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COMPREHENS IVE RADICLOGICAL SURVEY

QFF=SITHE PROPERTY N/NT SOUTH
NIAGARA FALLS STORAGLE SITE
LEW ISTON, NEW YORK

INTRODUCT TON

Beginning in 1944, the Manhattan Engineer Distriet and its successor, the
Atomic Energy Commission (AFC)Y, used porrions of rhe lLake Ontarie Ordnance
Works, presently rceferred to as the Niagara Falls Storage Sirte (NFSS) and
off-site properties, approximately 3 km northeast of Lewiston, NY, for storage
of rvadicactive wastes. These were primavily residues from uranium processiog
operations; however, they also ingluded:  contaminated rubble and scrap fron
decommissioning aetivities, biological and miscellaneous wastes from the
University of Xochester, and low-level fission—-product waste from
contaminated-liguid evaporators at the Knolls Atomic Power Laboratory (KAPL).
Receipt of radicactive waste was discontinued in 1994, and, follewing cleanup
activities by Hooker Chewical Co., 325 hectares of the original GlZ hectarce site
were declared surplus. This property was eventually sold by the General
Services Administration to various private, commercial, and jpovernmental

agencies.l

The Departwent cf Labor is the current owner of a tract identified as
off=site property N/N' South (sce Figure 1). A radiological survey of thar

tract is cthe subject of this report.
SITE DESCRIPTION
General

Figere 2 is a plot plan of off-gite property N/N' South. The property
occuples approximately 31 nectares ana is boundea on two sides by roads: Castle
Garden te the west, and South Patrol Road on the southeast. Town of Lewlsten
property borders the site on the south and Modern Landfill, Inc., owns the
property to the north. Unused railread tracks cross the property In a southwest
to northeast direction, There are major drainage ditehes along Track Street and

South Track Strect, oo both sides of the seouthwestera portion of the railroad



tracks and crossing the northwest coraer of the site. The site is heavily
wooded with the exception of the Track Street area and the norchwest corner of

the site.

Radiological Mistory

Two small areas of property N/N' Scuth were previously used for handling or

storing contaminated material and low-level radioactive wastes,

An incinerator
in the northwest corner of the property was used by Hooker Electrochemical
Company to burn low level radiocactive waste containers. Aerial photegraphs
indicate the incineratot was present as late as 1963. The Track Street area was
a classification yard, used for temporary storage of metal scrap, buildiag
tubble, and other miscellaneous material; some of the material stored in this

area Was contaminated.

Both of these areas were inecluded in the 1971-72 cleanup efforts; however,
following decontamination elevated radiation levels were still present at both

locations.2

Scrap aand building debris remain in the ditches adjacent to Track
Street and small pieces of debris were noted in the incinerator area., The 1980
mobile pgamma scan by Oak Ridge Nartional Laboratory indicated elevated radiation

levels in both of these arcas.3

SURVEY PROCEDHRES

The comprehensive survey of NFS55 off-site property N/N' South was performed
by the Radiclogical Site Assessment Program of Oak Ridge Associated Universities
{DRAU). Tne survey was in accordance with a plan dated September 27, 1982,
approved by the TUgpartment of Energy's Office of Qccupational Safety. With the
exception of shallew borehole drilling, the survey was conducted during the
pericd of October I18-November 3, 1982; the borehole investigations were
performec Mareh 24-235, 1983. The objectives and procedures from chat plan are

presented in this seccion.

Objectives

The uvbjective of the survey was to provide a comprehensive assessment of
the radiological conditions on property /N’ South and associated poateatial

2



nealth effecty, if any. kadiolopical infarmation collected included:

L =
3 L] -

i~
-

direet radiation exposure rates and surface beta-gamma dose rates,
locations of elevated surface residucs,
concentrations of radionuclides in surface and subsurface soil, and

coneentrations of radicnuelides in ground water,

Procedurcs

Ia

3ite Preparation

ERS Rruch and wewds were cleared as needed to provide access for
gridding and surveying. This operation was performed under

subcontract by Modern Disposnl Co., Model Gity, WY.

b An B0 m grid system was established by Mclntosh and Mclntosh of
Lockport, NY, under subeontract. This grid system is shown on
Figure 2, The 80 m ygric¢ was subdivided into 10 m intervals in
the area where the incinerator had been located and in the area
bounded by Track Street and South Track Street (see Figures 4 and
5).

Camma exposure rate measurements were performed at the surface and at
I m above the surface at each accessible grid line intersection.
Measurements were performed using portable gamma Nal (TL)
scintillation survey meters., Conversion of these measurements o
exposure rates in microroentgens per hour (uR/h) was in accordance

with cross calibration with a pressurized ionigation chamber.

Beta-gamma dose rate mneasurements were performed 1 cm above the
surface at each accessible grid line intersection. These measutenents
ware conducted using thin-window (7 mg/cmz) UM detectors and portable
scaler/ratemeters, Measurements were also obtained with the detector
shielded tw evaluate contributions of non—penetrating beta and
low=enerygy gawma radiations. Meter readings were converted to

dose=rate ir microrads per hour (prad/h) based on cross calihration



with a thin-window ilonization chamber using soil samples containing

alevated ceonceantrations of Ra—226.

Surface (0=-L53 cm) soil sawples o approximately 1 ky cach werce

callected at each accessible yrid line intersection.

Walkover surface scans wevre conducted over all accessible areas of the
property. Scanning intervals were at 5-10 m in the heavily wooded
regions and at 1=-2 m along roeads, railreads, and in  the old
incinerator and Track Street areas. Portable pamma scintillation
survey meters were used for  these scans. Locations of elevdated

contact radiatioen levels were noled and surface exposure rabes wvereo

measured at these locations.

At locations of clevated surface radiation levels, beta-gamma dose
rates and exposure rates at 1l m above the susrface were measured.
Surface so0il samples were obtained from these locations, and,
following sampling, the surface exposure levels were remeasured to
evaluate the effectiveness of shallow sampling on the removal of the
radiation source. The locaticns where these additional measurements

and sapples weee oblabned ace indicated on Figures 4, 5, and G.

Deteetion Seianseg Group of Carlisle, MA, performed ground=-penetrating
radar surveys In the cold iccinerator and fTrack Street areas, where
elevated direct radiation levels were naoted, to identily subsurface
objects or anomalies which might be indicative of waste burials on the
site. Ground radar scans were also conducted at locations of propesed
boreholes to idencify the presence of underground piping or utilities

which would preclude drilling.

Boreholes were drilled to provide a mechanism for logging subsurface

direcL radiation protiles &nd collecuilung subsurface soll and wdter

samples. Fourteen bhoreholes to ground water depth (2-6 m) were
drilled by sSite IEnglneers, Inc., of Voorhees, NKNJ, using =
truck=mounted 20 cm diameter hollow-stem auger., These holes were

drilled at systematic locations throughout the property as shown on

Figure 7.
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Twelve shallower (0.5-1.5 m) borcholes were drilled by Earth
Dimensions of kast Aurora, NY, using a special augering rig ahle to
megobiate swanpy and  auddy  areas. The  shallow horeholes  were
primarily at  locations wheee direct  radiation measurements  and
Hrouwnd-penctrating radar had  indicated possible  residues (old
incinerater and Track Street aceas). The locations of these borcholes

are shown on Figures & and 9.

Gamma secans of borcholes were performed to identify elevated radiation
levels, which would indicate subsurface resildues. Radiation pruliles
In the boreholes were then determined by measurcments of gamma
radiation at 30-50 cm intervals between the surface and ground water
(deep holes) or the hole battom (shallow “wles), A collimated gamma
scintillation detector and portable scaler were used for Cthese

mEASUTEMents .

Cround water samples of approximately 3.5 liters cach were eollected
irom deep boreholes. Collection was performed using a hand bailer.
Soil samples of appreoximately 1 kg each were collected from various
depths in the holes by scraping the sides of the borehole with a

specially constructed sampling tool.

9. Twenty soil samples and seven water samples were collecrad from the
Lewiston area (but not the NFS8S or assoclated off-site properties) to
provide baseline concentrations of radionuclides for comparison
purposes. Direct Dbackground radiation levels were measutea at
locations where baseline soll samples were collected, The locations
of the baseline samples and background measurements are shown on

Figure 1C.

sample Analysis and Interpretation of Results

Seil and sediment samples were analyzed by gamma spectrometry. Radium=226
was  the major radionuclide of concern, although spectra were reviewed for
Cs=-137, U-235, U=-238, and other gamma emitters. Radiochemical analysis fer

5r=490 was conducted on several samples with elevated levels of Cs-137.



Watar samples were analyzed lor greoss  alpha and beta concentrations.
Addirional information concerning anslytical eguipment and procedures is

contained in Appendix A.

Results of this survey were comparcd to applicable pguidelines for flormerly

utilized radiocactive materials handling sites as presented in Appondiz 3.

REGULTS

Background Levels and Baseline Concentrations

background cxposure rates and baseline radionuelide cencentrations in soil,
determined for 20 locatlons (Figure 10) in the wvicicity of the NFS3, are
presented in Table 1-A. Exposure rates ranged from 6.8 toe &,8 uR/b (typicai
levels €or this arca of New York)}. Concentrations of radionuclides in soil
were: Ra=-226, (0.09% ca 1.22 pCi/g (picocuries per gramw); U-235, <0.14 to
D.46 pClfp; U-238, <2.20 to 6.26 pCi/g; Th-232, <0.32 to 1.1& pCi/yg; and Cs-137,
<0.02 to 1.05 pCi/g. These conceutrations arc typical of the radionuclide

levels noramally encountered in surface solls.

Eadionceivity levels in baseline water samples are presented in Table 1-B.
The gross alpha and gross beta concentrations rtanged from £.55 te 1.87 pCifl
{picocuries per liter) and <0.63 to 14.3 pCi/l, respectively. These are typical

Of concentrations normally ocecurring in surface water.

Direct Radiation Levels

Mrect radiation levels, systematically weasured at 80 n grid line
intersections, are presented 1o Table 2, Radiation levels wmeasured at 0 m
intervals in the old luciceratur amd Track 3Sireetr areas are presented  in
Tables 3 and 4 respectively. The gamma exposure rates at | w above the surfacc
ranged from 9.5 to 15 “R/h at the B0 o dintarvals; contact pgamma exposurle ratas
and beta-gamm:a dose rates at these locations ranged from 8.7 to 16 kR/h and 42
td 140 .rad/h, respectively. In the incinerator atrea these ranges wele¢ exposure
rate at 1 m, 10 o 3% R/h; exposure rate at contact, 10 to 93 pk/h; aond

beba=-gamma dose vate, 42-320 urad/n. birect radiation levels in the Track



SLreet area were exposure rabe at 1w, 9.8 to 15 uRh: uxposure ritle L contict,

Ho? o 20 puk/h; aud beta=pgamma dose race, 34 vo 16U urad/n.

Beta—gamma measurements performed with the G detector shielded averaged
approximately 20% less than those with the unshielded detector. This indicates
only a small portion of the surface dose rate is due to nenpenetrating beta ot

low=energy photon radiations.

The walkover survey identified several areas with elevated surface
radiation levels in the inginerater and frack Streer areas. These locations are
indicated on Figures 4, 5, and 6. Direct radiation levels at these locations
are pregsented in Table 5. Gamma exposure rates at contact and at | m above the
surface at these locations ranged from 20 to 410 uR/h and from 15 to 3% upR/h,
respectively. Contact beta-gammz dose rates ranged from 140 to 3770 urad/h,
Tne maximun contact radiation levels were at grid location 668E,305 - in the
Track Street area. Sampling reduced the radiation level sigrificantly at only
one location (109E,2108). At other locations, direct tadiation levels were not
teduced by sampling; at some points levels actually increased following removal
of soil samples. This suggests that the contamination at most locations extends
greater than 15 om below the surface and/or is diffused rather than in diserete

particles.

Kadiomuclides Concentrations in the Surfare Snil

Tables 6, 7, and & list the concentrations of cadionuclides measured in
surface soil from 80 m grid line iatersections and from 1 w grid intersections
la the incinerator and Track Strect areas. The systematic samples from 80 m grid
line intersections (see Table 6) contained Ra=-Z26 concentrations ranging from
<0.13 to 2.60 pCi/g. With the exception of the sample from location 740K,08, the
Ra=22f levels were not significantly different from baseline levels.  Other
radionuclide concentrations in thesc samples were also in the ranges of baseline

Jevels.

In the old incinerator area, systematic Ra=226 and U-238 levels ranged from
<0.13 to 2.8 pCi/g and <0.64 to 20.7 pCi/g, tespectively (sec Table 7). The

highest levels of both Ra=-226 and U=-238 were in the sample from grid point



I70E, 305, Concentrations in systematic soil sampies from the Track Strect area
were: Ra=-226, 0.16 to 9.74 pCi/g and U=238, 0.69 to 9.2% pCi/g (sce Table &),
The locations with the highest levels of Ra-226 and U-238 were 660E,208 and
700E,805 respectively. Coacentrativns of U-235 and Cs-137 in systematic samples
from bath the Iacinerater and Track Street arcas were not significantly

ditfferent from those In baseline samples.

kadionuclide  coneceatrations in surface soll  samples, collected from
locations of elevated radiation levels arc presented in Table 9. Samples Bl
through H9 were collected from the »ld incinerater area. All samples obtained
from that area containea Ra=226 and U=-238 concencrations above those in baseline
samples. The highest Ra-226 concentration (14! pCi/g) was in sample B4 from
grid location 163E,318, Sample B3, at pgrid point 153E, 365, contained rthne
highest U-238 levels (68.5 gCi/g). Several samples from this area also

contained slightly elevated levels of U=235 and Cs-137.

Sample 810, eollecred near Castle Garden HRoad, econsisted of a metallic—-like
rock. Due to its high activity and irregular pgeometry only qualitative gamma
spectroscopy was performed; the major radionuclide was found to be Ra-226,

A total Ra-226 activity of 3.73 pCi was determined by comparison of direct

radiation levels with these from a sztandard encapsulated radium sourge,

Samples Bll through Bl9 were collected frem the Track Street area. All
except samples Bll and B2l had elevated Ra-226 levels. The highest RXa-226 level
{430 pCi/g) was in sample B17 from grid location 66BE,305. Radionuclide
coucentrations in samples #11 and B12 consisted mainly of L-238; however, there
were also elevated levels of U-235 and Th-232 in these samples. Other samples
collected in the Track Street area also nad elevated levels of U-235, U=-238, and
Cs=137.

Samples B6, B7, and Bl4 were also analyzed for Sr=-90; levels were low,

rangiag from U.l5 to 0.85 pli/g.



Cround-Penetrating Radar Fingings

The subcontractor report summarizing the ground=—penctrating radar survey
results tor property N/N' South is provided as Appeadix €. (This report also
includes the fiadings on property Q, since the two properties were surveyed
simultaneously.) At locations where surface contamination was noted In the old
incinerator area, radar signatures indicative of non-ionic liquids were
preseut. These anomalies arc most likely due to the presence of petroleun
solvents or oils that do not readily disperse in the ground. There is no
évidence of turie¢ residues in this area. The Track OStreet area survey
indicated ne evidence of subsurface objects. No pipes or other subsurface

Interferences were detected at proposed borehole locations.

Borehole Gamma-logging Measurements

Gamma scintillation measurements performed 1in borecholes indicated that
contamination is ccnfined to the upper 25-50 cm of soil. As evidenced by soil
gsample analysis, the gamma count rates determined by the borehole measurements
were reliable irdicators of elevated subsurface radionuclide levels. However,
the gamma-logging data were not useful in  quantifying radionuclide
concentrations 1n the subsurtace soil, because of the varying ratios of Ra-226,

U~235, U=-238, and C5-137 occurring in soils from this site.

Radionuclide Concentrations in subsurface Seoil

Table 1C presents the radionuclide concentrations measured in soil samples
from boreholes., The locations of the fourteen boreholes (H1-Kl4), sclected to
provide a representative coverage of the property, had subsurface radionuclide
concentrations either in the range of baseline samples or less than rthe micimum

detectable activity (MDA).

Boreholes H15-H21 were at locations where the walkover scan had identified
possible surface contamination. (nly one subsurface sample collected from the
old inciaerator wrea (E19 at 2.3 meters) had an elevated level of Ra=226

(11.6 pCi/g). The sample collected aut 0.1 meter from heorehale H-21 (also in the



Liie old finclnerator area) had J-235 and U-238 concentrations of .36 and
28.6 pCi/g respectively, Other subsurface samples from the incinerator area and
all subgurface samples obtained from the Track Strect avea had ragionuclide
concentrations either in the range of baseline samples or less than the minimum

detectable activity (MDA).

Radionuclide Congentrations in Water

Water collected from the systematic boreholes had gross alpha and gross
beta concentrations within tne EPA drinking water uriceria of 15 pei/l and
50 pCi/l, respectively (see Table 11). High concentrations of dissclved solids
in several samples resulrted in resldues, wWwhich advergely affected the detection

sensitivities of the gross alpha and gross beta procedure.
COMPARISON OF SURVEY RESULTS WITH GUIDELINES

The guidelines applicable to c¢leanup of the Niagara Falls Sterge 3ite
otf-gite properries are presented in Appendix B. All exposure rates st 1 m above
the ground surface on property N/N' Soutrh are well below the 60 pR/h criteria

established by the NRC for open land areas.

There are two surface areas where the Ra-226 soil concentrations, averaged
over 100 m®, exceed the level of 5 plifg anove background. Une of thesc is neat
#ria poiat 160E,305 in the old incinerator area. The average concentrationm,
buged on biased and syctematic camples, ie 37.5 pCl/g. The contaminated area,
shown on Figure 11, covers approxiwately 200 m? and is limited to the top 25 cm
of s0il. The second area is along a ditch in the vicinity of Track Street and
covers approximately 800 n? to a depth of 25 ¢m (see Figure 12). The average
concentration of Ra=226 in this area is about 122 pCi/p. Although many samples

from both these areas nad elevated levels of U=234, the criteria level of

40 pCi/g was not exceeded as averaged over 100 m?. Other locations ¢f Ra=226

and U~238 surface soil contaminagtion, indicated on Figures 1l ane 12, are swall
and iselated, At these locations the concentrations, averaged over 100 mz,

would be beluw the criteria level,

10



Ground peneteating radar identified ancmalies in the ineinerator arca but
did not Indicate the presence of subsurface objects which would suggest buried
materials, Borehole measurements and sampling indicate all subsurtace so0il

concentratlons are within the applicable guidelines of 15 pCi/g for Ra-226.

Radionueclide concentrations in surface and subsuriace water apre within che

EPA Interim Drinking Water Standards.

An evaluation of the potential healith effects associated with radiation
levels and residual contamination on property HN/N' South 1s  presented in
Appendix  D. That section compares the radiation levels with background
expogures in the Nlagara, New York, area and the scicntifically based guaidelines

established for the protection of radiation workers and the general publie.
SUMMARY

A comprehensive survey of off-slte property N/K' South at the Niagara Falls
Storage site (former Lake Ontario Ordnance Works) was conducted by Uak Hidge
AsSociated Unlversities, The survey includea surface vradiation scans,
measurements of direet radiation levels, and analyses of radionuclide
concencractlions 1a surface and subsurface soil samples and in subsurface water
samples. Cround penetrating radar was also used o identify subsurface

anomalles, which might wuggest buried radicactive rceidues or objceta.

The resulis of the survey indicate general and isclated areas of surface
soll contamination ian the vieinity of the old incinerator and in the Track
Street area of the property, The majer contaminant is Ka=-226, although elevated
levels of U-238 were also noted in opany of the samples. Smaller amounts of
Cs=i37, U-235, and Th-232 werec also detected in several sawmples. Subsurface
sampling and measurements indicate that this coatamination is limited to the top
25 em of seil. Soil concentrations exceed the criteria in a 800 m® area in the
Track Street area and a 200 w® area in the vicinity of the old incinerator.
These two areas could be brought dinte coapliance with the removal of
g and 50 m’

contaminazion could be eliminatea by rtemoval of much smaller amounts of surface

approxiwately 200 m of socil, respectively. Cther isclated arecas of

soil.

11



Althougn cthere were small areas of contaminated residues ovn portions of
this property, under present conditlons of property use, these contaminants do
not pose potential health risks. There is no evidence that migration of the
radicactive materials is adversely affecting adjacent properties or the ground

water,
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TABLE 1-A

BACKGROUND EXPOSURE RATES

AND

BASELINME RADIONUCLIDE CONCENTRATIONS IN SOIL

Redicoueliide Cancentzations [pCifp)

Location® Exposure Rateb
{,R/h} Ba-226 U-235 =238 Th-232 Ce~137

1 5.8 0.74 + 0.6 <0.19 <1.8% 0.70 + 0.46 G.15 + 0.08
z 5.8 4.75 + 0.1% <0.19 <3.35 <22 0.24 + 0.08
3 8.3 0.7k £ 0.18 0.46 & 0.81 €3.71 0.86 + 0.33 034 + 0.0%
4 7439 Q.67 + 0,18 0,27 <h.10 1.18 + 0.35 B.12 # 0.07
b 7.3 0.70 + 0.16 <0.17 <3.34 .68 + 0.24 G.l4 2 0,07
& 1.7 0.30 + 0.15 <0.16 <1.33 0.52 x 0.32 0.17 £ 0.09
7 7.7 Q.63 2 0,13 <0.17 <2.73 0.83 + 0.24 0.35 & 0.08
] 7.6 0.59 ¢ G.12 <0.l4 <2.30 0.54 x 0.23 <001

9 7.1 0.63 ¥ 0.20 <0.23 <4.16 0.83 & 0.38 D.A% 1 0.18
10 7.1 0.70 ¥ 0.16 <3.19 <2.98 <0.18 0.69 * 0.10
11 6.7 <0.0% 0,19 <1,83 0.49 + 0.31 0.4%8 + 0,54
12 7.1 0.48 + 0.13 €0.16 <7.84 0.65 % 0.26 0.68 + 0,10
13 £.7 .57 + Q.14 €0.17 €1.36 0.49 + 0.6 0.41 + Q.08
14 £.3 0.68 + 0.17 <0.19 <3.24 0.67 £ 0.15 .70 + 40.10
15 8.1 .65 ¢ 0,14 <0.17 <3.70 6.72 » 0.35 G.23 & 0,08
i6 7.4 0.91 & 0,17 <0.71 <3.58 0.63 & 0,38 0.61 ¢ 0.09
i7 7.0 048 + 0.14 <B.18 <2.73 0,32 » 0,22 0.35 + 0.08
16 7.7 0.73 & 0.16 <c.18 6,26 + 9.1} <0.23 0.32 + 0.2
19 8.8 1.22 & 0.22 0,23 <3.7% 1.08 & 0.49 1.05 » 0.13
20 8.6 0.83 + 0.17 <0.21 £3.5% .84 + 0.9 0.08 + Q.07

Range 6.5 ta 8.8 <0.05 to 1.22 <0.14 to D.46 <2,10 to 6.26 <0.18 to 1.18 .02 te 1.0%

® Refer to Figurc 10.
b Measured at 1 m above Lhe surface,
C Errors is 2o based on counting statistics only.



TABLE 1-B

RADICNUCLIDE CONCENTRATIONS IN BASELINE WATER SAMPLES

Racdionuclide Concentrations {pCi/l)

Locationd Gross Alpha Gross Beta
Wl 0.95 + 0.93 b 4.79 + 1.15
W2 0.95 + 0.%4 9.17 + 1.3]
W3 0.55 + 0.78 2.73 £ 1.05
Wi 0.63 + 0.89 5.37 + 1.17
W5 0.73 * 0.68 <0.04
W6 1.87 + 1.84 14.3 + 2.4
W7 1.16 + 0.66 <0.63
Range 0.55 to 1.87 <0.63 to 14.3

4 Refer to Figure 10.
Errors are 20 based on ¢ounting statistics.



TABLE 2

DIRECT RADIATION LEVELS SYSTEMATICALLY
MEASURED AT 80 M GRID LINE INTERSECTIONS

Gamma Exposure
Rates at 1l ©

Gamma Exposure
Rates at the

Beta-Gamma Dose

Grid Above the Surface Surface Rates at the Surface
Location (vR/h) (LR/h) (t.rad/n)
100E, 0% 11 12 62
100E, B0S 11 11 68
100F,1608 11 11 69
100E, 2408 1] 11 75
100E,3205 9.8 8.7 48
180E, 0§ 11 11 62
LBOE, B0s 11 11 83
1BOE, 1605 1l 12 94
1B0E, 2405 11 12 b8
180E,3205 11 11 60
260E, 08 1 11 83
260E, 80s 11 L0 88
260E,1608 12 12 78
2060L, 2408 13 15 110
260E,3208 12 12 86
340E, 05 11 12 110
340E, B0s 1z 12 81
340E,1608 11 11 55
340E, 2408 11 11 6z
340%,3205 13 12 65
420E, 03§ 11 12 81
4ZQE, B80S 11 11 78
&20%E,1608 11 12 55
420E,2408 11 11 55
420%,3205 11 12 68
500F, 0% 12 11 a1
500E, 808 12 12 9l
500z,1608 13 13 78
500%, 24058 12 1l 73
500%,3205% 1] 12 57
580z, 0% 11 12 78
580E, B80S 15 16 140
580E5,1608 11 12 44
580E, 2405 11 11 96
580E, 3208 11 11 73
660E, 05 12 11 88
660E, BOS 14 13 68
660E,1608 10 11 49
660E, 2408 11 11 £8
660E,3205 11 11 68
740E, 08§ 15 16 Bl
740E, 808§ 11 11 42



TABLE 2, cont.

PIRECT RADIATION LEVELS SYSTEMATICALLY

MEASURED AT 80 M GRID LINE INTERSECTIONS

Gamma Exposure
Rates at 1l m

Gamma Exposure
Rates at the

Beta-Gamma Dose

Grid Above the Surface Surtace Kates at the Surface
Location (L R/h) (uR/h) {.rad/hn)
740E,1605 11 1] 33
740E,2408 10 11 73
740%,32058 10 11 01
BI20E, 0OS 11 10 47
820, 808 11 11 81
820E,1608 11 11 52
820E, 2408 11 11 78
820E,3205 11 11 78
900E, 08§ 12 12 78
90CE, 803 11 12 (€14]
900E, 1605 g.5 9.5 65
900E, 2408 11 11 35
900E, 3208 0 11 55
980E, 0§ 11 11 73
980E, 805 11 11 85
980E, 1605 12 il 62
9BOE, 2405 11 i1 79
1060E, 0S 11 11 79
1060E, B80S 11 11 83
10B0E, L1605 1i 11 59
1140E, 08 11 11 73
1140E, 805 11 11 70
1220E, 05 11 11 &6




TAELE 3

DIRECT RADIATION LEVELS SYSTEMATICALLY MEASURED
AT 10 ¥ GRID LINE INTERSECTIONS IN THE AREA
OF THE OLD INCINERATOR

Comma Exposure
Rates et 1 m

Gamma Expesure
Rates at the

Beta=Gamma Nnse
Rates at the

Grid Above the Surface Surface Surface
Location (uR/h) (;R/k) (urad/h)
100E, 05 11 12 62
100E, 108 11 11 52
100E, 208 13 13 &6
100E, 303 11 12 86
100E, 408 11 11 6l
100E, 508 11 11 98
LOOE, 60% 11 10 68
100%, 708 11 1l 61
100E, 80S 11 11 68
100E, 903 11 11 55
100E, 1008 11 11 70
110E, 08 15 15 110
11CE, 108 15 17 100
110E, 208 11 10 72
110E, 305 10 10 64
110E, 405§ 11 11 53
110E, 505 11 11 62
1108, 608 11 11 70
110E, 805§ 11 11 75
110E, 908 12 11 62
110E,1008 11 12 69
120E, 08§ 12 13 82
120E, 108 12 12 68
120E, 208 11 10 53
120E, 305 11 1l 62
120E, 40s 11 11 65
120E, 508 11 12 81
120E, 605 11 12 64
120E, 708 12 12 91
120E, 80S 12 12 81
120E, 90S 12 19 87
130E, 0% 11 11 78
130E, 108 10 11 72
130E, 208 10 11 59
130E, 30s 10 11 78
130E, 4038 11 11 62
130E, 508 12 12 b4
1305, 608 11 11 75



TABRLE 3, cont.

DIRECT RADIATION LEVELS SYSTEMATICALLY MEASURED
AT 10 M GRID LINE INTERSECTIONS IN THE AREA
OF THE OLD INCINERATOR

Gamma EXposure
Rates at 1 m

Gamma Exposure
Rates at the

Beta~Gamma Dose
Rates at the

Grid Above the Surface Surface Surface
Location (uR/h) {uR/h) (-tad/h)
130E, 708 12 12 86
130E, 80s 12 12 66
130E, 905 12 1z Bl
140E, 038 12 12 75
140E, 108 11 11 65
140E, 208 10 11 72
140E, 308 11 11 61
140E, 408 12 12 83
140E, 503 12 12 62
140E, 605 12 11 68
140E, 708 12 12 78
140E, 808 11 11 66
140E, 905 12 12 79
150E, O©s 12 11 60
150E, 108 11 11 90
150E, 20% i1 11 b6
150E, 308 Lz 12 83
150E, 408 15 15 120
150E, 530S NN if b2
1508, 64Qs 11 11 72
150E, 708 11 12 95
150E, BOs 11 12 53
150E, 90§ 11 12 66
160E, 0% 11 11 73
160E, 10s 11 11 L2
160E, 20s 11 12 74
160E, 308 13 13 120
160E, 408 12 12 74
160E, 50s 11 12 73
160E, 608 12 11 65
160E, 705 11 12 62
160E, 805 11 11 B5
160E, 908 11 11 53
170E, 08 11 11 62
170E, 108 11 11 48
170E, 208 12 11 53
170E, 308 39 93 320
170E, 408 12 12 74
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TABLE 3, cont.

DIRECT RADIATION LEVELS SYSTEMATICALLY MEASURED
AT 10 M GRID LINE INTERSECTIONS IN THE AREA
OF THE OLD INCINERATOR

Gamma Exposure
Rates at 1 m

Gamma Exposure
Rates at the

Beta-Gamma Dose
Rates at the

Grid Above the Surface Surface Surface
Location (tR/h) {(:R/h) (nrad/h)
170E, 508 12 11 88
170E, 605 11 11 75
170E, 705 11 11 88
170E, 808§ 11 11 90
170E, 90S 11 11 73
I80E, Qs 11 11 62
L80E, 108 11 11 62
180k, 205 12 12 42
180E, 308 13 12 64
1808, 405 12 12 83
180E, 508 11 11 B2
180E, 605 11 11 69
180E, 708 12 11 77
180E, 808 11 11 83
180E, 90S 11 11 83
190E, 08 11 12 70
190E, 108 11 12 72
190E, 208 11 11 81
190k, 308 11 11 62
90k, 40S 12 12 99
190E, 50s 12 iz 85
190E, 605 12 11 a7
190E, 705 1] 12 77
190E, 808 11 12 75
2008, 08 11 12 62
200%, 108 11 12 73
200z, 205 11 11 72
200%, 308 11 11 68
2008, 408 11 12 79
200E, 505 11 11 64
200E, 408 11l iz 73




TABLE &

DIRECT RADIATION LEVELS SYSTEMATICALLY MEASTURTED
AT i0 M GRID LINE INTERSECTIONS IN THE TRACK STREET AREA

Garma Exposure
Rates at 1 m

Garmma Exposure
Rates at the

Aeta—Gamma Dose
Rates at the

Grid Above the Surface surface Surface
Lecation (ue/h) (WR/R) (urad/%)
680E, 0S8 12 12 81
690E, 08 11 10 57
7008, 08§ 12 13 78
7108, 0s 13 12 60
720E, 035 14 15 78
730E, 08 15 13 68
740E, 0§ 15 16 41
750E, 05 17 18 65
760E, 0% 15 16 a6
770E, 05 15 16 100
780E, 0§ 13 14 88
790E, 05 15 15 110
BOOE, 0% i3 15 99
810E, 03 11 11 437
B20E, 0s 11 11 47
660E, 108 12 12 78
670E, 105 12 12 73
680E, 108 14 15 120
690E, 1058 13 13 42
J00E, 108 L3 12 47
710E, 108 14 13 65
720E, 108 15 15 78
7308, 10sS 17 15 Bl
T40E, 108 15 15 160
750E, 105 15 15 160
T60E, 105 15 15 99
770E, 105 13 15 91
780E, 108 13 14 110
790E, 108 13 13 78
800E, 105 11 il 57
B10Z, 108 10 10 49
820, 108 12 12 60
630E, 205 13 15 60
660E, 208 13 13 8l
670E, 208 13 12 65
680E, 208 13 15 83
690E, 208 15 i5 78
700E, 208 14 15 38
710E, 208 14 15 65



TABLE 4, cont.

DIRECT RADIATION LEVELS SYSTEMATICALLY MEASURED
AT 10 M GRID LINE INTERSECTIONS IN THE TRACK STREET AREA

Gumma Exposure
Rates ar 1 m

Gamma Exposure
Rates at the

Beta—-Gamma Dose
Rates at the

Grid Above the Surface Surface Surface
Location (LR/H) (uR/h) (urad/h)
720E, 208 15 15 78
7310E, 208 16 18 94
740K, 208 16 18 11G
T30E, 208 15 15 91
760E, 208 16 18 120
77QE, 208 13 12 49
780E, 208 11 12 73
790E, 208 10 10 62
800E, 205 11 12 47
640E, 308 11 10 35
6508, 308 12 12 &0
BGOE, 308 13 13 100
670F, 305 18 20 a6
6BOE, 308 14 15 a1
69QE, 308 14 14 70
700E, 303 14 15 56
Ti0E, 308 15 16 g1
7208, 305 15 15 78
730E, 308 15 15 110
740E, 308 15 15 88
750E, 308 15 15 140G
760E, 308 13 15 86
770E, 3058 11 12 62
780E, 308 11 11 65
790E, 308 12 12 83
B20E, 408 12 1z B3
630E, 408 11 12 L
b40E, 408 12 12 65
650%, 403 11 11 Bl
660E, 408§ 15 16 04
67QE, 408 12 13 52
A80E, 4DS 14 14 100
690E, 408 13 13 B3
700E, 408 15 i5 Bl
710E, 408 15 15 83
720E, 408 15 15 60
730E, 408 15 15 84
740E, 408 12 12 73
750E, 408 12 12 73
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TABLE 4, cont.

DIRECT RADIATION LEVELS SYSTEMATICALLY MEASUREL
AT 10 M GRID LINE INTERSECTIONS IN THE TRACK STREET AREA

Garma Exposure
Rates at 1 m

Gamma Exposure
Rates at the

Beta—Gamma Dose
Rates at the

Grid Above the Surface Surface Surface
Location (uR/1) {uR/h) (urad/h)
760E, 405 10 9.8 60
770E, 408 11 12 68
600E, 508 iz2 12 62
610E, 505 11 11 57
620E, 508 12 12 73
630E, 508 13 13 78
640E, 508 16 16 120
G65QE, 508 13 15 130
660E, 505 14 14 96
C/0DE, 205 15 16 83
&6BDE, 505 15 18 150
6Y0E, 508 15 17 130
700E, 508 15 17 83
710E, 5085 15 16 100
720E, 508 12 12 70
730E, 508 17 12 91
740E, 505 10 9.8 68
750E, 508 12 11 62
5B0E, 608 12 12 75
590E, 608 il 11 68
60GE, 608 i3 13 78
610E, 605 12 12 11¢
62Z0E, 605 L3 15 a3
630E, 608 14 15 11¢
640E, 605 14 15 100
650E, 60S 14 14 10¢
660E, 605 15 16 120
670E, 605 15 15 88
6BOE, 605 17 18 150
690E, 60S 15 15 94
700E, 60s 15 17 110
710E, 605 12 12 62
720E, 608 11 12 55
730E, 605 11 11 83
740E, B0S 12 12 52
580E, 708 12 12 68
390E, 708 13 12 83
600E, 705 12 12 62
610F, 708 13 14 94



TABLE 4, cont.

DIRECT RADIATION LEVELS SYSTEMATICALLY MEASURED
AT 10 ¥ GRID LINE INTERSECTIONS IK THE TRACK STREET AREA

Gamma Exposure
Rages at 1 m

Gamma Exposure
Rates at the

Beta-Gamma dose
Rates at the

Grid Above the Surface Surface Surface
Location (:R/h) (LR/h) (urad/h)
620E, 705 13 13 88
630E, 708 14 13 110
B40E, 703 15 16 59
650E, 708 15 16 110
660E, 705 16 19 110
670F, 708 17 18 100
680E, 708 15 16 65
690E, 708 12 13 65
700E, 70s 12 12 55
710E, 708 10 9.8 52
580E, 80S 15 15 110
290E, 808 14 15 73
6005, BOS 12 13 94
610E, 808 13 13 65
620E, BOS 14 14 110
630E, B80S 15 15 160
640E, 8085 15 16 100
650E, 805 15 15 110
660E, B80S 14 13 68
670E, 805 13 12 49
680E, BOS 12 11 a1
690E, 80S 10 8.7 52
S580E, 90s 12 1z 52
590E, 908 12 12 110
BOOE, 905 13 13 75
610E, 903 15 15 100
620E, 908 15 15 130
630K, 90s 15 16 04
640E, 908 15 16 110
650E, 905 13 13 83
660E, 908 12 11 52
670, 908 12 12 86
680E, 90S 10 10 55
580E, 1008 12 i3 100
S90E, 1005 15 16 G4
5005, L00S 14 15 99
&10E,1008 15 15 99
620E,1008 14 15 94
630E,1005 le iy 140

L3
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TABLE &4, cont.

DIRECT RADIATION LEVELS SYSTEMATICALLY MEASURED
AT 10 M GRID LINE INTERSECTIONS IN THE TRACK STREET AREA

Gamma Exposure
Rates at 1 m

Gamma Exposure
Rates at the

Beta=-Gamma Dose
Rates at the

Grid Above the Surface Surface Surface
Location (uR/h) {uR/h) (rtad/h)
040K, 1008 12 12 81
650E,1008 12 12 78
660E,100S 10 9.8 55
670E,1008 12 12 78
580E,110s8 15 17 140
S90E,1108 15 18 110
600%,1108 13 15 96
€10E,1108 12 12 75
620E,1108 12 12 78
630E, 1105 11 11 55
640E,1108 9.8 10 34
650E,1108 11 11 52
660E,1108 11 12 47
580E, 1208 12 12 91
590E, 1205 12 12 81
600E, 1205 11 11 62
610E,1205 12 12 91
6§20E,1208 13 13 55
630E,1208 9.8 9.8 44
580k, 1308 12 1z 65
590E,1308 11 11 73
600E, 1305 12 12 60
610E,15305 8.8 B4 78
620E,1305 11 11 a5
580E,1408 12 1l 70
5908, 1408 11 11 52
600E, 1405 11 11 68
5B0E, 1505 9.8 8.7 52
S5%0E, 1505 12 11 62
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TABLE 5

DIRECT RADIATION LEVELS AT LOCATIONS
IDENTIFIED BY THE WALKOVER SURFACE SCAN

Expesure Rate (LESR)
Location® Crid Loczticn - el {oradfh)
Cortact 1 & Above Surface
] Ladk, L5 EL] 19 150
z 1348, 385 35 22 200
) ., 3ES 51 34 250
4 3is 5 b2 1E0
> 198 59 3z 220
§ 108 93 39 320
} . 318 26 ik 150
[ 3IS 11 32 350
13 . 18 24 16 240
10 1C9E, 2105 20 15 F230
i1 SE2E, TBS 28 16 180
12 5E4E, 745 59 15 140
132 &51E, 508 0 24 1570
14 660E, 395 22 16 1E0
15 668E, 315 57 % EEL]
16 669E, 318 51 20 530
17 668E, 305 410 38 3
18 684E, 105 21 18 160
19 7IBEL, 45 20 18 160

svifacre Dose Rate
scil Sampleb

2 pefer to Figures 4, 5, and 6.
S0il concentrations presented im Table 2.

Bl&
BLY
El&
E17
Bl&
819

Curntact Exposuie
Rate AZter Saople
Rezcval (R{h)



TABLE 6

RADIONUCLIDE CONCENTRATICNS IN SURFACE S50IL SAMPLES
FROM 80 M GRID LINE INTERSECTIONS

Rodivruclide Concentrations (pCifg)

l.ocation Ra-126 U-235 U=235 Cu=137
FOOE, 08 0.57 + 0,198 <0.24 <2.94 0.18 + 0.0%
100F, 805 0.71 + 0.18 0,24 4,09 C.0G + 0.0%
LooE, 1608 1.36 + 0.29 0,24 €394 0.66 + D.15
1D3E, 2408 0.58 + 0.21 <0.25 <433 0.47 + 0.14
100E,3208 0.72 + 0.28 <0.29 5,15 0,29 + 0,16
180K, 08 0.€0 + 0.23 <0,24 $3.77 0.47 + 0.15
LB0E, 303 Q.82 + 0,73 <U.24 5./ .o o+ 0.13
1808,1608 0.56 * 0,21 €0.24 €4 08 0.70 + 0.13
L80E, 2405 0.53 + 0.24 0,24 23,99 0.34 + 0.12
1EB0E, 3205 1.3 + 0.26 <0.24 4,53 0.3 % 0.11
260F, 08 0.€6 * 0.2] 1.23 + 0.%6 4,06 0.40 + D.14
260E, B0S D.60 + 0.20 <0.24 <3,2) 0.53 + 0.4
Z60E, 1608 0.67 £ 0.25 <0.24 €2.130 0.4) + 0,13
160E, 2408 0.48 + 0.2 <0.24 <3.32 0.43 + 0,33
60T, 5208 0.55 + 0.25 <0.23 €453 D.4% + 0.14
140E, DS 0.78 = 0.21 .24 w68 “=0.C4
340K, &05 0.52 + 0.23 <0.24 %4,16 €0.04
340K, 1605 0.53 + 0.20 0.52 + D.hb <h.92 0.52 = 0,13
340k, 2408 f.53 + 0.19 <0.16 23,74 0.26 * 0.10
140E,3108 B.38 + 0,30 <0.23 <3.79 0.26 + 0.14
420E, 0% 0.63 = 0.27 <0,23 €4.15 0.45 + 0.13
L20F, 808 0.65 + 0.23 <0,%24 24, 4] 0.61 + 0.DE
420E,1608 1.11 + £.2% «0.24 b, 4} D.54 + 0.14
420L, 2408 .26 £ 0.20 <0.24 <463 0.4% *+ 0.15
420E, 5208 (.49 + 0.20 <0.24 <481 0.79 + 0.5
500E, 08 0.55 % 0,26 <0.24 €3.81 <0.C4
S00E, 808 G.43 + 0.23 Q.24 23.95 0.55 + 0.4
500E, 1608 0.61 + 0.26 <024 <4 68 0.30 + 0.12
S00E, 2408 G.56 + 0.23 <0.25 <388 0.23 + 0.12
500E,320¢8 0.47 + 0.24 0,24 0.54 2 11.47 0.51 1 0.i6
5B0E, 08§ £.50 + 0.20 <Q,24 ©3,99 <0.05
5BOE, 803 b.56 + 0,20 0,24 4,88 + 10.75 0.16 + 0.09
%80E, 1608 D.64 % [,2) <024 €5.60 D.16 + 0.12
580, 2408 0.70 % 0,23 <0.25 £3.23 0.34 + 0,)2
JBOE, 3205 1.28 + 6.31 €0.25 <3.69 0.49 * 0,15
660E, 05 D.43 + 0.19 <074 ©3.52 0.26 + 0.10
560E, 305 <0.16 20,34 €1.76 0.55 + .14
660E,1605 0.47 + 0.22 <0 AL 23.63 0.07 + 0.06
660K, 7a08 N.AT x D40 i, YA 27,004 0.3z + D11
6&60L,3208 0.57 + 0.21 0.2z 25,4l 0.5 + 0.13
740L, 0% 2.60 + 0.22 “0,34 2560 D.BZ + D.1&
740E, 308 C.51 + 0.22 <0.24 4,11 D.2h + 0.1l
T40E, 1605 <0.13 0.26 + 0.54 <345 0.63 + 0,15
T4OE, 2400 0.0 *+ G20 L0324 laUh Uuadg = 0,1
740E, 3208 0.49 + 0.21 0.65 + 0.56 €4.38 0.40 + 0.1
820E, 08 D.77 + G.21 <024 7.73 £ 1.40 0.71 + 0.1D
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TABLE 6, cont.

RADIONUCLIDE CONCENWTRATIONS IN SURFACE SQIL SAMPFLES
FROM B0 M GRID LINE INTERSECTIONS

RPadianuel ide Concentrations (pCL/E)

Location Ra~226 7T pLerisT t-238 C5-137
BI0E, HOS D.h4 + 0,23 £0.24 £3,70 ¢.33 + 0.1)
BI0E, 1605 D.o% + 0,341 L0.24 (10 J.ald + U.10
B20E, 2404 0,645 + 0.19 Q.24 <5.14 0.37 £ 0.14
B20E,3208 0.52 + 0.21 <0.24 <l.41 0.5 » 0.12
apgE, 0S5 0.47 * Q.17 Q.24 4,24 0.80 » 0.08
900E,. 805 0.56 = Q.33 Q.26 €5.51 0.59 + 0.18
900E, 16353 .55 » p,22 <. 24 <4.75 0.69 + 0.14
200E, 24058 £.5 + 0.21 “0.,14 <4.20 0.22 + C.12
WLOE, 3208 C.74 + 0,27 2. 74 491 0.67 + C.12
“WeOE, 08 C.5%3 = 0.19 0.1 .85 0.3 + C.13
SHOE, WDE £.,42 » 0.1% 0. 24 44 51 a.2% 1+ CL1L
950E, 16065 .50 & 0,27 <0.24 3.95 2.70 + C.14
450E,2408 0.50 » 0.213 0. 24 £5.29 3,59 + 0,15
10C0E, Q8 0.69 + 0.70 <0, 24 4,18 .14 + 0.14
1060E, HOS 0.61 + 0.23 0,24 “h.21 0.31 + 0.17
1060E,1605 0.76 + 0.20 <0.24 <3.49 .58 & 0.13
1140, 05 0.61 = 0.21 <0.24 <4,52 D.43 1 0.11
1140, BDS D.68 + 0.25% <0.24 <3,22 0.25 + 0.12
12208, 05 0.45 + 0.19 <0.24 4,12 C.78 + 0.14

4 Errors are 2c¢ based on counting statistics.
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TABLE 7

RADIONUCLIDE CONCENTRATIONS IN SURFACE GOIL SAMPLES
FROM 10 M GRID INTERVALS IN THE INCINERATOR AREA

Radionuclide Concentraticos {pCife) _

Location Ra-218 U-zi% U-2318 Ce-137

100E, 05 0.57 = 0.193 <«0.214 “2.54 a.18 = 0.0%
10CE, 105 0.354 # 0,77 <0, 74 <1.50 <0.05

1G0E, 208 2.20 & O.28 <0.14 <4.B7 0.0% + D04
1GGF, 305 n.52 ¢+ .28 <0.25 <4 .07 B.G5 + 0.16
100F, 405 3.32 = 0.70 <0.24 <1.8% 0.30 + 0.10
100E, 508 <0.13 W0.24 5.6%3 + £.91 0.7l o+ 0.07
100E, 605 0.54 1 0.92 W.2 <3.80 .42 + 0.0
LUUE, JFUb UwiZ + 0.30 ALV <4.13 0.17 * 0.4
100E, EQS 0.71 + 0.18 <0.24 <4.09 0.08 + .09
10DE, 905 0.B% + 0,22 <0.74 <405 0.09 + 0.0%
100E, 1005 0.57 + 0.25 Q.24 5.32 + 8.3% 0.7 + 0.0
110E, OR 0.67 4 0.30 024 <h 19 <. N

110E, 105 0.61 + 0.18 0,24 <3.48 5.15 + 0.10
il0E, 2035 0.61 + 0.18 <0.724 <2.49 .10 + 0,11
1102, 30§ 0.62 » 011 <0,24 <3.83 <0.03

110E, &05 0.60 + 0.19 <024 .45 ¢ 7.95 0.17 + 0,12
110E, 503 0.7 + 0,18 <O Té <3.2I8 <0.04&

11CE, 605 3.71 + 0.18 .74 <1.73 0.10 & 0.12
110E, 70% 0,66 + 0.21 <24 <3.8% 0.17 + 0,08
11GE, 80§ 0.58 1 0.19 .24 <455 0.07 + 0.02
110E, 908 0.B2 + 0.24 <«0.24 LTl .29 + G.07
FLOE, 1008 0.75 + 0.11 <«0.24 <3.49 0.27 + B.0B
t20E, 05 0.61 + 0.11 <24 <3,83 <0.04

F20E, 105 0.85 + 0.42 <024 <3.34% 0,19 + 0,13
1i0e, 06 0.33 & 0.20 S0.Z4 xd.i6 Q.00 r G.07
120E, 30S <014 <0.24 <1.89 <0.03

120s, 403 0.51 » 0.07 <0.24 <&, 06 <0.03

1202, 50§ 0.59 ¥ 0.30 <. 24 <6.64 <0.04

li0s, 603 Ou52 0 0,21 024 “&.11 0.50 2+ 0,123
120E, 705 0.74 ¢ U.24 <I+.26 €5.35 0.49 & 0,17
1I0E, 308 0,47 0,20 <24 <3 1e 0.08 + 0.08
130F, 905 C.47 + 0,18 .25 <3.17 C.0% + 0.10
130E, DS B.54 + 0.0 <074 <4 T5 o.0% + 0.09
130E, 1905 0.33 + 0,21 <0.2§ <3.93 051 + 0.11
130E, 195 9.5 + 0,15 <0.24 £z.88 .11 + .07
130E, 3US .75+ 0.18 <0.2% <3.06 Q.17 + C.0e3
BipE, 05 0.4]1 + 0.15 <0.24 <3.01 Q.03

130, 505 0.63 + 0.28 <0.24 <4.19 C.37 + 0,11
130E, 408 0.62 » 0.20 0.18 + 0.42 <L.B4 0.5 ¢ 0011
130E, 10§ 0.f4 + 0.76 <0.74 <1.62 0.40 + 012



Y

TABLE 7, cont.

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES
FROM 10 M GRID INTERVALS IN THE INCINERATOR AREA

Ce-137
1308, 808 0.69 & 0.72 <0.2% <5.05 0.39 + 0.15
130E, 905 0.84 ¢ 0.74 <0.24 T och.25 .67 & 0,13
140E, ©5 0.57 + U.1% <0.24 <3.78 <n,03
1408, 108 U.ost + 022 <0.25 <7.91 0.25 + 0.X5
140E, 208 0.52 + 0.2 <0.1& 7.66 x 5.36 G.05 & 0.08
1LNF ins N_&5 &« N 7L «0_Ta E_OL & 11.20 0,02
1A0E, 405 .55 + 0.11 <024 <31.60 <0.04
150E, 508 0.96 + 0.37 .24 <5.41 G.51 ¢ 0.1
1L0E, 08 0.59 + 0,20 <0.2% <4, 10 ¢.25 % 0.10
1808, 708 .48 # 0.21 <0.24 <426 0.27 + 90.13
143L, 205 0.59 2 0.17 <0.24 Gk 0.19 £ 0.12
140K, 905 0.3 & 0.27 <0.24 €4.23 <¢,03
I50E, ©S 0,49 = Q.16 <0.24 <1.57 .41 + 0.11
¥50E, 105 0.64 + 0.3 <0.24 <3.92 0.61 + 0.13
150E, 208 0.5 + 0.2 <0.24 <2.34 <0.03
150F, 305 0.53 £ 0.13 <0.24 <3.538 <0.03
150E, &0S 5.39 ¢ 05D <0.24 <5.47 0,67 ¢ 0.5
190E, 308 .99 + 0.19 <0.24 <3.63 06,25 » 0.1
1505, 643 Cauh % GuZd <Da2% SZalg 0,11 * 0.11
150E, 745 0.50 + 0.18 <0.24 <31.912 0.69 + 0.10
ES0E, 895 0.63 % 0.24 .24 <4.20 €0.03
150E, 908 U.6l + 0.21 <0.24 €31.30 0.28 + 0.13
160E, 98 0.63 + 0.24 <035 €3,36 <004
160E, 108 .46 + 0.27 <034 <3.13 0.53 + 0.11
16DE, 205 1.04 + D.2% £.20 + 0.5 €537 0.51 & 0.12
160E, 308 6.61 & 0.60 1.67 # 1.06 19.% & 0.5 1.11 + 0.10
160E, 405 2,34 + 0.34 <0,24 <5.82 .89 2 0.19
160E, 505 1.19 £ 0.29 <0174 <479 G.76 + 0.16
160E, &05 0.6 + 0.21 <0.24 <149 2.1]1 + 0.08
160E, 708 0.56 % 0.21 <0.14 .04 0.10 * 0,11
160E, 605 <D.16 <24 1.2} 0.13 + 0.10
160k, 905 .50 & 0.16 <0.22 <315 0.33 » 0.1}
17D, D5 082 + 021 <025 <3.14 0.465 + 0,13
170E, 105 0,3 + 0.18 <0.24 <3,3% 0.57 & 0.14
17GE, 05 060 + 0.39 <0.28 5.6 &+ 4.02 0.95 & 0.7
170E, 308 12,8 & 0.8 1.47 & 1.47 0.2 % D.S 1.48 ¢+ 0.26
1T0GE, 408 0.£% 4 0.24 <0.24 E.02 + 11,2% 0.3 £ 0,15
170E, 308 0.B4 + 0.22 <0.24 <3.82 0,32 2 9.10
174F, 605 0.5% + 020 <0.14 <45.02 0.23 £ 0.10
170F, To0s 0.67 3 0.22 <0a24 <4, 50 0.0 + 0.0%



TARLE 7, comt.

RADIONUCLIDE CONCENTRATIONS IN SURFACE S50IL SAMPLES
FRCM 10 M GRID INTERVALS IN THE INCINERATOR AREA

location

170E,
e,
150K,
166E,

EUs
Fus

0s
108
(s
203
405

, 508

&5

uclide Concimtrstions
~733 1-238
.24 <31.57
<024 <34
<0.24 <3.17
.24 <4.4L
<0.14 <4.21
Wiy Shubl
.24 <5.0%
€0.24 <4, 46
<024 <3.58
«d.24 <3.54
.24 <5.67
<0, 24 <4.37
<0.24 <2.3%
<0.24 .63
G.24 <4 .01
W24 €2.34
.25 <4.2E
<0.24 <1.3B
<024 <2.9%
<0.24 <2.9E
<0, 24 <2.33
<0.24 <3.54
. da %30
<024 <6.04
<0.24& <1.58
<0.24 <5.02
“0.24 <3J.23
<0.24 <64

0.49 £ 0.188
0.6% ¥ 0.16
0.60 * 0.23
1.30 + 0.24
0.86 + D.21
1,19 + D.26
0,54 + 0.37
0.65 * 0.19
0.6E £ 0.33
0.58 &+ 0.30
0.41 ¥ 0.73
0.51 ¥ 0.1%
0.45 * 0.23
6.72 £ 0.20
0.87 & 0.26
0.49 ¥ 0.17
0.55 £ 0.28
G.6% + 0.20
C.60 ¥ 0.22
B.47 ¥ 0,71
0.50 & 0.24
6,55 ¢ 0.20
G.a8 x Q.22
.61 + 0.50
$.48 + 0.1%
0.85 = 0,20
B.1b
0.53 & 0,22

@ Errore arc 2o based om counting

statistice.
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TABLE 8

RADIONUCLIDE COMUEHTRATIONS IN SURFACE SOIL SAKMPLES
FROM 10 M GRID INTERVALS IK THE TRACK STREET AREA

=137
.18 + 0.132 w.14 .ta C.77 + n.17
0.55 + 0.1B <. 24 <3.57 0.%3 + B.13

b b b b

1.3 + 0.25 <u.24 <4.07 §.08 + 0.11
1.17 & 0.3 AT <2457 0.3%4 3 D.11
1.59 # B.ai 0.94 1 0.66 5.33 & D47 2.32 + 0.30
1.36 + 0,36 <0.24 <5.60 0.84 1 U.20
2.0 4+ 022 <024 <4.37 0.8 + 016
441 + 0,47 <.t 3.44 & 0.55 0.50 ¢ 0.1%
5.16 + 0.02 <f.21 B.63 + 4.52 Q.36 4 0,08
4,05 + 151 <0.2 «7.71 1.10 & 0.75
0.%F + .28 <0.2% <5.13 G.17 + 0,33
2.44 ¢ L33 <.3é4 .01 » O.4R .59 + 0.8
1.51 + 0,313 0L % <h.39 1.21 ¢ 0.1
B.59 + D.%s €0, 14 <&L.29 €.49 ¢ 0,15
GL0 + G.E2 <fi.ih 037 + 0.39 .32 ¢ 0,11
I.12 e 033 <0.7 <463 0.53 = D.l&
Losl # La1 .2 ~a.09 O.006 = UekS
P64 0.2 024 <hu G 0.07 + 013
0.91 + 0.1% 0.5% > G.45 <2.60 0,15 + G.GE
1.4% & 0,38 <D.Z4 3.00 # O.52 9.7 = W17
L.17 1 0.4t <f.50 <7 .81 0.5L 4 023
2.25 % 0,36 .2 5.73 & 0,14 1.01 + 0-1%
6.03 £ 0.17 0.67 + 0.32 753 4+ 5.09% 0,31 ¢ 0.3
3.371 +0.38 <0.24 <6 .08 0,537 & 0.1
241 4 NS <0.24 4,61 0.56 & 0,14
2,58 & 042 <024 .7 0.74 + 0.25
1.64 & 0,40 <fQ.24 <4.B3 .58 + D.19
.68 » 0,71 <24 0.6% & 0.35 .69 + 0.17
0,55 + 0,30 Q.24 <4.04 0,77 £ 0215
0.35 + 0.22 0.2y <2.04 Q.80 ¢ 0.14
0.57 + 0.24 <0.2% <5.1% 0.33 + 0.12
1.50 + .26 <0.24 <I.91 0.70 = 0.1%
G742 0,00 <0.60 <7.22 1.65 4 0.27
LLES 2 0,37 <024 <4 .B3 <C.05%
1.40 ¢+ 0.27 0.2k <3.98 0,14 + 012
.48 + L.81 2.1 .68 + 0.39 <0.21%
1.45 + 0.14 <0.24 <4 .81 0470 + 0.1%
L.EG r €30 <24 <3.77 C.E0 1 0.18
5,87 4 1.0 <l.6E 1.49 ¢ 0.38 G.50 3 0.90
3.7+ 0.4 <034 <5117 0.66 + 0,16



TABLE 8, conc.

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES
FROM 10 M GRID IRTERVALS Ixk IHE TRACK STIREET AKEA

=0s {pCifg) -

Locaticn Aa-225 U-23B
THOE, 205 3.36 + C.44 <D.Z4 <3635 0.73 + 0,21
750K, 205 2.33 + D.38 <0.1% €5.71 0,68 + 0.14
208 3.60 + 041 <074 <5.61 0,47 + 0.18
. T0s 0,356 + 0.1 0,33 ¢ 0.59 <u.12 1.95 + 0.§6
205 0.51 + 0.2 <0.74& <1.5% 69 4 N.i7
705 0.59 + 0,21 <0.24 6,58 0.22 + 0.15%
y 208 0.63 2 0.21 <0.14 <4.72 U.45 + 0.13
305 .70+ 0.37 <0.7 <434 U.57 + 0.13
» 305 0.43 &+ 0,79 <0.214 <4 .52 0.42 ¢ 0,12
LA L.bb 2 0.33 0.45 2 0.76 <5.71 0.21 = 0.10
308 4,20 & 0.45 0.4 <5.03 0.8z + 0,71
308 3.19 3 0.35 <0.24 .03 0.25 ¥ 0.14
, 305 2,15 2 044 <0.24 <6.20 Q.76 » 0.10
305 1.13 » ©.33 .55 T G.02 S3.20 LT T Y
3us .06 ¢ 0,20 <z.13 <7.48 <0.25
s 1.35 + 0,23 <0.24 1.1E % 0.38 067 + 0.1
30s 1,07 &£ 0078 <0.24 <5.81 0.7% + 010
ios 1.34 + 0.22 <0.24 <451 0.73 » 0,16
08 1.95 + 0,33 <0.24 <3.5% B.9& * 0,17
308 1,30 ¢ 0.31 <0.24 <3.98 071 # 0,15
305 G.46 + 0.11 <0.24 <5.00 071+ 0,11
s 0.57 # 0.11 <0.23 <2.53 0.72 + 0,15
05 0.52 ¢ 0.1% 0,24 <3.7 F.5% + 0.13
Los 2,70 £ 0.35 <0.24 <4.535 .55 + 0.13
LS 1.67 + 0,23 <0.24 <3.42 0.53 & 0,17
405 0.56 + 0.21 «0.24 <1.55 183 + Q.17
. H0E 3 b b b
405 4.96 + 0,46 «0.24 <6.15 .45 + 0.6
405 .88 + 0.30 <0.34 <3.51 0.8 + 0.17
, 405 1.34 £ 000 .24 <4.55% ¥.92 + 0.17
405 3.05 %+ 1,82 Loty <14.1H <0.29
E, 40§ 1.97 ¥ 0,12 <G, 24 <5.66 0.76 * 0.19
4035 3.36 + 0.37 Q.25 <5.08 338 + 0.13
As 2.22 4 0.34 0.65 + 0.B4 <5.04 0.66 + 017
408 304 % O.42 <. 24 4.4 1,33 » 0.21
» 405 T.54 & 0,26 <0.24 <4.11 .98 + 0.16
408 0.70 4 0.56 G248 <450 0.72 + 0.5
408 .22+ 0.7 Q.17 <3.76 0.7T8 4 0,06
40s .58 1+ 0.22 <24 <3S 0_8§3 = 0,47
1] 3.60 + C.47 <G.24 1.03 & 0.30 3.52 + 0,22




TABLE 8, cont.

RADTORICLTDE CONCENTRATIONS IN SURFACE SOIL SAMPLES
FROM 10 M GRID INTERVALS IR THE TRACK STREET AREA

clide Concentrativos (pCLfg}

loration Ra-226 U-338 Cs-137
LI0E, 505 + 0,29 <024 G.92 + 0.36 G.74 + 0.15
B3DE, 305 + 0,29 @4 <3.63 1.22 1 0.21
£40E, 308 b b b b
G50, 00 1.7 + @.33 .41 L OLE3 <k . 54 n.sh + N.18
BEDE, 505 1.84 + 0.19 o024 £.51 + 6.5% 0.45 + D14
b70E, 508 4,20 + 0.15 <«0.16 2.90 & 0.6% <0.25
130k, 505 0.65 + D.19 1.4 <3.49 0.0
nans . NS L.56 & 0.4 <074 3,15 + 0,50 0.77 + 0.6
TCOE, 508 £.95 + 0.55 <N.24 <5,01 0.67 ¥ 0.17
T1GE, 505 1.6t & 0.41 <0.24 <7.38 0.51 ¢ 0,13
730F, 50§ 0.61 1 0.24 <0.24 <493 0.72 3 0.1%
7I0E, 505 0.59 & 0.18 <0.14 <3.05 0.55 + 0.13
JE0E, 50S 0.36 ¥ 0.19 w.i4 <1.83 TR Y
150E, 505 0.47 + 0.18 .19 €3.3% 0.3 £ 0,16
S50E, &5 0.63 ¥ 0.24 .36 €3.75 G.85 ¢ B.16
590E, 605 4.56 1 0,36 <0.7 <4 87 0.70 £ 014
B00E, 605 0.95 ¥ 0,35 <n.274% <3.76 0.6 4 0.5
610E, &05 0.56 = 0,72 <0.24 5,10+ B.73 0,75 + 0.1
6I0E, 605 5.56 & 1.32 <1.69 1.94 4 0.59 0,17
£30Z, 605 1.77 * 6.1 0.42 4 0.74 <5.14 ©.78 4 C.17
BLOE, EDS 0.77 ¥ 0.36 0.65 » 0.67 <3.68 1.15 + .20
B50E, 60S 1.37 2 9.38 <0.74 4. 4b 0.77 1 K0.19
LEOE, &0 5.59 + 1.57 5.56 4 £.10 4,86 4 0.59 .16
£70E, &05 2,90 1 0,45 <0, 24 <5.72 6.55 + D16
hBOE. £05 5.01 + 0.5 <0.24 .12 0.77 + 0.7
BO0E, &05 2.04 + 0.36 <0.24 5.16 0.93 + 0.17
FN0E, &0S 1,67 * 0.45 <0.24 <7.0% 1.31 & 0,27
THIE, 505 0-75 % 0.23 <0,24 €342 0.56 ¢ 0,17
120E, BOS 0.60 + O.22 <f.23 €451 0.34 + 0,12
1308, 605 0.57 £ 0.20 <0.24 <208 0.57 ¥ 0.12
T40E, 605 0,50 & 0.19 <0.2 €3.19 0.71 + 9.08
SEQE, TOS 2.17 * 0.37 .1 2.78 + 037 0.66 + 0,39
S30E, 705 0.75 + .26 .74 €430 0.84 + 0.6
bUIE, 795 0.3 % B.26 2,31 v 0,08 5.95 ¢ 0436 0.86 = 0,30
610E, 705 0,19 .24 <4, 00 0.71 + 0_1E
§202, 705 1.12 + 027 0.49 + 0.79 <4, 26 0.7 + 0.15
£30T, 70S Z.0% + 0.36 <0.24 1.12 + 0.51 0.74 + 0.17
&4%0L, tUo £.31 » 1.867 “1.61 «221_ES L B9
650F, 105 2.66 & 0,37 <0.24 <7.53 t.68 2 .16
EEQE, 705 1.71 & 0.27 0.t <4.48 0.3 + 0.15
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TABLE 8, cont.

RADIONUCLIDE CONCENTRATIONS IN SURFACE S0IL SAMPLES
FROM 10 M GRID INTERVALS IN THE TRACK STREET AREA

Radfenuelid? Concentratians (3Cifg) =

Loration Ra-216 U235 U-23 Cs-137

BT0E, FOS 072 2 0,33 <024 <l 47 G.BZ + 0.15
&CDE, 705 G.75 £ 0.25 <0, 26 <14 0.31 £ 0.16
LS0E, T05 G.B3 1 0.26 EEE 3.47 0.73 * 0.13
100E, 705 G.69 1 0.32 <, 24 <3.31 0.53 ¢ 0.13
J10E, M5 0.35 2 0.17 <0.T4 <1.55 0.69 + 0.13
S40E, S80S 1.07 & 0.36 <0.24 <5.23 1.10 £ 0.21
RGOF, A0G 0.5& 4 0,35 <0.24 26,43 0,82 + 0,14
610E, 805 .65 + 0.25 0,24 <4.92 <0.05

6Z0E, 805 1.6% + 0.33 .24 <3.32 1.06 & 0.0
B30E, 505 6.5% + 1,82 €2.38 2.05 & 0.56 .50 & 0.67
f40E, 808 3.B4 + 0.43 .24 4,59 .76 & 0.1B
650E, 808 5.11 + 0.48 <0.24 <5.90 .58 & 0,16
L60%, 505 <0.16 0,24 <3.76 0.35 + 0.14
67GE, 90S 064 + 0.30 .37 + 0.56 <4.36 0.96 + 0.19
6S0E, 505 1.44 £ 0.19 .24 <3.48 047 & 0,09
bY0E, 80S <044 <1.06 0.36 + 0.27 1.37 + 072
TOGE, 0% 0.%6 + G.35 <0.25 9.29 » 7.53 0.63 x 6.17
SEOE, 908 0.63 £ 0,29 <0.24 <671 0.19 + 0.11
S90E, %05 0.96 + 0.28 .24 <5.70 0.63 & 0,18
6OGE, 50S 0,80 £ 0.30 <,24 <614 1.07 & 0.1%9
610E, 008 <0.46 <0.32 .70 = .31 <0,24%

6I0E, 508 L4k + (.36 <0.24 1.20 = 0.37 0.85 & 0.16
630E, 908 3.71 = C.45 1.01 % 0.75 <5.58 1.04 + 0.1%
RLRFE, QNS ?.E31 & D42 1.2% & 0.7E #£.10 .70 1 O.18
650E, 905 .55 £ C.1E <0.24 <2.51 0.08 & 0.07
560E, 905 0.6% * 0,15 €0.22 <2.51 0.75 + 0,18
670E, 905 0.67 = 0,27 <0.24 <h, 42 0.34 + 0,13
BEQE, 905 0.61 + Q.12 <0.24 <4461 0.1 £ 010
SE0E, 1008 0.73% & 0,29 <0.24 <410 0.69 + 0,16
S40E, 1005 G.%u « 2,23 €2.22 3.78 * G.bb <0,30

GCOE, 1005 1.35 + 0,29 <0.24 <3.64 .84 + 0.1%
610K, 1005 2.EB + 0.46 <024 <4.01 1.12 + 0.21
bFE, 1005 .38 + 0.32 <024 <5.32 0.80 + Q.15
630E, 1005 1.8B + 0.34 <0,274 <5,20 1.02 # Q.15
640E, 100S 0.90 + 0.23 C.b 4 0,46 <4.36 0.34 + G0
& 50E, 1005 0.70 + 3,21 .26 <5,30 0.55 + B.16
bOGE, 1005 0.30 r 0.9 w.ig <3.492 U.B3 & .57
67DE, §0CS 0,31 £ 0.24% .24 <.78 0.52 + 0,15
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TABLE 8, conkt.

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES
FROM 10 M GRID INTERVALS IN THE TRACK STREET AREA

Location

S50L, 1108
590k, 1305
600K, 1103
A10OE,11GS
£20E,1105
£30E,1105
£40%, 1108
£592,1105
REDZ, 1108

63011208
630F, 1105
SEGE, 1305
530E, 1305
£00E, 1305
£10E,1308
620E,1308
SEOE, 1405
5005, 1408
60CF, 1 405
SBUE, 1508

0.40
.6
4.5¢
0.63
¢.87
.39
L
B.74
0.74
.28
0,74
1.00
0.68
.45
.32

oo
@~

e
[

*a
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Radicnuelide Concimtraztions (pCLARD

4 Errors are 2o based on counting statistics.
Sample not obtained - grid point on paved surface,

u-233 u-218 Ce=137
<1.79 4.B2 ¥ 0.54 G.46 + 0.6
0.83 + 0.E% <0.76 0.74 % 0.20
0,24 <5.17 1.21 + 0.27
<024 €343 1.0 & 0.15
<71 £3.00 0.48 5 0.16
<0.24 “3.96 0.57 & 0.13
<0.13 <1.20 0.66 + 0.12
<0.2% LA &1 .39 + 0.43
0.22 % 9.70 <i.34 <uUG
<0.28 <3.23 0.31 % 002
<0.24 <. .26 0.7L £ 0.17
<0.24 <5.62 0.66 + 0.16
<n.24 <3.02 0.16 + 0.0B
<0724 <4.8% 0.22 % 0.14
<074 <2.9% 1.35 + 0.19
<24 <&,23 0.56 + 0.13
<0.24 L.16 » B.7B F.49 + 0.14
<0.74 <3,92 .97 + 0.22
<0.24 <1.31 0,87 * 0.14
<0.14 <3.58 0.75 3 0.15
<0.I% <3.13 0,62 ¢ Q.16
<0.24 <3.30 0.6% » 0.14
<0.26 <450 01.45 + 0.13
46,74 <3.14 0.55 3 0.13
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RADIOWUCLIDE CORCEX
FROM LGCATIONS

TABLE 9

TIONS IN SURFACE SOIL SAHMFLES

DENTIFIED BY THE WALKOVER SCAN

Radionucl ide Concentrations (pCifg)P

Sample _ [
Ng.d Location Ra-226 U-235 U-238 Ccs-137
Bl 148E, 438 3.99 & 1.43°¢ 449 + 2,33 51.6 =+ 0.7 0,51 + 0.17
B2 L54E, 388 15.1 0.9 1.73 + 1.78 17.8 = 0.5 0.57 + 0.23
B3 153E, 365 45.1 + 1.8 5,57 + 2,48 68.5 =+ 0.8 1.33 + 0.39
B4 163E, 318 141 +3 <Q.25 73.3 3+ 0.5 3.15 + 0.59
B5 166E, 298 6.5 + 1.2 0.93 + 1.68 6.13 + 0.39 6.52 + 0.40
B6 170E, 308 88.3 + 1.9 3.33 + 2.88 39.3 + 0.6 1.18 + 0.22
B? 169E, 325 3.32 + 0.72 1.18 + 1.4b 22.2 4+ 0.5 5.93 + (.43
B8 178E, 328 63.7 + 1.9 0,24 22.3 4+ 0.5 1.09 + 1,15
19 202E, 37s 23,3 + 1.2 3.99 + 1.93 34.7 1 0.6 2.77 & 0.43
BIO 109E,2108 ---d -— — -—
r11€ 582E, 76§ 0.4h + Q.56 9.08 + 2.19 125 41 0.82 + 0.27
Bl2f 584k, 745 (.98 + 0.32 6.57 + 2,11 119 +1 0,68 + 0,28
B13 641E, 508 246 +3 6.64 + 4,75 10.4 + 0.5 <0.49
Bl4 660E, 298 1.39 + 0.44 2,57 + 1.42 32.2 + 0.5 3.40 + 0.74
BL1S 668E, 335 222 + 3 6.87 + 5.17 25,4 ¥+ 0.6 0.54 + 0.09
Bl6 669E, 318 5%.3 +1.7 3.79 + 2.71 10.7 + 0.5 2.16  0.46
817 668E, 30¢ 431 * 4 <024 6.49 + 0.30 «1_59
B18 684E, 10§ 6,05 + .54 <q,24 <6,31 2.94 + 0.28
B1% 738E, &5 6.95 & 0.65 3.01 & 1.46 4.8 * 0.7 0.55 # 0.22

8 Refer to Figures &, 5, and 6.
b Refer to Table 5 for direct radiation levels.

C Errors are 2?7 based on counting statistics.

d Ra-226 level 3.73 1:Ci.
€ Sauple Bll contains 3.9 .2 Th-232.
£ .2 Th-232.

Sample Bl2 contains 12.5
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Gorehole
Ho. 2

B4

BS

HA

H?

3

Grid
Locetion

121E, 226

JBCE, 1405

S40E,3115

S60E, B5S

S50E, 1608

S80E, 1005

b25E, 1155

€6OE, 55

RADIONUCLIDE CONCENTRATIONS IN BOREHOLE SOIL SAMPLES

‘Ra-126
£.33 + 0.24P
1.67 » 0.23
051 s+ 0.1&
6.75 % 0.18
0.50 3 0.14
0.52 1 0.15
0.45 1 0.16
0.93 + .29
U.B4 + 0.24
0.54 » 0,22
IR TR {1}
0.38 + 0,19
0.50 + 0,14
0.5 + 0.28
7,37 & 0.32
0.549 » O.16
t.61 % 0.17
t.41 s 0.16
0.29 & 0.16
0.53 + 0.21
0.55 ¥ 0.3
0.42 & 0,22
1.3% + 0,18
Bo5F & Udt
0.44 & 0,31
.31 + 0.148
C.15 & .22
0.61 + 0.14
3,14 + 0.45
0.23 + 0.70
Q.87 = 015
063 + 0.1%
0.77 4 .25
0.52 + B.21

TABLE 10

Rzdicauclide frocertrarions (pCifgd

L 135

W.Tu
<0.24

0T
.24
<B.24

0.27 + 059
<0.4

.74
<0.24%
<0.24%
<U.Zd
.22

<0 A
<0.74

<«.24%
€).24
<0.16
<024

<0.24
<}.25%
<0.24
<0.19
<0.24

Woih
0.4
0.4 4+ 0,50
<0, 14
<0.2%

0.4
.24
<B4
<0.24

<0.24
<0.14

L-238

<4.5%
<I.bd4

€11k
<3.12
3.ab
<2.79
3.80 + 13.B1

<520
4,86
<.17
0
<&.01

<2.82
<4.09

<Z.83
b3.41
€3.64
<h.34

<1.98
<1.95%
LI.84
€2.3%
<2.66

<2.53
<3.70
<565
<&.01
<434

<5.63
.33
<518
<4.23

<2.57
<497

<0.03

a.4% 4 N.67
<¢.021
<0.03
<0.0)
.02

0.3% + 0.13
<0.03
<0.04

S.0F T 0.0
<03

€.02
<1.02

0590 & 0.14
<0.03
<003

0,47 + 0,12

0.15 ¥ 0.08
<0.03
<0.04
<0.03
€0.03

0.27 % 0.1C
<0.03
<003

0.54 + 0.08
«0.03

0.19 & 0.20
<0.03
<0.03

0.06 + 0.08

0.47 + 0.12
<0.03
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Eorehole  Crid

Ko.

B3

ELL

HLS

ut7

H1E

H1G

K20

location

J0TE, 208

JASE, 37T

7195,3198

1GH3E,1555

w805, 205

L156E, 308

144E, 415
154E, 185
167E, 325

1685, 495

TABLE 10, cont.

RADIONUCLIDE CORCENTRATIONS IN BOREHOLE SOIL SAMPLES

Surface
1.0

Surface®

Sucface®

Ru-I7h
0.50 + 0,20
IRt WY
0.59 ¥ 0.22
1.41 & 0.28
0.68 + 0.24
.51+ D.22
1.16 + 0.30
0.50 & 0.20
O_LL & 0,10
0.12 % 0.25
0.38 ¢ 0,18
0.5 + O,
U.50 + 0.14
0.56 » 0.7
C.68 + 0.17
G.30 * U.kf
0.61 & 0.18
0.53 » 0.20
0-88 ¥ 0.22
1.17 + 0.30
1.16 4 0.28
0.95 ¥ 0.26
.46 & DL
1.ED » 0.29
1.66 + 0.32

15.1 + 0.9
0.6 + 1.16
11.6 & 0.7
0.63 & 0.12
.83 ¥ 0.23

<0.24
<024
<0.74

<0.24
<024
<Bazd
<0.2%
<024

<0_34
<024
<24
<0.14

«0.24
<0.74

<023
<W.EG
<0.19
<0.24
<0.24
<0D.2

<0,24
<24

<0.41
<0.36

U.b8 + .61
1.73 4 176
Q.04
1.3B + 1.18

<0.30
<0.a7

38 130ifz)

=137

<463
«1.%47
<4.32

<5.88
<3.14%
<3454
<3.5%
<3.63

L2
<&4.99
<1.73
€3.51

<z.b2
<4.09
<3.77
<4.30
<3.47
<3.10
<5.96
4,82
<437
<h.43

8.03
2.73 # 0.6

106 + 0.4
176 =+ 6.5
<5.87
1.32 £ 0.32

<5.73
<60

<0.03
<0.03
<0.03

0.62 + B-14
<0.03
<064
<0.03
<0.04

0RL + 017
<004
<0.04
Q.03

<0,02
<u,02

<0.04
<w.i3
Q.02
0.£5 & 0,12
<G.0&4
<004
<003
<D0

0.16 £ 1.10
<006

0.65 & 0.37
0.57 ¢ 0.23
<0.04
1.21 » 0.23

0.14 + 0,18
<005
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TABLE 10, cont.

BADIONUCLIDE CONCENTRATIONS IN BOREHCOLE SOIL SAMPLES

Zurehole Grid Repth o uae . sadiomc)ide Cuncvutrstiems {pCifp) O
Ho. Location {o) Ra-226 L-235 LU-238 Ce-137
"l i70E, 308 Surface BE,3 ¢+ 1.% .33 » 1.BB 3.3 2 016 .16 + 0.22

0.1 3.46 + 1.33 2,36 + .02 6.6 % 0.9 <0.173
HEZ 133%, 315 Surface® 63.7 2 1.9 <0.24 72.3 0.5 1.05 ¢ 1.15
H23 193k, 365 1.0 0.8% « 0.24 <0.29 <6.0% <0.03
K24 BEAE, 745 Surface 6.9 + 0.32 5.57 + .11 1 o+ 1 0.68 + 0.8

03 R+ L] <f.2h o 63 o0 04

1.0 .43 2 0,19 <0.24% <4 .41 <«0.03
HZS HA4LE, 505 Surface® 286 * 3 €64 ¢ 575 10.4 =+ 0.% <0.49
£26 H65E, 305 Surfacet 431 + 4 <0.24 £.49 & 0.3% <«0.5%

H12 EHRE, 135 surfacet 212 + 3 B &7 o+ 5,17 4.5 + 0.6 Q.55 ¢+ 0.0%

a Refer to Figures 7, &, and 9.
Errors are 20 based on counting statistics.

C Subsurface sample not collected duc to negative findings of borehole logging
med surement s.



TARLE 11

RADIOWUCLIDE COWNCENTRATIONS IN SUBSURFACE WATER SAMPLES

Refer to Figure 7.

Erroro arc 2¢ baved on counting staticticcs.

Sample Borehole Crid Radionuclide Concentrations {pCi/f1)
No, Ho.4d Location Gross Alpha Gross Beta
Wl H1 92E,26% <5,21 8.53 + 7.75
W2 H2 121E, 238 9.06 + 2.42b 5.55 £ Z2.13
u3 H3 IR0, 1408 BB + §.721 2.34 % 12.32
W4 Hé 490E,3218 <3.67 13.5 + 3.9
W5 S S60E, 858 3.23 + 1.96 21.9 3 2.7
We 16 560F, 1608 1.47 2 1.98 6.30 + 2.23
W7 H7 580E,1005 11.7 + 7.7 28.5 + 8.7
8 18 625E,1158 1.85 % 7.04 12,6 + 8.3
W9 H? 6B0E, 3§ 4,47 + 4#.25 34,5 + 5.9
Wip H10 7028, 208 <l.17 <1.36
Wil HL1 7458, 375 4,52 £+ 5,03 7.9% + 5,61
W1z H12 778E,3185 8§.53 =+ 4.79 <5.42
W13 H13 1063E,1558 13.9 + 6.8 3.60 + 8.27
Wls HL4 1080E, 205 4,61 + 2.74 4.0 x 4.1

a
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APPENDIX A

INSTRUMENTATION AND ANALYTTCAL PROCEDURES



AFPERDLIX A

Instrumentation and Analytical Procedures

GCamma Scintillation Measurement

Walkover surface scans ana measurements of gamma exposure raltes were
perfarmed uwsing Eberline Model PRM-6 portable ratemeters with Vigtoreen Hodel
489-35 gamma scintillation probes containing 3.2 cm x 3.8 cm NaI{Tl) sciatillation
crystals, Count rates were coaverted to exposure levels (pk/h) using factors
determined by comparing Che response of the scintillation detector with that of a
Reurer Stokes model RSS5~111 pressurized ionization chamber at several locations on

property N/N' South.

Beta—Gamma Dose KRate Measurements

Measurements were performed using Eberline "Rascal," Model PRS-1, pourtable
scaler/ratemeters with HModel HP=-260 thin-window, pancake G-M, beta probes. Uose
rates (prad/h) were determined by comparison of the response 5f a Victorsen
Model 440 ionization chamber survey meter to that of the G-M probes for soil

samples having elevared Ra=Z26 content.

Borehole Loggming

Borehole gamma radiation measurements were performed using a Victoreen Model
489=53 gamma scintillation probe, connected to a Ludlum Model 2200 portable
scaler. The scintillation probe was shielded by a 1.25 cm thick lead shicld with
four 2.5 em x 7 mm holes evenly spaced arcund the zegion of the scintillation
crystal. The probe was lowered into each hole using a triped nolder with a small
wingch, The length of the hole was scanned and measnrements were performed at
3=530 em intervals in all holes. The logging dara were used to identify regions
of possible residues and guide the sclection of subsurface so0ll sampling
locations. Due te the varying ratios of Ka=226, U=238, and C5~137 there was no
attempt to estimate soil radionuclide conceatraticns directly from the logging

results.

A-1



50il Sample Analysis

Scil samples were drigcd, mixed, and a portion placed in a 0.5 liter Marinellil
beaker. The quantity placed in each beaker was chosen to reproduce the calibrated
counting geometry and ranged from 400 to 600 g of soii. Net soill welghts were
determined and samples counted using a 23% Ge{Li) detector (Princeton Gamma Tech)
coupled to a Nuclear Data model ND=680 pulse height analyzer system. Backgrouna
and Compton stripping peak search, peak identification, and concentration
ealculations were performed using the computer capabilities dinhereat in the
analyzvr system. Energy peaks used for decermination of radionuclides of concern

wereg:

Ra=226 - 02.609 MeV from Bi-214 {(secular squilibrium assumed)
U=235 = 0.143 Mev
U-238 = 1.001 MeV from Pa-234 (secular equilibrium assumed)
Th=232 = 0.911 MeV from Ac—2Z2B {secular equilibrium assumed)
Cs=137 = G.662 MeV

Several samples were also analyzed for U-238 by neutron activation.
Approximately 12-2C g of soil was irradiated for 30 minutes in a ncutron flux of
10% n/em?/sec from a 25 mg Cf-2532 spontaneous fission socurce., After a two minute
wailt time, the U-239 peak (74.6 kev) was counted for 1000 seconds and the U=238

caloulated.

Strontium=9C¢ analysis was performed following standard procedures specified
in "Radiochemical Analytical Procedures for Analysis of Enviroamental Sanmples,”

EMEL~LV=-0539~17, March 1979.

Water samples were rough-filtered through Whatman No. 2 {filter paper.
Remaining suspended solids were removed by subsequent filtration through (.45 um
membrane filters, The filtrate was acidified by addition of 20 ml of concentrated
nitrie acid. Fitty millilicers of each sample was evaporated to dryness and
counted  for groess alpha  and  gross beta using a Tennelec Model LB5100

tow—backyround proportional counter,



Calibrativn and Quuality Assurance

With Ethe exception of the exposure and dose rate conversion faetors lor
portabie survey gamma and beta-gamma meters, all survey and laboratery insttuments
were calibrated wirh NBS-traceable standards, The calibration procedures for

these portable insttuments are described above.

Quality control procedures on all instruments included daily background and
check-source measurements to confirm lack of malfunctions and nonstatistical
deviations ian equipment., The ORAU laboratory participates in the EPA Qualicy

Assurance Program.
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SUMMARY OF RADIATION GUIDELLINES

APFLICAELE TO OFF-SITE PROPERTIES AT THE NIAGARA FALLS STCRAGE SITE

Mide of Exposure

Exposure comditiens

Guidelioe value

Guideline source

1. Exterpsl gamma radiation

2, Sugface alphs contaminstioa®

1. Surface beta cootamination?

§. Eeta-gam=a 4082 Tate

5. Exposure to raden

Centinuous eAposure Ko
individus] in gemeral
populaticn {whole body}

Indonr zamma radiation
(sbove backgrouand]

Ra-116 contawination
fixed on surfaces

Renovable Ra—116

Removable beta-gaoma

Average doege rate co an
erea ne greater tham n?

Farimum dese rate in any
100 m? pres

Maxinus perriasible concen-
tration of Ro=-220 in air in
unrestricted areas

Aversge snousl radom
daughter conceatration
{including backgrouzd)

60 PR/ b

20 uRSfh
100 dpu/100 cs?

20 dpw/100 =l

1000 dpa/100 e?

0.2 mradfh
1.0 orad/h

- 3.0 pCifl

¢,030 WL caxiowm
0,020 WL preferrable

Yuelear Aegulntory Comaission
LNRL) Standarde Iof Frocecclcon

Against Radiation {10 CFR 10.105)

EPA Standarde for Uraniuo
Hill Tailings {40 GFR 152)

KRG Guidelines for fFacilities
and Equiment Fricr to Release
tor Usresiricted Use oT
Termication of Licenses for
sy-product, Source, or Special
Huclear Materiml {Adapted from
MAC Reg. Guide 1,86)

Ssme me number 2

Ssme m# number 2

Same a8 aumber 2

SRC 10 CFR 20.303,
Appendix B, Table IL

£FA Standards For Hill
Teilinge



EFFIARY OF RAGIAYION GUIDRLINES
AFFLICARLE 30 UPr—31TL FRCFLRTIES AT THE NEAGARA FALLS bLUKALE 31LE, cobt.

Fode of Exposure Exposure conditicas Guiceline vatue Guideline source
&, PRadionvelides in vater Gross Alphe 15 pLifl EFA interiz Drinkicg
Gross Beza 3G pCifl Water Standards {40 CFR 141)
*exipunm contaminant tevel 5 pCefl

fur ecabirsd Ra-326 and
Ra-21E in 4rinking water

Haxiova peroissible cozcen- LA {19 CFR 20.103
tratian of the following Appendix B, Table 1II)

radionurlides in water for
unrestTirted area:

30 peifl
40,000 pCLfl
2,000 pCifi
160 poifil
7. Radicnuctides an sourl Cancentration above
backgrovnd-averaged
over on eres of 100 =l
Ea-116 5 plifg (wurfarm} 4 Standards for Uranius
15 pCifa Hill Teilipge
{svbsurlace)
5-138 40 poifz laterim Soil Lizits
n-132 i pCify for B&D Projects,
Sr 90 100 Cife LA-TR-TI-1RA S—2aw
Ce-137 ED pCifg J.¥. Healy st al,
C-enriched 0 peifg KAL Branck Technical
in 1-11% Position Paper [Federal

fRegister, October 23, 1581}

® Applicable to builling and equipuent wurfaces anly,
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INTRODUCTION AND SUMMARY

Starting on October 25, and continuing through November 1, 1982, ODetection
sciences Group conducted a ground-penetrating radar survey of designated
locations 1in Area Q and Areas N/N' at the former Lake Ontario Ordnance
Works, Lewiston, New York. The radar survey was performed in accordance with
Dak Ridge Associated Universities, Inc. Purchase Order No. C-25303, Letter Re-
lease No. 3, dated October 15, 1987, and per €field instructions received
from 0.R.A.U, personnel.

The first area to be surveyed was a site in Area N at the southeast cornar
of "R" Street and Castle Garden Road. The radar survey zone was from 285 to
508, extending from 142E to 185F. The radar anomalies anc the radar survey
lines are shown <n Figure 1. The next task to be performed was the
inspection of 24 boring sites lecaled in Area Q. The boring logations and
the co-crdinates of the borings that were relocated are given in Table 1.
The third task was %c run a series of survey lines between 76@S and 8405,
extending from 16QE +to 1888 in Area J. The results of the survey in thig
location are shewn in Figure 2. The next task was to run six survey Tines
parailel to Track Street and South Track Street *n Area N'. The radar survey
lines and the radar anomalies are shown in Figure 3. The last task was to
inspect the Jlocations of 3 borings to be placed in the corners of the
southwest triangle of Area N, bounded by Castle Garden Road, "R" Street, and
Track Street. These locations are tabulated in Table 2.

Jut of the 24 boring locations surveyed in Area G, 3 locations - Q1, 04, and
Q% - were found tc have underground pipes. These locations were movea 2 to 3
meters away from the pipes to avoid potential drilling problems. As a
precautionary measure, 8 cther boring locations in Area ( were moved 1 to 3
meters away from their original locations. In all cases, the relocated sites
were chosen to be as near as possible to the original site choser for the
boring, Of the 3 boring sites in the southwest triangle of Area N, none had
to be relocated.

Prior tc the radar work, O.R.A.U. had placed pin flags at Tocations where
monitoring instruments indicated activity. It was ncted that the radar
signatures obtained where there were clusters of pin flags were significantly
different than the radar signatures observed over most of the surrounding
area. Specifically, the radar signatures at the pin flag clusters tended to
be much darker and more pronounced than the prevailing radar signatures of
the overall site. The apparent correlation between the radar signatures and
the pin flag clusters has been subdivided “nto two categories: those areas
having very dark, strong signal returns, and those areas having moderately
dark, strong returns. The difference between the two subdivisions is only a
difference of degree, In general, this kind of radar signature is indicative
of nan-ionic ligquids being present in the ground. Although water 1is itself a
non-ionic Tiquid, the radar signatures are nct typical for wet, saturated
ground. Mgre likely, the radar signatures are due to the presence of
petroleum solvents or oils that do not readily disperse in the ground.
Determinatiorn of the compaosition of the non-jonic liguids {including the
possibility that it is perched water) would reguire physical samples to be
taken from these locations, a task that is not part of the radar survey
program.
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DESCRIPTION DF THE SURVEY

The entire survey was conducted with the 120 MHz radar antenpa. With the
exception of the survey lines along Track Street and South Track Street, the
suTvey was run with our antepna shield on the antennag to prevent any stray,
above-ground reflections or electrical interference from obscuring the data.

The survey vehicles was used to tow the antenna on the long survey lines
altong Track Street and South Track Street. For the north-south survey lines
between 7685 and 845 in Area 0, we also utilized the vehicie tc tow the
antenna over the ground. A1l of the other survey wark was performed by
hand-pulling the 120 MHz antenna over the ground.

A significant gain was mace “n survey efficiency by using a labor-saving
device consisting cf a knotted rope 12 meters long. At the center of the
rope was a loop through wnich a chaining pin or other pointed device could
Je inserted intc the ground at the proposec Tecation for a boring. The knots
in the rope were spaced at 2 wueter intervals, and were painted with
high-visibility paint. Using this rope made it unnecessary to lay out a
steel tape to measure and mark the 2 meter dntervals used for ground
lacations in the vicinity of the proposed boring. Alsc, by leaving the
center pin in place, the 12-meter rope was guickly rotated 90 degrees on the
ground to mark off the orthogonal survey line crossing the proposed Tocation
of the boring. Using this technique, we were able to inspect mere than twice
as many boreholes in a single day as had previcusly been the case with
manually laying out the 2-meter ground locations with a steel tape.

With the excepiion of using the antenna srield and the knotted marker rope,
the survey methcds were the same as have been described in previous reports.
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Area N',

The area scanned by the radar between Track Street and South Track Street is
shown in Figure 3. This area is surprisingly free of any radar evidence of
past usage, and shows mostly undisturbed around free from any type of
contaminants. A few, highiy localized concentrations of dark and medium dark
radar reflectors are cbserved, but do not appear to have any significance

(in contrast to the dark reflectors extending over sigrnificant portions of
the site surveyed in Area N).

Borings - Area N.

I'ne Tocations of the three boring locatiors in Area N that were inspected by

radar are listed in Table II. The three sites were all satisfactory, and
none of the borings were relocated.
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Boring
Numtrer
g1
Q2
Q3
(4
Q5
Q6
q7
Q8
Q9
Q0
Q1
Q2
Qi3
Q14
Q15
16
Q17
018
Q18
022
Q21
Q22
Q23
Q24

BORING LOCATIONS DETERMINED BY RADAR

Direction of
Relocation

Move 2m North

Move
Move
Mave

Move

Move
Move

Move

Move

Move
Move

2m
Zm
am

3m
2m
P

1m

West
North
North

East

South
West

Fast

North

South
North

TABLE I

AREA Q

Proposed
Location
15025, 103E
15045, 112E
15035, 133t
15015,  22E
15075,  25E
15035, 31t
Storage Yard?
13405,  48F
12665, 176E
12225, 15EE
11678, 15&E
10805,  Z8t
7645, 30t
3345, 20t
5695, 200E
5445, 440EF
3235, b526E
3308, 760LC
80535, 175E
8055, 70F
8055, i65E
8205, 175E
8205, 170E
82058, 165E

Final

Location

15005,
15045,
15035,
14998,
15045,
150358,

Storage

13408,
126685,
12225,
11698,
10805,
7445,
3345,
5698,
445,
3208,
3305,
805S,
R04S,
8058,
8208,
822s,
8185,

103E
112E
131E
22F
25E
31E
Yard?
48F
179E
155%
159%
27¢c
30E
21E
200EF
440E
526E
760E
175E
170E
T65E
175E
i70E
165E

“Town of Lewiston Public Works storage yard;
26.2m south, B.8m west of wooden light pole.
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N-S Pipe @ 107.5E

E-W Pipe @ 1502E

Gravel area

N-S Pipe @ 175€

Dark anomaly zone
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Baring

Number

N1
N2
N3

TABLE II

BORING LOCATIONS DETERMINED BY RADAR

AREA N
Direction of Proposed . Final
Relocation Location Location Notes
- 2705, 59@F 2785, 595QE
- 465, 182¢E 49%, 1Q2E
- 1548, 494F 1505, 4Q4E
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APPENDIX

Liguid Countarringants

~ield Charts
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LIQUID CONTAMINANTS

The presence of liquid contaminants in the ground creates distinct radar
signatures according to the electrical properties of the ligquid. Ionic
liquids are electrically active due to the jons having electrical charge.
Examples of donic liquids are acids and salts. The presence of an ionic
Tiquid in the ground lowers the electrical resistance of the ground, an
effect that is chserved by the radar system as a lighter-than-normal contrast.

Non-ionic lieuids in the ground also modify the electrical characteristics
of the ground, but in a different way: non-ionic liquids ircrease the
¢ietectric constant of the ground, an effect that is observable by the radar
system as a darker-than-normal contrast,

Fresn water is a spectal case of a non-ionic liguid. For reasons explained
in the following paragraphs, water is usually distinguishable from other
non-ianic liquids in the ground.

lonic Liguids

As the radar signal travels ints the ground. the energy is attenusated in
precportion to the electrical conductivity of the ground. Normally, the
ground has relatively high resistivity (the inverse of conductivity). The
presence of electrically-active liquids will lower the electrical resistivity
of the ground, resulting in more rapid loss of the radar signal. This snows
in the racar record as an area of lighter-than-normal contrast, Experience
with the radar system allows us to make close estimates of the resistivity
values. In effect, the radar can be used as an imaging resistivity meter
because of its extreme sensitivity to this parameter. Vertical and horizontal
boundariaes which only show as broad trend lines with conventicnal resistivity
probes become sharply delineated on the radar record, thus allowing the
boundaries of a contamination zone to be establishec with high accuracy.

Non-ionic Liquids

Non-ienic liquids such as petroleum-based solvents, oils, oar other non-
electrically active substances do not alter the electrical conductivity.
Instead, non-iunic liquids tend to increase the dietectric constant of the
grounc. Higher dielectric values affect the coefficient of reflection accord-
ing ta tne foliowing equation: .

e, = e,

Fe, o+ v,

wherea P - coefficient of reflection
€, = dielectric constant, layer 1
€5 = diglectric constant, layer 2

RADARVISION
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Layer 1 is taken as the first layer through which the radar energy 1is
passing, and layer 2 is the second layer. The reflection at the interface is
dependent on the contrast, or relative difference, between the dielectric
constants of the two ltayers.

When using this equation, it s convenient to use the relative dielectric
constant normalized to air, which has a relative dielectric constant of
unity. On this- scale, various types of scils all have relative dielectric
constants that are clustered in a narrow range between 3 and 5. (The numbers
are dimensionless, being relative values.) These values are for dry con-
ditions. The addition of moisture or other liquids greatly alters these
values. For exarple, average moisture conditions in the ground result in a
relative dielectric constant around 12. Wet, saturated ground can have
relative dielectric values of 30 te 35. Peat, an extreme example of
water-laden material, exhibits relative dielectric constants of 58 to 65,
The addition of water can change the dielectric constant by more than an
order of magnitude. The variability among soil types is less than a factor
of two. Thus, the radar reflections, which depend on the contrast, or
difference, between reflecting Tayers, is very sensitive to the presence of
water,

A similar situation holds true <or other liguids whose presence in the
ground modify the dielectric constants. The difference between water and
other liguids s 1he ease with which water disperses in the ground compared
to oily or more viscous liquids. Alsa, the moisture content of the ground
tends to reach steady-state, equilibrium conditions & foot or two below the
surface. Wnat this does is to create a gereral moisture "bacxground" that
tends to be constant over extended areas as well a exhibiting a constant
vertical profile beginning near the surface.

Localized wet spots produce a greater contrast in the radar record, and ere
often observable at the surface as a low spot in the ground. What is
important is that the wet spot retains its structural integrity on the raaar
record.  Wet glacial ti11 stil1l looks 1like orginary glacial till, soil
horizons observed ocutside a wet area are still preserved in the wet area,
etc. In the case of oil, sludge, and liguid industrial waste, the structural
appearance of the ground g typically altered, because thece materials do
not cdisperse Tike water, and therefore tend to show localized alterations in
the overall radar appearance of the ground. Another phenomehon is observed
when liguids other than water are in the ground: the radar signal cften
resonates, or "rings”, proeducing a series of identical waves on the radar
record, This is most likely due to layering effects, where the depth of a
1iquid-laden layer produces a resonant cavity effect, resulting in multiple
echoes from the same reflecting layer. Agair, because of the dispersive
nature of water, such rescnant cavities are almost never observea in wet,
saturated ground.

These observations may be summed as follows: wet areas increase the radar
contrast, but do not alter the structural appearance of the grouna. QOther
liquids which do not have the dispersive properties of water also increase
the contrast, but tend to alter the structural appearance of the ground.
Finally, the observation of resonant signatures is most coften associated
with liquids other than water, and is seldom observed when water alone is
present.
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APPENDIX D

EVALUATION OF RADIATION EXPOSURES
ON QFF-SITE PROPERTY N/N' SGUTH
NIAGARA FALLS STORAGE SITE
LEWISTON, NEW YORK



APPENDIX O

Evaluation of Radiation Expesures
v Qff-5ite Property N/N' South
Niagara Falls Storage Site
Lewiston, New York

INTRODBUCT ION

The U.S8. Bepartment of Energy has coopleted a radiolegical survey and
determined that pertions of the Department of Labor property, Lewiston, New York,
are contaminated with low-level radicactive residues rtesulting from previocus uscs
of this property. This property was part of the former Lake Ontario Ordnance
Works, now known as the Niagara Falls Storage Site (NFSS) and associated off-site
properties, where radioactive wastes from Manhattan Engineer District and Atomic
Enerygy Commission operatisns were handled and stored., These wastes were primarily
residues  from uranium  processing  operations. However, they also inciuded
contaminated rubble and scrap from decommisaioned faeiliries, biological and
miszcellancous wastes from the Univeraity of Rechesrter, and low—level fiaszion
product waste from centaminated=-liquid evaporators at the Knolls Atomie Power
Laboratory (KAPL) in Schenectady, WNew York. Receipt of additional wastes was
discontinued at the site in 1954. Although some storage of radiocactive materials
on the Niagara Falls Storapge Site continues under the control of the Department of
Energy, work invelving handling of radioactive waste has not been performed on the

off-site properties for approximately 25 years,

In 1954 a preliminary cleanup of the site was performed by Hooker Chemical
Company.  Approximately 1298 =zcres of rhe original 1511 acre site were then
declared excess and eventually sold by the General BServices Administration to
various private, comwercial, aud guvernmental apencles.  The Depavtumeul of Labor
is the curreat owner of a 76.6 acre tract, idencified as off=-site property N/N!

Seurh. This property is not osccupied or in use.

The property was surveyed by Qax Ridge Associated Universities, Oak Ridge,

Tennessee, during October and November 1982, and March 1983, and found Lo contain
radicactive contamination., The sgurvey indicated radionuclides from the naturally

vceurting uranivm and actinium decay series and small quantities of Cs=137.

D-1



Cosium—137 is a man-made radionuclide created through the {ission process
suchi as in a nuclear reactor. Cesium—137 has a half-1life* of approximately 30
years and emits beta and gamma radiatien, The naturally occurriag decay serles,
known as the uranium and actinium series, are believed to have been created when
the earth was formed, and they are still present today because of their very long

half-lives. These series arc prescnted in Tables D=1 and D-2.

As a radionuclide decays it changes inte another substance. In the case of
U=238, for example, sthe decay produces Th-234. Thorium=-234 is called the
“daughter” of U-238, U-23% is the "parent" of Th=234, In turn, Th-234 is the
"parent” of Pa-234. Radiocactive decay started by U=238, U-235, or Th-23Z

rontinues as shown in the =ables until a stable nuclide is formed.

The radionuclides in these decay series are present in small quantities
throughout the environment. Concentrations of them normally occur in solil, alr,
water, food, etc., and are referred to as background concentrations. Radiation
exposures resulting from this environmental radiosctivity are referred to ag
background exposures. These background exposures are not caused by any human
activity, and to a large exwrent, can be controlled only through man's moving to
areas with lower background exposures. Fach and every human receives s5ome

background exposure daily.

The use of radicactive materials for scientific, industrial, or medical
purposes may cause radiation exposures above the background level to be received
by workers in the Industry, and te a lesser extent, by members of tne general
publis, Scientifically based guidelines have been developed te place an upper
limiz on these additional exposures, Limits established for exposures to the
penerdal public are wucn lower than the limits established for workers in the

nuclear industry.
RADIATION LEVELS ON PROPERTY N/N' S0UTH
The survey icdentified clevated levels of cirect radiation and contamination

o the soil above the normal background levels. The major radionuclides noted in

these soils are Ra=226, U-23H#, and Cs-137. Increased .evels of radiocactivity
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resulbing trom contaminated residoes on this property can causce an increased
radiation exposure Lo persons. The cxposure potentially comes from one primary
source or pathway: direct radiation emitted hy the radionuclides in the residue
or snil, Additlonal exposures may alse be rteceived through inhalaction of
suspended airborne particulates and radon gas and 1ts daughter products* anc
ingestion of contaminated food or water. In Table D-3 the exposure levels
associated with this property are semmarized and compared with the guidelines anag

background levels.

External Radiation Exposure Levels

As Tables D=1 and D=2 indicate, several members of the naturally occurring
decay series ewmit pgamma radiation as does Cs=-137. (Gamma vays are penettating
radiation like x-rays.) Contaminated areas can, thercfore, be sources of external

gamma radiation exposure.

The National Council on Radiation Protection and Measurements has recommended
maximum annual whole-body exposure of 500,000 picroroentgens®¥ per year to an
individual exposed in the general population. This is equivalent to a continucus
level of approximately 37 microroentgens per hour. The maximum exposure level
noted on this preperty wag 550 microroentgens per hour. This level wag present
only at contact with one small isolated area of contaminated surface soii. The
averayge cxposure race of 12 microroentgens per hour at about 3 feet above the
surface ig a better estimate of the average exposure an individual might receive,
For compariscn, the average background level in the Lewiston area is about 8
microreentgens per hour, and continuous exposure at this level would produce an
annual exposure of about 6%,800 microroentgens, Also, a typical chest x-ray
(according to data from the Department of Health and Human Services) might yield

an exposure of about 27,000 microroentgens.

The spil is contaminated with radium and lesser levels of uranium and cesium
which ocmit beta asnd gamma rtadiations. Nuglear HRegulatory Commission (NRG)

suidelines for decommissioning former nuclear fagilities require that the dose

4 Radon—588 1w a gus bhet pssulte Seom e decoy of radlwm-280, o member of
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rate (from bheta aud pamma radiation) measured at a distance of one centimeter
above the surface does not exceed 1.0 millirad* per hour and 0.2 wmillirad per hour
uverage. The maximum dose rate measured at this site was 3.8 millirad per hour
and the average was .08 millirad per hour. Although the maximue level exceeds
NRC  puidelines, the primary concern of this guideline is exposure of skin
surfacc, The thickaess of wrdiuary shoe soles Is adequate to protect the skin of
feet from beta radiatien. In most cases, exposures are negligible at a distance
of 1 ft away from the surface and areas of body ckin are adequately protceted from
these exposures if they remain away from these surfaces. Beta radiation from
surface residues are therefore not a significant factor in evaluating the

potential health effects at this site,

Exposure from Inhalation of Airborne Radioactive Particulates

A very small amount of the radicactive contamination on this property may
become airborne by resuspension of particulates from the surface layer of soil.
The actual fractioen of waterial Lhal becomes resuspended is dependent on a number
of factors including surface conditions (e.g. damp, dry, covered by ground
vegetation, etc.), particle size, activities on the site which disturh the surface
soll, and micrometeorological conditions (e.g. surface wind speed and direction).
Uetermining average levels of airborne radionuclides requires ait sampling over an
extended time period and was beyond the scope of the ORAU survey. However, an
estimate of the potential airborne concentrations can be made based on the average
concentration of radiocactive material in the surface soil and using standard

computation progedures of the Nuclear Regulatory Commission.

Areas of significantly higher surface contamination levels are isolated and
small (usually 1lgss than 6 inches in  diameter). The average surface soil
concentration for property N/N' South is therefore best approximated by the
samples ecollected at the grid line intcracctions. Radium-226 1is the major
radionuclide of concern on this site and the average concentration in surface soil
is 1.34 picocuries** per gram or about O.64 picocuries per gram above the level

normally present in surface seils in  the Lewiston area. The resulting

* The rad iz the wnit of beta-gamma dose. A millivad {s one-thousandth of a rad.
*ROThe curie do the wnit indicating the quaniity of a radicactive substance. A
pleccurts s ona-millionth-millionth of o curie.
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concentration of resuspended Ra=226, bascd on a resuspension factor of 5 x 1677

per meter, would be about 1 x 10'16 microcuries per cubic centimeters of air. lor
comparison, the Nuclear Kepulatory Commission's guideline level tor continuous
exposure of the general public is 2 x 107 !% nicrocuries per cubic ceutimeter. The
estimated concentration of airborne Ra=22€ is almost a factor of 20,000 Less than
the guidance level and would therefore nol result fn a sigonificant inereass in

radiation exposure ro individuals on this propertty.

Exposure From Inhalation of Radoa in Air

The deposits of radium bearing residues in soil may be indirect sources of
radiation exposure on site. As shown in Table D-1, Ra-226 changes to Rn-222 as a
result of radiocactive decay. Radon-222 is an inert gas which can emanate from the
ground and, with its daughter products, result in lung exposures. Radon levels in
the vicinity of the NKFSS are continuously monitered by Department of Energy
contractors. Sampling aear property N/N' South indicted an average radon
couceatlratlon of approximately 0.4 plcocuries per licer of air f{rowm January 1981
through June 1981*, The guideline for continuous exposure of the general public
is 3 picocuries per liter, For comparisen the average arca background level
in the Lewiston arca during 1979 and 1980 was 0.23 picocuries per 1liter. This

source 1s not considered significant.

Cther Exposure Considerations

Loose radisactive contamination can result in exposure through ingestion
{eating or drilnking) of contaminated foodstuffs, This site is not used for
ralsing crops and average radionuelice concentrations in the ground water at this
size are within the =rA drinking water limits. These pathways would not,

therefore, tesult in significanct exposures.
ESTIMATES OF HEALTH EFFECTS
The primary health eftect associated with radiation exposure is an Increased

risk of cancer. In general, the risk is assumed to ifuncrease as the total dose of

radiation increascs. Total dose 1is dependent not only on coxpesure tdte and

of Ghrie, fAepisw of Radon Monmitordng at bhe Niagara
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concentration levels on the propetty, but also on the nature and duration of the
exposure. In addition, a given incividual's ivncreased risk is dependent upon many
factors including the individual's age at onset of exposure, variabiity in latency
pericd (time between exposure and physical evidence of disease), the individual's
perscnal habits and state of health, previocus or concurrent exposure to other
hazacdous agents, and tne fudividual's faplly mwedical bistory, Because ol Chese
variables, large uncertainties would exist in any estimates of the number of
increased cancers in A relarively small exposed papulation such as might be rhe
sitvation on this site., Estimates of the increased risks have been calculated and

ate given in Table D-4. Assumptions made in performing these calculaticns are:

1. The levels reported iInm Table D=3 are representative of the conditions

and will not change during the year or from year to year.

2. Averge ecxposure levels in Table D-3 are representative of the averages

to which an individual working ovn the property might be exposed.

3. An individual would spend a working lifetrime, i.e. 40 hours per week, 50

weeks per year, for 43 years (age 20 to 65) on the site.

4. Background exposure rates to individuals while not on the property will

be 8 microroentgens per hour from external gamme radiation.

The risk estimates are based on the 1980 National Academy of Sciences report,
"The Effects on Populations of Exposure to Low Levels of Ionizing Radiation,” and
the 1977 report by the United States Scientific Committec on Hffects of Atowic
Radiation. The lifetime risk estimate used co calculate the values in Table D4
is 100 cancer deachs per million persons exposed per rem of radiacion exposure.
Tt is believed hy many radiation biclopists that with low dose rates such as those
encountered at this preoperty, the actual risks of cancer are much less than 100

per million persons per rem, zero uwot being excluded.

The Ra-226 and radon air concentrations estimated or measured for this
property are a small fraction of the guldance level and exposures aud rlsk from
these pathways would be negligible. In addition, exposures and risk from the

pathways of ingestion of qrops grown on contaminated solls and water contalning



radionuelides  from  the soil are also considered negligible, based on the
tow-levels and use of this property. Exposures and risk arve therefore limited to

one pathway — direct exposure to pamma radiation.

The ¢stimated increased risk due to cancer from exposure to the avorage
radlation levels on property N/N' South, for a workling lifetime i8 0.0336 per 100G
deaths. This can be compared with the average lifetime risks of cancer in Nlagara
County of 218 per 1000 deaths bosed on 1977 crude death rate statistice for this
same year. The average lifetime risks of cancer in the State of New York and the
United States are 216 per 1000 deachs and 203 per 1000 deaths, respectively. An
individual working under the assumed conditions will therefore be subject to an
increased risk of dying from cancer of .0036 percent or an increase in toral risk
from 21.8 to 21.8036 percent when compared to the average risk in Niagara County.
This may alse be expressed as a percent increase 1n overall risk of getting a

fatal cancer of 0.0165 percent - a negligible increase,

SUMMARY

In summatry, portions of MNiagara PFalls Storage Site off-site property
N/N' Seuth  are  contaminated with low-level residues coataining Cs—-137 and
naturally occurring radionuelides. The level of Ra=226 contamination in the
surface soil in some arcas of the property cxceeds the present criterion for
release of this property for unrestricted uge, Although under current conditlons
of property use this contaminatien fs capable of produeing =slight radiation
CKpOsSUres o persons on  the property, these exposures are well withlo the

scientifically based guidelines and risks to such persons are negligible.



TABLE D=1

URANZIUM DECAY SERIES

Parent

Half-Life

Major

Decay Products

Daughter

Uraniun=238

Thorium-234

Protactinium-234

Uranium=234
Thorium=230
Racium=226
Radon=222
Poluniun~-218
Lead-214
Bismuth=-214
Polonium=214
Lead—2.0
gismuth=21U
Polonium-21C

Lead=206

4.5 billion years

24 days

1.2 minutes
250,000 years
80,000 years
1,600 years
3.8 days

3 minutes

27 minutes

20 minutes
L0022 seconds
22 years

5 days

140 days

stable

alpha

beta, gammi
beta, gamma
alpha

alpha

alpha

alpha

alpha

beta, gamma
beta, gamma
alpha

beta

beta

alpha

none

Thorium=234

Protactinium—234

Uraniuwm—234%
Thorium=230
Radium=226
Radon=222
Polonium—218
Lead-214
Bismuth-214%
Polonium—214
Lead-210
Bismuth-210
Folonium=210
Lead-206

none




TABLLE -2

ACTINIUM

DECAY SEKRLES

Pureant Half-life Decay Products Daughter
Jranium=-235 710 million years alpha Thorium—231
Tnorium=—231 23.5 hours beta Protactinium—23]
Protactinium=231 32,000 years alpha Actinium=227

Actinium=227
Thorium-227
Radium~223
Radon~214%
Polonium=215
wcad=211
dismath~211

Thallium=207

2i.6 years
iB.2 daye
1.4 days

4.0 seconds
L0018 seconds
36.1 minutes
Z.15 minutes

4.79 minutes

beta, gamma
alpha
alpha
alpha
alpha
bota, gamwa
alpha

beta

Thorium=-227
Radium—223
Radon=219
Polonium—-215
Lead-211
Bismuth-211
Thallium-2347

Lead=207
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TABLE O-3

SIBMARY OF FRPOSHRE L FVFLS OM PROPERTY NANY SOUEH

LEWISTON, NEW YORR

Leveils on Site Guidetines for
txposure Source AvCrago Max imum Background Levels Suldelinos tfor Radlation
’ General #ucile wWarkers
Gamma Radiatlon from 12 pHAh? S5HEAMN a YR/ 0,5 ren™ per yrar far 5 rems per year
Cesium-137 and uranium Individual, equlvalent 1o
and actiriun decay 250 vR/h above natural
background fer 40 h/wk and
contlnuous exposurs,
Radionactides 12 1078 yoisee® e unknown 2w 10712 |01 ce for 5 x 107 cives
{Radium=226) in air continuous {168 hiwk) for 40 h/wh
exposUre exposure
ltacgn in air Gud plifl -~ .23 pliA 3 pCi/i 30 i/l for
{1979 & 1980 avg.} 40 hiwk expesLre
Radicnuckides 5.9 pCidl 13,9 pCLAY Appr, 0.6 plifl 15 pCi/il, ERPA Standard 400 plisl
{gross alpha tor Public Drinklng
concontration) Watar Systems
in Ground Water
Radicnuclides in
saf1:d
Radium-126 1.3 plifa 431 plifa Apor. 0.7 olifa EPA& Mill Talkincs nong
(Criteria is % pCi‘g
abovo background averaged
over 100 m2 ot surtace soil,!
Cesiurn=137 0,% plify 6.5 pCify Appr, 0,5 pCidy BO pllfg above backyrouad nane

{Crilteria developed by
Les Alamos sci, Lab, tor

cieanup at sltes contaminated
by flsslon product rosiduas.
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TABLE D=3, cont,

SUMMARY QF EXPOSURE LEWELS OW PROPERTY MAN' 30UTH
LEWISTON, MEW TORX

Lavels on Site _ Guidelines for

Exposure Source Average Maximum Background Levals Guldulines tor Radiatlon
Genaral Publlc rarkers
Vranium-2358 4.4 pCifg 125 plifg Aapr. 5.3 glifg 40 pCl/fg Interim Sail none
Limibs foe 5 & D Prujects,
LA=UR-79~1365-Rev,

AW, Healy, et al,

Yraniur-23% 0,5 pli/fg 2.1 pClsg Appr, 0,2 pCifg 30 pCi/g {U enriched in nona
U-233} NRC Branch
Tachnizal Popor
tFederal Reglster,
October 23, 1981}

The Roontgen (R} is a unit shlch was defined for radiation protection purposes for peocple exposed ta penetrating
gamma radiatlen, A microroentgen {pR} is one mlld{fonth of a Roantgen,
Jhe rem fs the unit of lenlzing radlation that produces the sama biological damaga In ran as an absorbed dose of

1 rventgen of high yolfuge s-roye A roentgen of gomma capesure be a aan is equivabont Fu wey s i,

© The microcur is (UCT) and pleocurie (pli) are wualts which are deflined for expressing the amount of radicactivity

present in a substance, 1 uCi = W7 Ci, 1 ¢Ci = ll}'l? Ci.

For sofl conssntraticns, only tho systomatically collected 3olls woro used in deternining the average lovel,



TASLE D-4

SUMMARY OF WOKKING LIFETIME RADIATION
LXPUSLRES AND ESTIMATES OF ASSOCIATED CANCER KISK
FOR PROPEKTY N/N' 30UTIE, LEWISTON, NEW YORK

Source horking Lifetime Dose Increased Risk
of Equivalent Correated Due to
Exposure for Background All Cancers
External gamma 0.36 rems U.036 per 10008
radiation
Inhalation of resuspended negligible 0
particuiates
Inhalation of radon negligihle 0
Ingestion of food and negligible 0

water contaminated by
radipactive materials
oa—sity

TGTAL 0.36 rems 0.036 per 1060P

2 Using the risk cocfficient of 100 cancer deaths/10° person rem. This is
approximately a mean value from BEIK-TII (1980) and UNSCEAR (1977).

b The average liferime risk of death due to cancer in the United States is
203 per LOUUU (ZU.3 percent}; in Nlagara County the average lifetime visk is
218 per 1000 (21.8 percent)}.
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