COMPREHENS TVE RADIOLOGICAL SURVEY

OFF-SITE PROPERTY P
NIAGARA FALLS STORAGZE SITE
LEWISTON, NEW YORK

Prepared for

0.5. Department of Energy
as part of the

Formerlv Utilized Sites -~ Remedial Action Program

J«D. Berger

Froject Scatf

J. Burden* W.L. Smith*
ReDe Condra TeJe Sowell
J.5. Epler* G.M. Stephens
P.W. Frame L.B. Taus¥*
W.0. Helton C.F. Weaver
R.C. Gosslee B.5. Zacharek

Preparaed by
Radiologlcal 3ite Assessmernt Program
Manpower Education Research, and Training Divigien

Qak HRidge Assoclated Universities
Qak Ridge, Tennessee 378§31-0117

FINAL REPORT

March 1984

Thig report 13 based on work performed under contract number DE-ACOS-760R0Q00Q33
with the Department of Energy.

*Evaluation Hesearch Corporation, Uak Ridge, Tennessae

200-1e
NFSS 01.06 0217 a



TABLE OF CONTENTS

List of Figures . . . . . . . .

List Of Tables . o o & = a = = =
Introduction + v « v « v v o+ o
Site Description . .+ . . o .
Survey Pracedures . . . .+ + + «
Results « & o & 4w o 4 s 4 s o o &
Comparison of Survey Results With
SUmmAFY + ¢ v 4 v 6 v e 4w e e
Referances .« « » « o« s & o » o &

Appendices

Page
. Fh e e ke e e s i
. e e e e et e e e s =id
e e e e e s e e e e e e i
f s s s s s s s e s ma s s s 5
Guldelines « « o o v » & & » o 8
9

Appendix A: Instrumentation and Amalytical Procedures

Appendix B: Summary of Radiation Guidelines Applicable
to Off-5ite Properties at the Niagara Falls

Stovrage Site



FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

LIST OF FIGURES

Map of the Niagara Falls Stovage Site and
Off-Site Properties, Lewiston, Hew York,
Indicating the Location of Properzy B . . . .« .

Plan View of NF35 Qff~Site Property P,
Indicatling Prominent Surface Features . . . .

Map of Preperty P Indicating the 20 Meter
Reference Grid SYStem .+ o ¢ o + « = o o & » = =

Locations of Boreholes on Property 2 . . o » o+ &

Map of Northern Niagara County, New York,
Showing Locations of Background Measurements
and Baseline Samples « « o « v » 5 a + 9 4 s v

Locations of Elevated Surface Radiation Levels
Identified by the Walkever Scau . + « v o & » o

Surface Areas of Property P, Where Radionuclide
Levels Exceed Criteria and Where Isolated
"Hot=Spots” Have Been Identified B

Page

»0

il

13

L4

15

16



TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

LIST OF TABLES

Background Expesure Rates and Baseline

Radionuclide Concentrations ia Soil
Samples n - L] » L] L L) L - - - - - . - L] L] L] L4

Radiopuclide Concentrations in Baseline
Water Sdmpleﬁ s+ o 4 W A B ® m o " om oe 0w F 3

Direct Radiation Levels Systemarically
Maasured at 20 M Grid Intervals . . . « . + .

Direct Radlation Levels at Locacions
Tdentified by the Walkover Surface Becan . .

Radionuclide Concentrations in Surface

Soil Samples Collected From 20 M Grid
Intarvals o o » 2 % 2 2 % 2 2 » a4 w % w4 w w
Radionue¢lide Concentrations in Samples

Frow Selected Locations Identified by the
Walkover SCan « + « o v o 2 + 5 2 o s s = = =
Radionuclide Concentraticns iu Borehole Seoil

Radioenueclide Concentratlons in Borehole Water

Summary of Results of Building Surveys . . .

iii

Page

17

18

19

26

33
34
35

36



COMPREEENSIVE RADICLOGICAL SURVEY

OFF=SITE PROPERTY P
NIAGARA FALLS STORAGE SITE
LEWISTON. NEW YORK

THTRODUCTION

Beginning in 1944, the Manhattan Engineer District and its successor, the
Atomic Energy Commission (AEC), used portions of the Lake Ontario Ordnance
Works (now known as the Niagara Falls Storage Site (NFSS) and assoclated
off-site properties), approximately 3 km northeast of Lewiston, New York, [ur
stovage of radiocactive wastes. These wastes were primarily residues from
uranium procecsing operavions; however, they alse dipcluded: sontaminatad
tubble and scrap from decommissionlog activities, biological and miscellaneous
wastes from the University of Rochester. and low-level fission-product waste
from contaminated-liquid evaporators at the Xnolls Atomic Power Laboratory
(KAPL). Receipt of radioactive waste was discontinued in 1954, and following
cleanup activities by Hooker Chemical Co., 3523 hectares of the original 612
hectare site were declared sgurplus. This property was eventually sold by the
General Servieces Administration to various private, commercial, and

governmental agencies.l

SCA Chemieal Services, Inc. 1% the current owner of s tract identified as
off=-gite property P (see Figure 1). A radlolegical survey of that tract,
conducted {n June and July 1983, is the subject of this report,

SITE DESCRYIPTION

Figure 2 is a plot plan of off-site property P. The property 1s roughly
rectangular in sghape, measuring 490 m long and varying in width from about
128 m at the gouth end to 185 m aleng the northern boundary. Property P
occupies a total area of approximately 6.6 hectares. The site is bounded on
the nerth by Balmer Road, on the south by I Street, and along the western

perimeter by Lutts Road. The Central Drainage Ditch easement forms the
eastern boundary.



There are three bulldings on the property: 1) & one-stery building
cccupled by 5CA administvative otfices; 2} a onewstory Wuilding used for
miscellangcus storage and maintenzoce; and 3)  an  unoccupled two=story
structure. There are several access veads and paved parking areas 1a che
vieinity of these budldings., With the exception of several small stands of
uwndergrowth aleng the Central Drainage Diteh and Balmer Road the property ig

cleared and maintained.

Radiological Higtory

There 1s o evidence of storage or burial of contaminated marerial on
property P. QOne small area exceeding 20 uR/h was identified by the 1972
survey.z This area was In the vieinity of the oorth parking lot. The
mobile scan by ORNL in 1980, indiecated elevated radiarion levels zlong Luttsg
Road.? Poreiona of the Central Drainage Ditch are also contaminated. s

SURVEY PROCEDURES

" The comprehensive survey of NFS3 off-site property P was performed by the
Radiological Sire Assessment Program of Oak Ridge Associated Universities
(ORAU), during the period of June and July, 1983, The aqurvey was in
accordance with a plan dated December |, 1982, approved by the Department of
Energy. The objectives and procedures from that plan are presented Iin this
section. Tt should be noted that che Central Drainage Ditch and its easement
are being surveyed and cleaned by Bechtel Natlonal, Inc.; this portion of the
property was, therefore, excluded from the ORAU survey.

QObjective

The objective of the survey wag to provide a comprehensive assessment of
the radiological conditions and assoclated potential health effects, if any,
on property P. Radiolegical information collected in¢luded;

l. direct radiation exposure rates and surfaece beta—gamma dose rates,
2+ locations of elevared surface residues,



3
P

3.

poneentrations of radionuclides {n surface and subsurface seil,
concentrations of radionuclides in ground water, and
surface ¢ontamination levels in buildings on cthe site.

Procedures

1.

2.

A 20 m gystem was astablished by Melnteesh and McIntooh of Leckpert,

NY, under subcontract, Thls grid system is shown on Figure 3.

Garma exposure tate measurements were made at the surface and ac 1 n
above the surface at 20 m grid intervals. Measurements were
performed using portable gamma Nal (7T1) scintillation survey meters,
Conversion of these measurements to exposure rates in microroentgens
per hour (uR/h) was in aecordance with cross calibtation with a

pressurized ilonlzation chamber,

Beta—gamma dose rate measursments were petrformed 1 em above the
surface at 20 m grid intervals. These measurements were conducted
using thir-windew (7 mg/cmz) 5-M detectors and portable scaley-
ratemerers, Measurements were also obtained with the detector
shielded to evaluvate contributiens of non-penetrating beta and
low~energy gomma radictions. Meter voadings were converted Lo
doge rate in microrads per howr (urad/h), based on cross calibration
with a rhinwwindow {osnizarcion chamhar uwging goil gamples from NFSS
off-gite properties,

Surface (0.l5 em) sgoll samples of approximately 1 kg each were
¢ollected at approximately 20 intervals.

Walxover surface scans were conducted at 1-2 m Intervals over all
accessible areas of the property. Portable gamma scintillacion
survey meters were used for these scans, Locations of elevated

contact radiation levels were noted.

At selected locatiens of elevated surface radiation levels, gamma

exposure rates at 1 m above the surface and beta—gamma dose rates at

L



8.

1 cm above the surface were measured. Surface samples were obrained
at several of these locations and, following sampling, the asurface
exposure levels were remeasured rto evaluate the effectiveness of

shallow sampling on removal of the radiation source.

Detection Sclences Group of Carlisle, MA., nperformed ground-
penetrating rtadar surveys ar locations selected for subsurface
Investigations to identify the presence of underground piping or
utilities which would preclude borehecle drilling. Several boreholes

were relocated slightly to avoid possible underground objects.

Five boreholes were drilled to & depth of 5-6 m to provide az
mechanism for logging subsurface direct radiation profiles and
collecting subsurface sofl samples. Drilling was performed by Bire
Engineers, Incs, of Chervy HilI, NJ, using a truck vounted U cm
diameter hollow-stem auger. Locatlions of the boreholes are indlcated
on Figure 4,

The borehcles were gamma scanned over thedr entire length for the
presence of subsurface residues. Radiation profiles in the boreholes
ware determined by measuremenrs of gamma radiation ar 15-30 cm
intervals between the surface and the hole bottom. A collimated
gamna seintillation detector znd portable scaler were used for these
measurementsy.

A water sample of approximately 3.3 liters was collected from ove of
the holes (water was not available in the other borehales).
Collection was performed using a hand baller. So0il samples of
approximately 1 kg each were collected from various depths in the
holes by scraping the sides of the borehole with an QRAU designed
sampling tool.

Exploratory direct radiation and surface contamination measurements

were performed in aill bulldings. The bullding surveys included:

a. walkover surface scans using Nal gamma scintillation detectors,
b. exposure rate measurements at 1 m above the floor,



¢. measurements of total alpha and beta-gamma levels on floors and
walls, and

d. smear samples to determine levels of removable alpha zand beta
concamination.

10. Twenty soil samples and seven water samples were collected from the
Lewiston area (but not on NFS5S or associated aff-site properties) to
provide baseline concentrations of rTadionuclides for comparison
PULPOSESs .« Direct background radiation lavels were measured at
locations where baseline soil samples were collected. The locations

0of the baseline samples and background measurements are shown on
Figure 3.

Sample Analyses and Interpretation of Results

3011 samples were analyzed by gamma spectrometyry. Radium—226 was the
major radionuclide of concern, although spectra were reviewed for U-235,
U-238, Th-232, Ce-137, and other gamma emitters. The water sample was
analyzed for gross alpha and gross bdeta concentrations. Smears of building
surfaces were counted for gross alpha and gross beta contamination.
Additlonal information concerning analytical equipment and proceduras is
coutained in Appendix A.

Resulrs of this survey were compared to the applicable guidelines for
formerly utilized radicactive materials handling sites, which are presented in
Appendix B,

RESULTS

Background Levels and Baseline Concentrations

Background exposure rates and baseline radicnuclide concentrations 1n
s0il, determined for 20 locations (Figure 5) in the wvicinity of the Niagara
Falls Storage Site, are presented in Table 1-A. Exposure rates ranged from

6.8 to 8.8 uR/n (rypical levels for this area of New York). Concentrations of



radionuclides in soil were: Ra=-226, <0.09 to 1.22 pCi/g (picocuries per
gram); U=235, <0.14 te 0.46 pCi/g; U=228, £2.20 to 46.26 pCi/gy Th=232,
<0.32 to 1.18 pCi/fg; and Cs-137, <0.02 to 1.05 pCi/g. These concentratious

are typical of the radionuclide levels normally encountered in surface soils.

Radioactivity levels in baseline water samples are presented in
Table 1-B, The gross alpha and gross beta concentrations ranged from 0.55 ko
1.87 pCi/l (picocuries per liter) and <0.63 to 14.3 pCi/l, respectively.
These are typilcal of concentrations normally occurring in surface water.

Direct Radiation Levels

Direct radiation levels, systematically measured at 20 m grid intervals
are presented in Table 2. The gamma exposure rates at 1 m above the surface
ranged from 5 to & pR/R. Surface contacr exposure tates also ranged from 5 to
8 uR/h. Beta—-gamma dose vates at the surface ranged from 5 to 28 prad/h.
Meaguremaenty performed with the derecetor shielded averaged approximately 205
legs than those with the unshielded detector. This indicates only a small
portion of the surface dose rate is due to nonpenetrating beta or low=energy
photon radiatioms.

The walkover survey identified numerous small isolated areas of elevated
surface radiation levels. With rthe exception ¢f one area at grid point 497N,
181W, these elevated areas were located in the paved parking lot unorth of the
uvnuged two-story structure, i.e. between 640-680N and 140-220W. The locations
of these areas are indicated om Figure 6 and the assoclated rvadiation levels
are presented inm Table 3. Exposure rates at surface contact with these areas
ranged up to 48 uR/h, Exposure rates at ! m above the surface and befa—gamma
dose rates at the surface were measured at sgeveral of these locations,
considered to be representative of the general conditions., The maximum ] m
exposure rate was 17 uR/h and the highest contact dose rate was 60 prad/b.
There was no difference between the shlelded aod uwnshielded dose rate
measurements, indicatiang negligible beta contributions. At the three
locatious where samples were collected, there was no change in the surface

radiation level after sampling.



Radionuclide Concentrations in Surface $Seil

Table 4 presents the concentrations of radionuclides measured in surface
soil gamples, systematically collected at approximately 20 m intervals. These
samples contained the following ranges of concentrations: Ra-226, 0.31 to
2.56 pCi/g; U-235, <0.14 to 0.57 pCi/g; U-238, 0.47 +o 6.11 pCl/g; Cs-137,
0.04 to 4.16 pCi/g; and Th-232, 0.20 to 1.62 pCi/g. Several of the samples
contained levels of the Ra-226, Cs~137 and Th-232 higher than the ranges noted
in bagelline samples; however, average concentrations weras comparable te the
baseline levels. Other gamma emitting radlonuclides were not dectected in
significant concentrations in thege samples.

Radionuclide concentrations in samples collected at selected locations of
alevated contact radiatfon levels are presented in Table 5. Sample Bl from an
isolated area at prid point 497NK,181W, contained 14.9 pCLi/g of Ra-226, but no
signifdcant concentrations of additional radionuclides. Sampling in the
vicinity of the north parking lot indicared that the elevated radiacion levels
were assoclated with reck (possibly slag) used ags a base for the asphalt
paving. Two samples of this paving base material, B2E and B33, contained high
concentrations of Th-232-931 pCi/g and 944 pCl/g, respectively. These samples
alse contained elevated levels of Ra—-226 and 1=-238. Sampla R2R sonrained
199 pCi/g of Ra-226 and 192 pCi/g of U-238; sample B3B contained 172 pCi/g of
Ra=-226 and 189 pCi/g of U~-238. The presence of Ra-226 and U~238 at
gquilibriem  concentrations, suggest that this waterlal 1z a naturally
aceurring ore or glag from operations uot concerned with separation of
uranium. Sample B3A, containing a mixture of sg¢il and gravel, had lower
concentrations of Th=232, Ra-226, and U-238; however, the ratlos of these
neclides were similar to those in the paving base material. A sample of the
aphalt paving (B2A) did not contain significant radionuclide levels.

Borehole Gamma=Logging Measurements

Gamma wmeasurements in the boreholes did neot identify any evidence of
elevated subsurface radionuclide levels. The gamma—logging data was not used
to quantifying radionuclide concentrarions in the subsurface soll because of
the varyilng ratios of Ra-226, U-235, Th-232, U-238, and Ce-137 oecurring in
solls from the NFS3.

~J



Radienuclide Concentracions in Borehole Soil

Table 6 presents radionuclide concentrations measured in sell samples
from boreholes. None of the samples contained radionuclide levels differing
from thase in rthe baseline soil samples.

Radfonuclide Concentrations in Water

The gross alpha and gross beta coucentrations measured in water from
borehole H4 (the only borehole where water was available) were 2.27 pei/l and
2.42 pCi/l, respectively (see Table 7). No additional analyses were required

on this sample, because the levels were well withim the EPA criteria for
drinking water systems.

Bullding Surveys

The reaults of “exploratory” sutveys conducted a0 the Lbulldiags on
property P are summarized Iin Table 8. No areas of elevated direct radiation
or surface contamination were noted. Further building measurements wera

therefore not necessary.

COMPARISON OF SURVEY RESULTS WITH GUIDELINES

The guidelines applicable to c¢leanup of off-site properties at the
Niagara Falls Storage Site are presented in Appendix 8. Radionuelide con-
centrations associated with small surface or near-surface arsas of
contamination and materials, exceed these guideline levels for Ra-226
(5 pCi/g), U=238 (150 pCi/g), and Th-232 (15 pCi/g). Most of these areas are
assoclated with the material usged as a paving base for one of the parking lots
on property P. This rock contains Th~232 concentrations up to 944 pCi/g and
U-238 concencra-tions up tv 192 pCl/g. Ra=220 1s in equilibrium wich U-238.
The equilibrium condition suggests that the elevated radiconuclide levels in
this material are of natural origin and are not the result of previous fedaral

government activities on this property or the NF55.



One small iscolated area ar prid location 497N,181W has a surface soil
eoncentration of Ra=226 of 14.9 pCi/g, bur no significant levels of other
radionuclides, The concentration averaged over 100 ml in this area would

not exceed the criteria of 5 pCi/g above background.

Direct radiation levels on the property are well below the guideline of
60 uR/h for open land areas. The maximum exposure rate measured was 48 uR/h
at surface contacr with a small area in the parking lot. Ar a height of Ll m
above the gurface, the highest exposure rate megasured on the property was
17 uR/h., There was no indication of contamination in subsurface soil or water
samples. Measurements in buildings indicated levels are within the guidelines

for unrestricted use by the general public.
JUMMARY

4 vcouwprehensive survey of off-site property P at the Niagara Falls
Stourage Site was conducted during June and July, 1983, The survey Luacluded:
surface radiation scans, measurements of direcr radiation levels, analyses for
radionuclide concentrations in surface and subsurface so0il and 1in one

subsurface water sample, and measurements of contamination levels in

buitdings.

The results of the survey indicate the presence of rock-like marerial,
contalning elevaced levels of the thorium and uranium decay series. This
materizl has been used as a paving base in one of the parking areas. The
conposition of this wmaterial and rthe history of development of property P
suggest that this material is not attributable to previous waste handling and
storage actlvities at NF55. Tnere is one isolated area of Ra—-226
contamination which could be eliminated hy the removal of a very small (less
than 1 m3) amount of surface soil. Locatlions of these areas of elevated
radionuclide levels are Indicated on Flgure 7. Contamination was not noted in

subsurface $0ll and water or on interior building surfaces.

Radionuclide levels on this property do not pose potential health risks
and chere 1§ no evidence that migration of the radicactive materials 1igs

adversely affecting adjacent propertics or the ground water.
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TABLE 1-4

BACKGROUND EXPOSURE RATES

AND

RADTONUCLIDE CONCENTRATIONS IN BASELINE SOIL SAMPLES

Location?

Exposure Hateb

Radionuclide Concentrationa (pCi/p)

(nR/h) Ra~226 =235 U-238 Th-232 Cs=-137
i 6.5 0.74 + G.16¢ 0,19 <2.89 0.70 + 0.46 0.29 + 0,08
z 6.8 0.75 % 0.1% <019 <3.3% 0.86 + 0,24 0.24 + 0.08
3 8.3 0.71 % 0.18 0.46 + D.41 <3.72 0.88 1 6,33 0.34 + 0.0%
4 7.9 0.67 + 0,18 <0.22 <4.10 1.18 + 0.35 0.12 + 0.07
5 7.3 0.70 + 0.16 <0.17 <1,34 0.68 + 0.24 0.14 + 0.07
& 7.7 0.50 + Q.15 <0.16 <2,33 0.52 + 0,38 0.17 + ©0.09
7 7.7 0.63 + 0.13 <0.17 €2.73 0.83 + 0,24 0.35 + 0.08
8 7.6 0.59 + 0.12 Q.14 <2.20 0.54 + 0,23 <0.02
9 7.1 0.63 + 0.20 <0.23 <4.16 0.83 + 0.38 0.6% + 0.11
10 7.1 0.70 + 0.16 <0.19 <2,98 0.59 + 0.25 0.69 + 0.10
11 6.7 <0,09 <0.19 2,83 0.49 + 0,31 0.48 + 0.14
12 7.1 .48 + 0,13 <0.18 £2.8% 0.65 + 0.26 0.68 + 0.10
13 6.7 0.57 + 0.14 <0.17 <2.38 0.49 + 0.76 0.41 3 O.0R
14 6.8 0.68 + 0.17 <0.19 <3.24 0.67 + 0.25 0.70 + 0.10
i5 8.2 0.65 + 0.14 <0,17 <3.20 0.72 + 0.35 0.23 + 0.08
16 7.4 0.1 £ 0,17 <0.71 <3.58 0.83 + 8,28 0.61 + 0,00
17 7.0 0.45 + 0.14 <0.16 <2.73 0.32 % 0,22 0.38 + 0,08
18 7.7 0.73 + 0.16 <0.18 6.26 + 9,23 1.01 + 0.44 0.32 + 0.12
19 8.8 L.22 + 0.22 <.23 <3,79 1.08 + 0,49 1.05 + 0.13
20 B.6 0.83 + 0.17 <0.21 <3.59 0.84 + 0,29 0.08 + 0.07
Range 6.8 to B.8 <0.09 to 1.22 <0.1% to 0.46 €2,20 to 6,26 0.32 to 1.18 <0.02 to 1.05

8 gefer to Figure 5.
Measured st 1 m above the surface,
C Errore are 20 based on counting statietics.



TABLE -2

RADICNUCLIDE CONCENTRATIONS IN BASELINE WATER SAMFLES

. a Radionuclide Concentratiens (pCi/l)
Location
Gross Alpha Gross Beta
L 0,93 :,0.93b 4.79 * 1.13
W2 0.95 + 0.94 8,17 £+ 1.31
W3 0.55 + Q.78 2.73 4+ 1.05
Wa 0.63 + 0.89 .37 b 1.17
W5 0.73 + D.68 Q.64
wé 1,87 + 1.84 14.3 + 2.4
w? 1.16 + 0.66 <0.63
Range 0.9% to 1.87 <0.63 to 14.3

8 Refer to Figure 5.
Exrors are 2c based on counting statistics.
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TABLE 2

DIRECT RADTATION LEVELS SYSTEMATICALLY MEASURED
AT 20 M GRID INTERVALS

w4

Grid Gammz Exposure Gamma EXposute Beta-Gamma
Location Rates at 1 m Above Rates at rhe Dosve Rates £ 1 cw
N W the Surface surface Above the Surface
(uR/h) (uR/h) (urad/n)
00 240 7 7 20
900 220 8 8 ?
900 200 7 8 12
200 180 7 8 21
900 160 8 7 L4
900 140 7 7 27
900 120 6 7 124
888 240 7 8 27
880 220 8 Y 15
880 200 7 3 14
g8 180 7 7 13
880 i60 B 8 &
88O 140 7 8 25
880 120 7 8 28
860 240 5 5 .5
86C 220 8 8 14
860 200 7 8 21
860 13C 8 8 24
860 160 8 7 18
360 140 7 8 22
860 120 7 7 17
8B40 240 7 7 27
840 220 7 7 7
840 200 8 8 18
340 180 / 4 12
840 160 8 8 18
840 140 8 3 21
640 120 8 ) 22
820 240 7 8 21
820 220 4 7 7
220 200 7 7 18
820 180 3 8 18
820 160 7 7 14
820 140 7 7 7
820 120 8 8 16
800 236 7 7 16
800 229 o 7 10
800 200 7 7 11
800 180 7 7 10
BOO 160 7 7 14



TABLE 2, cont,

DIRECT RADIATION LEVELS SYSTEMATICALLY MEASURED
AT 20 M GRID INTERVALS

Grid Gamma Exposure Gamma Exposure Beta—-Gamna
Lecation Rates at 1 =w Above Ratca at the Dosc Ratca at L cm
N 1 the Surface Surface Above the Surface
(uR/h) {uR/N) (uyrad/h)
800 140 7 7 &
800 120 7 7 23
780 236 7 7 11
780 220 ) b b
780 200 ) 7 10
780 180 7 7 7
780 160 7 7 8
780 140 7 7 10
780 120 8 5 12
740 236 7 7 11
760 220 6 b 6
760 200 é 7 10
760 130 7 7 7
760 150 7 7 2
760 140 7 7 7
760 120 7 7 7
740 236 7 7 7
740 220 7 G 6
740 200 7 7 14
740 180 7 7 10
740 180 7 7 7
140 140 7 7 10
740 120 7 B 14
720 236 7 7 14
720 220 6 7 17
720 200 7 7 11
720 180 7 7 1o
730 160 7 7 7
720 140 7 .6 7
720 120 7 7 13
700 236 7 7 15
700 220 6 6 6
700 200 ] 7 14
700 180 7 7 7
700 160 7 7 7
700 140 7 7 13
7C0 120 7 7 8
680 236 7 7 8
680 220 3 8 l4
680 260 7 7 10

20



TABLE 2, ¢ont.

DIRECT RADTATION LEVELS SYSTEMATICALLY MEASURED
AT 20 M GRID INTERVALS

Grid Gamma IZxposure Garma Exposure Beta-Gamma
Location Rateg at 1 m Above Rates ar the Dnce Rates at 1 em
N W the Surface Surface Above the Surface

{ur/h) (uR/h) (urad/h)
680 180 7 7 7
680 160 7 ] -3
&80 140 6 6 -9
680 120 7 a B
&60 236 7 7 7
boo 220 5 5 5
660 200 5 3 6
660 18C 3 5 5
G660 16C 5 > 5
660 140 5 3 3
660 120 7 & 8
640 236 7 7 7
640 220 5 3 3
B840 200 5 3 15
640 180 5 3 5
640 160 5 5 5
640 140 5 5 )
640 120 b 7 18
620 236 7 7 7
620 220 6 7 1
620 200 ) & &
b2U 180 & 7 10
520 140 3 5 5
620 120 7 7 8
620 107 G & &
600 236 7 7 8
600 220 7 7 7
&00 200 3 7 18
600 180 b b )
600 160 5 5 5
600 140 b i) 6
600 120 5 5 5
600 107 8 8 22
580 236 7 7 11
380 220 6 6 12
380 200 7 7 7
580 180 6 7 7
580 160 7 7 10
580 140 7 7 7
580 120 6 3] 6



TAELE 2, cont,

JIRECT RADIATTION LEVELS SYSTEMATICALLY MEASURED
AT 20 M GRID INTERVALS

Grid Gamma Exposure Gamma Exposure Beta-Gamma
Locarion Rates at 1 m Above Rates at the Lose Rates at | cm
N W the Surface Surface Above the Surface
(uR/h} {uR/ k) {prad/h)
580 107 8 7 10
560 236 7 7 7
560 220 & 7 8
%60 200 7 7 13
560 180 5 5 5
362 160 5 ) b
360 140 7 7 7
560 120 7 7 10
560 107 8 8 17
940 236 7 7 7
540 220 6 7 17
540 200 6 7 /
540 180 5 5 5
538 160 5 5 5
583 140 7 7 7
583 120 7 7 7
583 107 8 8 18
520 236 6 7 10
520 22¢ 6 7 14
520 200 6 6 6
520 180 6 7 7
520 160 & 7 8
520 148 b 7 7
520 120 6 7 13
520 107 7 7 14
200 236 7 7 8
500 220 6 7 11
500 200 ! 7 10
500 180 7 7 7
300 160 b 7 7
200 140 o a a
500 120 7 7 L4
500 107 8 7 20
ARD 235 é 7 21
480 220 b 6 &
480 200 7 7 16
480 180 7 7 14
480 160 7 7 13
480 140 a a a
480 120 7 7 7

3
|



TABLE 2, cont.

DIRECT RADIATION LEVELS SYSTEMATICALLY MEASURED
AT 20 M GRID INTERVALS

Grid Gamma Exposure Garma Exposure Beta-Gamma
Tocation Rareg ar 1 m Abova Ratas at the Dese Rates at 1 cm
N W the Surface Surface Above the Surface
(uR/h) (uR/h) (urad/h)
480 107 8 7 10
460 235 6 & 16
460 220 6 ] &
460 200 7 7 16
400 180 7 7 11
460 160 7 7 27
460 140 6 5 18
460 120 3 8 17
460 107 7 7 10
440 235 5 7 14
440 220 7 7 7
440 200 7 7 7
A40) 180 7 7 7
440 160 7 7 11
L4Q 140 5 5 5
L40 120 5 5 11
440 107 8 8 19
420 235 ) & 9
420 220 b 5 12
420 200 ] 7 18
420 180 7 7 8
420 160 & 7 13
420 140 b 7 17
420 120 6 7 7
420 107 a 8 1]

AQrid point net azccessible due to presence of boailding,



TABLE 3

DIRECT RADTATION LEVELS AT LOCATIONS
IDENTIFIED BY THE WALKOVER SURFACE SCAN

72

Grid Exposure Rate (yR/h) Surface Dnse Rate Sample® Contact Exposure Rate
Location Contact 1 m Above Surface (urad/h) Identification After Sample Removal
M W {uR/h)
497 181 20 9 29 A 20
64T 173 20 ~==b -— — —_
648 172 29 —— —_— — —
654 157 38 10 71 -— —
658 186 17 —— — J— —_—
662 148 17 — - ——— ———
665 160 32 ——— —_— J— —
665 182 14 —-— —_— ——— —
666 157 3z -— —— ——— ——
566 166 17 ——— JR— _— —_—
668 199 18 -— -_— -— —
670 157 23 o —— —— ——
&70 172 21 ——— .
670 196 36 ——— —— —— e
670 210 48 17 48 B2{A+R) I
671 176 24 10 26 o —
ar2 174 i3 e . —— ——
672 180 18 e —— —_— ——
673 165 15 ———— —— —_— .
673 175 14 ——— —— _— .
673 208 21 10 25 _— —
673 209 26 10 67 ————— R
674 188 27 — - _— —
674 190 21 — - - -==
674 195 23 v — —— ——
675 164 16 R —— — ——_—
676 179 26 10 60 o ——

677 161 14 e - — ——
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TABLE 3, cont.

DPIRECT RADIATION LEVELS AT LOCATTIONS
IBENTIFIED BY THE WALKOVER SURFACE SCAN

Grid Exposure Rate {(pR/h) Surface Dose Rate Sample Contact Exposure RalLe

location Contact | m Above Surface (urad/h) identification Afcer Sample Removal
N 9 {uk/h)

677 203 27 13 27 e e

678 163 20 20 25 _— —

679 204 24 12 28 -— —-—

680 205 16 — —— —-— R

680 211 26 12 47 B3(A+B} 26

681 210 17 — — - -

661 211 35 -— — - —

Aladionuelide analysces are preeented in Table 5.
bpash indicates measurement or rampling not performed.



TABLE 4

RADIONUCLIDE CONCENTRATLONS IN SURFACKE SOIL SAMPLES

COLLECTED FROM 20 ¥ GRID INTERVALS

Radienuclide Concentrations {pCl/g)

Grid Location

U-235 U-238 Cs-137 Th-232

Ra-226
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TABLE 4, cont.

RADTONUCLIDE CORCENTRATIONS [N SURFACE SOIL SAMPLES
COLLECTED FROM 20 M GRID INTERVALS

Grid Location

Radionuclide Concentrations (pCi/fg)

H W Ra-226 U-235 U-238 Cs-137 Th-232

820 240 0.92 + 0.22 <0.20 <0.73 0.13 + 0.05 0.93 + 0.31
820 220 0.96 + 0.20 €0.30 <0.91 0.74 + 0.13 0.62 ¥ 0.23
820 200 0.84 + 0,23 .21 192 + Luld U6 F U135 U.78 T .37
820 180 1.12 + 0.31 <0.32 2.72 + 1.06  0.55 * 0.13 0.92 + 0.44
820 160 0.84 ¥ 0,19 <0.20 @72 0.49 ¥ 0.1] 1.25 + 0.50
820 140 0.97 + 0.22 <0.29 <0.84 0.78 ¥ 0.14 1.12 ¥ 0.34
820 120 0.76 + 0.26 <0.22 0,69 0.45 + 0.11 141 + 0,44
800 233 1.08 + 0.26 <0.28 4.52 + L71 0,17 + 0,06 1.35 + 0,35
800 220 0.73 ¥ 0.20 <0.31 <0189 0.70 ¥ 0.15 0.77 ¥ 0.30
800 200 0.74 + 0.29 <0.21 <0.82 0.66 + 0,11 U.64 + 0,42
800 180 0.6% ¥ 0.18 <0.19 1.36 + 1,37 0,48 ¥ 0,12 0.70 + 0.26
800 160 0.88 + 0.25 <0.28 2,19 # 1.76 0,71 * 0.12 0.93 + 0,35
800 140 0.99 ¥ 0.22 <0.23 1.32 + 1.43 0.26 ¥ 0.11 0.90 + 0.27
800 118 0.93 + 0.29 <0.29 0.73 + 3.27  0.54 + 0.17 0.80 ¥ 0,4}
780 233 0.92 ¥ 0,27 <0.19 <0,71 0,23 + 0,09 0.93 ¥ 0,34
780 220 1.13 ¥ 0.33 <0,33 <0.99 0.91 + 0,14 1.48 + 0.39
700 200 0.93 + 0.24 <0.33 6.06 + 1.78 0.70 + 0.16 0.78 + 0.34
780 180 0.83 + 0.2l <0.21 <0, 80 0.59 + 0,13 0.85 + (.38
780 160 0.73 % 0,28 .21 1.16 + 2,48 0,83 + 0,16 0.91 ¥ 0.55
780 140 0.79 * 0.29 0,34 3,045 7 2,12 1.26 1 0.18 1.20 & 0,44
80 119 0.71 ¥ 0.7 <0.28 3,08 ¥ 1.03 0,54 + 0,11 0.85 ¥ 0.31
760 233 0.80 + 0,26 <0.18 <0.68 0.16 + 0.09 1.05 + 0.31
760 220 0.95 T 0,31 N0,22 1.09 + 1.09 0,41 T 0.09 0.52 F 0.24
760 200 ¢.82 + 0,42 <0.24 €1.02 1.38 + 0,23 1.33 + 0.52
760 18D 0.86 + 0.29 <0,28 1.98 + 1.88 0,58 ¥ 0,12 1.49 ¥ 0,28
760 160 0.86 + 0.21 <W.31 A9 0.9% ¥ 0.15 1.07 ¥+ 0.39
760 140 0.85 + 0.39 0,24 + 0,11 1.17 + 1,70 1,06 * 0,15 0.89 ¥ 0.15
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TABLE 4, cont,

RADIONUCLIDE CONCENTRATLONS IN SURFACE SOTIL. SAMPLES
COLLECTED FROM 20 M GRID INTERVALS

Grid Loecation

Radionuclide Concentrations (pCifg)

N W Ra-226 =235 U-238 Cs~137 Th~232
760 118 0.99 + 0.21 <0.28 <0.89 0.61 + 0.14 1.17 + 0.42
740 233 0.98 *+ 0.30 <0.27 2.00 % 1.56 0.40 ¥ 0.09 1.07 * 0.32
740 220 0.84 7 0.2) <0.20 1.65 F 1,49 0.73 F 0.15 0.66 T 0.40
A0 200 0.84 1+ 0.22 <0. 24 1)+ 2016 0.56 + 0.13 1.11 + 0.49
740 180 0.79 ¥ 0.27 <0.22 <0.73 0.32 ¥ 0.08 0.50 + 0.24
740 160 1.03 + 0.28 <0.28 117 + 0.87  0.77 + 0.15 0.99 + 0.40
740 140 0.78 ¥ 0.23 <0.21 <0.70 0,39 * 0,09 1.05 + 0.33
740 110 0.60 + 0,28 0,38 + 0,62 2,05 1 1,95 0,91 1 0.18 0.52 + 0.79
720 233 0.76 + 0.19 <0.25 <0.85 <0.05 0.99 + 0.30
720 220 0.84 + 0.25 <0.19 1.06 + 2.07  0.60 + 0.12 0.63 + 0.29
720 200 0.90 ¥ 0.24 <0.21 <0.58 0.30 ¥ 0.11 0.75 ¥ 0.35
720 180 1.14 + 0.26 €0.31 2.71 + 1.07  0.61 + 0,15 0.82 + 0.41
720 160 0.36 + 0.28 <0.19 <0.77 0.52 % 0.18 0.67 ¥ 0.61
720 140 0.92 * 0.32 €0.33 1.96 + 1.07 0,92 1 0,16 1.12 7 0.43
720 120 0.77 + 0,35  0.49 + 0.14 <1.02 0.65 + 0.12 0.68 + 0.40
700 233 0.76 + 0.25 <0,21 0.67 + 1.70  0.14 + 0.07 0.92 + 0.37
700 220 0.83 + 0.25 {020 1.9 + 1.95 0,71 % 0.13 0.77 1 (.49
7000 200 0,28 + 0,729 <0.19 <0, 74 0.46 + 0,16 134 4 D40
700 180 1,10 + 0.32 <0, 35 6.79 + 1.82  0.69 + 0.16 1.33 + 0.72
00 160 0.76 + 0,24 <0, 28 4,21 X 179 0.77 ¥ 0414 1,32 T 0.40
00 140 0.73 + 0.23 <0.23 1.54 + 0.95 0,66 + 0.14 0.85 + 0.44
oo 119 1.00 4 0,36 0.52 + 0.13  2.87 + 1.79 0,63 F 0.15 1.00 + 0.51
[F130) 233 0,89 + 0.24 .28 1.38 + 0.86 4,18 + 0.07 L.29 + 0.28
680 220 0.67 + 0.17 W0.15 0.55 + 1,14 0,18 + 0.09 0.38 + 0.19
682 200 0.87 + 0,49 <0.29 <1.00 3.26 + 0,30 0.65 % (1,50
680 180 0.75 ¥ 0,32 <0.28 <1.08 3.25 3 0.3 0.41 ¥ 0.44
680 160 0.60 + 0.28 <0.23 1.48 + 1,80  0.86 ¥ 0,14 0.75 % 0.41
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TABLE 4, cont.

RADTONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES

COLLECTED FROM 20 M GRID INTERVALS

Grid Location

Radionuclide. Concentrations (pCl/g)

N W Ra-226 U-235 u-238 Cs—-137 Th-232
680 140 0.70 + 0.40 <045 2.35 + 2.46 1.57 + 0.25 <0.27
680 120 0.66 + 0,25 <0.1% 2.04 ¥ 2.06 0.45 ¥ 0,11 1.07 + 0.42
660 233 0.97 F 0.2¢ <v,28 .00 F LU/ u.Ez oo 192 F U348
660 120 b b b b b
660 200 b b b b b
660 180 b b b b b
660 160 b b b b b
660 140 b b b b b
660 120 0.90 + 0.26 <0.21 0.9 + 2.01  ¢.42 + 0,10 0.88 + 0.47
640 233 0.97 ¥ 0.25 <0.22 2.31 ¥ 1,03 0.22 ¥ 0,12 0.78 + 0,97
640 218 1.04 + 0.22 0.25 + 0.11 2.61 + 1.37  0.43 + 0.08 0.59 + 0.22
637 200 0.70 + 0.30 <0.25 <0.90 l.15 + 0.18 0.71 + 0,33
638 180 0.91 + 0.27 <0.20 <0.83 2.82 + 0,27 0.68 + 0.40
640 160 1.00 * 0.38 <0.25 1.62 + 2.68  4.16 ¥ 0,37 0.87 ¥ 0.35
640 140 0.60 + 0.41 <0.43 <1.32 .84 + 0.47 <0.35
640 135 0.56 + 0,25 <0.20 1.46 + 1.72 0,24 + 0.10 0.50 + 0,3/
640 124 1.04 ¥ 0.29 <0.20 6.11 + 1.93 0.50 % 0,14 0.74 * 0.37
620 233 0.78 + 0.23 <6.18 2.24 + 1,48 0,15 ¥ 0.07 0.60 + 0,31
620 220 0.95 + 0,24 £0.27 1.51 + 1,61 1.04 4+ 0,14 0.70 + 0,36
620 200 0,60 1 0.13 €0.23 <0.82 0.69 + 0.19 1.01 ¥ 0.49
620 180 0.86 ¥ 0.22 <0,21 1.46 + 1.69 0,51 F 0,11 0.42 ¥ 0.25
620 160 L.04& + 0,30 <0.30 £0.87 0.62 + 0.13 0.87 + 0.48
613 140 0.86 * 0.21 0. 27 0.69 * 1.39 0,68 T 0,11 0.72 ¥ 0.26
620 120 0.74 + 0.19 0.24 #+ 0,11 <1.00 0.62 + 0.12 1.07 + 0,33
620 109 0.39 + 0.19 <0.16 1.28 + 1.23 0,27 + 0.11 040 + (.30
600 736 V.84 ¥ 0.27 <0,325 <0.83 0.42 ¥ 0.10 0.77 T 0.44
600 220 0,96 + 0,2} 0.20 + 0,10 1.57 + 1,99 0,76 + 0,13 0.98 ¥ (.45
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TABLE 4, cont.

RADLONUCLIDE CONCENTRATIONS IN SURFACE S0IL SAMPLES
COLLECTED FROM 20 M GRID INTERVALS

Grid Location Radionuclide Concentrations (pCifg)

N W Ra-226 U-235 U-238 Cs-137 Th-232
600 200 0.8 + 0,23 <0.34 3.06 + 2,14 0.52 + 0.16 V.87 + 0.45
600 180 1.21 + 0,29 <0.25 <1.03 1.03 + 0.17 0.85 ¥ 0.3]
600 160 0.49 + 0,24 €0.23 3.23 ¢ 1,36 0.84 + 0,16 0.77 + 0.35
600 140 0.85 + 0.24  0.19 + 0.13  3.29 + 1.60  0.62 + 0.14 110 * 0.39
fO0 120 b b b b b
600 107 0,93 + 0.246 0,55 + 0.49 <W0.76 0.56 + 0,123 0.30 + 0.4]
580 236 0.67 + 0.24 <0.18 1.40 + 1.53 <0.04 0.72 + 0,24
580 220 0.82 ¥ 0.28 <0.%4 0.82 % 1.55  D.59 + 0.12 0.53 F 0.0
580 200 0.77 + 0.35 <0.27 2,60 ¥ 2,41 0.68 + (.15 0.99 + Q.74
580 180 0.56 + 0.41 £0.26 <l1.15 0.89 + 0.23 0.64 + 0.54
580 160 0.76 ¥ 0.26 <0.19 <0.84 0.26 ¥ 0.08 0.66 + G.48
580 140 0.97 + 0.26 <0.31 <1.08 0.44 + 0.12 1.1 + 0,50
580 120 0.61 ¥ 0.34 <0.23 1.08 + 1.53  1.58 + 0.19 0.8/ + 0.31
580 107 0.82 + 0.28  0.34 + 0.51 <0.83 0.63 + 0.15 0.86 + 0.62
560 236 0.74 + 0.32 <0.21 <0.81 0.12 + 0,12 0.97 + 0.37
560 220 b b b b b
560 200 1.12 + 0.29 <0.24 213 7 1.79 0,64 + 0.17 0.74 + 0,32
562 180 0.64 + 0,21 £0.14 <0.60 0,98 + 0.17 0.28 + 0,20
560 160 0.92 + 0.25 <0.20 0.50 + 1.50  0.87 ¥ 0.15 0.47 ¥ 0,26
560 L4l DSZ F 0024 D.16 + 0415 Lal5 F 179 0,55 T 0413 1.57 7 0.54
560 120 0.78 ¥ 0,25 0,15 % 0,13 1.66 2,09 0.9 T 0,15 .99 ¥ 0.52
560 107 D.73 + 0.28 0,21 1.07 + 1.55  0.51 + 0.13 0.66 + 0.35
540 236 0.91 ¥ 0.30 €0.22 LOR.T 0.10 ¥ 0.05 0.9/ F 0.32
540 220 G.hh + 0,19 <0.17 0.61 0.68 + 0,14 0.48 + 0.21
540 200 0.70 + 0.28 <0.20 2.10 + 1,93 0.97 + D.20 0.85 + 0.57
540 184 0.62 + 0.23 <0.17 0.95 ¥ 1.29  0.48 ¥ 0.12 0.49 ¥ 0.36
540 160 b b b b b



TABLE &, cont.

RADLONUCLIDE CONCENTRATIONS IN SURFACE SOLL SAMPLES
COLLECTED FROM 20 M GRID INTERVALS

Radionuclide Concentrations {

Grid Location
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Cs-137

Th-232

Ra~226 U-235 U-238
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TABLE 5

RADTONUCLIDE CONCENTRATIONS YR SAMPLES FROM SELECTER
LOCATIONS L[DENTIFYIED BY THE WALKOVER SCAN

Radionuclide Concentrations (pCifg)a’b

Sample Grid Location

H W Ra-226 -235 U-238 Cs-137 Th-232

Bl 497 181 14.9 + 1.1°  0.95 + 1.31 9.87 + 2.39  0.37 + 0.19  0.69 + 0.41
B24 670 210 0.68 £ 0.12 <0, 10 0.74 % 0.42  0.03 % 0.05 0.89 ¥ 0.36
{Asphalt)
B28 6730 210 199 + 1 15.7 + 0.8 192 * 14 <0,11 931 + 1
fRack)
B3A 680 211 49.3 + 1.9 2,39 + 3.04 4.9 + 5.0 Lol4 + 0,33 193 + 8
($0il & CGravel)
Big 680 211 172 * 17 29 .4 * M.1 1/% + 14 [ Q4 h + A

w {Rock)

ARefer to Table 3 for direct radiatlon levels.
bLarge relative errors and minimum decectable acrivities for some samples

are the rvesult of high continuum count rates caused by high U-238 and

Th-232 levels,
CErrors are 2g based on counting statistics,
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TABLE 6

RADIONUCLIDE CONCENTRATIONS IN BOREHOLE SOIL

Borehole® Grid Location Depth Radionuclide Concentrations {pCifg)

Ha. N W {(m)} Ra-226 =235 U-238 Cs-137

Hl 420 125 Surface 0.98 1 0,32 <0.16 0.67 + 2,36 0.05 + 0,04
0.5 1.02 ¥ 0,22 <0.26 3.07 F 1,15 <W.03
1.0 1.08 + 0,28 <0.18 1.65 + 0,64 0,03

H2 420 167 Surface .83 + 0.28 <0.17 €0.66 <0.03
0.5 1.05 + 0.27 <0.29 1.39 + 2.58 <0.03
1.0 0.9 + 0.23 <0.15 1.10 + 0.66 <0.03

H3 420 210 Surface 0.80 + 0.24 <0.17 1.72 + 0,87 <0 L,04
0.5 0.76 + 0.16 <0.24 1.92 + 1.33 0.04 + 0.05
1.0 0.85 ¥ 0.21 0.19 + 0.35  0.80 ¥ 0.64  0.05 ¥ 0,08
2.0 0.81 + 0.28 <0.24 Ww,79 <0,03

Ha 580 226 Surface 0.71 + 0.17 <0.23 <0.75 <0.03
0.5 0.76 + 0,19 0.23 + 0,32 <0.32 <003
1.0 0.82 7 0,18 w0719 1.18 + 1.43 <0.03
2.0 4.79 + 0,24 0,25 2.80 + 1,52 <0 .04

13 630 127 Surface 0,94 * 0,23 W5 0,51 + .99 0,03
G.5 1,01 + 0,20 <0.25 <G.81 <0.004
1.0 0.87 + 0.23 <0,29 <G, 86 <0.04
2,0 0,99 + .24 <0.17 0.43 + 1.77 <0 o4

dRafar to Flgure 4.
PExrors are 2¢ based on counting statistics.
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TABLE 7

RADTONUCLIDE CONCENTRATIONS

IN BOREHOLE WATER

Sample Sample Type Grid Location Radionuclide Concentrations ¢pGif1)
No. N W GCross Alpha Gross Beta
1 Subsurface 580 230 2,27 1+ 1.478 2,42 + 1,64

(Barehole H4)

drrors are

20 based on countilng statlstics.
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TABLE 8

SUMMARY OF RESULTS OF BULLDING SURVEYS

Gamma Exposured Surface Contamination Levels o
Rates 1 Meter Above Direct Measurement Trangferable
Building the Floor Alpha Beta-(Gamma Beta-Gamma BDose Rate Alpha Beta—CGamma
(uR/h) (d/m/100cn?) (mrad/h) (d/m/1100cm?)
I Administration 5-7 <54 <526 <0.02 0-1.4 2,3-32
2 Storage and 6-12 <54  <326-1610 <0.02-0.06 0-2.9 2.3-18
Haintenance
3 lnused two =~ bt <54 <326 <0.02 0-5.7 l.4—-14

atory sBtructure

Ao arecas of elevared gemma rodistlon were identlfied by walkowver scans of bullding surfaces.
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INSTRUMENTATION AND ANALYTICAL PROCEDURES



AFPENDIX A

Instrumentation and Analytical Procedures

Gamma Scintillation Measurements

Walkover surface scans and measurements of gamma exposure rates were
performed nging Ebarline Madel PEM—E portable ratemetaers with Vierorcen Model
489-553 gamma scintillation probes containing 3.2 em x 3.8 em Nal(TLl)
crystals., Count rates were converred ro exposure rates (uR/h)} using factors
determined by comparing the response of the scintillation deteectors with that
of a Reuter Stokes Model RSS-1ll pressurized ionization chamber at locatioms
on the Niagara Falls Storage Site.

Befa-Gamma Dose Rate Measurements

Measurements were performed using Eberline “Rascal,” Model PRS-,
gcaler/ratemeters with Model HP=260 chin-window, pancake G=-M, beta probes.
Doge rates (urad/h) were determined by comparing the response of a Victoreen
Model 440 ionlzation chamber survey meter to that o¢f the G-M probes.

Borehole Logging

Borehole gamma radiation measurenents ware performed using a Victoreen
Model &489-55 gamma scintillatfeon proba, conneaerad ta a Tudlum Madel 2200
portable scaler. The geintillation probe was shielded by a 1.25 cm thick lead
shield with four 2.5 mm x 7 mm holes evenly spaced around the repion of the
gacintillation detector. The probe was lowered into each hole using a triped
holder with a small winch. The borehole was scanned and measurements wete
performed at intervals of 15-30 cm to identify regions of possible residues
and pguide the selection of subgurface soil sampling locations. Due to the
vatying ratios of Ra-226, (=235, U-238, Th~232, and Cs-~137 on NFS5 properties
there was no attempt to estimate soil radionuclide concentrations directly

from the logging results.



Building Surface Contamination Measurements

Tetal alpha and beta-gamms levels on building surfaces were measured
using Eberline mode. AC03-7 2ZnS alpha scintillation and fEberline model HP-260
thin-window, pancake G-M detectors, respectively. These probes were coupled
to Zberline "Rascal,” Model PRS-1, portable scaler/ratemeters, Count rates
were corrected for background and appropriate efficiency and probe ares facts
applied.

Removable contamination levels were determined by wipe (smear) tests of .
approfimately 10C em? of the surface using 5 cm diameter filter paper.
These wipe samples were counted for gross alpha and gross bheta activicy usiag
a Tennelec Model LB-5100 low-background propertional counter, and appropriste

background and efficiency correchions were applied.

So0ll and Sediment Sample Analysis

S0il and sediment samples were dried, wmixed, and a portiom placed in a
0.5~1liter Marinelli beaker. The quantity placed Iin each beaker was chosen to
reproduce the calibrated counting geometry and ranged from 600 te 800 g of
soll., Net soll weights were determined and samples counted using solid state
Ge(Li) and intrinsie germanium detectors coupled to a Nuclear Data Model
ND-680 pulse height analyrer system. Background and Compton stripping, peax
search, peak identification, and c¢oncentration caleculations were performed
using the computer capabilities irnherent in the analyzer system. Energy peaks
used for determination of radionuclides of concern were:

Ra=226 = 0.609 MeV from Bi-214 (equilibrium corrections applied)
U=-233 = 0.143 Mev
U=238 -~ 92.3 and 92.8 keV trom Th=234 (gecular equilibrium assumed)

Cs~137 = 0.662 MeV
Th=232 = J.911 pev from Ac-228 (secular eyuilibrium assumed}

Beveral samples with high concentrations werae subsequently analyzed Eor
U~238 by neutron activation. Approximately 19-20 g of soil were irradiaced

for 15 minutes in 2 neutron flux of 108 n/em?/see. After a one minute



walt time, the U-23% peak (74.6 keV) was counted for 10 minutas and the U-238

concantration ecaleularced.

Water Sample Analysis

Water was rough—filteved through Whatman No. 2 filter paper. Remaining
suspended solids were removed by subsequent filtration rthrough 0.45 um
membrane filrers. The filtrate was acldified by addition of 10 ml of
concenrrated aitrie aeid. Fifry milliliters was evaporated to dryness and
counted for gross alpha and grosg beta using a Tennelec Model LB 5100
low=background proporrional counter.

Calibration and Quality Assurance

Wicth the axgceprion of exposure and dose rate conversion factors Ior
portable gurvey gampa and beta-gamea weters, all survey and laboratery
ingtruments were ecalibraved with NBSE-vraecable standards. The calibration

procedures for these portable instruments are described above.

Quality coantrol procedures on all instruments Included daily background
and check-gsource measurements to confirm equipment operation within acceptable
statigtical fluctuations. The ORAU laboratory participates in the EFA Quality

Assurance Program.



APPENDTY 2B

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



V. 5. DEPARTYENT OF ENERGY

INTERIM RESIDUAL CORTAMINATION AND WASTE CONTRQL GUIDELINES
FOR
FORMERLY UTIUIZED SITES REMEDIAL ACTION PROGRAM (FUSFAP)
ARND
REMOTE SURPLUS FACILITIES MANAGEMENT PROGRAM (SFMP) SITES

{Review Within DOT Contiuvuiug)

Procanted hare are the residual gontamination clcanup snd waste centrol
guide}?nea of general aspplicability to the FUSRAP project and remote SFMP
sites~ » A sire-~gpecifle avalysis will be prepared for each FUSRAFP and remote
S8FMF site prinr to determining recidual contamination guidelines for o specifie
site. In additiom, it is the policy of the DOE to decontaminate sites ip a
manner copsistent with DOE's as-low-as-reasonably—achievable (ALARA) policy.
ALARA will be considered in redocing levels of residual contaminatien halaw
applicable dose limits. ALARA will be implemented using cost/benefit
considerations, and applied on a site-specific basis.

The soil residnal contamination guidelines were developed on the basis of
limiting maxipum individual radiation exposure to DOE limits specified in DOE
Order 5480.1A exclusive of exposure from natural background radiation or
medical procedures. The radium—226 and thorium—230 guidelines include anm
additional limitation for buildup of radon—222 decay products in buildings. The
aggregate of the contributien from all major pathways, based on zcenarios for
permanent intrusion, e.g., establishing residences on the site, was assumed. In
most circumstances, the probability is low that such an intrusion will ogeur.
Also, conservative assumptlons were used in deriving these guidelines to ensure
that & particular dose limit would nor be exceeded. Use of these guidelines 1s
additionally conservative because the pathways considered in the derivation of
the guidelines assuvwe all water intake and most food intake Is from the site,
Also, the FUSRAF and remoie SFMF sltes often have limicted agricultural
capabllity and the contaminationm is generally nor howogeneous. The cowmbined
effect of these Factors 1s such that the probable radiation exposure to the
avaragé population om, or in the wicinity of, FUSRAP or remote SFMP sites
decontaminated to these guidelines will not be appreciably different from that
normally received from natural background radiation.

The residual coutamination guidelines for surface contamination of structures
were adapted from guidelines developed by rhe U. 5. Nuclear Regulatory
Commission {NRC) for decontamination of facilities and equipment priar ro
release for unrestricted use,gr termination of llicenses for byproduct, source,
or special nuclear material =, The waste coptrol guidelines are counsistent

with applicable BOE Orders and EPA's regulations for irnactive uranivm milling
sites, 40 CFR Part 192.

1/

~'A Temote SFMP gite is ome that is excess to DOE programmatic needs and is

March 21, 1984



located outside a wmajor operating DOE R&D or production area.

Rewote sites

are more likely to be releaged te the publie or excesscd te other government
agencies after decontamination than are sites located with major R&D or

production areas.

2/

—="U. &. Nuclear Regulatory Commission 1982 Guidelines for Decontamination  of
Facilities and Equipment Prior to Release for Unrestricted Use or Terminatiom
of Licenses for Byproduct, Source, or Special Nuclear Material. Division of
Fuel Cycle and Material Safety, Washingtom, DC.

A, "RESIDUAL CONTAMIKATION GUIDELINES FOR FORMERLY UTILIZED STTER AND REMOTE

SURPLUS FACILITIES MARAGEMENT PROGRAM SITES

The following guidelines represent the maximum residual econtamination
limits for uurestricted use of land and structures contaminated with
radioouclides related to the nuelear fuel cycle at FUSRAP and remote SEMP
sites, A site—specific zualysis will be prepared for each site prior to
determining residual contamination guidelines for a specifiec sire. It is
the policy of DOE to decontaminate sites to contaminatiom levels at or
below the limits aond in a wzuner cousistent with DOE's
as~low-as~is~reasonably-achievable (ALARA) policy oo a site-specific basis.
Site-specific guidelines and ALARA policy will be determined by DOE om a
gite-specific basis and an ALARA report filed on completion of remedial
action at a site. Existing state and federal standards will be applied for

water protection, Residual contamination limits fo

othar nuclides will he

developed when required using the same methodalogyuf as was used for those

represected here.

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

Radionuclide

U*Natgyaléf
UmZBEgy
Uw234~?/
Th-230-
Ra-226

p-2358/
Pa—-231
Ac—-227

Th~232

Am=-241
Pu-24127
Pu-238, 239, 240
Cs—137

Soil Criteriazf’gj’éj

(pCi/g above background)

75

150

150

15
S pli/g. averaged over the
firsr 15 cm of soll below
the surface; 15 pCli/g when
averaged owver 15 c¢n thick
soil layers more than 15 cm
below the surface and less
than 1.5n below the surface.

140
40
190

15

60
2400
300
80



Exr-90 300
H-3 (pCi/ml scil woisture) 5,200

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

—~ In the event of occurrence of mixtures of radionuclides, the
fraction contributed by sach radionuclidae to its guideline shall be
determined, and the sum of these fractions shall not exceed 1. There
are two special cases for which this rule must be modified:

(a) If Ra~226 is present, them the fractiom for Ra-226 should not be
Inecluded in the sum if the Ra-220 concentvation is less than or
equal to the Th~230 concentration. If the Ra-226 concentration
exceeds the Th-~230 concentration, then the sum ghall be
evaluated by replacing the Ra-226 conceuntration by the
difference between the Ra-226 and Th~230 concentrations.

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

éjExcapt for Ra~226, these guidelines represent unrestricred-use
residual concentrations above background averaged acrogs any 15 em
thick layer to any depth and over any contiguous 100 m™ surface ares.
The same couditions prevail for Ra-226 except for soil layers beneath
1.5 m; beneath 1.5 m, the allowable Ra—-226 concentration may be
affected by site—specific conditions and wust be evaluated
accordingly.

— Localized concentratlions in excess of Chese guidulinus are
allpwable provided that the average over 100 m® is not exceeded,
However, DOE ALARA policy will be considered on a site-specific basis
when dealing with clevated localized concontrations.

éfA curie of natural uraniuwm means the sum of 3.7 x 1010
digintegrations perlaecand (dig/e) owver any 15em thiﬁk layers from
U-238 plus 3.7 x 107" dis/s from U-~234 plus 1.7 x 107 dis/s from
U~235, One curie of natural uravium is equivalent to 3,000 kilograms
or 6,600 ponndg of nartnral vraniom.

EfAssames no other uranium isotopet are pregent.

i/Thm Th—230 guideline is 15 pCi/g to account for ingrowth of Ra-226
ag Th~230 decays. Ra-226 is a limiting radionuclide becauvse 1ts
decay product is Rn—222 gas.

EfThe Pu=24]1 puideline was derived from the Am—241 concentration.

Structure Guidelines (Maximum Limits for Uurestricted Use)

2. Indoor Radon Decay FProducts

A structure located on private properly and intended for
unrestricted pse shall be subject to remedial action as necessary

E-3



to ensure ithe annual average councentration of radon decay products
is less than 0.03 WL within the strucrure,

Indoor Gauwma Radiatiuvu
The indoor gaowma radiation zfter decontamination shall not exceed
20 wicroroentgen per hour (20 R/h) above background in any
occupied or habitable building.
Indoor/Outdoor Structure Surface Contamination
o
Allowable Surface Residual Contamination !
(dpm/ 100 cm”)
Radianuclié&sg/ Averageé/’ﬁ/ Maximumﬂj’éf Removabl&ﬁf’éf

Tranmsuranics, Ra-126,

Ra-228, Th-230, Th-228,

Pa-231. Aec~227, I-125,

I-129 100 300 20

U~Natural, Th-232,

Sr-90, Fr-223, Ra-224,

o-232, I~126, 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

{radionuclides with

decay modes other than

alpha emission or

spontanecus fission)

except Sr-90 and others

noted above 5,000 15,000 1,000

v

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

meang the rate of emigsion by radloactive material as
dotarmined hy correcting the eounts per minote obhserved hy an
appropriate detector for background, efficiency, aund gecmetric,
factors agsociated with the instrumentation,

Where surface contamination by both alpha— and
heta-gasma—emitting radiomclides exists, the limirs

established for alpha~ apd beta-gamma—emitting radionuclides
shall apply independently.

Measurements of avgrage contaminant should not be averaged
over more than 1 m~. For objects of less surface area, the
average shall be derived for each such object,

The average and maximum radiation levels associated with
surface contamination resulting from beta-gamma emitters should

b



B.

not exceed 0.2 =mrad/h at 1 em and 1.0 mrad/h at | cn
respectively, weasured through not more than 7 wg/con”™ of toral

absorber.

5/ . . . .

— The maximum contgmination level zpplies to an area of not
more than 100 cm”.

6/

— The amoun: of removable radicactive zmaterial per 1G0 cm2 af
surface area should be determined by wiping that area with dry
filter or soft absorbent paper, applying moderate pressure, and
assessing the amount of radicactive material on the wipe with
an apprepriate instrument of known efficiency. When removable
contamination on objects of less surface area is determined,

the pertinent levels shall be reduced proportiomately and the
entire surface shall be wiped,

CONTROL OF RADIQACTIVE WASTES AND RESIDUES FROM FUSRAP AND REMOTE SFMP

SITES

Specified here are the contrel requirements for radicactive wasres and
residues related to the nuclear fuel cycle at FUSRAP and remote SFMP sites,
It is the policy of DOE to store radicactive wastee in 2 wanner

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

l. Interim Storage

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

a. 5480.1A, Enviromnmental Protection, Safety, and Health Protection
Program for DOE Operations.

b. 5480,2, Hazardous and Radioactive Mixed Waste Management.

c. 5483.1, Occupational Safety and Health Program for Govermment-Owned
Contractor-Operated Facilities.

d. 5484.1, Eoviroowental Proteéction, Safety, and Health Frotection
Information Reporting Requirements.

e. 5484.2, Uousual Occurrence Reporting System.

£, 5820, Badicactive Waste Management.

g. Control and stabilization features will be desigpned to ensure, to
the extent reasonably achievable, an effective life of 50 years,
and in any case, at least 25 years.

h. Ro-22? concentrations in the atmosphere above facility surfaces or
openings shall not (1) exceed 100 pCi/l at any given point, or an
average concentration of 30 pCi/l for the facility site, or (2)
exreed an average Rn—222 concentratioun at or above any location
outside the facility site of 3.0 pCi/1l (above background).

B-5



i. For warter protection, use existing state and federal standards;
apply site~specific measures where needed.

Long~-Term Management

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

b. Control and stabilization features will be designed to ensure to
the extent reasonably achievable, an effective 1ife of 1,000 years
and, iun any case, at least 200 vears. Other disposal site design
features shall couform with 40 CFR Part 192 perforpance
guidelineg/requirements.

¢. ERn-222 emanation ro the atwmosphere from facility surfaces or
mpeniag ghall not (1) exceed an avarage releage rate of 20
pCi/m”"/e, or (2) increase the annual average Rn-222 concentration

at or above any location outside the facility site by more than 0.5
pCi/l.

d. TFor water protectiou, use existing state and federal standards;.
apply site-specific weasures where needed.

€. Prior to placement of any potentially biodegradable contaminated
wastes in a Lopng-Term Management Facility, such wastes will be
properly conditioned te (1) ensure that the generation and escape
of bicgenic gases will not cause the requirement im paragraph 2.c.
to be exceeded, and (2) ensure that biodegradation within the
facility will not result in premature structural failure neot in
accordance with the requirements in paragraph 2.b.. If
blodegradable wastes are conditioned by incineration, incineration
operations will be carried out in compliance with all applicable
federal, state, and local azir emission standards and requirements,
including aony standards for radionuclides established pursuvant to
40 CFR Fart 61, Natlooal Egission Standards for Hazardous Adx
Pollutants (NESHAPS).

EXCEPTIONS

Exceptions may be wade to the guidelines presented herein following
analyele of the cite-speclific aspects of a candidate site. Specifie

situations that warrant consideration for modifying these guidelines are:

1.

Whore remedial actions would poze a clear and present risk of injury to
workers or members of the publie, notwithstanding reasonable measures
to avoid or reduce risk.

WVhere remedial actions would produce environmental harm that is clearly
excessive compared to the health benefits to persons living oo or near
affected sites, now or in the future, notwithstanding reasonable
measures to limit damage to the envirooment. A clear excess of
envirommental harm is harm that is long-term, manifest, and grossly
disproporrionate to health bepefits that may reasonably be anticipated.
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5.

WVhers tha coest of remedial asctions for contaminated soil is
unreasonably high relative to long-term benefits and the residual
radicactive materials do not pose-a clear present or future hazard. The
likelihond that bufldings 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 radioactive materizls have been placed semipermanently in z
locatlion where site-specific factors limit their hazard and from which
they are costly or difficult to remove, or where only minor quantities
of residual Tadioactive marerials sre involved. TExamples are vesidual
radicactive materials under hard surface public roads and sidewalks,
arcund publie sewer lines, or in fence-past foundations. Supplemental
standards shall not be applied at such sites, however, if individnals
are likely to be exposed for long periods of tiwe to radiation from
$uch materials at levels above those that would prevail in Subpart A.

Where the cost of cleanup of a contaminated building is clearly
unreasonably high relative to the benefits. Factors that shall be
included in this judgment are the antiecipated period of occupancy, the
ivcremental radiation level that would be affected by remedial actionms,
the residual useful lifetime of the building, the potential for future
construction at the site, and the appliecability of less costly remedial
methods than removal of residval radicvactive materials.

Where there is no known remedial action.

GUIDELINE SOQURCE

Guideline Source

Regidual Contamination Criteri&l/

Soil Guideline DQE Order 5480,)4,

40 CFR Part 192—

Structure Guideline 40 CFR Part 192,

NRC Guidelines for
Decontamination of
Facilities and Equip-
ment Priaor to Release
for Unrestricted Use or
Termination of Licenses
for Byproduct, Source,
or Special Nuclear
Material (July 1982).

Control of Radiocactive Wastes and Residues

Interim Storage DOE Order 5480.1A
Long-Term Management 40 CFR Farcr 192



A/The bases of the residual cootamination guidelines are developed in
ORO~E31 and ORO-832.

3/Based on limiting the concentrastion of Ra-222 decay products to 0.03 WL
within structures,
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