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COMPREHENSYVE RADIOLOGICAL SURVEY

OFF-8ITE PROPERTY Q
NIAGARA FALLS STORAGE SLTE
LEWISTON, Niw YORK

INTRODUCTLION

Beginning in 1944, the Manhattan Enginecr Distriet and its successor,
the Atomic rnerpy Commission (AEC), used portipas of kbhc Lake Ontario
OUrdnance Works, presently referred to as the Niagata Falls Storage Site
(NFES) and off-site proporties, approximately 3 km northcast of Lewiston,
New York, for storage of radicactive wastes. These wastes were primarily
residucs [rom uranivm processing operations; however, they also Lncluded:
contamwinated rubble and scrap from decommissioning activitics, biclogilenl
atd miscellaneous wastes Zrom the University of BRochester, and lew-level
fission-product wastc from contaminated-liquid evaporators at the Knolls
Atomic Power Laboratory (KAPL), Receipt of radiocactive waste was
disconrinucd in 1954, and, following cleanup activitics by Hooker Chemical
Co., 525 hectares cf the original éGl2-hestare site were declareg surplus.
This preperty was evenlually sold by the General Services Administration to

variocus private, commereial, and governmental agencics.

The Town of Lewiston is the current owner of & tract identificd 2c
of[-site property @ {see Figurc 1). A radielezical survey of that trace,

conducted in October and November 1982, is the subjeet of this report.
SITE DESCRIPTION

Figure 2 is a plan view of property Q. The property 1s penerally
L~shaped and occcupies approximatelv 36 hectares, It is boundec on the
soutt and west by Swonn Road and Hareld Road, respectively. The northern
boundary is a fence divicding Town of Lewiston property and that owned by
the peparcnent of Labor. Soull Patrol Reoad fourws tle northeast buvuawdury aof
the property. The remainder of the eastern boundary is not marked by any
existing landmzarks. Several recently constructed buildings occupy the

extreme gouthern cnd of the property. A large wetal structure serves as



the Highway Vehicle Maintenance Garage and oflLcos veewpy an adjacent small
brick huilding. salt, sand, and gravel for road maintenance and various
piceces of heavy equipment and materials are stored in a fenced yard behind
the buildings. No additional structures are on the site; Lhe {oundations
0ol a warehouse remain along ar abandonded railroad track, which traverscs
the property 1z a north-south directioa, There arc seversl rcads on the
site; however, they are not in routine use and access to them is blecked by
fences or piles of earth, The northern portion of the property has been
used by the Town of Lewiston as & sanitary land£ill. There are numerous
Files of construction scrap and rubbish on the central portion of property.
A nunber of drainage ditches criss—cross the property. Some areas of the

site are wouded or overgrown with dense brush ond tall weeds.

Badinlogienl Hictory

Although there is no history of burials or processing of radioactive
wastes on property @, wuranlum metsl was ideutified in  soll  samples
previously collccted from the site.<>3  Three warchouscs were located on
this property during AEC/MED operations; they have since been demulished or
destroyed by fire, There is no indication that these buildings were used
for radicactive waste storage. la previous surveys, areas aloag the
railroad tracks cxhibited gammz activities above 20 1R/h, possibly due ¢
vaLural radioactivity in cthe track bed,! Several other arcas that
underwent decontamination efforts in 1972 had exposure levels up to

50 .R/h.1
SURVEY PROCEDURES

The comprehensive survey of NFSS off-sitec property Q was performed by
the Radiological Site Assessment Program of (Cak Ridge Associated
Universitics (ORAU)Y, during the period of Dctober ll-November 3, 1982, The
suUrvey was in accordance with a plarn dated September 27, 1982, approved by
the Department of Energy”s Office of Cperational Safety. The chjective and

procedures from that plan are presented in this section.

[



Objective

The objective of the survey was to provide z comprehensive assessment

ol the radiological conditions and asscciated potential health effects, -if

any, on property . Kadiological informatien collected included:

I.

4

Procodures

L.

~a
-

direct radiation exposurc rates and surface beta-pamma dose
rates,

locations of elevated surface residucs,

concentrations of radioouclides in surface and subsurface soil,
and

concentrations of radionuclides in surface and ground water.

Site Proparation

A Brush and weeds were cleared as needed to provide access for
gridding and surveying. This cperation was perfermed under

subcontract by Modern Disposal Co., Hodel City, KY.

be 4 20 r grid system was established by Mclntosh and McIntosh
of Lockpore, NY, under subooubract. This ygrid system s
shown on Figures 3 and 4. Some small arcas and grid line
interseerions were inoccessible due to the presence of

debris, heavy equipment, and large piles of sand ané pgravel.
1 b 3 ®e p ¥

Gamma exposure rate measurcments were made at the surface and at
l = above the surface at each accessible intersection of prid
lines. Measurements were performed using portable gawma Nal (T1)
scintillation survey mcters. Conversion of these measurcments Lo
exposure ratec In microroentgens per hour (sR/h)  was  in
accordance with cross calibration with a pressurizec Zonization

chamber,



3.

Beta-yaomna dose rate measurements were performed 1 cm above the
surface at eaeh accessible prid line intersection, The se
measurements were conducted using thin-window (7 mg/ems) (=M
detectors and portable scaler/ratemeters, Measurements were also
ootaingd with the detector shielded to evaluate contributions of
non=-penetrating bera and low-encrgy pamma radiations. Metey
readings were cenverted to dose=rate in wmiecrorads per hour
(yrad/h) based on cross calibration with a thin-window ipnization

chambcr using soil samples from the property.

Surface (0~15 em) soil samples of approximztely 1 kg each were
collected at every other aecessible grid line Intersection. In
the yard behind the maintenance garage, surface soil samples were

colleeted at cach accessible gric line intersection.

Walkover surface scans werce conducted at 5-10 m intervals over
all  accessible  areas of the property, Portable gamma
scintillation survey meters were used for these scans, Locations

of elevated contact radiation levels were noted.

At 22 of the locatioms of clevated surface radiation leovels,
surface gamma exposure rates, and beta-pamma dosc rates at 1 cm
above the surtace were measured. Surface soll samples were
obtained from these loecatiens and, following sampling, the
surface exposure levels werc rtemeacured to evaluate  thwe
cffectiveness of shallow sampling on removal of the radiatioo
source. Locations whore these acdirional  messursments  and

souples were obtained are indiecated on Figures 3 and 4.

Detecction Sclences Group of Carlisle, MA, vperformed ground
penetrating radar surveys at locations of preposed subsurfiace
investigations, The purposc of thesc radar scans was to identify
the presence of underground piping cr utilities which would

preclude  borehole drilling, Greouns radar scans were also



(j.

10.

conducted in the vicinity of the warchouse foundation, where
elevated  direct vadiation levels were noted to  identily
subsurface objects or apomalies which wight be indicative of

buried materials,

Boreholes were drilled te provide a mechanism Zor logying
subsurface direcet rvadiation profiles and eolleeting subgurface
801l and water samples, Fourteen boreholes to ground water depth
(2~6 m) and tweive shallower (0.5~1.5 m deep) boreholes wore
drilled by Site Engineers, Inc., of Voorhees, XJ, usinp a truck
mounted 20 em diameter hollow-ster auper. The shallow boreholes
were primarily at locations where direct roadistion measurments
and ground penetrating radar had indicated possible residues.

The locations of thesc boreholes are shown on Figures 5 and 6.

The burcvholes were gamma scaiued over their eocire length for tho
pregence of subsurface rosidues. Radiation profiles ip the
borebntes were determined by measurements of pawma radiation at
30-30 cm intervals between the surface and ground water (deeg
holes) cr the hole bottom {(shallew holes) and at locations of
elevated readings Identified by the borehole scan, A collimated
gamma scintillation detector and pertadle scaler were used for

these measurement s,

Ground water samples of appreximetely 3.5 liters each were
collected ZIrom deep borehelcs, as available. Collection was
performed using a hanc bailer. 501l samples of approximately
I kg each were collected from various depth:t in the holes by
serapiny the sides of the borghole with a specially constructed

sampling teol.

Surtface water samples of 3.5 liters were cellected at throe

locations frem on-site ditcbes (Figure 7).

A walkover gamma scintillatien scan and five direct beta-pamma
an¢ alpha weasurcments were performed in the metal maintenance

garage on the sroperty (see Figure 8).

5



11. Twenty soil sampiles and aeven water samples were ccllected from
the Lewisten arec (but not on NFSS5 or oassociated off=-site
properties) rto provide baseline concentrations of radionuclides
for comparison purposes. Direct background radiation levels woere
measurcd at locations where baselire soil samples were colleocted.
The locations of the »aseline samples and background measurements

are shown on Figure 9.

Sample Analyses and Interpretation of Results

Soil and sediment samples were analyzed by pamma  spectrometry.
Radiwr—226 was the wmajor radicnuclide wof concern, although spectra were

reviewed for Cs~137, U-235, U-238, and other pamma emitters.

Watcr samples were analyzed for gross alpha and beta concenktrations.
Radium—226 analysis was perforwed on water samples exceeding the EPA
drinking water standards for gross alpha activity. Additional information

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

Results of this survey were compared to applicable guidelines Ffor
formerly utilized radicactive materials handling sites as presented in
Appandix B.

RESULT

Background Levels and Baseline Concentratigns

Background exposure rates and baseline radionuclide concentrations in
s0il, deterwmined for 20 locations (Figure 9) in the vicinity of the Niagara
Falls Storage Site, are presented in Table 1-A. Exposure rates ranged Irom
6.8 to 8.8 .R/h (rypical levels for this area of New York). Concentrations
of radionuelides in seil were: Ra-226, <0.09% to 1.22 pCi/p (picocuries
per gram); U-235, <0.14 to 0.46 pCi/g; U-238, <2.20 to 6.26 pCi/g; Th-232,




<0.32 to 1.18 pCi/y; and €s-137, <0.02 to 1.05 pCi/g. These concentrations
are typieal of the radioouclide levels vnormally encouwntered in suriace

5011.

Radienetavity levels o baselire water sawples are presented in
Table 1-B. The gross alpha and gross beta concentratlon ranged from 0.55
to 1.87 pCi/l (picocuries per liter) and <C.63 to 14.3 pCi/l, respectively.

These arec typleal of concentrations normally occurring in surface waler.

Direcc Radiatilon Levels

Diveet vradiation levels, systematically measured ¢t grid line
intersections, are presented in Table Z. The gamma exposure rates at 1 =
above the surtoce ranged from 5.4 to 22 pR/h (averape 11). At surlface
contact the exposure rates ranged from 4.7 te 22 uR/h (average 11).
Beta-pamma dose rates at 1 em above the surface ranged from 15 toe 75 prad/h
(average 44). Measurements performed with the detector shielded averaged
approximarcly 20% less than those with the unshielded detector. Thiz:
indicates only a small portion of the surface dose rate is due tc

nonpenctrating beta or low-energy photon radiations.

The walkever survey identified one area of general surface
contaminstion between grid limes 7693, 8095 and i68E, 173E in fromt »f an
old warehouse foundation, Exposure rates in contact with this area ranged
up to 130 uwR/hL, Several swmaller areas with elevated surface radiatiom
levels were also located on property @ and are indicated on Figures 10 and
11. <Coutact exposure Iates ranged up te 280 pR/L In these arvas. Direct
contact radiation levels at the 22 locations selected for further
iavestigation ranged from 22 te 280 uR/h (age Table 3). Contact beta-gamma

dose tates ranged from 89 to 1036 yrad/h.

At most locations, coiatact gxposure rates were not reduced by seil
sampling; expesurc rates actually increased following sampling at many of
the locatioms, The coxatzet cxposure rate after sampling at 7965,17CE

(Location 5 Figure 3) was 430 pR/h; this was the highest gammz level



meacured on this property. These results indicate that the contamination
cxtends greater than 15 cm below the surface and/or is diffused rather than

in discrete particles.

Radignuclide Concentrations in Surface Soil

Tables 4 and 5 list the concentrations of radionuclides measured in
surface seil frem the grid line intersections and from selected locations
of elevated radiation levels on property ¢. The szawples from grie line
intersections (Table 4) contained Ra=226 coucentrations ranging from <0.13
toe 8.27 pCi/g. The highest level was in saople 322 from grid loeatien
8605, 280E. Other samples had Ra—220 councentiatlows in Lhe same Tange as
baseline levels, Concentrations of U-235, U-238, and Cs5-137 were not

sipgnificantly different from those in baseline sRamples.

Eiphteen of the twenty—two soil samples, ¢ollected from locations of
clevated <ontact radiation levels (refer to Table 5), containcd Ra-226
concentrations above those in baseline sampies. The highest Ra-2256
concentration (1020 pCifg) was in sample B20 {(gria peint 10873, 217E).
This location is along the abandoned railroad track, Radium—226
concentrations of  samples (B3~B7) collected within the penerally
contaminated area near the old warchouse foundation ranged from 1.44 to
51.9 pCifg.  Sawples BS aud BV frum this arva contsioed the highest U-238
concentrations of 36.6 and 22.1 pCi/g respectively. Twe samples, BLQ and
317, had Th-232 levels of 13.0 and 8.71 pli/g. Cesium—-137 concentrations
were slightly elevated in mest of these samples; the maxioum level of

7.11 pCi/y was noted in sample B19 (grid point 11075, 216E).

Ground Ponetrating Radar Findings

The subcontracter”s report, summarizing the ground penetrating radar
survey results for property @, is¢ provided as Appendix C. (This report
also includes the findings on property K/N™ South, since the two preopertics
were surveyed simultaneously.} In the arez between 7605 arnd 8408 and 160L
ana l8CE, vadar signatures indicative of non-ionic liquids were present.

These anomalics are most likely due to the presence of petrolewn solvent or



olls rthat do not readily disperse in the ground. There is no evicence ol
buried residues in this area. Pipes and other subsurface interferences
were detected at several locctions, necessitating slight relecations of

boreholes,

borehole Gammo-Lopping Megsurements

The results of gamma scintillation mezsurements performed in borcholes
indicated that contamination is confined to the upper 25-50 cm of soil. As
evidenced by soil sawple analyses, the gamma count rates determined by the
berehole measurements werc reliable indicators of elevated subsurface
radionuclide levels. However, the gamma legging data were not useful in
quantifying the radionuclide concentrations in the subsurface seil, because
¢ the wvarying ratics of Ra-226, U-138, and Cs-137 occurring in soils from

this site,

Radionuclide Coacentrations in Subsurface Soil

Table 6 presents the radionuclide concentrations measured in soll
samples from boreholes. The locations of the fourteen boreholes (H1-H1&),
selected to provide a reprosentative coverage of the property, had
subsurface radionuclide concentrations either in the range of baseline

samples or less than the minimum detectable activity (MDA),

Boreholes H15-H24 were at locations wherce the walkover scan survey had
identificd prebable surface contzmination. Gamma radiztien logging did not
identify rthe presence of significant subsurface vresidues. Only one
subsurface sample, from the 1.0 m depth zn borehele H23, had an clevated
Ra=~225 ceoumecentration (2.25 pCi/g). None of the subsurface smmples
contzingd elevated coneentrations of U-238, U-235, Cs~137, or other gamma

cmitting radionuelides,

Radipnuclide Concentrations in Water

The results of water sample analyses are presented im Table 7. It

siould be noted tha:z all water szmples contained high concentrations of



dissolved splids which resulted in residues, adversely attecting the
medsurement sensitivities and errors f[or the gross alpha and gross beta
pruvcedure. All surface water samples had ceoncentrations within the EPA
Interim Drinking Water Standards of 15 pCi/l gross alpha and 50 pCi/l gross

bota

Water was cobtained from twelve of the deep and two of the shallow
borcholes on this property, Samples WB, Wl5, and WLI7 had gress alpha
levels slightly above the EPA c¢rinking water criteria of 15 pCi/l. Ia cases
where gross alpha aciivity exceeds the 15 pCi/! limit, further analysis of
the water for radium content will determine compliance. These samples were
subsequently analyzed for Ra-226 and Ra=-228 and found to  have
concentrations of these radionuclides well below the EPA guidance level of

9 pCl/Ll wunblued Ra=226 aud Ru—=Z228,

Nitect Radiation levels Tnside the Maintenance Ruilding

Direct alpha and beta-gamma levels measured at [ive random locations
in the building are presented in Table &. All alpha levels were
<23 dpm/100 cm?, EBeta-gomma levels and the associated dose rates ranged

from 900-1400 dpm/100 en? and 25-39 urad/h, respectively.

The walkover survey did not deteect any aress of clevated gamma
exposure rates. Gamma exposure rates ranged from 4.4 to 6.0 .R/h
throughout the building. These results indicate that the buildipg surlacus
are not contaminated and no additional measurements were performed in that

Strdcturc,

Comparison ¢f Survey Results With Guideling

The guidelines applicable to c¢leanup of the off-site properties at
NFSS are presented in Appendix B. All exposure rates at i m above the
pround surface on property Q are less than 20 pR/h above the background
level, The average level of 11 uR/h is well below the 60 uR/h eriteria

estabiished by the Nuclear Regulatory Commission for open land areas.

1C



Surface s0il  samples collected at isolated locations of clevated
direct radiation tevels oxceed 5 pCifg of Ra-226. The contaminated
residucs are wainly in a 40 wox 5 mw strip between grid lines 7695, 3095,
168k, anrd 173F an area of approximately 200 a2 (Figure 12). The average
Ra~-236 soil concentration vased oz five asamples taken in the arca ia
16.3 pCi/y and excceds the 5 pGi/g criteria limit averaped over 100 mZ.
The average U-238 concentraticen of the five samples is 16.5 pCi/g. Another
area that stightly exceeds the 5 pCi/g criteris is located in the grassy
area in front of Ehe town of lLewiston maintenance garage, between grid
lincs 14605, 14558, and 9IE, 105E - an area of 70 It {Figure 13). The
average Ra—-226 so0il concentration, based on four samples takem in this zrea
is 7.63 pCifg. The other locations of Ra-226 surface soil contamination
ate isclated and the concentrations averaged over 100 m? would be delow the
3 pCi/g level. Nonc of the samples containcd other radionuclides exceeding

the cleanup criteria,

Borehole sanpling indicates subsurface soil concentrations are within
the applicable puidelines of 15 pCifp. Although ground-penetrating radar
identified several areas of subsurface anomalies, borehcle logpinp and
sampling it the vicinity of these aromalies did not identify cvidence of

buried contaminated residues.

Radionuelide concentrations in surface and subsurface water are within
the EPA Interim Drinking Water Standards. Surface contamination levels
within the Maintenance Garape are below the NRC puidelines for release for

.unrestricted usc.

Az evaluation of the potential health effects associated with
radiation levele and zwesidual econtamination on property § is presented in
Appencix D, This section compares these levels with background exposures
in the MNiappra, New York, area und the scientifically based guidelines

cstablished for the protection of radiation workers and the general public,

1i



SUMMARY

A comprehensive survey of off-site property Q at the Riagara Falls
Storage Site was conducted during October and MNeovewber 1982. The survey
inciuded surface radiation scans, measurements of direct radiation lovels,
and analyses of radionuclide concentrations in surface and subsurface soil
sawples and in surface and subsurface water sawples. Ground penetrating
radar was slso used to identify subsurface anomalies which might suggest

buried radioactive residucs,.

The resalts of the survey indicate isolated areas wf surlave soil
contamiration on the property, The major contaminant is Ra-226; although,
several areas of uranium and thorium contamination were noted. Subsurface
szmpling and measuremepts indicate that this contamination is limited to

the top 25-50 em of soil.

Soil concentrations exXceed the cleanup criteria in two areas on the
property. One area, between grid lincs 7695, 80985, and 163E, 173FK, could
be brought into compliance with the criteris by remeoval of approximately 50
to LUU m? soil. Only 20 to 35 m9 of soil would have to be removed to bring
the area in frent of the wmaintenance garage into compliance, Other
isolated areas of contamination cuuld e elwinated by removal of very small

ampunts of surface soil.

Although there are small isolated areas of contaminated residues on
pertions ¢f this property, the contaminants do not pose potential health
risks, There is no evidence that migration of the radiocactive materials iy

adversely affectirng adjacent properties or the ground watcr.
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TABLE -4

BACKGROUND EXPOSURE RATES
AND
RADIONUCLIDE COBCENTRATTIONS I BASELINE SOIL SANMPLES

tivn?
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<0.14 to Bu46 <3020 to £.26 032 to EoLE .02 L 123

4 hefer ro Figure 9.
Measured at 1 w above the surface.
C frrors are 2 based om countieg stetisties.



TABLE }-b

RADIONUCLIDE CONCENTRATIONS IN BASELINE WATER SAMPLES

-

Radionuclide Concentrations (pCi/l)

Location® Gross Alpha Gross Beta
Wi 0.95 + 0,93 b 4.79 + 1.15
W2 0.95 » 0.94 .17 + 1.31
W3 0.55 + 0.78 2,73 + 1.05
Wi 0.63 + 0.89 5.37 + 1.17
WS 0.73 £ 0.68 <0.64
W 1.87 + 1.84 14,3 + 2.4
w7 1.16 + 0.66 <0.63
Range 0.55 £+ 1.87 <0.63 + 14.3

2 Refer to

Figure 9.

b Errors are 20 based on counting

27
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TaBLi 2

LIRECT RADIATION LEVELS SYSTEMATICALLY
MEASURED AT GRID LINE INTERSECTIONS

- —

Gamma Exposurc Gamma Exposurc Beta~Gamma
Grid Kates at I m Above Rates at Dose Rales at
Location the Surfeace the Surface the Surface
{uR/E) (.R/RD {yradih)
3208, OF 10 10 28
3208, 20E 11 11 3l
3205, 40C 10 10 20
3208, 60k 10 10 29
3208, BOE 11 Il 32
53205, 1008 9.8 8.7 48
3205,]120E 11 11 42
2208, 140K 12 12 52
172046, 160E 13 13 2
2205,180E8 12 15 54
3205,200E 14 16 h7
3205,2208 13 15 45
J3205,240F 13 15 31
3205,260% 13 13 45
3205, 280C 14 15 55
3205,300E 13 15 66
3205,320F 13 12 38
3205,340E 11 11 35
3205,360F L1 i0 17
3205,380E 12 10 28
32085, 400E 11 I £3
3208,420F 11 11 34
3205,440E 11 11 35
3205, 460E 11 11 37
3205,480F 11 11 22
32035, 300C Il 11 6
3205,520E 11 11 31
3205,54CE 12 12 37
3209, 560F 12 12 51
3208,58CE W2 iz 31
3205,600F 21 11 45
3205,02CE 21 11 42
3205,640E il 12 31
3205,66CE 11 11 37
3306,680% 1. 12 35
3208,700% 1: 1z 43
5205,720% 11 11 26
3208,740F 11 11 37
3208,760E 11 11 31

3205,780E 10 11 29



TABLT 2, cont,

DIRECT RADIATION LEVELS SYSTEMATICALLY
MEASURED AT GRID LINE INTERSECTIONS

Garma Exposurc

Gamma Exposure

Bcta-Gamma

Grid Rates at 1 m Above Rates at Dose Rates at
Location the Surface the Surtace the Surtace
{4R/h) (wR/h) (1.rad/h)
3408, OQE 12 12 34
3408, Z0E 11 12 48
3408, 40F 11 12 25
3405, 60E 12 12 49
3405, 80E 11 12 49
3408, 100F 11 11 &2
3405,120E 11 11 iz
3408,140E 12 12 28
3405, 160E 12 12 25
3405,160FE 11 12 25
3408,2008 11 12 43
3405,220E 12 12 45
3405, 240F 13 13 %)
3408, 260F 12 12 48
3405,2B80E 12 12 28
3405,300E 1z 12 37
3408,320E 1z 12 ig
3405,340E 12 12 45
3405,360L 11 Il 26
3405, 380L 11 12 25
3408,400E 11 12 25
3405,420E 12 12 25
2408,4408 1z 12 28
3405, 460E 12 12 40
3405,480E 11 11 34
3408,500% 9.8 9.8 18
3405,520E 10 10 20
3405,540E8 11 11 14
3405,560E 11 »Z 42
3405,580E 11 12 34
3405,600E 11 12 20
34GS5,620E 11 11 37
3403,040% 12 12 35
3405,660L 11 11 38
3405,680L 12 12 40
3405,700E 11 11 325
3405,720E 11 11 23
3408,740E 11 11 29
3405,760E 10 1C 31
3408, 780K 10 16 g



TABLL 2, cont.

DIRECT RADIATION LEVELS SYSTEMATICALLY
MEASURED AT GRID LINE INTERSECTIONS

Gamma Fxposurc Gamma Exposure Beta—-Gumnma
Grad Rates at 1 = Abova Ratos at Doge Rates at
l.ocation the Surface the Surface the Surface
{(vR/n) (kR/h) {vrad/h)
36058, 0 12 12 46
3608, 20% 12 12 35
3605, 40 id 13 32
3605, 60% 1z 12 22
3605, 80z 22 12 28
605,100 11 11 29
3605,120F 11 12 a5
3608, 140% 11 11 34
3605,160L 12 1z 22
3605, 1808 11 11 28
i6085,200E 11 11 42
3605, 220E 12 12 22
36085, 240E 1z 12 29
3608, 260T 12 15 20
3605, 280 12 12 46
3505,300E 1z 13 43
3605,320F 11 11 31
3605,340E 11 11 43
1608, 3608 11 11 Lz
3608, 380E 12 iz 34
3605,400E 1l 12 31
3605,420E 11 12 6¢
3605,440F 12 12 4G
2603,460E 12 12 23
2605,480E 12 12 49
3605, 500K It 11 4%
J6085,520LF 12 12 23
3608, 540 11 12 55
3608, 560E 11 12 38
3605,580E 11 11 33
3608,600E 11 1z 38
3605,620F 11 11 34
3605, 640F 11 11 31
3605,660E 12 12 28
3605,680E 11 11 42
3605,700E 11 12 3z
3608,720E 11 12 46
3608, 740 11 11 46
3805, OE 10 10 35
3BOS, 20E 11 11 37



TABLY 2, cont.

DIRECT RADIATION LEVELS SYSTIMATICALLY
MEASURED AT GRID LINE INTERSECTIONS

Gauma Exposure Gorma Exposurc Bets-Gumma
Crid Rates at 1 m Above Rates at Dose Rates at
Location the Surface the Surface the Surfuce
(:R/h) (v 2/h) (;:Tad/h)
1805, 40T 11 12 35
3835, 6O0E 11 12 34
3R0&, 8OE 11 11 40
3805,100E 11 11 38
38G5,120E 12 12 30
3805, 140E 11 11 29
3808,160E 12 12 54
3808,180E 11 I1 35
3805, 20CE 2 12 46
3B05,220E5 13 10 a7
3808, 2403 12 12 3z
3805,260E 12 13 37
1808, 280F n 12 58
3805,300F 12 11 29
3808,320E 12 11 34
2808, 340E 11 11 26
3805,360E 10 1¢ 35
3805,380E 11 11 5
1805,400EC 11 11 38
3805,420E 11 12 17
3805, 440E 11 12 a7
3805, 4608 12 2 il
3ECE,480E 12 12 32
3808,500E 12 12 34
3808,520E 1z 12 ha4
3805, 540E 11 12 3z
3808, 360 11 12 4G
3808,580E 11 12 28
3808,600E 12 1z 38
3805,02CE 12 11 23
1805,640E 11 11 33
3805,66CE 11 11 37
3808,68CE 11 11 46
3808,700E 8.7 8.7 45
4008, 0= 10 B.7 28
4008, 20 11 11 37
4005, 40T 11 12 31
4008, 0T 12 12 46
4008, 80C 11 1z 28

4005, 100E 12 12 46



TARLE 2, cont.

DIRECT RADTATION LEVELS SYSTEMATICALLY
MEASURED AT GRID LINE INTERSECTIONS

Gamma Lxposure Gamma Exposurc Beta=-Gamma
Grid Rates al 1 m Above Rates at Vose Rates ot
Location the Surface the Surface the Surface
{(1R/h) (;.R/h) (~.rad/h)
4008,12CE 12 12 49
4008, 140E 11 11 46
4005,160% 12 12 37
4005,180% 12 12 42
4005,200% 11 12 37
40085, 220E 12 1z A2
4008, 240F 11 11 29
4005,260F 12 12 iz
6005, 280E 12 12 32
4005,300E 12 12 35
L005,320E 12 12 38
4008, 340E 11 11 40
£008, 360E 12 12 34
4008, 380E 12 12 18
4005, 400L 12 12 34
4008, 42Z0E 12 12 42
4008, 4408 11 12 29
AC05,460E 11 12 29
4008, 480E 12 11 46
40085, 500 12 12 38
4005, 520% 12 12 28
40C3, 540F 11 12 32
4005, 560E 11 11 37
4005, 580E 11 11 29
4005, 600k 12 12 40
4008,0620%E 10 10 a7
4005,640E 11 11 24
4005,660E 11 12 35
40085,680L 11 11 37
4208, OF 3.8 9.8 29
4208, Z0C 11 11 45
4208, 40E 11 11 46
4205, &0 11 1. 23
4205, 80E 11 10 45
4208, L00E 12 1z 31
4208,120E 11 11 46
4205,140E 12 12 43
4208, 1608 iz 12 54
4208,18CE 12 12 a7
4205, 200E 12 12 35
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TABLE Z, cont.

DTIRECT RADIAIION LEVELS SYSTEMATICALLY
MEASURKED AT GRID LINE INTERSECTIONS

Gamma Exposure Gamma Exposure Beta—-Gamma
Grid Rates at 1 w Above Rates at Dose Rates at
Lucution the Surface the Surface the Suriace
(ZR/R) (3.-R/'n) (;:rad/h)
4205,220E 12 12 4{)
4205,240E 11 11 34
4205,260E 11 12 43
4208, 280E 12 12 22
4205,300E 11 11 34
42058,320E Il 12 43
4205,340F 1z 12 18
4208, 360F 11 i2 35
4208,380F 11 12 45
420%,400E 1l 12 28
4208,420E 12 12 45
4205, 440 12 12 48
4205,460E 12 12 31
4205, 4808 11 11 34
4205, 500 11 11 Z1
42085, 5208 11 12 43
4208, 54081 12 1z 43
4205, 560E 11 11 32
4205,58CE 11 11 31
4208,600E 1l 11 9
4205,6208 11 11 32
4205,640E 11 11 25
4405, O0F 9.5 5.7 28
4405, 20E 11 12 46
4408, 40E 11 12 35
4405, 60E Il 11 46
4405, BOE 11 11 38
4408,100E 11 11 41
4408, 120E 11 11 35
4405, 140E 12 12 34
44085, 160F 12 12 42
4405,180E 12 1z 34
4405,200F 12 12 37
4408,220E 12 1z 45
4405, 240 12 12 45
4405,260F 11 Il 42
4405, 280F 11 11 43
4408,300E 1] 11 46
4405,320E 12 12 37
4408, 340F 11 12 ig
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TARBLE 2, cont,

DIRECT BKADIATION LEVELS SYSTEMATICALLY
MEASURED AT GRID LINE INTERSECTIONS

Gamma Exposurc Gawma Exposure Beota-Camma
Grid dates at 1 m Above Rates at Dose Rates at
Location the Surface the Surface the Surfoce
(:R/h) (i:R/h) {u:rad/h)
4405, 360F 11 12 45
4405,380C 11 11 40
h408, AQOE 12 12 45
L4QS,420F 12 12 iz
4405, 440F 11 11 34
4405, 460E I1 11 45
4405, 4808 11 11 29
4465, 500E 11 11 43
443%,520E 11 11 28
4435, 5408 11 12 3z
4405, 560 12 1z 25
4405,580F 11 Il 34
44Q5,600% 9.8 8.0 37
4408, 620F 11 11 46
4605, OQE 10 9.8 35
4605, 20F 11 12 43
44035, 40E 11 11 49
460%, 60E 11 11 32
4605, 80K 11 11 42
4605,100F 11 11 58
4605,120E 11 11 34
4605,140% 12 12 51
46GS5,160F 1z 12 3l
4605, 180C 11 11 31
4608,200E 11 12 31
4608,220L 12 iz 40
4605, 240F 11 i1 37
4608, 260E 12 13 25
4605, 280 11 il 34
4608, 300E 10 i1 34
4605,320E 11 12 35
46Q05,340F 12 12 35
4605, 360F 11 12 17
4605,380LC 11 12 31
4605,400C8 11 12 29
4608,420E 11 12 31
4608, 4405 11 12 31
4608,460FE 11 11 38
4605,480E 12 12 40

4605, 500L 11 11 42



TABLYE 2, cont.

DIRECT RADIATION LEVELE SYSTEMATICALLY
MEASURED AT GRID LINE INTERSECTIONS

Gamma Exposure Camma Exposure Beta=Gamma
Grid Rates at 1 m Above Rates at Dose Rates at
Location the Surface the Surtace the Surface
(.R/h) (:R/h) (. rad/h)
4605,5208 1] 11 38
4608,540F 10 11 40
4605,560F L1 11 i2
4808, OB 10 3.7 45
4305, ZOE 11 11 35
4805, 4OE 11 12 37
4808, 60E 11 11 42
4808, BCE 12 12 29
4605, 10CE 11 11 23
430%,120E id i1 48
4805, 1408 L. 11 31
4805, 160F 12 12 40
45085, L80E 1z 12 38
4805, 200F 12 12 38
4805,220T 13 13 3l
48085, 240T i1 12 it
4808, 2608 I3 11 52
4808, 2808 11 i1 37
4305, 300K 11 11 45
4805,320E 11 12 3l
4808,340E 11 i1 35
4805,360F 12 12 28
4808,380E 11 11 25
4808, 400K 11 12 38
4805,420F 11 11 45
4808, 440E 11 11 43
4805, 460F 11 11 29
4805, 480E 10 10 20
4805, 500 11 11 43
48G5,520E 11 11 26
5005, OE 9.8 9.3 23
5005, 20E 11 11 45
3008, 40T 11 i1 18
5008, BOE 11 11 38
3008, BOE 12 12 32
3008,1008 11 11 40
3005,120E 11 il 35
5005, 140E 12 iz 14
5008, 160E 11 iz 26
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TABLE 2, cont.

DIRECT RADIATION LEVELS SYSTEMATICALLY
MEASURED AT GRID LINE INTERSECTIONS

Gamnma EXposure Gamma Lxposure Bcta-Gamma
firid Rates at 1 m Above Ratez ar Nosn Rates
Location the Surface the Surface the Surface
(nR/R) (:R/h) (i.rad/h)
2008,180= 11 12 3g
5005, 200z 11 11 45
5008, 2208 1z 12 46
5008, 240F 12 11 18
5003, 260E 10 11 e
5004, 280E 11 11 a7
5008,300F 11 11 48
5008%,320E8 12 12 3z
5005, 340E 11 11 26
5008, 360F 12 12 46
50085, 380F 12 12 23
5008, 400F 12 12 34
500%, 4208 11 11 34
50085, 4408 11 11 34
5008, 460E 11 11 25
4008, 480E 11 Il 47
5208, CE 5.7 8.4 Vi
5205, 20F 1 11 45
5208, 40% 11 11 46
5208, 60F 11 11 28
5208, 80C 11 11 31
3205, 100E 11 11 43
5208,120E 11 12 51
52058, 140F 11 1l 40
5208, 160E 11 13 4%
53208,180E 11 11 35
5208,200F 12 13 42
5205,220E 13 13 48
5205, 240 11 L2 45
5208, 260F 11 11 35
53208, 260E 11 12 46
5203, 300kE 22 22 40
5205,320E 12 12 37
2208,340% 11 12 28
5208,360L 12 12 44
5208,38GE 11 12 L5
5208, 400E 11 11 28
5205,420% w1 10 5
52085,4408 11 11 45

5208,460C 1z 12 45
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DIRECT RADIATION LEVELS SYSTEMATICALLY
MEASURED AT GRID LINE INTERSECTIONS

TABLE 2, cont.

Gamma Exposure

Gamia Exposurc

Beta—-Gamma

Grid Rates at 1 m Above Rates at Dose Rates at
Location the Surfacc the Surfaece the Surface
(:R/h) (r%/h) (Lrad/n)
5405, 0E 9.5 5.4 32
5405, 20K 11 12 34
5408, 40F 11 11 37
5408, 60F 11 11 38
5405, 80E 10 10 31
5408, 100C 1l 11 28
5408,120E 11 11 38
5405,140F 11 11 26
5408, 1R0% 11 12 3z
3405,180% 11 12 49
5408, 200% 12 11 33
5405,220E 12 12 42
5405, 240% 1] 11 45
5405,260E 11 11 34
5403, 280F 11 11 45
5405, 300E 11 12 30
5408,320F 12 12 a5
5405, 340k 11 11 26
540%,360E 11 11 34
5408,380F 11 12 26
5405, 400E 11 11 23
5405, 420% 11 11 32
5408, 4405 10 9.8 25
5405,460% 10 11 42
5608, QT 9.8 9.5 3z
5605, 202 11 11 32
5608, 40QE 11 2 48
5605, 60C 10 10 as
3605, 80E 11 10 37
5605, 100E 11 11l 29
5605, 120E 10 11 z
5608, 14CE 11 11 45
5608,160E 11 12 46
5605, 180E 11 11 37
5605, 200K 16 10 24
5605,2208 12 14 42
5608, 240K 11 11 34
5608, 260 11 i 45
5608, 2B0L 11 1l 42

3



TABLE 2, cont.

DIRECT RADIATION LEVELS SYSTEMATICALLY
MEASURED AT GRID LINE INTERSECTIONS

Gamma EXposure Gamma EBxposure Beta—Gamms
Crid Rates at 1 m Ahave BEates at Dose Rates at
ocation the Surface the Surface the Surface
(4R/P) {uR/N) {sirad/h)
3608,300E 11 12 35
5605,320% 11 11 49
560s, 340K 11 11 52
5608,360L 12 12 46
5608,380F 11 11 35
5608, 400E 11 11 45
5605,420F 11 11 26
5808, CE 0.8 BR.7 75
5805, 2(CE 11 11 49
5E0S, 40 0 11 Ih
5805, 607 2 12 22
4805, BOL 11 12 40
5805,100E 1l 11 28
5805,120E 11 11 31
5B0OS, 140E 11 11 37
3805, 160E 11 12 48
%808, 180E 11 11 45
5805, 200E 11 11 3z
580S,220F 14 13 34
5808, 240F 11 1z 40
5808, 260E 11 11 43
5605, 2805 11 12 40
3605,3001 11 12 26
5808,320E 11 11 34
6008, ©DE g.C 8.7 31
6005, 20E 10 11 28
6008, 40F 11 11 38
6005, &0E 1C 11 iz
6005, BOE 11 11 38
6005, 100E 11 11 28
6£005,120E 1z 11 3z
6005, L40E 11 11 42
6008,160F 11 12 37
6003,18CE 21 Il 34
6005, 2002 pA 1 45
6005,220% i3 12 34
AO0S, 2408 1 12 32
6005, 2608 1. 11 37
6008,2805 11 12 34

R



TABLE 2, cont.

DIRECT RADIATION LEVELS SYSTEMATICALLY
MEASURED AT GRID LINE INTERSECTIONS

Carmma Exposure Gamma Exposure Boeta=-Gamria
Grid Rates at 1 m Above Rates at Dose Rates at
Location the Surtace the Surface the Surface
(1&/h) (; R/h)} (p:rad/h)
6008, 3008 11 12 40
6008,3208 11 11 92
6205, AQE 9.8 8.7 31
62058, 20E 11 11 25
6208, 4QE 11 11 22
6235, 60E 11 11 2
6205, B0E 11 11 iz
6205,100E 11 11 26
&2043,1200 11 11 3s
6208, 140E 12 12 28
5205, 1B0E 12 12 38
6205, 200F 17 17 31
6205,220E 14 13 45
6205, 240FE 11 11 51
§208,260E 11 11 34
6205,280%8 11 11 43
£205,300E 12 12 49
6205,320F 12 12 42
6405, (E 10 10 32
6405, 20 10 11 28
6408, ACE 11 11 3l
6405, 60E 11 11 37
6405, 8CE 11 11 45
6405, 100E i1 11 29
6405,120E 11 12 34
6405, 140E 11 11 37
6405,16CE 12 11 z8
6405, 1308 L1 11 34
6405, 200E 12 12 32
6408,220E 12 12 37
6408,2408 11 11 31
64035, 26GE 11 11 42
6405,280% 11 11 38
6405,300E 12 12 48
6405,320E 12 12 40
6605, OQE 10 11 42
6605, 20® 10 10 46
6605, 40E 11 11 31
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TABLE 2, cont.

DLIKLCE RADLIATION LEVELS SYSTEMATICALLY
MEASURERD AT GR1D LINE INTERSECTIONG

Gamma Exposure Ganma Exposure beta—Gumma
Grid Rates at 1 w Above kates at Dose itates at
Liocation the Surface the Surface the Surface
(.R/h) {uR/h) (y.rad/L)
6605, 60 10 11 34
6605, BOE 11 11 38
6605, LOOE 11 11 29
6605, 1 20E 11 11 35
6605, 140E 11 11 31
6605, 160F 11 12 49
6605,180E 11 12 40
6605,200E 12 12 32
AR(E, 22058 11 11 26
£605,240EF 11 11 29
6608,260E% 11 11 34
6608,280% 11 11 38
6605,300C 11 11 3k
6605,32CE 11 11 35
6805, CE 10 10 32
6805, 20E 11 11 29
6808, 4CE 11 11 35
805, 60 11 11 37
6305, 80E 11 11 39
6805, 100E 11 11 40
6805,120E 11 1l 40)
bols, 1 &0F 10 11 3z
68058,160E 11 11 37
6805, 180K 11 11 34
G805, 2000 11 11 17
6805, 220E 12 12 az
6805, 240E 12 12 37
6865, 260F 11 12 31
6805, 280 11 11 35
68058,300E 11 11 43
G805,320E 11 i1 24
7005, OE B.7 §.7 22
70058, 20E 11 11 28
f005, 40 11 10 25
7008, 6QE 11 11 35
7005, SQE 11 11 32
7005,100E 11 1l 38
7008,120E 11 11 3z

7008, 140F 11 11 40



PIRECT RADIATION LEVELS SYSTEMATICALLY
MEASURED AT GRID LINE INTERSECTIONS

Gamma [xposure

TABLE 2, cont,

Gamma Exposurc

Jcta-Gamma

Gric Rates at 1 m Above Rates at Dose Rates at
Lucation the Surface the Surface the Surlace
(uk/h) (;.R/h) {rrzd/h)
7008, 160E 11 11 34
7008, 18QE 11 11 31
7008, 200E 12 12 43
7005, 220F 13 13 2
7008,240F 12 12 42
7005, 26CE 12 iz 35
7005,280% 11 1l 29
7005,300= 11 11 32
7005,320% 11 11 28
7208, (QE 9.9 14 40}
7205, 20& 8.4 4.8 36
7208, 40L 10 11 32
7205, 60t 11 11 46
7208, 80L 11 11 37
7205,100F 1: 11 42
7208,120E 11 11 31
7205,140% 10 11 32
7205,160= 11 11 29
7208,1805 12 11 42
7205,200= 12 12 31
7208,220= 12 12 3z
7205, 2407 11 11 31
7208,260% 11 11 40
7205,280E 11 11 37
7208,300E 11 11 32
7208,320E 11 11 28
7405, OR 8.0 8.4 42
7405, 20F 11 11 29
7405, 40% 11 11 32
7405, 60 12 12 38
7408, 80T 13 13 49
7405,100% 13 13 42
7405,120% 13 15 43
7405,140% 11 12 35
7408,160%= L1 11 31
74058,1802 1: 11 35
7408, 200= 11 11 37
7405,220E 12z 12 48
7405, 240F 12 12 40



TARLLE 2, cont.

DIRECT RADIATION LEVELS SYSTEMATICALLY
MEASURED AT GRID LINE INVERSECTIONS

—— e - - ~— - -

Garma Exposure Gamna Exposure RBota-Gamma
CGrid Ruteos at 1 m Above Rates ot Dose Rates ot
Locatlion the Surface the Surface the Surface
{1.R/h) (R/ %) {(y:rad/h)
7408, 260 11 11 54
7408, 280E 11 11 51
7405,300L Il 11 28
7405,320E 11 1i 25
7605, QE 10 1L 31
7608, 20E 11 11 34
7605, 4GE 11 11 34
7608, GCE 11 11 34
76058, BOE 11 11 3l
7605,100= 11 11 32
7605,120% 1: 11l 28
7605, 1408 11 11 31
7605, 160E 11 11 35
7605, 180T 11 11 40
7608, 200K 12 12 46
7605,220E 12 13 42
7608, 240F 10 10 43
7608,260F 11 11 37
7605,280K 11 11 35
7605,3008 10 10 28
7605,320F 11 1l 31
7808, OE 1 11 8
7805, 20E 1a z 23
7805, 40T il 11 23
78085, 60F 10 12 42
7805, &0 11 11 54
7805,100% 11 11 37
7808,120E 11 12 33
7805, 14CE | 12 3z
76808,16CE -1 11 28
7808, 180% Ll 12 26
7805,200% 13 17 46
7808,220% 12 13 32
78085, 240% 11 11 &6
7805, 260E 11 1l 45
7805, 280F 11 12 35

7808, 300E, 12 11 37

L~
L



TABLE 2, cont.

DIRECT RADIATION LEVELS SYSTEMATICALLY
MEASURED AT GRID LINE INTERSECTIONS

Gamma Exposure Gamma Exposure Beta-CGamma
Grid Rates at 1 m Above Rates at Dose Rates at
Locaticn the Surface the Burface the Surface
{4R/%) (2R/h} (prad/h)
8005, OE 9.8 9.8 32
8005, 202 11 11 26
BOOS, 40E 11 11 34
8005, 60E 11 12 35
8005, 80E 11 11 35
8008, 1002 11 11 31
8008,120F 1: 1z 28
8005, 1408 11 11 34
8008, 160E 11 11 31
8005, 180F 12 11 32
8008, 200E 14 15 63
5008, 220F 14 15 23
B00S, 240E 11 12 42
B0OOS,260E i1 11 34
8005, 280E 10 11 3z
8005,300E 1] 12 46
8205, OE 10 11 32
8208, 20E 11 11 40
8208, 40E 11 11 35
8208, 60E i1 11 45
8205, BOE 11 11 35
8208,100E 11 11 38
8205,120E 11 11 34
8205,140% 11 1z 46
8208,160F 11 10 35
BZ05, 180K 11 i 23
8208, 200E 14 16 sl
B205, 220E 13 14 60
8205, 24CE 11 11 34
B208,260E 11 12 24
8205, 280k 11 12 54
8208, 3008 11 11 40
8405, JQE 9.8 10 26
8408, 20E 1] 11 29
8405, 40E 11 11 26
8405, 60F 11 11 34
B40S, BOE 11 11 26
8408, 100E 11 11 32

8405,120E 11 11 28

j oy
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TARLE 2, cont.

DIRECT RADIATION LEVELS SYSTEMATICALLY
MEASURED AT GRID LINE INTERSECTIONS

Garma Exposure Gamma Expeosure Beta-Gamma
Grad Rates at 1 m Above Ratea at Dose Ratce at
Location the Surface the Surface the Surface
(uR/h) (:R/h) (urad/h)
8408,140E 11 12 57
8408, 160E 11 11 4¢
8405,180E 11 11 42
84085,200E 15 16 31
3405,22CE 13 13 65
8405, 240 11 11 35
8408, 26CE 1 11 &5
8408,280F i1 11 42
B4OS, 300E 11 1t RS
8605, 0O 10 11 26
B60S5, 20E 11 11 43
8605, 40E 11 11 48
B605, 60K 11 11 38
8605, 80L 11 11 37
8605,100F i1 11 28
8605,1 2QE i1 11 34
86058, 140E 11 12 32
BEOS,lGOE 11 12 15
B60S, 180E 11 11 42
8605, 200E 11 10 18
5605, 220E 13 13 38
5608, 240E 11 12 51
8608, 260 11 11 56
2608, 280E 11 11 38
2605,300E it 11 1%
8808, OE 9.9 11 40
8805, 205 11 11 &3
8805, 40E 11 11 L8
880s, 60LC 1 Il 38
5808, B80T 1t 11 37
8808, L0OE 11 11 28
8808, 120E 11 11 3¢
8805,140E 11 12 32
8808,160E 11 12 15
8805, 18B0E 12 12 42
8808, 200E 11 11 18
8805, 220E 13 13 38
5805, 240 11 12 51

8808, 26 CE 11 11 57

s
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Crid
Location

8803, 280K
8808, 300E

900§, OC
900s, 20E
900¢, 4OE
900§, 6OE
960S, 8OF
900$, 100E
900s, 1 20E
9008, 140E
9005, 160K
%005, 1808
9005, 200E
9005, 220K
9005, 240E
9008, 260E
9005, 280K
9005, 300K

9208, O
9205, 20E
9205, 40FE
9208, GOE
9205, 80
9206,1008
9208, 1 20E
9208, L4CE
9208, 160F
4208, 180E
9205, 200F
9205, 22CE
9205, 240
9208, 260E
9205, 280E

9408, CE
9405, 20E
9405, 40X
9405, 60
9405, 8CE

TABLE 2, con:.

DIRECT RADIATION LEVELS SYSTEMATICALLY
MEASURED AT GRID LINE INTERSBECTIONS

Camma Exposure
Rates =t 1 m Above
the Surface

Gamaa INposSure

Rates nt

the Surface

Deto—-Gaomu

Dose Mates at
the Surface

{uR/b) (-R/R) {rrad/h)
11 11 38
11 11 26
11 11 38
11 11 32
11 12 45
11 11 22
11 11 A2
11 1. 27
11 11 28
11 12 32
11 11 28
11 1z 3t
11 11 &5
13 13 60
11 11 48
11 11 29
11 11 60
11 11 3L
11 11 4Li
11 11 21
I3l 10 23
11 11 34
11 11 40
11 12 46
11 11 28
11 11 35
11 11 4
11 11 25
11 i1 43
14 L4 34
11 11 KT
10 11 49
10 11 4l
10 11 29
11 11 43
11 11 51
11 11 35
1 11 15



TABLE 2, rout.

DIRECT RADIATION LEVELS SYSTEMATICALLY
MEASURED AT GRID LINE INTERSECTIONS

Gamma Exposure Gamma Exposure Bera—Gamma
Grid Rates at 1 m Above Rates at Dose Raltes at
Location the Surface the Surface the Surface
(#R/h) (uR/WD (urad/h)
9405, 100E 12 12 37
9405,120F 11 11 32
0405, 140F 11 11 46
8408, 160F 11 12 29
9408, 180E 11 12 38
3405, 200F 11 12 35
408, 2208 13 15 60
9405, 24QF 11 11 37
8408, 260F 12 12 45
5608, OCE 9.8 o.7 20
8605, 20E 11 11 48
9608, 40E 11 11 ns
9605, 60E 11 11 49
9605, BOE 11 12 48
9605,100E 11 11 35
0605,120E 11 11 29
9605, 140K 11 11 29
9605, 160E 11 11 28
Yous, LBUE 11 12 29
26085, 200E 11 11 31
9605, 220E 14 17 75
Y60%, 2408 11 11 45
8608, 260L 11 12 28
$B0S, OF 8.7 8.4 20
¢525, 20E 11 12 40
9808, 40E i1 12 35
9808, 60E 11 12 42
9838, BOE 11 12 23
2805, 100k 11 11 37
9805,120E 11 11 49
¢805,140FE 11 11 48
4805,160F 11 12 38
9805, 180E 12 12 62
9808, 200F 12 13 40
9805, 220E 12 13 46
10008, OF 8.7 5.0 28
10008, 20E 11 11 38

10008, 40E 11 11 43



TABLE 2, cont.

DIRECT RADIATIOR LEVELS SYSTEMATTCALLY
MEASURED AT GRID LINE INTERSECTIONS

Gamina LExposure Gamgea Exposure Beta—-Gamma
Grid Rates at 1 o Above Rates at Doge Rates at
Location the Surface the Surface the Surtfacc
(uR/h) (LR/h) (vrad/L)
10005, 60E 11 11 49
10008, &OE 11 11 37
1G005,100E 11 11 34
10005,120E i1 11 34
10003,140E 11 11 52
10005, 160E 11 il 22
10005, 180E 12 13 45
10005, 200E 11 11 37
L0305, OB Haf 5.0 a7
20208, 20% 1 12 KA
10205, 40E 11 11 48
10208, 60E 12 12 54
10208, 8CE 11 11 23
10205,100E i1 11 38
10205,120E 11 11 33
10205, 1405 11 12 15
10208, 160k 12 12 51
10205, 180E 11 11 37
10208, 200E 11 12 34
10408, QOF 9.8 8.0 38
10405, 20C 11 11 35
10405, &40C 10 11 3l
10405, 60E 11 11 29
10404, BOE 11 12 32
13405, 1008 11 11 37
10408, 1208 11 11 g
10405, 140F 2 12 32
10408, 160F 12 11 31
1C¢405,180E 11 11 49
10408, 200E i1 12 31
1G608, OF 2.9 8.7 31
10605, Z0E I0 11 52
16605, 40L 11 11 20
LC60S, 60 11 12 42
1C605, BOE 10 10 32
1C6Q5,100F 10 9.9 37
1C608,120E 11 12 38
10605, 140E 11 11 32
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TABLLE 2, cont.

DIRECT RACLIATION LITVELS SYSTEMATICALLY
MEASURED AT GRID LIKE INTERSECTIONS

Gamma Exposure Gamma Expeosure Beta—-Gamma
Crid Rates at 1 m Above Rates at Dose Rates at
lecation the 3urface thie Suzlace thie Surlace
(aR/MD {(uR/R) (.rad/h)
10608,160R 11 12 54
10605,180E 12 13 46
10605, 200E 12 11 42
10808, ©OE .2 .5 4%
10808, 20E 11 11 52
103058, 40E 11 11 42
10805, BOE 12 11 51
10808, 80 12 12 35
10808,100E 11 11 23
10808,120E 11 12 46
10808,140E 12 11 37
10805,160E 12 12 43
10808,180E 12 12 55
10805,200E 11 11 3g
11C08, OR 9.8 8.4 37
11005, 20K 10 0 48
11008, 40E 11 il 40
11005, 60 10 il 5%
110058, 80E 10 1 48
110058,100E 11 11 54
11008, 1708 11 11 AR
11005,140E 11 11 40
11005,160E 11 i2 48
11008,180E 11 12 38
11008, 200E 12 12 a2
112C5, OE 8.1 §.0 28
11205, Z0E 11 w2 3z
11205, 40E 11 11 45
11205, 60E 11 11 37
11208, 80 11 11 37
11205,100E 11 11 32
11205,120C 11 11 38
11208, L4DE 11 11 38
11208,160F 10 11 38
11205,180% 11 11 54
11205,200E 12 13 42



DIRECT RADIATION LEVELS SYSTEMATICALL Y
MEASURED AT GRTD LINE IKTERSECTIONS

TABLE 2,

cont.

Gomma Exposurc

Gamma Fxposure

Be ta~Gamma

Crid Rates at 1 m Abova Rates at Doeo Rates at
Location the Surface the Surface the Surface
(:R/D} (.R/1) {,.zad/h)
11405, 0K 8.4 8.4 31
11408, 202 11 11 14
11405, 405 i1 i1 23
11408, 60E I 11 37
11408, B0E 10 11 38
1140%,100E 11 11 31
11408, 1208 10 Il 23
11408, 140E 11 11 46
11405, 160 9.8 9.8 37
11408,180F 10 11 40
11605, OE 2.8 5.0 23
116¢s, 0L 11 11 35
11605, 40% 11 11 29
11605, 60E 11 11 43
11605, 80F 11 it 42
11608,100E 11 11 38
1160%,120E 1C 11 4B
11605,1408 10 10 40
11605, 160F 10 10 31
11605,180F 11 11 32
118%0S, OE 9.5 8.1 23
11808, 20 0 11 37
11808, 40= 11 11 31
11805, 60F 1. 11 Ah
11808, 80C 11 11 42
11808, 100 I1 11 35
11805,120E 11 11 34
11808, L40E 1z 12 43
11808,160E 10 16 26
1:005, UE 9.8 g.l 26
12008, 20F 12 12 45
12008, 40E 11 11 57
12005, 6QE 10 11 il
12005, BOL 11 11 34
12005,100E 9.9 9.9 L6
12008,120E 11 11 32
12005, 140E 11 11 35
12005, 160F 9.5 9.8 14



TARLE 2, cont.

DIRECT RADIATION LEVELS SYSTEMATICALLY
MEASURED AT GRID LINE INTERSECTIONS

Gemma Expeosure Gamma Exposure Beta-Gamma
Grid Rates at I m Above Ratcs at Dose HRates at
Location the surface the surface the surface
(uR/h) (pR/M) {: rad/h)
12208, OE 9.5 .5 38
12208, 20E 9.8 9.5 37
12208, 40E 9.8 9.8 29
12208, 60E il 11 LH
12208, 80E 10 11 37
12205,100k 10 10 3z
12205,120E 11 11 48
12205, 140E ] 10 28
12208,160% 8.4 7.0 38
12408, OE 9.9 B.4 25
12405, Z0E 5.8 10 35
12405, 40U il 11 29
1724058, 60F 10 1C 28
12408, B0E 10 11 49
12405,100E 1o 1C 31
12408,120E 1D 1¢ 40
12405,140FE 11 11 34
124C5,160E 10 10 46
12648, 0 i0 9.9 25
12608, 20E 11 10 &9
12608, 40E 11 11 35
126065, oQE 11 11 28
126Q&, 80CE G.d 6.7 28
126045, 160E 9.8 9.5 20
12608,12CE 10 11 53
12608, 140 11 12 69
12608,160= 1¢ 11 48
12608,180% 10 10 3B
12808, OF 2.7 B.& 29
12805, 20F 10 10 31
12808, 40F 11 10 37
12808, 60E 6.4 4.7 34
12808, BOE 5.7 5.4 29
128085,100E ——4a - —
12805, 120E 11 11 &0
12805,140E 11 i1z 43
12808, 160FE 11 11 51

12808,180E 12 12 57

5¢



TABLE 2, coat,

DIRECT RADIATION LEVELS SYSTEMATICALLY
MEASURED AT GRID LINE INTERSECTIONS

Gamma Exposurc Gamma Exposure Bota-Gamma
Gric Rates at 1 m Above Rares at Doze Rateg at
Location the Surface the Surface the Surface
(VWR/h) (uR/h) (vrad/h)
15005, OQE 9.5 5.1 35
‘13¢03, 20E 11 il 53
13008, 4Z0DE 11 10 40
13008, 60E 8.0 9.8 37
13008, EDOE 5.4 5.7 28
13005,100F ——i - -
13005,120F —a - -
13005,14CE -=a —_— _—
13008,160E 12 14 49
13005, 180 i? 13 58
13208, 0z 9.8 10 17
13208, 20Z 11 il 52
13208, 40E 10 11 638
13205, 60C 10 Lo 52
121208, 80E 6.0 5.4 37
13205,1008 —=2 - -
132058,120C -—i —_ -_
13208, 140% =il - -
13208,160E 12 13 54
12208, 1 8QE 12 13 62
13408, OE 9.8 9.8 32
12408, 20E 10 11 38
13405, 40E 10 1¢ 33
13408, GOE 9.9 1C 28
13408, B0L 6.0 6.0 26
13408, 100F -—il —— -—
13408,120%8 —=i —— -
13405, 140F ~—a -- ——
13405,160E 11 il 58
13408,180CF 11 13 59
13605, OE 8.0 8.0 22
13605, 2Z0E 10 11 46
13608, 40E i1 11 40
13608, 60F 10 11 34
13608, 80E 10 11 57
13608, 100E 10 11 45

13608,120E 11 11 49



TABLE 2, cont.

DIRECGT RAULATION LEVELS SYSTEMATLCALLY
MEASURED AT CRID LINE INTERSECTIONS

Gamma Exposurc Gamma Exposurc Betra-—-Gamna
Grid Rates at 1 m Above Rates at Tose Rates at
Location the Surface the Surface the Surface
G-R/h) (HR/h) (i.zad/h)
13608, 140K 10 9.9 34
13605, 160E 11 11 40
i3603,18B0E 12 12 34
13805, OE 9.8 3.8 26
1380%, 20F 11 11 42
13808, 4CE 10 11 63
13805, 60E 10 10 42
13808, 8CE 10 11 317
13805, 1CCE 12 12 66
13805,120E 10 11 31
13805,140%= 9.8 10 42
13805,160% 12 11 62
13808,1808 12 13 75
14008, OC g.8 8.0 28
14008, 20E 11 11 72
14005, 40F 9.8 9.5 3l
14005, 60E 10 11 57
14005, BOE 11 12 58
14008, 100E 9.8 10 45
1400%,120E 6.7 7.4 8
14008, L40E b/ 6.7 3l
14005, 160E 12 11 65
14005, 180E 11 11 48
14205, OF B.7 8.0 22
14205, 20E 8.0 10 48
14208, 40F 8.4 11 45
14208, 60E -=b - -
14208, B0E --b - -
14205,100E 7.4 g8.¢ 42
14208,120E 7.4 §.0 42
14265, 1408 €.0 6.7 kY
14205, 1608 12 13 £9
142G5,180% 11 12 57
14408, OE 8.7 B.4 11
14408, 20EB 10 11 40
14408, 40E 11 11 51
14405, 50E i0 12 63



TABLLE 2, cont,

DIRECT RADYATION LEVELS SYSTEMATICALLY
MEASURED AT GRID LINE INTERSECTIONS

Gamma Exposure Camma Exposure Beta-Ganma
Grid Rates at 1 o Above Rates at Dose Rates ot
Locatlion the Surface the Surface the Surface
(uR/h) (uR/k) (;.rad/:n)
14408, 8OE --b — —
14408,100E 9.8 9.5 37
14405, 120EF 6.7 6.0 15
14408, 140F 6.7 6.7 43
14438,160E 11 12 314
14405, 180E 11 11 48
14608, OQFE 8.0 8.7 32
14605, 20E 10 11 2
146G5, 40E 6.7 6.7 20
14608, 60F 1.4 7.4 55
1460%, BOL 6.7 7.4 55
14605, 100F 13 14 37
14605,120F 6.7 7.0 29
14608, 14CE 8.7 9.8 42
14608, 1608 12 10 45
14605, 180E 11 11 4h
14808, CE 8.C 8.0 34
14805, 20E 11 11 42
14808, 40E 11 11 52
14805, 6(CE 11 11 52
14805, BOE 12 12 55
14808,100= 2 2 35
1480E,] 20% 7.4 7.7 40
1480E, 140k 11 11 &0
14805, L60E 11 10 46
14805, 1 80F 11 10 45
15008, OF 8.0 8.4 23
15008, 20E 10 1C 38
15008, 40E 11 1C 62
153008, 60k 11 11 42
15005, BOE 12 11 52
15008, 100E 12 12 32
15008, 1 20E 8.5 2.7 25
15008, 140E 8.4 a.¢c 32
15005, 160k 11 10 55

15008, 180E 10 10 35



TABLE 2, cont,

DIRECT RADIATION LEVELS SYSTEMATIUALLY
MEASURED AT GRID LINE 1INTERSECTIONS

Gamma Exposure Gamma Lxposure Becta—Gamma
Grid Rates at 1 m Above Rates at Dgse Rates at
l.ocation the Surface the Surface the Surface
{(:R/h) LR/ k) (urad/n)
15208, OE B.L B.4 34
15205, 20E 7.k 7.0 28
15208, 40K 7.4 7.0 25
15208, 60OL 8.7 {7 2l
15203, BOE 8.C 7.h 26
15208,100E 8.7 B.4 49
15205,120%E 8.0 7o 42
15208, 140E 7.4 7.0 31
15206, 16CE L1 10 37
152035,180E 20 10 40

4 Moapuroments not taken due to prascence of gravel piles.
b Measurements not taken due to prescnce of the Maintenance Building,



TABLE 3

DIRECT RADIATION LEVELS AT SELECTED LOCATIONS
IDENTIFIEDR BY THE WALKOVER SURFACE 5CAN

Exposure Rzte (R/h) Suriuce So1l
Loeationd Crid Point at Contact - Doce Rate SumpleD
Before After {,.rad/h)
Sumpling Sampling
1 5148,300E 39 30 195 Bl
2 5005, 176E 28 30 131 22
3 /415,170 33 38 150 B3
& 7828,169E 79 200 282 B4
3 79685,170C 130 430 4990 13
& 7995,173E G4 200 554 e
7 809S,17 2E 67 120 244 17
& 12805,126E 200 410 618 38
9 12605,158E 170 3 808 19
1C 14605, G1E 55 120 07 B1O
11 14718, 97E 35 59 149 k11
1z 14583, 91K 45 94 167 BlZ
13 14555,105% 26 23 134 L1}
14 15065,111E 24 43 89 Bl4
15 14888,118E 22 41 112 El5
16 12398,138E 32 41 147 Llé
17 12335,137E 28 37 140 Bl7
13 11755,114F 39 28 182 B138
19 11075, 216E 160 280 571 B1G
20 10875,217E 280 43 1056 B20
1] 10548,209E 39 35 234 621
22 10625,216E 79 120 2188 BZ2

d Refer to Figures 3 and 4.

b 50i1 concentrarions arc presented in Iable 3.,

- ——
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TABLE 4

RADIONUCLIDE CUHCENTHATLONS LN SURFACE SOIL SANPLES
FROUM GRID LIME INTERSECTIONS

wle fin. kocation Ka-276 v 23 ’ o Cs-137

1 3738, TNL Q.95 + 0_214b <g.337 <15 dodh 4

H 3718, BOE 1.03 + 0,24 .24 <3.75 0.73

J 3Ly, 1000 Q.72 t 0.26 .29 €33 0.2% +

4 3708, 1402 1.i0 + 0.25 .24 <6.4% 1.41

5 3IYS, 1BIE 0.83 + 0,22 1,24 4,30 135 +

] 3505, 2208 2,30 & 042 .24 <765 0.96 4

7 $¥US, 26UL [T ) Wl G.16 2 1l.12 0.39 +

|3 1208, 300E 1.17 » 0.26 A28 <h. 34 0,49 +

] 31108, 340E <G 1T <0.73% v5.5% 0.60 +

14 3i0s, IBOL Q.59 + 0.0 <n,24 <5.56 0.3% ¢

11 35, 420K u.s ¥ b [T .62 u.33 3

12 3205, 4608 0.5 + 0,22 <25 <1.5% 0.31 +

13 3208, SUCE .57 & 0,22 <0.23 <2.56 0,60 +

14 3208, SANE 0.61 » G.13 <374 T.04 ¢ 30,14 064+

13 3205, 580K 0.43 » 0,78 <32 4,90 + .30 0.hd +

s 3215, 620E 0.37 + ¢.lp <24 <3.67 .64 1+

1 3205, 660E 0.54 + 0.22 .34 <3.91 .42 +

13 3205, 100E .31+ 026 W24 <5,47 (.84 ¢

14 3205, TA0E B.34 £ 0.22 <020 €3.71 B.4s

2 13205, TEO0E 0.54 + 0.26 .24 <404 (.68 &

t 1408, AOE G.6) + 0.22 <0.20 25,04 0.50 +

212 3405, SUE 0.44 + 0.20 €0.24 <400 0.64 1

23 3408, L 208 0.67 ¥ .32 €0.23 <4.13 .54 %

24 3415, LBUE 0.33 + 0.20 LBl v B6D «3.47 Q.66 +

23 34035, 200E 0.3% + 0.20 .2z <3.6% 0.35 2

Zh 3505, 2408 0.51 + 0.16 <034 <480 0.31 ¢

7 3408, 280E 0.60 + 0.72 <0.25 <3.2 <0.03
18 3408 ,3208 0.57 % 0,27 .24 <4.19 <n.0h

29 3405 ,380L 0.8% + 0,32 0,37 <430 0.26 + 9,14
1] 3405, 4002 0.41 2 0,20 €0.24 <5,73 Q.12 + 0.12
31 3408 BADE Q.34 + 0,20 «0.23 <3.38 U0+ 0.0H
2 3408, 4BUL 0.59 + 0.8 1,24 <373 Q.02 4+ .00
33 3405, 520L Q.13 & 4,22 <0.21 <l,33 U.uk o+ L
34 140§, 56N Q.67 + 0.24 .74 <417 .11 ¢ 4.10
35 3408, 000F 047 ¥ 0.32 0,15 <3.81 D.6B T 0.14
3& 3505 ,640E .50+ 0.30 <1.35 <511 0,17 + 0,10
37 3408, 6ANE 0.76 + 0,22 <)L T <607 <003
i3 405,420k 0,48 + 0.76 cilaid 24,30 0.1 + 0.12



TABLE &, coul.

KADIOHNUCLIDE CONCERTRATIONS IM SURFACE 30TL SaANPLES
FROM GRID LTINE INTERSECTIONS

dadionnclide Cuncentraticea {[pGifg)d

Lucativn Ea—126 U-2315 u-23a Ce-137

34 Jans, IalE 0.53 1+ 4.0 .23 [T I S UM
i 3IL0S, IUE nosl o4 q 17 I 0.5 + O.l0
41 3605, 6OE 0.49 + 0,76 <L is a.50 + 0B.L2
42 3605, 100K 0.64 + 0,24 <0.I% <04
43 3605, j40E .50 + 0,18 0,42 + 0.14%
“ 3608, 1BOE 0.36 + U.2U QAT Bl
G5 36015, 220E 0.51 & 0.20 U.u2 + U.lh
iR 368, 260K Nn.%3 5 B.16 U3+ 008
57 340%,300F 1.75 & .24 <lh0%
LE JE0E,INDE 0.8 & 030 <Is

'JJ' 49 3ed15, 18CE 0.37 2 0,27 <303
b 360%5,420E 0.3% 2 0,20 <M.04
91 SIS, 4HUE 0.65 ¢ 0,20 <(.04%
32 3505, 5008 b.6% + 0,24 G.05 & D.UG
34 3408, 540E G.71 £ 0,38 z B.la 2 D12
34 3605, SHOE h.41 4 0. 2 0.1 4 U.GH
35 350,608 <. 13 2 Q.60 4 9.12
5h 3605, 560F 0.33 + 0.2 23 0.92 + D14
5T 3605, 700K 0.53 + 0,22 24 <0.013
55 I60E, TLOT UL32 #0078 4 (.10 +
59 380y, 40E 0.1 + 030 i3 .72 +
o Isag, AUE .43 2 0.zu 14 Lok3 4
il JEUS, 1Z0F .36 ¢ .24 32 1.04 +
L¥ 380%,160E CDLET 2 BEE B3 1.22 +
LB 3805, 200E 0.5¢ « 0.28 Guad 4
e 304, 240k 0.45 = B.2¢ Q.13 4+ 0.
D] 36US, 2BUE U.58 & .24 <103
1] 3508,320E 0.37 £ .30 ULt0 4 0,10
&7 385, I6NE 0.63 & (.32 0.t e
3] 3505,3600 .51 & .24 LN
[ 36035, 400F 0.70 1 G.24 <004
o 3A05, 440F .43 4 0,27 .00 4 0.8
i JE 0.3+ 0.20
i B.33 0 DLz
13 0.73 £ 0.24
T4 JE0S, 0 U.59 + 0.9
15 3405,% QA7+ 0,22
Th Q.77 + 0,70




TAELE 4, cont.

RADTONUCLIDE CONCENTRATLONS Ii SURFAUE SULL SANPLES
FROM GRID LIHE INTERSECTIOKS

Radiomulide Concentrations (pCifpl

Sarmple K. Lucation U-2335 L-238 Ls-137
it Gois, ZUE g.66 ¢ (.24 .29 ¢ .61 <5.30 0.5% ¢ 014
78 40LS, E0E 1.24 + 0.32 .20 <h.l% 053 + 0,30
e RIS JIT 3 [ % I -3 LY <3.77 (LIS B
E1H] S005, LAUE U.41 ¢ B3 .32 ¢ Mah <L 43 0,70 + 0.te
#1 HUNS L ERDE 0.45 + 0.24 <li T4 <B.03 .76 ¢ .20
a1 4005,2202 0.35 + 0.22 <[+, 76 <411 Q.50 + Bals
a1 AAQE  ZANF .40 3 0,24 L2 .17 UaI0 o+ 0.1
Ré 4005, 300E 0.60 + 0,22 “l.I4 <458 1% + U.l4
53 4005, 340E 0,49 + 0.26 <Uatd <4.81 .=l 3 0,12
£1] 2008, J80E 045 + 0,20 w24 <4.00 0.0
87 LUU5, 4 2IE 0,40 ¢+ 0.8 “D.2é w467 [ VI 1]

'fj(—_' 3] 4005, 400F .70 1 0.1& <0.21 <3.86 0.0% v Lt
s 4005, S00F 0.55 + 0.0 <24 <405 <u.43
G4 SO0, SADE 0.38 + 0.24 0.2 LS ] u.2% » 0.14
k2 4005, 580E 0.74 + 0.6 LI PEN <404 B.18 + G0
32 4005, 620k U.34 + D.i6 <3.32 .32 ¢ 0Lt
kR 4UUS, 6E0E 0.49 + G.LB <3.5% 149 + 0.1z
34 42155, 40K 0.9 ¢ 0.2 <16 0.4L ¢ 0,12
35 4205, RNE 0,48 & 0,27 <4.77 r.53 ¢ 0012
5h 4215, 120F 0.58 + 5.20 <a.30 535 2 012
§7 4205, 160F 0.6l ¢ 0.30 <5.28 2,00 + 0,25
' 5205, 200K 0.55 ¢ 0,24 <516 6.21 10,12
4% 425,240k Q.43 * 020 QLI 3.fG r 1ilin [FRT Y H
LD 4305, 2BUE U.55 » B.22 <375 <L .ED U7l + ]
H 42085,320E 0.52 » 0.18 <ip.?a <L.61 B.F1 o+ 2
1z 4208, 360E 0.49 + 0,18 ot el B.43 + z
171 4745, A00T 9.3 0.8 NP RS PR 05 + .40
14 G308, 44508 0.44 + 0.18 <0.22 LS9 T a.07 2
1G5 4345, 460E 0.64 + 0,26 b+ 0.ed 5.16 01+
LLR 4205,3208 Q.70 + D.20 .z <3.06 <03
i 4245, I60E Q.00 + 0.20 <L Ei w35 <n.0%
104 4345,6U0E 0.58 1 0.24 <il. 29 <4.03 0,33 +
10y LINS,640E 0.%2 + 0.1n <. 26 €1.85 071+
1L 4408, 208 O.46 + 0.75 @, 24 5,05 + 11,72 0.is 4
111 4403, 40K 0.83 1 0020 LU <454 0.39 4
11z 44408, 1UUE G.54 4+ 0220 Q.25 <4.47 040 1
113 4405, LG0E .72 + 0.22 U S Th n.oan 4
114 4405, 1 BUE B.57 ¢+ 0,22 €027 <3.01 [ I




TABLE %, cunt.

RADIORUGLIDE CONCEMTIRATIONS [N SURFACE SULIL SAMNFLLS
FROM GRIT LINT INTERSECTIONS

biss, foggticn

0.59 & G.vs 1.e2 [P ERESTIN (]

V.98 + L.20 <huls [HILE N S
GAOS, RNIBE noat s noTL <L 1A%« MR
LANR, YEOE n.43 3 #.10 <5.15 f.9) £ 0.1s
PERERT T .82 ¢ D30 <387 046 + 013
5405, 420K Q.49 ¢ 0.20 €353 U.lE r o003
G508, SE0E 0.5 » 1% B Y Nl N,
4505, JULE LU 10 I L ) 4,82 & LLuES doy + U
4403, 340K .66 » 20 bkl D06 ¢ 0
4408, $6IE 0.58 ¢ B.24 <31.EF 0.12 + 0.
LENS R noan oy 1bowR <5 T - B TR
AEUS, HIE T R 3 L1.03 0.39 1 0.7
4608, &0E 0.34 + B.26 AL BR + bLd4 LU LI T
G605, 1 20E .42 4 .24 459 .48+ UL
a60s, FEBE 0.53 + (.33 495 1.75 + 1.
ARUS, 2H0E ULET & B $3.54 .62 £ 0
46115, 240 0.37 5 .24 <T.4% Q.66 + 0.
GRNS, IRIOE .74 » G.20 [T
G603, JE0E 0.31 & G.I 9.45 2 u.tz
4a0S , FENE 0.57 & (.I0 0ot x &
405, 4k 0.5% « 3 2y
G0US, 450E I T R .42 4 0.2
MBS, ARBE Q.64 + D.IC B 3
4608, 3206C 0.65 ¢ 0,20 (N

0.67  0.70 I,

V.30 4 0.72 G.

U.n5 2 028 [

0.30 1 0.18 I},

0,55 & .2R U,

0.21 & 13,20 n.

0.7} & 22 .

0.56 & G.16 L,

NED » 313 i.

0,35 + G630 1.

0.31 & B.24 u.

.51 + .22 .

U0 x 120

Q.83 & .22 1
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TABLE 4, cont.

RADTAONUCT.TNE CONCENTRATIONS 1M SURFACE 5011 SAMILES
FROM GRID LINE INTERSECTIONS

Hadionuslide Cencenteations (pCifg)

lacatinm Ba-226 (A1 u-138 £3-137
1391 SBUS, 940E 0.5% 1 0.8 <, 7 .11
134 SULS, &IE 0.47 + 0,18 0,31+ N.4a .18
5] SHOS, B 0,44 + 0,32 <lb.24 0.14
156 605,120 0.32 + 024 <0.34 U.18
Ead angs, 1600 0.65 + 0.3% a1 4.1
158 3008, HIGE 0.05 » 0.20 “0.24 [
154 005, T4GE 168 & H.70 LA u.1s
140 5005, T8GE 04.58 » .27 0.26 1 0.06 o.14
15l 5008, 329K 0.68 = 0.24 0.4 s
2 GUS, I6UE G.46 ¢ 0.26 .08 + 0,54 B.IR
16§ SPGS.AR0E IFo40 ¢ 034 <l _Fh .20
la4 5005, 4408 .44 ¢ Q.18 .13 Golo
6% 5005, 4508 B.6k £ 0.20 4
114 S008,3208 .50+ 0,72 . Ouks
e/ 2308, I0E 0.4% + 0,18 o.32
164 305, BIE 0.45 + 0.13 0,12
1a% 3205, 1ORE L.04 + 3.26 0.le
170 3I05, 140E 0.4% « .15 0.14
171 SIS, 1ADF 0.4% 2 026 U.li
17z 5205, 220F [S1IS B [EIR]
iy 5205, 260K .51 + 0,27 [V 3
Fra 5208, 300E B.42 + Q.24 0.10
15 5308,340E8 0,47 + 0.0 Q.12
i7n 5208,3502 G.65 + 0,32 a.150
177 SIS, 421E 0.4 020 .14
178 5108, 451E 0.63 » {,z2 .14
134 540, 40E 0.50 £ 0.13 .1z
180 3408, BOE 0.66 £ 0,22 2.14
121 A5, 1208 0.e1 + 0.30 0.14&
a7 3205,140EF .37 + 0,16
183 5408, 140K 0.59 & B.aF
184 FEUETRE: 1A .51 + B.24
155 5405, FUHOE 0.77 +0.22
LEs 3405, 2IVE B.47 4+ 0,16
- S4lts, 2408 D.46 + 0,20
134 5415, Z60L 0.45 £ 0.20
18y 5405 ,2780E 0.44 + Q.20
191 3408,320E 0.64 + 0.18 3.95 + 16,18
191 5408, Y60k O.66 + 030 <545




Tu

192
122
194
1us
10
by
Loy
L
M
il
Zlx2?
3

i
Hiy

La DR b e e

[

Lo e A S e
MO e T g Lo e 1 e

RAMORUILCLIDE CONCENTRATIONS IN
FROM GRID LTHE TNTERSECTLONG

Luiccz awan

QARG LU
CANR, &L
Sens, I0E
5805, &0E
605, 1 N0E
3605, 150C
5645, LRNE
5608, 200F
5608, 26N
SH0S, 30NE
5405, 140L
SELS, JRUE
LEGS, 4208
5505, 40T

5305, 30
nnos, P
BUGS, BUE
£00S, 100E
BUDY, 14DE
nurs, 130E
£005, 2208
L0035, 26 BE
E0015, 300E
&7, ADE
6205, QAR

=
H
|

Bl 0n Do Lo T G b st A

=

AR R R W R A I AR, N ST N

= e

=

-

i e e
=k e

P S
= S oo

(SRR
B

e e e RN =N = Y NN NN SRS e e Y e N - - - =]

R R e N e L N N L e R o L el o L o R O L T P L P o L T P P IRy

count.

SURFACE SU1L SARPLES

B
Ll
<haln
<3.n

TLEL ¢ 110

<310
<2d.94
<.l

3% 2 Sl

1Y

$3.407

0.
uoni
.l
G.11
.31
[
(I ]
1.2
Lot
0.3%
n.iz




TABLE &, cont.

RADTGHUGLIDE CORCENTRATIORS IN SURFACE SOIL SAWPLES
FROM GHID LINE INTERSECTIONS

Eadiviuclice Lor

Sanpie Lo, Lecztian Ra=3T6 T ’ TS €s-137
131 6408, LUNE 0.41 4 0.72 BT
231 &408, 1 40L 0.44 + 0.18 <n.i4
233 6405, LEIE 0,01 ¢ 0,24 .24 0
¥34 6405,220E 0.55 ¢ 0.1§ <24 [
35 6404 ,260L 0.79 + 0.20 <0, 24 0.47 & 0.
236 6408, 300E 0.40 ¥ 0.16 0,24 it U
37 6603, 40E 0.4} » 0,12 <W.2h .52 £ 032
238 6608, BLE 0.36 ¢ D14 LU G50 2 GLE2
z39 5605, 120E 1,35 & 0,22 W.2y .51 & BUbT
zul HEUS, 16DE 0.63 + D.JG .24 VAT 2 DA
241 6605, 2OGE 050 « 0.8 ), 1h .22 &+ G058
A 0605, 240E 3.29 + 0.22 W24 U.46 ¢ OLE2
233 GE05, JA0F n.582 + 0.22 0.43 2 U017
244 6505, 310E B.36 + 0,06 0.59 « 012
5 6505, 20E 0,45 1 0.14 3,39 &+ 0.2
& 6805, 60L 0.40 + 014 .56 2 0.10
7 6408, 1{1E 0,36 + 9,16 LA+ 0,12
F 6305, ] 40L 0.49 + 4.16
249 6805, 1 ROE 0.46 + 0.12
o 6805 ,220L 0.19 + 0.18
2351 6805, 26 0E 0.49 + 0,15
252 HEQS, JOUE Q.30 + 0.20
253 FOUS, L0E 4.15 » ¢.16
254 70DS, BOE 0.28 & D.14
753 2005,120C 0,40 + 0,2
235 0S8, 1A0E 04.53 2 0.22
257 7005, 200E D46 ¢ 0.6
25b 1005, 240E .36 + 0.i6
25% 7005, 280E G.ul + 0.18
69 F005,320: F.31 £ U.1E
7205, 2 G185 + D.12
7205, GOE B8 + UL L6
7208, 100L 0.63 + 0.20
7108, 140F 0.30 + 0.18
JI0s, 1 B0E 0.77 + 0,12
TI0S,220E 0,535 + Q.30
/205.250E O.44 + Q.15
725,300 0.49 + 0.13 1.7
7105, 4DE 0.43 & 0.Z0 .72
7405, BGE U.35 + 0,18 <24
7405,1 1GE U.dd + 0,21 B.ld r 05U
Fals, LHOE 0.43 » 0.15 [N <264

7405, 200K 0.37 ¢ 0.2 <A <400



TABLE &, cont,

RADIOKUCLIDE CONCENTRATIONS TN SURFACE SOLL SAMPLES
FROM GRID LINE INTERSECTIUONS

Ba-

0.3 + 047 +

L 0.5R 3
0.24 1 0.3
0.37 + 0.23 ¢
[T 043 x
TROS, LOns a4.39 ¢+ G.9% s
Te0s, b0 0.55 + .09
ToUS, 1608 0,52 + 1.15 ¢
YOS, LE0e 0.9y + [ S
6405, 2108 0.3 + 0.2 0.6l ¢
7605, 760 048 ¥ 0.2 043 ¥
a.53 2 0.2 U.3% &

. 0.4 + 0.) U39+
he 0,43 + 0.1 Vi &
0.41 + 0.1 0.6

1d0s, Lade .71 & 2 9,19 4
1308, 308 1.0% + 2 LIPS
250k a.50 4 Uorh s
i .33 ¢ u.ll o
8003, .45 + d.47 +
5005, 60E 0.42 % U.35 &
30408, LUk 0.55 + 0.6
BUUS , L4OE 0,44 ¥ [T
8003, 1500 .48 + 9,65 +
GN0s, 230E 0,54 + .77+
BO0S, 260E. 0,62 4 <
BUOS, 30UE 0.45 4 4.19 ¢
520s, 40E 0043 + t
G205, A0t 0.4% + *
B2035, 1 ¥0E 0.42 1 N
5205, 160C 0.57 + +
5205, 200¢ 066 3 +
G20s 0.5% + 0 +
BI0S, 2548 0,60 4 t
ga0s, 208 040 = +
405, BNE <0. +
ELOS, LOUE U. 48 4 +
E405, 1408 (LT 4
KUOS, 1SUE 0.38 & n




79

TABLE 4, cont.

RADTONUCLIDE CONCERTRATIONS IN SURFACE SOTL SAMPLES
FROM GRID LIME INTERSECTLONS

lLucatiyn

3N B4RS, 220E G.76 + D20 <L, 4 .37
it4 5405, 2008 0.45 ¢ 0.16 <M. 24 .34
313 B40$, 300E 0.31 » B.16 o}, T4 .71
Ji6 8605, 4NE J.43 + 0.22 <N, 24 (.37
3 2605, BRE 0.32 £ U.)8 9.496 ¢ BT 0.33
116 £605,120€ 0.40 + 0,21 6.3 0.30 -
310 5603, 160k Q.53 + .20 .31
32 8603, 200K Tk 5.20 0.3
in AG0(5, 240E C.50 £ 0.20 .03
Ji2 8406, FE0E .27 + 0.62 C.3h
3I3 5305, 208 0.49 ¢ 0,20 5,57 + 12,34 G.76
324 B&03, B0F 0.37 + 0.22 0.35
s 8505, 100K 0.6) * G.2E a.1s
16 A0S, 1 GUE G.30 4 0.24 0.37
137 A80S5,180E O.44 1 0,720 0.42
3Ig 5208, 210k Q.62 & 0,20 .50
jz B&03,260E 0.39 » O.1& 0.33
35U FROE,INGE D.B)l + 0,24 0.23
EEE] aG0s, aoF 0,30 + Q.20 .34
332 3005, E0E 0.34 £ 0.22 <4015 RSy
ERD] 4003, 20E 0.68 & .27 <75 0 s
334 QGUE, 160E 064 + 0.70 6.1 .15
313 9Q0s, FIRE G.35 4+ 0.16 <3.90 .29
116 05,2508 G.36 + Q.Z0 5,57 n.i7
347 3005, 2RIE .52 » 0.20 <3.348 0.05 4
338 5205, ZDE U.58 + D.20 <3.53 .34
135 4il5, E0E G.43 £ 0.18 <3.80 L.
140 Jius, 100E 0.39 4 0,18 7,55+ 7.B4 (W)
341 $205,140% 0.% 1 0,18 <}.ad 0.y
a4 9205, 1E0L 0,19 ¢ .76 <374 0.53
4l 52015, 2205 .44 + L.16 <1,53 .05
1al 9305, FH0E 0.2 4 0.20 <3.73 .37
349 G405, &QFf U.43 + 0,18 1. <3.73 [N £
ian Ja0s. &L 9.38 + .70 R.TS + Blio 0.37
347 2508,120E 0.57 & 0.27 <3.,2% 0.4l
EXd Qip5, 160K G.5h o+ 0.6 2,35 9.3/
40 Gus, 2HUE d.36 + 0.72 Eh 3.5 IR )
330 9403 . 2408 Q.45 + .52 v3.42 [
131 ap05, IGE 0.71 + B.36 LHL4T 0.33
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RADEIGHUCLTIDE

Lucitiun

Juus, BUE
Y508, LLUE
9505, 1408
9405, 180E
YRS, 2I0E
9605, 260K
9505, wlt
98BS, BDE
YBUS, LIUE
9605, 160E
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TABLE 4, cout.

CONCENTRATIONS IW SURFACL SUILL SANMPLID
FROM GRID LIKE IKTLRSECTIONS
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TABLE 4, Coltla

RADTONUCLIDE CONCENTRATIONS 1IN SURFACE SOIL SAMPLES
FRUN GKID LINE INTERSECTIONS

9y

Locaticn

191 1160 16T 0,56 + 0,70 <l A <5.12
332 11308, ZUE 0,70 + 0.3¢ <D.24 3.0
393 11308, RUE 0.53 2 0.72 <d].14 <4 0%
Jhh 11200, b00E D42+ 0,20 A0, 44 45,24
333 11205, F4UE .53 + 0,22 <{. 24 <3.84
1ih 11308, 1B0E 0.78 £ 0.12 .24 <497
397 11a0s, 40E .65 + 0.20 <l.14% <31.82
354 11405, 80E 0.37 b 0.20 <0.74 b33
399 11405, 120E 0.61 + 0,22 «0.14 <1.5%
ULy 11t0s, 160 0.%4 + 0.20 0.4% + Q.42 4,71
4ul Lia0s, 20 0.55% + 0.20 <0.34 €3.95%
402 11608, ooC 0,54 x 0,24 G.71 3.4
403 Li60s, 100E 0.39 + 4.20 <n.ig <317
L0 1tA0S, 14NE 0.9% + .24 .14 <Z.23
405 1160%,180E 0.54 2 0,18 <0, 4 <3.08
406 L1E0s, 40E 0.53 2 0.26 <. 4,52
407 1160s, BOE 0.69 + 0.24 <0.14 <477
LUE LIEDS, 1 20E 0.40 + 0,24 <0.i2 4.34 « 3.64
L% 11805, 160E .42 + 0210 “<G.ih <}.54
LEQ 11005, 20E 0.74 & 0.27 <0.74 <3.3%
4l f#ns, S0E 0.51 + 0,20 <0G.24 <}.4
L1z LZO0S, 1 0DE k.64 + 0,27 <0.74 <2.55
413 12005, 140E .61 1 0,20 <074 <3.64
“l9 12008, 1356 0,57 1 G.ED i “h.0%
433 12208, 40E F.45 + D.20 <024 <3.89
416 1228, 84E b4 4 0.24 <«0.24 <3.0H
417 12205,1 208 1.04 4 0.22 . ih <3.1%
“13 17705, 1608 B.G6 % 0,54 .74 7,160
419 12408, I0E B.484 4+ 0.6 <.ia <1.98
G20 12405, BOE (.62 + 0,16 0. 24 <3.11
4l 12408, L0DL .55 + 0.26 i <279
Az ZApE, 140K C.33 t 0.2% <3.F3
LI 12406, L &IE 0.56 + 0.27 @2 .20 ¢ B4
414 7005, Z0E 0.65 1+ 0.25 O.42 + .93 B4 [
433 {12605, 40E 0.43 4+ 0.24 <0.14

ain 11603, o006 G.7Y 1 0.4 QL2

huzne 12603, &OE et ——— —
huze 12608, 100E -t - -—
421 12605, 1 708 .38 + 6.20 <G, ih <5.01
528 126058, 149E 0,36 4+ 0,18 Rt 5,99
429 12608, 16UE 0,47 + 0,20 <G, 24 <3.5

k)
0Ah + 0.2
.94 1 0,16
G396 & 0.14
0.57 1 0.d2
0,39 + 0.2
G.76 + 0.14
.47 & 0,32
[F -1 Y
¢.12 + 0.10
<Q.39
1,51 + 0,32
[T T O
.58 £ 0.2
G.11 + 0.3
n.l4 + 0.08
.30 ¢« 0.2
0.31 * 0210
13,33+ Q.1
Ualy o+ ulll
U.B6 + 0.14
ULE3 o+ 0,08
Q.77 » 0.10
0,16 » 008
[P RN IS 1]
Uil ¢ DS
0.1 2 0.12
9.04 = 0,05
n.oy » Q.0F
0.20 = D.IC
.14 & 0.F0
0.1% ¢ 0L§2
.16 » .03
0.16 2 Gadn
1.19 0.4z
B4 4 0
0.11 * 0.10
.63 % L.t4
0.34 & 0.14
0.12 + 014



TABLE 4, cont.

RADTORUCLIDE CONCENTRATIONS 1IN SURFACE SUOEL BAMPLES
FROM GRID LINE INTERSECTIORS

Leneentrations (pLLfe)

locatiua Ra-2ig is Us-1737
G0 a0, 1408 1.51 ¢ 0,28 0,12 <505 1R 1l
53] 12805, 208 0.65 + 0.20 . is <4, 14 0.17 + D.03
43 Fz4es, AC0E 0.5% ¢ 0,15 .34 G0 W13 ¢ {1, 1E
av PEnns, 10 0.43 + 0.10 L B+ QULBY RLERIR)
[ | 26us, @QE -t - —- —
hille 12605,104E -t —-—= -—=
434 LZB0HS, 1 Z0E 0.44 t 0.10 <024 <3i.]% U0 I I A
B 126US,140E U.7E F 0,k LR <3.ad U065 1 O_1&
4 LIEUS, 160K .67 ¢ 9.12 R E <4 .68 LD+ 0,14
4 1300S, 20E n.40 s 0,77 <024 5.7 0.4 4 0,14
4 13008, 4iE G.51 ¢ 9,22 LV <1.0b 0.67 2 0,14
4 13005, O0C U.87 + 0.IZ RIS €301 Uaa ¥ ULl
Hone 13on —=-t .-
Ny 1300 ———C ———
il 130US,1I0E .91 2 0.4 (e U]
Ll 13605, L4A0E ~—=C -—
L&l 11005, LANE baie 2 0034 .09 & 0,12

11:05, IUE U.46 2 0.0 U.48 2 0L1R

13205, 40% U.5% 4 0,22 0,42 1 0.2

§3205, o0g .60 2 0.2 031 4 0010

13108, 49k - E -

13208,1208 --=t -—

£1205,1408 L.%4 + D.36 <0.04

14708, 16UE V.60 + 0,78 U9z f.1h

13405, 0% 1.5% 0.2 U.hY £ 14

13408, A0L .42 0.22 U564 ¢ 012

i34ks, SHE .35 .18 0.3 & D08

Lialts, duwn -t —-—

13405, 10nE - -—— -

13405,1 1.73 + 0.32 3,88

15608, 140 0.6% 2 0,22 <3.71

Lialls, IRNE .44 ¢ G.20 €3.39

13 5, 20 0.58 & 1,10 RV <3.09

13605, 405 U.62 ¢ 0,22 <. 74 3.7t

13ens, 60t 9.4 = .18 alb 2é <277

F360S, BUE U.E6 + B.LG R <3.62

F3s05, 1008 0.80 & 0.26 2.82

13808, 110: 1.5 » 0.7 [

13605, 1405 0.5% £ 0.I0 i G0

13408, 1608 1,40 « DL le <3.5%

YIRS, 047 ¢ 0,20 <4.97

L3gus, S0E 0.50 + 0.22 4.2




TABLE 4, cont.

RADIOHUCLIDE COHCEMTRATIONS IN SURFACE SOIL SAMPLES
FROM GRID LIKE INTERSECTIONS

Eadionnel cde

Lucaticn ka 216 1~I3s w137
453 13803, 60E 0,51 + 0,12 <ita <3.65 0002 - 02
464 1380S, &0E 0.531 » 0,14 U 7,57 §.13 k.10
455 13805, 0GR 9.75 ¢ 0,70 H.36 + 0.48 <L 3g P N O
LA E3EUS, 120E Q.28 £ 0,10 <0.74% <l LN T
A07 13605, L40E .06 & 4,20 <Ih. 74 <h.bh 0.1 & DLl
40K 13605, 160E 0.42 2 0,18 143 + D.6L <3.1% H{PF LT
und 14008, 0F 0.5 + B.14 <24 4,20 ULFO o L0
a0 L40US, GDE 0,48 » 0118 <22 <58l R P ORI
11 14005, 40E 04T » (.12 RY e <330 N.17 + HAE
421 5055, H0E 0.58 + 0,18 .24 <3.33 108 B I U {F]
433 13945, |HIE T 047 4 0.18 0,24 <40k V.7 ox 0AE
ticine 14008, 1 1OE - - -
liune 14005, 140F. < - -— -
Kone 14008, 1608 - —-- - -
G4 14205, 20 F.31 & 0.20 0,34 + 0,94 <3.50 .20+ .10
475 14205, 40E 0.67 + 0.16 QL 2a <3.69 15 ¢ B.10
15205, eiz * -— -—= —_—
14208, ®OE e - - -
16205,V 00E v - -
14208, 1202 ---d - -
16205, § 5UE .36 + 0,06 vl gLuh
15208, 160K 1.6 & Q.34 O.E0 o+ .08
14405, IGE 1.7 + 40,18 0.3 o4 N
16408, 40E 0.49 + 9.32 A65 + 014
14408, 40E 0.51 + 9.22 0.4% ¢ 0.7
14405, BOE - A P
L4ATS, 1N0E 4.59 + 0.0 <3.4% u.da r Ll
La%0S, 120E .72 + 4.70 <34l .94 ¢ 1h.l0
15405, 1 40E 0.19 + 0.12 3% 7.7 PIN
L4505, 16OE ---d -
14505, Z0E .53 + 0.18 5.2l LUNE IR
F4605, 4OE 0,39 + 0.16 <2.hl 0,17 ¢ Bn
14605, G0Z -t —— - -
14A0S, BOE —--d -— -— -
14605, 1GNE 0.B2 + 0.2 <3, 0.39 & v
14608, 202 G865 ¢ G701 <340 .25 » il
14693, L40E BG40+ D70 <234 Q0 » 0. 0A
16605, 160E B.5% + 0.27 <4 .05 .63
L6EUS, I0E 0.62 4 0,28 €6.913 G.2e
L4605, &UE B.5% + 0,20 <304 [
L4805, 4O 0.5% & 0.26 <4 .E3 0.7l
3a60Ss, BOE B.60 & 0,20 <3.42 (.48
L4805, 1C0E )08 + 0.2 <514 :
14805, 1208 G.bd 2 0,20 <3.at
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TABLE %, coul.

RADIGHUCLIDE CONCEMTRATIONS IN SURFACE SOIL SAMPLES
FROM CRTID LIKE INTERSECTIONS

> Concentrativns (plify)

L5055, 1703 .62

0.30 0.2 <4, 03

@ pefer ta Table 2 for direct radiation levels.

b Errors are 2o based on covnting statisties,

€ No soil sample taken due to sand and gravel piles.

d Ho sample taken due to paved surface.

2 No sample taken due to prescnce of maintenance building.

T TCe-137
[UREE RTINS
0.06 ¥ 012
0.09 1 0.06
VIR 98 I
b.lh s 0.0R
B.42 % .06
.35 ¢+ 014

Sazple Ku. Location Ra-226 7T u-135 RN
494 14808, 140F 0.34 + 0.18 Q.24 €2.94
L7 15005, 20 0.62 + 0.24 Q.27 <2.61
494 15008, 40L 0.38 ¢ 0.16 .24 <3.71
q9% E300s, 40k 0.63 + .28 “.n <9.0u
501 15005, 30 0.59 £ 0.18 0,24 €3.11

15005, 100 0.56 + 0.28 LA <l a7
62+
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TABLE 5§

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

Radiosnucl ide Concentrations (ptifg)b

Saople Ho.& Leocatice Rz-276 =215 U-238 Cs-137
Bl 31485, 300E 0.70¢ + 0.24% <G.31 <347 0.70 + 0.16
B2 SG05,176E <015 <03 <6.%9 1.31 + 0.22
53 7715,170F 51.9 + 1.3 <0.31 1.78 + #.39 0.88 ¢ 0.32
B 18285, 1695 1.44 1 0.26 D64 1 0.52 2.0% 3 0.4% .34 3 012
B% 1965,170F 11.9 + 0.6 t.B6 + 1.28 36.6 + 0.6 0.77 1 0.15
Ef 19%5,173% 3.07 + 0.38 <0.31 <5.67 131 + 9.18
B? B095,172E 13.4 + 0.7 2.06 + 1,34 2.1 + 0.6 0.53 £+ 0.138
1] 12803,126T 106 Lz 0.3 1.09 1 0.33 .73 1 042
BY 12605,158% 92.6 + 2.3 <0.31 1.56 + 0.52 1.32 t 0.56
B1nd 14608, 91E k.3 o+ 1.2 1.86 + 2.06 183 + 0.4 0.75 + 0.32
Ell 14718, 97 0.35 + 0,20 <031 <3,85 0,23 + 0,10
Bl2 14385, 91 &.12 + 0.656 <0.31 1.z + 0.4 <G.03
EL3 14555, 10SE 2.81 + 0.40 <0.31 <5.77 0.25 ¢ 0.18
BL4 15068,111E 1.79 + 0.0 0.97 + 1.18 <7.22 0.40 + 0,20
BL3 16885,118% 249 t 042 <.l <y.b 0.36 + 4.2y
ELS 12395, 1338 4,68 £ 0.44 0.49 + (.74 <5.8B U.2) 20,12
BET® 12335,137¢ 5.56 + 0.38 <03 8.99 + 0.53 <0.08
:1%:} 117595, 114E 2.69 + 0.3& <, 3 <4, 18 Q.14 + 0.10
ELY 11075, Z216E 3.37 + 474 <0.31 0.50 + 0.53 7.1+ 1.04
pzo 10873,217z ez R ] ~0.31 2.83 © 0.4 <l.22
B2§ 10545, 209E 4l.6 + 1.5 <031 1.39 + €.33 1.1B + 0.22
B22 10628, 2HE 209 t 4 .31 1.34 + 0.48 .53

: Refer to Figures 3 and 4.

Refer to Table 3 for direct radiation levels.

¢ Exrors are 20 based on counting srtatisrics.
Sample also contained 13.0 + 1.54 pCifg Th-232.
€ Sample also contained §.,71 + 1.32 pCifg Th~232.

(-5



TABLE 6

RADIUOHUCLIDE CONCENTRATLONS IN BOHFHM.E S0T1, SAMPLES

Locatzon PR LT
ni 31p85,TTHE .30 0.50 + 0.14F 9.24 <1.8%2 0.7
1.0 U.55 + 0,28 <B.Zh <5.0% 0.7
uz I2EG, 490D u.Ju G.ad 1 a.a <IF.Za 3.1 [ TEL
2.1 G.5% + 046 <07l <3.9% <0.91
#H3 3345, EBE L3 G.31 4+ 0.20 “0.24 <d. <002
2.0 0.0 ¢ 0,25 <U.24 $2.863 <l
L4 3545, 424K Q.34 #.77 £ 026 W.24 <4 iin .03
2.70 .66 & F.20 <44 <3.36 <.0%
5] 3565, F03E 0.39 .46 » (.23 i, 1e <362 [<ININ]
2.70 d4.44 ¢ 0,18 <24 <3.51 <0.03
56 3215,490k 0.30 0.53 + B.14 o).24 <3.03 <0.nz
2,70 9.59 + 0,06 0,21 <5.95 QN
kd 11RS, L7E n.30 0,66 + 0,78 .24 <3.90 0,3
2.70 0.65 2 0,18 .24 <4495 HYRIE]
kS Fl48,165E o.30 a + 0,52 LN R L <5.103 RV{ES
iy 0.530 £ 0.4 R 3,210 w00z
Y H168,177E .0 0.38 + Q.23 L34 3 “0.403
2,10 0.52 + 9.1& <Q.I4 <Al 2R UR{E]
i 1980y, L8L .40 Vil o+ yds RN <3, 55 <r0s
2.5 B.4% 4 0.1 <L E <5.10 <3.03
H1l 11675,159E 0.3 G.56 + 0.20 <0.1Y R <004
R .69+ 0.1z <0.2 <32 .04
Hir 132535, AAE .35 (.28 + OLIE <, 43.5% LU D SR [
1,4 4.69 + 0.t6 .24 4841 .07
113 13805, 1 Ik +.3% 0.54 + 0.8 1,24 <3.47 4037 1 0012
.95 .49 2 .20 LU LSS ALGL
14 15035, 420K 0.3n 0.58 =+ 0.24 <024
2.40 .50 + 0.2 <0.24




TABLE &, cont.

RADTONUCLIDE CONCEHTRATIONS IH BORENULE SUIL SANPLES

Borchute Lepth
hu. Location {=:)
(1] 1205, 4208 .30 G046 £ 0.0 <3.51 HIN N A
1.0% 0.af + 4.18 <3.AZ [LINER
(HE] 3185, 9%F .30 1.38 + 0. YOG <605 .04
1.20 AT+ DUTh <024 <3.4d .04
ny 2138,127E C.ED .65+ 0.1 R -EX 2t oyl U142 0.0y
kL& 9445, 103€ G.30 0.41 + 0.14 Q.24 <15 A.11 2 0.nd
1.3% 0.39 + 0.16 .21 <3.13 <0.03
H% H0ES, 158K J.70 4.64 « 0,22 “0.2% <5.16 0.0y
HZ0 11645, 160E 0.340 .50 & 0,18 <0.24 <3.43 <«1.03
0.0 0.53 » .16 <0, 2 <3.26 <0.02
21 13215,1528 0.30 0.521 & WL 24 G _3E U.35 + 0,12
0.590 0.53 » 0,18 <1.27 hals <m.03
Hiz 12455, 1008 0.0 3.53 &+ C.1R .33 » G4k <3.03 0,07 + 0,05
1.0 0.76 0.2 <0.24 4T <03
nz ES50LG, 100N 0.0 502 2 CL44 Al 2a 0,25 .22 = 0z
1.0 1.2% + 0.38 .24 <687 1.15 + .14
14 4955, TOE 0.75 .40 + D22 .24 <2.5% T30 v U0

4 Rafer to Figures 5 and 6.
b errors are 2a hased on counting statistices.



TABLE 7

RADIONUCLIDE CONCENTRATIONS IN WATER SAMPLES

Gample Sumple Gy id? . RadiEQUCLidQ gqncentratéoﬂ (pCi[?}_
No. Type Location Gross Alpha Gross Beta Ra-226

Wl Surface 13808, 10= <4.0% 11.3 &+ 5.2b ——t
W2 Surface 108058, 10= 1,31 + 1.62 2.60 + 2.02 ———

W3 Surface 3408, 10E <0.52 7.90 + 1.26 ——

W4 Borehole {H1) 3195,778E 8.53 + 4.79 <5.42 ——

Wh " {W2) 321%,490F <3.67 13.3 1 5.9 —

\ib " (H3) 3348, 18E  2.99 + 1.24  3.56 + 1.99 —

w7 " (H&4) 3545,4Z4KE 6.10 = 4.47 13.2 + 4.6 —

W8 " (M5) 5585,203E 17.4 + 3.7 18.8 + 3.3 0.05 + 0.03
Wa " (H9) 8155, 17E 2.67 £+ 1.52 £.83 + 1.58 —

yi0 n (HR) 77LD,165E 14,8 + 3.6 17.7 ~ 3.3 _—
Wil " (ul0) 10808, 28E 13.1 + 4.5  15.0 + 4.3 -—
w1z " (H11) 11675,159E 4.22 + 1.16 5.81 + 1.08 ———

w3 " (H12) 13258, 60E 3.14 + 1.46 .80 + 1.53 ——
W14 " (H13) 13808,120E 8,28 % 2.49 143 * 2.4 -—
Wis " (HI4) 15038,133E 15.4 + 5.6  18.1 + 5.1 0.08 + 0.04
wle " (H21) 12218,152E 3.23 + 0.84  4.92 + 0.82 —

W17 " (d22) 12458,160E 19.6 =+ 9.4 15.1 =+ 9.1 0.07 * 0.04

4 Refer to Figures S5, B, and 7.
Errers are 2¢ based on counting statistics,
€ pashes indicate analysis not performed.



TABLE 8

DIRECT RADIATION MEASUREMENTS
IN THE MAINTENANCE BUILDINC

_.Direet Probe Mmasurgmgntsb

Location® Alpha Beta—Gamma
dpm/100 cm? dpm/100 cm? urad/h
1 <23 1400 39
2 <23 1200 34
3 <23 1308 36
& <23 1200 34
5 <23 400 25

4 Refer to Figure B.
b Gamma exposure levels ranged from 4.4-6.0 uR/h throughout
the building.
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APPENDIX A

INSTRUMENTATION AND ANALYTICAL PROCEDURES



APPENDIX A
Instrumentation and Analytical Procedurcs

Camma Seintillatiop Measurements

Walkoever surface scans and measurements of pamma exposure rates were
performed using Eberline Model PRM-6 portable ratemeters with Victorsen
Model 489-55 gamma scintiliation probes containing 3.2 em x 3.8 cm NaI(Tl)
crystals.  Count rates were converted to exposure levels (uR/b) using
factors determined by comparing the response of the scinrillation detectors
with that ¢f a Reuter Stokes model RS5-111 pressurized ionization chamber

at pseveral locations on property Q.

Beta— 4 Dose Rate Meagurementa

Measurements were performed using Eberline "Rascal," Model PRS-1,
scaler/ratemeters with Model HP-260 thin—window, pancake G-M, beta probes.
Dose rates {urad/h} were determined by comparing the response of a
Victoreen Model 440 icnization chamber survey meter to that of the &6-M

probes for soil samples which had elevated Ra~226 concentrations.

Borehole Lorging

Borehole gamma radiation measurements were performed using a Vietoreen
Mndel 4BB=55 gamma scintillation probe, connected to 2 Ludlum Model 2200
protable scaler. The scintillation probe was shielded by a 1.25 em thick
lead shield with four 2.5 mm x 7 mn holes evenly spaced around the region
of the scintillation detector. The probe was lewered into esach hole using
& tripod helder with a small winch. The length of the hole was scanned and
measurements were performed at intervals of 30-50 em to identify regions of
possible rtesidues and guide the selection of subsurface soll sampling
locations. Due to the varying ratios of Ra~226, U-238, and Cs-137 therc
was no attempt to estimate seil radionuclide concentrations directly from

the logging resclts.

A1



Surface Contamination Measurements in Building

Measurements of surface beta-gamma contamination were performed using
Eberline "Rascal," Model PRS-1, scaler/ratemeters with Model HP-260
thin-window, pancake G-M detectors. Alpha surface contamination was
measured using Eberline "Rascal,™ Model PRS-1, scaler/ratemeters with Model
AC3-7 Zn$ (Ag) alpha scintillatien probes. Count rates were converted to
dpo/100 em?, Conversion included subtraction of background rates and
applying appropriate factors for deteetor efficiency and effective probe

ared.

S5oil_and Sediment Sample Analysis

Soil ond scdiment semples were dried, mixed, and a pertion placed i «
0.5-liter Marinelli beaker. The gquantity placed in each beaker was chosen
to repreoduce the calibrated counting geometry and ranged from 400 tn AQ0 g
of s$oil. Net so0il weights were determined and samples counted using &
23% Ge{Li) detector (Princeton Gamma Tech) coupled to a Nuclear Data model
ND-680 pulsc height arnalyzer system. Background and Compton stripping,
peak search, peak identification, and concentration ecalculations werea
performed using the computer capabilities inheremt in the analyzer system.

Energy peaks uped for determination of radionuclides of concern were:

Ra-226 ~ 0,609 MeV from Bi-214 (secular equilibrium assumed)
U--235 - G.143 M=V

U-238 = 1.001 MeV from Pa-234 (secular equilibrium assumed)
Th-232 = N.911 MeV frem Ac=-7228 (sacular equilibrium assumed)
Cs-137 - 0.662 MaeV

Several samples were alse analyzed for U-238 by neutron activation.
Approximately 12~20 g of soil was irradiated for 30 minutes in a oeuwtron
flux of 108 n/cm?/sec from a 25 mg CE£-252 spoutanecous fission source.
After a two minute wait time, the U=239 peak {(74.6 kev) was counted for

1000 seconds and the U-238 calculated.



Water Sample Analysis

Water samples were rough-filtered through Whatman No. 2 filter paper.
Remaining suspended sclids were removed by subsequent filtration through
0.45 um membrane filters. The filtrate was aciditied by addition of 20 ml
of concentrated nitric acid. Fifty milliliters of each sample was
cvaporated to dryness and counted for gross alpha and gross beta using a

Termelec Model LB 5100 low=background proportional countcr.

Analysis for Ra-226 was performed uaing the standard technigue
EPA 600/4~75-008 (revised).

Calibration agd Quality Assurance

With the exception of determining the site specific exposure and dose
rate cenversion factors for portable survey gamma and beta-gamma meters,
all survey and laboratory instruments were calibrated with NBS-traceable

cbandards.

Quality control procedures on a1l  instruments included daily
background and check—-source measurements to confirm lack of malfunctions
and nronstatistical deviations in eguipment, The ORAU laboratory

participates in the EPA Quality Assurance Program.
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DETECTION SCIENCES GROUP 1.

INTRODUCTION AND SUMMARY

Starting on October 25, and continuing through November 1, 1982, Detection
Sciences Group conducted a ground-penetrating radar survey of designated
locations in Area € and Areas K/N' at the former Lake Ontario Ordnance
Works, Lewistan, New York. The radar survey was performed in accordance with
Qak Ridge Associated Universities, Inc. Purchase Order No, (-25303, Letter Re-
iease No. 3, dated Octooer 15, 1982, and per field instructicns received
from C.R.A.U. personnel.

The first area to be surveyed was a site in Area N 2t the southeast ccrner
of "R" 5treet and Castle Garden Road. The radar survey zone was from 2@S to
5085, extending from 14PE to I85L, The radar anomalies and the radar survey
lines are shown 1in Figure 1. The next task to be performed was the
inspection of 24 boring sites located in Area §. The boring locations and
the co-ordinates of the berings that were relocated are given in Table 1.
The third task was to run a series of survey lines between 76@8% and 84£S,
extending from 168FE to 188E in Area Q. The results of the survey in this
Tocation are shown in Figure 2. The next task was to run six survey lines
parailel to Track Street and South Track Street in 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 Garaen Roac, "R" 5treet, and
Track Street. These locations are tabulated in Table 2.

Qut of the 24 boring Tocations surveyed in Area O, 3 lecations - Q1, Q4, and
09 - were found t¢ have undergrounc pipes. These locations were moved 2 to 3
meters  away from the pipes tn avoid potential drilling problems. As a
precavtionary measure, 8 cother bering locations in Area ( were moved 1 to 3
mefers away from their original locations. In 211 cases, the relocated sites
were chosen 1o be as near as possinle to the original site checsen far the
boring. Of the 3 boring sites in the southwest triangle of Area N, none had
to oe relocateq.

Frior to the radar work, O.R.A.U, had placec pir flags at Tlocations where
menitoring  instruments indicated activity. It was ncted that the radar
signatures ontained where there were clusters of pin flags were significantly
different than the radar signatures observed over most of the surrounding
arez. Specifically, the radar signatures at the pin flag clusters tended to
be muck darker and more pronocunced than the prevailing radar signatures of
the cverall site. The apparent correiation hetween the radar signatures and
the pir flag c¢lusters has been supdivided inte two categories: those areas
having very dark, strong signal returns, and those areas having moderately
dark, strong returns. The cifference between the two subdivisions is only a
difference of degree. In general, this kina of radar signature is indicative
of non-ionic liquids being present in the ground. Although water is itself a
non-ionic liquid, the radar signatures are not Lypical for wet, saturated
grourd. More 1likely, the radar signatures are dus to the presence of
petroleum solvents or oils that do not reaqily disperse in the ground.
Determination of the c¢omposition of the non-ionic liquids (including the
possibility that it is perched water) would require physical samples to be
taken from these Tocations, a task that is not part of the radar survey
program.

RADARVISION
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DESCRIPTION OF THE SURVEY

The entire survey was conducted with the 120 MHz radar antenna. With the
gxception of the survey lines along Track Street and South Track Street, the
survey was run wilh vur antenna shield on the antenna to prevent any stray,
above-ground reflections or electrical interference from obscuring the data.

Tha survey vehicle was used to tow the antenna on the long survey lines
along Track Street and South Track Street. For the north-south survey lines
between 7685 and 8485 in Area Q, we also utilized the vehicle to tow the
antenna over the ground. Al of the other survey work was performed by
hand-pulling the 120 MHz antenna over the ground.

A significant gain was made in survey efficiency by using a labor-saving
device consisting of a knotted rope 12 meters long. At the center of the
rope was a loop through which a chaining pin or other pointed device could
be inserted into the ground at the proposed location for a boring., The knots
in the rope were spaced at 2 meter 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 intervals used for ground
lacations in the wvicinity of the proposed boring. Also, by Yeaving the
center pin in place, the 12-meter rope was quickly rotated 90 degrees on the
ground to mark off the orthogonal survey line ¢rossing the proposed location
of the boring. Using this technique, we were able to inspect more than twice
as many boreholes in a single day as had previously been the case with
manually laying out the 2-meter ground locations with a steel tape.

With the exception of using the anlenna shield and Lhe knotted marker rope,
the survey methods were the same as have been described in previous reports.

RADARVISION
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RESULTS OF THE SURVEY

Area N.

The radar survey grid and the radar anomalies are plotted in Figure 1. Two
types of anomalies appear in the radar records: very dark reflectors, which
indicate high aielectric; and, medium reflectors which exhibit a moderately
high dielectric., Tne reason for differentiating between the two types is to
distinguish the degree to which the nomiral dicleetric constant of the
ground appears to be modified by the presence of some modifying agent or
agents.

The radar behavior in these dark-reflecting areas suggests the presence of
non-ionic liquids in the ground. Water is one such ncn-ionic liguid, but the
radar c¢harts do not have the characteristics that are typical for wet,
saturated ground. Rather, the radar charts are more typical of waste sites
where tnre has bpeen open dumping cor spillage of petroleum-nased solvents,
0its, or other non-electrically active liquids. Depending on the type of
soil, these non-water-soluable Tiguids tend not to disperse in the ground.
dhat the radar observes 1i¢ the mogification of the dielectric constant of
the ground, which becomes the criterion for judging the presence of non-ionic
Tigquids. A more complete discuszsion of the radar properties of ionic and
non-ionic Tiquid contaminants is given in the APPENDIX.

In the area between 26N and 39N, extending from 162E to 186E, the radar
consistently shows dark reflectors. The visual appearance of the ground is
also different in this area, being darker than the surrounding areas. The
fact that the ground is dark is only a coincidence with the radar records
being dark, 2ut the observation of a visual centrast {whether darker or rot)
does appear to be correlated with the radar results. Simitarly, the area at
the western end of radar survey line 44N is also observed to be visually
dark, again the darkress per ce having no direct bearing on the radar
signals also showing up cark. Qur conclusion regarcing this area is that the
dark areas showing in the radar records indicate the presence of non-ionic
ligquids in the grounc.

Borings - Area Q.

Table I lists the boring locations inspected in Area J. At three locations,
underground pipes were found at +the proposed boring sites. These sites were
relocated nearby, where ro radar targets were observed in the greund. As a
precautionary measure. eight other boring locations in_ Area Q were also
moved 1 to 3 meters away from their proposed locations. The sequence of the
Q-designations given t¢ the boring locations is the chronotlogical order in
which the radar survey progressed, and is not derived from an 0Q.R.A.U.
numbering system.

Area Q. and oS

The location between 7605, bounded between 1686 and 180L was surveyed
according t¢ the survey lines shown ir Figure 2. Dark reflectors and some
medium refliectors were found in the locations shown. This area is adjacent
tc a railrpad siding, which suggests that the observed localized modifica-
tions of the radar properties of the ground may reflect this former use of
the site.

RADARVISION
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Area N',

The areaz 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 wusage, and shows mostly undisturped ground free from any type of
contaminants. A few, highly localized concentrations of dark an¢ medium dark
radar reflectors are observed, but do not appear to have any significance

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

Borings - Area N.

The locations of the three boring Tocations 1n Area N that were inspected by

radar are listed in Table II. The three sites were al’ satisfactory, and
none ¢f tne borings were relocated.

RADARVISION
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BORING LOCATIONS DETERMINED BY RADAR

Boring Direction of

Number Relocaticn
11 Move 2m North
Qe -
Q3 Move 2m West
04 Move 2m North
Q5 Move 3m North
Q6 -
Q7
Q8 -
09 Mave 3m Fast
110 -
Q1 Mave 2m South
J12 Move Tm West
013 -
Q14 Move Tm Last
Q15 -
Qb -
Q17 -
Q18 -
019 -
020 Move im North
Q21 -
Qze -
Q23 Move 2m South
Q24 Move ?m North

TABLE 1

AREA ()

Proposed
Location
15028, 103E
15048, 112
15035, 133t
15018, 22
15075, 25t
15035, 3L
Storage Yard'
13405, 48L
17665, 176E
12225, 155E
11675, 159E
10805, 2BE
7445, 30
3345, Z20E
5695, 200F
5445, 440%
3205, ©526E
3305, 760C
8055, 175E
8055, 170K
8055, 165E
8205, 175E
8205, 117Gt
8205, 165L

Final

Location

15005,
16045,
15035,
14495,
15045,
15035,

Storage Yard®

13408,
12665,
12225,
1168S,
10808,
7445,
3345,
5695,
445,
3205,
3305,
8055,
8015,
8055,
8205.
8225,
818s,

103E
112E
131E
22t
25E
3E

48E
178E
155E
159E

27E

30E

2k
200E
440E
526E
760E
175E
170E
165E
175E
1708
165E

TTown of Lewisten Punlic Works storage yard;
26.2m south, B.Bm west ¢of wooden light pole.
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Soring

Number

N1
NZ

N3

TABLE TI

BORING LOCATICONS DETERMINED BY RADAR

AREA N
Birection of Proposed . Final
Relocation Location Location Notes
- 2705, 59@E 2785, 599k
- 495, 1@2& ags, 182E
- 1508, 4@4E 1585, 404K
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APPENDIX

Liguid Contaminants

Field Charts
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LIQUID CONTAMINANTS

The presence of ligquid contarinants in the ground creates distinct radar
signatures according to the electrical properties c¢f the liquid. lonic
Itguids are etectrically active due to the ions having electrical charge,
Examples of donic liquids are acids and saits. The presence of an ionic
Tiguid ir the c-ound lowers the electrical resistance of the ground, an
effect that is observed by the radar system as a lighter-than-normal contrast,

Non-ionigc liquids in the ground also modify the electrical characteristics
o the ground, but in 2z different way: non-ionic liquics dincrease the
dielectric constant of the ground, an effect that is observable by the radar
system as a darker-than-normal contrast.

Fresh water is a special case cof a non-ionic liguid. For reasons explained
in the following paragraphs, water is usually distinguishable from other
non-ionic liquids in the ground.

Ionic Liguids

As tne radar signal travels into the ground, the energy is attenuated in
proportion to the electrical conductivity of the ground., Nermally, the
grounc has relatively high resistivity (the inverse of conductivity), The
presence of electrically-active Tiquids will lower the electrical resistivity
of the grcund, resulting in more rapid loss ¢f the radar signal. This shows
in the radar record as an area of lighter-than-normal contrast. Experience
with the radar system allows us to meke c¢lose 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
boundaries whick only show as brozd trend lines with conveniional resistivity
probes beccme sharply delineated on the radar record, thus allowing the
boundaries of a contaminat®on zone to be established with high accuracy.

Nnn-tonic Liquids

Non-ionic Tigquids such as petroleum-basecd solvents, oils, or other non-
electrically active substances do not alter the electrical conductivity.
Insteac, ron-ionic liquids tend to increase the dielectric consiant of the
ground. Higher dielectric values affect the coefficient of reflection accord-
ing to the following equation:

e, - Ve
e e T
e + Vi,
where ) = coefficienl of reflection
£, = dielectric constant, layer 1
cy - dieltectric constant, layer 2
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APPENDIX D

EVALUATION OF RADIATION EXPOSURES
ON OFF-SITE PROPERTY (
AT THE NIAGAEA FALLS STORAGE 5ITE
LEWISTON, NEW YORK



Appendix D

Evaluation of Radiation Exposures
on Off-Site Property Q
st the Niagara Falls Storage Site
Lewigton, Naw York

INTRODUCTION

The U.S5. Department of Energy has completed a radiological survey and
determined rthar parrions nf the Tawn of Tewistom praperty, Tewisron, New
York, are contaminated with low=-level radioactive residues resulting from
previous uses of this property. This property is part of tche Former Lake
Ontario Ordnance Works (nmow known as the Niagara Falis Storage Site) where
radicactive wastes from Manhattan Engineer District and Atomic Energy
Commission operations were handled and stored. These wastes were
primarily residues from uranium processing operations; however, they also
included contaminated yubble and serap from decommissioned faeilities,
biolegical and miscellaneous wastes from the University of Rochester, and
low-level fission product waste from contaminated-liquid evaporators at
the Knolls Atomic Power Laboratory (KAPL) in Schenectady, New York.
Receipt of additional wastes was discontinued at the site 1n 1934.
Although some storage of radiocactive materials on a portion of the site
continues under the control of the Department of Energy, work involving
handling of radiocactive waste has not been performed on the off-site

properties for approximately 23 years.

In 1954 a preliminary cleanup of the site was performed by Hooker
Chemical Company. Approximately 1298 acres of the orxiginal l5ll-acre site
were then declared excess and eventually sold by the General Services
Administration co various private, commercial, and govermmental apeuncies.
The Town of Lewiston is the current owner of a 89-acre tract, identified
as vff-site preoperty Q. The town”s highway maintenance garage, several
town offices, and a fenced yard for storing heavy equipment and sand and

gravel oceupy the extreme southern portion of the property.



This property was surveyed by Oak Ridge Associated Universities, QOak
Ridge, Tennessee, durimng October and November 1982, and found to contain
isplated areas of radioactive coataminatien. The survey dindicated
radionuclides from the naturally occcurring uranium, thorium, and actinium

decay serics and small quantities of Cs-137,

Cesium-137 is a man-made radionuclide c¢reated through the fission
process such as in a nuclear reactor. Cesimm=137 bhas a half-=life¥* aof
approzimately 30 years and emits both beta and gamma radiation. The
naturally occuring deecay series, kpnown as the uranium, thorium, and
actinium series, are believed to have been c¢reated when the earth was
formed, and chey are still present today because of their very long

half-lives. These series are presented in Tables D-1, D-2, and D-3.

As a racdionuclide decays it changes into another substance. In the
caze of U-238, for example, the decay produces Th-=234, Thorium-234 is
called the "daughtex" of U-238, U-238 is the “parent" of Th=-234, Tu Ltupu,
Th-234 is the "parent™ of Pa-234., Radioactive decay started by U-238 or

U~235 continues z2s shown irn the tables until a stable nuclide is formed.

The <radionuelides in these decay series are present in  small
guantitics throughout the enviromment. Concentrations of them normally
gcecur in seil, air, water, foed, ete., and are referred to as background
cencentrations., Radiation exposures resulting from this envirommental
radioactivity are referred to as background exposures, These background
exposures are not caused by any human activity, and to a large extent, can
be controlled only through man”s movirg to areas with lower background

exposures. Each and every human receives some background exposure daily.

The wuse of radicactive materials for scientaifie, industrial, oz
medical purposes may cause radiation exposures zbove Lhe background level
to be received by workers in the industry, and te a lesser extent, by

members of the general public. Scientifically based guidelines have been

A ke half-life 18 the time roquired for half of the atoms of o rodicastine

subatance to dloinbegrate (Mdeeay' or transformi,



with only one swall area of contaminated surface 5oil. The average
exposure rate of 1l micreroentgens per hour at about 3 feel above the
surface is a better estimate of the average exposure an individual might
receive. For comparison, the average background level in the Lewiston
area 18 about 8 microrcentgens per hour, and continuous exposure at this
level would produce an annual exposure of about 69,800 wmicroroentgens.
Also, a typical chest x-ray (according to data from the Department of
Health and Human Services) might vyield an exposure of about 27,000

wicrorventgens,

The soil 1s contaminated with radium and lesser levels of uranium and
cesium which emit beta and gamma radiations. Nueclear Regulatory
Commission (NRC) guidelines for decormissioning former nuclear facilities
require that the dose rate (from beta and gamma radiation) mezsured at a
cistance of one centimeter above the surface dees uot exceed 1.0 millirad#
per hour and 0,2 millirad per hour average. The maximum dose rate
measured at this site was 1.l millirad per hour and the average was
0.044 millirad per hour. Although the maximum level exceeds the WNRC
guideline, the primary concern of this guideline is exposure of skin
surface. The thickness of ordinary shoe soles is adequate to protect the
skin of feet from beta radiation. In most cases, exposures arc negligible
at a distance of 1 ft. away from the surface and areas of body skin are
adequately protected from these exposurcs if they remain away from these
surfaces, Beta rvadiation from suxface residues are therefore ot @
significant factor in evaluating the potential health effects at this

gile.

Exposure From Inhalation of Airborne Radioactive Particulates

A very small amount of the radicactive contanmination on this property
maY become airberne by rwesuspension of particulates from the surface layer
of sail. The actual fraction of mazterial that becomes resuspended Lis

dependent on g number of facters ineluding surface conditions (i.e. damp,

* The rad 12 the wrdt of bata-oarm dase. A miilivgd fa5 owme-thousandth
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dry, cevered by ground vegetation, ete.), particle sizes, activiles oo the
51te which disturb the surface soil, and micrometeorological conditions
(c.g. surface wind speed and direction). Determining average conditions
of airborne radicnuclides requires air sampling over an extended time
period and was beyond the scope of the GRAU survey., However, an estimate
of the potential airborne concentrations can be made based on the average
concentration of radicactive material in the surface seil and using

standard computation procedurcs of the Nuclear Regulatory Commission.

Areas cof significantly higher surface contamination levels are
isolated and small (usually less than 6 inches in diamcter). The average
surface soil concentrations for property Q is therefore best approximated
by the samples collected at the grid line intersectioms. Radium—226 is
the major radionuclide of concern c¢n this site and the average
concentration in surface soil is 0.57 picocuries* per gram — less than the
background levels normally present in surface solls in the Lewiston area.

The resulting concentrations of resuspended Ra-226, based on a
resuspension factor of 5 x 1077 per meter, would be about
6 x 10°17 microcuries per cubic cectimeters of air. For comparisen the
Nuclear Regulatory Commission guidelime level for continuous exposure of
the gemeral public is 2 x 16712 microcuries per cubic centimter. The
estimated coucentration vi airborme Ra-226 is more than 8 factor of 30,000
less than rhe guideline level and would therefore not result in a
significant inerease in radiation exposure to individuals on this

property.

Exposure from Inhalation of Radon in Air

The deposits of radium-bearing residues in s01l 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 radioactive decay. Radon-221 1s an inert

88 which can emanate from the ground with its daughter products and

b
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2 a radtcactive rukotanoea,
A piepeuriz fe one=millionth-millicnth of o curia.



result in lung exposures. Radon levels in the vicinity of the NFSS are
continueusly monitored by Department of Energy contractors, Sampling near
property Q indicated an average raden concentratien of approximately
0.2 picocuries per liter of air from May, 1978 to February, 1980.% The
guidelines for continuous exposure of the genmeral public is 3 picocuries
pex later. Fer compariscn the average area background level during 1979

and 1980 was also 0.2 picocuries per liter.

Other Exposure Considerations

Loose rzdiocactive contamination c¢an result in exposure through
ingestion (eating or drinking) of conrtaminated foodstuffs. This site is
not used for raising crops and average radionuclide concentrations in the
ground water at this site are within the EPA drinking water limits. These

pathways would not, therefore, result in significant exposures.

ESTIMATES OF HEALTN LFFLCTS

The primary health effect sssociated with radiaticn exposure is an
inereased risk of cancer. In genersl, the rigk is asdumed to increase as
the total dose of radiation increases., Total dose is dependent not only
on cxposure rate and concentration levels on the property, but alse on the
nature and duration of the exposure. In addition, a given individual’s
inereoased risk is dependent vpon many factors including the individual”s
age at onset of exposure, variability in latency period (time between
exposure and physical evidence of disease), the dindividual™s personal
habits and state of health, previcus or concurrent exposure tc¢ other
hugurdous agenls, aud the Lodividueal”s family wmedical history. Decausc of
these variables, large uncertainties would exist in any estimates of the
number of increaped cancere in a relatively w=mall expnsed population such
as might be the situation on this site. Fstimates of the increased risks
have been calculated and are presented in Table D-5. Assumptions made in

performing these caleulations are:

1. The levels reported in Table D=4 are representative of the
conditions and will not change during the year or from year to

year.

Iad o 7 i o~ - - i) l', =gl
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2. Average eXxposure levels in Table D4 are representative of the
averages to which an individual working on the property might be

exposed.

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

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

4, DBackground exposure rTates te dindividuals while not on the
properky will be 8 wicrorcentgens per hour from external gamma

radiation.

The risk estimates are based on the 1980 National Academy of Sciences
teport, "The Effccts on Populations of Exposure to Low Levels on Iomizing
Radiation," and the 1977 report by the United States Scientific Committee
on Effects of Atomic Radiation. The lifetime risk estimate used to
¢talculate the values in Table D=5 is 100 cancer deaths per million persens
exposed per rem of radiation exposure. It is believed by many radiatiom
biclogists that with low dose rates such 2s those encountered at tbis
property, the actual risks of cancer are much less than 100 per million

persons per rem, zero net being excluded.

Since the wcotimated Ra-226 air copcentratiens nare a very small
fraction of the guidance level and the Rn-222 air concentrations are
cssentially background, exposures and risk from the ZInhalation pathway
would be negligible and were therefore not evaluated further. Exposures
and risk from the pathways of iapgestion of crops grown on contaminated
soils and water containing radionuclides from the scil are also considered
negligible, based on the low levels and the intended use of the property.
Exposures and risk are therefore limited to one pathway —— direct exposure

te gamma radiation.

The estimated insreased risk due to cancer from exposure to the
aversage radiation levels on property Q, for a working lifatime is 0.027 per
1000 deaths. This can be compared with the average lifetime risks of

cancer in Kiagara County of 218 per 1000 deaths based on 1977 erude death



rate statistics for this same year. The average lifctime risks of cancer
in the State of New York and the United States are 216 per 1000 deaths aad
203 per 1000 deaths respectively. An iadividual working under the assumed
conditigns will therefore be subjeect to an increased risk of dying from
cancer of 00,0027 percent or an increase in total risk frem 21.8 te 21.8027
percent when compared to the average risk in Niagara County. This wmay also
be cxpressed as a percent increase in overall tisk of getting a fatal

cancer of 0.012Z percent — a negligible increase.

SUMMARY

In summary portions of NFSS off-site property , now belonging to the
Tewn of Lewisten, are contaminated with low-level residues containing
naturally occurring radicnuclides. The level of Ra-226 contamination in
the surface soil in some small isolated areas of the property exceeds the
present  eriterion for rTelease of thia property for unrestricted use.
Although this contamination is capable of producing slight sradiaticn
exposures to persons on this property, under current conditions of property
use, these exposures are well within the scientifiecally-based guidelines

and risks to such persons are negligible.
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TABLE D=1

URANIUM DECAY SERIES

- Parent Half-Life Ma jor Daughter
Decay Products

Uranjium-238 4.5 billion years alpha Thorium-234
Thorium=234 24 days bets, gamma Protectinium-234
Prolactinium=234 1.2 minutes beta, xumma Uranium—234
Uranium=234 250,000 years zlpha Thorium-230
Thorium-230 80,000 years alpha Radium-226
Radium—-226 1,600 vears alpha Radon-222
Radon=-222 3.8 days alpaa Polonium-218
Polonium-218 3 minutes alphs Lead-214
Lead=-214 27 minutes beta, gamma Bismuth-214
Bismuth=-214 20 minutes beta, gamma Polonium-214
Polonium—-214 0002 seconds alpha Lead-Z10
Lead-210 22 yeoars beta Bismuth-210
Bismuth-210 5 days beta Polonium-210
Polonium~210 140 days alpha Lead-206
Lead-206 srable nene r.one




TABLE D-2

THORIUM DECAY 5

ERIES

Parent Half-life Major Daughter
Docay Products

Thorium=232 14 billion vears alpha Radium—228
Radium—-228 5.8 years beta Actinium=-228
Actinium—228 6.13 hours bcta, pomma Therium—228
Thorium-228 1.91 years alpha Radium—224
Radium-224 3.64 days alpha Radon-220
Radon-220 55 seconds alpha Polonium=216
Polonium-216 0.15 seconds alpha Lead-2112
Lead-212 10.& hours beta, gamma Biemuth-212
Bismurh-212 60.6 winutes alpha (1/3)% Thallium-2Q8

Thallium—208
Folonium—-212

Lead-208

3.1 minutes
0.0000003 seconds

stable

beta (2/3)*
beta, gamma
alpha

nomne

Polonium=212
Lead-208
Leoad-208

none

* Twc deeay modes are pogsible for Bismuth-212.
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TABLE D-3

ACTINIUM DECAY SERIES

Parent

Half-Life

Decay Products

Daughter

Uranium=-235

Thoriwm-231

Protactinium-23]

Actinium-227
Thoriup-227
Radium-223
Radon-219
Polonium-215
Lead-211
Bismuth-211

Thallium-207

710 million years

23.5 hours
32,000 years
21.6 years
18.2 days
1l.4 days

4.0 seconds
0010 seconds
36.] wminutes
2.15 minures

4.79 minutes

alpha

beta

alpha

beta, gamma
alpha

alpha

alpha

alpha

beta, gamma
alpha

beta

Thorium=-231

Protactinium-231

Actinium—227
Trhorium-227
Radium-223
Radon-219
Pelonium—215
Lyad—-211
Bismuth~211
Thallium=-207

Leac-207
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TMELE D-4

SUMMARY OF EXPOSURE LEVELS ON PROPEWTY Q

LEW1STON, NEW TORK

Lew

eis on Sita

Guidelinas for

Fuposura Source Average Max imum Background Levsls Gulidelines for Radiation
Ganerai Punllc Workers
Gamma Radlation from 11 pR/® 430 R/ 8 pRih 0.5 rem® per year for rems per year
Co3sbum-13¢ and urankunm indivlidual, squivalenl to
and actlalum decay 250 uR/M abowve maturai
background for 40 hfwk and
] TIruUS GxpOLur B,

- -17 i C —_— P ~12 -1
Radicnuclides 6 x 10 wifec uUnkRown 2% 10 Woifee tar 5 x 10 pCifec
[Rodium- 2263 In olr Ll ipuous (168 h/wnd for 40 n/wk

aNpasure axposura
Radon in aijr G.2 pCisl ——— .25 pCiA 3 pClA 30 pCH/ for
1979 & 1980 avg. 40 hfwk exposurs
Radignuckides 7,59 pCifil 19,6 pCi/i Appra 0,8 pCi/I 15 pCl/t, EPA Standard 400 pClA1
{gross alpha tor Public Drinking
concantration} Water Systems
fn Greund Water
Radionuct Ides in
Soll:
Radlun-2726 0,57 pCi/g 1020 pCi/fg  #ppr. 0.7 pClig ERPA MIII Tallings nonag
(Criteria 15 5 pCifg
abowvu background averaged
ovar 100 a2 of surface soll,!
Cealum 137 Cu47? Flirg Tel pClry Appre 0.% pGEsy &0 pGi/y abova bacsground AU

(Criteria devaloped by
Los Alamcs sci, Lab, for

claanup at sltes comtaninated
by #ission product reslduss,
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THSLE D=4, cont,

SUMMARY OF EXPOSURE LEVELS OM PROPERTY §
LEAISTUY, HEW TURK

Leve s on Site Guide lines for
Expasure Source Average Maximum Background Leveis Guide lines for Radiation
General Public Workers
Uranium=-2%4 4,10 plifg 6,6 pli/g  Apar. 3.3 plify 40 pCify Interim Soil none

Limits for O 4 D Projects,
LA-UR~T9~1865-Rev,
J.We Healy, et al,

Uraniun—235 0.25 plifg 2,06 pSifg  Appr. 0.2 pCisyg 30 pCisg (U enriched Ia
U=-235} MRC Branch
Technical Paper
(Fadera| Register,
Octobor 23, 1981

@ The FMoentgen (R} is a unit which was defined for radiation protection purposes for peopie exposed to penetrating
gamma radiaticon. A micreroentgen (¥R} is one =i llionth of a Roeatgen.

b The rem is the wnit af lenizing radiation that produces the same biolegical damage in rman as an absorbed dosc of
1 roentgen of high voltage x-ray, A roentgen of gamma axposura o a man [s egulvaiant to one rem,

C The microcurle (y21) and plcocuria (EC|J are unlts which are detined for axprassing the amount of radicactivity

present in a substance. 1 pCi =107 o, 0 pGi = 1077T €,



TABLE D-3

SUMMARY OF WORKING LIFETIME RADIATION
EXPOSURES AND ESTIMATES OF ASS0CIATED CANCER RISK
FOR PROFPERTY Q, LEWISTON, NY

Source Working Lifetime Dose Increased Risk
ot Equivalent Corrected Due to
Exposure for Background All Cancers
External gamma 0.27 rems 0.027 per 10002

radiation
Inhalation of resuspended negligible 0
particulates
Inhalation of radon negligible 0
Ingestion of food and negligible 0

widler contaminaced by
radicactive materials
on-slte

TOTAL 0.27 rems 0.027 per 1000b

@ Using the risk coefficient of 100 cancer deaths/10® person rem. This
is approximately a mean value from BEIR-III (1980) and UNSCEAR (1977).

b The average lifetime risk of death due to cancer in the United States is

203 per 1000 (20.3 percent); in Niagara County the average lifetime risk
ia 218 per 1000 (21.8 pexcent}.
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