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COMPREHENSIVE RADICLOGICAL SURVEY

OFF-SITE PROPERTY V
NIAGARA FALLS STORAGE SITE
LEWISTON, NEW YORK

INTRODUCTION

Beginning in 1944, the Manhattan Engineer District and its successor,
the Atomic Energy €Commission (AEC), used portions of :the Lake Ontaric
Urdnance Works (now known as the Njiapara Falls Steorage Site (NF$8) and
associated off-site properties) approximstely 3 km northeast of Lewiston,
New York, for atorage of radicactive wastes. These wasius were priwmarily
residues from uranium processing operations; however, they also included:
coutamitiated rubble and serap from decommissioning activities, biologieal
and miscellaneous wastes from the University of Rochester, and low-laevel
fission-product waste from contaminated-liquid evaporators at the Knalls
Atomic Peower Laboratory (KAFL). Receipt of radioactive waste was
discontinued in 1954, and following cleanup activities by Hooker Chemical
Co., 525 hettares of the original 6l2~hectare site were declarad surplus.
This property was eventually sold by the General Services Administration to

various private, commercial, and governmental, a.g.c:m:ieﬁ.l

Somerset Group, re. is the current owner of a tract identified as
aff~site property V {(see Figure l). A radiplogiecal survey of that tract,

conducted in June chrough Auguat 19383, is the subject of this report.
SITE DESCRIFTION

Figure 2 is & plot plan of off-site property V. This property is
rectangular in shape and weaswres approximately JO0 w long by 310 w wide,
it vecupies an area of 1)l hectares. The site is bounded by Balmer Road on
the north and "H" Street om the south. Property V originally extended
gastward Lc¢ Castle Garden Road; however the eastern portion is currently
owned by 3CA Chemical Services and that porticn was surveyed as part of
off-site property A.  Security fencing presently delineates Cthe eastern
property boundary, as well as the western boundary, fencing aiseo parallels

Balmer Road near the northern perimeter.



There sve gaveral interier roade including Wescon Read aad "53" Straeae.
Maior drainsge ditches are parallel te and outside the east, west, and
north security fences; smaller ditches are located throughout the property.
The major ditch to tite west of the property is the Central Drainage Ditch -
the major surface drainage route for the Niagara Falls Storage Site. There
are five buildings on the site (one of these buildings is partially on
adjacent preoperty U). BNumerous foundations and slabs remain from previous
structures. The land is generally level, with the exception ot a large
mound of topsoil in the north-central section of the property. Some dense
brueh and treee oscupy the unortheast scormer; otherwise the site ie

relatively clear and portions are maintained.

Radiplogieal History

There is ne &nistory indicating burials of contaminated material on
property Vi however, residues may have been cemporarily stored along "H
Street ncar its intersection with "5 Htrect.l Because »f construction
activities associated with the Mathieson rocket fuel faeilities, it is
likely that acy surfzce contamination from Eaﬂrliar MED/AEC operatione would
have been disturbed andfor reloacated. The 1971-~72 AEC survey identified
elevated gamma radiation levels aleng Wesson Road and east of the
intersection of "5" Street with an unnamec east/west road.2 The 1980
mobile scan by ORNL confirmed these findings.3 Previous surveys also
identified contamination of the adjacent Central Drainage Ditch, resulting

in elevated direct radiation levels in its vicinity.2-3
SURVEY FROCEDURES

The comprehensive survey of NF5S off-site property V was perfeormed by
the Radiological Site Assessment Program of 0Oak Ridge Assoclated
Universities (ORAD), during June-August 198 . The survey was in accordance
with a plan dated March 18, 198, approved by the Department of Energy.

The objective and procedures from that plan are presented in this section.



Objective

The ebjective of the survey was ro provide a comprehensive asscssment

of the radiological conditions on property V. Radiological informaticn

cellecred

Procedures

included:

direct radiation exposure rates and surface beta-gamma dose
rates,

logulions ol vonbamingted surface aceas,

concentrations of radionuelides in surface and subsurface soil,
congentrations of radionuclides in surface and ground water, and

contamination levels on interior building surfaces.

L’

Brush and weeds were cleared as needed to provide access for
gridding and surveying and a 20 m grid sysrem was established by
Melnteoh and Melontesh of Leckpors, WY, under asubcoptracy. The

grid system is showa on Figure 3.

Walkever surface scans were conducted over all aceessible aveas
of tne property. Traverses were at 2~3 w intervals onm those
areas that were rvelatively 1inaccessible and had no hiscory of
radiosctive use. Scanning intervals were l-2 m along all roads,
iu areas previously lideacvified as having elevarted radistien
levels, and in pther areas where direct radiation wmeasurements
suggested possible contaminated residues. Portable gamma NaI(TI1)
scintillation survey weters were used for the scans. Locaticns

of elevated contact radiation levels were noted.

Gamma exposure rabe measurements were made at the surface and at
l m above the surfzee at 20 m grid intervals. Measurements were
performed using portable gamma NzI(T1) scintillation survey
mohers. Comversien of these meaturcmenkts Lo GXposure rates in
microroentgens per hour (LR/h) was dn  accordance with cross

calibration with o pressurized ionization chamber,
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Beta=gamma dose rate messvroments were performad 1 em above the
surface at 20 m grid iztervals. These measurements were
conducted using thin-window (<7 mg/cmz) G-M detectors and
portable scaler/ratemeters. Measurements were also obtained with
the detector shielded to evaluate contributions ¢f nonpenetrating
beta and low-energy gemma radiations. Meter readings wereg
converted to dose rates in microrads per hour (urad/h) based on

vross calipraction with & thin~window lLonizatzon chamber.

Enrface (0-15 em] soil ssuples of approximoetcly 1 kg coch were

collected gt 20 m grid intervals,

Ar selecred locations of elevated surface radiation levels,
beta~gamma dese rates at 1 cm above the suwiace and exposure
rotes at 1 m above the surface were alse measured. Surface
samples were obtained from these locations and, following
sampling, surface eXposure IalLes Were remeasured Lor COMPArLlson

with presampling levels.

Detection bSciences Group of Carlisle, MA, performed ground
penetrating radar surveys at propesed borchole locations to
assure that subsurface piping and utilities were not damaged
during drilling. In sgme cases, Dboreholes ware relocated
alightly.

Boreholes were drilled to provide a wmechanism for logping
subsurface direct radiation profiles and collecting subsurfaca
gail and water ssmples. Fourteen bovcholoeps were drilled by Bite
Engineers, Irve., of Cherry Hill, NJ, using truck mounted. 20 cm
diameter hollow-stem augers. The loeations of these boreholes

are shown on Figure 4,

Gamma radiation scans were performed in the boreholes to identify
the locations of elevated direct radiation levels which might

indicate subsurface residues. Radiation prefiles in  the



borehples were determined by weasuring gawma radiaticn  at
1530 em intervals between the surface and ground water or the
hole bottom. 4 collimated gamma scintillation detecter and

portable scaler were wsed for these wcasuvremencs.

Ground water samples of approximately 3.5 liters were collected
from nine borehole locations using & hand bailer. Soil samples
of approximately 1 kg each were collected from various depths in
selected holes by scraping the sides of each bvorehole with an

ORAU designed sampling tool.

9, Two water samples were collected from sreas of standing (surface)

water {ses Figuze 5).

10, Gamma scans and exploratory measuvrements of direct alpha and
beta=gamma levels were performed in existing buildings. On the
pagis of the negarive results of these measurements, Ifuzrther

surveying of interior building surfaces was not performed.

11. Twenty goil samples and sevenl water samples were collected from
the Lewiston area (but not oo WFSE or agssociated off-site
properties) to provide baseline concentrations of radiemuclides
for comparisen purposes. Direct background radiation levels were
megsured at locations where baseline soil samples were colliected,
The locations of the baseline samples and background measurements

are shown on Figure 6.

Sample Analvses and Interprecation of Results

S0il samples were analyzed by pauma spectrometry, Badium-226 was the
najer wadienvelide of c¢omeern, although spectra were reviewed for U-235,
U-238, Th-232, (Cs-137, and other gamma emitters. Water samples were

analyzed for gross alpha and gross bets concentrations,

Additional information concerning analytical equipment and procedunes
15 in Appendix A.



Results of this survey were compared ro rha applicable puidelines for

formerly utilized radicactive materials handling sites, whieh are presented
in Appendix B.

ESDLTS

Backeround Levels and Baseline Concentratinns

Background exposures rates and baseling radionuclide concentrations in
soil, derermined for 70 locations f(Figure &) in the vicinity of the NFSS,
are presented in Table 1-A. EBxposure rates ranged from 6.8 to 8.8 uR/h
(typical levels for this 4rea of New York). Concentxations of
radionuclides in soil were: Ra~226, <0.09 to 1.22 pCifg (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 pCifg; and Cs=137, <0.02 to 1.05 pCi/g- These concentrations are

typieal of the radionuclide levels normally encountered in surface soils.

Radjcactivity levels in baseline watexr samples are Eresented in
Table 1-BE. The gross alpha and gross beta concentrations ranged from 0.55
to 1.87 pCi/l (picocuries per liter) and <C.63 to 14.3 pCi/l, respectively.

These are typical of concentraticns normally cccurring in surface water.

Dirges Radiption Levels

Direct radiation levels, wmeasured at 20 m grid intervals, are
presented in Table Z. The gamma exposure rates at 1 m above the surface acC
these locations ranged from 4 to 20 uR/h (average 7 wR/h). Surface contact
gnmma exposure rataes and betp-gamms dose rates wexe 5 te 28 LR/h {average
8 uR/%) and 5 to 69 urad/h (average 14 prad/R), vespectively. At most
locations, measurements performed with the detector shielded averaged
approximately 20% less than theose with the woshielded detector. This
indicates only a small pertion of the surface dose rate is due to

nonpenetrating beta or low-energy photon radiations.



The walkover survey identified numerous small aress and isolated spots
of elevated contasr radistion levels. These locations are indicated on
Figure § and associated radiation levels are presented in Table 3. Surface
contact gamma exXposure vates ranged from 12-240 pR/h; the wmaximum was
measured at prid point 541N, 123E. Exposure rates at 1 m above the surface
ranged from 13 te 26 pR/G. Beta—gamma dose rates ranged from
20-450 prad/h. The maximum dese rate was alse recorded at grid coordinate
341N, 123E, Contact exposure and beta-gamma dose rates were not reduced by
suil sampling AT many of these locations; the most notable example
occurred at grid peint 541N, 179E where the contact exposure rate increased
fraom 77C te 1100 pR/hry following sampling.

Radionuelide Conconrrations in Surfasce Seil

Iable 4 lists the concentrations of radicnuclides measured in surface
s0il  from 20 m grid incervals. These samples contained Ra-226
concentrations ranging from <0.14 te 3.54 pCi/g. The highest level was in
the sample collected at grid peint H20N, 4UW. The walkover surface scan
identified this general area as having slightly clevated contact gamma
readings. A few additiomal sgmples contained Ra-226 concentraticons
exceeding those in the baseline soil, but none exceeded 5 pCi/g above the
baseline level. Three of these samples also contained U-238 concentrations
slightly above baseline levels; the highest was 7.00 pCi/g in the samples
from grid coordinates 600N, 50W and 580N, 60E, Slightly elevated
concentrations of U=235, Th-232, and C€s5-137 were alszo present in a few
samples, but levels were genmerally comparable to the ranges in baseline
sail. Mo other gamma emitting radionwclides were present at levels

exceeding those normally occurring in soil.

Radionuclide concentrations dim  samples from locations of elevated
contact radiation levels are presented in Table 5. Concentrations of
Ra=226 in these samples ranged from 23.7 to 4,280 pCi/g; the maximum
concentration was mweasured in a piece of rock-like material (sample B10Q)
from grid point 541N, 17%E. Sample B9 (541N,123E), also a large rock,
contained 990 pCi/g of Ra-226 and clevated U=238 and Th-232 concentrations
(94.8 and 84.5 pCi/g, respectively).

~4



Samples 31-BE contained Ra-226 levels between 20 and 50 ptifg with
comparable concentrations of U-2Z38. These samples were all small xocks
associated with constructriom £i11 or paving. Similar material has been
noted on other NFS5 propertiea and througheut the Niagara Falls area; the
radionuclide levels in this particular type of roeck is believed to be of
natural origin and not the result of previous MED/AEC operations on this
site.

Borehole Gamma-Logping Measurements

The resylts of gamma seintillation measurements in boreholes indicate
elevated vadiomuclide levels te a depth of 30-60 em in several sreas. As
evidenced by analyses of subsurface samples, the gamma borehole
measurements were veliable indicators cof elevated radiomuclide levels.
However, the gomma logging data was not useful in quantifying radionuclide
concentrations in the subsurface soil, becawuse of the varying ratios of

Ra-236, U-235, U-238, TL=-232, and Cs=137 occurring in soils from chis site.
Radionuglide Concentratiens in Borehole 50il Samples

Table 6 presents radionuclides measured In  soil samples from
boreheoles. At hborehele locations H1-HY9, located te be representative of
the general property conditions, logging measurcmegnts did not identify
evidence of elevated subsurface radionuclide levels. Therefeore, only

samples of surface spil were collected at these lLocabions.

Subsurface samples from horeholes HIO, H12, and H13, drilled in arcas
of elevated direct surfaece radinvion, rcontained concentwations of Ra-226
above the baseline soil levels, The highest concentration was 20.6 pCifg,
from the 15 cm depth in borehole HLO0, This sample also contaiged
39.1 pCifg of U-238. The activity in this sample was associated with small
pieces of rock: similar rock and radionuclide levels were noted in the
surface sample from this locatiom. 1In borehole H12 the Ra-216 levels were
slightly elevated at the 90 cm depth; however the concentration was only

2.16 pCi/g. Samples from 30 e¢m and 120 cm deep in borehole H13 contained

[¢s]



12.3 and 3.65 pCi/g of Ra-226. The high direct radiation level measured at
thiz lecation after surface sampling, and the borchole logging measurements
indicate, however, that material (possibiy individual rocks) containing
radionuclide levels considerably greater than those observed in the

subsurface sample, are present at approximately 30 cm deep in this axea.

Radionuelide Concentrations in Water

Surfaece Watar

Samples Wi and W2 frow standing water vu property V {vefer to Takle 7)
contained gross alpha concentrations of 1.62 and 1.83 pCi/l, respectively.
Gross beta concentrations of 2.77 pCi/7 (WI1) and 10.3 pCi/l (W2) were
present., These values are within the range measured in baseline water

samples.

Subsurface Water

Water samples collected from boreholes contained from 1.08 to
10,6 pCi/l of grusy alpha and 1.15 ww 14.7 pCifl of gross bsta. The alpba
lavel is higher than those wmeasured in hassline sanples; however, both
alpha and heta levels nare within tha EPA Drinking Water =sriteria. It
should be unoted cthat high concentrations of dissolved sclids in many of
these samples resulted in residues which adversely affected the relative
errors of the analytical procedure,

Buildine Surveye

Resulrs of rhe gamma scans and measurements aod  eaplursLury
megasurements of direct alpha and beta-gamma levels, performed iz five
buildings, are presested in Tahle 8. Gamma exposnre rates at | m above the
floor ranged from 4.2 to 6.7 LR/h. Beta-gamma dose rates ranged from
0.01-0.03 mrad/h,  Total alpha contaminavien levels ranged from <26 to
103 d/w/100 em?; beta-gamma levels were all <394 d/w/100 cm? with the
gxception of an isolated area in one of the bulldings where a surface

beta~gamma weasurement of 634 d/m/100 ¢m? was recorded.



COMPARISON OF SURVEY RESULTS WITH GUIDELINES

The guidelines applicable o cleauup of off-sice properties at ghe
Nisgara Falls Storsge Site are presented in Appendix 3. Radiation levels
and radionuelide concentrations at small, isolated spots of surface or

tear-syrface contamination exceed these guideline values.

The exposure rates 1in contact with two of the isolated areas of
surface countamination exceed the NRC guideline of 60 uR/h for open land
argas accessible by the general public. The highest level measured (before
sampling) was 240 uRfh ar grid point 541N, 123%, Ar grid coordinate 541K,
1788 eontact exposure levels dncressed fxom 220 to 1100 wR/h following
sampling. The average exposure rate of 7 uR/h at 1 m above the surface is
well within the 60 sR/h guideline.

Coneentrations of Ra~226 in excess of 5 pUifp above the baseline level
are present on the surface of the property. Maost of these locations are
assgclated with small areas of rock £ill, which alse contains equivalent
coucencracicng of U-238. The radicnuclide content is therefore believed teo
be of natural origin and not atoributable to previous MED/AED activities at
this site. At several locations, Ra-226 levels exceeding 15 pCifg were
identified im subsurface rock Fill. Isplated pieces of rock-like material
with higher levels of Ra=-226, but without comparable UV-238 concenrrations,
were also noted. This material is considered to have resulted from MED/AEC
activities, Direct swrface and borehole logging measurements indicate
subsurface deposits of this waterial to 30 cm deep at grid coordinate J41N,
179E. The total volume of this material is estimated Yo be less than 1 mo
and the Ra-226 conccntracion averaged over 100 ol would be within the

eriteris.

Surface and subsurface water contained radionuclide concentracions
below the EPA Interim Drinking Water Standsrds of 15 pCi/l, gross alpha,
and 50 pCi/l, gross beta.

10



Exposure rates inside buildings are comparable to background levels.
Alpha surface contamination levels axe Llocs than the eritcria of
100 ¢/m/100 co? average and 300 d/w/100 cw? wmaximum (based on Ra-226).
Betg-gamma surface contamination levels were, with oune cxception, below

detection limits.
SUMMARY

A comprehensive survey of off-site property V at the Niagara Falls
Storage 5ite was conducted during June-August 198). The survey included
surface radiation scans, meossuremenia of direct radiation levels, analyses
for radicouclide concentrations in surface and subsurface soil and water
samples, and measurements of contacination levels in  buildings.
Ground-penetrating radar was used to identify subsurface utilities, whieh

might preclude borehole driliing.

The survey identified small isclated areas of elevated direct zadi-
ation and soil contamination. The wmajor contaminant is Ra-226; however,
U-238 and Th-232 are also present. Most of these arcas are associated with
rock material similar to that commonly used as a fill and paving base in
the Niagara Falls area. It is believed to be of natural origin and not
attributable to previous MED/AEC activities on this site. Several isolated
pieces of rvock-like material, centainming primarily Ra-226 at higher
concentrations than in the rock £ill, werc alsc located; this material is

also similar to residues identified on other ofi-site properties.

Subsurface contamination was idencified at 15~30 em deep at two

borehole locations.

Radionuclide concentrations in surface and subsurface water are within
EPA Drinking Water Standards and contaminarion was not identified in

buildings on the propercy.

Although the contaminated residues on small portions of this property
exceed the guidelines established for release of the site for unrestricted
use by rthe general publie, the contaminants do not pose potential health

Tisks te the publie or site workers and are not wmigrating from the
PIDPEIty .
11
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RADIONUCLIDE CONCENTRATIORS IN BASELINE SOIL SAMPLES

TARLE 1~A

BACKGROUND EXPOSURE RATES

AND

. o a
Location

Exposure Rateb

Radionuciide Concentratioms {pCifg)

(UR/R) Ra-226 B-233 U-238 Th-232 Cs—137
] fi 8 0.74 + B.16C <0.19 <1.89 0.70 + 0.46 0.2% + 0.08
2 6.8 0.75 + 0.19 <0.1% %3.35 0.84 + 0.24 0.24 + 0.08
3 8.3 0.71 + 0.18 0.46 + G.41 <3.72 0.88 + 0,33 0.34 + 0.04
& 7.9 0.67 £ 0.18 0,22 <4.10 1.18 + 0,35 0.12 + 0.07
3 7.3 0.70 + 0,16 <017 <3.34 0.68 + 0.24 0.4 £ 0,07
& 7.1 0.50 & 0.15 <alb <2.33 0.52 & 0.38 0.17 £ 0,09
? 7.7 .53 + D13 <017 €1.73 0.83 + 0.24 0,35 + 0.08
8 7.6 0.59 + C.12 <0.14 <2.20 0.54 + 0.23 <0.02

g 7.1 0.63 + 0.20 <0.23 <4,16 0.83 + 0.38 0.69 + 0.11
10 7.1 0.70 + 0.16 <0.1% <2.98 0.59 * 0.25 0.69 + 0.10
11 6.7 <0.09 <0.1% <2.83 0.49 + 0.31 0.48 + 0.14
12 7.1 0.48 + 0.13 <0.16 <1.84 0.65 + 0.26 0.68 + 0.10
13 6.7 0.57 + B.14 20.17 <2.36 0.49 = 0.26 0.41 + 0.08
14 6.8 0.68 + 0.17 <0.19 3.4 0.67 £ 0.25 0.70 £ 0.10
15 B.2 0.65 + 8.14 <0.17 <3.20 0.72 + 0.35 0.23 + 0.08
16 7.4 n.91 + 0.17 <0.71 <3.58 0.83 + 0.28 0.61 + 0.09
17 7.0 0.48 + 0.14 <0.16 <2.73 0,32 + 0.22 0,28 + 0,08
18 1.7 0,73 £ 0.16 <0.18 6.26 + 9.23 1.01 + 0.44 0.32 £+ 0,12
19 8.8 1.22 & D.22 <0.23 <3.79 1.08 + 0.49 1.05 + 0,13
20 8.6 0.83 % 0.17 <0.21 <3.59 0.84 + 0.39 0.08 + 0.07
Ranga 6.8 to B.8 <0.09 ra 1.22 <0.14 to 0.46  <2.20 to 6.26 0.32 to 1.18  <0.02 to 1.05

% pefer te Figure 6.
Measured &t } m above the surface.
C Errors are 2¢ based on counting setatistics,



TABLE l=-E

RADIONUCLIDE CONCENTRATIORS IN BASELINE WATER SAMFLES

Lmaati@nﬂ Radionuclide Concentratieme (pCi/l)
Gross Alpha Gross Beta
W1 0.95 + 0.93 b 4,79 + 1.15
w2 0.95 » 0,94 9.17 £+ 1.31
W3 D.55 + 0.78 2,73 £ 1.05
Wi 0.63 + 0.89 5.37 & 1.17
W5 0.73 + 0,58 SO
W 1,87 + 1.84 14.3 + 2.4
w7 1.16 + 0.66 <0.63
Range 0.55 to 1.87 <0.63 £o 14.3

& Refer to Figure 6.
Errors are 2c based on counting statistice.
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TABLE 2

DIRECT RADIATION LEVELS

MEASURED AT 20 M GRID INTERVALS

Grid Locatien

Gamma Expoaure
Rates at 1 o Abeve

Gamma Exposure

Rates at the

Bera-Gamna
Doce Rates at 1 em

the Surface Surface Above the Surface
(uR/h) {uR/h} {wrad/h)
900N 0w 7 8 14
5008 8cW 8 8 Lo
900N GlW 7 b 28
o0 40W 7 7 7
900N 20W 8 ] 20
3Q0N CE ] Q 18
Q00N 208 7 8 12
900N 40F 7 7 9
900N 6CE 7 3 8
900N 80E 7 8 B
S00M 100K 7 7 17
900N 1208 7 7 1
SO0N 140K 7 7 13
900N 160E 7 B 13
900N 1B0E 7 7 7
900N 200E 6 7 13
900N 220E 7 7 10
B8ONR 90W 8 ) a
880N 80W 8 8 a
830N 60W 8 3 a
880N §0W B 8 a
880N 20W 8 8 a
280N [#1H 9 9 11
BRON 208 o) 8 a
880N 40E 8 3 a
RBON H0KE b g a
BRON BOE 8 g a
380N ~0CE 8 8 a
830N 120E 5 8 a
BBON 1408 8 8 a
SBON 160K 8 B a
880N 180E 8 8 a
BRON 200E 8 8 a
BEBON 220E B a a
BeON 9O 4 10 27
B6ON BOW 9 10 21
860N 6OW 9 10 23
BHON 40W 12 12 19
B6ON 20W 9 9 13
B0 ] 9 9 i2
BEHON 20E 7 B 12
860N 40 7 7 19



TABLE

2, cont,

DIRECT RADTATION LEVELS

MEASURED AT 20 M GRID INTERVALS

Grid Liocation

Gamma Exposure
Rates at 1 m Abeve

Gamma Exposure
Rakea ot the

Beta-Gamma
Doce Rotes at 1 em

the Surface Surface Above the Surface
(uR/h) {pR/h) {urad/h)
860N 60 7 8 8
860N 80E 7 7 7
B60N 100E 7 / .6
86N 120E 7 8 18
860N 1408 7 8 19
ge0N l60n 7 7 12
860N 180E 7 b 16
BOON 200F 7 8 24
860N  220E 7 7 19
840N 0w & 8 18
B40ON 80w 9 9 16
840N G0wW 10 10 30
8404 40W 11 11 22
840N 20w 9 9 21
840N z 9 9 21
840N 2CE 3 7 12
B4QN 40E 7 7 20
840N 60E 7 3 10
840N 20 7 8 8
Ba0N 100E 8 3 B
840N 1208 8 a 31
B40N 140E 7 7 13
40N 160E 7 7 13
840N 180E 7 5 B
840N ZD0E 8 7 7
q40N 2208 7 7 9
420N 90w 8 8 11
220N 80w & 8 22
320N 60W 8 B 24
B20N LOW 20 29 69
B20ON 20W 7 6 19
820N O 9 12 19
320N 20FE Ed &) 8
820N 40F & 8 15
B20N 60F 8 8 14
RINN 80E 8 8 25
8200 10CE 8 9 22
B20N 120Z 8 3 28
820N 1408 7 7 7
820N 160E 7 7 16
820N 180E 7 7 12
820X Z200E 7 8 12



TARLE 2, cont,

DIRECT RADIATION LEVELS
MEASURED AT 20 M GRID INTERVALS

Gamma Exposure Gamma Exposure Beta~Gamma
Grid Location Rates at 1 m Abowvy Rates a4t the Duse Rates at 1 cm
the Surface Surface above the Surface
(uR/h) (uR/h) (urad/n)}
820N 2208 7 7 10
J00N 90W 8 a 28
800N Z0W 9 4 23
800N SOW B ) 19
800N 40w 7 7 10
8001 20w & & La
BOON 0t 9 11 20
800N 20F 8 8 11
BOON 40F 7 g 8
BOON 60E 9 ] 19
800N 80 7 7 ih
300N 1008 7 8 i3
2008 120K 8 4 17
800N J60E 7 8 8
800N 1608 7 7 15
BO0N 180F 7 7 9
800N  200E 7 7 10
800N 2208 7 7 13
780N 90w 8 8 15
780N B0w 7 7 23
780N HOW 7 8 12
780N G0W B 12 25
TRON 20w B 6 6
750N UE O 10 18
TEIN 208 ? 7 7
720N LOE 8 7 13
780N GOE 7 / L1
TAGN BOE 7 7 7
780N 100E 7 ki G
7808 1200 7 2 11
7804 1408 7 7 7
780N 16CE 7 8 9
7800 1808 7 b2 15
180N 2008 7 8 12
780N 220E 7 8 11
To0ON 20w 8 ) 18
7601 BOW 7 8 22
7608 oW 7 7 7
76048 50W 7 7 g
760N 20U 7 8 ]
760N 08 g 12 28
760N 208 3 8 21
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TABLE 2, cont.

DLRECT RADIATION LEVELS
MEASURED AT 20 M GRID INTERVALS

Gamma Exposure Gamma Exposure Beta-Gamma
Crid Location Rataes at | m Abkove Ratas at the Dose Rates at 1 om
the Surface gurface Above the Surface
{(uR/h) {LR/M) (urad/h)
760N 408 7 7 23
J60N BOE 7 7 13
TH0N BOE 7 7 7
760N 100K 7 7 15
760R 1208 7 7 7
TAGN YA 7 7 1
760N 160E 7 7 20
760N 1B80E 7 ] 29
760N 2008 g B g
760N 2208 7 7 7
74009 F0W 7 7 9
740N 80w & 6 11
740N GOW 7 5 16
740N 40W 7 7 19
74N 20W 7 7 12
740N (9) 9 g 18
740N 20E 6 & 8
740N 40E 5 5 5
740N 60E 6 6 14
740N 80E 5 9 5
7408 1DOE 5 é 6
7408 1208 6 7 7
P&EON 140E 7 ¥ 10
740N 160F 7 7 L2
740N 180E 7 7 .6
740N 200E 7 7 9
7400 220K B i 7
720N 0% 9 8 12
720N 40w 7 v 7
7208 60w b I Iy
7200 40W & 6 8
720N 200 7 T 11
720N = g H] 8
720N 20E 6 5 5
720N 408 B 7 7
720N 60E 3 f 6
720N 80E 6 b 6
720N 1C0E 5 5 5
720N 120E 7 3 11
7208 l40E 6 7 7
720% 160E 7 7 7
720N 180K 7 7 7
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TABLE 2, cont.

DIRECT RADIATION LEVELS

MEASURED AT 20 M GRID INTERVALS

Crdid Locotion

Gamma Exposure
Ratos at 1 om Above
the Surface

{uR/ 1)

Gamma Exposure
Rotoos at the
Surface
(pR/h)

Bara-Gamma
Pooe Rotes ot 1 om
Abave the Surface

(urad/h)

720N
720N
700N
700N
7008
7004
700N
700N
100N
700N
700N
7908
700N
700N
700N
700N
700N
700N
700N
680N
680N
680N
680N
BRON
680N
680N
680N
680N
680N
680N
680N
630N
650N
BRON
680N
680N
660N
660N
660N
660N
660N
560N

2008
220E
OW
80w
60w
A0OW
20W
O
208
40E
608
80OE
100K
120E
140E
160E
180E
200E
220E
Q0w
80w
60w
A0W
20W
CE
20%
403
00E
80
10CE
120E
140E
160G
180E
Z00E
220E
90w
B0OW
60W
40W
20w
OE
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TABLE 2, cont.

DIRECT RADIATION LEVELS

MEASURED AT 20 M GRID INTERVALS

Grid Lecatlon

Gamma Exposura
Rates at 1 a Abuve

Gamna Exposure
Rates at the

Beta~-Gamma
Duse Rates at 1 cm

the Surface Surface Above the Surface
(uR/h) (uR/h) {urad/h)
660N 208 5 5 5
560N 40F 5 3 5
HOON S0E 3 5 g
be0N BOE 5 6 6
660N 100 5 5 il
HO0ON 120 6 7 17
660N 1408 6 7 7
660N  160E 7 7 37
660N 180F 7 7 15
50N 200E 7 7 10
660N 220E [} 7 14
640N 20w 8 8 9
640N 80w 5 6 5
640N 80U 5 5 B
40N 40w 6 6 6
40N 00 4 3 5
640N OE 8 8 8
640N 208 6 7 a0
6408 40 7 7 9
640N 310 7 7 7
640N BOE 7 7 10
640N  10QE b 7 21
640N 1208 7 8 28
840N 140F 7 7 14
640N 160 7 7 12
H40ON 1801 7 8 31
640N 2008 ? 7 7
HAON 2204 [ 7 7
B20N 0w 7 7 7
620N 80W 7 7 19
A20N AROW 7 8 23
620N 40W 5 5 12
620N 20w & 5 9
620N 0E 14 18 33
B20N 208 7] <) 10
620N 40F 6 7 10
6204 80E 5 3 5
220N 20E [ 6 3]
620N 100E & 9 19
AIZ0N  120E 7 7 20
H20N8 140F 8 7 12
B2ON 1608 7 7 ?
620N 180 7 8 18
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TABLE 2, cont,

DIRECT RADTATION LEVELS

MEASUREL AT 20 M GRID INTERVALS

Grid Locaclon

Gamma ExXposure
Rates at I m Above

Ganma Exposurc
Rates at the

Beta—Gamma
Dose Ratea at L com

the Surface Surface Above the Surface
(ur/h) i/ (urad/h)
620N 00E 7 8 13
g20N  220E 7 8 24
600N 900 8 ) 8
HOON anw 7 7 23
600N 60w 6 & 15
600N LOW a i a
600N 20W 7 7 12
000N DE 9 9 9
600N 208 a a a
GOON MOE a a. a
600N 60R 7 7 16
600N 20K 3 5 11
600N 100K 7 i} 6
BO0ON 120E 7 7 7
600N 140E 8 g 20
600N 160E 8 10 23
600N 180E 7 8 12
600N 200E 14 14 3L
£00N 220E 12 12 25
580N 90w g 8 9
SBOM B0W 8 B 1B
S80N 60W 7 7 10
580N 40W a “ a
580N 20%W 7 7 27
580N 0E 9 ) 9
580N 20E 10 12 15
580N 40 9 9 25
580N 60k 13 13 13
580N 8(E 9 12 18
580K 100E 3 7 7
S80N 120E 7 7 16
580N 1408 a k| 8.
230N 160E “ a a
580K 180K b ) g
580N 200E 7 7 13
SEON 220E 7 7 15
560N 80w 8 8 24
S60N BOW 8 8 17
560N 60W 7 7 7
S60N 40W 7 7 20
S60N 200 6 6 6
560N 0E 9 9 22



TABLE 2, cont,

DIRECT RADIATION LEVELS
MEASURED AT 20 M GRID INTERVALS

rlid Locatilonm

260N
560N
560N
360N
3609
560N
260N
360N
5601
360N
360N
540N
540N
5400
540N
540N
540K
540N
340N
540N
340N
540N
540K
540N
340N
540N
3409

Gammz Exposure Gamma Exposure

Beta—-Gamma

Ratens at 1 m Above Bates at ohe Dose Rates at 1 om
rhe Surface surface Above the Surface
(ur/h) (uR/h) (urad/h)

208 12 i3 13
40E 8 12 12
BOE 9 b5 18
80E 9 B 8
100E f 6 18
1208 & 7 14
140 a a a
1608 a a a
1802 6 5 8
20037 7 7 7
2208 7 7 7
acw il 93 20
BOW ] 9 12
60W 7 8 8
4OW 6 6 9
20w 5 3 5

0E 9 8 17
20E 7 9 16
40E 9 9 29
G0E 9 A a
B80E 8 9 9
100E 6 6 f
1200 9 & 11
1408 a a a
160% a a a
180E 11 8 8
20E 10 12 19

# Measurement net taken due to presence of building surface wabter, or other

obhstruction,



TABLE 3

DIRECT RADIATION LEVELS AT LOCATIONS
IDENTIFIED BY THE WALKOVER SURFACE SCAN

Grid Exposure Rate (pR/h) Surface Dose Rate Sample Contact Exposure Hate
Location® Contact 1 m Above Surface {wrad/h) Idencification” After Sample Remnval

(pR/ 1)

8G2-BTON 2101w 20-34% - e —— o
BG4AN 2 39 23 57 Bl 43
8624 16W 20 — [N JURI O
B52-856N 20-91u 17-20 ——— _— R aa
840~846N 14=-200 22-48 —— ——— ——— e
844N 17N 48 26 109 B2 36
834-840N  32-40W 12-20 — ——- — —
g279 60w 29 - ———- - —=
824N 26W 29 — —- S —_—
g218 48y 38 ——— — —— —
8218 43w 27 ———— —— —— e
8204 560 25 e —_—— ——— —
B16N 1BE 23 e J— J— R
B16N 21E 28 v R e I
3164 248 30 e e - o
815H 23E 38 21 59 B3l 24
809-820N 44 7HW 17-29 = —— e —
812-8208 29400 29 e —— e e
BOON 5RW 27 ottt prp— JR— o e
ad7-691N 32-~35E 17-36 —_— _— —— ——
6A9N 33E 36 e ——— —— ———
616-625N 0-7E 14-31 —_— — —_——— ———
621K 1E 21 ——— ———— —— —_———
a00-603NH 134-140E 17-29% ——— —— ——— PO
602 136E 29 14 40 B4 48
600~602N  160-176E 14-21 ——— — —— ——
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TABLE 3, conc.

DIRECT BADIATION LEVELS AT LOCATIONS
IOENTIFIED BY THE WALKOVER SURFACE SCAN

Grid Exposure Rate {wR/h) Surface Dose Rate Sample Contact Exposure Rate

Locatlion Contact 1 m Above Surface {prad/h}) Identification After Sample Remowval
(uR/h)
HO0N 150 21 L3 21 BS 47
G0N 1708 21 ——— ——— S ———e
a00-~604N  206~220E P#-40 —_— ——— —— ————
600N 215E 40 ———— O
SBO-600N  212-214E 14~29 R e USTR R
595N 213E 29 e e ——— P
397N 150K 37 —— - e ———
595~600N 48-520 14~31 —_—— ———— —— ———
600N S51W 31 14 43 B6 58
595N 51W K _— ——— ——
591-594N 48W 27 ——— ——— — e
580-592N 59-51W 14-29 ——— ' ——— —— ———
3908 49y 29 —_— —_— —— ——
590N 196E 32 ——— —_— —— ——
584-588N 57 ~4BW 29 ——— ——— —— ———
Su0-582H 60-63E 1h=-22 ———— ——— ——— ———
3818 62F 20 14 20 BY 25
5750 G4E 20 e e —_— ——— ———
569-572N 49528 1A-20 e e o PR J——
564N 24E 23 s s R J——
SEIN 22E 20 — P — R
5598 ISE 1 17 X A& 11
5590 21E 23 ———— e ———— R
550- 558N 50-56E 1420 e e ——— N

S5A (=S A5N 1=11FK B4~ s o e e s e P



TABLE 3, cont.

DIRECT RADTATION LEVELS AT LOCATTOHS
IDENTIFIED BY THE WALKOYER SURFACE SCAN

Grid Fxposure Rate (pR/h) Surface Dose Rate Sanple Contact Exposure Rate
Location Contact ! m Above Surface {prad/h) {dentificarion  After Sample Removal
(ur/h)
244K 37k 27 me— —— - ——
543N STE 33 o = m——— m——
S4IN 123E 240 21 450 BS 280
J41N 1791 220 25 220 D10 1100

4 Bglfer Lu Flguce 7.
« b Radionuclide analyses of samples presented in Table 5.
€ pash Indicates measurement or sampling not performed.



‘TAHLE

4

RADIONUCLIDE CONCENTRATIONS IN SURPACE SOTL SAMPLES
FRUM 20 M GRID INTERVALS

Grid Radionuclide Concentrations (pCi/g)

Location Ra-226 r-235 U-238 Cs-137 Th-232
9000 90w 1.08 + 0.299 <0.33 1.92 + 1.47 0.67 + 0.15 0.67 + 0.53
DU BOwW l.20 * 0,41 K0.232 <L.G1 D.065 1 0.3 1,36 t (.45
9008 H0W .38 + 0.19 <0,1% 0.78 + 0.60 G.a6 + 0012 D.51 + 0.25
900N 40w 1.04 + 0,36 <033 2.07 + 1.15 0.61 + 0.15 0,86 + 0.32
00N 20w G483 + 0.24 <0415 D.80 5 0,88 0,57 + Dl Ne&4 + 0.35
900N N 0.85 + 0.24 <0.13 1.18 + 0.64 0.94 + 0.13 0.50 + G.29
SO0N 208 1.03 + 0.23 {0.32 <0.98 0.72 + 0.19 1.84 + (.48
200H 40E 1.01 & 0.21 <0.18 0.71 + 0,87 040 + 0.9 1.35 + 0,35
300N 60E 0.90 + 0.24 <0.26 <0.84 0.62 + 0.11 0.61 + 0.51
900N 80E 0.98 + 0.28 <0.31 <0.93 0.68 + 0.12 0.77 + 0.34
500N  100E 0.98 + 0.23 <0.17 0.90 + 0.61 0.46 + 0.10 1.10 + 0.33
5008  120E 0.98 + 0.24 <0.34% 2.08 + 1.12 0.74 + 0.14 0.58 + 0.49
900N  140E 0.83 + 0.34 <0.18 1.23 ¥ 0.93 N.80 + 0.15 0.89 + 0.45
900N  160E 0.80 + 0.20 <0.32 2.12 + 1.55 0.57 + 0.11 110 + Q.46
900N 180E 0.73 + 0.25 <0.15 0.531 + 1.26 0.52 + 0.12 0.58 + 0.33
Ll 200E 0.70 + 0.20 <0.14 1.45 + 0.43 0.38 + 0.09 0.62 + 0,28
900N 220% 0.96 * 0.2% €0.27 <0 86 0.27 + 0.08  0.B4 + 0.34
880K 20N 0.9% + 0.30 <0.18 0.75 + 0.59 0.98 + 0.15 D.BY + 0.44
8800 80w .20 + 0.33 0.8% + 0.70 .64 + 2,21 1.43 + 0.18 1.26 + .36
geON  60W 0.88 ¥ 0.25 NE: 0.6 £ 098 1.0 % A.¥A (0LRS £ 0.17
gBoy 400 1.45 + 0.32 <0.39 <1422 1.95 + 0.22 1.12 + 0.40
4804 204 1.58 + 0.38 0,24 0.90 + 0.80 2.57 + 0,29 0.92 + 0.56
BEDN Av 0.93 + 0.21 <03.29 IR .67 + 0,12 0.65 + 0.40
882N 10E 1.09 + 0.28 <0.29 <0.98 0.60 + 0.12 1,16 + 0.29
80N 20E .83 + 0.25 <0.15 1,62 + 0.62 0.68 + 0.11 0.60 + 0.25
880n L0E 1,13 + non [l 2,46 4 1.92 0.40 + 0.12 0.78 + 0.44
880H BUE 1.08 + 0.41 <0.21 0.66 + 1.13 0.92 ¥ 0.18 0.68 + 0.43
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TABLE 4, cont,

RADIONUCLIDE CONCENTRATIONS IN SURFACE S0IL SAMPLES
FROM 20 M GRLD INTERVALS

Grid Radionuclide Concentrations (pCi/g)

Location Ra-226 -235 U-238 Cs-137 Th-232
880N  BOE 0.48 + 0.28 <0.17 1.04 + 0.31 074 + .14 0.70 + 0.34
580N  10DDE 1.10 * ©.79 <0.20 1.42 1 1,77 0.77 7 0.1 1.12 1 0.9
880N 120E 1.09 + 0.24 0.7 0.71 + 0.5 6.61 + D.13 0.78 + 0.4
8808  140H 1.31 ¥ 0.26 0.0 1.5 ¥ 1.01  0.48 F 0.13  1.21 ¥ 0.37
880N 1GOE 0.60 1 0.23 <0416 1.17 T 0,53 0464 T D412 0.66 T 0.33
880N  180E 0.94 + 0.23 <0.32 1.76 + 1.93 D.83 + 0.17 0.63 + 0.29
BBON 200K 0.91 £ 0,21 <0.17 138 0,92 1.6 + 0.16 1,13 + 0.46
B60N 0% 0.39 1 0.49 <046 2.23 T 2.08 0.63 ¥ 0.16 0.92 T 0.58
860N 80U 1.84 ¥ 0.31 <0.20 1.74 ¥ 0.72 0.48 ¥ 0.13  0.90 % 0.55
860N  6OM 1.19 + 0.25 <0.15 0.72 ¥ 0.51  0.43 ¥ 0.12  0.50 + 0.29
860N 409 1.58 + (.38 <0.38 <1.27 0.96 + 0.20 1.41 + 0.67
860N 204 1.82 + 0.30 <0.35 3.79 + 1,16 0.24 + 0.08 1.10 + 0.32
860N I 1.15 + G.24 <0.16 1.54 + 0.53 0.96 + 0.15 0.54 + 0.29
860N 208 0.84 + 0.23 <0.15 D.47 + 0.42 0.08 + 0.08 1.12 + 0.37
460N 40E 0.79 + 0,24 0.66 + 0.50 2.25 + 1,15 0.19 + .06 L.45 + 0.39
860N 60E 0.94 + 0.26 <0.27 <0.87 0.65 + 0.11 1.35 + 0.38
860N 80E 1.00 > 0.24 <017 2.17 + 0.62 <005 1.10 ¥ 0.42
860N  1DOE (.83 + 0.26 <0.14 0.%6 + Q.72 <004 0.66 + 0.44
860N 1208 0.70 £ 0,16 0.12 # 0,40 1.22 % 0.45  0.13 + 0,07 0.66 1 0.30
8600 140E 0.85 T 0.29 0.32 4 0.58 1.59 + 1.78 0.63 + 0.13 1.25 4+ 0.38
860N  160E 0,80 + 0.24 116 0.55 + 1.24 017 4 0,09 1.10 + 0.33
BhON  1BOE 0.78 + 0.24 {015 <0.41 .14 + 0.08 0,50 + 0,24
REDN  I00R N_AN ¥ 0.71 1.6 0.28 + 1.%2 0.07 ¥ p.06 1.45 ¥ N.1R
B6ON  220E 0.73 + 0.21 <0.12 0.24 + 0.44 <0.03 0,535 + 0.36
840N EloY 1.00 + 0.26 <0, 16 0.19 + 0.89 0.15 + 0.0% 1.04 + 0.45
RaNN  ROW 0.99 + 0,21 <0.16 1.51 ¥ 0.6k D.60 + 0.12 0.95 & 0.59
840N GO 1.13 + 0.33 <0.28 £0.97 0,82 + 0.14 0.%4 + 0.34
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TABLE &, cont,

RADTONUCLYDE CONCENTRATIONS I8 SURFACE SOIL SAMPLES
FROM 20 M GRID INTERVALS

trid Radionuclide Concentrations {pCi/g)

Location Ra-226 U~235 U-234 Cs-137 Th-232
B40N LOW 1.78 + 0.34 <0.36 <1.10 0.56 + 0.17 1.06 + 0.45
5908 20W 1.26 1 0.26 <0, 16 0.84 1 0.79 <0,04 0.37 ¥ 0.16
B840 N 0.79 + 0,30 <0.14 0.54 + 0.76 0.83 + 0,11 0.42 + 0.32
40N 20E b.14 + 0.29 <0.30 <0.92 0.26 + 0.09 1.60 + 0.44
a40H  40E 1,06 T 0,30 0,34 2.85 + 2.30  0.23 % 0.12 1.19 % 0.49
840N 1313 L.06 + 0,20 <0.28 1.42 4+ 1.29 <0.0% 1.10 + 0.35
840N BOE 0,73 + 0.19 0.22 4+ 0.32 1.06 + 0.46 <0L04 0.75 + 0.29
B4ON  100E 0.86 + 0.23 £0.16 1.43 + 0.5 0.35 + 011 0.64 % 0.24
B40N 120E 0.91 + 0.21 £0.26 1.00 + 1.16 0.10 + 0.006 0.84 + 0.30
840N 140E 0.91 ¥ 0.21 <0.17 1.08 ¥ 0.52  0.31 F0.11 1.18 ¥ 0.36
B40N 160E 0.74 + 0.21 {B.15 0.95 + 0.47 1.18 + 0.06 0.53 + .33
840N 180E 0.84 + 0.31 <0.30 <0.91 0.68 + 0.12 .96 + 0.29
8408  200E 0.8 ¥ 0,19 0.33 + 0.31  0.71 + 0,92 0.19 ¥ 0.07  0.93 % 0.24
840N  220E 1.11 + 0.25 <0.16 1.18 + 0.49  0.47 + 0.10  0.98 + 0.56
8208 90W 0.96 ¥ 0.23 <0.28 1.76 + 1.06  0.16 + 0.06  1.13 * 0.36
8208  80W 0.79 * 0.18 <0.13 0.71 + 0.12  0.31 + 0.0%  0.69 + 0.7
8208  60M 0.85 T 0.24 <n.20 1.07 ¥ 0.87 04 1.25 * 0.34
820R 40W 3.54 + 0,34 <0.18 1.93 + 0.64 0.36 + 0.07 0.53 + 0,26
8208 18N L.04 T 0,29 <0436 2,12 ¥ 348 0.93F 0.17  1.65 ¥ 0.79
azau 1Y 0.83 * 0.19 <n.26 <078 N.44 + 0.0 0.71 % 0.24
820N 208 0.95 + 0.16 <B.15 1.06 + 0.57 0.73 + 0,12 0.67 + 0.31
820N 40K 0.75 + 0.0 <0.13 1.54 + 0,81 .40 + (.13 0.67 + 0.43
B20N AR .65 + 0.24 <B.15 0.91 + 0.54 .83 + 0.0F 0,72 + 0.3
8208 80K 0.9 + 0.26 <0.14 .56 + 1.07 .12 + 0.05 0.85 + 0.24
g20%  100E 1,18 + 0.31 <036 1.96 + 1,17 0.54 + 0.17 1.06 4 0,52
ann 120F 1.85 + 0.24 <0.26 £0.85 hed7 + 0,13 0.99 + 0.38
820N 140E 0.81 + 0.25 £0.14 1.46 + 0.61 0.21 + 0.10 0.79 + Q.39



TABLE %, conL.

RADCONUCLIDE CONCENTRATIONS IN SURFACE SOIE SAMPLES
FROM 20 M GRID INTERVALS

gt

Grid Radionuclide Concentrations {pCi/g)

Location Ra-226 U-235 U-238 Cs-137 Th-232
8208 160K 1.19 + 0.24 <0.28 0.97 + 2,25  0.17 + 0.07  0.67 * 0.25
8200 100% b b b Y 5
820N  200E .10 + 0.26 <0.29 4,45 £ 1,98 0.34 4+ 0.11  1.09 + 0.64
B20N  220E 0.68 F 0.36 <0.18 0,92 ¥ 1,08 0.18 ¥ 0.08  0.92 ¥ 0.58
7000 90V 0.85 * 0.22 <0.27 2.83 ¥ 1,71 0.35 ¥ 0,10 1.05 ¥ 0.40
730N 80w 1.08 + 0.26 <0.33 <0.92 0,39 + 0.09 078 + 0441
T8ON 60w 0.65 + 0.20 .13 0.59 + .66 0.25 + 0.08 074 + 0.37
7BON  40W 1.01 + 0.28 <0.17 1.33 £ 054 0.60 % 0O.11 0.46 + 0.32
780N 20U 0.54 + 0.15 <0.23 <0.68 0.73 + 0.11 0.40 + 0,20
780N 3y 0.93 + 0.20 <0.15 0.82 + 0.91 0.73 + 0.13 0.33 + 0.30
780N 20K 0.86 + 0,26 <0.32 2.25 E L.77 0.65 + 0.13 0.88 + 0.35
780H 40E .46 + 0.33 <0.20 2,52 + 0.70 0.41 + 0411 1.03 + 0.50
780N  6OE 0.86 ¥ 0.26 <D.15 1.3 ¥ 0,79 0.09 ¥ 0.05  0.79 * 0.4l
780N  B0E 1.04 + 0.25 <0.27 2.76 + 1.25  0.19 + 0.08  ©0.83 + 0.37
780N 100E 1.23 + 0.25 0.53 + 0.46 1.40 + 1.72 0.23 + 0.13 1.04 + 0,45
7808  120E 1.03 + 0.23 <0.33 3.49 + 1.87  0.59 * 0.12 1.13 + 0.39
780N 140E 0.78 ¥ 0.25  0.24 + 0.55  N.6R £ 0.57  0.43 % 0.12 1.05 & 0.37
7800 160E 0.76 * 0.21 <0.14 1.21 ¥ 119 0.58 * 0.12  0.82 ¥ 0,41
7B0N  18DE 0.71 0,19 <0.16 1.14 T 1.06 0,28 T 0.08  1.21 T 0.42
7808 200E N.99 + n.14 €0.37 1.09 + 1.90 0.46 & 0.11 L1l & 0.40
780N 2208 1.08 ¥ 0.39 0.37 3.02 % 2,72 0,92 4 0.19 1,32 + 0.43
Te0y 90w 0.88 + 0,24 <0.29 .96 + 1.82 .21 + 0,09 0.98 + Q.34
Te0N Ay 1.00 + 0.28 <0.27 <0.80 0.24 + (.08 0.96 + 0.29
7608 60 0.79 ¥ 0.21 0,14 0.41 + 0,44 6,05 * 0.07  0.74 F 0.26
60N 40 0.88 + 0.29 <i.28 1.22 + 1.69 <04 0.83 + 0.31
TRON 200 D.89 + 0.26 <0.18 1.65 + 0,60 0.58 + 0413 0.81 + 0,27
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TABLE 4,

“ont,

RADTONUCLIDE CONCENTEATLIOHS IN S50IL SAMPLES
FROM 20 M GRID INTERVALS

Grid

Radionuclide Concentrations {pCi/g)

Location Ra-226 U-235 U-238 Cs~137 Th-232
7608 it 0.%% 0,25 <0421 3.82 + 1.81 074 + 0,17 0,49 + 0.41
7608 20E 111 ¥ 0.26 <0.30 <093 0.76 + 0.15 0.76 + 0.37
7608 L0E 1,03 ¥ 0.35 <0.18 1,82 + 1,16 015 ¥ 0,12 1,31 ¥ 0,44
760N 4OR 0,90 T 0.28 £0.15 9.81 ¥ 0.72 0.15 ¥ 0.10 0.89 T 0.32
7608 80K 1.1l + 0.33 £0,28 1,59 + 1.71 <0, 0% 1.16 + 0,35
J6ON  100E 0.73 F 0.31 0.30 + 0.18 1.05 * 1.15 0.17 + 0.06 0.85 % 0.42
760N 120E 0.95 + 0.24 20030 1.74 + 1.89 0.25 * O.14 0.91 + O.42
760N  140E 0.74 T 0,23 <0.29 2.06 ¥ 2.00 0.49 ¥ 0,11 0.74 ¥ 0,35
7600  160E 0.73 * 0.29 <0.17 <0, &4 0.42 + 0,11 0.49 F 0.24
760N  180E 0.89 ¥ 0.20 <g.27 6.5%4 + 1.53 0.50 ¥ 0,12 0.85 F 0.45
7608  200E 0.94 + 0,19 <0, 30 <0.86 <0.04 0.83 T 0.35
7608  220E 0.59 ¥ 0,20 0.27 + 0.25 0.76 + 0,73 Q.19 + 0,07 0.78 ¥ 0.27
740N 90U 1.18 ¥ 0.26 0. 34 1.40 + 1.46 0.21 F 0.10 1.02 ¥ 0.45
740N 80U 1.13 F 0.26 0,14 0.94 ¥ 0.68 0.21 ¥ 0.07 0.34 ¥ 0.25
740N 60U 0.88 + 0.23 <0.14 0.78 * 1.32 0.18 + 0.10 0.63 + 0,26
F40N A0 n. 81 + . n <n.l 1.97 + 2.04 {1.5% j; .14 1.04 + n.32
740N 200 1.08 ¥ 0,29 0,17 L.46 + 0,62 0.25 ¥ 0,10 105 + 0.34
140N w 1,96 + 0,42 $0.20 1,71 + 0.68 0.98 + 0.16 0.62 + 0,30
740N INK O.RR & 020 <n. 25 .72 0.60 T 0.11 0,446 F 0.24
7401 408 D.74 ¥ 6.16 <N.23 <0.70 0.70 ¥ 0.11 0.85 ¥ 0.40
740N 60K, 1.09 + 0.26 <0.40 <1.09 0,55 + 0,16 1,09 + 0,42
740N BrIE b b b b b
740K 100E ¢.56 + .17 <0.13 0.91 + 0.80 0.86 + 0,11 0.26 + 0.21
740N 120E D.B0 ¥ 0.25 <0.27 1,92 F 1,14 0.48 ¥ 0,11 0.80 + 0.54
FAON  140E h74 F 0,21 <0.15 0.64 F 0,51 0,46 F 0,11 1.05 ¥ 0,40
7408  160E 0.90 ¥ 0.23 <0.33 2.69 + 2.36 0.33 ¥ 0.12 0.81 F 0.41
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TABLE 4, cont,

RADIONUCLIDE CONCENTRATTONS INM SOIL SAMPLES

FROM 20 M GRID

INTERVALS

Grid Radionuclide Concentrations {pGi/fg)
Location Ra-226 U-235 U-238 Cs~137 Th—-232
740N 1BUE 0.65 + 0.25 <0.16 2,10 + 0,66 0.47 + 0.13  0.83 + 0.69
Faon Z00E 0.83 + 0.20 0.1 0.64 0. % 0.23 1 0,10 0.97 | 0.30
7404 220 0.74 + 0.31 <0.34 <110 0.54 ¥ 0.17 1.24 ¥ 0.36
F20R 90N 0.59 + 0.58 <0.26 0,82 + 0,75 0,73  0.13  0.78 + 0.45
yean BoW Q.2 1 0,35 0,27 1.89 -+ L.22 0.10 + 4,09 £0,12
70N 60U 0.80 + 0.25 €0.32 <0.48 0.16 + 0.06 1.99 + 0.52
70N 4DW 0.93 + 0.24 <0.28 €0.85 0.20 £ 0,09 0.79 + 0,38
720N 200 0.8% + 0.25 <0.17 1.53 + 0.58 0.64% 4+ 0.15 0.94 4+ 0,40
720N M 1.41 ¥ 0.34 <0.20 2.50 ¥ 0.75  0.59 ¥ 0.12 1.21 ¥ 0.35
F20N 20K 0.88 + 0.19 €0.23 1.40 ¥ 1,21 0.39 ¥+ 0.0B  0.65 * 0.23
TN 40E 0.70 ¥ 0,18 <0.13 1.17 ¥ 0,43 0,42 % 0,10 0.41 ¥ 0.27
7200 6OE 0.90 + 0.30 <0.23 1.07 + 1.4 0.35 % 0.07  0.80 F 0.2%
7200 BOE 0.46 ¥ 0.15 <0.22 <0.62 0.64 ¥ 0.10  0.5% ¥ 0.23
7208 LOOE 0.34 + 0.14 <0,12 0.70 + 0,37 0,78 ¥ 0.1C 0,16 + 0.24
7204 1208 0.81 ¥ 0.21 <0.35 0.90 + 3.93  0.37 + 0.20  1.24 ¥ 0.40
7208 140K 0.94 + 0.21 <0.17 1.43  0.50  0.13 * 0.08  0.97 + 0.37
7208 160E 1.14 ¥ 0.34 <0.41 <114 0.5& + 015 1.19 % 0.1
7200 180K 0.89 + 0.18 <0. 14 1.02 + 0.89  0.26 F 0.08 0,87 ¥ 0.25
7200 200E 0.80 + 0.17 <0.12 0.23 + 0.28  0.07 + 0,05 0,63 + 0.30
7208 2208 0.74 + 0,95 4017 <100 0.24 F 0.15 <031
7OON  87W 2,59 F 0,45 €<0.,30 3.36 + 1.94  0.66 + 0,14 1,06 + 0.53
700N 80W 1,00 + 0.36 £0.27 2.48 + 2,19 0.35 10,18 0,51 + 0,40
Foou HOu b h h b b
700N ADW b b b b b
7004 20M 0.63 + 0.28  0.35 + 0.76 <1.14 0.50 + 0.16  1.58 + 0.46
FO0 3w 1.01 + 0.33 <0.726 <0.90 0.69 ¥ 0.14  0.86 ¥ 0.41
7004 20E 0.49 ¥ 0.18 <0.11 0.52 + 0.57  0.95 ¥ G.11 0,29 T 0.24
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IN BOIL SAMPLES

RADIONUCLIDE CONCENTRATLONS

FROM 20 M GRID INTERVALS

Radionuclide Concentrations {pCifg)

u-238 Cs-137 Th-232

U-235

Grid
Location
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Cs—137 Th-232

Radlonuclide Concentrations {pCifg)
U-238

TABLE 4, cont.

FROM 20 M GRIO INTERVALS
U-235

RAUIONUCLYTDE COMCENTRATIONS IN SOIL SAMPLES

Ra-226
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TABLE 4, cOnL.

RADIONUCLIDE COMCENTRATIONS IN S50IL SAMPLES
FROM Z0 M GRID INTERVALS

Grid Radionuclide Concentrations (pGi/fg)

Locatien Ra—226 U-235 U-238 Cs-137 Th-232
640N 80E 0.86 + 0.23 <0.23 111 + 2.23 0.26 + 0.09 1.29 + 0.36
Q4D 1000 0.91 I 0.23 0427 e B8 T 45 s 3. 10 1.35 *+ 0. 38
640N 120E 0.86 ¥ 0.19 <0.29 3,72 £ 1,97 0,50 F 0.10 0.97 £ 0.33
640N 140E 0.63 + G.26 <0.21 1,14 F 1.60 0.65 + 0.11 0.63 + 0,27
GAOM 1608 1.00 + 0. 34 £0.26 £.38 + 2.35 0, H0 + 0.13 1.09 + .52
6400  180E 1.43 F 0.29 <0.31 <1.05 0.67 + D.11 0.87 + 0,33
640N 200E 1.29 ¥ 0,56 <0.28 1.00 + 4,29 0.06 + 0.10 0.92 + 0.75
5ADN  220E 1.41 3 0.39 20,24 cuLTR .43 + 0,93 1,73 + 0.84
620N 90W 0.81 ¥ 0.25 <0.23 <0,83 0.15 ¥ 0.09 1.09 + 0,60
620N 300 1,04 + 0,26 <0, 24 1.17 + 2.11 0.70 ¥ C.16 0.56 + 0.28
6208  60W 0.65 ¥ 0.23 <0.22 <0.63 0.33 F 0.12  0.86 ¥ 0.36
6200 40W b b b b b

620N 20W b b - b b b

620N OK h b b b b

6208 20K 0.65 + 0,23 <0.18 <0.69 0.61 + 0.12 0.58 + 0.36
620N 40E 1.33 F 0.30 €0.25 1.23 1 2.06 0.61 ¥ 0.16 0.89 ¥ 0.49
R20ON AR h b b b b

620K 8DE 0.89 + 0.30 <0,23 102 + 1,72 0.45 + 0,12 0.80 + 0,42
6208  10DE 0.70 + 1,24 <0.27 1.74 ¥ 1,37 0.36 F 0,10 1,24 F 0.35
670H  120F 0.70 ¥ 0.26 <0.18 0.91 F 1.8  0.23 ¥ 0.12 0.91 F 0.4!
620N  140E 0.69 + 0,327 <0.21 0.65 + 1.81 D.65 + 0.14 0.95 * 0.29
6208 150K 1.03 + 0,40 0.76 + 0,50 L.41 F 1.82  1.24 % 0,22 0.67 F 0.46
6208 180 1.51 % 0.28  0.29 ¥ 0.70 <0.93 0.34 % 0,14 0.75 & 0.56
6200  200E 1,19 + 0,40 0.23 1 0,62 2,35 + 1.48 0.53 + 0.16 0,89 F 0.44
6208  220E 0.83 + 0.18 <0, 25 <01, 80 0,43 + 0,11 .86 F 0.32
600K 90oN 0.96 + 0,26 <0.24 0.91 + 2.02 0.6 F 0.14 1,08 + .41
6004 BOW 0.66 + 0.25 <0.27 <1.05 0.46 F 0.12 0.90 ¥ 0.36
600N H0W 0.59 ¥ 0.23 <0.23 <0.99 0.35 F 0.14 0.71 ¥ 0.32



TABLE &4, cont.

RADIOHUCLIDE CONCENTRATTONS IN SURFACE SOLL SAMPLES
FROM 20 M GRID INTERVALS

Grid Radionuclide Concentrations (pCi/fg)

Locatien Ra—226 U-235 U-238 Cs~-137 Th-232
600N S0W 7.40 + 0.65  0.85 + 0.89  7.00 + 1.83  0.23 + 0.08 <0.26
GO0R 40W b 1 1=} B b
600N 20W 0.44 + 0429 0.40 + 0.52 1.51 + 2.03 G.43 + 0.4 1.00 + 0.67
600N 3w 0.61 + 0.23 0.52 + .37 2.01 + 1.22 0.41 + 0,10 [.2) + .33
GOON 20 T B D ® )
600N 40E b b b b b
596N HUE 0.75 + 03.29 <0.23 1.94 + 1.89 0.52 + 0,14 0.78 + 0.40
596N 80E 0.5% + .20 {0.18 0.60 + 2.320 0.20 + 0.10 0.32 + 0.10
600N  100E 0.91 + 0.26 <0.20 1.20 + 1.50 <0.04 0.68 + 0.25
600N  120E 0.76 + 0.26 <03.25 3.20 + 1.45 0.53 + 0.10 0.81 + 0.41
600N 140 1.01 + 0.25 <0.19 2.05 + 1.21 0.23 + 0.11 0.78 + 0.38
6008 160E 1.43 + 0.31 <0.19 1.93 + 1.93 0.33 + 0.11 0.64 + 0.57
600N 180E 1.14 + 0.26 <0.25 2,80 + 1.05 0.52 + 0.09 0.8! + 0.32
6008  200E .69 + 0.23 <0.29 3,33 + 1.36 <0.04 0.88 + 0.38
600N 220K 2.94 + 0.44 <0.27 2.50 + 2.27 <0.05 0.76 + 0.31
sgon 90 0.88 ¥ 0.19 <0.17 1.16 ¥ 1.35  0.36 + 0.07  0.70 % 0.34
580N  BOM 0.76 ¥ 0.29 <0.22 1.68 T 1.50 0.279 ¥ 012  0.68 £ 0.40
580N 60 .58 + 0.26 <024 1.49 + 1.80 0.3% + 0.6 0.67 + 0,31
S80H S0W 0.91 + 0,25 {027 2.12 + 2,04 1.26 + 0.2] .65 + 0,31
580N 40W h h h h h

5808 20w 0.60 4 0.20 <n.21 1.62 + 2.05 0.37 + 0.11 .76 + 0.30
S80N u 0.63 + 0,20 0.17 + (.63 1.84 + 0,98 057 + 0.13 0.77 + 0,38
580N IR 1.1+ 0.3 <0.in <0 .89 + 0.7 <0 .80
380N 4OE 2.00 + 0.34 <0,36 354 + 1.52 .82 + 0,15 0.44 & 0.31
580N 60E 3.51 + 0.45 0.82 + 0.75 7.00 + 1.78 0.67 + 0.14 <0.29
SACN Ll 0.95 + 0.24 <D.23 <0.89 0.57 * 0.14 .61 + 0.56
580N 100E 1.00 + 0.23 £0.34 <l.15 0.58 + 0.11 1.32 + 0.51



TABLE 4, cont.

RADIONUCLIDE CONCEWTRATIONS IN SURFACE SOIL SAMPLES
FROM 20 M GRID INTERVALS

Grid Radionuclide Concentrations (pCli/g)

Location Ru~226 u-235 U-238 Cs~137 Th—232
5808 120E 0.76 + 0,26 <9.22 0,71 <0.04 .55 + 0.32
580H 1408 b b b b b
580N 160E b b b h b
S80N  178E 1.36 + 0.29 <0.32 <1.01 0,50 + 0,12 0.74 + 0.43
580N  200E 0.55 ¥ 0.20 <0.22 2.06 + 1,03 0,59 T 0.14 0,74 T 0.3)
S80N  220E 0. 44 F 0.26 €0.22 <0.98 0.40 ¥ 0.12 1.09 * 0.61
5608  9OW 0.95 ¥ 0,34 <0,21 1.61 + 1.73 0,28 % 0.09  0.75 % 0.42
5608  80W 1.29 ¥ 0.28  0.36 + 0.58 <1.03 0.26 ¥ 0,08 1.21 ¥ 0.42
5608 600 1.59 ¥ 0,31 <6.33 1.40 + 1,60 0.44 ¥ 011 0,98 £ 0.39
560N  40W 0.73 ¥ 0.26 <0.20 1,22 ¥ 1,5t 0.04 ¥ 0,05 0,90 ¥ 0.40
360N 20 D433 + 021 D10 i TL 0.30 § 0,10 0.66 1 0.27
560N w 1.08 ¥ 0.45 <0.24 1,21 + 0,95 LD+ 0,16  0.67 + 0,34
S60N 20 1.78 + 0.41 <0434 1.66 + 1.65  0.71 ¥ 0,13 0.86 + 0.42
560N 405 1,03 + 0.26 <0.21 1,62 + 154 0,20 1 0,12 0,97 ¥ 0.39
SGUN  6OE 2,15 F 0,40 <0.43 2,77 + 2,20 0,63 F 0.15 1.2 ¥ 0.47
5600  BOE 1.13 + 0,26 0,22 1.38 + 1,40 0.37 ¥ 0,16 0.83 £ 0,40
3600 LOOE 034 + 0410 0. 14 2.92 + 1.67 .51 + D.12 0.40 + 0.35
Seon 120K 0.73 ¥ 0.29 <a.21 <G82 0.3 + 6.10 0,33 ¥ 0.3
5608  140E b b b b b
5608 1608 b b b b b
560N 178K 0.89 + 0,35 <0.38 2.69 + 3,02 L.28 + 0.19  0.78 + 0.36
560N  200E 0.63 F 0.39 <0.22 0.98 ¥ 3.08  0.90 ¥ 0.20 Q.79 ¥ 0.36
S6UN  220E 0.56 ¥ 0.25 <0.21 <0.75 0,21 7 0,08  0.86 F 0.40

A Brrova are 24 based on counting staklstics.
b No soll sample collected due to presence of building, water, or other surface condilions.



TABLE 5

RADTORUCLIDE COHCENTRATIONS IN SURFACE SAMPLES
FROM LOCATIONS IDENTLFIED BY THE WALKUVER SUAN

Sample Sample Grid Radionuclide Concentrations (pCi/g)2

No. Type Location Ra-226 TTTHeassd U-2385 Cs—137 Th-232
Bl Rock 864N, 27W 36.1 + 1.0 2,81 + L,20 36,8 + 3 <0.09 <0.316
B2 Rock 844N, 17w 49,5 ¥ 2.0 12,1 * 3.3 33,4 ¥ 8.3 $0.18 <0.76
B3 Rock 815N, 23E 34,8 F L3 2,28 F .20 36.6F 9.8 <0.14 <0.61
B4 Rack 602N, 136E 23,7 + 1.3 <0.91 25.3 + g 0,19 +0.13 <D.43
b5 Kock 600, L60E 437 F L1 4,82 + 1.89 72,0 % 26.2  0.13 T 0.1l <0.53
B85 Rock 600N, 51W 25.3 + 0.9 1.86 + 1.08 30.7 + 7 0.03 + 0.05 0.75 + 0.60
BY Rock 5814, 62E 7.6 + 1.7 3.72 4 3.01 43,4+ 4 <0.15 <0.69
B8 Rock 539N, 19E 26,7 + 1.4 2,59 ¥ 2,33 19.07 6.0 <0.13 <0.52
B9 Rock  S54INM,123E Y90 + 12 58.8 + 16,2  94.8 ¥ 26.9 <L.01 84.5 + 7.1
BI0  Rock  SA4IN,179E 4280 + 30 170 + 35 €58.3 <111 95.7 + 22.8

4 Refer to Table 3 for direct radiation levels.
b large errors and poor detection sensitivities result from high activity of Ra-226.

© Errors are 2o hased on counting statisties.
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TABLE ©

RADIONUCLIDE CONCENERATIOMS IN BOREHOLE SOIL SAMPLES

Borehole Grid Depth Radionuclide Concentrations {pCi/g}

No.? Lacatian ()} Ra-226 U-235 U-238 Cs-137 Th-232
Hl 860N, 308  Surface® 1.09 + 0.26°  <0.30 0.85 + .86 <0.03 1.42 + 0.32
nz a6d, 30C Surfaced 0.88 + 0.21 L0417 0.90 + 0.37 0438 | Owl2 071 1 040
H3 BAGM, 1521 Surfaceb  1.43 0.0 <030 1473 + 1.65 “0.04 1,80 + 0.45
Hé FHOH, 10F surface®  0.M 4 0.26 0.13 F .33 140 + 0.77 0,07 + 0009 1.00 + .33
us 6I0N,195E  Surfacad  0.80 + 0.16 <0.26 1.63 + 1,31 0.12 + 0.08  0.92 + 0.3
H6 370N, 20E Surface?  0.93 + 0.20 D.l4 0.38 + 0.81 <0.02 0.97 + 0.27
H? 580N, 83W Surfaceb 0.93 + 0.41 <0.32 <0.98 0.21 + 0.11 2,06 + 0.55
Hg 614N, 85H  Surface® 0.89 + 0.28 <0.17 0.77 + 0.53  0.56 + 0.10  0.54 + 0.42
HY 620N, 70W  SurfaceP  1.28 + 0.36 <036 1.77 + 1.B5  0.5% + 0.16 0.90 + 0.35
H10 H00N, 51W Surface 25.3 + 0.% 1.86 + 1.08 30.7 + 2.7 0.03 + 0,05 0.75 + 0.60

0415 0.6 + 0,9 2,60 +1.35 39,1 + 3.5 <0.09 0,38
0.50 0.83 + 024 <0.14 1.22 + 0.47 <0.03 0.82 + N.N
Hil B&AN, 17W Surface 4%.5 + 2.0 12,1 + 3.5 3.4 + 8.5 <0.18 <G.76
0.15 0.98 + 0.20 <0.15 1.55 + 0.54 <0.02 0.97 + (.35
.90 1.16 + (.21 <29 1.35 4 0.95 <D.04 1.06 £ 0.3



RADTONUCLIDE CONCENTRATIONS IN BOREHOLE SOIL SAMPLES

TABLE 6, cont,

Borehole Grid Depth Radionuclide Concentrations {pCi/g)

No. Location (m) Ra-226 1-235 -238 Cs-137 Th-232

H12 815N, 21E Surface 34.8 + 1.5 2,28 + 2.20 36.6 + 9.8 <0.14 <.61
0.15 l.16 + 0.2% <0.15 1.11 + 0.87 (.02 0.98 + 0.56
U4y b T ouy <0, 33 2009 F 124 .05 1.15F 0.33

H13 541N, L79E Surface 4280 + 30 170 F 35 £58,3 <3.11 95.7 + 22.8
0.30 12,3 * 0.8 <U-64 <L.by O 2,36 T 0.64
1.20 3.65 + 0.4l <0.19 <O.47 <0.03 0.78 + 0.31

Hl4 541N,123E Surface 990 Ul ¥ 8.8 t 16.2 94.8 + 26.9 <1.01L 84.5 + 7.1
0.15 .04 + 0.30 £0.26 £0.79 <0.03 0.93 ¥ 0.38

38 pefer to Figure 4.

b subsurface sampling was not performed based on negative findings of the borehole gamma scans.

C Errocrs are 2o based on counting statistics.



TABLE 7

RADIDNUCLIDE CORCENTRATIONS IN WATER SAMPLES

Sample Sample Grid Radionuclide Concentrations {pCi/fl1}
No, Type Locaticn Gross Alpha® Gross Beta
Wl Surface? 570N, 79E 1.62 + 0.47d 2.77 + 0,47
W2 Surface? 560N, 45K 1.83 *+ 0.51 10.3 ¥ 0.7
W2 Qubsurface Rerehole HID A60N, 300 7.01 ¥ 1,65 4,20 ¥ 1,19
W4 Subsurface Borehole H2P  860H, 30E 10,2 ¥ 2.1 6.98 T 1.58
Ws Subsurface Borehole H4P FI0N, T0E . B.85 + .78 11.2 ¥ 4,3
uh Suhanrface Rerchale HOP  AZON, 70M 7.8 7% 179 4.74 F 4.03
w7 Subsurface Borchole H5P 620N, 195E 3.84 F 1,06 5.0 F 0.98
W8 Subsurface Bprehole HBP 614N, 85W 10,6 F 3.4 4.7 F 3.3
wa Suhsurface Borehole HAED 570H, 20E 6.54% } 1.63 7.89 E‘I.ﬁq
Wi0 Subsurface Borehole H13P  541N,179E 1.54 + 0,80 2,63 + 0.88
W11 Subsurface Borehole W14P  541,123E 1.08 ¥ 0,66 1.15 + 0,80

-4

Refer to Figure 5.

Refer to Figure 4.

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

Errors are 20 based on counting statistics.
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TABLE 8

SUMMARY OF RESULTS OF BUILDING SURVEYS

Gamma kxposure pLrectly measured Surface Contawloarlon Lewvels
Bullding? Rates 1 Meter Agbove
the Fleor Alpha Beta—-Gamma Beta-Gamma Dose Rate
(URS N} Cdfwf 100 cn™} (muaddh)
A Gat—6,.7 <L26-103 L3924-634 JO1--.03
B 4.,2-5.5 {26-77 <394 01-.02
¢ 4.9-5.7 <2664 {394 .01
D 5.5-5.9 51-103 <394 01-.02
[ 5.9=6.4 <26-5] <394 .01

2 Refer to Figure 2.



TABLE 9

SUMMARY CF AREAS Ok PROFERTY ¥ wWHICH
EXCEED RESIDUAL CONTAMINATION CRITERIA

Grid tocerion® Principal Estimated Quantities of Material Exceeding Guidelings Remarws
Radienue! des? Aroa {m ) Avarago Dopth (m) Volume (m )
BEZ-BTON 213w Re=226, U=238° ac 0.15 12
UE2=BHEN  90=9 W Re-226, U-238% 4 0.1% .6
BAC-BABN  |AmZ0W RR~226, U~Z238% 3E 0,15 Buh
BI4~HAON  P-40W Raw226, U-238% 44 0.1% P2
BOIBZON  A0-d7W Ra=226, U-238% o] N8 11,6
812820 2940w An-226, U-238° ee RulB 13.3 Genarst areas of
BAT=691N  32-35E Ra=226, U~238¢ i 0,15 1.8 5 erusned rock
E1E=525N 0-7€ Ra-226, U=258° 63 0.15 9.5 Fill,
6UO=GO3N 134« 1408  Ra-226, U-z38° 18 G5 2.7
600-602N  160-176E Ra=226, U=238° 32 0,15 4.8
6Q0-604N  206-220E  Rp-226, U-238° 56 Oald 8.4
5B0=600M 214=218E  Ra=226, U=258° 40 D.15 6 !
SB0-GUUN 4 {=DW Ra-2ih, U-gib™ 100 Uatt 15 '
580-582N  60~63€ Ra=226, U~238% & 0.15 0.9
EAOGTIN 4053 Ha=2%5, U=238° g 815 g
S80-558M  S0-BA2 Raw225, (258" 48 0.1% T2 ,
540=545N =11 Ra-226, u-238° 50 0.15 7.5
BE2N 16w Ra-225, .-258° --¢ - - isotatad "ot
827N £Qw Ra-226, .~238° — -- - spots” contaln-
8244 26w Ra-226, L-238% -_— sn - ing erushed rcgk
B2IN  aoW Ra=-226, U=238° - - - or individual
821N 43W Ra=226, U=238° -- -- - pleces of roc<-
BEGN pele Ruw~226, Um228° —— bl hald ling maltorial.
Blgn 18 Ra=226, U-278° - - - Unloss Tndlcatod
BlEM 210 Ha=226, U=2%85 - —-— — oThoew 50,
HIEN 248 Aaed26, U-238% - - - avarage decth ls
B1SN  23E Ra=226, U=-238° - - — apprax, 2,15 m,
BOON  58W Ra-226, U-238% - - - The velume of
597N 196E Fa=226, U=238% -— v - material at sach
390N 196E Raw226, U-238% e - o of thesa loca-
575N 64E Ro=226, U=238° - -— — tiens s
544N 24E Ra=226, U=-233° - - - astimated to be
561N 22E Ra-22G, U-230¢ - - — 1085 Thoa | m .
EEOM  1QE Ra=226, U~238% - e -~
S5IN 21 Ra=-226, U-238% — -- -
544N S7E Ha~226, u-234% — — -
5458 97E Ra-226, W=238% — - -
P 541N 123E Ry-226 — - --
JBAIN 179E Rz-226 ® — 0430 -

o

=1

Refor to Slgure 7,

Bassd on lnformatlon from samplta analysia, direct radlation !evels, Iscations, distribution,
and physleal sharactoristics.

Balieved to be ot natural arigit and not attriputable to previgus MEZD/AET operatlons.

Oesh indicatas determlnatlon not mado.

Considared Yo have rosulted from previous MED/AEC activitiaes,

48
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APPENDIX A

Instrumentation and Analytiecal Procedures

Gatma Scinrillacion Measurements

Walkover surface scans aod meassurements of panms exposure Tates were
performed using Eberline Model PRM-6 portable ratemeters with Victereen
Modpl 489-55 mamma scintillation probes containing 3.2 em x 3.3 em Nal(Tl)
scintillation erystals. Count rates were converted to exppsure rates
(LR/h}  uwsing factors determined by comparing the response of the
scintillation detector with cthat of a Reuter Stokes model RS5§-111

pressurized ionization chamber at locations on the Niagara Falls Storage
Site and off~site properties.

Peta-Gamma Dose Rate Measursments

Measurements were performed using Eberline "Rascal," Mndel PRS-1,
portable scaler/ratemeters with Model HP-260 thin~window, pancake G-M, beta
probes. Dose rates (urad/h) were determined by comparison of the response
ef & Victoreen Model 440 ionization chaember survey meter to that of the G-M
probes.,

Borshole Logging

Borehole gamma rodiation measurements were performed using a Victoreen
Model 489-5%5 gamma seintillation prohbe, connected to a Ludlum Model 2200
portable scaler. The scintillation probe was shielded by a 1.25 em thick
lead shield with four 2.5 ¢m x 7 mm holes evenly spaced around the regionm
of the scintillation erystal. The probe was lowered into each hole using =
tripod holder with a small winch., Measurements were performed at 1530 cm
ictervals in all holes. The logging data was uvsed to identify regilons of
possible residues and guide the selection of subsurface so0il sampling
luuations. Due tgp the varying ratios of Ra-2206, V-233, U~238, Th-132Z, and
Cs~137, there was no attempt to estimate soil radionuclide conceatrations

directly from the logging results.



8011 Sample Analysis

Gamma Spectrometry

Soil samples were dried, mixed, and a portion placed in a 0.5 1
Marinelli beaker. The quantity placed in each beaker was chosen to
reproduce the ralibrated counting geometry and ranged from 600 to 800 g of
so0il. Net s0il weights were determined and the samples counted uvsing
intrinsic germanium and Ge(Li) detectors coupled to a Nuclear Data model
KD~680 pulse height analyzer system. Background and CGompron seripping,
peak search, pesk idencification, and eoncentration caleulations were
performed using the computer eapahilitisg inherent in the analyzer systeom.

Energy peaks used for determination of radionuclides of concern were:

Ra=226 = Q,609 MeV from Bi-214 (corrected for equilibrium comditions)
U=235 ~ 0,148 MaV

U-238 = 0.0% MeV from Th~234 (secular equilibrium =zssumed)

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

Ca—=137 — 0.002 MeV

Water Sgmple Amalvysis

Water samples were rough-filtered through Whatman Ne. 2 filter paper.
Remaining suspeaded solids were removed by subsequent filtration through
0.45 um membrane filters. The filtrate was acidified by addition of 10 wl
of concentrated mitrie acid. A& wnown volume of each sample was evaporated
to dryness and counted for gress alpha and gross beta using a Tennelec

Model LB 5100 low-background proporrional counker.

A2



Calibration apnd Quality Assurance

With the exception of the exposure and dose rate comversion factors
for portable survey goawma sud beta=gamms meters, all survey and laburaituory
instruments were calibrated with NBS-tracesble standards. The calibration

procedures for these portable instruments are described ahove.

Quality control procedures on  all  instruments included daily
background snd check-source weasurements to confirm equipment perfoTmance
was within expected statistical fluctuations. The ORAU laboratory
participates in the EPA Quality Assurance Program.



APPENLIX 3

SUMMARY QF RADIATION GUIDELINES
APPLICABLE TO OFF~SITE PROPERTIES AT THE NIAGARA FALLS STORAGE SITE



U. §. DEPARTMENT OF ENERGY

INTERIM RESIDUAL CONTAMINATION AND WASTE CONTROL GUIDELINES
FCR.

FORMERLY UTILIZED SITES REYEOIAL ACTLON PROGRAM (FUSRAP)
AND

REMOTE SURPLUS FACILITIES MANAGEMENT PROGRAM (SFMP) SITES

(Review Within IE Corrinuing)

Preseonted here are the residual contawination c¢leanup and waste control
guide}}nes pf geoneral applicability to the FUSRAFP project and remote SFMP
gites=~ . A zite-gpecific analysis will be prepared for each FUSRAF and remote
EFMP site prior to determining residual eontamination guidelines for a specific
site. In additicm, it is the poliey of the DOE to decontaminate sites in a
manner consistent with DDEfs as-low-as-reasonably~achievable (ALARAY policy.
ALARA will be considered in reducing levels of residual contamination below
applicable dose limits, ALARA will be implemented using cost/benefit
considerations, and applied on a site-specific basis.

The soil residual contamination guidelines were developed on the basis of
limiting maximum individual radiation exposure to DOE limite specified in DOE
Order 5480.1A exglusive of exposure from natural background radiation or
medical procedures. The radium~226 and thorium—230 guidelines include an
additional limitation for buildup of radon-222 decay products in buildings. The
aggregate of the contribution from all major pathways, based on seenarios for
permanent intrusion, e.g., establishing residences on the zite, was agsumed. In
most circumstances, the probability is low that such an intrusion wil}! occur.
Also, conservative assumptions were used ip deriving these guidelines to ensure
thiat a partivelar duse limil would web be eacceded. Use of Lhuse guldelloes is
additicenally conservative becazuse the pathways considered in the derivation of
the guidelines assume all water intake and wost food iIntake 1is from the site,
Alge, the FUSRAP and reowmpte SFMP ecites often have limited agricultural
capabllity and the contamination is generally not homogeneous. The combined
effect of these factors is such that the prohable radiation exposure to the
avaragé population on, or in the vicinity of, FUSRAP or remote SFMP sites
decontaminated to these guidelines will not be appreciably different from that
normally received from natural background radiatiom,

The residual contamisation guldelines lor surface contamination of structures
were adapted from guldelines developed by the U. S. Nuclear Regulatory
Commission (NRC) for decontamination of facllities aod equipment prior to
relcase for unrestricted uaez?r termination of licenses for bypreoduct, source,
or special nuclear material &', The waste control guidelines are consistent
with applicable DDE Ordexs and EPA*s regulations for inactive uranium williong
siten, A0 CFR Part+ 192,

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

March 21, 1984
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A.

located outside a wmajor operating DOE R&D or production area. Remote sites
are wore likely to be released to the pudlic or excessed to other government

ageucies after decontamination than are sites located with major R&D or
production areas.

. 8. Nuclear Regulatory Commission 1982 Guidelines for Decontamination of
Facilities and Equipment Frior to Release for Unrestricted Use or Terminatiom
of Licenses for Byproduct, Source, or Special Nuclear Material. Division of
Fuel Cyecle and Material Safety, Washington, DLC.

"RESIDUAL CONTAMINATION GUIDELINES FOR FORMERLY UTILIZED SITES AND REMOTE
SURPLUS FACILITIES MANAGEMENT PROGRAM S1TES

The following guidelines represent the waximum rtesidual contamination
limits for unrestricted use of land and structures contaminated with
radionuclides related to the nuclear fuel cvcle at FUSRAP and temorte SFMP
sites. A site-specific analysis will be prepared for each site prior to
determining residual contamination guidelines for a specific site. 1t is
the policy of DDE to decontaminate sites teo contamination levels at or
below the liwmdts aud fo & weuuel cougsisient with DOE's
as~low-as-is~reasonably-achievable (ALARA)} policy on a8 site~specific basis.
Site=gpecifiec guidelines and ALARA policy will be determined by DOE on a
gite~apecific hacie and an ALARA report filed an completion of remedial
actlon at 8 site. Existing state and federal standards will be applied for
water protection. Residual countamination limits forp ,other nuclides will be

developed when required uwsing the same m&thadolmgyw/ as was used for rthose

Tepresented here.

1. 5011 (Land) Guidelines (Maximum Limits for Unrestricted Use)

S50il Criteriagl‘éftij

Radienualide {pCi/g mbove background)

U-zmgxfal?m/ 75

Uw238€, 150

B“E34u7f 150

Th=230~ 15

Ra=-226 S pCi/g, averaged over the

' first 15 cm of s0il below
the surface; 15 pCi/g when
averaged over 15 em thick
0Ll layers more thao 15 ow
below the surface and less
than 1.5m below the surface.

v-235%/ 140

Pa~231 40

Ac-227 130

Th-232 15

Am-2418/ 60

Pu—-241- 2400

Pu-238, 239, 240 a0

Cs—127 a0



Er-90 300
H-3 (pCi/ml sedil moisture) 5,200

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

2/ . . .

— In the svent of ocegurrence ef mixtures of rzdicnuglides, the
fraction contributed by each radionuclide to its guideline shall be
determined, and the sum of these fractions shall not exceed 1. There
are two special ecazes for whiech this rule must be modified:

(a) 1If Ra—226 is present, then the fraction for Ra-226 should not be
inzluded in the sum if the Ra-226 concentration is less than or
equal to the Th-230 cenceptration, I the Ra~226 concentration
exceeds the Th-230 conceotration, then the sum $hall be
evaluated by replacing tbe Ra~226 concentration by the
difference between the Ra—220 and Th-230 concentrations.

(b} 1f Ac-227 is present, then the, same rule given in (a) for Ra=226
relative to Th-230 applies for Ac—~227 relative to Pa~231.

éfﬂxcapt for Ra-226, these guidelires represent unrestricted-use
residual concentrations above backgrownd averaged acrogs any 15 cm
thick layer to any depth and over any contiguous 100 m™ surface area.
The same conditiens prevail for Ra-226 execept for soil layers bheneath
1.5 m; beneath 1.5 m, the allowable Ra-226 concentration may be
affected by site-specific conditions and must be evaluated
accordingly.

EjLocalized concentrations in excess of these guidelines are
allewable provided that the average over 100 m™ iz not exceeded.
However, DOE ALARA policy will be considered on a site—specific basis
when dealiag with elevated localized conecentratious,

éjA curle of natural uranium means the smm of 3.7 x 1010
dizintegrations perlaecond (dis/s) over any l3cm nhiﬁk layers from
U=-238 plug 3.7 x 107 dis/s from U~234 plus 1.7 x 107 disfs from
1i=235. Ope curie of natural uranium is equivalent to 3,000 kilograms
or 6,600 pounds of matural uraniwm.

6
w/Assuma$ no ather uranium isotopes are present.

zfmhe Th—230 guideline ig 15 pCi/g to aceount for ingrowth of  Ru—226
as Th=-230 decays. Ra~226 i a limiting radionucllde becauvse 15
decay product is BEn-222 gas.

E!The Pu~241 guideline was derived from the Am—24]1 concentration.

Structure Guidelines (Maximumm Limits for Uarestricted Use)

a. Indoor Radon Decay Products

A structure located on privatc property and intended for
garestricted use shall be gsubject to remedial action as necessary

B-3



to ensure the anuual average coucentration of radon decay products

is less than 0.03 WL within the structure.

Indoor Gamma Radiation

The indoor garma radiation after decontamination shall nct exceed

20 microroentgen per hour (20 R/h) above background in any
occupied or habitable building.

Indoor/Qutdoor Structure Surface Contamimation

Mlowable Surface Resicdua Contnminatinn+l
{dpm/100 cn™)

Radionuclidesgf Averagegfﬁi/ Haximumﬁf'éj Remouablcﬁf'éf

Transuranics, Ra-226,

Ra—-228, Th-230, Th-228,

Pa~-231, Ac=-227, I-125,

I-129 100 300 20

F~Natural, Th-232 »

5r-80, Fr—223, Ra-224,

U232, I-128, I~131,

I-~133 1,000 3,000 200

U-Natural, U-235, U-238,

and associated decay

products 5,000 15,000 1,000

Beta-gamma emitters

(radiconuclides with

decay modes other than

alpha emissien or

spontaneous flssion)

except 5r-9%0 and others

noted ahove 5,000 15,000 1,000

A As used in this table, dpmn {disintegrations per minote)
means the rate of emission by radioactive material as
determined by correcting the counts per minute observed by an
appropriace detecrtor [or background, efficlency, aod geometric.
factors associated with the instrumentation.

E! Where surface contaminatfion hy hath alpha- and
beta-gamma~emitting radionuclides exists, the limlts
established for alpha~ and bheta-gamma-cwittiog radlonuclides
shall apply independently.

3/

=~ Measurements of avErage contaminant should net be averaged
over more than I m~. For objects of less surface area, the
average shall be derived for each such object.

—'  The average and maximum radiation levels associated with

surface contamination resulting from bocta—gomma cmitters should

B-4
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not exceed 0,2 wrad/b at 1 co and 1.0 wrad/b at 1 oo

respectively, measured through net more than 7 mg/cn” of total
absourber.

The maximum contgmination level applies to an ares of not
rore than 100 cm”.

E/ The amount of rewmovable radicactive material per 100 cm2 of
surface area should be determined by wiping that area with dry
filter or soft absorbent paper, applying woderate prassure, and
assessing the amount of radicactive material on the wipe with
an appropriarve instrument of known efficiemey. When removable
contamination on objeets of less surface earca is determined,
the pertivent levels shall be reduvced proportionately and the
entire surface shall be wiped,

CONTROL OF RADIOACTIVE WASTES AND RESIDUES FROM FUSRAF AND REMOTE SFMR

S1TES

Specified bere are the contrel requirements for radicactive wastes and
regidues related to the nuclear fuel cycle at FUSRAP and remote GFMP sites.
It is the policy of DUE to store radicactive wastes in a manner

representing sound epgivneering practices consistent with DOE's ALARA
policy.

l. 1Inrerim Srorage

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

a. 5480.14A, Environmental Protection, Safety, and Health Protection
Program for DOE Operations.

b. 5480.2, Razardous aod Radioactiwe Mixed Waste Management.

. 54B3.1, Decupational Satety and Health Program for Government-—Owned
Contractor-Operated Facilities.

d. 5484,1, Environmental Trotéetiom, Safery, and Health Procection
Information Reporting Requirements.

e. SA4R4.2, Tnusual Oemurrence Reporting Svstem.
f. 5820, Radipactive Waste Managemert.

g. Contrpl and stabilizarien features will be designed to ensure, to
the extent reasonably achievable, an effective 1life of 50 years,
and In any case, at least 25 years.

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

Long-Term Management

a. All operational requirements specified for Interim Storage
Facilities (B.1) will apply.

. Contrel and stabilizatien features will be degigned to encure tn
the extent reasonably achievable, an effective life of 1,000 years
and, in any cage, at least 200 years. Other disposal site design
features shall conferm with 40 CFR Part 192 performance
guidelines/roguirements,

c. En-222 emanstion to the atmosphere from facllity surfaces or
openiag shell not (1)} exceed an average release rate of 20
pCi/o/s, or (2) increase the annual average Rn—222 concentration

at or above any lecation outside the facility site by were than 0.5
pCi/L,

d. For water protection, use existing state and federal standards;.
apply eite—gpecific measures where needed.

e. Prior to placewent of any potentially bicdegradable contaminated
wastes in a Long-Term Management Facility, such wastes will be
properly conditioned to (1) ensure that the generation and escape
of biogenic gases will not cause the requirement in paragraph 2.c.
to be exceeded, and (2) ensure that biodegradation within the
facility will not result in premature structural failure net ia
accordance with the requirements inm paragraph 2.b.. If
biodegradable wastes are conditicned by incineratiom, incineratiom
operatione will be carried out in compliance with all applieadble
federal , state, and local air emission standards and requirements,
ineluding any standards for radionueclides established pursuvant to

40 CFR Part 61, National Emission Standards for Razardous Alr
Pollutants (NESHAPS).

EXCEPTIONS

Exceptions may be made to the guidelines presented hereiln feollowing
analysis of the site-specific aspects of a candidate site. Specifie
situatioos that warrant consideration for wmoddfying thesce guldelines arar

1.

Where remedial actions would pose a ¢lear and present risk of injury to
workers or membare of the pnhlie, notwithatanding reasonable weasures
to avoid or reduce risk.

Where remedial actions would produce envirowmental hagm that 1s clearly
excessive compared to the health benefits to persons living ou or mear
zffected sites, now or in the future, gotwlthstanding reasonable
measures to limit damage to the envirooment. A clear excess of
enviroomental harm is harm that is long-term, manifest, and grossly
disproportionate to health benefite that may reasonably be anticipated.
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3. Where the cost of remedial acrions for contaminated soil is
uareasonably high relative to long~term benefits and the residual
radioactive materials do not pose-a clear present or future hazard. The
likelihood that buildings will be erected or that people will spend
long periods of time at such a site should be considered in evaluating
this hazard. Remedial actions will generally not be necessary where
residual radicactive materials have been placed semipermanently in a
location where site-specific factors limit their hazard and from which
they oare ceotly or difficult ta remeve, or where only miner gquontitics
of residual radicactive materials are invelved. Examples are residual
radicactive materials under bard surface publie roads and sidewalks,
around publiic sewer lines, or in fence-post foundatiens. Supplemental
standards shall not be applied at such sires, however, if individuals
are likely to be exposed for lenmg periods of tiwe to radiation from
such materials at levels above those that would prevail in Subpart A.

4, Where the cogt of cleanup of a contaminated building is clearly
unreaseonably high relative to the benefits, Factors that shall be
included in this judgment are the anticipared period of occupancy, the
ineremental radiation level that would be affected by vemedial actions,
the residual useful lifetime of the building, the potential for future
construction at the cite, and the zpplicebility of less costly remedial
methods than removal of residual radiocactive materials.

5., Where there is no knowvn remedianl actico.

D. GUIDELINE SOURCE

Guidcline Souree

Residaual Contamination Critcrial/

So0il Guideline DOE Order 5480,)14,
40) CFR Parr 192~

Structure Guideline 40 CFR Part 192,

NRC Guidelioves for
Decontamination of
Facllltlex and Equip—
wment Prior to Release
for Unrestricted Use or
Termination of Licences
for Bypreduct, Source,
or Speclal Nuclear
Material (July 1982).

Control of Radiocactive Wastes and Residues

Interim Storage DOE Order 5480.]1A
Long-Term Management 40 CFR Part 192



1/

— The baceg 8f the residual czontaminatien puidelines are developed in
ORO~B31 and ORO-832.

2/ NI .

— Based on limiting the toncentration of Ra—-222 decay products to 0,03 WL
within structures.
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