-241 S/ 
Pu-241-
Pu-238, 239,240 
Cs-137 

B-2 

Soil Criteri~/,l/,il 
(pCi/g above background) 

75 
150 
150 

15 
5 p~i/g, averaged over the 
first 15 em of soil below 
the surface; 15 pCi/g when 
averaged over 15 em th1ck 
soil layers more than 15 em 
below the surface and less 
than 1.5~ below the ~~,face. 

140 
too 

190 

15 

60 
2400 

300 
80 



S,-90 300 
5,200 B-3 (pCi/ml soil moisture) 

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

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

fro~eion contributed by each radionuclide to it3 guidcli~c shall be 
determined, and the sum of these fractions shall not exceed 1. There 
are two 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-Z26 concentration is less than or 
equal to ~hp- Th-210 ~on~pnt~~tiona If thp. R~-7.?h ~nn~pnt~~ti~n 
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 (3) for Ra-226 
relative to Th-230 applies for Ac-227 relative to Pa-231. 

2!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 
1.5 m; beneatb 1.5 m, the allowable Ra-226 concentration may be 
affected by site-specific conditions and must be evaluated 
accordingly. 

4/ - Localized concentrations in excess of these gu2delines are 
allowable provided that the average over 100 m is not exceeded. 
However, DOE ALARA policy will be considered on a Site-specific ba~is 
when dealiug with elevated locali~ed concentrations. 

11A curie of natural uranium means the sum of 3.7 x 1010 

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

6/ - Assumes no other uranium isotopes are present. 

2!The Th-230 guideline is 15 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 Limits for Unrestricted Use) 

a. Indoor Radon Decay Products 

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

b. Indoor Ga~a Radiation 

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

c. Indoor/Outdoor Structure Surface Contamination 

Allowable Surface Residua~ Contamination+
l 

(dpm/lOO e1ll ) 

R<ldionuclides~/ Averag~/'~/ ~axim~,ll Removabl~/'~/ 

Transuranics, Ra-226, 
Ra-228, lh-230, lb-228 , 
Pa-231, Ae-227, 1-125, 
1-129 

lJ-N"t" .. "l. Th-?32, 
Sr-90, Fr-223, Ra-224, 
U-232, 1-126, I-131. 
1-133 

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

Beta-gamma emitters 
(rad1onuclides ~ith 
decay modes other than 
alpha emission or 
spontaneous fission) 
except Sr-90 and others 
noted above 

100 300 20 

1.000 3,000 200 

5,000 15,000 1,000 

5,000 15,000 1,000 

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

2/ 

3/ 

4/ 

means the rate of emission by radioactive material as 
determined by correcting the counts per minute observed by an 
appropriate detector for background, efficiency. and geometric .. 
factors associated with the instrumentation. 

Where surface contamination by both alpha- and 
beta-gamma-emitting radionucl1des exists, the limits 
@~tabl~sh@d for alpha- and b~t~-g~mm~-pmitting radionu~lides 
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 aud maximum radiation levels associated with 
surface contamination resulting from beta-gamma emitters should 
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5/ 

6/ 

not exceed 0.2 mrad/h at 1 cm and 1.0 mrad/h at 1 c~2 
respectively. measured through TIot more than 7 mg/cm of total 
absorber. 

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

2 The amount of removable radioactive material per 100 em of 
surface area should be determined by wiping that area with dry 
tilter or sott absorbent paper, applying moderate pressure, and 
assessing the amount of radioactive material on the wipe with 
an appropriate instrument of known efficiency. w~en removable 
COntaminat10n on ObjectS of less surface area is deterwined, 
the pertinent levels shall he reduced proportionately and the 
entire surface shall be wiped. 

B. CONTROL OF RluJIOACTlVE WASTES AND RESIDUES FROM FUSRAP AND REMOTE SFl1l' 
SITES 

Specified here are the control requirements for radioactive wastes and 
residues related to the nuclear fuel cycle at FUSRAP and remote SFMP sites. 
It is the policy of DOE to store r~dio~etive wastes in a mann~r 
representing souud engineering practices consistent with DOE's ALARA 
policy. . 

1. Interim Storage 

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

a. 5480.lA, Environmental Protection, Safety, and Health Protection 
Program for DOE Operations. 

b. 5480.2. Hazardous and Radioactive Mixed Waste Management. 

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

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

e. 5484.2, Unusual Occurrence Reporting System. 

g. Control and stabilization features will be designed to ensure, to 
the exteot r~agonaDly achiev$b1Qp an ~ff~e~iv~ 1ifp of 50 years. 
and in any case, at least 2S years. 

h. Rn-222 concentrations in the atmosphere above facility surfaces or 
openings shall not (1) exceed 100 pCil1 at any given point, or an 
average concentration of 30 pCil1 for the facility site, or (2) 
exceed an avera~e Rn-222 concentration at or above any location 
outside the facility site of 3.0 pC!II (above background). 

B-S 



1. For ~ater protection, use existing state and federal standards; 
apply site-specific meaSures vhere needed. 

2. Long-Tere Management 

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

b. Control and stabilization' features will be designed to ens~re to 
the extent reasonably achievable, an effective life of 1,000 years 
and, in any case, at least 200 years. Other disposal site design 
features shall conform with 40 CFR Part 192 performance 
guidelines/requirements. 

c. Rn-222 emanation to the atmosphere from facility surfaces or 
openi~g shall Dot (1) exceed an average release rate of 20 
pCi/m Is, or (2) increase the annual average Rn-222 concentration 
at or above any location outside the facility site by more than 0.5 
pei/!. 

d. For vater protection, use existing state and federal standards;. 
apply zitcapecific measures where needed. 

e. Prior to pla~ement of auy potentially biodegradable contaminated 
w .. ste~ in a Long-Term M"""8"In"nt: Fa"ility. suc:h ",,,,t,,,, will be 
properly conditioned to (I) en~ure that the generation and escape 
of biogenic gases viII not cause the requirement in paragraph 2.c. 
to be exceeded, and (2) ensure that biodegradation within the 
facility will not result in premature structural failure not in 
accordance with the requirements in paragraph 2.b.. If 
biodegradable wastes are conditioned by incineration, incineration 
operations will be carried out in compliance with all applicable 
federal, state, and local air emission standards and requirements, 
including Bny standards for radionuclides established pursuant to 
40 eFR Part 61, National Emission Standards for Hazardous Air 
Pollutants (NESHAPS). 

C-;. EXCEPTIONS 

Exceptions may be made to the guidelines presented herein follOwing 
analysis of the site-speCifiC aspects of a candidate Site. Specific 
situations that warrant consideration for modifying these guidelines are: 

1. Where remedial actions would pose a cl~a~ aud pcesent .isk of injury to 
workers or members of the public, notWithstanding reasonable measures 
to avoid or reduce risk. 

2. Yhere remedial actions vould produce environmental harm that is clearly 
excessive compared to the health benefits tn persons living on or near 
affected sites, now or in the future, notwithstanding reasonable 
measnres to limit damage to the environment. A clear excess of 
environmental harm is harm that is long-term, manifest, and grossly 
disproportionate to health b~n~fi~~ that may reasonably be anticipated. 
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3. Wh~r~ th~ ~ost of remedial actions for contaminated soil is 
uoreasonably high relative to long-term benefits and the residual 
radioactive materials do not pos~"a clear ?resent or future hazard. The 
likelihood that buildings will be erec~ed or that people will spend 
long periods of tim~ at such a site should be considered in evaluating 
this hazard. Remedial actions yill generally not be necessary where 
residual radioactive materials have been placed semipermanently in a 
location ~here site-specific factors li~it their ha~arc and from which 
they are costly or difficult to remove, or where only minor quan~ities 
of residual radioactive materials are involved. Examples are residual 
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, however, if indiViduals 
are likely to be exposed for long periods of time to radiation from 
such materials at levels above those that would 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 judgmen~ are the anticipated period of occupancy, the 
incremental radiation level that would be affected by remedial a~tions, 
the residual useful lifetime of the building, the potential for future 
¢onstruction at the site, and the applicability of 1~s5 costly remedial 
methods than removal of residual radioactive materials. 

5. Where there ic no known remedial 3ction. 

D. GUIDELINE SOURCE 

Guideline 

Residual Contamination Criteria!! 

SQil Guideline 

Structure Guideline 

Control of Radioactive Wastes and Residues 

Interim Storage 
Long-Term Management 
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Source 

DOE Order 5480.!t. 
40 CFR Part 192-

40 en 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). 

nOE Ordpr ~4RO~lA 
40 CFR Part 192 



1/ 
- The bases of the residual contamination guidelines are developed in 

ORO-831 and ORO-832. 

~Based on limiting the CGncentration of Ra-222 decay products to 0.03 ~~ 
within structures. 
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