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COMFREHENSIVE RADICLOGICAL SURVEY
OFF-SITE PROPERTY H”
NIAGARA FALLS STORAGE SITE
LEWISTON, NRW YORK

INTRODUCTION

Beginning in 1944, the Manhattan Engineer District and its successor,
the Atomic Erergy Commission (AEC), wused portioms of the Lake Onrario
Ordnance Works (presently referred to as the Niagara Falls Storage Site
(NFSS8) and off-site prcperties), 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 ard serap from decommissioning activities, biolegical
and miscellaneous wastes from rhe University of Rochesrer, and low-level
ficoien—product waste frowm contaminated liquid evaporators abl the Kuolls
Atomic Power Laboratory (KAPL). Receipt of radicactive waste was
discontinued in 1854, and, following clesnup activities by Hooker Chemical
Co., 525 hectares of the original 612 hectare site were declared surplus.
This property was eventually sokd by the General Services Administration to

various private, commercial, and governmental agencies.l

SCA Chemical Services, Ine. (SCA) is the current owner of a tract from
the NF55, identified as off-site property HB” (see Figurec I). A
radioleogical survey of that tract, conducted in Jume and July 1982, is the

subject of this report.

Site Descriptien

Figure 2 is a plot plan of off-site property H”. The property is
ractangular it shape (approximately 180 » by 90 =) and oecupies an area of
appreximately 1.6 hecrares. It is bounded on three sides by roads ~ Wesson
Road on the west, M 5treet on the south, and 3th Street om the ecast., The
northern boundary is an oput-of-service railread track. The land is level
with the exception o¢f several drainage ditches near the center of the
property and low areas or shallow depressions south of the railroad track

and at scattered locations throughout the site. Portions of the tract are



below the level of adjacent properties, suggesting possible surface
excavation, Most of the low aregas were covered by standing water at the

time of the suxvey. Several small areas of dense brush are also present.

The property 1s not being used Ly 3CA. There are no buildings on the
site, but several small conerete pads or foundatioms are located on the
eastern section. A portion of a railread spur crosses the northwest cormer

of rhe property.

Rodiological Hiatory

There is neo evidence of contaminated waste burials en the property HT.
It is suspected, however, that waste incineration operations were performed
on a pad on the eastern portion of the site prior to 1954.2 A 1971-72
survey by the Oak Ridge Operations Offiece of the AEC identified radiation
levels of 20-50 uR/h on this portiom of the property, and during the 1972

decontamination efforts, contaminated serap was removed from the site.

T October 1978, an aerial radiological survey was conducted by EGEG.
This survey did not identify signifiecant gamma wadiationm levels on
property H” .7 A mobile scan of accessible roads, performed by Vak Ridge
National Laboratory in November 1980, confirmed the earlier AFC findings of
above background radiation levels aleng M Street, Wessean Road, aud 5th

StrEEt.4

SURVEY PROCEDURES

The comprehensive survey of NFS55 off-site property H” was performed by
the Radiological Site Assessment Program of Qak Ridge Associated
Universities (QRAU), during the periods of June 2-11 and July 7-21, 1§B2.
The survey was in accordance with a plan dated Mareh 19, 1982, approved by
the Department of Energy”s 0ffice of COperational Safety. The objectives

and procedures from that plan are presented in this seetion.

3



Objective

The objective ¢f the survey was to provide a comprehensive sssessment
of the radiological conditions and associated potential health effects, if

e

any, on property 3", Radiological information collected included:

1. direct radiarien exposure rvates and surface beta-gaoma dose

rates,
2. locations of elevated surface zresidues,
3. concentrations of radisnuclides in surface and anhaurface so0il,

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

5. contamination levels on pads previousty wsed for storage or

incineration of contamimated wastes,

Procedures
1. S5ite Preparation

a. Brush and weeds were cleared as necded to provide access fox
gridding and surveying. This operation was performed under
suhrontract by Madern ™ apasal Ca., Madel City, NV,

b. A 20 m grid system was established by Mclntosh and HMeIntosh
cf Lockport, NY, under subceountract. This grid system is

shown on Figure 2.

2. Camma exposure rate measurements were made at the surface and at
1l mw above the surface at each accessible grid line intersection.
Measurements were performed wusing portable gamma Nal (T1L)
seintillaticon survey meters. ‘Conversion of these measurements o
EXposSuTe rates it microroentgens per hour (WB/h)  was in

accordance with cross calibration with a pressurized ionization

chamber.
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Beta-gamma dose tate measurements were performed 1 cm above the
surface at ecach accessible zrid line intersecticr, These
measurements were conducted using thin-window (7mg/em?) G-M
detectors and portable scaler/ratemeters. Measurements were also
obtained with the decector shielded to evaluate contributions of
non-penetrating beta and low-energy photon radiaticos. Meter
readings werc converted to dose-rate 1in microrads per hour
(urad/t), based on cross calibration with a thin-window

ionization chamber using soill samples trom the property.

Surface {(0-15 ¢@m) soil samples of approximately 1 kg each were

epllected at or near each accessible grid line intersection.

Walkover surface scans were conducted at 1-2 m intervals over all
accessible areas of the property. Portable gamma scintillation
survey meters were used for these scans. Loeations of elevated
contact radiation levels were noted and surface exposure rates

were measured at these loecations.

At 21 of the locations of elevated surface radiation levels,
beta-gamma dose raotes and exposure rates at 1 m above the surface
were also measured. surface 501l samples were obtained from
these locations and, following sampling, the surface exposurc
levels were remcpsured to evaluate the effectiveness of shallow
sampling on removal of the radiation source. The 21 locations
where these additicnal measurementsa asnd samples were obtained axe

indicated on Figure 3.

Detection Sciences Group of Carlisle, MA, performed ground
penetrating radar surveys., The purpose of these radar scans was
to identify the presence of underground piping or utilities whieh
would preclude borehole drilling. Ground radar would alse
identify other subsurface objects or anomalies which might be

indicarive ef waste burials on the site.
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Eorehcles were driiled to oprovide o mechanism Sor logring
subsurface direct radiation profiles and collecting subsurface
soil and water samples, Fifteen boreheles were drilled to ground
water depth (2-6 m). These holes were drilled by Site Enginecers,
Inc., of Voorhees, NJ, using a truck-mounted 20 cm diameter
hollow-stem auger. Thirteen shallower {((.5-1.5 mw deep) boreholes
were drilled by the ORAU radiological survey team using a
portable moterized auger. These shallow boreholes were primarily
at locations  where direct radéiation measurements and
ground-penetraticg radar hLad indicated posgsible residues. The

locations of these boreholes are shown on Figurc 4.

A gamma scan of each borehole was performed to identify elevated
radiation levels, which would indicate scbsurface residues.
Radiation profiles in the boreholes were determined by
measurements of gorma radiation at 30-50 cm intervals betweea the
surface and ground water (deep holes) or the hole bottom (shallow
hcles). A collimated pamma secintillation detector and portable

scaler were used for these measurements.

Ground water samples of approximately 3.5 liters each were
collected from all deep boreheoles, where it was available.
Collection was performed using a hand bailer. 50il samples of
approximately 1 kg each were collected from various depths in the
deep holes by scraping the sides of the borchole with a speeially

constructed sampling tool.

Bamples from the shallow boreholes were obtained using a
post~hole digger, after the hole was drilled to the desired
sampling depth and then cleaned of drilling debris. Subsurface
sampling locations were at depths where pamma logging indicated
possible contaminated residues and at additionmal rardom depths to
adequately characterize the subsurface distribution and levels of

radionucliides,



9. Samples of surface water were collected from two drainage ditches

and one area of standing water shown on Figure 5.

10. Sediment samples of approximately 1 kg each were obtained at the
twe drainage ditch locations where surface water sampies were

collected {see Figure 5).

l1. TIwenty soil samples and four water samples were collected from
the Lewiston area (but not on the KFSS or asscciated off-site
properties) to provide baseline concentratiouns of radionuclides
for cowparison purposes. Direct background radiation levels were
mecasurcd st locations where bagelinc seil samples were collected,
The locations of the baseline samples and background measurements

are shown on Figure 6.

Sample Analvyses and Interpretation of Results

Soil and sediment samples were analyzed Dy gamma spectrometry,
Radium 226 was the major radionuclide of c¢oncern, although spectra were
reviewed for Cs-137, U=-235, U-238, and other gamma emitters. Several
samples with high Cs-137 conceantrations were analyzed for 5r-98, since the
presence of &nigh C€s~137 indicated possible wastes from KAPL or the
University oI Kochester. Une sample naving high Ra-226 and U-235 levels

wa§ also analyzed for Pu-239,

Water samples were analyzed for gross alpha snd beta concentrations.
lsotopie analyseas were perfarmed on water samples exceedinpg the EPA
drinking water standards for gross activity. Additienal infermation

concerning analytical equipment and procedures 1s contalned in Appendix A.

Results of this survey were compared to applicable guidelines for
formerly urilized radicactive materials handling sites as presented 1o

Appendix B.
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AESULTS

Background Levels and Baseline Concentrations

Background exposure rates and baseline radionuclide concentratioms im
seil, determined for 20 locations in the vicinity of the former LOOW site,
are presected in Table 1-A. Exposure rates ramged from 6.8 to 8.8 pR/h
(typical levels for this area of New York). Concentrations of
radionuclides in s¢il were: Ra-226, <0.09% to 1.22 pCi/g (picocuries per
gram); U-235, <0.l14 to 0.46 pCi/g; U-238, <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 concentrations
are typical of the radicomuclide levels normally encouotered o sucface

soils,

Radicacrivity levels in baseline water samples are presented in
Table 1-B. The gross alpha and gross beta concentrations zaaged Zrom
0.55 to 1.87 pCi/l (picocuries per liter) amd 0.83 to l4.3 pCi/l,
respectively. These are typical of concentrations normally occurring in

surface water.

Dixect Radiation Levels

Direct radiation 1levels, systematically measured at grid line
Lntergections, are presented in Table 2, The gamma exposure rates at lm
above the surface vanged from 6.2 to 18 yR/h (average 9.1 = 4.5 uR/h). At
surface contact the rates ranged from 5.7 tc 22 uwR/h with an average of
9.4 + 5.6 pR/-. Dose rate measurements performed with the detector shielded
averaged approximately 20% less than theose with the unshielded detecror.
This indicates only a small portien of the surface dose rate is due to

nonpenetrating beta or low—energy pheoton radiations.
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The walkover survey identified numerous small isolated areae with
elevated surface radiation levels. These locations are indicated on
Figure 7. Exposure rates in contact with these clevated areas ranged up to
365 uR/h. Direct radiation levels at the 21 locations selected for further
investigation are presented im Table 3. Gamma exposure rates at contact
and 1 m above the surface at these locations ranged from 18 te 365 uR/h and
12 to 33 uR/h, respectively. Contact beta-gamma dose rates ranged from 110
to 5580 urad/h. Contact exposure rates were not reduced by soil sampling
at most of these locations. At many of the points, exposure rates actually
incressed fcellowing sampling. These results indicate that the contam-—

ination at some locations extends greater than 15 cm below the surface and

#¢ diffused rather than in discrcote particlca,

Direct radiation levels ar grid line intersections onm property H” were
generally higher on the southeastera aad eastern portion of the site and
along "M" Street and 5th Street. Areas of surface contamination,
identified as elevated contact radiaticn levels, were also conceuntrated in
these portions of the property.  Measurements on the concrete pads or

foundations did not indicate contamination of these structures.

Radionuciide Concentrations in Surface Soil

Tables 4 and 5 list the concentrations ot radionucl:ides, measurcd in
surface soil from the grid line intersections and from selected locations
of elcvated radistien levels on property 1. The samples Zrom grid line
intersections (see Table 4) contained Ra-226 conceatrations ranging from
0.51 te 15.7 pCi/g. The hishest level was in sample 19 from grid point
208, 160E. Approximately hslf of these samples contained Ra-226
concentrations exceeding theose in the baseline scil samples., Several of
these samples contained elevated U-235 and U-238 conceatrations. The
highest U-235 level was 1.14 pCi/g, the highest U-238 level was 14.7 pCi/g.
Concentrations of Th-232 and Cs-137 were not significantly different from

those in baseline samples.
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ITwenry-one surfiace soil samples from locations of elevated contact
radiation levels (refer te Table 5) all contained Ra-226 concentrations
above rhose 1in baseline samples. The highest Ra-226 concentration,
1750 pCifg, was in sample B6 (grid poimt 52N, 141E). This sacple consisted
primarily of a black material resembling anm ash residue from incineration.
Sample B2 (at 63N, l40E) conrained 14B0 pCi/g of U-238 and 66 pCi/g of
U-235, but only 2.14 pCi/g of Ra-226. Several additional samples contained
elevated levels of U-235 and U-238. Cesium-137 concentrations were also
elevated in many of these samples. Samples B6 (ar 52N, 141E) and B18 (at
14N, 178E) contained the |lighest ©s-137 levels of 27.1 pCi/g and
33.0 2Ci/g, respectively, Strontium-90 concentrations in these samples
were 9.71 pGifg =and 1.20 pCi/g, respectively. Thoriuwm-232 levels were
either in the ryange of the baseline samples or were below the detection
sensitivities of the analytical procedure. Sample 218 (at 14N, 178E) also
contained 13.3 pCi/g of Co-60; none of rhe other samples contained
detectable levels of this radionuclide. Sample Bl8 was also analyzed for
Pu-239; the concentratien of this radionuclide was 0.30 + (.26 pCi/g.
Because of rhe large error associated with the result, this analysis should
not be considered evidence that Pu-239 is present in the residues on

property H”™.

Ground Penetrating Radar Findings

The subcontractor”s report, summarizing the ground penetrating radar
survey results for property H” is provided as Appendix C.  (This report
alse includes the findings oa property E°, since the two properties were
surveyed simultaneously.) This survey identified evicence of old building
foundations or concrete pads, Other anomalies, indicating the possible
presence of small buried objeets or small subsurface deposits of
electrically "active" material were also noted at several locatiens on the
sputheastern portion of the property. These ancmalies were at a depth of
approximately 0.6 to 1.7 m belew the surface. Pages 17 and 19 and Figure §
of Appendix C provides additional information concerning these findings.
The ground radar at some proposed borehole drilling loecations did identify

pessible utiliry services, requiring slight relocatlions of these boreholes,
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Borehole Gamma-Logring Measurepents

The results of gamma scintillation measurements perZormed in boreholes
indicare that contamination ig confined to the upper 0.5 to 1.0 m of soil.
The gamma count rates determined by the borehole measurements were reliaktle
indicaters of elevated subsurface radionuclide levels, However, the gamma
logging data was not useful in quantifying radionuclide concentrations in
the subsurface seil, because of the varying ratics of Ra-225, U-235, U-238,

and Cs-137 occurring in soils from this site.

Radionuclide Contentrations in Subsurfaee Soil

Table 6 presents the radionuclide concentrations measured in soil
samples from borencles. 0f the six horehnles (Al-H6), lcocated to provide a
representative coverage of the property, only H3 contaipned elevated
subsurface radionuclide concentrations. The sacple from the 0.15 m depth
at this location contained 9.2 pCi/g of Ra=-226 and alse small

concentrations of U-235 and U-238.

Bereholes H7-Bl6 were at locations where the walkover scan survey had
identified probable surface contamination. Subsurface soil samples from
most of these boreholes contained elevated Ra-226 concentrations. The
maxisim comcentration was 18.1 pCi/g at the 0.3 m depth in borehole HE,
All of these boreholes indicated that Ra-226 soil contamination is
primarily in the upper 0.5 w. Boreholes H8 aud H16 coutained uranium soil
contamination at 0.5 m. The U~235 and U-238 levels in borehole HB were
1.43 plli/g and 233 pCi/g, respectively; levels of these two radionuclides
in borehole Hl6é were 4.85 pCi/g and 101 pCi/g.

Culy one of the remaining bereholes, drilled in the general vicinity
of elevated direct radiatien levels or <radar anomalies, contained
subsurface radionuclide contamination. Borehole H22, contzined 24.8 pCi/g
of Ra-226 at 0.3 m. There were no significantly elevated uranium levels

measured 1n soils from these boreholes.

10



None of the subsurface sampies conrained slevates concentratiens of
Th=-232 or Cs-137. No other gamma emitting razdionuclides were identified in

the borehole samples.

Radipnuelide Concentrations in Water

Surface Water

Sample W1 from standing water c¢r property H™ (refer ce¢ Table 7)
coutained a gross alpha concentration of 30 pCi/l.  This sample contained
22.8 pCi/1l of gross beta and Q.16 pCi/l of Ra-226. The other two surface
water samples £xom the drainage ditches, had gress alpha and grosa beta
concentrations which were above the baseline levels but well within the EPA

drinking water criteria of 15 pCi/l and 50 pCi/!1 respectively.

Subsurface Wacer

Most of the subsurface water samples obtained from boreholes contained
elevated gross alpha and gross beta concentraticns (see Table 7). The
maximum levels were measured in sample W13 from borehole HE. Cross alpha
and gross Deta concentrations in this sample were 799 pCi/l and 363 pGCi/l,
respectively. Tais sample was also analyzed for S5r-90 and contained
2.76 yCi/l of uhat racionuclide. WHone of the samples znalyzed for Ra—226
contained levels of that radionuclide exceeding the 3 pCi/l EPA drinking
water eriteria. It should be noted that high concentrations of disselved
solids in many ¢f these samples resulted in residues, which adversely

affected the detection seunsitivities of the grass alpha procedurec.

Radionuclide Conceptrations in Sedimenr From Drainage Ditches

Sediment samples from the drzinage ditches did not contain
radionuclide levels significantly different from the levels in baseline

s0il (refer to Table 8).



COMPARISON OF SURVEY RESULTE WITH GUIDELINES

The guidelines applicable te cleancp of the off-site properties at
KF55 are presented in Appendix B. The maximum gamma exposure rate measured
at 1 = above the surface is 233 uR/h total or about 25 uR/h  above
background; the average level is 9 pR/h. These levels arc well below the

60 :R/h Nuclear Regulatory Commission criteria fcr open land areas.

The results of thne walkover surface scan and analysis of surface scil
samples from selected locatzons of elevated direct radiation levels
indicate numercus isclated areas of Ra-226 so0il contamination well in
cxcesa of 5 pCi/g. As with the direct racdiacion levels, tlhe surlace
contamination is concentrated in tne southern and scutheastern portions of
the site. Several of tke sawples from that area also contais uranitm
concentrations above c¢riteria which have been used at other formerly
utilized sites (approximately &40 pCi/gz). Portions of the property where
Ra~226 or U-238 s0il concentrations exceed criteriz are indicated en
Figure 8. Cesium-137 and Sr-90 concentrations on this property arg within
guidelines suggested by Healy; i.e. 80 pCi/g of €s-137 and 100 pCi/gz cf
5r-90.7

Eorehole sampiing indicates several areas of subsurfzce soil with
Ra=-226 concentrations exceeclng Llb pCi/g. Most of this contamination 1is
within 0.5 = of the surface. Although ground-penetrating radar identified
several areas of subsurface anowaliecs, Lorchole logging aud sawpling in the
vicinity of some of these anomalies did nor identify evidence of buried

comtaminated residues.

Standing surface water, Irom the general area of concentrations of
Ra=226 contaminated soil, exceeded 15 pCi/l of gross alpha; water from the
drainage ditches was well wirhin thar level. Subsurface water from four
borencles also exceeded 15 pCi/l gross =alpha. One of the samples at
799 pCi/l gross alpha, was well above this level. Other borehole water
samples indicated that contaminated residues on this property are =not
producing general ground water concentratiens sxceeding the EZPA Interim

Drinking Water Standards,



An  evaluation ¢f the potential &tealth cffects associated with
radiation levels and residual contamination ¢n the property H° is preosented
in Appendix 0. Tais sectlon compares thesg levels with baekground
exposures iz the Niagara, New York, area and the scientifically based
guidelines established for the protection of radiation workers and the

general public.

SUMMARY

A comprchensive survey of off-site property H” at the Wiagara Falls
Storage Site was conducted during June and July 1982, The survey inzluded
surface radiation scans, measurements of direet radiarien levels, and
analyeds for radionuclide concentratiens in surface and subsurface soll
gamples, and in surface and subsurface water samples. Ground penctrating
radar wac alse used to identify subsurface anomaiies which might suggest

buried radiocactive residues.

The results of the survey indicate numercus isolated areas of surface
s0il contamination, The major contaminant is Ra-226; however, several
areas of high uraniuvm contaminatien were also noted. Cesium-137, Sr=90,
and Co=-60 were aleo 1idencified in some of <the csamples, but the
concentrations were well below the guideline levels. The arca where the
Ra=226 or uranium surfocc contaminetion cxeceds the guideline levels covers
approximately 6000 m? (see Figure B). Subsurfac¢e sampling and reasurements
indicate that this contamination is limited ta rhe rap 50 cm of szo0il,
averaging about 25 cm deep. Approximately 1300 md of soil would thus have
o bDe removed Lo brimg this property inco compliance with the criteria for

unrestricted use,

Although the contaminated residues on portions of this property exceed
the guidelines established for release of the site for uarestricted use by
the general public, under present conditions of usage the contaminants do
not pose potential health risks. There is no evidence that migration of
the rzdicactive materials 1s adversely affecting adjacent properties or the

ground water.
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Locatlons of 21 Areas of Elevated Direct Radlation Levels, Selected

for Further Mcasurements and Sampling.

FIGURE 3.
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Locations of Boreholes for Subsurface Tnvestigations

FIGURE 4.
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TABLE }-A

BACKGROUND EXPOSIIRE RATES

AND

BASELINE RADIONUCLIDE COHCEMTRATIONS IN SOIL

Locationd Exposure Rateb PO Y _—
(uR/hl Ra-236 u-235
2 0.6 Q.74 & 0.16° ~0.19
2 b.E 0.7% + 0.18 <0,19
3 8.3 0.71 + 0.18 0.46 + 0.4l
4 1.9 0.67 + 0.18 Q.22
> T3 o0 > Q.16 <O.17
& 7.7 0.50 + 0.15 £0.16
7 1.7 0.63 + 0.13 <G.17
& 7.8 0.59 + 0.12 0,14
9 Tal 0,63 » 0.20 <0.23
in 7.1 0.70 + 0.16 <0,19
11 6.7 <0.0% «0.19
13 il ¢.48 + 0.13 <0.16
13 £.7 0.57 + 0.14 <@0.17
14 5.5 .58 + 0.17 .19
15 8.7 0.65 + 0.14 <0.17
16 7.4 ¢.91 + 0,17 .7
17 7.0 G.48 + 0.4 <0.1%
18 7.7 0.73 + 0.16 <0.13
19 3.8 1.22 + 0.22 <0,23
20 8.5 0.63 » 0.17 <@, 2l
Range 6.8 to 8.8 <0,09 tu §,22 <0.ld to 040

kadionuclide Cuncentraticus (pCifg)

U-238

Th-232

Cs-137
<2.0% .30 1 D40 G237 + Ul
<3.3% <0.22 0.25 + 4.08
<3.72 0.88 + 0.13 4.35 + 0.09
<4.10 .18 + 0.35 0.12 + 0,07
<3,.34 0.08 r 0.25% Q.14 + 0.07
<1.33 4.52 + 0.38 017 + 0.G%
<2.73 4.83 + 0.25 0.35 + 0.08
<2.70 0.54 + 0,23 .02
LN 1] 0.03 + 0,30 9.67 1 0.11
€7.98 <0.18 0.6% + 0.10
<2.83 0.49 1 0.31 0,48 + 0.14
<2.94 0.65 + 0.26 0.66 + 0.10
<2.36 0.43% & 0.2% 0.41 + 0.08
€3.24 0.67 + 0.25 0.70 + 0.10
<3.2 0.2 + 0,35 0.23 + 0.08
<3.98 0.83 + 0.28 0.61 + 0.09
<?.7] .32 + 0.22 .38 + 0.08

6.36 + 9.23 <0.13 .32 + 0.12
<3.19 1.08 + Q.49 1.05 = 0.13
<3.59 0.84 + 0.39 0.08 + 0.67

<2.%0 to 6.2% <0.18 to L.13 <3.02 te 1.05

@ Reter to Figure 6.
U ypasured at 1 w above the surface.
€ Errors is 2.+ based on counting statistics only.



TABLE 1-38

RADIONUCLIDE CONCENTRATIONS IN BASELINE WATER SAMPLES

Location® Radionuclide Concentraticns (pCi/l)
Gross Alpha Gross Beta
Wl 0.95 + 0.93 ® .79 + 1.15
W2 0.9% + D.94 9.17 + 1.31
W3 0.55 + 0.78 2.73 + 1.05
W 0.3 + 0.89 5.37 & 1.17
Range 0.35 to 0.95 2.73 to 9.17

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



TABLE 2

DIRECT RADIATION LEVELZ
SYSTEMATICALLY MEASURED AT GRID LINE INTERSECTIONS

Gamma Exposure Camma Exposure Beta-Gamma
Grid Rates at 1 m Above Rates at Dose Rates at
Lacation the Surface the Surface the Surface
(LR/h) (uR/n) (srad/h)
3N, OE 9.0 10 55
3N, 20E 6.9 5.9 43
3N, 40E 10 12 66
3N, 60E 9.7 10 60
3N, BOE 10 10 71
3N,100E 9.7 9.0 32
3N,120E 12 1z 52
N, 1408 13 13 45
iv,1608 1] 12 46
3N,180E 8.0 3.8 42
20N, 3E 8.7 8.8 38
20N, Z0K 5.1 7.4 45
20N, 40FE 7.7 8.0 31
20N, 60F £.2 7.7 38
20H, BOE 8.2 8.7 42
208,100 10 11 4b
20N,120E i1 g.0 45
20N, 140F 9.7 10 48
208,160E 10 16 71
20N, 180E 1B 22 100
40N, 3E 8.7 8.4 45
408, 20E 7.7 8.4 23
40N, 40E 7.7 8.5 48
40N, 60E 7.6 7.4 11
40N, BOE b .0 L3
40N, 100E 11 12 23
40%,120E 14 15 51
40N, 140D 1z 11 43
40N, 160E 14 15 58
4GN,180E g.7 %.8 45
A0N, 13E 7.4 g.8 Lg
60N, 20E 8.0 3.0 27
60N, 40E 8.2 7.4 25
60N, 60E 7.4 7.7 38
60N, S0E B.6 B.2 20
60N, 100E 7.7 7.7 37
60N, 120E B.8 .5 43
60N, 140E 14 12 38
60N, 160E .5 9.8 29
60N, 178E 8.8 9.5 46



TABLE Z, cont.

DIALCT RADIATION LEVELS
SYSTEMATICALLY MEASURED AT GRID LINE INTERSECTIQNS

Gamma Exposure Gamma Exposure Beta=-Gamma
Grid Rates at 1 m Above Rates at the Dose Rates at
Locatioz the Surface Surface the Surface
{:R/L) (uR/n) (Lrad/h)

BOH, 4E 8.2 8.0 40

20N, 20E 6.4 5.7 31

808, 40F 6.2 5.9 26

80N, 60E 6.6 5.9 38

BonN, 80E 7.2 7.2 35

BoN, 1002 g.0 7.0 23

80N, > 20% 6.8 7.2 29
EON,140% 7.7 7.7 38

EON, L6UE 7.4 7.2 25

80N, 178E 7.3 g.6 37

95N, OF 9.7 10 452

00N, 20E 5.8 A 23

495N, 40F 7.4 7.0 31

98N, 60E 8.2 8.7 29

90N, 80E 12 15 40
9CN,100E 8.7 3.5 35
160N, 120E 7.4 7.3 35

90N, 140E 8.4 £.4 40
90“,160E a a a
90¥,178E 5,0 10 45

2 Veasurement not performed due to presence of surface water.



TABLE 3

DIRECT RADIATION LEVELS AT SELECTED LOCATIOHS
IDENTIFLED BY THE WALKOVER SURFACE SCAN

Locatbiond Grid Exposure Sate (iRfh) Surface Lose Rate Soil ContacL Exposure Hate After
Point Tontact T~ I'm abowe surfice {uradfh} Sagple b Szople Reouwal (ESL)
1 B4k, 1 39E 183 28 Ean Bl 303
2 63K, 140E 55 F¥ JER B2 M
3 631, 137E 120 33 620 B3 185
L] 62t,152E 5B 17 26D , Ba 10
5 5B, 172E 18 13 7o BS 34
] 52H,141E 365 21 4y BB LTSl
7 51,1788 40 13 130 E? 43
a 454, 126E 215 16 5380 13 415
g 543, 162E 29 21 130 2 35
10 418,101E 58 12 419 B1D Ha
11 35, 115E 52 15 190 Bl 49
12 30m,130E 49 z1 210 HLZ [
13 26H, S6E 15 14 1370 BE3 340
14 23K,177E 730 23 1450 BL4 285
15 200,170E o I0 3ro B15 92
15 200,177E 40 14 170 BLE 50
17 17K, 1IGE 69 21 300 BLT 115
1E 14K,1T8E 32 15 290 :1%:] A0
19 10K, 175E 3 16 g E19 kk
0 14n, 1458 Fa s 16 150 B2) 34
21 in, EBlE 145 15 0510 11 160

4 Refer to Figure 3.
I 50il concentrations presented in Table S.



TABLE 4

RADIONUCLIDE CONCENTRATIONS IR SURFACE SOIL SAMPLES
FROM GRID LINE INTERSECTIOHS

sazple Grid ®adionuclide Concentrations {pGi/p) e
No. Locationa Ra-226 U-233 U-:38 Th-232 Cs-137
1 W, (E 1.72 + G.17b <D.18 <3.16 0.62 + 0.24 4.78 » 0.0%
1 a4, ME 1.75 + 0.21 0.24 + 0.36 <3.76 B.50 4 0.32 0.38 & 0.05
k] 3H, 49E 1,65 & 0.19 <0.18 <3.74 0.77 + 0.26 §.76 + 0.09
4 3N, 60E 2.59 2 0.24 0.6 <4.26 0,75 £ 0.27 1.2} + 0.12
5 3N, BOE 1.37 % 0.17 0.24 % 0,33 <3.56 0.62 + 0.25 0.37 + 0.09
b 3K, E0OE 1.43 + 0.19 0,18 <3.63 Uoha + U254 0.4 + U8
7 3N, I20FE 1.09 + 0.16 [SIPY ] <3.23 ¢.56 + 0.6 0.79 4+ 0.06
& AN, N4GE 3.81 + 0.8 <0.15 <426 0.53 1 0.31 0.62 2 0.11
g 3H,160E 4,82 + 0.30 <. 1E <433 1.06 + 0.34 0.95% + 0.12
10 3R, I80E 150 » 0.21 <«0.15 L 0.43 + 0.30 0.5 + 0.09
11 208, 3E .97 * 3.23 0.30 + 0,30 <3.26 <.l 0.51 + 0.0
12 20M, IE .83 ¢ 0.17 .15 <3.89 0.60 + 0.37 0.50 % 0.09
13 20H, 4OE 0.7 = 0.13 0.4 <3.74 0.79 + 0.24 0.87 4+ 0.2
14 20, 60E 1.12 » 0.18 <15 <3.7% 0,74 + 0,25 1.00 + 0,12
15 20H, 80E 1.35% + 0.22 0.25 + 0.35 <3.63 1.03 + 0.33 0.5 + 0.09
R T3 204, 100E 3.23 & 0.28 0.58 & 0.42 0.6 +9.9 0.88 & 0.31 0.15 4 0.08
17 20, L20E 1.95 + 0,20 <0.18 <4,39 0.92 + 0.28 0.11 # 0.0B
16 20U, 137E 0.94 + 0.17 0.8 + .34 .84 + 6,86 1.01 + 0.27 0.06 + 0.05
19 20U, 160E 15,7 2 0.52 1.14 3 0.73 <6.76 1.48 + 0.4% 0.3 + 0.07
ki) 204, 1B0E 1.25 + 0.17 0.30 + $.31 <3.73 0.92 + 0,28 Q.16 + 006
21 404,  JE 3.31 + 0.33 <0.21 <465 .45 4 0.34 0.77 2 0.15
21 40N, I0E 0.60 + 0.19 <0.15 <3.E6 <0.1E 0.5% 4 0.11
23 40N, 40F O.64 + 0.14 0.12 + 0.28 <3.93 0.53% + 0,39 0.33 £ 0.1
14 LUK, BOE 0.39 + 0.17 Q.14 <4.19 0.7y & 0,22 0,47 2 0.09
25 40k, BORE 0.83 + 0.15 Q.14 <3.31 0.83 1 0.38 0.65 & 0,10
26 41, 1G0E 2.46 + 0.27 <0, 20 <4.,39 D.66 ¢ 0.2% G.56 x G.10
27 408, E20E 3.32 ¥ 0.26 0.55 + 0,43 <%,19 0.65 # D.15 0.15 ¢ 0,10
28 401, L40E 2.33 + 0.22 <G.17 <3.83 0.68 ¢ 0,28 g.16 2 0.07
1% 401, 1608 10.8  + 0.44% <0,32 <&.30 D74 * 0,45 0.41 # 0.11
lione® 408, 180K - - -— —— -
30 G0, 3E 1.60 + 0,21 <0.23 <3.79 0.6% & 0.2% 1.400 % 0.2
31 60N, Z0E 0.63 1+ 0.18 <G, 10 <4.08 0.95 ¢ 0.34 1.46 ¢ 0.6
32 60N, O0E 0.66 + 0.15 <0.19 <3.28 <.21 0.55 + 0,11
33 608, BOE 0.97 + 0.23 <0.273 <3.54% 0.63 ¢ 0.31 0.87  0.14
3& 60K, BOE 0.65 & .21 .29 + 0.41 <4.07 0.78 & 0.34 .54 & 0.11
35 60, 1OGE 1.22 + 0.21 <0,24 <3.83 U.66 + 0.33 0.87 & 0.13
36 60t 120E 1.94 ¢ (.28 <0.31 <5.,54 0,89 + 0,41 G,76 + D.16
a7 &0, 1408 3.34 & 0.33 .92 + 0.67 <5,28 $4.85 + 0,41 6,74 + 0.14
18 6QH, 160E 1.62 » 0.26 <0.27 167 + 9.8 <0.25 <0.08
3% 60t,178E 2.28 + 1.30 <. 2% <3,69 4,90 + 0,40 1,27 + 0.6
40 B, 4E G.70 + 0.16 <0.19 <3.61 0.78 & 0.32 0.04 + 0.05
Henet 20H, 20E — —— —-— _— —_—

lionet 40H, 40



TABLE 4,

conta

RADIONUCLIDE CONCEWTRATIONS IN SURFACE S0IL SAMPLES
FROM GRID LTNE INTERSECYTIONS

=g

Sauplc Lrid o
[N Lucatien Ra-226
Kuned Buti, &NE —
4l BQti, BOE 0.64 ¢ 0.7
42 EQH, 100K 0.68 0,21
41 BOR,120F 0.71 £ 014
EL BUK, J40E 0.71 + 0,19
45 BOK,160E U.87 + 0.18
L6 B0, 178E 1.40 ¢ 0.39
LT a5k, 0FE n.sl #0011
tionec 90k, 20E —
46 45ti, 40F 9.68  0.17
49 981, 60E 4.06 + 0.34
HoneC 30, 80E -—
5 G0k, 1O0E 1.40 + 0,26
51 100M, 1 Z0E 0.59 + 0.17
52 G0t , L40E 0.53 + 0.18
Fanec 904, 1605 -
33 90N, 17 BE 1.97 & 0.2%

Radionuclide Loncentrations (pCifs)

v-FEsT -3 The13% T w137
0.45 + 0.45 <2.66 0.77 1 0.31 0.15 1 0.0Y
<0.18 2.5 <20 0.42 + 0.1
@ 7 .64 0.B4 + 0.34 0.64 + 0.10
0,22 <3.94 0.61 + 0.34 0.67 + 0.1%
<0.21 <3.68 .22 0.49 + 0.18
<0.33 <506 <0.26 0.99 + 0.2
1k €251 N.IR + 0.78 0.04 + 0.0%
<0.21 3,84 0.57 4 0.28 0.72 4+ 0.12
<0.29 B.53 1 8.93 .47 % 0.12 0.65 + 0.12
0.54 .+ 0.53 3.5 <0.19 1.0l + 0,18
0.21 ¥ 0.46 4,02 0.3% + 0.40 0.84 * 0.16
0.6 + 0.42 <3.93 0.3 ¥ 0.35% 1.0% £ 0.15
.22 <4.19 0,46 + .34 0.26 ¢ 0.08

Refer Lo Figure 2.

Errors are 20 based on counting statistics.
Ne sample obtailned due to presence of surface water.
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TABLE 5

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES FROM SELECTED LOCATTONS
IDENTIFIED BY THE WALKOVER SCAN

Grid Radignuclide Concentrations (pCi/g)b
Sample Locationd Ra-226 u-235 U-238 t Th-232 Cs~137

Rl f4H,13GE 278 + 4 ¢ 11.7 + 5.2 228 + 97 <1.31 8.32 + 0,986
B2 63N, 140E 2.14 & 0.43  66.0 * 3.0 1480+ 50 <0.26 0.56 + 0.21
B3 63K,137E 167 £ 2 13.7 % 3.4 202 1 S <0.68 3.48 % 0.44
B4 6IN,157F 5%.9 + 1.1 3.16 £ 1.76 43.8 + 30.3 <0.42 1.44 + 0.25
85 58M,172E 11.6 + 0.5 0.84 * 0.92 <6.46 <0.28 0.17 % 0.13
B6 52N, 141Ed 1750+ 10 <8.24 450 % 220 <3.48 27.1 + 2.3
B7 51N,178E 17.0 1 0.6 1.07 £ 0.98 <7.70 <0.26 0.66 % 0.16
B8 45N,126E 835 + 5 <3.57 <il.0 <1.53 13.8 + 1.0
BY 44N,162E 18,5 + 0.9 <0.81 <11.1 <0.43 0.70 + 0.22
Bl 41N,101E 110 + 2 2.93 + 2.68 <16.3 <0.54 2.63 + 0.29
Bl1 35N,115E 22.8 + 0.7 1.13 + 1.10 <7.96 <0.30 0.58 + 0.16
Bl12 30N,130E 123 + 3 3.06 + 4.03 <7.02 <0.90 1.98 + 0.52
B13 26N, %6E 470 + 5 <3.89 <g.14 <1.55 7.45 4 0.93
Bl4 23N,177E 501 + 5 <3.81 <12.5 <1.62 7.22 +1.13
B1l5 20N,170K 141 + 2 <1.%6 <4.64% <0.87 <0.23

B16 20M,177E 11.9 + 0,5 <045 <6 .17 «0.22 0.83 + 0.16
B17 17%,110E 219 * 3 <2.60 <8.47 <l.12 3.64 + 0.83
518 144,178Ee 330 1 3 7.73 + 4.59 134  + 68 <1.10 33.0 * 0.7
819 101,17 5E 18.9 + 0.6 0.85 + 1.02 <7.32 £0.25 0.7% « 0.16
B20 101, 145K 38.9 + 0.9 <0.75 28.2 + 23.0 0.69 + 0.67 0.60 + 0.20
B21 N, 83E 958 + 7 <5.29 <17.0 <2.22 15.1 + 1.5

Refer tu Figure 3.
Kefer to Table 2 for direct radlativme levels,

Errors are 29 based on counting statistics.

This sample alsc contained 9.71 + 0.75 pCifg of Sr~90 and 0.30 + 0.26 pCi/g of Pu~-239.
This sample also contained 13.3 *+ 1.3 pCifg of Co-60 and 1.29 3 0.36 pCifg of Sr-90.
Large minimum detectalble activities and relative exrors are the result of high
continuum count rates resulting from high levels of Ra-226 in these samples,

[N LT =PI S T ]
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TABLE 6

RADIONUCLIDE CONWCENTRATIONS TN BOREHOLE S0II. SAMPLES

gorehale Grid Dapth e _ _ BRadignuclide Concentraticas (pGide)d

tu. Locationa ) Ra-214 u-235 u-138 Th~132
H1 i, 174E J. r.70 £ B 14k <.17 t3.41 0.82 + 0.24
1 0.65 & 0,15 <0.18 <2.4% 0.98 + 0.29
2 .62 2 0.18 <k.1% <3.72 1.22 + 0.35
3 0.68 + 0,17 .21 <3.30 0.81 + 0.28
4 0.61 & 0.14 c0.16 ¢3.54 0.00 3 0.36
H2 18N, 11BE 0.5 0.50 + O.18 0.28 ¢ 0.57 <3.37 1.07 » 0.36
1 0.69 + 0,16 <0.20 <1.91 0.52 & 0,38
2 0.6 + 0.33 0.2 <31.36 1.18 + 037
k| 0.65 + 0.14 <0.18 <570k 0.81 3 0.38
4 0.64 % 0.14 <0.19 <3.17 04,85 + 0.42
12 156, 158 0.15 .20 & 0.43 C.60 & 0.77 13.9 + 11.8 0.4
0.5 060 £ D12 <B.lé <2.63 0.46 + 0,22
1 0,71 + 0.16 <19 <3.03 <0.17
B4 504, 1BE g.5 0.86 & 0.19 oo <4 .80 1.15 5 0.43
1 D.67 + 00.272 .71 <4.%7 1.6 5 0.7
2 0.935 » 0.1 <020 <4, 24 <Q.27
3 0.52 + 0.15 <0.1% <2.17 .78 + 0.76
4 0.56 £ 0.21 <G.20 <3.123 0.73 & 0.28
s iH, &IE U.5 0.62 + 0,29 <0.23 <392 B39 & 34
1 1.53 = 0.1% <0.18 <3.57 g7 + 0.3%
2 Q.50 1 0.16 <0.17 2,70 .40 1 0,76
& Q.64 + 0.14 <Q,17 <I.7 0,98 + 0,39
Hb M, 159 0.5 0.8] + 0.15% <0.21 <3.3% <0.24
1 g.61 1 0.29 <030 <3akh @82 1 0.7
2 .85 ¢ 0.21 <0.24 <449 1.6 1 0.46
3 <0.10 <0.17 <3.45 0.91 + 0.31
4 0.5% £ 0.14 <0,13 <7.84 0.5& + 0,17
e oM, 137z surface 11.9 +=D.5 <045 <617 <f.32
0.5 1.24 ¢ 0.20 <0, 22 <5,00 1.00 # 0,33
1 1.32 + 0.2% <0, <3.96 1.20 # D.40
z 1.1+ .21 <G, 21 <3453 -7 R 3
HE 32K, 14lE sugfacec 1750 * 10 <B.24 450 % 120 <3.48
0.5 18,1 0.7 .42 ¢ 1.15 23.3 + 17,5 4.93 + 0,78
1 1.85 + 0.73 0.44 + 0.459 <4.35 1.19 ¢ 0,42
2 1.33 + 0.19 <0.20 €3.20 .68 & 0.33
3 0.%92 + 0,18 <0.18 <340 1.03 + 0.28



T4BLE b, cont,

RADIONUCLIDE CORCENTRATIONS IN BOREHOLE SOIL SAMPLES

Borehole trid Depth . Radivauchide Cuncentrations {pCifg)

fiv. Locatiun [225] va-Zzg T T ORI “U-E3E TL-237 o Ta 117
hit] A1, 136E surface 1.76 % .23 <023 <3.19 0.52 + 0.37 0.6 + 0.08
o.3 2.80 * 0.73 <0, 26 <343 w.i3 1 D37 0.05 1 0.06
1 0.56 2 D.14 <0.17 9.37 + 6.34 0.78 4 .31 <0.02
2 a.63 ¢ 0.16 <0.18 <2,87 0.95 + 0.3} ). 02
3 0.68 & 0.17 0.9 <3.36 0.7% + ¢.27 <.02
B10 638, 137E surfae 167 o+ 2 13.7 4 3.6 202+ 51 <0.68 3.46 4 0.44
0.5 1.97 + 0.24 .75 + 0.58 B.6 2 B1.S U,94 4+ 0.33 0.3
13 1.36 ¢ 0.2] 045 ¢ 0.46 S.57 + B.10 0.65 + 0.28 0.04 ¢ G.06
2 0.58 + 0.11 <0.14 5.13 + 6,34 0.55 + 0.22 <0.02
3 0.62 + 0.16 <0, 21 <3.97 1.08 + 0.37 <Q.
HLY 354, 118E surface F.39 & DD 0.77 + 0.65 <4 .83 0.76 1+ 0.3% 0.32 ¢ 010
0.5 1.5 £ D.24% <0,21 <3.26 .84 + 0,49 <0.03%
Bl2 41K, I0LlE surface 130 &2 2.93 + 2.88 <16 ,3 <0.54 2.63 + 0.39
0.5 5.56 & 0.28 <0.28 <3.72 0.5l 1+ 0,76 4.14 + 0,08
[HE} 35N, 183E suriace 0.6 + 0.8 1.65 + 1.33 15.4 + 19.3 <131 g.65 ¢ 0.18
6.5 0.63 + 01> <0.117 6.50 ¢ §.353 0.56 + 0,33 <0.02
Hl4 444, 163E surtace 16+ L L)) <1l.1 .43 LT+ 022
0.5 1.47 + 0.20 0.27 + 0,39 3.4 0,77 1+ 0.2 <Y.iH
HES 56H, 14BE surface 13,3 + 0.87 <0.F2 12.3 + 11.6 <0.34 4.68 ¢ 3.2]
0.5 3.43 ¥ 031 U.B3 £ b - T G.6E % 0.39 0.03 ¥ 0.nh
i 63K, 140F  sarface 2,14 + 0,53 86,0 £ 3.0 1450 * 50 <0.26 0,56 + 0.71
4.5 0.48 + 0.17 4.85 + 0.82 101 + 16 4.80 + 0.30 <004
nL7 53k, 163k 0.3 .14 <0, 11 <3, <. 28 <0, 13
. 1 0.56 + 0.15 <0.18 10,3 * 6.7 0.32 + 0.33 <0.02
His 41K, 152E 0.5 U.b% + D15 <B.1% <3.77 <18 0,04 + 0,08
1 0.46 ¢ 0.11 <0.16 4.84 + 4.63 0.64 + 0,72 <0.02
Hi% 38k, 162E 0.3 0.74 + 0.20 <0.22 4.2 1 10.5 1.02 ¢+ 0,37 <0.143
¥ 0.63 % G.16 W37 + 0,46 <14 < IR
H7G 30k, I4GE 0.5 0.77 £ 0.21 <0.21 <4,23 1.09 + 4,41 <0.03
1 0.64 + D.18 <0, <%.26 <Q.23 <0.0?
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TABLE 6, cont.

RADTONUCLIDE CONCENTRATIONS IN BOREHOLE SOI1L SAMPLES

Radicenuctide Concentrations {pCifg)

Burehole Grid Depth e e ..
Ho. Location {c} Ra-224 U-215 U-238 Th~232 Gs-137
2L 2iK, 1&1E 0.5 1.00 » 0.18 <0.20 <3.32 0.73 1+ 0,35 <G.02

1 0.9 + 0,19 <0.19 <1.01 0.684 3 .28 <0.03
H2Z 40N, 136BE o5 PGB g 0T 116 4 1.12 13.4 + 1B.& 20,20 B.53 2 0,17
1 E.31 ¢ 0,19 0.37 + 0.4B <G, 20 0.92 + 0.34 <3.03
Hi3 60, 168E 0.3 0.68 + 0,19 <0.19 <3.63 0.88 1 0,29 <02
1 nAT &£ 0,17 0.22 + 0.3% <3. 24 0.5 o2
I 0.63 + 0.14 <0.17 <31.18 .59 + 0.37 <.z
3 .68 + 0,15 <0.16 <1.87 .47 + 0,25 .02
4 0.60 £ 0.17 <0.16 €2,92 0.82 + 0.15 <0.02
Hia 414, 170E 0.5 0.72 4+ 0.15 0.22 + 0.49 <2.72 0.65 4 0.31 <02
1 0.64 + .13 <0.20 <3.49 <0.21 .03
2 0.72 + 0.16 <0.19 <1.45 0.78 % 0.25 .02
3 0.85 + 0.17 <0.19 <271 .80 & 0.45 <0.03
123 166, 122E 0.5 0.26 + ©.25 <0.03 <3.80 0.7 + 0052 <0.03
1 L.46 + 0.35 <t.26 9.66 & 13,3 <0.27 005 ¢ B.R]
2 0.70 ¢ 0,15 <0.20 <3.25 1.06 + Q.29 <0.03
3 0.7% + 0.19 <0.20 <4, 23 <0.22 <0.03
& 0.BL » D.21 0.36 + B.4B <3.35 l1.12  0.35 <0.03
H!R K4, 1151 n.s 0.92 &« 0.15 .17 &+ 0.32 “<Z.54 ¢.0L » 0.28 <G.02
1 1.56 + 0.20 <0, 21 <3.56 0.6 + .29 <{t.03
z 1.07 + 0.20 <02l <3.62 1.11 + 0.32 <0.03
4 .11 2 0.17 <k.18 <3.03 4.52 % 0.38 .02
#17 I%H, 149E 0.5 0.89 # 0,21 <0.23 <4.36 0.9 + 0.36 <0.03
3 <0.14 0.36 » 0.40 <3.56 1.06 % 0.37 <0.03
2 0.72 ¢ 0.14 <0.16 <2.92 <0.17 <002
3 0.57 + 0.13 <0, 18 <2,.93 Q.67 & 0,30 <fr.gz
HIE 695, 152E 0.5 0.63 + 0,19 <0.18 <3.48 1.00 £ 0.35 <0.03
i Q.50 + 0.14 .17 <2.96 .83 + 0.29 <007

2 Refer to Figure 4,
b Errors are 20 based on counting statisitcs.
€ This sample also comntaived 9.71 + 0.75 pCifg of Sr-9¢ and 0.30 + 6.26 pCifg of Pu-239,



TABLE 7

RADIONUCLIDE CONCENTRATIONS TN WATER SAMPLES

senple oo ... Badionuclide Concentrations [pCifi}

Identification Szmple Type Lrid Locationa Gross Alpha Gross Beta a=176 Sr-9M
Wl Surface Water 164, 143E 30.0 + 9.1b 22,8 &+ 9.0 b.l6 + CL0L -
We Surfzce Water 60H, 73R 1.22 + 1.10 4.73 + 1.36 € ———
Wi Surfzce Water 560, 97e 6.97 + 5.7% 8.64 1+ T7.44 =
W Subsurface Water 184, L}4E LU T.u5 + 8,23 —-—=—= ———
W5 Subsuriace Water 784, 118L <50 <5.52
Kb Subsurface Water 158, 15k 9.81 + B.5% <5.51
Ui Subsurface Water 598, 1BE 7.50 + .91 6.12 + §.48 ——
e Subsurface Nater I, 6IE 17.8 +17.9 12.5 & 144 0.77 + .18
19 Subswrface Water Th, 139E 17.8 = 9.5 5.535 = &,17 0.53 + .13
Wil Subsurface Water 504, 16EE 1.8 + 7.7 5.32 + 8.06 <.08
Uil Subsurface Water 41H. 170E 8.8 £ 7.24 T.49 + 8.09 -
Wiz Subsurtace Water IQ0H, 1JFE <& .48 €3.51 ——— -
Wi3 Subsurface Water 5I4, l4iE 799 44l ELX] 121 0.33 ¢+ 0.14 1.76 + 2,00
Wia Subsurface Water 168, 122E <5.82 8.27 + B.50 —-—— -
Wis Suhsurface Water 36N, L1SF 7.al t F.63 .04 2 8,33 —-——-
Wib Subsuriace Water 63N, 137E 379 +11.0 3.0 + 9.2 0.25 + D.12
Wiy Subsurface Water 29N, 145E 9,78 + T.58 3.93 + 8,23 —-——= -——=

o

Refer to Figures 2 and 5.
Errors are 2o based on counting statisitics.
Dashes indicats analysis met pevfurwmed.




TABLE 8

RADIONUCLIDE COMCENTRATIONS XH SEDIMENT SAMPLES
FROM DRAINAGE DITCHES

Sauple Grid N __Radionuclide Concentration {(pCifg) e
No. Location® Ra~226 U=-235 U-238 Th-232 Cs-137
301 60N, 73E 0.98 + 0.18 <0.19 <3.19 <0.19 0.74 + 0.10
SD3 56H, 97 £.96 1 0.19 <0.20 23 .42 0.93 + 0.45 0.29 &+ 0.10

4 Reter to Figure 5.
Frrour is 2o based on counting statistics.
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INSTRUMENTATION AND AMALYTICAL PROCEDURES



APPERDIX A

Instrumentation anc Analyilcal Precedures

Gamma Scintillation Measurements

Walkever surface scans and measurements oI gamma exposure rates were
performed using Eberline Model PRM-6 portable ratemeters with Victoreen
Hodel 489~35 gemma scinctillation probes containing 3.2 cm % 3.8 em Nal(TL)
crystals. Count rates were comverted to exposure levels (uR/h) using
factors determincd by comparing the respense of the seintillation dectector
with that of a Reuter Stokes model RSS-111 pressurized iomization chamber

at several locations on prcperty H™.

Beta—Gamma Dose Rate Measurements

Measurements were performed using Eberline "Rascal," Model PRS-1,
perteble Tatemeters with Model EP-260 thin-window, pancake G-M, beta
probes. Dose rates (wrad/h) were ceterminmed by comparison of the response
of & Victorecn Model 440 ionmization chamber survey meter to that of the G-=M

probes for a composite of soil sumples from the site, which were high in

Ra=2206 cuntent.

Roroheole Legming

Borehole gamma radiation measurements were performed vsing a Vicrareen
Model 489-55 gamma scintillation probe, connccted to a Ludium Model 2200
portable scaler. The sciantillation probe was shielded by a 1.2% em thick
lead shield with four 2.5 e % 7 mm holes evenly spaced 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 30-50 em
intervals 1n all holes. The legging data was used to identify regions of
possible residues and guide the selectiex of subsurface s0il sampling
locations, Due to the varying ratios of Ra-226, U-328, sznd ©Cs-137 there
wias no attempt to estimate so0il radionuclide conmcentrations direcrtly from

the logging results.



Scil and Sediment Sample Analysis

Gawmz Spectrometry

Soil samples werc dried at 120° ¢, mized, and a porkion placed in a
0.5 liter Marinelli beaker. The quantity placed in each beaker was chosen
to reproduce the calibrated counting geometry and ranged from 400 to 600 &
of soil. Net soil weights were determined znd the samples counted using a
23% Ge(Li) detector (Princeton Gamma Tech) coupled to a Nuclear Data model
KD-680 pulse height analyzer system. Bacxground and Compton stripping,
peak search, peak identificatien, and concentration calculations were
performed using the computer capabilities imherent in the analyzer sy stem.

Energy peaks used for determination of radionuclides of ccncern were:

Ra~226 = 0.609 MeV from Bi~214 (secular equilibrium assumed)
U=-2335 = 0.143 MeVy
U-238 - 1.001 MeV from Pa-234 (secular equilibrium assumed)

Th=-232 - 0,911 MeV from Ac-228 (secular equilibrium assumed)
Cs-137 = 0.662 M=V
Co~60 - 1.332 Mev

Other Analyses

Samples were analyzed for 5r-90 following standard precedures
specified in "Radiochemical Analytical Procedures for Analysis of
Environmental Samples,"™ EMSL~LV~0539-17, March 1979. An outside laberatory
performed tke analysis for Pu-239 wusing wet chemistry and alpha

SpecLroacepy procedures,

Water Samole Analysis

Water samples were rough-filtered through Whatman No. 2 filter paper.
Remaining suspended solids were removed by subsequent filtration tkrough
0.45 ym membrane filters, The filtrate was acidified by additiom of 20 ml
of concentrated nitric acid. Fifty milliliters c¢f each sample was

A=2



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

Tennelec Model LB 5100 low-tackground proportional counter.

Anaiysis for Ra-226 was performed wusing the standard technique
EPA AQ0/4~753-008 (revised). Analysis for Sr-90 was performed according to
methods deseribed in "Radiochemical Analyrieal Procedures for Anclysis of

Environmental Samples," EMSL~LV-Q539-17, March 19790.

A=3
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SUMMARY OF RADIATION GUIDELIKES
APPLICABLE TU OFF~SITE FROPERTIES AT THE NIACARA FALLS STORAGE SITE

¥ode of Exposure

Exposure conditions

Guideline value

Guideline source

1.

External gsmna radiation

Surface alpha contaminationd

Surface beta contanination®

Bete~gacoa dose rate

Exposure to radon

Continuous exposure to
individual in geoeral

population {whole body)

lndoor garma radiation
(above background)

Ra~326 coataminstion
fixed on surfaces

kemoyvable Ra-22%

Removable beta-pgamme

Average dose rate on en
ares no preater than 1 nd

taxicum dese rate in any

100 c=? area

Haxipun permiseible concen-
tration of En=220 in air i

unrestricted aress

Aversge annual reden
daughter ¢encentration
{ipcluding background)

60 uRfhr

0 Rt
100 dpafIG0 ool

20 dpef 10 e?

10090 dpaf100 ca?

{.2 pradfh
1.0 mradfh

3.0 pCifl

0.0390 ¥l waxioun
0.020 Wi preferrable

Nuclear Regulaktory Connission
{MEC) Stendards [0r FroTectiva

Againet Radiaticn (10 CFR 20.105)

EPA Standacrds For Uranium
MEL]l Tallings {40 CFR 192}

NRC Guidelines for Facilities
and Equipeent Prior to Relesse
Lor Unrestricted Use or
Termingtion of Licenses for
py-product, Source, or Special
tuclear Material {Adapted frem
HREC Reg. Guide ].BG)

Same ae number 2

Same as mmber 2

Same ae pumber 2

KRG 10 CFRL 20.103,
Appendix B, Table 1I

EfA Stendsrds for Mill
Tailings



SUMHARY OF RADIATION GUIDELINES

AXFLIGRELE Tu OFF-SITE PAOPERTILS AT THE NIAGARA FALLS STORAGE SITE,

(1115

Muce Of LXposUrE

Lxposure condieicns

Guideline value

Guidelioe bource

6. Radicnuclides in water

7. Radionuclides in soil

Maxioun cortaminant level
for cocbined Ra-226 and
Ra—22B in drinking water

Maximun persissible concen-
tration of the following
radionuclides in water for
unrestricted area:

Ka=-226
u-238

Th~230
Pb-210

Concentration above
backgrovnd-averaged
over an srea of F00 =2

Ra-226

z-238
Th-232
Se-90
Cs-137

U-enriched
in U~235

§ pCifl

30 prifL
40,000 pCifl
2,000 pLifl
100 peifl

5 plifg (sucrface)

15 pCifg
{subsurface}

4 pCifg

20 pCifg

HIG plifg

An prifg

30 pCifg

EPA Interim Drinking
Weter Standarde {40 CFR 141}

MRC (10 CFR 20.103
Appendix B, Table II}

EPA Standards for Urenium
Mili Teilinge

Interio Soil Liwmits
for 04D Projects,
LA~UR~79-1865-Rev,
J.W. Healy et &l.

HRC Branch Technical
Position Paper {Fedecral
Register, October 23, 1981}

2 gpplicable to buildirg and equipment surfaces onty.
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DETECTION SCIEMCES GROUP

INTRCOUCTION AND SUMMARY

This Final Report describes the grourd-penetrating radar survey performed by
Detection Sciences Group during tne weeks of Juiy 5 and 12, 1982, at tne
former Lake Ontario Ordnance Works, Lewiston, New York. The survey covered
selected Jlocations within specific areas of the property designated as
Area E' and Area H'. The survey was performed in accorcance with Oax Ridge
Associated Universities, Inc. (JRAU) Purchase Order No. (-26303, Letter
Release No. 1, datec May 28, 1982, under the direction of Mr. Bill Helton
and Mr. Less Cole.

The ground-penetrating radar survey had two purposes. The Firet pLrpose was
to search for ezvidence of ouried materials. The second purpose was to
inspect boring locations for potential cbstacles.

“he inspection of the borirg lccations was accomplished by running the radar
in an "X" pattern, or cross-pattesrn, over the prososed Tacation of each
boring. “he cross-patteérn consisted of  a north-south run and an east-west
run, each crossing the site of the proposed bering. If the radar charts
showed any indication of a buried utility or ctner pctential obstruction
(i.e., a discrete burien onject), the charts were then searchea for an
alternate Tocation which did not show any potential oosstacle. Taking a
conservative approach, the proposed bering was always reloczted unless tne
radar chart was completely clear of discrete radar reflectors {other than
geclogic stratal. The choice of alternate Tocations was selected as near as
practical to the original Tocation. Table I lists the gric coordinates of
the Dbiased borings and shows the coordinates of a1l borings that were
relocated. Table II shows the same infermation for the unpiased borings.

The search for buried materials was conducted by running the radar in grid
patterns, using the in-plage grid cstablishec by OJRAU personnmel. Figure 1
shows the three radar search grids and all boring locations in Area I',
Figure 2 shows the radar grid and the boring locations in Area H'. Figure 3,
Figure 4, and Figure 5 orovide detailed maps of the thwee radar curvey gride
in Area E'. Figure 6 is a detailec map showing the radar survey lines in
Area H'.

We d1d not observe any indications of buried material in the porticns af
Arez E' that were searched by radar. The observed ragar signatures are
consistent with the irdustrial use of the land. We saw no evidence of
excavations filled wilth foreign material, nor did we observe zny obvious
treaks in the ground strata other than the trencnes that are normally
obsarved above buried pipes. In Area ®', there are a number of -adar
znomaiies that are not consistent with the prevailing radar signoturcs
observed in tne general area. These anomalies are cited in Table III.

This Final Report provides a narrative description of all work performed “n
accordance with Letter Release No. 1. The narrative description covers the
methodoiogy of the radar survey, a descriation of the equipment and the
orincipals of operation, and a discussion on the interpretation of the radar
data. Copies of all “ield logs are included in the APPENDIX. In addition to
the material contained in this report, all cof the radar ¢raphic charts
{vertical profiles) have been bound in book form anc suppliec to ORAU.

READARVISION



DETECTION SCIENCES GROUF 2.
DESCRIPTION QF THE SURVEY

Area Surveying

. 1 ,

The ground-penetrating radar survey covered portions of Arez E' and Area H
using a S-meter grid pattern except where buildings or other structures made
it necessary to deviate from the S-meter spacing. Each radar survey line, or
transect, 1is recorded in a Field Log. The survey lines are sequentially
numbered in the exact order in which they were done, The survey line number
is simply a ‘“bookkeeping" number and bears no direct relation to the
designation of the grid line itself. The radar charts are also numbered in
the strict sequence in which the radar survey was performed, and therefore
are keyed to the Field Logs. Thus, radar chart #11, for example, will be the
17th entry in the Field Log. Among other items entered into the Field Laog
are the grid line identification, and the starting and stopping points for
the particular survey line, A1l of the Field Logs for Area E' and Area H'
are bound in the APPENDIX,

in Area &', the ground-penetrating radar survey was conducted by hand-pulling
the 120 MHz radar antenna on a grid with 5 meter spacings. Figure 1 shows
the b5-meter radar grid (heavy. dark lines) superimposed on the 20-meter
0.R.A.U. grid (lighter grid 1lines), together with the Tlocation of the
borings and the major surface features,

In Area H', portions of the radar grid were surveyed by towing the 120 MHz
radar antenna with the survey van, but most of the survey linas were run by
hand-pulling the antenna. Figure 2 shows the radar grid lines with 10 meter
spacing (heavy, dark 1ines) superimposed on the Z0-meter 0.R.A.U. grid,
together with locations of borings and the major surface features.

Figure 3 ghows in detai) the radar survey lines in Area E' between GS4QE and
620, running from ON to A4BN. A1l north-south Tines are on S-meter incre-
ments, but the locations of buildings made it necessary to use 4-meter and
2-meter spacings in the east-west direction,

Figure 4 shows the details of the radar survey lines in Area E' between 64QF
and 700E, running from BN to 4ON.

Figure 4 shows the details of the radar survey Tines along the railroad
spurs in Areg E' between 680FE and 798E, running from 37N to 44N, (The
respective radar transect Tines ran along the center of the south spur;
atong the center of the stip between the twoc spurs; along the center of the
north spur; and, along the narth side of the north spur).

Borehole Surveying

Each proposed borehole location was surveyed with a 6 meter cross-pattern
running north-south and east-west., The centerpoint of the cross lines are at
the borehale location. These locations are marked on Figure 1 and Figure 2
with a cross symbol. The grid locations of the biased borings are tabulated

in Table [. The grid Jlocations for the unbiased borings are tabulated in
Table II.

RADARVISION
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Boring
Number

g1
B2
B3
B4
B5

B&

B7

B8

B9

B9
B10
811
812
813
214
B15
BR16
B17

818

B19
B20
gel

i

[

TABLE 1.

BORING LOCATIONS DETERMINED BY RADAR

Direction of
Relocation

Move
Move

Move
Move

Move

Not accessable
Not accessable

Move
Move
Move

Mave

Move
Move

Move
Move

Move
Mave

dm
/m
Zm
4m

3m

3m
Zm
2m
Im
Im
7m

Em
Em

im
sm

North
West
North
West

East

South
Narth
South
South

Wect
West

South
East

Last
East

1

m
-

]

Move 8.5m West

BIASED BORINGS

Proposed
Lecation

§0.5N, 167.5E

41N, 170E
20N, 176E
52N,  C42E
40.5N, 137.5E
16N,  122E
- BN, 176E
J42.5N, 137E
29N,  150E
55N,  34CE
15N,  340E
45N,  435E
35N, 450E
30N,  440E
20N,  470E
36N,  49FE
23N, 523F
30N,  575C
25N,  6ROE

Between tracks, 693C
Between tracks, 730E
Between tracxs, 775E

RADARVISION

Final

60.5N, 157.5E

41N,  170E
20N,  17BE
52N,  142E

40.5N, 137.5c

20N, 115E
40N,  11ZE
42.5N,  143E
29N, 130E
55N, 340t
15N,  340E
42N,  433E
57N,  450E
28N, 440t
19N,  47CE
36N, 49zt
23, B2CF
30N, 568F
20N,  655E

Betwean tracks, 70QE
Between tracks, 735L
Between tracks, 766.5E
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TABLE II.

BORING LOCATIONS DETERMINED BY RADAR

UNBIASED BORINGS

Bering Direction of Proposed Final

Number Relocation Location Location
1 —_ 80N, 795E 20N, 193E
Z Move 4m West 78N, T78E 78N, 74E
3 Mave 3m North 76N, "18E 79K, 1°8E
4 Move 3m North TON, 15E 15N,  T5E
5 - 58N, 18E 58N, T8
& Move 3m West 5N, 63E 5N, BOE
7 Move 2m korth 7N, 157E 9N, 157E
8 Move 2m West 37N, 9CDE 37N, 298E
9 Move 4m West oN, 870 5N, BAGE
10 Move 3m West 3N, 680t 3N, 577E
11 Move 4m East 5N, 503E 5N, 5072
12 Move 4m Ncrth ™, 36BE TIN, 368C
13 Move 3m North 8ON, 360L 83N, 360F
14 —— 80N, Gelk 80N, 460E
15 — 6N, 225E 6N, 225E
16 _ BON, 550E BON, 650C
17 Move 4m South 61N, 788E 57N, 728E

RADARVISION
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PRINCIPALS OF OPERATICON

The ground-penetrating ~agar yIten TS an 2Cr3-TICETTOn SYSTAm Whior amiiioa
s=iet imou-se of ﬂacio grargy lasting oriy 3 Faw o7 0zatrs o7 3 3&scCno. The
time that it takes “or the ecroes L2 return Too The ragar artanna corrasponas
t¢ the ceptnh peiow tre surface, 3y recorc ng trese depth-cepencent e¢hees 2on
i scanning time-pased cnart recorder, & v r:ica] srofile af <he agrsurc s
ISNEraTEq wricn zhows Ine lorgttucinal < “zutiap T subsurface smrata 3ng
gtner features Cver whi¢h the radar antenna ﬁas cassed,

-

ing racar impuyise traveis dinto the cround at ar average spesg of 4
nercent of the aneen of lignt “n oair, The 2xact speez depends ¢ tne nature
27 the naterial througn wh-cn <ne impulse 5 irave “ng, The 3] T

'S wWater, where the spees is ahout ') percant o ftne speed o

astest material is dry sand, where trhe speec 15 zpout 50 parrcert 27 the
speed of dight. In air, such a5 an gndercround Zavity, 4ne raoar “mpuiia
travels exactly at the speed of lign:t, taking one nanosecend .gone 237 liortn
3T a second) to travel one foot.

—
-

1 -4

The graund-penetrating radar equipment iz desigred to measure apd 2isdlay
the time-basec echoes down %o 2 Traciion of a rnangsecoand. “o convert &0
depth, it is necessary %o know the exact veiocity of the ~adar “mnulse 3% it
traveis through the ground. 3y using publisheq tabie: For variosus materia s
“tois nnrma?]y passinle to estimate the wvelocity *o within 0 nevcert. 7r

F.
racar system cah alsc be caiibrated by externa’l means. sugn as a zortng or oa
test trench. Qther methods iavoive tr1angb1at or and geometric rela'“nnsnias
that are time-consuming to per<erm in.the field but are innerenitly scourats

At the irterface of two materials. the radar impuise typicaiy underjoe
aprupt change in veipcity. t 1s th-s charge in velocity whick causes
of the radar energy to we reflected back to the surface of the ground. w
"t is aetected by =<he antenna. The amoun® cf anergy tnat is reflactad, or
the reflegtion coefficrent, depends on tne <ontrast Defween tha Lwo maLer-
iale; i.e., the difference herween their respac*iva ragar veioci-ias.

o W

m L
=

ID 4

A1l materials with tha exception of metals are relatlively transparant tg tne
passage of radar energy. Matals reflect aii of the enercy strixing tre
surface, so0 that buried meta’l objects (ke pipes or metal container: aake
excellent targets. The fact &rnat most matariais are relatively tranzparent
means tnat the radar impuise <an continue to senc back refjortion gfter
reflection as it propagates downwara into tre qround, tPus  ceveal oy the
varigus supsurface strata arc profiles.

In effect, the radar anction: as  a “d-fference meter'. by Iriwtng a
boundary at the interface of twe different materrals. The <irengtr 3¢ the
reflected signa’ i35 3 me,gure of the difference Defwesen the Twh materials,
a2ut tne radar system dges not provide any kine ¥ physical assay 38 tc the
nature of *he twe aterials. Expsrience in nterpreting radar i 5
nelpful, as tne "texture  of the matarial Zan somatimes provile clues ai ig

-

the nature of tre materizl. 3'acial ill, mpisture-laden arganmia maferval,
c'ay and gravel are a2ramples o7 materiali that nave -~Idar 31gnatuyras Trat
are ralatively easy tn r~ecegnizz. In the orfbers nanc, intersosrses tiyert of
arganic JiTt. 550ty sand, =tg.. ars ampancth’e to ddertify o withoud o aareeln
Tnapectisn oy mears oaf 3 tosn wrenon A oo Lampie. dhat in SR b naen

RADARVISION
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T5otnat t2st o oagrings or gtner §27 3% 3an 2°T o oune
feemtificatior of suosu~ice -ate far show he isteibu-
tisn 0 tre materfal avar sre ~zversad by the ~agar
anterna, Tn thiz regars, -1 it i TNE O TRCEY TYILET 8%
mMeans of waking closely scacaen ) Iorea@gnonAding too 22

e

sequencz  of achoes prcocessed oy Tne  racar, JDEf;L. g 3t 3 5o
vertical soundings oer seccns, the ~aczr is cac ac 2 2% zzneritin
21 these "electrzn ¢ ocrehoies® in <ne course af a day,

“he penetration =Za2pth of the radar system deosnct on Trne operating Trequency

and tne egiacirical condugtivity af the crou or snaiicw ceretratizn of a
few feet, tne ootimum cnoice ‘s an operatiag freguency of 600 Mez, This
smali, ligriweignt anterna can peretrate 9y 3 festh o&F aoout 5 fear ungae
the most adverse graund ceoneiticns, and as muct as 28 o T feet urdar good
coneitions. 'Adversc' revers tg nighly concuctive matarials ~aving I orezdstiv-
ity of dess than 20 ohm-metevrs. fGood radar corzit-ons aoutd 2e resistivities

of several nundred ohm-meters ar more.

shiftirg to a lower operating frequency crovicas greater senetrat-gn. the
improvement peing tne square root of the -:tig o7 tne respective wave'engihs,

An  operating frequency of 120 MMz -5 a good gerneral-purpose frequency for
reaching adepths that arg beyond the c¢apaoi’ity of tne 800 M4z antsrna. “here
‘s a corresponding ioss of detairl. or spatial rescluticr. Iue o ’
wavelengtn., The optimur i3 to Jse as nigh an oaperating
possible, consistent with the upersiling gepth reguirements, ius  Lroys ging
the bast possibie detail under the operzting conditicns. The useful range of
ground-penetrating ragar Treqguencies is lwmiteg to about "0 MHz at tnz 'ower
and, and about 1000 MHz {1 GHz) at ‘the upper end. "hne penatrition 3¥ ths |
aHz antenna is Timited to a few _inches. The 10 Muz anterna can penetrate
qundreds of Feer into the grounc, out tre c¢rresponding less of  getail
1imits its usefuiness to large featuras, such as geolcgic strata

The discussion regarding pernetrat-on depth assumes that all antennas have
tne same power, The penatraticn deptq at any given freguenty can 2e imoroved
with increased power, 2Jut the improvement suifer: Trom irverse-scuare 10%8ses
as a function of depzh, so that a guantum jump in power i5 necessary to gain
any sigrificant improvement. For this reason., Detection Sciences Group has
focused <ts rescarch effarts on imyreving <ho sensitivity of  ths racar
recelver and reducing the interral noise of tne receiver, Thege eforns nave
paid  off by more than doubling thne penetraticn cepth of our squioment
compared o standard, ccmercially-available systams. The present olactronics
are now operating close to the theoretical "imits for the sensitivicy of
non-crogenically  cooled  a2lectronics.  This  imorovec  capanility  allows
Jetection Sciences Group to abtain dabd unaer cond-tion:s Chan wereg Drevious|y
impossidle far the aperation of grounc-penetrating radar.

RADARYISION
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SURVEY METHODOLOGY

The ground-penetrating racar equipment is carried in a survey van, which
provides 12 volt dc power for the s01id state inverter used to power the 120

velt ac recording equipment. Figure & shows the regccrding squipment mounted
in the survey van.

The most efficient method of data gathering is to use the survey van to tow
the radar antenna aver the surface of the ground. The radar equipment is
capable of high-speed recording, and will provide good snatial resclution at
speads up tp about 1C koh. When the terrain does not permit the vehicle to
be driven along the survey patk, it is necessary to pull the radar antenna
by hand. With the vehicle parked near tne center of a survey line, there is
sut¥icient electrical cable z¢ allow a range of about 150 meters either sice
of the centerpoint; this approach makes 1t possible to hand-survey a Tine
about 300 meters in length without having to relocate the vehicle, Figure 7
shows a 600 MHz radar antenna being hand-pulled alang a survey Tine. The
normal speed is a waiking pace, cr about 5 kph, -

Detection Sciences Group has made a number of “nnovations to facilitate the
survay process, improve the performance of the equipment, and allow more
efficient data gatherng. We have:

- weatherized tne equipment to allow it to be wused in dusty
conditions, fog, heavy rain, or snow, and under ‘temperature
gxtremes.

- developed a radiation shield to eliminate reflections frum above-
greund objects {power lines, parked vehicles, metal drums, trees,
buildings, euc.) without degrading the performance of the antennas.

- constructed a "fifth wheel" odcmeter which attaches to the bumper
of the survey van ard automatically marks the racar araghic
record with incremental distance along the radar survey path.

- built an automatic stop-start relay system to allow the operator
to control the radar equipment while stationed at the antenna.

- made proprietary electronic modifications whichn provide a factor
of 2.4 greater penetration than the standard, commercial equioment
under equivalent operating conditions.

The follawing section Tists all of the radar equioment.

RADARVISION
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[ ]

Figure 6.

CHART RECORNER AND RADAR CONTROLS

The radar equipment is czarried ‘n a van, where the operitaor is adjusting the
controls. "o the right of *he operator is the chart recorder whien generates
vertical profiles of tne ground. The power supply and the four-track ftaps
recorder are not shown. “Yormalily, the van is used to row the racar antenna
over the ground, bout the antenna zan alse be pulled along by harnc.

RADARVISION
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Figure 7.

600 MHz RADAR ANTENNA

The operatcr is guiding the 600 MHz radar antenna along the surface cf the
ground to generate vertical profile charts, "he handle has an elecirical
outton which electronically annotates tne ground lccztions on the radar
charts. Extending “rem the left ¢f tne antenna unit is ar electr-cal cable
(up to 50C feet 1in length) which connects with the r2s® oF tne radar syster.

RADARVISION
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EQUIPMENT

Detection Sciences Group owns 2 mocifiec SiR SYSTEM-3 radar system with an
intagral Motorola MEE00 micraoprocessor unit. Jur oroprietary moaificatinons
to the radar system have providec increased range anc sensitivity, as well
as ‘mproving the overall efficiercy ¢f the data-gathering process. Detection
Sciences Group has also develcpec special auxiliary equipmen:t to fac:litate
our radar surveys, The incividual components of the radar ecuipmen= are:

G351 Model 4800 Control Unit. “he contrel unit contains the nsulk af all

the ragar electronics and system controls, and has an oscillescepe
display.

Motorola Model MBBMMOIA/)A2 Monoboard Microcomputer, The microcompuTer
nas real-time processing capability for bacxground removal, digital
filtering, runn‘ng averages, and other radar signal-processing algorithms.

hewlett-Packard Mocel 3964A Instrumentation Tape Recorder. This hign
auality, four channel tape recorder provides master tapes of a!l data
recorded in the field.

EPC Laboratories, Inc. Model 2800 Chart Recorder. This scannirg chart
recorder generates the harc-copy radar graphic charts (vert:cal orofiles)
used to interpret the radar data.

GSSI Racar Antenna Units. The radar antennas operate at aifferent fre-
cuencies; the deoth requirements of the survey determine the operating
frequency selected for the survey:

L . 900 MHz [ ] 600 MMz [ ] ?QO MHz [xJ 12CMdz [ 1 B0 MHz [ ] 70 Mkz

- >ears 500VA Solid State [nverter. This power supply unst provides both
120 volt ac power as well as 12 volt dc power for cperating all field
equipment from the survey vehicle's electrical system.

Remote Stop/Start Unit. The remots stop/start feature allows the operator
to control tne radar system from the antenna lccation.

+ QOdometer Wheel Assembiy. This "Fifth wheel" attached to ‘the survey
vehicle orovides autematic logging of incremental distance traveled a‘ong
the survey path, and automaticaliy logs the ground staticrs on the radar
charts.

Support Equipment. The various scsupport equioment “ncludes the Micro-
computer lontrol Hdox, the Hemote Lontrol/Marker Umit, Handg-neid Marker
ynit, towing sleds, towing harnesses ana miscellaneous electrical cables
gnd connectors.

RADARVISION
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RESULTS OF THE SURVEY

The survey began in Area E', at location 6540E., The specific locations
surveyed in Area E' are shown by Figure 3, Figure 4 and Figure 5. The
location of the initial survey 7ines were laid out by Detection Sciences
Group so0 as to avoid buildings and other obstacles. Thereafter, all survey
lines were along grid lines laid out by ORAU personnel at intervals of 10
meters. In some instances, the radar survey Tine ran with an offset to the
grid Tine, The exact location of all radar survey lines was recorded in the
. Field Logs (refer to the APPENDIX).

Area E' at 540E, 25N.

The results of the survey in Area E' showed chemically-contaminated soil in
various locations, as evidenced by zones of high electrical conductivity
(low resistivity). At location 570E, 25N, the contamination can be attributed
to current operations by the present occupant of the site, S$CA Chemical
services Company. Crystallized salts that have accumulated on electric pump
metors and their fiotation piatforms are being removed by hand-s¢raping
these encrusted units in a location adjacent to & maintenance shop. The
residue from this maintenance operation is allowed to fall on the ground,
where rain water will carry water-soluable material into the ground. Water-
soluable salts are ionic, which modifies the electrical properties of the
ground. This, inm turn, appears in the radar data as an area having a
lighter-than-normal contrast, indicating higher rate of signal attenuation
due to higher electrical conductivity. Detection Sciences Group makes no
represantations about the enviornmental effect that this maintenance operation
may have on the site; this information is provided only for the purpose of
reporting to ORAU the observations made during the radar survey.

Railroad Spurs.

A similar situation was observed along the railroad spurs at the northeast
sector of Area E'. Radar survey lines adjacent to each of the two sets of
tracks shows evidence of chemical contamination., Radar survey Tines down the
center of each track show little evidence of contaminatian, The absence of
contamination in the center of the tracks, combined with contamination along
the edges of the tracks, suggests that the contamination is due to spiliage
while freight cars were being loaded or unloaded. Detection Sciences Group
makes no representation as to the nature of these spiils, or to the effect,
1f any, that such spills may have on the enviornment. This observation is
prasented to ORAU for information purposes only.

Buried Utility Lines,

Buried utilitiy Tines were 1in avidence in various areas coverad by the
survey. [f there were any need to do so, a map could be prepared to shaw the
Tocation of the utilities observed by the vradar. The job description
(Purchase Order No. €-25303, Letter Release No. 1) does not call for a
utility map. Therefore, a utility map has not been prepared.

The observation of radar targets indicating the presence of buried pipes or

utility lines was considered in the placement of biased and unbiased
borings, as described in the next paragraph.

RADARVISION
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Boring Locations.

The proposed location for each boring to be done 4n Areas E' and H' were
examined by running radar survey lines over each proposed location. The
exceptions are biased boring locations B9' and B10, which were not accessable.
The radar graphic charts were analyzed in the field, in real time, to make a
determination as to whether the proposed boring locations might harbor
buried obstacles, such as pipes, utility Tlines or buried boulders. Where
there was reason to suspect that there may bhe a buried obstacle., the
proposed location was moved to a ¢lear tocation which was kept as ciose as
possible to the proposed location. Table I shows the proposed location and
final location of all biasad borings in Areas E' and H', Biased borings are
designated by the letter "B" preceeding the baoring number.

Table II tabulates the proposed location and final location of all unbiased
borings. Unbiased borings are listed numerically, without the letter "B"
which designates the biased borings. The information tabulated in both Table
I and Table II was provided in hand-written form to ORAU personnel in the
field at the time of the survey. Inclusion of these tables in this report
provides confirmation of the hand-written information generated in the field
by Detection Sciences Group.

Area H',

In general, the radar charts of Area H' are consistent with the industrial
history of the site. We observe characteristic radar signatures of buried
concrete slabs containing rebars, and 1inear features presumed to be the
ramains of building foundations or other structures. In other cases, there
are unexplained radar signatures which depart significantly from the prevail-
1ng ground sigmatures found at this site. These abnormal radar signatures,
or anomalies, are plotted in Figure 8. The use of the term “amomalies"
indicates that the radar signature shows a significant, localized departure
from the prevailing, or normal, radar signatures observed at the site.

In the case of the metallic reflectors (narrow, dashed-line symbol), the
radar signatur exhibits a characteristic "ringing", or rasonance, which is
unique to buried metal objects, including electrical cables.

The dark reflector (medium dashed-line symbel) is an area where the dielec-
tric constant is significantly higher than the prevailing dielectric constant
found at the site. A wet, saturated area can have 2 radar signature that is
darker than the norm, but the characteristic structure within the wet
saturated area is usually no different than the characteristic structre
found throughout the site. For example, in glacial till, the radar signals
are very "busy" and have a great deal of fine detail {large rocks, etc.) and
is generally lacking in distinct strata, Wet, satwrated areas in glacial
ti11 have the same "busy" character, but are simply darker due to the higher
dielectric constants. In Area H' we have ruled out what appears to be the
wet areas, and are left with the dark anomalies.

The jittery reflectors suggest electrically active zonmes that are interacting
with the radar signal. It is suggested that ground samples be taken at these
locations to seek an answer as to the source of these unusual radar si1gnals.

The information plotted in Figure 8 is also presented in tabylar form in

RADARVISION
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Chart Radar

Numbey Line
280 60N
81 50N
83 30N
85 TON
90 170E
9 160E
92 150K
99 20N
101 160E
118 B.H.#17

TABLE III

RADAR ANOMALIES IN AREA H'

Laocation
{Meters)

145E to 160E

164€ to 175E

1158 to 127E
115E

8N and 3N
50N
52N

150E to 155E
26N

N of B.H.#I7

Depth
(Cm.)

168

117
100
116
98
100
a8
61

Comments
Dark, Jittery reflector
Jittery reflections
dittery reflector
Dark, isaolated reflector
Dark, jittery reflectors
Jittery, disturbed spot
Very dark location
Darkened area
Dark, isolated reflector

Dark, isolated reflector

RADARVISION
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APPENTIX D

EVALUATION OF RADIATION EXPOSURES
ON OFF-S5ITE FROPERTY H”

AT THE NIAGARA FALLS STORAGE SITE
» LEWISTON, NEW YORK



APPENDTY D

Evaluation ¢f Radiation EXposures
on QfZ-5ite Property H”
at the Niagars Falls Storage Site
Lewiston, New York

INTRODUCTION

The U.S. Department of Energy has completed a radiological survey and
determined that portions of the SCA Chemical Services, Inz. (SCA) property,
Lewiston, New York, are contarinated with low-level radicactive residucs
resulting Ifrom previous uses of this property. This property is part cf
the Former Lake Ontario Ordnance Works (nmow known as the Niagera Falls
Storage £ite) where radicactive wastes from Manhattzn Engineer District and
Atonic Energy Commission operations were handled and stored. These wastes
were primarily residues from uranium processing operations, However, they
aleo included contaminated rubble and secrap from decommissioned faciliries,
biological and miscellaneous wastes from the University of Rochester, and
low-level fission product waste from contaminated-liquid evaporaters at the
Knolles Atomie Power Laboratory (KAFL) in Schenecrady, Mew York. Receipt of
additicnal wastes was discontinugd at the site iz 1954, Although some
storage of radioactive materials on a portion of the site continues under
the control of the Department of Energy, werk involving handling of
radicactive waste has not been performed on the off-site properties for

approximately 25 years.

In 1954 a preliminary c¢leanup of the site was performed by Hooker
Chemical Company. Approximately 1298 acres of the eoriginal 15ll-acre site
were then declared excess and eventually seld by the Gemeral Services
Adminigtretion to varicus private, <ommercial, and governmental agencies,
8CA Chemical Services, Inc. 1s the current owner of o 4—-acre tract,
identified as off-aire peopevrty H°. This property ic noc oecusied cr im

use.

This property was surveyed by Oak Ridge Associated Universities, Qak

Bidge, Tennessee, during June and July 1982, and was Found te contain



radioastive contamimaticn, The survey indicated radicauclides from the
naturally occurring uraniuc and actinium decay series and smali quantities

of Cg=137, Sr-90, and Co-£0.

Cesium—~137, Sr-%0, and Co-560 are man-made radionuciides created
through the fission process such as in a nuclear reactor. Cesium—137 and
5r-90 both have half-lives* of approximately 30 years and Co-60 nas a half
life of approximarely 5.2 years. Cesitm~137 and Go-60 emit beta and gawma
radiation, Sr-90 emits only beta radiation. The naturally occcurzing decay
serice, known as the uranium and actinium series, are belicved tfo have been
created when the earth was formed, and they are still present tcday because

of their very long half-livas=. These series are presented in Tahles C=1
and C-2.

As a radionuclide deeays it changes into snothex substance. Tn the
case of U-238, for example, the decay produces Th-234. Thorium-234 is
called the "daughter" of U-238, 7-238 i1s the "parent" of Th~234. In turr,
Th-234 is the "parent' of Pa-234. Radicactive deeay started by U-233,
U-235, or Th-232 continuves as shown in the tables until a stable nuclide iz

fornmed,

The radionuclides ir these decay series are present in small
quantitics throughout the environment, Concentrations of them normally
occur in soil, air, water, food, etc., and are referred to as baseline
concentrations. Radiation exposures resulting from this envivemental
radicacrtivity are referred to as background exposures. These background
exposures are not caused by any bhuman activity, and te a large extent, can
be controlled only through man”s moving to areas with lower background

exposures. Eachn and every human receives some background cxpusure daily.

The wuse of rtadicactive materizls for scientific, industrial, or
medical purposes muy cause radiation expeosures above the background level

to be received by workers in the industry, and to a lesser extent, by
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members of the gereral public. Scientifically based guicelines have been
developed to place an upper limit on these additional cxposures. Limits
established for exposures to the gencral public are nuch lower than the

limits established for workers in the nuclear induscry,

RADIATION LEVELS ON THE S5CA PROPERTY H”

The survey idextified elevated levels of direect radiation and
contamination cf the soil above the ngrmal background levels. The major
racionuclides noted in these soils are Ra-226, U-238, and Cs-137.
Increased levels of radicacrivity rpqu],'.t"ng from rontaminated rescidues on
this property can cause increased radiation exposures to persons. The
exposure potentially comes from two primary sources or pathways: direct
raclation emitted by the radionuclides in the residue or =zoil and
innalation ¢f suspended airborne particulates and radon gas znd its
daughter products.® Additional expesures may also be received through
ingestion of contaminarted food or water. In Table D~3 the exposure levels
associated with this preperty are summarized and compared with the

guidelines and background radiation levels.

External Radiation Exposure Levels

As Tables D~l and D-2 indicate, geveral members of the naturally
cconrring decay series emit gamma radistion as does Cs=137. (Gamma raye
are penetrating radiation like x-rays,) Contaminate¢ areas cam, therefore,

be spurces of external gamma radiation exposure.

The HNaticnal GCounecil ou Radiatlon Protection and Measurements has
recommended a maximum anowel whole~body exposure of 500,000 miero-
roentgens®* per year to an individugl exposed in the general pepulation.
This is equivalent to a continucus level of approximately 57 microrcentgens

per hour. The maximum exposure level noted on this property was
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363 microrcertegens per hour. This level was noted only at contaet with
several small sreas cf contaminated surface scil. The average exposure

Yate of 9 microrcentgens per hour at about 3 feet zbove the surface it a
better cstimate of the average exposurc an individual might receive. For
comparison, the average background level in the Lewiston area is about
8 microroentgens per hour, and continuous exposure at this level would
produce an annual exposure of abput 69,800 microroentgens, Also, a typiecal
chesl x=ray (according ro dara from the Department of Health and Human

Services) might yield an exposure of about 27,000 microroentgens.

The soil is contaminated with radium, uranium, cesium, and strontium
which emit beta and gamma radiations. HNuclear Regulatory Commicsion (NRC)
guidelines for decommissionirg former nuclear facilities require that the
dose rate (from beta and gamma radiation) measured at a distance of
one centimeter above surface dees not exceed 1.0 millirad® per hour maximum
and 0.2 millirad per hour average. The maximum cose rate measured at this
site was 5.58 millirad per hour and the average was 0.043 millirad per
hour. Although the maximum level saxceeds the NRC puideline, the primary
concern of this guideline is exposure of skin surfaces. The thickness of
ordinary shoe soles 1s adequate to protect the skin of feer from beta
radiativu. In oost cases, exposures are neglipible ar a distance of 1 ft,
away from the surface and areas of body skin are sdequately proteccted f£rom
these oxposures if they remain away from theoe surfaces. Beta radiation
from surface residues are therefore not 2 significant factor in evaluating

the potential health effects at this site.

Exposure From Innalation of Airberne Radicactive Particulates

A very small amount of the radioactive ccntamination on this property
tay become aitborne by resuspension of partieulates from the surface layer
of so1l. The actual fraction of material that becomes resuspended is
dependent oz a number of factors including surface conditions (i.e. damp,
dry, covered by ground vegetation, etc.), particle sizes, activities on the
site which disturb the surface spil, and micrometeorclogical conditiens

(e.g. surface wind speed and direetion). Determining averape conditions of
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airborne radionuclides requires air sampling cver an extended tine period
and was beyond the scope of the ORAU survey. However, an estimate of the

potential airborme concentrations can be wmade based on the average
concentration of radiocactive material in the surface s0il and using

standard computation procedures of the Nuclear Regulatory Commissien.

Areas of significantly higher surface contamination levels are
igolated and small (usuwally less than & inches in diameter). The average
surface soil concentration for propexrty B is therefore best approximated
by the semples collected at the gric line intersecbiouns. Radium=226 is the
major radionuclide of concern on this site and the average concentration in
surface soil is 3.0 picocuriea® per gram or osbout 2.3 picocuries par gram
above the level normally present in surface soils in the Lewiston area.
The resulting concentration of resuspended Ra-226, based on a resuspension
factor of 5 x 1079 per meter, would be about 3 x 10°'0 microcuries per
cubi¢ centimeter of air. For comparison, the Nuclear Regulatory
Commissicn”s guideline level for continuous exposure of the gemeral public
is 2 x 10~12 microcuries per cubic centimeter. The estimated concentruation
of airborne Ra-126 is almost a factor cf 7000 less than the guidance level
and would rherefore not result iz a significant increase in radiationm

exposure Lo individuals on this property.

Expogurc from Inhalstion of Radon in Alr

The deposits of radium-bearing wresfidues in seil may be indireet
sources of radiation exposure on site. As shown in Table D-2, Ra=-226
changes to Rn=222 ag 3 result of radioactive decay. Radon-222 is arn inert
gas which can emanate from the ground and, with its daughter products,
result in lung exposures, Radon levels in the vicinity of NFS§§5 are
continucusly monitored by Department of ZIZnergy contraetors. Sampling near
property H” indicated average radon ceoncentraticms of approximately
0.27 picocuries per liter of air during 1979 and 1980. The guideline for
continuous exposure of rthe general public is 3 picocuries per liter. For
comparisen the average area background level during the same time period

was 0,23 picocuries per liter.
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Other Zxposure Considerations

Locse radiosetive <comntamznation ecan rtesult 1m  exposure through
ingestion (eating or drinking) of contaminated foodstuffs. This size is
Lot used Ior raising crops 2nd average radionuclide concentrations irn the
ground water at this site are witkin the EPA drinking water limite. These

pathways would not, therefore, result in significant exposures.

ESTIMATES CT LIIEALTI TTFFLCTIS

The primary =ealth effect associated with radintion ewxposure iz ap
increased risk of cancer., In general, the risk is assumed to increase as
the total <ose of radiation increases, Toral dose is dependent not only on
exposure rate and conceatration levels on the property, but also om the
nature and duration of the exposure. In addition, a gziven individual”s
increased yisk is¢ dependent upon many factors including the individual”s
age at onset of exposure, variability in latency period (time between
exppsure and physical evidence of disease), the individual”s 2serseonal
habits and state of health, previous or concurrent exposure to other
hazardous agents, and the individual s family medical history. Because of
these variables, large uncertzintics would exist in any estimates of the
number of incereased cancera in a relatively amall exposed populatien such
as might be the situation on this site. Estimates of the increased risks
have heen ecaleulared and are giver in Table D=é&. Assumptions made in

performing these calculations are:

. The levels reported in Table D=3 are representative of the
conditions and will not change during the vear or frcm year to

year.
2. Average exposure levels in Table D-3 are representative of the

averages to which an individwal working on the preperty might be

eXposec,
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3. An individual would spend a working lifetime, i.e. 40 hours per

week, 50 weeks per year, for 45 years (age 20 to 65) on the site.

4. Eackground exposure rates to irdividuals while not on the

property will be 8 microrocentgens per hour from external gamma

radiation.

The risk estimates are based on the 1980 National Acadeny of Sciences

report, '"The Effects on Populations of Zxposure to Low Levels of Ionizing
Raciation,"” and the 1977 report by the Uniteo States Sclentific Committee
on Effects of Atomie Radiation. The lifetime risk estimate used to
caleulate the values in Table D4 is 100 cancer deaths per million perscns
exposed per rem of radiation exposure. Tt i1s believed wy mary radiation
biologists that with low dose rates such as theer enemuntered at this

property, the actual rvisks of caneer are wmuch less than 200 per willion

Persons per rem, zero not being exeluded.

Since the estimated Ra-226 &ir concentrations are a very small
fraction of the guidance level and the Rn-222 air concentratiens are
essentially background, exposures and risk frem the inhalation pathway
would be negligivle and were therefore not cvaluated further, Exposures
and risk from the pathways of ingestion of crops grown on contaminated
swils and water containing radionuclides frem the so0il are also consicered
negligible, based on the low-levels and the present and intended use of
this preperty. Exposurcs and risk are therefore limircd to ome pathway ——

direct exposure to gamma radiation.

The estimated increased risk due to ecancer from exposure to the
average radiation level on property H”, for a working lifetime is 0.00% per
1000 deaths, This can be compareé with the average lifetime risks of
cancer in Niagara County of 218 per 1000 deaths based onm 1977 crude death
rate statistics for thic same vear. The averapge lifetime ricks of cancer
in the State of New York and the United States are 216 per 1000 deaths and
203 per 1000 deaths respectively. An irdividual working under the assumed

conditions will thercfore be subject te an increased risk of cying from

)7



caticer of 0.0009 percent or an increase in taotal risk from 71.8 ta
21.8009 percent when compared te the average risk in Niagara County. This
may also be expressed as: a percent inmcrease 1u overal! risk of getting a

fatal cancer of (0,004 percent - a negligible incraase,

SUMMARY

Ix summary, portions of off-site property H” at the Niagara Falls
Storage Site, belonging tc 5CA Chemical Services, Ine., are contaminated
with low=level residues c¢ontaining natupally occurring radionuclides and
Cs—-137 and 8r-9¢. The level of Ro—226 contamination in the surface seoil in
gome areas of the property exceeds the present criterion for release of
this nroperty for unrestricred use. Although thils eontamination is capatle
of producing slight radiation exposures to persons on this property, under
current conditicns of oroperty use these exposures are well within the

seientifically-based guidelines and risks to sueh persoms are negligible.
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TARLE D-]

URANTIUM DECAY SERIES

Parent Half-Life tajor Daughter
Decay Products

Uranium—-238 4.2 billzon vears alpha Thorium-234
Therium=234 24 days bera, gamma Pretactinium=—234
Protacrinium-234 1.2 minuces bera, gamma Uranium-234
Uranium=234 250,000 yeary alpha Thozium—230
Therium=-230 80,000 years alcha Radium-226
Radivm=226 1,600 years alpha Radon=222
Radon~222 3.8 days alpha Polozium=-2128
Polonium=-218 3 minutes alpha Lead=Z14
Lead-214 27 minutes beta, gamma Bismuth-214
Bismuth-214 20 minutes beta, gamma Polonium—214
Polonium=214 0002 seconds alpha Lead-Z10
Lead-Z10 22 years beta Bismuth=-210
Bismuth=210 5 days beta Polonium=~230
Polonium—-210 140 days aipha Lead=206
Lead-206 stable none none

=t



ACTINIUM DECAY SERTES

TABLE D=2

Parent Half-Life Decay Products Daughter
Uranium=-235 710 million years alpha Thorium-23]
Thorium—231 25.5 hours beta Protactinium=-231
Protactinium-23] 32,000 years alpha Actinium-227
Actinium-227 21.6 years beta, gamma Thorium-227
Thorium—227 18.2 days alpha Radium~223
Radivm=-223 11.4 days alpha Radon-219
Radon-Z19 4.0 seconds alpha Polonium=-215
Polonium-215 0018 seconds alpha lead-211
Lead=-211 36.1 minutes beta, gamma Bismuth~211
Bismuth=-211 2.15 minutes alpha Thallium-207
Thallium~207 £.79 minutes beta Lead-207

D-1Q
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TALE -3

SUMMARY OF EXPOSURE LEYELS ON PROPERTY H)

LEWISTON, REW THK

Levels on Site

Girldadines for

Fwposure Source hverage Yaxlmun Background beve s Fuide Mans for Feliot iun
Genel al Fubilc orkers
Hadiatien fron ERTETOS 365 wRih 4 prtsh 0.5 real per year for 5 rems r year
=137 and aranion individual, wyniva et to
iniun decay 230 JR/n above netural
background for 40 hfwk and
50 whiyr or B ulifh
continuous exposure,
_— s P R X I3 e -12 o =1 .
Radiaree | des 3w 10 Wwi/ec - unknown 2 x 10 nei/ee for 5ok 1Cifee
{Hadium=226) in air confinuous {168 h/wnk) far A0 hfwk
XIS 2xpAsUl e
in air 0,27 pCis v - 0.23 |Cist 3 pCisi 30 pCifl for

Hadon

Fadionue Jides
{gross afpha
consenbration

in Sround wWater
Gadianuc lidess in

Soi
Padi ae=276

Casiun =137

(79 & J980 avg, ¥

12 i 799 plifl

3,0 iy 1750 [4:14y

0.7 aidy 35 plisy

1979 4 1930 avy,

Arpra 008 pCIS| 15 ptii/ 1, EPA Standard
Eor Public Drinking

Water Syutoms

Aopre 0,7 plidy ERA M Tal Tings
is 5 plisu

abave backgroond averagnd

(Criteria

syer DU " of surface soil.)

Appr. 0.5 aCity i pCiSy slbove backyround
{(Criteria developed Ly
Los Alames scl, lah, for
cleanup At sites contanlaatad
Ly tisslon product residaos,

40 hfrk wxposure

A00 it

nanuy

noene



TABLE -3, cont,

SUWHMARY OF EXPOSURE LEVELS ON PROPERTY H'
LEWISTON, KEW YORR

o1=a

.

Levels on Siie Guide lines for
Exposure Scurce Avarage Max i mum Background Levels Gride [Tnes tor Radiation
General Public Workers
Strentium=90 <3.23 ,l:uC'l,fgi 9.7 plify <0.5 pCify 100 pCirsg (LSAL Criterial Hone
Uranius-238 4.5 pCi/g 1480 pCl/g  <3.3 pCifg 40 pCl/g (LASL Criterial tlone
Ihor un=25% U f pli/y <30 pCifg 0.7 pCify 20 plifg (LASL Criferlal Maone
iraniun-23% <0.3 pGi/g 66 pCify <0.2 pCidy 1.5 pCi/y (based on HRC Honeg

criteria of 30 (i/fg of
eariched Uranivm, U-234/U-235%
ratla assumad appr. 20713

@

o

=4

@

Trie Roentgen {R) is a unit which was defined for radiation proftection purposes for poople exposed to penctrating
gamma radiation, A microrcentgan [ER} is one i Itienth of a Roentgan,.

The ren is the unit of lonlzing radiation that produces the same biological damage in man as an absorbed dose of
| roentgen of high volfage x-ray., A roentgen of gamra cxposure to a man is equive feat to one rem.

The microcurie (pPliy) and picocurie [%Cij are units which are dsfined for expressing the amount of radicactivity

presant in a substance. 1 plti = [ Ci, 1 gCi = 107 Cia

The average Includes only wells nsar the property boundary and does not consider the maximun feve | (at a location
of high cantanination in the interior of ine sitel as affecting the off-site ground water levels.

Average is based on samp les fros grid tine intersections, maximun represents concentration measured in sarp les
frum "hot spatsH,

dased on the maxinum ratio of 5r-90 fto Cs-137 observed in soi !l trom this site - 1/3,



TABLE D=4

SUMMARY OF WORKING LIFETIME RADIATION
EXPOSURES AND ESTIMATES QOF ASSOCIATED CANCER RISK
¥OR PROPERTY H”, LEWISTON, NY

Source Working Lifetime Dose Increased Risk
of Equivalent Corrected Due te
Exposure for Background All Cancers
Excrernal gamma 0,09 rex 0.009 per 1000 &

radistion

Inhalztion of resuspended
particulaces negligible 0

Inhalation of radon negligible 0
Tngestion of food and
water contaminated by

radivactive materials
on~site negligible 0

TOTAL £.09 rem 0.005 per 1000 b

® Using the risk coefficient of 100 cancer deaths/100 person rem. This

ie approximately a wean value from BEIR-III (1980) and UNSCEAR (1977).
b The average lifetime tisk of death due to cancer in the United 3tates
is 203 per 1000 (20.3 percent); in Niagara County the average lifetime
Tisk is 218 per 1000 (21.8 percent).
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