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COMPREHENSIVE RADIOLOGICAL SURVEY

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

INTRODUCTION

Beginning in 1944, the Manhattan Engilneer Distrlct and its successor, the
dtomle Erergy Commission (AEC), wsed portiens of the Lake Ontarfio Ordnance
Works {(presently referred to as the Yiagara Falls S8torage Site (NF$S) and
off-site properties), approximately 3 lm northeast of Lewiston, NY, for
storage of radicactive wastas. Thase were primarily residues from uraniom
processing operations; however, they alsc inecluded: contaminated rubble and
scrap from decommissioning aActivitiles, bislegical and migcellanecus wastas
from the University of Rochester, and low-level fission—product waste from
contaminated-liquid evaporaters at the Enolls aAtomic Power Laboratory {KAPL).
Recedpt of radicactive waste was discontinued in 19534, and, following cleanup
activities by Hooker Chemical Co., 525 bhectares of the ordginal 612 bhectave
site were declared surplus. Thias property was eventually sold by the General
Services Administration to varlous private, commercial, and governmental

agencies.l

SCA Chemical Services, Inc., (SCA) 43 rthe curtent owner of a tract
identified as off-site property W (see Figure 1). A radiological survey of

thae crace, conducted in July 1982, 1s the subject of this reporc.

SITE DESCRLETION

General

Figure 2 is a plot plan of off-site property W. The property iz roughly
triangular in shape and occupies approximately 1.3 hectares. "M" Street is
the southern boundary; a chain link securicy fence forms the property boundary
along the nerthwest perimeter. The property is presently unused, overgrown

with %rush and treesz, and contains no structures. The West Drainage Ditch



pasdes in a generally north/south direction f€hrough the eastern section of the
pProperty.

Radiclogical Histcry

There 18 no evidence of stoerage oOor burial of conrcaminaced marerial on
propexty W, Runoff from storage areas on the Department of Energy sice
pravicugly entered tha Wast Dradnage Piteh, contaminating sadiments in thae bed
of the dizch. Dredgings from the diteh have been deposited along the east

bank. Previcus surveys have indicated elevated rvadiation levels along the
ditch and its hanks.2™%

SURVEY PROCEDURES

The comprebensive survey of NF33 oll-site properily W was performed by the
Radiological Site Assessment Program of Ozk Ridge Associated Universities
(ORAU) during July 18-29, 1983. The survey was 1in accordance with a plan
dated March 18, 1983, and approved oy the Department of Energy. The objective
and procedures from that plan are presented in this section. Decontaminatlion
and regsurvey of the West Drainage Diteh 1s the responsibility of 3Bechtel
Hational, Inc,; that ditch was therefore excluded from ORAU survey activities.

Objective

The obiective of the survey was to provide a coumprehensive asseassment of

the zadiological on property W. Radiologicel information collected dngluded:

1. direct radiation exposure rartesz and surface beta-pamma dose races,
2. locations of elevated surface residues,
3. concentrations of rtadioenuclides- in surface and subsurface soll, and

4. concentratisns of radionuclides in ground water,



Procedures

1.

Site Preparation

a. Brush and weeds were clezred as needed to provide access for
gridding and surveying. This operation was performed wnder
subeontract by Modern Disposal Co., Model City, NY.

. A A0 m grid zystem was established by Mclatosh and Melntosh of
Lockport, NY, under subcontract. This grid system is shown on
Figure 1.

Gamma exposure rate measurements were made at the surface and ar 1 o
above the surface ar each 40 m grid interval. Measurewents weve
performed using portable gamms NaI(Yl) scintillation survey meters,
Conversion of these measurements to exposure rates In micrercentgens

per hour (uR/h) was in accordance with cross calibratfon with a

pressurized ionizacion chamber.

Beta-gamma dose rate measurements were perfermed 1| cm above the
surface at each &40 m grid interval. These measurements were
conducted using thin-window (<7mg/cm?) G-M detectors and portable
scaler/ratemeters. Measurcments were also obtained with the detector
shielded to evaluate, contribucicns of non-penetrating beta and
low—energy  photon  radiations. Meter readings were converted to
dose~rate in microrads per hour (urad/h), based on cross callbration
with a thin-window ionization chamber.

Surrace (0~15 em) soil samples of approximarely | Xg ecach were

collected at or near each 40 m grid loterval.

Walkover surface scans were conducted over all accezgible areas of

the property. Scanning Iiztervals were 1-2 w along roads and ditch
banks and 2-5 m on other property areas. Portable gamma

seintillation survey meters were uded for these scans. Locations of
elevated contact radiation levels were noted and surface exposure

rates were measured at thesa locations,
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At selected locatiens of elevated surface radierion levels,
bata~gamry doge rates and exposure rates at ! m above the surface
were also measured, Surface soll sawmples were obtained from chese
locations and, following sampling, the surface exposure levels ware
remeasured to &valuate the effectiveness of shallow sampling on
removal of the radiation source, The locations where these
additional uweasurements agud samples were abrained are indicated on

Figure 4.

Detectlon Seiences Greup of Carlisle, Ma, performed  ground
penetrating vadar scang at  locations of proposed gubsurface
investigations. The purpose of rhese radar scans was to idencify rhe
presence of underground piping or wutilities which would preclude
barehole drilling.

Boreholes were drilled ro provide a mechanism for loggirg subsurface
direct radlacion profiles and collecting subsuriace 301l and water
samples. Seven boreholes to ground water depth (3.5-6 m) and onhe
ghallow (ta 1.5 m) boreshole were drilled by Site Englneera, Inc., of
Cherry Hill, NI, using a zruck-aounted 20 om diameter. hollow-stem
auger. Five of the deeper boreholes were drilled st locaciOns.
considered ro be representative of average property condltiens, The
other two deep boreholes and the one shallow borehele were at
~ocations where direct radiation levels had indicated contaminated

regsidues, Locations of these boreholes are shown on Figure 5,

A gamma scan of each borehole was perforwed to identify selevated
tadlatlive  levels, which would indicate subsurface residues.
Radiarien prefiles in the boreholes were detarmined by measurements
of gamma radiavion at 15-3C om incervals between the suvface and the
hole bottom. A collimated gamma scintillation deteztor and portable

scaler were used for thesc measurements.

Ground water samples of approximstely 3.5 liters each were collected
from tihree bhoreholes uwsing g hand baller, Soil samples of approxi-

mately ! kg each were collected from various depths in the holes by

-



seraping, the sides of each horehole with a specilally constructed
sampling tool. The sampling locations were at depths where gamma
logging indicated possible concaminated residues and at additieaal
random depths tc adequately characterize the subsurface distribution
and levels of radionuclides,

9. Twenty soil samples and seven water samples were collected from the
Lewiston area (but not on the NFSS or associated off-site properties)
to provide baseline concentratiens of radionuclides Ffor comparison
purposes. Direct background radiation levels were measured at
locations where baseline seil samples wers collected. The locations
of the baseline samples and background wmeasurements are sghown on
Figure 6.

Sample Analyses and Interpretation of Results

85011 samples were analyzed by gamma spectrometry. Radfum=~226 was the
major radionuclide of concern, although spectrz were reviewed for C3-137,
U=-235, U~233, and other gamma emitters. $Sr-90 analyses were alse performed on
soil samples from an area of elevated Ra-226 concentrations and elevated
direct radiation levels., Water samples were analyzed for gross alpha and beta
concentrations. Additional information concerning analytical equipment and

procedures is contained in Appendix A.

Results of this survey were compared to applicable guidelines for
formarly wtilized rvadicactive materials handling sites ac preseated in

Appendix B,

RESULTS

Background Levels amd Baseline Concentrations

Background exposure rates and baseline radionuclide concentrations in
so0ll, determined for 20 locations (Figure 6) in the vicinity of the NFSS, are
presented in Table 1-A. Exposure rates ranged from 6.8 to 8.8 uR/h (typical

levels for this area of New York). Concentrations of radionuclides 1n soil

Were s Ra=226, <0.09 ro 1,27 pcCi/ ({plicoeuries per gram); N=235, <0.l4a o
, g P 5



D.a6 pCifg; U~238, <2.20 to 6.2&8 pCi/g: Ta-232, 0.32 20 1.18 pCi/g; and
Cs=137, <0.02 to 1.03 pCi/g. These concentration: are typical of the radion-
nuclide levels normally encountered in surface soils.

Radicaztivity levels in baseline water samples are presented in
Table 1-B. The groess alpha and grosg beta concenlrations ranged frem
0.55 ro 1.87 pCifl (picocuries per 1liter) and <0.63 to 14.3 pCi/l,
reapactively, These are typlcal of caonccntrations normally occurring in

surface water.

Direct Radlatlon Levels

Direct radiation levels, measured at approzimately 40 m grid intervals,
are prasentad ir Table 2. The gamma exposure rates at 1 m above the surface
ranged from 6 to 9 pR/h (average 8 pR/h); contact gamma exposure rates and
beta~gamma dose rates at these locatlons ranged from 6 to 9 pR/ht (average 8

uR/Nh) and 6 to 30 urad/n (average 17 urad/h), respectively.

Beta—gamma measurements performed with the G-M detector shielded
averaged approximately 20% less than those with the unshielded detector. This

indlcates only a small portion of ° the surface dose rvate 1s due to
nonpenetrating beta or low-energy photon radiations.

The walkover survey fdentified several areas on propercy W with elevated
surface vadiation levels. These areas are indicated on Tigure &, and

assoviated radiation levels are presented in Table 3.

Gamma eXposure rares Ar contact and at 1 m above the surface at chese
locations ranged from 17 to 76 uR/h and from 10 ro 27 uR/h, respectively,
Contact beta-~gamms dose rakes rangad from 110 te 250 uwrad/h. The maximum
contact radiation levels ware at grild location 83N, 260W. This area and most
of the other areas identified by the surface scan were assocliated with asmall
mounds of earth along the West Drainage Ditch. These mounds are 1ikely

sediment dJredged from the diteh during previous cleancut of this drainage

pathway.



Dirzct radiation levels were not reduced by sampling) at most locations
tevels actually ineressed following removal of soll samples. This suggests
thar the contamination iz these areas extends greacer than 15 em below the

surface and/or is diffused rather than in discrete particles.

Radionurlide Concentratlens in Surfaasse Soil

Table 4 lists the concentrations aof radionuclides measured in surface
soll samples cullected frow approximately 40 m grid intervals. Ra-226
concentrationg ranged from <0.15 za 1,23 pCi/g - not significantly differvect
from baseline levals. Other radionuclides in these samples were also in the

ranges of baseline concentraticns,

Radionuelide concentcrations Ln surface soil samplea, collected froa
locations of elavated swdlatlou levels are presented In Tabla 3. The samplaes
contalned Ra=-226 concentrations ranglog frow Z5.3 to 102 pCl/g, The highest
concentration was measured in sample Bl from grid location 81N, 252W. This
sample was from one of the mounds of earth along the West Drainage Ditch.
Levels of U=~235 and U-238 were also elevated in these samples; however, Ra-210
is the meost gignificant radionuclide. Sample Bé from locatlon 998, 240W was
alsq analyzed for Sr-90 and found to contain only a sgmall level
(0.35 + 0.:9 pCi/g) of this radionuelide.

Borehole Gamma-logaing Measurements

Gamma acintillation weasurements perforwed 1u borehwles lodicated no
subsurface contamination in wost horehole locations and that contaminacion in
the mounds of dredged ditch sediments 1s limitad to the upper A0=S0 cm, 4.8,
the apprsowimate depth of the mounds. Ag evidenced by soil sample analysis,
the gamma count rates determined by the borehole measuremeats were reliable
indicators of elevated subsurface radionuclide lavels. Howegver, the

gamma~logging data were not used to quantlfy radlonuelide c¢oncentrations in
the sgubsurface soil, because of the varying raties of Ra-226, U-235, U=-238,

and Cs=137 occurring in soils from this site.

~.F



Radicnuclide Concentratioms in Subsurface Soil

Table & presents the radionuclide concentratiens measured in seil samples
from boreholes. The five boreholes (H1-H5) at locatlons selected to provide a
representative coverage of the property, had subsurface radionuclide
coucenkrations eltlwer iu the range of baselline sanples owr less than the

minimum detectable zetivicy (MDA).

Boreholes HE~HB were at locationg where the walkover scan had identified
poseible contamination. Subsurface sawples from these boreholes contalned
Ra=-226 levels ranging from 1.01 to 8l.5 pCl/g; however, only one of these
samples (at the 0.15 cm depth in borehole HB) exceeded 4.20 pli/g. Samples
from the surfaee and at 15 em deep 1In borehole H8 contained Sr—-90
concentrations of 0.35 =2 0.19 and 0.23 + 0.18 pCi/g, respectively.
Concentrations of other radionuclides were mach lower, mod8t being In the range
of bagseline samples.

Radionuclide Concentrations in Subsurface Water

Water samples obtained from three- boreholes contained gross alpha and
gross beta concentrations ranging from <0.66 té 7.09 pCi/l and from
1.00 to 6.88 pCi/l, respectively. Since concentrations were below the EPA
drinking water criterda of 15 pCi/l gross alpha and 50 pCi/l gross beta, ue
addirional isotopic analyses were performed on these samples.

COMPARLSON OQF SURVEY RESULTS WITH GULDELINES

The guidelines applicablc to cleanup of the off-pite properties at XNFES
are pregented in Appendix B, The maximum Zamma exposure rate opeasured at 1l om
above the surfaece was 9 uR/h - not sigoficantly different from background
laveals and well below the 60 pR/n Nuclear Regulatory Commission eritetia for
open land aveas.

The results of the walkover surface scan and analysis of soil samples
from selected locations of elevated direct radiation levels indicate that

isolated areas of Ra-226 surface soil contamination, averaged over 100 o,



exceed 5 pCil/g above baseline lavals. These areas, shown on Figure 7, are
associated with swmall mounds of earth, apparently removed from the West
Drainage Ditch and located along the east bank of the dirtch. Subsurface
meagurements and samples indicate that concentraticns of Ra-226 exceeding
15 pCi/g are within 0.5 m of the surface and are limited to a small area. If
avernaged over an avea of 100 mz, the  concsutratioo would wol exceed Lhe

15 pCi/g eriteria. Concentrations of other radionuclides In surface and
subaurface seil are within rhe guidelines far NFSS off-g2ite properties.

Subsurface water samples from three boreholes were within the EPA Interim
Drinking Water Standards of 15 pCi/l gross alpha and 50 pCi/l gross beta.

SIMMARY

A comprehensive survey of off-site property W at the Niagara PFalls
Storage Site was conducted durding July 1983, The survey included surface
radiacion scans, measurements of direct radiation levels, and analyses of
radionuclide concentrations In surface and subsurface soil samples and in
subsurface Water samples. The Wesr Dralnage Diteh i3 already acheduled for
cleanup and resurvey by Bechtel Natilonal, Ine. and was tharefore not included
in the ORAU survey,

The results of the survey indicate small mounds of earth, apparently
dredged from the West DUrainage Uitch, confailning Ra-iZib concentrations
exceeding the ¢leanup criteria of 5 pCi/g for surface soils. These areasg,
shown on PFigure 7, cover approximatcly 80 mwe and average approximately 15 cnm
deep, About 12.5 m°

into ecompliance with criteria for unrestricted use.

of soil would have to be removed to bring this property

Although there are small areas of contaminated rvesidues on portious of
this property, the contaminants do not pose potential health risks. There is

no evidenece that migracion of the radicactive waterials is adversely affecting

adjacent properties oc¢ the ground water.
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RADTONUCLIDE CONCENTRATIONS IN BASELINE SO1L SAMPLES

Exposure Rateb

TABLE 1-4&

BACKGROUND EXPOSURE RATES

AND

Radionuclide Concentrations [pGifg)

Location i/ FPTTS -235 n-248 Th-232 Cs-137
1 5.8 .74 + 0,16% <0.1% <2.89 0.70 + 0.46 0.29 + 0,08
2 6.8 0.75 + 0.19 <0.19 <3.35 0.86 + 0.24 0.24 + 0.08
3 8.3 0.71 + 0.18 0.46 + 0.51 <3.72 0.88 + 0.33 0.34 + 0,09
i 7.3 0.67 + 0.18 0,22 <4.10 1.18 + (.35 0.12 + 0.07
5 7.3 0.70 + 0.16 <0.17 <3.34 0.68 + 0.24 0.14 # 0.07
[ 7.7 0.50 + 0.15 <0.16 <3.33 0.52 + 0.38 6.17 + 0.09
7 7.7 0.63 + 0.13 <0.17 <2.73 0.83 + 0.24 0.35 5 0.08
8 7.6 0.59 + 0.12 <0.14 <2.20 0.54 + 0.13 <0.02
2 7.1 0.63 + 0.20 <0.23 <4,16 0.83 + 0.38 0.69 + 0,11
10 7.1 0.70 + 0.6 <0.19 <2.%8 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 1.1 0.48 + 0.13 <0.18 <2.84 0.65 + 0.26 6.68 + 0,10
13 6.7 0.57 & 0.14 <0.17 <235 0.49 + O 76 .4l 2 G.G8
14 6.8 0.68 + .17 <0.1% <3.24 0.67 + 0.25 0.70 * 0.10
18 8.2 D.65 + .14 <0.17 <3.20 0.72 + 0.35 0.23 + 0.08
16 74 0.91 + 0.7 <0.71 «3.58 0.83 3 0.28 Q.61 0009
17 7.0 0.48 + 0.14 <0.15 <2.13 0.32 + 0.22 0.38 + 0,08
18 7.7 0.73 + 0.16 <0,18 f.26 + 3.23 1.01 + 0.44 0.32 + 0,12
19 2.8 1,22 + 0.22 <0.23 <3.79 1.08 s 0.49 1.05 » 813
20 8.6 0.83 + 0.17 <0,21 <3.59 0.854 1 0.29 0.08 + 0.07

Range 6.8 to B.B <0.09 to 1.22 <0.14 to 0.46  <2.20 to 6.26 0.32 to 1.18 <0.02 to 1.05

S Refer o Figure B.
b Meapured at | m above the surface,
€ krrorg are 20 based on vounting statisgtics.



TAELE 1-B

RADIONUCLIDE CONCENTXRATIONS IN BASELINE WATER SAMFLES

R | Radionueclide Concentratrians {(pCif1)
Location
Gross Alpha Gross Becta
Wl 0.95 + 0,93 P 4,79 + 1.15
W2 0.95 + 0.94 9,17 + 1.321
W3 0.55 = 0.78 2.73 + 1.05
Wi 0.63 = 0.89 3.37 £ 1.17
W5 0.73 = 0.68 <0.64
e 1.87 + 1.24 14,3 =+ 2,4
w7 1.16 + 0.64 <0.63
Range 0.35 to 1.87 .63 e 14.3

B Refer to Figure B.
Erroxs are 2p based on countipg statistics.
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JIRECT RADIATION LEVELSE MEASURED
AT APPROXIMATELY 40 M GRID INTERVALS

TABLE 2

Grid Gamma Expagure Gamma Txpnaunrae Rata—(iamma Dose

Logcation Rates at 1 m Above Rates at Rates at 1 cm Above
the Surface the Surface the Surfage
(uR/ M) (uR/h) furad/h)

0 ,Z40W 6 b 7

0 L,Z80W | 6 ]

0 ,320W & & &

¢o,360W 6 6 o

0oL AR0W 7 7 10
40N, 240W 8 g 16
40W,280W 9 8 1l
40N, 320W 8 8 14

40N, 350W 8 8 26
B0N,240W 9 9 19
BON,280W 8 8 17
HUN, 300w 8 8 30
120M,240W 9 8 26
120KH,278W 8 3 8
160N,240W 7 hi 22
200N ,235W 8 3 21

p—r
[Ty



TABLE 3

DIRECT RADIATION TEVELS AT LOCATIONS
IDENTIFIED BY THE WALKOVER SURFACE SCAN

Grid Exposure Rate {yR/h) Surface Dose Rale Sampled Contact Exposure Rate
Polnt Contact 1 i above surface {urad/h} Identificalion after

Sample Removal (u®/h)
LM, 24N 22 10 110 Bl 17
B0-83N,251-2354 29-68 e—=b —— —_— -_—
B0N,253W 43 27 160 B2 40
§1IN,2520 68 27 120 B3 9G
41N,254H 53 23 220 BG 57
83N, 2604 76 20 350 BS 90
95N, 250 54 - -—= - —
97-102N,238-2424 17-45 - — — —_—
S S9N, 240 45 21 130 B6 68
GA-104H0, 250-253H 29-55 —— e - —_—
1001, 250 36 e — - s
102N,252U 55 ——— e - ——
107M,25 4 42 — — — —

4 8511 concentrations presented in Table 4.
Y pash indicates measurement or gampling was nol performed.



TABLE &

RADTONUCLIDE CONCENTRATTONS IN SURFACE S0IL SAMPLES
FROM APPROXIMATELY 40 M GRID LNTERVALS

Grid Radlonuclide Concentrations (pCl/g}
Location Ra-226 1-235 U-238 Cs—137
0 2400 1.23 + 00,284 <0.22 <0.78 0.8 + 0.4
0 2809 1.03 ¥ 0.73 €n.79 <0.86 1.3 + 0.16
0 320U .87 + 0,13 <01.29 <4,92 0.65 + 0.14
0 3604 .54 + 0.18 0.33 + 0.40 <0.63 0.81 + 0.11
0 380w 1.00 + 0.20 0.59 + 0.47 <0.74 0.33 + 0,10
4ON 2404 0.58 ¥ 0,22 g7 0.96 + 0.92 0.7% T 0,15
40N 2804 0.68 + 0.20 .29 4467 + 1.68 0.42 + 0,09
LON 320M 1.00 ¥ 0.27 a2 0.94 * 1.66 0,01 % 0uls
40N 350W 0.82 + 0.22 <G.28 3.06 + 1.31 0.42 + 0.09
i ZON 240W 0.71 + 0.25 <0G.22 <0.63 0.54 + 0.11
BON 28B0W <0.15 <.21 1.58 + 1.97 <d.08
BON 300M 0.68 + 0.21 <0.27 .83 0.38 + 0.09
120N 240W 0.80 + 0.24 <0.27 <(1.85 0,22 + 0.08
L1206 278W .51 + 0.23 <0.27 <0.85 G.43 E:D.ﬂg
160N 2400 0.58 + 0.17 <0.19 1.63 + 1.67 0.39 + 0.13
200N 235U 0.58 + 0.18 <0.20 2.4 + 1.12 5,03

A Errors are 3o based on counting statistics,
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TARBLE 5

RADTONUCLIDE CONCENTRATIUNS 1N SURFACE SAMPLES
TiHE WALKODVER SCAM

FROM SELECTRR LOCATIONS IDENTIFIED BY

Sample Grid . kadionuclide Cencentrations {pCifg)d

Identification Location Ra-226 {-235 U-233 Cs—-137
Bl 46N, 246 55.0 + 1.8b 1.83 + 2,30 <3.66 0.51 + 0.17
B2 80N, 2530 R1.A + 1.8 <142 9.31 + 5.68 £0.16
B3 81M,2521 1wz +2 <1.30 <31.58 0.90 + 0.23
By 81N,254¥ bb.1 + 1.8 4.4 + 2.7) 4.73 + 5.30 0.80 + 0.17
B5 83N, 260U 25.1 % 4.9 7.05 ¥ 1.94 10.8 F 1.4 1.64 + 0.4D
B6E 99N, 240W 9l.4 T 2.1 1.36 & 2,60 <467 1.31 ¥ 0.26

Refer to Table 3 for direct radiation levels,

b Errorg are 20 based on counting statistics,

also contains 0.35 + 0,19 pCl/g of S1-90,



TAHLE 6

RADIONUCLLDE CONCHENTRATTONS IN BOREHOLE SOIL SAMPLES

Borehole Grid Depth Radlouuclide Concentrations {pCi/g)

Ho.? Lacatioun {m} Ra-226 U-235 U-238 Cs-134

HI 4N,351H Surface .81 + v.33b <. 27 <0.88 .28 + 0.10
0.5 0.95 + 0.23 <0.19 <0,.80 <0.04
1.0 1.29 + 0.13 <0.35 2.70 * 2.27 <0.05
2.0 0.81 + 0.20 <0.31 1.35 + 0.96 <0.04

H2 308, 36U Gurface 6.8 + 0.28 <0.31 0.83 + 1.85 0.37 + 0.1t
0.3 1.00 + 0.26 0,24 <0.85 L0.04
L) 0.69 + 0.16 <0.28 <0.85 <0.03
2.0 0.55 + 0.16 <0.18 1.58 + 1.83 <0.03

Hi 40N, 335" Surface .68 + 0.26 <0.1% 1.84 + 1.38 0.15 + 0.06
0.5 1.13 + 0.2¢ <0.33 <1.06 .04
1.0 0.83 + 0.23 <0.20 <0.70 .02
2.0 0.88 + 0.24 <0.18 <0.95 <0.04

H4 118NH,2554 Surface 1.01 + 0.29 <0.237 €0.87 <0.04
0.5 0.65 + 0,23 <0.22 L.79 + 1.50 <0.04
1.0 N.84 T 0.8 0.7 <i.80 <0.04
2.0 0.85 + 0,18 <0.1% 0,94 + 1.42 <0.03

HS 160N, 2201 Sorfars N_K% + 0.2 <0h.35 1.3 + 1.43 .12 + 0.4
0.5 0.79 + 0.21 0.2} <0.69 003
1.0 1.01 + 0.24 .26 2,19 ¢ 1.93 K0.04
2.0 .98 + .79 <025 ELF2 4+ 181 .04

Hé 4N, 2350 Surface 4,00 + 0,49 <0.29 1.75 + 1,89 0.25 + 0.08
n.a 1215 + D.2% <N.28 <0.92 <0.04
0.6 1.29 + 0.25 <0.26 1.61 + 1.77 0.08 + 0.13



TABLE 6, Cont.

RALLONNCLIDE CONCENTRATYONS IH BOREHOLE S0IL SAMPLES

Borchole Crid Depth Radionuclide Concentrations {(pCifg)

Ho. Logation [&)] Ra-226 U-235 u-238 Cs-13f

H7 BIN, 2524 Surface 102 + 2 <1.30 <3.58 0.90 + 0.23
0.15 .93 + 0.44 0,39 1.60 + 2,07 0.20 ¥ ¢.09
0.5 2.19 F+ 0.30 <0.33 0.90 + 1.45 <0.05
2.0 1.0l + 0.24 €0.29 <0.94 <0.04

HBL 991, 240 Surface o146 + 2.1 1.36 + 2.60 <A 67 1.7+ 0.26
0.15 8l.5 ¥ 2.0 3.23 F 2,5 <439 0.42 T 0.18
0,5 3.59 + 0.44 <0, 20 £0.86 <0,04
1,0 4,20 + 0,49 <040 Jels + L4 <0. 04
2.0 2,38 + 0,29 0,33 + 0.54 £0.73 004

7
i

4 Refer to Figure 5.
b Errors are Zo based on counting statlstlcs.
% Aleo contains 0.33 + 0.19 pCifg of Sr~90 ac surface and 0.23 + D.18 pCl/g

of Sr~90 act 0.15 m depth,
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TABLE 7

RADIONUCLIDE CONCENTRATIONS IN BOREHOLE WATER SAMPLES

Sample Sample Grid Radienuclide Concentrations (pGijfl)
Identification Type Locatlon Gruss Alpha Gross Beta
Wl Subsurface ({Borehole i12)3 20H, 236W <0.66 1.00 + 1.08b
W2 Subsurlace {Borelwle H3) 40N, 335W 7.09 + 3.88 6.88 + 3.6l
1Rk Suhaurfare (Borehole H5) 160M.229W 4.23 + 1.49 6.62 + 1.42

A Rafer ta Figure 5.
Ercvors are 2¢ based on countlng statistics.
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APPENDIX A

Instrumentation and Analytical Procedures

Gamma Scintillatien Measurement

Walkover gurface sgang and measurements of gamma exposure rates were
performed wsing Ebherline Modal FRM-$ portable raremecers with Vigroreen Model
489-55 gamma sgoincillation probes containdlng 3.2 om x 3.8 em Nal(Tl)
geintillation crystals. Count rates Were convertaed ta expogurs lavels (pR/h)
using factors determined by comparing the respouse of the scintillation
detecter with that of a Reuter Stokes Model RS8S~111 pressurized Llonlzation
chamber at several locations on the NFSS and offesite properties.

Beta~Gamua Doge Rate Measurements

Measurements were performed using Eberline “Rascal,” Model PFRS-1,
portable scaler/ratemeters with Model HP-160 chin-window, pancake G-M, beta
probes. Dose rates (urad/h) were determined by comparisen of the response of

a Victoreen Model 440 ionization chamber survey meter to that of the G-M

prohes .
Borehole Logging

Borahole gbmma radiation measurements were performed uesing a Victoreen
Model 489~55 pgamma seintillation probe, connectd to a Ludlum Model 2200
portable sealer, The seintillation probe was shielded by a 1.25 em thick lead
shield with four 2.5 em x 7 mm holes evenly spaced around the replon of the
scintillation ervstal. The probe was lowered into each hole uwsing a tripod
haolder with a small winch. The 1length of the hole waa scanned and
measurements were performed ar 15-3C e¢m intervals in all holes. The lopgping
dara were used ra Jdentify reginns of possible residues 4nd guide tche
selection of subsurface s50il sampling locationz., Due to the varying ratios of
Ra-226, U-235, U-238, and Cs-137 there was no attempt to estimate soil

radionuclide concentrations directly from the logging results.

Al



So0il Sample Analysis

501l samples were dyied, mixed, and & portion placed in a 0,5 liter
Marinelli beaker. The quantity placed in each beaker was chosen to reproduce
the calibrated counting geometry and cypically ranged from 600 o 800 g of
soLl, Ner soil welghts were derermined and samples counted using solld
state Ge(Li) and intrinsic germanium detectors coupled to a Nuclear Data
Model ND-G80 pulse height auwalyzer system. DBackground and Cempton stripping
peak search, peak identification, and concentration ealculations were
performed nsing the eomputer capabilities inherent in the analyzer system.

Energy peaks used for determination of radionuclides of concern were:

Ra~226 ~ 0,60% MeV from 31i-214 (eorrected for equilibrlium conditions)
J=235 =~ 0,143 MeV

J-238 ~ 0.094 MeV from Th=-234 (secular equillibriuam agsumed)

Ce=137 = 0.662 Mev

Strontium~%0 analysis was perfermed following standard procedures
specified in  "Radiochemfcal  Analytical  Procedures for Analysis  of
Environmental Samples,” EMSL-LV~0539-17, March 1979.

Wateyr Sample Analvysis

Water samples were rough-filtered through Whatman No. 2 £ilter paper.
Remaining suspended solids were removed by subsequent Ziltration chrough
0.45 ym mewmbrane filcers. The filtrate was acidified by addivion of 10 nl of
concentrated ultric acid. 4 known wolume of each sample was evaporated to
dryness and eounted for grosa alpha and gross bets wuwsing a Tennelec

Model LB5100 low-bacxground proportional countar.

Calibration and Quality Assurance

With cthe exception of the exposure and dose rate conversion factors for
portable survey gamma and beta-gamma meters, all survey and laboratory
ingtruments were calibrated with NB8S-traceable standards. The calibration

procedures for these portable instruments are described above.



Quality control procedures on all instruments included daily background
and check—-source wmeagurements te conflirm lack of malfunctions and
nonstatisctical deviaticns in equipment. The ORAU laboratory participates in

the EPA Quallty Assurance Program.



APPENDIX B

SUMMARY OF RADIATION GUIDELIMNES
APPLICABLE TO OFF~SITE PROPERTIES AT THE
NTAGARA FALLS STORAGE STTE



U. 5. LDEPARIMENT OF INERGY

RESTDUAL CONTAMINATION AND WASTE CONTROL CRITERIA

FCR .
FORMERLY UTILIZED SITES PEMEDIAL ACTION PROGRAY (FUSRAP)
AND

REMITE SURPLUS FACILITIES MANAGEMENT PROGRAM (BFMP) SITES

Fresented here are the residual contawinarion cleanup and waste control

critefia wf general applicability to the FUSRAP project and remote SFMP
sites—

Kith the exceprion of limirs for radiup~226, the soil residual contaninatiom
criteria were developed on the basis of limiting maximum individual radiation
exposure to DOE linits specified im DOE Qrder 5480.1A exclusive of exposure
from natural background radiztion or medical procedures. The aggregate of the
contribution frow all sajor pathways, based on scenarios for permanent
intrusien, e.g., establishing residences on the site, has been assumed. In
mosl circuzstances, the probabilicy {s low that such an dntrusion will oecgur.
Also, conscervative assumptions were used in deriving these criteris to cnsure
thar a particular dose limit would not be exceeded. Use of these eriteria is
additionally ronservacrive hecause rthe pathways considered in the derivation of
the ecriteria sgsume all water intake and most food intake is from the site.
Also, the sites often have limited agricultural capability and rthe
contazination is generally not hopogeneous. The combimed effect of these
facrors 1¢ suck that rthe probable radiacion exposure to the average population
on, or in the vicinity of, FUSRAP sites decontaminated to these criteria limits
will not be appreciably different from that nermally recedved from natural
background radiation.

The resd{dual contaminatioa criteria for surfiqe contamination of structures
were developed from a propeosed ANS1 standards’ modified as appropriate to be
consistent with DOE Oxder 5480.1A and the specific peeds of FUSRAP for
cost~effective, worksble guidelires which provide an adequate safety margin.
The waste control criteriz are consistent with applicable DOE Orders and EFA's
regulations for inactive uranfum millimg sitee, 40 CFR 182,

ifA remere SFMP site is one that 1s excess to DOE programmatic needs and is
located outside a wajor operating DOEL R&D or production area. Remote sites
are wmore likely to be released to the public or excessed to other government
agencies afrer decontazination than are sites located with major R&D orv
aroduction areas.

E!ANSL Nl3.12 (propased} +«- an adaptaction to be appliled, as appropriace.



RESIDUAL CONTAMINATION CRITERIA FOR FORMERLY UTILIZED SITES AND REMCTE

EVRFLUS FACILITIES MANAGEMENT FROGRAM SITE

The following criteria represent the maximun residual zontazination limits
for unrestticted use of land and structures contaminated with radisnuclides
telated to the nuclear fuel cyele at FUSRAP and rewote SFMP sites. It 4g
The policy of DOEL to decopfaminate sites to contacitasion levels at or
below the limics and In & pammer consigtent wirkh DOE's
ag-low-ar~ig-reasonably-achievable (ALARA) policy. Residual centasination
limits for ?Eher muclides will be developed when Teéquired wring the same
methodologw=" as was used for these repressnted here.

1. Bpfl fLand) Criteria {(Mawimum Lipfts for Unrestrieted Use)

S0il Criteriazj'ijtii

Radicnuclide (pCi/x above background)

U-Naturaléj 73

U—EBE—Z—? 150

U-23h—7/ 150

Th=230~ 15

Ra-226 5 pCi/g, averaged over the
first 15 ex of soil below
che surface; 15 plilg vhen
averaged over 15 cm thick
soll lavers more than 15 om
below the surface and less
thar 1.5 below the surface,

u-235%/ 140

Pa~231 a0

Ae~227 150

Th=-232 15

Am~2&18/ 20

Pu~24 ] 800

Pu—2208, 239, 240 100

Cs=-137 an

Sr=80 100

H-3 {pCi/ml eoil peicture) £, 200

1 bescribed in ORO-83i and ORO-g32.

zfln the event of cccurrence of mixtures of radionuclides. the
fraction contributed by each radionuslide to frs limit shall be
deternined, and the sun of these fractions shall nor exceed 1. There
are two special cases [or which this tule must be modified:

Bz



{a) 1If Ra~226 is present, then the fraction for Ra~226 echould not be
included in the sum If the Ra=226 concentration 15 less than or
egual to the Th~230 copcentration. If the Ra~226 conhcentration
exceeds the Th-230 concentrarion, -then the sur shall be
evaluated by replacing the Ra-226 concentration by the
difference between the Ra-226 and Th=230 concentrations.

(b)) If Ae-227 is present, then the same rule glven in (&) for Ra=226
relative to Th-230 applies for Ae-227 relative te Pa=~231.

3/Excﬂpt for Ra-226, these criterisa represent unrestricted—use
residual concentrations above background averaged acrogs any 15 om
thick laver o any depth and over any eontigueous 100 uw” gwrface aren.
The same conditions prevall for Ra~Z26 except for soll lavers beneath
3+5 wm; benearh 1.5 m, the gllovable Ra~226 concearration may be
afferced by sitesspocifie condirions and must he evaluared
accordingly.

4/

— Localized concentrations in excess og these limits are allowahle

provided that the average over 100 m™ is not exceeded.

E/A curie of natural uranium wmeans the sum of 3.7 x 1010 10
disincegracions per second (dis/s) from U~238 plus 3.7 = 107" dis/s
from U-234 plus 1.7 = 107 dis/s from U~235. One curie of natural
uranifat is equivalent re 3,000 kilograms or 6,600 pounds of natural
uraniem.

6/
- Assumes no other uranium isotopes ate present.

2/ The Th~230 guidéline is 15 pCi/g to account for ingrowth of Ra-Z2€
as Th—230 deczys. BRa-226 is a limiring radionuclide because its
decay product is Ro~222 gas.

8/

" The Pu~24] griterion was derived from the Am24] concentration.

Scructure Criterda (Maximum Limits {or Unrestricted Use)

a, Indoor Radon Decay Products

A siructure located on private property and intended for
unrestricred use zhall be subject to remedial action as necessary
te ensure Che annusl average concentration of radon decay products
is less than 0.03 WL within the structure.

h. Incoor Gamms Padiarion

The indoor gamma radiation after decontamination shall not exceed
20 microroentgen per hour (20 pR/h) above background.



[~

Imdpor /Outdoor Structure Surface Contamination

Radinmuelides Total
GrouE 1: 100

Allowable Surface
Residual Contaminatior—

1/

(dp=/100 cz®)

Remowvable

Racdionuclides for which the
uncontrolled area concentratlan
guide ir,air above background™ 1is
2 x 10 "7 Ci/m or less or for
which the uncontrelled area con~
centration,guide in water aboye
background 15 2 X 10~ Ci/m

or less: includes Pa-231, Th~228,
Th=-230, Ae=227, Ra=-22f1, Ra=-228, and
Py-210.

Group 2@ 1,000

Radionuclides not in Group 1 for
whieh the uncontrolled area oon-
centrafjon guide iﬂlﬁir abgve back—
ground— 4is 1 x 10 Ci/e” or less
ar for which the uncontrolled ares
cnncentrat%Qn gulde in vater 3hnve
background— 1g 1 x 10 ° Ci/m” er
less; includes U-232, U-238, Th=-232,
Ra~223, and Po-21Q.

Group 3: 3,000

Those Tadionuclides nor in Group

1 or Group 2; includes U~234,
U~-235%, and Ra-224

and all other beta-gamma emitters.

1/

20

200

1,000

The levels may be aversged over mE provided the maximun
activity in any area of 100 ¢m” is less than 3 tises the linzit
value; dpm = disintegrations per minute. In the event of
oceurrence of mixtures of radionuclides, the fraction contributed
by wach radionuclide to iuts liwit shall be Jetermined, and the

summ of these fractions shall not exceed 1,

E/Given in Attachment 1 to Chapter XTI, Table I1, DOE Order

S4B0.1A,



B.

CONTROL OF RADIOACTIVE WASTES AND RESIDULE FROM FLERAP AND REMOTE SFMP

SITES

Specified here are the contral recuirements (criteria) for radicactive

wvastes and residues relared to the nuclear fuel cyele at FUSRAP end remore
SFMP sites.

1.

Interim Storage

All operational and control requirements specified in the following DOE
Orders shall applys

h.

5480,1A, Environmental Protection, Safety, and Health Protection
Frogram for DOE Qperations.

3480.2, Hazardous and Radiocactive Mixed Waste Management.

5483,1, Occupational Saferv and Health Program for Goverament—Qwned
Contractor=Operated Facilitles,.

5484.1, Envirenmwental Protection, Safety, and Health Protectlom
Informarion Reporting Requirements.

5484,2, Umasual Oceurrence Reporting System.

Concrol and stabilization features will be designed to ensure, to
the exteunl regsonably achievable, an effecrive life of 50 .yeurs,
and in any case, at lezst 13 years.

Rn-222 concentratioms in the atmosphere above fagility surfaces av
openings shall not (1) exceed 100 pCif]l at any given poimt, or an
average concentration of 3C pCi/l for the facility site, or (2)

" exceed an average Bn-2227 concentration art orv above any locatlion

outside the facility site of 3.0 pCi/l (above backgrowad).

For water protection, use existing state and federal standards;
apply site-specific measures where needed.

Long~Ternm Manapgpement

i .

All operational reguirements specified for Interim Scorage
Facilities (B.1} will apply.

Control and stabilization features will be doszigned t¢o cnmure te
the axtent reasonably achievable, an effective life of 1,000 vears

and, in anv case, at least 200 vears. Other dispasal site design
features shall confoerm wich 40 CFR Part 192 performance

guidelines/requirements.

B-5



Rn-227 emanation to the atzosphere frem facility surfaces or
openigg shall ner (1) exceed an average release rate of 20
pCi/w™/s, 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.

4. For water protectisn, wse existing state and federal srandards;
apply site-specific peasures where needed.

e. Prior to placement of aov potentially biedegradable contaminared
w2stes in a Long~Term Managemenrt Facility, such wastes will be
properly conditioned to (1) ensure that the generatiorn and escape
of biogenic gases will mot cause the criteria Irn paragraph 2.c. to
be exceeded, and (2) ensure that hicdegradaricn withinm the facility
will mot result in premasurs structurzl failure not in accordance
wvith the criteria in paragraph 2.%.. I1f biodegradable wastes are
conditioned by incinerariom, Incineratieon operations willl be
carried out in compliance with all appliesble federal, state, and
lncal air emission standards and requiresents, including suy
standards for radionuvelides established pursuant teo &0 CFR Parc A1,
National Emission Standards for Hazardous Air Pollutants (NESEAPS).

C. « EXCEPTIONS

1. Procedure —- Analysis of site-specific conditioms.

2., Avplicabilitv —- Where health and safety would be endangered, or
where cost clearly outwelighs benefirs.

CRITERLIA SQURCE

Criteria Source
1/

Rasidual Contaminatiom Criveris—

Sail Criteria DOE Ordar 5480. 9,
40 CFR PFart 192—

Structure Criceria 40 CFR Part 192

proposad ANSI N13.12.

Control of Padioacrive Wastes znd Residues

Interim Sctorage DOE Order S4E0.1A
Long-Term Management 40 CFR Parr 192



Exceptions

Procedure 40 CFR Part 192
Applicability 40 CFR Part 192z
1/

" ='The bases of rhe residual contamination eriteria are developed in
ORC~831 as supplemented and QRO-832,

szased on limiting the copcentration of radon-222 decay producrs to
0.03 WL within structures.
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