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COMPREHENSIVE RADIOLOGICAL SURVEY

OFF-S1ITE FROPERTY A
NIAGARA FALLS STORAGE SITE
LEWISTON, NEW YORK

INTRODUCTION

Beginning in 1944, the Manhatten Engineer District and its swocesser,
the Atomic Energy Commission (AEC), wused portions of the Lake Ontarie
Ordnance Works (presently referred ta asz the Niagara Falls Sterape Site
(NF55) and off-site properties), appreximately 3 km northeast of Lewiston,
New York, for storage of radioactive wastes. These wastes were primarily
residues from uranium processing operations; however, they also included:
contaminated rubble and scrap from decommissioning activities, biological
and miscellaneous wastes from the University of Rochester, and low-level
fission~-product waste from contaminated-liquid evaporators at the Knolls
Atomic  Power Laboratory (KAPL). Receipt of radioactive waste was
discontinued in 1954, and, fellowing cleanup activities by Hooker Chemical
Co., 525 hecrares of the oviginal Sl2-hectare site were declared surplus.
This property was eventually sold by the General Services Administration to

various private, commercial, and governmental agencies.l

SCA Chemical Services, Inc., is the curremt owner of a tract from the
NESS, identified as off-site property 4 (see Figure 1). A radiclogical
survey of thar tracrt, c<onducted July and August, 1983, is the subject of
this report.

SITE DESCRIPTTON

Figure 2 is a plot plan of coff-site property A. This tract actually
includes the extreme eastern section of the adjacent original off-site
property V. This section has been included with property A for the
purposes of this survey, becanse of the current ownership status and the
similarity in surface conditioms and wuae histery of these tracts,
Property A is approximately 1285 m long and wvaries from about 34> m to
365 m wide; the total area iz 45.6 hectares. The site is bounded on the

north by Balmer Road and on the gouth by "H" Street. Security fences form



the east and west property boundaries and also parallel Balmer Road the
length of the preperty. An unused railroad track crosses the property near
the eastern perimeter. Marshall Street, near the eastern edge of the
property, is the main entrance te the 5CA treatment facilities. The area
along this street is c¢leared and maintained and includes a smz2ll guard
house. A narrow strip has also been cleared along the western boundary to
provide access to a drainage ditch. Castle Garden Road - the boundary line
between original properties A& and V - passes through the property. With
the exeeption of the areas mentioned above, the property is unused and is

heavily overgrown with brush and trees.

Radiolegical History

There is ne history of contaminated marerial burial on property A;
however, "H" Strcet i believed to have been used for temporary storage of
K-65 residues.l The 1971 AEC survey showed ome area with elevated gamma
eXposure rates,2 This area was just east nf the intersearion of "5" Street
with an unnamed east~west road! Slightly elevated radiation levels were
identified along the western half of "H" Street and the southern half of
Marshall Street by the ORNL mobile scan.3

SURVEY PROCEDURES

The comprehensive survey of off-gite property A was performed by the
Radiclogical Site Assessment Program of Oak Ridge Associated Universities
(ORAU), during July and August, 1983. ‘Ihe survey was in accordance with a
plan dated Maxch 18, 1983, approved by the Department of Energy”s Office of
Muclear Energy. The objectives and procedures from that plam are presented

in thig section.
Objective
The objective of the survey was to provide a comprehensive assessment

of the radioleogical conditions and associated potential health effects, if

any, on property A. Radiological information collected included:



2.
3
b.
5.

direct gamma exposure rates and surface bera-gamma dose rates,
locations ot elevated surface residues,

concentrations of radiongclides in surface aad subasurface sodll,
concentrativns of radivouclides in subsurface water, and
concentrations of radionuclides in sediment from major drainage

ditchees on the property.

Procedures

1.

Brush and weeds were cleared as needed to provide access for
gridding and surveying. This operation was performed by Modern

Landfill, Inc., of Model City, NY, under subcomtract.

Under subcontract, McIntosh and McIntosh of Lockport, NY,
established a 80 m grid system. This grid is shown on Figure 3.

Gamma exposure rate measurements were made at the surface and at
1 m above the surface at 80 m grid intervals. Measurements were
performed uring portabls gamma NaT (T!) arintillation survey
meters., Conversion of these measurements to exposure rates in
wicroroentgens per hour (uR/h) was in accordance with cross

calibration with a pressurized ionization chacber.

Beta-gamma dose rate measurements were performed 1 ¢m above the
surface at 80 m grid intervals. These measurements were
conducted using thin-window (<7 mg/em?) G-M  detectors and
portable scaler/ratemeters. Measurements were also obtained with
the detector shielded to evaluate contributions of
non~penetrating beta and Jow-energy gamma radiatons. Meter
readings were converted to dose rates in microrads per hour
(urad/n) based on eross calibration with a thin-window ionization

chamber .

Surface (0-15 ¢m) soil samples of approximarely 1 kg each were
collected at 80 m grid iantervals.



Walkover surface scans were conducted over accessible areas of
tha proparty. Seanning iatervals were 1-2 m along roads and in
areas where elevated surface radiation levels were wmeasured;
other areas were scanned at 5-10 o intervals. Locations of

elevated contact radiation levels were noted.

At selected locations of elevated surface radiation levels,
beta~gamma dose rates apd exposure rates st 1 m above the surface
were also measured. Surface so0ll samples were obtained from
these locations and, following sampling, the surface exposure
levels were remeasured to evaluate the effectiveness of shallow

sampling cn removal of the radiation source.

Detection Sciences Group of Carlisle, MA, performed
ground-penetrating raday surveys at leeations of proposed
subsurface investigations to identify the presence of underground

piping or vtilities which would precliude borehele drilling.

Boreholes were drilled to provide & mechanism £for logging
subsurface direet radiation profiles and eolleeting subsurface
s0il and water samples, Boreholes were drilled by Bite
Engineers, Inc., of Cherry Hill, NJ, and Earth Dimensions, of
Aurora, NY, using truck mounted 20 em diameter hollow-stem
aungers. Eleven holes were drilled at locations selected to be
representative of the average property conditions; two heles were
drilled in a general area identified as having elevaled direcl
radiation levels. The locations of these boreholes aze shown on

Figure 4.

4 gamma scan of the boreholes was performed to identify elevated
radiation levels, which would indicate subsurfzee residues.
Radiation profiles in the boreholes were determined by measuring
gamma radiation at 15-30 cm intervals between the surface and the
kole bottonm. A collimated gamma sascintillation detector and

portable scaler were used for these measurements.

I~



A sample of the ground water was collected frem nine of the
borelioles using a hand bailer. Soil samples of approximately
1 kg each were collected fror various depths in the holes by

scraping the sides of each Dorehole with an ORAU designed

sampling tool.

10. Samples of sediment were collected from two locations in a mejor

ditch, crossing the mnorthwest corner of the property {(see
Figure 5).

l1. Twenty soil samples and seven water samples were collected from
the Lewlston area (but not on the NF8S or associated off-aite
properties) te provide baseline concentrations of radionoclides
for comparison purpeses. Direct background radiation levels were
measured ab localivus where baseline soil samples were collected.

The locations of the baseline samples and background measurements

are chown on Figure 6.

Sample Analyses and Interpretation of Results

Soil and sediment samples were analyzed by pgamma spectrometry.
Radium 226 wag the major radionuclide of concern, although spectra were
reviewed for U-235, U-238, Cs-137, Th-232, and other gamma emitters. Water
was analyzed for gross alpha and beta concentrations. One water sample was

alao analyzed for Ra-226.

Additional ioformation copcerning analytical equipment and procedures

is contained im Appendixz A.

Resulte of this survey were aompared te the applicablc guidelines for
formerly utilized radicactive materials handling sites, which are presented

in Appeundix B.



RESULTS
Bagckeround Leyvels apd Baseline Comcentrations

Background exposure rates and baseline radiopuclide concentrations in
soil, determined for 20 locations (Figure 6) in the viecinity of the NF$S,
are presented in Table 1-A. Exposure rates ranged from 6.8 te 8.8 uR/h
(typical levels for this area of New York). Concentrations of
radionuclides in soil were: Ra-226, <0.09 to 1.22 pCifg (picocuries pex
gram); U=235, <0.14 to 0.46 pCi/g; J~238, <2.20 to 6.26 pCi/g; Th-232, 0.32
to 1.18 pCi/g; and Cs-137, <0.02 to 1.05 pCi/g. Thesec concentrations are

typical of the radionuclide levels normally encountered in surface soils.

Radicactiviry levels in baseline water samples are presented in
Table l=~B. The grocs alpha and gross beta ecencentrotions ranged f£xom .55
to 1,87 pCi/l {picocuries per liter} and <0.63 te 14.3 pCi/l, vespectively.

These are typlcal of concentrations normally occurring in surface water.

Direct Radiation Levels

Direct radiation levels, systematically measured at 80 m grid
intervals, are presented in Table 2, The gamma exposure rates at 1 m above
the surface ranged from 5 to 12 pR/h (average 7 uR/h). At surface contact,
the rates ranged from 5 to 14 uR/h (average 8 pR/h). Beta-gamma dose rates
ranged frem 5 to 50 wrad/h (average 18 urad/h). Measurements performed
with the derector shielded averaged epproximately 20% less than thase wich
the unshielded detector. This indicates only a small portion of the
surface doge rate ig due toe oonpenetrating bets or loweenergy photon
radiations. Direct radiation levels were generally slightly higher along

the railroad tracks on the sastern boundary of the propercy.

The walkover supvey identified one general area and additional small
isnlated locations having elevated surface radiation levels. These
lecations are indicated on Figure € and associated direct radiastien levels
are presented in Table 3. The general area is bounded by grid line 588W,

5984, 2308, and 250E. Contact radiation levels over this area are



relatively consistent, ranging from 38 to 42 pR/h. The isolated "hot
spots" are located pricarxily alony a reconstrucled off-ser secctiom of "H
Strest, near the south central portion of the property. Several additional
spots were identified near the extrome southwest corper, in an area of
recent earthmoving aetivity, and aleng the shoulder of Marshall Street.
Contact exposure rates at these spots ranged up to 580 uR/h (this location
and all of the others exceeding 100 uR/h on contact were along "H" Street).
The maximum beta-gamma dose rate was 79,300 prad/h at grid location 563N,
320E - the same location as the highest c¢ontact eXposure level. At most of
the isclated spots, sampling was effective in significantly reducing the
radiaticn levels. The exceptions to this were in the southwest corner of

the property, where the source of the radiation appeared to be more widely
distributed rather than in individual discrete sources.

Radionueclide Conccenrrations in Surface Boil

Table 4 lists the concentrations of radionuelideas measured in surface
soil from 80 m grid iotervals, These samples contained Ra-226
concentrations ranging from <0.18 to 1.74 pCi/g. Only abour 11% of these
systematic samples exceeded the range of Ra=-226 in baselire sgoil.
Cuncentrations ¢of other radionuclides also exceeded the range of baseline
levels in 2 small fraction of the samples; the maximum concentrations wersa

less than twice the baseline levels, however.

Samples from locations of elevated contact radiation levels contained
Ra~226 concentrations ranging from 4.19% to 6690 pCifg (see Table ). The
maximunm level of Ra-226 was in sample B5 from grid location 362N, B0ZE.
Two of the sawples, B8 and B9, contuined smell while chips which had Ra-226
activities of 1.68 yCi and 0.82 wCi, respectively. Most of the samples
enllectad at thaese locations were individual roek-type material, with high
concentrations of Ra~226 and little evidence of other significant
radipnuclide content, Samples Bl4 and B1S, from the vicinity of the
penerally elevated area, were & smaller crushed rock material. These

gamples contained comparable concentrations of Ra-226 and U-238, suggesting



that the material is similar ¢o rhat identified on other ofi-site

properties, and commonly used as pavimg base or fill thzoughout cthe Niagara
Falls area.

Borehole Gamma Lopzing Measurements

Gammz peintillarion measurements performed in boreholes indicated that
contamination was limired to the upper 15-30 cm of soil. Gamma logging
data was ©Dot used to quanitify rtadionuclide concentratioms im the
subsurface soil because of the varying ratios of Ra-226, U-235, U-238,
Ca-137, and Th=232 pecurring in soils from this site,

Radionuclide Concentrations in Subsurface geil

Table & presents the radienuclide concentrabions measured in osoil
samples from boreholes, Boreholes H1 to Hll, located to provide
representative coverage of the property, did not contain radionuclide
concentrations significantly different from baseline soil concentrations.
Boreholes HI2 and H13 were in the vicinity of the general area of elevated
direct radiation levels. Surface snd 15 cm samples from both of these
boereholes were elevated in Ra-226 and U=-238 concentratioms. The highest
subsurface Ra-228 and U=-238 levels were 16.4 pCifg and 15.1 pCi/g,
respectively at 15 cm deep. The comparable levels of Ra-226 and U-238
suggest that the sourte is naturally occurring (likely pseudowallastounite),
and not attributable to previous MED/AEC activities,

Radionuclide Copcentrarions in Ditch Sediment Samples
Two sediment samples, cellected from a major draimage ditch near the
northwest corner of the site, did nmot contain radionuclide concentrations

differing from those in baseline scil samples (see Table 7).

Radionuclide Concentrations in Water

Water obtained from nine of the bereholes contained gross alpha and

gross beta concentrations ranging from 3.47 to 15.6 pCi/l and 2.42 to



11.5 pCi/l, respectively (see Table B8). These levels are above the range
noted in bascline water samples. Sample W5, containing the highest gross

alpha level, was also analyzed for Ra-226; the concentration of thar

radionuclide was 0.18 pCi/fl.

COMPARISON OF RESULTS WITE GUIDELINES

The guidelines applicable to cleanup of the off-site properties at
NFS& are presented in Appendix B. The maximum exposure rate at 1 m above
the ground surface on property A is 28 uR/h and the average is 7 uR/h.
These levels are well below 60 pR/h, which is the continuous exposure rate

equivalent to the recommended annual limit of 500 mrem for the general
publie.

Arcas of surface contamination, identified by the walkover scan,
contain Ra~226 concentrations in excess of the 5 pCifg guideline. Many cf
these areas of conraminarion are small and isolated; averaged over an area
of 100 m? the resulting concentrations of Ra=-220 would satisfy the criteria
of 3 pCi/g above background. The source of contamination at most of these
locations was found to be individual pieces of rock-like material. These
could be eliminated by removal of less than 1 m3 of material. One genaral
area of elevated radiation levels and radionuclide concentrations is due to
the naturally occurring uranium decay series im crushed rock and is not
attributable to previous government operations on this property. The areas

exceeding the Ra-226 criteria are summarized in Table 9 and their locations
stuown on Figure 8.

Subsurface mecasurements and  sampling  iadicace thac che Ra—226
contamination below 15 e¢m is within the 15 pCi/g guideline or is due to

naturally accurring materials.

The gross alpha concentration in one subsurface water sample slightly
exceeds the EPA Interim Drinking Water Standard of 15 pCi/l; this sample
contains well below the 3 pCi/i guideline level of Ra-226. Other water
samples contain less than the 15 pCi/l gross alpha and 50 pCi/l gross beta

criteria.

A



samples of ditch sediment do not contain any elevated radionuclide

leveln.
STUMMARY

A comprehensive survey of aoff-gite property A at the Niagara Falls
Storage BSite was conducted during July and August, 1983. The survey
included surface radiation scans, measurements of direct radiation levels,
and analyses of radionuclide concentrations it surface and subsurface soil,

subsurface water, and ditch sediments.

The survey identified areas of surface Ra-226 contamination (see
Figure & and Table 9. The conrtamioation is conrained in individual
isolated pieces of rock-type material and in & general area of crushed-rock
£ill. The ipdividuwal pieegs of reock are probably attributable to the
previous MED/AEC sctivities, the crushed rock is mot. Elimination of the
remaining pieces of econtaminated roek would raquire removal of less than

1 nd of material.

Although there are small areas of contaminated residues om portionms of
this property, the contaminants do not pose potential health risks. There
is no evidence that the migration of the radicactive materials is adversely

affecting adjacent properties or the ground water.

1o
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BASELINE RADIOHUCLIDE CORCENIRATIONS IN SOIL

TABLE 1-4&

BACKGROUND EXPOSURE RATLES

AND

Location & Exposure Rateb - Radionuclide Concentrations (p(ygzi
(yR/R) Ra-226 U-235 U-238 Th-232 Cs-137

1 6.8 0.74 + 0.16€ <0.19 <2.89 0.70 + D.46 0.29 + 0.08
2 6.8 0.75 + 0.19 <0.19 <3.35 0.84 + 0.24 0.24 + 0.08
3 8.3 0.71 + 0.18 0.46 + 0.41 .72 0.88 ¥ 0.33 0.34 1 0.09
4 7.9 N.87 + D_1R <n.22? <O10 1.18 £ 0.3% 0.12 + 0.07
5 7.3 0.70 + 0.16 <0.17 <3.34 0.68 + 0.24 .14 + D.07
6 7.7 .50 + 0.15 <0.16 <2.33 0.52 + 0.38 0.17 + 0.09
7 7.7 0.63 + 0,13 <0.17 22,73 0.83 % 0.24 0.35 = 0_08
B 7.6 0.59 + 0.12 <0.14 <2.20 0.5 + 0,23 <0,02
9 7.1 0.63 £ 0.20 <0.23 <416 0.83 + 0.38 0.69 + 0,11
10 Tal 0.70 £ 0.16 <0.1% <2.90 0,59 + 0,25 0.69 + 0,10
11 6.7 <0.09 <0.1% <2,83 0.49 + 0.31 0.48 + 0,14
12 7.1 0.48 + 0.11 <0.16 2,84 0.65 + 0.26 0.68 + 0,10
13 6.1 0.57 + 0.14 <0.17 <2.36 0.49 + 0.26 .41 + 0.08
14 6,8 0.68 + 0.17 <0.1% <3.24 0.67 + 0.25 0.70 + 0,10
15 8.2 0.65 + 0.14 <0.17 <3.20 0.72 + 0.35 0.23 + 0.08
16 7.4 0.91 + 0.17 .71 <3,58 0.83 + 0.28 0.61 + 0.09
17 7.0 0.48 + 0,14 <0.16 <2.73 0.32 + 0.22 0.38 + 0.08
18 7.7 0.73 + 0.16 <(0.,18 §.26 + 9,23 1.01 + 0.44 0.32 + 0.12
19 8.8 1,22 + 0.32 0,23 <3.79 1.08 + 0,49 1.05 + 0.13
20 8.6 0.83 + 0,17 <0,21 <3.59 .84 + 0,29 0.08 + 0.07

Range 6.6 to 8.8 0,09 to 1.22 L0.14 to 0.46 €2,20 to 6.26 0.32 to 1.18 <0.02 to 1.05

2 Befer to Fipgure 6.
Heasured at 1 m above the rurface.
T Eivors ave 20 based on counting statistica.




TABLE 1~

RADIONUCLIDE CORCENTIRATIONS IN BASELINE WATER SAMPLES

Locationd Radionuclide Concentratioms (pCi/l)
Gross Alpha Gross Beta

Wi 0.95 + 0.93b 4.79 4+ 1.15
W2 0.95 + 0.94 9.17 + 1.31
W3 0.55 » 0.78 2.73 +1.03
Wi 0.63 + 0.8% 2.37 #1.17
Wi 0.75 + 0.68 <0.54
Wé 1.87 2+ 1.84 14.3 = 2.4
W7 1.16 + ¢.66 <0.63
Range 0.5 co 1.6G7 £0.63 o 14.3

4 Refar te Figure 6.

Errors are 20 based on counting statistics.

20



DIRECT RADTATION LEVELS SYSTEMATICALLY

TABLE

3

o

MEASURED AT 8C M GRID INTERVALS

Grid Gamma Rxporure GCamma Expoasure Bera-Camma
Location Rates at 1 m Above Rates at the Dose Rates at 1 com
N E the Surface Surface Above the Surface

(ur/h) (uR/h) (prad/h)
540 220 10 12 12
540 260 12 12 12
340 340 8 9 29
H40 420 9 12 253
540 500 10 12 31
S40) 580 10 Lo 29
340 660 11 11 15
sS40 740 6 7 14
540 820 9 8 11
540 00 9 9 14
540 980 ) 4 25
540 10690 7 8 15
540 1140 8 2 22
540 1220 7 b 16
540 1300 7 ) 14
540 1380 7 7 9
540 1460 8 8 8
SAOQ 1505 12 13 50
580 220 8 9 22
580 260 8 8 22
580 Y40 7 7 17
580 420 7 3 8
380 500 7 7 13
580 580 6 7 10
380 &60 7 3] ]
580 740 7 8 35
580 820 8 9 26
580 900 7 / 26
580 980 8 8 18
380 1060 7 7 7
380 1140 7 B 17
580 122C 7 8 B
580 1300 7 7 9
580 1380 7 7 7
580 1460 7 B 16
580 1505 12 14 50
660 220 7 7 12
660 260 7 7 17
660 340 7 7 7
660 420 7 8 8
60 500 7 7 11

21



TABLE 2, cont.

DIRECT RADIATION LEVELS SYSTEMATICALLY
MEASURED AT 80 M GRID INTERVALS

rid Gamma Exposure Camma Expagurs Beta=Camma
Location Rates at | m Abhove Rates at the Dose Rates at | cm
N E the Surface Surface Above the Surface
(uR/h) (uR/h) (urad/h}
660 280 7 7 17
660 660 G b 12
660 740 7 7 7
660 820 7 8 16
660 300 g & il
660 980 B 8 15
660 1060 7 7 7
660 1140 7 7 27
660 112¢ 7 8 8
560 1300 7 7 12
660 1380 7 7 7
660 1460 () 7 7
660 1505 10 12 43
740 220 g 2 19
740 260 7 8 18
740 340 8 3 11
740 420 7 7 9
740 200 8 8 10
740 580 7 7 7
740 660 6 8 24
T40 740 7 R Q
740 820 7 8 19
T40 900 7 8 12
740 4980 ) 8 24
740 1060 a B 5
740 1140 7 8 93
740 1220 8 8 34
740 1300 7 7 25
740 1380 8 8 21
740 1460 8 8 9
740 1305 1€ 12 40
820 220 7 8 24
8§20 260 7 8 24
820 34C 7 7 i3
820 420 7 7 24
820 500 7 7 7
820 580 7 7 7
820 660 7 7 7
820 740 6 7 7
320 822 7 7 18
B0 900 7 7 14



TABLE 2, cont,

DIRECT RADIATION LEVELS SYSTEMATICALLY

MEASURED AT 80 M GRID INTERVALS

rrid Camma Exposure Gamma Expogurs Beta=Carma
Logation Rates at 1 m Above Rates at the Dose Rates at 1 cm
N E the Surface Surface Above the Surface
(uR/h) {uR/h) { urad/n)
§20 980 7 7 20
320 1060 7 7 14
820 1140 7 7 7
B20 1220 7 8 14
820 1300 7 7 ]
B20 1380 7 7 12
820 1469 8 8 8
820 1505 Q 12 29
900 220 7 8 14
900 260 7 7 16
Q00 340 8 8 21
900 420 6 7 11
200 500 & 6 15
900 580 5 5 5
900 660 5 5 5
899 740 6 6 25
899 820 5 5 5
898 M0G0 ] f ]
897 980 ] 6 12
896 1060 & 6 22
BG5S 1140 & & 23
894 1220 ) 6 )
893 1300 6 7 10
892 1380 7 7 17
891 1460 ) ) 7
890 1505 8 7 7




ve

TABLE 3

DTRECT RADIATION LEVELS AT T.OCATIONS IDENTIFIED
BY THE WALKOVER SURFACE SCAN

Grid Location?

Exposure Rate(pR/h)

Surface Dose Rate

Sample

Comtaclk Fxposure Rate

M E Contact 1 mw Above Surface (urad/h) Tdentification?  After Sample Removal
{ur/h)
541 222 60 20 1in Bl 470
542 760 17 - -— == -——
548 1440 16 12 35 B2 20
561 807 93 ——— - ——— ————
561 838 150 12 —= B3 8
561 860 54 12 —-— B4 17
562 802 50 14 1030 B5 12
562 803 3t - —— e ———
562 869 200 12 N B6 14
562 894 38 14 — —— —_
563 780 310 17 1640 BY 13
563 807 470 17 vesreren wmran e
563 820 580 12 79,300 BE 8
563 960 230 16 e —— e
564 805 240 14 17,900 B9 8
200 G990 100 12 Bl 9
565 977 1490 12 e Bl iz
566 826 60 8 e Bl12 10
570 260 42 14 450 B12Y 1
588-589 230-250 38-4 - —_— _— ————
530 230 39 16 95 Br4 46
595 270 50 28 110 B15 67
820 1457 50 17 1210 Bl6 12

4 Hefer to Figure 7.
b Radionuclide concentrations are presented in Table 5.
¢ Dash indicates measurement or sampling not perfovmed.




TABLE 4

RADIORUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES
FROM BO-M CRID INTERVALS

Grid Location S Radionueclide Concentrations {pCi/g} .

N E Ra-226 U-235 U-238 Cs-137 Th-232
Sh2 220 1.09 + 0,232 <0.16 0.76 + 0,80 0.09 + 0,06 0.8] # 0.3
542 260 1.35 ¥ 0.29 <0.33 6.40 + 1.91 1.03 + 0.15  1.02 + 0.4}
542 340 1.74 ¥ 0.30 <0.34 <1.02 1.42 + 0.18  1.33 ¥ 0.43
542 420 0.95 + 0.25 £0.27 <0.82 0.27 + 0.15 0.66 + 0.31
5412 500 0.74 4 D.28 <0.1l4 2.18 + 0.96 0.29 + G.00 0.64 + 0.25
542 580 0.85 + 0,28 <0.15 <0.43 0.16 + 0,10 0.66 + 0.34
542 610 0.79 ¥ 0.23 <0.15 0.24 + 0.72  0.06 ¥ 0.07  0.89 T 0,37
542 740 0.91 * 0.25 <0.28 1.54 + 0,98 0,45 £ 0,12 0.73 F 0,41
555 820 1.29 + 0.35 <0.29 6.96 + 1,90 <0.04 0.80 + 0.34
335 900 1.13 + 0.38 <0.28 <0.88 0.19 + 0.10 115 + 0.45
555  GBO 1.33 ¥ 0.24 <0.13 1.38 & 0.69  0.00 ¥ 0.04  0.66 T 0.29
542 1060 0.88 + (.22 <0.25 0.7} 0,90 £ 0.12  0.6) 1t 0.3]
542 1140 1.31 ¥ 0.33 <0.16 0.89 + 0,77  0.88 + 0.12  0.45 + 0.28
542 1220 1.30 ¥ 0.29 <0.30 <0.89 0.84 T 0.13 1,37 ¥ 0.56
542 1300 1.04 + 0.19 <0.16 1.62 + 0,72 1.11 % 0.16  0.43 % 0.27
542 1380 0.38 + 0.25 <0.16 0.74 + 1.0 1.47 + 0.17  0.46 + 0.46
542 1458 0.56 + 0.20 <0.13 1.12 + 0.55 £0.03 0.38 * 0.26
542 1503 1.44 + 0.33 <0.19 0.99 + 1.06  0.97 % Q.15 1.08 + 0.33
580 220 1.23 + 0.29 <0.35 3.75 % 1.36 0.22 % 0.10  0.68 + 0.27
560 260 0.73 * 0.23 <0.19 1443 £ 1,03 0.66 ¥ 0.15 0,80 ¥ 0.43
580 340 0.74 + 0.22 <0.37 1.60 + .54 D.96 + 0.16 <0.25
580 420 .99 + 0.29 <0.35 3.24 + 1,80 0.51 + 0.15 L.04 + 0.38
580 500 094 ¥ 0425 <0.30 1o U.by F ULy Ly F U0
580 580 1.01 ¥ 0.23 <0,28 2.09 + 1,02 0.64 f 0,14 0.63 % 0.24
580 Ly 0.6 + 0.24 <030 0.79 + 1,76 0.74 + 0.4 <0.2¥
580 /40 126 F 0.30 <v.29 {0,956 0,26 + 0.11  0.97 + 0.42
580 B20 15+ 0.24 €0.31 175 £ 1.53 035 % 0,10 0,81 F 0.35



TABLE 4, cont.

RADIONUCLIDE CONCEWTRATIONS IN SURFACE S0TL SAMPLES
FRCM 80 M GRID INTERVALS

Grid Location Radionuclide Concentrations (pCi/g) N

N E Ra~226 U~235 U-238 Cs~137 Th~232
580 900 0.93 + .35 <hedd D69 0.8 + 0.10 0.9 * 0.34
580 980 0.92 + 0.22 <0.33 2.36 + 1.68 0.21 + 018 1,16 + 0.34
580 1067 0.96 + 0.28 <0.17 0.81 + 0.56 0.73 + 0.13 0.97 + 0.50
580 1140 1.18 + 0.30 <0.17 0.66 + 0.53 0.81 + 0.14 0.87 + 0.45
580 1220 0.90 + 0.25 <0.19 1.12 + 1.18 0.22 + 0.11 0.93 + 0.41
580 1300 1.00 + 0.24 <0.22 <0.71 0.63 + 0.13 0.83 + 0.29
580 1380 0.84 + 0.23 <(1.34 1.10 + 240 0.72 + 0.19 1.08 + 0.49
580 1458 0.90 * 0.34 <0.20 0.86 T 1.33  0.77 ¥ 0.13  1.03 ¥ 0.3]
580 1503 1.00 + 0.24 <0.15 0.74 + 0.77 0.42 + 0.10 0.73 + 0.34
660 220 J.85 * 0.19 <0.15 0.67 + 0.85 0.58 + 0.11 0.53 + 0.37
660 260 0.51 ¥ 0.22 .14 N.R4 T 1.4 0.46 + 011 0.44 + 0_20
a6 340 1.1l + 0.31 0.57 + .67 <1.00 0.72 + 0.13 1.35 + 0.56
660 420 0.5 7 0.28  0.15% 0.32  0.27 + 0.41 0,59 ¥ 0.18  0.57 ¥ 0.38
660 500 1.06 ¥ 0.25 <0730 0.99 3 0.96 0.68 % 0.14  1.04 % 0.74
660 580 0.95 + 0,29 {(1.34 <t.01 0.78 + 0.17 <0.27
660 660 0.98 + 0.26 {0415 1.48 + 0,80 <0,30 0.86 + 0.48
660 740 <0723 £0.36 1707 0.4 + 0.13  0.94 X 0.34
(144 8§10 0.94 + 0.29 .16 £0.41 0.42 + 0.16 0.56 + Q.31
660 el H 1.00 + 0.24 {0415 1.14 + 0.53 0.37 + (.10 0.6]1 + 0.39
660 980 1.23 + 0.43 L0.32 4.21 4 1.59 0.53 + 0.11 0.66 + 0.56
660 1060 0.75 ¥ 0.23 <0.16 1.68 T 0.57  0.67 £ 0.13  0.65 i 0.37
660 1140 0.99 + 0.25 <0.21 1.20 + 1.68 0.41 + 0.13 0.54 + 0.30
660 1220 0.86 ¥ 0.20 <6.18 1.87 ¥ 0.85  0.54 ¥ 0.15  1.00 ¥ 0.32
660 1300 0.79 ¥ 0.28 <0.28 <0.88 0.47 F 011 0.22 T 0.25
660 1380 1.48 + 0,30 <0.32 <0.95 0.90 + 0.14 0.95 + .30
660 1438 0,71 ¥ 0,25 0419 % 0.29 0,49 + 0,98 0.44 T 0.1 0,39 T 0.44
b60 1503 0.94 + 0.26 0.36 + 0.45 1.8% + 1.61 0.40 + (.13 1.34 + 0.45



TaBLE 4, conC.

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOLL SAMPLES
FROM 80 M GRID INTERVALS

Grid Location

Radionuclide Concentrations (pCifg)

N E Ra-226 U-235 1-238 Cs—-137 Th-232
740 220 0,75 £ 0,20 <0.,13 <0.45 0.08 + 0.06 0.82 + 0.32
740 260 0.78 % 0.31 0,28 <0.89 0.65 + 0.12 0.61 + 0.30
740 340 0.79 ¥ 0.26 <0.17 0.84 + 0.54 0,40 + 0.12 0.55 ¥ (.33
740 420 1.05 + 0,30 <0.35 1.87 * 1.67 0.90 + 0.16 0.72 + 0.47
T4 5030 0.95 £ 00,22 <0.16 1.34 ¥ 0.81 0.58 ¥ 0,15 0.83 + 0.38
740 580 111+ 0034 <0,32 1.06 + 1.68 0,50 + 0.19 1.04 + .54
740 660 0.76 % 0.39 £0.35 <1.11 0.91 % 0.14 1.12 + 0.51
740 740 D.69 T 0.34 <D.38 4,51 + 1.60 0.82 + 0,16 1.16 * 0.44
740 820 1.40 ¥ 0.33 <p,39 1.50 * 2.39 1.07 * 0.19 1.86 + 0.58
740 900 0.88 + 0,30 <0.33 2,20 *+ 1.75 0.65 + 0,14 1.49 + 0.41
740 980 0.61 ¥ 0.28 <0.19 0.72 ¥ 0.86 0.91 ¥ 0.17 0.65 * 0.27
740 1060 0.81 + 0,25 <0.17 1.04 + 0.63 0.69 + 0,13 0.53 + D.49
740 1140 0.75 ¥ 0.36 <0.25 0.79 * 2.16 0.77 * 0.18 0.88 + 0.43
740 1220 1.09 + 0.28 <0.30 <0.98 0.40 + 0.13 1.46 + 0.42
740 1300 1.06 ¥ 0.24 <0,29 2.31 + 1.80 <0.09 1.20 + 0.42
740 1380 1.03 * 0.30 <0.31 1.86 + 1.54 0.68 + 0.17 111 * 0441
74D 15458 1.11 x 0.39 <0, 29 <0.9% .42 * 0.113 1.11 _tn-z.n
740 1503 1.40 + (.35 <0.24 1.82 + 2.01 0.45 + 0.14 0.94 * 0.38
820 220 0.54 + 0,24 <0.15 0.78 + 0.83 <0.04 0.71 * 0.25
820 60 0.920 X 0.28 <019 2.24 F 0.75 0.b6 + 0.13 1.08 + 0.43
820 340 (.63 ¥ 0,18 <025 <0.83 0.52 ¥ 0.13 1.36 + 0.45
820 420 1.10 + 0.33 <0. 34 3,90 + 1,34 0.69 + 0.1% 1.08 + 0.39
820 500 1.15 7 036 <034 6.57 ¥ 1.76 0,63 F 0.12 1.80 + 0.49
820 580 0.98 + 0.29 <037 2,75 + 1.82 0.88 + 0.15 0.75 + 0.28
820 660 B.76 + 0.26 £0.30 0.42 + 1.83 0.65 ¥ 0,13 1.20 + 0.38
B20 740 G.78 + 0.25 0.2 LOelil 0.67 i .11 0.76 b 0435
820 820 0.89 T 0.25 <0.32 <0.93 0.66 * 0.15 <0.27
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TABLE 4, cont.

RADTONUCLIDE COMCENTRATIONS IN SURFACE SOIL SAMPLES
FROM 80 M GRID INTERVALS

Grid Location . Radionuclide Concentralions {pCi/g)

R E Ra~226 I-235 ~238 Cs~137 Th~232
820 900 0.91 + G.28 <0.28 0.87 + 1.95 0.86 + D.15 125 + 0,38
820 980 1.03 + 0.38 <0.31 1.47 + 2,06 0.93 + 0.17 1.31 & 0.39
§20 1060 0.88 + 0.31 0,25 + 0,37 0.94 1 1,32 0.47 + 0.14  0.47 + 0.51
820 1140 1.15 + 0.28 <0.34 4.2 0.61 + 0.11 1.20 + 0.49
820 1220 0.79 1 0.25 <0.16 0.90 + 0.82  0.56 + 0.82  0.56 + 0.13
820 1300 1.09 # 0.24 W.14 0.79 + L.41 0,60 + 0.12  0.79 + 0.38
820 1380 1.00 1 0.31 <0.30 <0.96 0.66 + 0.16  1.06 £ 0.32
820 1458 0.84 + 0.26 <0.20 144 + 176 0,09 + 6,10 0.45 ¥ 0,37
820 1503 1.36 + 0.29 <0.36 1.76 + 1.70  0.82 + 0.14 1.25 * 0.46
900 220 0.93 + 0.29 <0.21 1.24 + 1,16 0,34 + 0,15 0.67 + 0.52
200 260 0.86 + 0.30 <0.23 0.82 + 1,17 0.58 + 0.13 O.61 + 0.29
200 340 0.66 + D.18 <030 <0,98 0.6 £ 0,15 0.95 + 0.30
900 420 0.89 + 0.20 <0.13 <0.38 .49 + 0 11 0.52 + 0,21
900 500 0.83 ¥ 0.20 <0.14 <0.135 0.50 + 0.12 0.1 * 0.22
900 580 0.79 + 0.23 <0.13 0.9 + 073 0,61 + 017 D.68 + 0.25
900 860 0,63 4 0.28 <0,19 0.46 + 2.53 0.34 + 0,09 0.63 + 0.30
899 740 0.96 ¥ 0.30 <0.27 3.00 T 1,91 0D.27 ¥ 0.13 0.95 X 0.43
899 820 0.57 + 0.33 <0.18 <0.60 1.01 # 0.15  O.57 + 0.35
898 900 0.58 + 0.34 <0.18 <0.61 1.02 + 0.15  0.58 + 0.36
897 960 0.73 T 0.22 <0.14 0.02 + 0.43 <0L04 wlL2
896 1060 0.56 ¥ 0.23 <0.14 0.51 ¥ 0.69  0.37 + 0.08  0.64 + 0.32
895 1140 0.91 + 0.25 <0.32 <0.92 0.64 + 0.14  0.64 + 0.36
894 1220 1.23 ¥ 0.31 <0.28 <0.94 0.61 ¥ 0.10  0.73 % 0.35
893 1300 0.79 + 0.18 <0.13 1.41 + 0,49 0.50 + 0.10  C.47 + 0.30
892 1380 0.89 + 0.31 <6.20 <0.63 0.65 + 0.15  0.79 + 0.25
891 146y U.71 * 0,18 £0.27 <0.76 2,09 7 0417 0.44 ¥ 0.28
890 1503 0.79 + 0,23 <0.12 0.80 + 0.53 L.24 + 0.15 0.48 + N.28

i
H
H

PO o—

a Frrors are 2o based on counting statisties,
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TABLE 5

RADTONUCLIDE CONCENTRATIONS IN SURFACE SAMPLES
FROM LOCATIONS IDENTIFIED BY THE WALKOVER SCAN

Radicnuclide Concentrations {pCifg)?

Sample Sample Grid _

D Descripcion Location Ra-226 U~235 U-238
R E

R Rock 541 222 14.8 + 0.9° <0.59 <1.71

B2 Rock 548 1440 4.19 + 0,66 <0.55 5.78 + 1.54
B3 Rock 561 818 1770 + 53 <19.5 <36.8

B4 Rock 561 870 4530 + 68 {23.7 <43.3

BY Rock 562 802 6690 + 36 177 + 59 <35.7

B6 Rack 562 869 3200 * 32 <18.1 <23.8

87 Raok 563 780 2090 + 56 €20.3 $34.2

B8 Chip 563 820 c c C

B9 Chip 564 805 d d d

B10 Rock 565 850 1810 + 13 <9.28 <14,.8

BlLl Rock 565 977 3830 + 21 <15.0 <23.6

B12 Rock 566 B26 1430 T 14 <8.75 <13.4

B13 Rock 570 260 1650 + 22 <1.41 <23.9

Bl4 Soil & Rock 590 230 26.6 + 1.0 1.78 + 1.46 42.3 + 3.8
B15 Gravel 595 270 37.5 + 2.7 <1.25 3l.4 + 5.1
D16 Rock 820 1457 906  + 14 <11.0 122 46

@ gulfer to Table 3 for dircet radiation levelo,

Errors are 2¢ based on counting statistics.
contains .68 pCt of Ra-226,

© activity teo high for gamma spectrometry;
Activity teo high fure gamme spectrometry;

Cs—137

<0.10
0.11 * 0,21
<3.80
<482
<2.98
$2.46
<4413
c
d
<1.3
<1.89
<1.05
<1.82
.1z
0.46 + 0,20
1”49

Th—232

2,80 + 0.75

1.20 ¥ 0.70
<181
<21.8
<12.0
<1044
<17.2

containoe .82 Gt of Ra--226,
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TABLE 6

RADIONUCLIDE CONCENTRATIONS IN BOREHOLE SOIL SAMPLES

Rorehole Grid pepth Radionpclide Concenrrations (peifeg)
No. Location? m Ra-226 U-235 U-238 Cs—137
N I

1 545 740 Surface 1.84 * 0.15]) <0.12 0.82 + .43 <N,N4
0.5 O.74 + 0.24 <0.18 0.82 F 1.10 0,04
1.0 0.89 + 0.23 <0.18 0.92 + 1.51 <0.03

H2 549 225 Surface 1.08 + 0.34 <0.13 0.69 + 0.76 0.30 + 0.10
0.5 114 + 0.28 {0.27 1.38 + 1,28 <0.04
1.0 Q.71 + 0.20 <0.12 0.62 + 0.61 <0,02

H3 550 1449 Surface 0,75 + 0.18 €0.29 1,61 + 1.58 0.52 + 0,10
0.5 1.41 + 0.25 0,29 1.46 + 0.91 <0,04

Hé 558 1007 Surface .16 + 0,20 <0,13 0.68 + 1.12 0.2 + 0.07
0.5 N.78 + 0.34 .13 D74 <0,04
1.0 1.53 + 0.25 £0.32 <096 <N.04

H5 657 346 Surface 1.00 + 0,26 <02l 6.51 + 2.12 .49 + 0,10
0.5 0.86 10.26 0.47 + 0.4% <0.94 0.51 + 0.14
2.0 0.83 + 0.16 <0.13 0.82 + 0.67 <£0.02

Hb 6E0 1487 sSurface 0923 bt 0.31 029 <0.91 032 + 0.7
0.5 0.78 + 0.23 <D.15 0.50 + 1.39 <0.,03
1.0 0.80 + 0.28 <020 1,18 + 1.59 <0L.04

n? 816 1495 Surface .71 . <Da.lb .11 + 0.45 0.07 + 0,038

+0.20 +
0.5 0.83 ¥ 0.24 .18 <066 <0704
1.0 0.96 F 0,25 <0.19 <0.63 <0.03
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TABLE 6, cont.

RADIGNUCLTDE CONCENTRATIONS IN BOREHOLE SO0l SAMPLES

Barehole Grid Depth e Radionuclide Concentrations {pCifg) _—
Mo, Location (m)} Ha~226 1-235 U-238 Cs—137 Th-232
N E
H8 885 359  Surtace .14 + 0.26 <0.20 1,37 + 1.49  0.40 + 0.10  6.62 + 0.36
0.5 1.08 + 0.23 LO.28 2.04 + 1.81 <0.04 0.93 + 0.29
1.0 0.73 + 0.26 £0.16G 1.50 + 0.56 <0.04 0.85 + Q.60
HS 890 1073 Surface 0.74 10.24 <115 1.39 + 1.28 0.27 i 0.10 0.84 + 0.35
0.5 1.03 + 0.36 {0.29 0,92 <0.03 1.21 + 0.41
1.0 0.84 T 0.39 <0.22 1,42 + 1.24 <0.04 0.85 ¥ 0.32
HID 892 1435 Surface 1.54 + 0.29 £0.32 0.91 + 0.97 0.44 + 0.10 1.24 + 0.34
0.5 0.57 + 0.22 <0.13 0.96 + 0.40 €0.02 0.61 + Q.34
2.0 0.60 :tO.lg <0.14 1.03 i0.95 <0.03 0.52 + 0.32
HI1 895 591  Surface 0,51 + 0,23 <0.19 118 + 1,56 0.90 + 0,15 0,32 + 0.43
0.5 0.84 T 0,19 <0.26 0.77 ¥ 1,32 0.06 1 0.10  1.22 ¥ 0.38
2.0 1.03 + 0.26 <0.17 <0L43 <0,03 1.07 + 0.32
H12 2940 235 Surtace 3.00 + .36 <0.21 1.60 + 0.71 0,17 + 0.0% 0.78 U .26
0.15 2,31  0.34 <0.22 5.36 1 1.50 <0704 1.07 % 0.37
.30 0,69 + 0.18 <0.18 0.96 + 1.18 <0.03 0.90 1 0.29
1.0 0.88 ¥ 0.26 <0.24 1.44 ¥ 1.12 <0.03 L.11 ¥ 0.44
HI3 592 243 Surface 20,7 + 0.8 2.31 + 1.09  22.1 # 2.4 0.53 % 0.11  0.51 * 0.62
0.15 16.4 ¥ 0.8 1.07% 1.10 15.1 ¥ 6.9 <0707 <6735
1.0 0.95 ¥ 0.25 <6220 1.03 ¥ 1.91 <0.04 0.67 + 0.40

2 Refer to Figure 4.
b Errors are 2u based on counting statlstics.
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TABLE 7

RADTONUCLIDE CONCENTEATIONS IN SEDIMENT SAMPLES
FROM DRAINAGE DITCHES

Sample® Grid Location Radionuclide Concentrations (pCi/g)
Tdenti€fication N E Ra-226 u-2135 1-238 Cs~137 Th~232
sot 824 226 0.81 + 0.23°  <0.15 0.89 + D45 <0.04 061 F U.24
2D2 ann 210 0.96 + 0.23 <0.30 2,77 + 1.80 L0.05 1.43 + 0,44

4 Refer to Figure 5.
Errors are 20 based on couunting statistics,
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TABLE B

RADIONUCLIDE CONCENTRATIONS IN WATER SAMPLES

Sample Sample Type Grid Locabion Radionuclide Concentrations (pd /1)
Tdentification N E Gross Alpha Gross Beta Ra-226
Wl Subsurface, Borehole Hl 545 740 3.47 + 1743 2042 + 1.73 ~=b
W2 Subsurface, Borehole H2 549N 235 6.04 + 1.3 8.93 + 1.19 ————
W3 Subsurfaca, RMorehole HI 550 1449 <l,44 1.5+ 2.7 e
W4 Subsurface, Borehole HH 558 1007 9.72 + 1.98 9.16 + 1.45 ———
W5 Subsurface, Borehole HE 660 1487 5.6 + 2.15 10.9 + 1.4 0.18 + 0.18
" Subrurfaca, Borehola W? 216 1495 6.51 T 1.69 643 ¥ 1,30 e
W7 Subsurface, Borehole HY 890 1073 S.16 + 2.37 7.16 + 2,48 e
W8 Subsurface, Borehole H10 892 1435 5.06 + L.42 7.6 + 1.22 e
410} Bubsurface, Borchoele HI1I 895 591 .05 + ] 19 . 2.5 -

|
i
s
i
'
;
E
;

4 Errors ave 20 based on counting statistics.
b pash indicates analysis not performed.
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TABLE 9

LISTING OF AREAS OM PROPERTY A WHiCH
EXCEED RESIDUAL CONTAMINATION CRITERIA

Grid Locatloen®

Radlanuc! ldes

Estlmated Quantities ot Material Excesding Guldelknes

Ramarks

N E Araa (m*) Dopth {m) Valume {in-)
588-589  230-250  Ra-226, U-Z360 200 0,15 30
541 222 Ra-226 — — -
542 160 Ra~226 —_— —— ———
548 1440 Ra-226 —— —— ——
561 BO7 Ra-226 _—— — ———
562 803 Ra-226 —_—— —r—— ——
262 896 Ra-226 — —— -
565 807 Ra-226 _— —— ——
pilele ] h-lelv) Ba=220 —_—— R N
595 270 Ra-226, U-23aP — ——— ——

Cenaral ores of
crushad rock €111,

Isclated places of
rack |lke materlal,
Total volume Is
estlmated as less
than | m.

3 Rafar to Flgure B,

b Maturally occurlng matarlal In rock f11,
© Dash Indicates determlnatluve was not made,
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INSTRUMENTATION AND ANALYTICAL PROCEDURES



APFENDIX A

Instrumentation and Analytical Procedures

Gamma Scintillation Measurement

Walkover surface scans and measurements of gamma exposure rabes were
performed using Eberline Modal PRM~6 portable ratemeters with Victoreen
Model 489=00 gamma scintillarion prohes containing 3.2 ¢m x 3.8 cm Nak (%L}
seintillation crystals. Count rates were converted to exposure yates
(kR/h) uming factere detcrmined by comparing ¢he vespomse of  the
scintillation detector with that of a Reuter Stokes wmodel RSS-111
pressurized ionization chamber at several locations on the NFSS and

off=-site properties,

Beta~Gamma Dose Rarte Measurements

Measurements were performed using Eberline "Rascal," Model PRS-I,
portable scgler/ratemeters with Mede)l HP-260 thin-window, pancake G-M, beta
probes. Dose rates (urad/h) were determined by comparison ¢f the response

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

probus.

Boreghole Leomaing

Borehole gamma radiation measurements were performed using a Victoreen
Model 489-55 gamma scintillation probe, connected to a Ludlum Model 2200
portable scaler. The scintillation probe was shielded by a 1.25 em thick
lead shield wirh four 2.5 ¢m x 7 nx holes eveunly spaced around the regiom
of the secintillatiom crystal. The probe was lowered intp each hele using a
tripod holder with a small winch. Measurements were performed at 13-30 cm
intervals in all holes. The lopgging data was used to identify regions of
possible residues and guide the selection of subsurface seoll sampling
locations. Due to the varying ratios of Ra-226, U-235, U-238, Th-232, and
Cs-137, there was no attempt to estimate soil radionuclide concentrations

directly from the logging results.



Scil and Sediment Sample Analysis

Gamma Spectrometry

S0il snd cediment samplcee were dried, mixed, and a portion placed in a
0.3 1 Marinelli beaker. The gquantity placed in each beaker was chosen to
veproduce the calibrated eonunting geometry and ranged frem 600 to BOO g of
soil.  Net so0il weights were determined and the samples eounted using
intrinsic germanium and Ge(Li) detectors coupled to a Nuclear Data Model
ND~680 pulse height analyzer system. Background and Compten stripping,
peak search, peak identificaiton, and concentration calculations were
performed using the computer capabilities inhereut in the analyzer system.

Energy peaks used for determination of radionuclides of concern were;

Ra~126
U-235

0.609 MeV from Bi-214 {(corrected for equilibrium conditions)
0.143 MevV

U=-238 - 0.09 MeV from Th-234 (secular equilibrium assumed)
Th-232

Cs-137

0.911 MeV from Ac-228 (secular equilibrium assumed)
0.662 MeV

Water Sample Apalysis

Water samples were rough-~filtered through Whatman No. 2 filter paper.
Remaining sugépended solids were removed by subsequent filtration through
0.45 ym membrane £ilters. The filtrate was acidified by addition of 10 ml
of concentrated nitric acid. Fifty milliliters of cach was evaporared to
dryness and counted for gross alpha and gross beta using a Tennelec Model

LB 5100 low-background proportional counter.

Analysis for Ra-220 was performed using the standard techaigue EPA
600/ 4-80-032 {August 1980}).



Galibration and Qualiry Assurance

With the exception of the exposure and dose rate counversion factors
for pertable survey gamma and beta-gamma meters, all survey and laboratory
instruments were calibrated with NES-traceable standards. The calibration

procedures for rtheac porteble instruments are described above.

Qualiry control procedures on all instrumenrs  inaluded daily
background and check=source measurements to confirm equipment operation
within acceptable statistical fluetuatiens. The ORAU laboratory
participates in the EPA Quality Assurance Program.



APPENDIX B

5UMMARY OF RADIATION GUIDELINES
APPLICARLE TO OFF-SITE PROPERTIES AT THE NIAGARA FALLS STORAGE SITE



U. 5. DEPARTMENT OF EKERGY

INTERIM RESIDUAL CONTAMINATION AND WASTE CONTROL GUIDELINES
FOR
FORMERLY UTILIZED SITES REMEDIAL ACTION PROGRAM (FUSRAP)
AND
REMOTE SURPLUS FACILITIES MANAGEMENT PROCGCRAM (SFMF) SITES

(Review Within DCE Continuing)

Presented here are the residual contamination eleanup and waste control
guide}}nes of genmeral applicability to the FUSRAP project and remote SFMP
sites~ . A site-specific sunalysis will be prepared for each FUSRAT and remote
SFMP site prior to determining residual coutamination guidelines for a specific
site. 1In additdon, it is the policy of the DOE to deccontaminate sites in a
manner consistent with NDIE'e spelov-ac~roaconably—achiovable [ALARA) poaliey.
ALARA will be ceounsidered in reducing levels of residual contanination below
applicable dose limirs. ALARA will be Zmplemented using cost/benefit
considerations, and applied on a site-specific basisg.

The sodl residual contamination puidelivnes were developed on the basis of
limiting omaximom individual radiation exposure to DOE limits specified in DOE
Order 5480.1A exclusive of exposure from patural background radiation or
medical procedures. The radium~226 and thorium—230 guidelines include an
additional limitation for buildup of radon-222 decay products in buildings. The
aggregate of the contribution from all major pathways, based on scenarics for
permanent intrusion, e.g., establishing residences on the site, was assumed. In
most circumstances, the probability is low that such an intrusion will occur.
Also, wonservallve assumptlons were used io deriving these guidelioes Lo wosuie
that a particular dose limit would not be exceeded. Use of these guidelines is
additionally conservative because the pathways considered in the derivatiom of
the guideliners assume all water intake aoud wost faod intske is frow the site.
Algo, the FUSRAP and remote SFMP sltes often have limited agricultural
capabllity and the contaminatiom is gemerally neot homogeneous., The combined
affart of rhaca factore 1e cueh that the probable radiation exposure ra the
average population on, or in the viciniry of, FUSRAF or remeore EFMP sites
decontaminatred to these guidelines will unot be appreciably different from that
normally reeceived from natoral backpground radiation.

The residual contamination guidelines for surface contaminmation of structures
were adapted from gpuidelines developed by the U. 8. Nuclear Regulatory
Commission (NRC) for decontaminatioo ¢f faciliries and equipment prior to
telease for unrestricted usﬂz?r ternination of licenses for byproduct, source,

ar special nuclear material — . The waste contrel guidelines are consistent
with applicable DOE Orders and EPA's regulations for Inactive uranium milling

sites, 40 CFR Part 192.

l!A remote SFMP site is oue that is excess to DUE programmatic neede and is
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A.

located outside 2 major opersting DOE R&D or production area. Remote sites
are more likely to be released to the public or excessed to other govertment

agencies after decontamination than are sites located with major RaD or
production areas.

E/U. 5. Nuclear Regulatory Commission 1982 Guidelines for Decontamination  of
Facilities and Equipment Prior to Release for Unrestricted Use or Termination

of Licenses for Byproduct, Source, or Special Nuclear Material. Division of
Fuel Cyele and Material Safety, Washington, DC.

"RESIDUAL CONTAMINATION GUIDELINES FOR FORMERLY UTILIZED SITES AND REMOTE

SURPLUS FACILITIES MANAGEMENT PROGRAM SITES

The following guidelines represent the maximum residual contamination
limits for unrestri¢ted use of land and structures contaminaoted with
radidnuclides related to the nuslear fuel eyele at FUSRAP and roemoate SFMP
$ites. A site-specific analysis will be prepared for each gite prior to

determining residual contamination guidelines for a specific site., It ig
the poliey of DOE to decontaminate sites to contamination levels at or

below rhe limitrs and in a manner consistent with DOE's
as-low-as-is-reasonably-achievable (ALARA) policy on a site-specific basis.
Site-~specific guidelines and ALARA policy will be determined by DOE on a
site~gpecific basis and sp ALARA report filed on completion of remedial
action at a site. Existing state and federal standards will be applied for
water protection. Residual countamination limlts for,other nuclides will be

developed when required using the same methodology—" as was used far those
represented here.

1, Soil (Land) Guidelines {(Maximuw Limits for Unrestricted Use)

Soil Critm:iﬂ3/‘§/”$/

Radienuclide (pCi/g above background)

U—Hntg aléj 75

U*ZBBg/ 150

U—234m7/ 150

Th--230= 15

Ba=226 5 pCi/g, averaged over the
firgt 15 em of soll below
the surface; 1% pCi/g when
averaged over 15 em thick
g0il layers wore than 15 om
below the surface and less
than 1.5m below the surface.

v-2358/ 140

Pa-231 40

Ac—-227 190

Th-232 15

Am-241 60

Pu—241§/ 2400

Pu-238, 239, 240 300

Cs~137 80



Sr-40 300
H-3 (pCi/ml soil moisture) 5,200

1/ -

— Described in ORD-831 and ORO-832.

~%/In the event of occurrence of mixtures of radionuclides, the
fraction centributed by each radionuvclide to its guideline ghall be
determined, and the sum of these fractions shall not exceed 1. There
are twa specizl cases for which this rule pust be modifieds

{a) If Ra-226 is present, then the fraction for Ra-226 should not be
included in the sum 3if the Ra=226 concentration is less than or
equal to the Th-230 concentration. If the Ra-226 concentration
exceeds the Th-230 copcentration, then the sum shall be
evaluared by replacing the Ra-226 concentraticn by the
differeace between the Ra-226 and Th~230 congentrations.

(b) If Ae-227 is present, then the same rule given in {(a) for Ra-226
relative to Th-230 applies for Ac-227 relative to Pa-231,

~§/Except for Ra=226, these guidelines represent wnrestricted-use
residual concentrations above background averaged acroas any 1> cm
thick layer to any depth and over any coatigucus 100 m~ surface area.
The same conditions prevail for Ra-2Z26 except for soil layers beneath
1.5 m; beneath 1.5 m, the allowable Ra-226 concentration may be
affected by site—specific counditions and must be evaluated
aceordingly.

EfLocalized concentrations in excess of these guidelines are
allowable provided that the average over 100 m™ is not exceeded.
However, DOE ALARA polley will be wonsidered on a site—gpecifie basisn
when dealing with elevated localized comncentratliouos.

éfA surie of natural uraniom means the sum of 3.7 x 101
disintegrations perlﬁecond (dis/s) over any 15cwm thigk layers from
U~238 plug 3.7 x 10°" disfs from U=234 plus 1.7 x 107 dis/s from
-235. One curie of natural uranium is equivalent teo 3,000 kilograms
or 6,600 pounds of natural uranium.

0

ngssum&s no other uranium isotopes are present.

7/ the Th-230 guideline is 15 pCi/g to account for imgrowth of  Ra-226

as Th-230 decays. Ra—226 iz a limiting radionuclide because its
decay product is Ru—2122 gas.
E/The Pu~241 guideline was derived from the Am—241 concentrationm.

Structure Guidelines (Maximum Linmits for Unrestricted Dse)

a. Jodwor Radon Decay Products

A structure located on private property and intended for
unrestricted use shall be gubject teo remedial action as necessary

B-3



to ensure the annual average concentration of radon decay products
ig less than (.03 WL within the structure.

Indoor Gamma Radiatiom
The indocor gamma radiation after decontamimation shall not exceed
20 microroentgen per hour (20 R/h) above background in any
occupied or habitable building.
Indoor/Qutdeor Structure Surface Contamination
Allowable Surface Residua Contamination+1
(dpm/100 ew™)
Radimnuclideazj Averageé/’i/ Maximumﬁ/’éj RemOvabIQ&/'EI
Transuranics, Ra-226,
Ra=228, Th=230, Th=228,
Pa-231, Ac~227, T1-125,
I~129 100 300 20
U-Natural, Th-232,
Sr~-90, Fr~223, Ra-224,
n-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~youms vwililers
(radiopuclides with
decay wodes other than
alpha emisgion or
spontaneous fission)
except Sr—90 and others
narad ahave 5.000 15,000 1,000
y As used in this rable, dpm (disintegrations per minute)
means the rate of emission by radloactlve material as
determined by correcting the counts per minute observed by an
appropriate detector for background, efficiency, and geometric.
factors associated with the instrumentation.
2/ . '

=’ Where surface contamination by both alpha- and
beta-gamma~emitting radionuclides exists, the liwmits
established for alpha— and beta-gamma—emirring radionuclides

shall apply independently.

E! 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.

4/

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

B4
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not exceed 0.2 mrad/h at 1 ¢m and 1.0 mrad/h ar 1 em
respectively, measured through not more than 7 mg/co” of total

absorber.

5/ . A . .

=" The paximum contimlnatlon level applies to an area of not
more than 100 em™.

6/ 2

—  The amount of removable radicactive material per 100 cm of
surface area should be deterczined by wiping that area with dry
filter or soft absorbent paper, applying moderate pressure, and
assessing the amount of radicactive material onm the wipe with
an apprep¥late instrTument of Waown efficiency. When removable
contamination on ohbjects of less surface area is determined,

the pertinent levels shall be reduced proportionately and the
eatire surface shall be wiped.

CONTROL OF BADICACTIVE WASTES AND RESIDUES FROM FUSRAP AND REMOTE SFMP
SITES

Specified bere are the control requirements for radiocactive wastes and
residues related to the nueclear fuel cycle at FUSRAP and remote SFMP sites.
It is the policy of DOE to store radicactive wastes in 3 wanney

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

1. Interim Storage

All operational and control requircments specified in the following DOE
Orders and other items shall apply:

&. D4BQ.1A, Envirconmeutal Protectlou, Safety, and Health Protection
Program for DOE Operations.

be 5480.2, Navardous and Radicactive Mixed Waste Manazgement.

c. 5483.1, Occupatiounal Safety and Health Program for Government—(QOwned
Contractor—Operated Facilities.

d. 5484.1, Epvirommental Protéction, Safety, and Health Protection
Information Reporting Requirements.

e. 5484.2, Onusual Occurrence Reporting System.

£f. 5820, Radivactive Waste Management.

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

h. Rn~222 concentrations in the atmosphere above facility surfaces or
openings shall not (1) exceed 100 pCi/l at any given point, or am
average concentration of 30 pCi/l for the facility site, or (2)
exceed an average Ru—2ZZ coucentratioun at or above any locatien

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

B-3



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

Long=Term Management

a. All ovperstiooal requirements specified for Interim Storage
Faeiliries (B,1) will apply.

b, Contrel and stabilization features will be designed to ensure to
the extent reasonably achievable, an effecrive life of 1,000 years
and, in any case, at least 200 years. Other disposal site design
features shall conform with 40 CFR Part 192 performance
guidelines/requirements.

¢e Ru-222 cwmanation to the atmesphere frowm facility surfeces or
openigg shall not (1) exceed an average release rate of 20
pCi/m“/s, or (2) increase the annual average Ru-222 coucentration

at or above awy lesatrion outeide the faeility site by mars than (0.5
pCi/l.

d. For water protection, use existing state and federal standards:
apply site-specific¢ measures where needed. '

e. Prior to placement of any potentially bicdegradable contaminated
wastes in a Long~Term Management Facility, such wastes will be
properly conditioned to (1) ensure that the genmeration and escape
of biogenic gases will not cause the requirement in paragraph 2Z.c.
to be exceeded, and {2) ensure that bilodegradation within the
facility will pot result in premature structural failure not in
accordance with the requirements in paragraph 2.b.. 1If
biodegradable wastes are fonditioned by incloeration, lucioeratlion
operations will be carried owt dn compliance with all applicable
federal, state, and local ailr emission standards and requirements,
incloding any standards for radionuclides established pursuant to
40 CFR Part &1, Nationmal Emission Standards for Hazardous Alr
Pollutants (NESHAPS).

EXCEPTIONS

Exceptions may he made to the guidelines presented herein following
analysis of the site-specific aspects of a candidate site. Specific

situations that warrant consideration for modifying these guidelines are:

1.

Where remedial actions would pose a clear and present risk of injury to
workers or members of the publie, notwithstandipng reasonable measures
to avoid or reduce risk.

Where remedizl actious would produce envirommental harm that is clearly
excessive compared to the health benefits to persons living on of nesr
affected sites, now or in rthe future, notwithsianding reasvoable
measures to 1limit damage to the enviropment, A clear excess of
enviropmental harm iz harm that is long-texrm, manifest, and grossly
dispropertionate to health benefilts that may reasonably be antielpated.
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5.

Where the cost of remedial actions for contaminated soil is
unreasonably high relative to long-term benefits and the residual
radivactive wmaterials do not pose-a clear present or future hazard. The
likelihood that builldings will be erected or that people will spend
long periods of time at such a site should be considered inm evaluating
this hazard. Remedial actiong will generally not be necessary where
residual radicactive materials have been placed scmipermanently im a
location where site—specifiec facrors limit their hazard and from which
Lhey are costly or ditfieult to remove, or Where only minor gquantities
of residual radicactive waterials are invelved. Exapples are residual
radiocactive materials under hard surface public roads and sidewalks,
g¢rouad public sewer lines, or In fence-post foundarlons. Supplemental
standards shall not be applied at such siteg, however, if individuals
are likely to be exposed for leng periods of rime to radiation from
such meterials at levels abowe those that would preveil in Bubpart A.

Where the cost of cleanup of a contaminated building is cleaxly
unreagonably high relardve te the benefits. Factors that shall be
included In this judgment are the anticipated period of occupancy, the
incremental radiation level that would be affected by remedial actions,
the residual ugeful lifetime of the buildiuvg. the potential for future
construction at the site, and the applicability of less costly remedial
wetheds than removal of residual radioactive materials.

Where there is no known remedial action.

GUIDELINE SOURCE

Guideline Source

Heosidual Contamination Ctitcri&lj

Soil Guideline DOE Drder 5480.5?,

4D CFR Part 192

Structuré Guideline 40 CFR Part 192,

NRC Guidelines for
Decontamination of
Faclilities and Equip-
ment Prior to Release
for Norestricted Use or
Terwmination of Licenses
for Byproduct, Source,
or Special Nuclear
Material (July 1982).

Control of Radioactive Wastes and Residues

Interim SLvrage DOL Order 5480.1A
Long-Term Management 40 CFR Parr 192



ifThe basez of the residual contamination puidelines are developed in
ORO-831 and ORO-832.

— Based on limiting the concentration of Ra-222 decay products te 0.03 WL
within structures.
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