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COMPREHENSIVE RADIOLOGICAL SURVEY

QF¥-5ITE PROPERTY C
NIAGARA FALLS STURAGE SITE
LEWISTON, NEW YORK

INTRODUCTION

Beginning in 1944, the Machattan Engineer District and its successor,
the Atomic Energy Commission (AEC), used portions of the Lske Ontario
Ordnance Works (presently referred to as the Niagara Falls Storage Site
(NF5$) and off=-site properties), approximately 3 km northeast of Lewiston,
New York, for storage of radicactive wastes. These wastes were primarily
residues {row uranium processing operations; however, chey alse included:
sontaminated rubble and serap from decommissioning aeriviries, biological
and miasellaneous wastes from the Univarsity of Roshester, snd low-lovel
fission~product waste from coutaminated~liquid evaporators at the Knolls
Atomic Pewer Laboratory (KAPL). Receipt of radioactive waste was
discontinued in 1954, and, following cleanup activities by Hooker Chemical
Co., 0223 hectares of the original 6l2-hectare site were declared surplus.
This property was eventually scld by the General Services Administratiop to

various private, commercial, and governmental agencies.l

BCA Chemical Services, Inc. (SCA) is the current owner of a tract from
the KFS5, identified as off-site property C isee Figure 1}. A radiological
survey of that tract, cooducted during August and September 1983, is the

gubject of this reporc.
STTE DESCRIPTION

Figure 2 is a plot plap of off-site property €, The property is
approximately square (about 498 m x 498 m) and occupies 25.2 hectares. Ik
ig¢ bounded on the west by MacArthur Street and on the east and north by
out=-of-gervice railroad tracks. A haul road parallels the south boundary
fence, which separates the SCA property from that bvelounging te Modern
Landfill, Imec. A major portion of this property is occupied by active
landfiils and 1liquid treatment and retention ponds. Areas in the south

central part of the property are used as sources of fill for various S5CA



construction and lapdfill activities. The southeastern sportion is

overgrown with brush and trees a2nd ¢ontains some swampy areas. There are

no structures on the property.

Radielogical History

& rveview of the site history, wunducted by Awrospuce Gurp,, did oot
indicate evidence of conraminated waste burials or storage on property ¢.-
The 1971-71 ARC gurvey, however, identified surface contamination neazr the
southwest corner ©of the property (decontamination operations were
subsequently performed in this area).? This finding suggests possible
storage or shallow burial of contaminated matevrial way have occurred.
Conversations with a previous site employee confirm this pogsibility.3 It
is likely that any surface contanmination which may have been present on
this property as a result of AEC/MED operations, has been relocated or is
covered and inaccessible due teo the wsste treatment and construction

operations of the current property occupants.

The 1980 ORNL mobile scan identified elevated direct radiation levels
along MacArthur Street and along the railroad tracks on the northern
boundary.4 Elevated direct radiation levels are azlso present in the
southwest corner of the property sas a result of shine from the K-63 residus

storage tower on the adjacent Niagara Falls Scorage Site.
SURVEY PROCEDURES

The comprenensive survey o0f off-site property C was performed by the
Radiologital Site Assessment Program of Oak Ridge Associated Universities
(OR&U), during the period of August-Seprember 198). The survey was in
accordance with a plan dated December 29, 1983, approved hy the Department
of Energy”s Office of Nuclear Energy. The objectives and procedures from

that plan are presented in this section.



Chiecrive

The objective of the survey was to provide & comprehensive assessment
of the radiclogical c¢onditions and associated potential health effects, if
any, on property C. Radiological information to be collected included:

1.  direct radiation eXposure vates and surface bets-gamma dose
rates,

2. locarions of elevated surface residuss,

3. concentrations of radionuclides in surface and subsurface soil,
and

4, concentrations of radionuclides in ground water,

Proceduraes

L. Brush and weeds were c¢leared as needed to provide access for
gridding and surveylng and a 40 m system was established. These
operations were performed by MeIntosh and MeIntosh of Lockport,

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

2. Gamma exposure rate measurements were made at the surface and at
L m above the surface at 40 m grid intervais. Measurements were
performed wsing portable gamma Nal (T1)} scintillation survey
meters. Lonversion of these measurements to exposure rates in
microreentgens per hour (uR/B) was in accordance with cruss

calibration with a pressurized ionizatlen chamber.

3. Beta~gamma dose rate measurements were performed 1 cm above the
surface at 40 m grid intervals. These measurements were
sonducted usirg thin-window (<7 mg/em?) G-M  detectors and
portable scaler/ratemeters. Measurements were also obtained with
the detecror shielded to evaluate contributions of
non-penetrating beta and low-energy gamms radiations. Merer
readings were converted to dose rateg in microrads per hour
(urad/h) based on cross calibration with a thin-window ionization

chamber.



Surface (0-15 cm) s0il samples of approximately 1 kg each were
collected at 40 m grid intervals, Because generally elevated
radiation levels over the southwest section of the property
prevented reliance on direct in-situ measurements to identify
small areas of surface contamination, additional 3¢il samples

vere eollected at 20 m intervals in this region.

Walkover surface scana were conducted at 2«5 m intervals over all
accesaible areas of the property to identify locations of

elevated contact radiation levels. Portsble gamma scintillation

survey meters were usaed for these scanna.

Detection Sciences Group of Carlisle, MA, performed ground
penetrating radar surveys in the area of possible previous burial
or storage bounded by grid lines 3638, 4235, 1102E, and 1137E.
Ground radar was also performed at locations of propesed
boreholes to <identify the presence of underground piping or
utilities which would preclude drilling.

Boreholes were drilled to provide a mechanism for logging
subsurface direct radiation profiles and collecting subsurface
g0il and water samples. Fourtcen borcheles wexe dzilled by Site
Engineers, Iae,, of Cherry Hill, NJ, and Earth DMpeosions of
Aurora, NY, uwaing truck wmounted 20 em diameter hollow-stem

augers. The locations of these boreholes are shown on Figure 4.

A gamma scan of the boreholes was performed Lo identify elevated
radiation levels, which would indicate subsurface residues.
Radiation profiles in the borehcles were determined by measuring
gamma radiation at 15-30 cm intervals between the surface and the
hole bottom. A collimated gamms scintillarion detecror and

portable scaler were used for these measurements.

Samples of the ground water were collected from six of the
boreholes using a hand bailer. Scil samples of approximately

1 kg each were collected from various depths in the holes by

2~



seraping the sides of each borehole with an ORAU designed

sompling tool.

a. Twenty so0il samples and seven water samples were collected from
the Lewiston area (but net on the NFS5 or associated off-site
properties) to provide baseline :concentrations of radicnucliides
for comparison purposes. Direct background radiztion levels were
measured at locations where baseline soil samples were collected.
The locations of the baseline samples and background measurements
are shown on Figure 5.

Sample Analvses and Interpretation of Results

301}  and sediment samples were analyzed by gamma spectromenry.
Radium-226 was the major radionuclide of concern, although spectra were
reviewed for U~235, U-238, Ca~137, Th~232, and other gamma emitters. Water
was analyzed for gross alpha and beta concentrations, and one sample
exceeding 15 pCi/l of gross alpha was also analyzed for Ra-226 content.

Additional informarion concerning analytical equipment and procedures

is contained in Appendix A.

Results of this survey were compared te the applicable guidelines for
formerly utilized radioactive materials handling sites, whieh are presented
in Appendix B.

RESULTS

Backerovnd Levels and Baseline Concentrations

Background exposure rates and bageline radionuclide concentrations in
60il, determined for 20 locations (Figure 5) 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 in s0il were: Ra-226, <0.09 to 1.22 pCi/g (picocuries per
gram); U-235, <0.}4 to (.46 pCifg; U-238, <2.20 ro 6.26 pCi/g; Th-232, 0.32



to 1.18 pCi/g; and Cs=-137, <0.02 to 1.0% pCi/g. These concentrations are
typical of the radionuclide levels normally encountered in surface soils.

Radioactiviry levels in Dbaseline water samples are presented in
Table 1~B, The gross alpha and gross beta concentrations ranged from 0.55
to 1.87 pCi/1 (picocuries per liter) and <0.63 to 14.3 pCi/l, respectively.

These are typical of copcentyations notmally occurring in surface water,

Pirwct Radiation Levels

Dircce radiation levels,; systcmatically measured at 40 m grid
intervals, are presented in Table 2., The gamma exposure rates at 1 m above
the surface ranged from 6 to 31 uR/h (average 11 uBR/h). At surface
contact, the rates ranged from 7 to 30 uR/h (average 11 uR/h). Beta-gamna
dose rates rauged from 7 to 36 uyrad/h (average 22 urad/h). Tose rate
measurements, performed with the detector shielded, averaged approxiumately
204 less than those with the unshielded detector. This indicates only a
small portion of the surface dose rate is due to nonpenetrating bheta or
low-energy photon radiarions. Levels were generally higher in the
southwest corner of property © where it borders the Department of Energy’s
Niagara Falls Storage Site. 7The source of the elevated radiation levels is
the water tower on the DOE property which coutains a large quancity of
Ra=-226 contaminated residues. The 20 and 30 uR/h isopleths are indicated

an Wigure 6.

The walkover surface scan 414 not identify any areas having contact
radiation levels above the ambient wvalues. This indicates the abumence of

isclated surface areas with significant concentrations of radionuelides.

Radionuclide Concentrations in Surface Soil

Table 3 lists the concentrations of radionuclides measured in surface
soil from 40 m and 20 m grid intervals. These samples contained Ra~226
concegntrations ranging from 0.41 to 3.10Q pCi/g. The highest level was in
Lhiw sample from grid point 4575,1020E, in the eXtreme sourhwest corner of

the property. Samples from the vicinity of the railroad tracks along the



easter2 property boundary also contained Ra-226 concentvations slightly
above the levels in baseline soil. Although levels of other radionuclides
also exceeded the ranges of baseline concentrations in a small fraction of

the samples, ncne of these individual samples contained conecentrations
above the cleanup guidelines.

Ground-Penetrating Radar Findings

The subcontiactur”s repoLt, summarizing the ground-penecrating radar
survey results for property €, is provided as Appendix C.  Subsurface
anomalies, dindicating sgubpurfaece metallic objects were noted near pgrid
locations 3638, 1101-1108E, and 4038, 1102-l1114E. These objects are
approximately 1.2-1.5 m deep. That is approximately the depth ¢f the fill
dirt which has been placed over this general area, suggesting the objects

may have been on the surface and were simply covered <Suring recent
construction operations.

Borehole Gamma Lopging Measurements

Gamma  seintillation measurements performed in borehples did wnot
indicate regions of subsurface contazminatlion. GCamma logging data was not
used te quantlfy radionuclice vuucenrrations in the subsurface soil because
of the varying ratios of Ra=226, U-235, U-238, and Cs=137 accurring in

anils from this sitse.

Radionuclide Congenrrations in_Borehole Soil

Table 4 presents the radionuclide concentrations measured in seoil
samples from the fourteen boreholes. Concentrations of Ra-226 above the
baseline levels were noted in holes H2 (3.03 pCi/z at 1.2 m), HS
(2,28 pCifg at 1.0 m, and H6 (1.88 pCi/g at 0.3 w). Other samples
contained radionuclide concentrations either in the rtange of baseline
samples or less than the minimum detectable activity. It should be noted
Boreholes H10-Hl4, drilled into the area identified as a possible previous
burial site apd at locations where ground radar indicated subsurfacce metal

cbjects did not contain elevared radionuclide ¢ouwcentrations.



Radionuelide Concentrations in warer

Water collected fxem borehole HR (somple W6H) contained 47.5 pCi/l of
gross alpha activity amd 30.0 pCi/l of gross beta (see Table 5)}. The
Ra=226 concentration, however was <0.13 pCi/l. zoss alpha levels in other
borehole water samples were zlso above the range in baseline samples but
were within the EPA Interim Drimking Water Standards of 15 pCi/l.

COMPARISON OF RESULTS WITH GUIDELINES

The guidelines applicable to clearup of the off-site properties at
NFSS are presented in Appendix B. Alchough expupure races ak 1 w above the
ground surface on property C range up to 31 pR/h in the southwest corner of
the property, the maximum smd average levels (11 R/h) are well within the
60 wR/h criteria established by the Nuclear Regulatory Commission for open

land areas. No areas of surface contamimation were identified by the
walkover scan.

The radionuclide concentraticus in all surface soil samples were

within the criteria established for formerly utilized sites.

Borehole measuremenrs and sampling did not identify areas of
subsusface coutamination. &rouved-penetrating radar indicates metal objects
about 1.2-1.3 m helow the surface at two locations in an sreaz suggested as
a4 posaible previous burial eite: however, horehsles in these areas yielded

negative cresults.

The radionuclide copcentration in water from one borehole exceeded the
EFA Interim Drinking Water Standard of 15 pCi/l Zfar gross alpha. The
Ra=226 concentrations was <0.13 pCi/l ~ well below the EPA Standard of
5 pCi/l rotal radivm. Ir should be noted that the EPA standards are
presented here only fLor comparison purposes. These standards apply ouly to
community drinking water systems and are therefore mot applicable o water

which 1% not a drinking water supply.



SUMMARY

A comprehengive survey of off-site property C at the Niagara Falls
Storage Sire was conducred during Augustc~September, 1983, The survey
included surface radiation gcans, measurements of direct radiation levels,
and analyses of radionuclide concentrations in surface and subsurface soil

samples and in subsurface water.

No areas of surface coutamination were identified by the walkover
scan; however, elevated direct radistion levels are present on the
southwestern portion of the property, dus to materials stored on tLhe
adjaceat Departwent of Energy site. These direct levels and the
concentrations of radiomuclides in surface and svbsurface soil azre within
the criteria established for release of the property for public use. The
elavatad radistion levals de not poee potenrisl henlth riske and tharse ie
o indication that contamination is migrating from the site or adversely

affecting the ground water.
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TABLE 1-4A

BACKGROURD EXPOSURE RATES

AND

BASELINE RADIDNUCLIDE CONCENTRATIONS IN SOIL

Radionuclide Goncentrations {pCi/g)

Location ™ Exposure Rateb ncen 5 ip o
{uR/n) Ra-226 U-235 U-238 Th-232 Cs-137

1 6.8 G.74 + 0.16¢ <0.19 <2,89 .70 + 0.46 0.29 + 0.08
2 6.8 0.75 + 0.19 <0,19 3,35 0.84 + 0.24 0.24 + 0,08
3 R.1 0.71 £ 0.18 0.46 + 0.41 <3.72 0.88 + 0.33 0.34 + 0.09
4 7.4 0.67 + 0.18 <0.22 4,10 1.18 + 0.35 0.12 + ¢.07
5 7.3 0.70 + 0.16 <0.17 3,34 0.68 + 0.24 0.14 + 0,07
5 7.7 0.50 4 0.15 .16 <7.13 0.52 + 0.38 n.17 + 0.09
7 1.1 0.63 + 0.13 <D.17 <2.73 0.83 + 0.24 0.35 + 0.08
8 7.6 0.59 + 0.k2 Q.14 <2.20 0.54 + 0,23 Q.02
g 7.1 0.63 + 0,20 <1, 23 <4, 16 0.83 + 0,38 0.69 + 0.11
10 7.1 0.70 + 0.16 <0.19 <2.98 0.59 % 0,25 0.69 £ Q.10
i1 6.7 <0.,09 0,19 <2.82 0.49 + 0.31 0.48 + 0.14
12 1.1 0.48 + 0.13 <0.16 <2,84 0.65 + .26 0.68 + 0.10
13 6.7 0.57 + 0.14 <0,17 <2.36 0.4% + 0,26 0.41 + 0,08
14 6.8 0.68 + 0.17 <0.19 3.4 0.67 + 0.25 0.70 £ Q.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 <0.71 <3.58 0.83 +0.28 g.61 + 0,09
17 7.0 0.48 + 0.14 <D.16 <2.73 0.32 £+ 0.22 0.38 + 0.08
18 7.7 0.73 = 0.16 <18 6 76 + 9.23 1.01 + 0,44 0.37 ¥ 0.12
19 8.8 1.22 £ 0,22 <0.23 <3.1¢ 1.08 4 0.49 1.05 + §.13
M 8.6 0.83% + n.17 <0.71 €3.59% 0.84 £ 0.29 0.08 + 0.07

Range 6.8 to 2.8 <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

a4 Refer to Figure 5.
tleasured at 1 m sbuve the sucflace,
C Errors are 20 based on counling statisties.



TARBLE ]1~-B

RADICONUCLIDE CONCENTRATTONS TN RASELINE WATER SAMPLES

Locaticnd Radionuclide Concentrations (pCi/l)
Gross Alpha Gross Beta

Wl 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
Wa 0.63 + 0.89 5.37 + 1.17
W5 0.73 + 0.68 <0.64
w6 1.87 + 1.84 14.3 + 2.4
W7 1.16 + 0.66 <0.63
Rang 0.55 to 1.87 <0.63 to 14.3

? Rafer to Figpure 5.

Y Errors are 20 based on counting statistics.
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TABLE 2

DIRECT RADIATION LEVELS SYSTEMATICALLY
MEASURED AT 40 M GRID INTERVALS

Grid Gamma Exposure Gamma Exposure Beta=-Gamma
Lacation Rates at 1 m Above Rdres at the Dose BRates &b 1 om
the Surface Surface Above the SBurface
{(uR/h} (uR/h) Curad/h)
408  1015E 7 8 8
40N  LOAOE 7 7 9
408 L08CE 7 8 8
40N 1120% 7 7 7
40N 11&60E 7 8 22
40N 1200 ) g 42
40N  1240F 2 8 .
40N 1280FE 8 8 10
408 1320E 2 B 21
40N  13R0E 2 13 30
40N  1400E ] 9 22
40N l440E 8 a8 15
40N 1480F 7 7 16
LON 1505E 9 G 19
0] 1049E 6 g 18
0 1080FE a a a
0 1120E a a a
0 1160F a a a
0 1200E a a a
0 1240E a a a
0 1280 a a a
0] 13208 a a &
0 1360EF a a )
0 1400E 7 B B
0 1440F 9 9 26
0 1480E 7 7 3
0 1505E 9 8 19
A08  12A0E g 4 48
40%  10B0E a a a
408 1120E a a a
405 1160F a a a
405 1200E a a a
405 1240 a a a
408 1280E a a a
408 1320E 2 a a1
405 1360E a a a
408 14GOE 7 7 13
408 1440FE 8 8 25
405 14813E 10 9 12
408 1305E 11 12 46



TABLE 2, cont.

DIRECT RADTATION LEVELS SYSTEMATICALLY

MEASURED AT 40 M GRID INTERVALS

Grid Gamma Exposure Gamma Exposure Beta-Gamma
Location Rates a* 1 @ Above Rates at the Dose Rates at 1 cn
the Surface Surface Above the Surface
(ui/h) {uR/ ) (urad/h)
&35 10408 10 9 28
A08  108B0E a a a
808 11208 a a a
98 1160E a & a
808 12C0E a a i
805  1240F a o a
a05  13280F a a a
538 1320E a a a
S08  1380E a a a
805  1400E 7 8 28
BOS 1440 8 8 8
805 1480F 8 8 18
B80S 1505E 12 13 26
1205 1040E 10 10 LY,
1208 1080E a a a
1208 1120E a a a
1205 1150E a a a
1208 1200E a a a
1208 1240E a a a
1208 1280E a a a
1205 1320 a a a
1208 1360F a a a
1208 1400 7 ] 25
1208 1440E 8 B 13
1205  148Q0F 3] 8 21
1208  1505% 10 11 33
1605 1040R 10 10 30
1608 L0D8O0E a a a
16CS  1120E a a a
1608 1160FE a a a
1608 1200E a a a
16C5 1240E a a a
1608  1280F a a a
1608 1320% & a a
1608 1360 a a a
1605 1400C 7 8 19
1605 1440F 8 8 24
1608 1480FE 8 g 8
1605 1505E 11 12 18
2005 1040E 11 12 25
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TABLE

DIRECT RADIATZON LEVELS SYSTEMATICALLY

“
|

cont.

MEASURED AT 40 M GRID INTERVALS

Grid Gamma Exposure Gamma EXposure Beta~Gamma
Locacion RaTtes AT 1 m AbUV@ Rabes #c Lhe DoKe Ralwys L 1 om
the Surface Surface Above the Surface
(pR/h) {uR/h) (prad/n)

2008 LOBCE a & 31
2005 1120E a 4 a
2008 1160% Y a a
2008 1200E a a &
2008 L240F a a a
2008 1280E a a &
2008 1320E a a a
20085 1360E a a a
2008  1400E 8 & 24
2208 1440F 9 g 28
2008 14B80F 8 B 17
2008 1505 8 B 2
2405  1040E 13 13 30
2408 1080E a a a
2408 1120E a a a
2408 1160E a a a
2408 1200E a a a
2408 1240E a a a
2408 1280 8 a a
2408 13208 a a a
2408 1360E a =} a
2408 1400E o] 8 19
2408  1440E 8 8 il
2403  1480E 8 8 17
2408 150Q5K 12 11 20
2805 1040% 14 14 30
2808 108CE I 13 14
2808 1120%= 10 14 26
2808 116CE 11 11 ‘

2808 120CE 10 10 10
2808 1240 9 8 18
2808 1280E 3 g 8
280S8  1320E 8 8 28
2805 1360E 8 g 23
2805 L400E [+ & 17
2805 1440F 8 8 ¢
2805 1480E 8 8 11
2808 1505E 12 10 30
3205 1040 16 17 18
3205 1080E 18 14 15
1208 L1720F 17 12 26
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TAELE 2, cont.

DIRECT RACIATION LEVELS SYSTEMATICALLY

MEASURED AT 40 M GRID INTERVALS

Grid

Lecation

Gamma Exposure

Rates at 1 m Above

Gamma EXposure
Rates at the

Bata-Gamma
Dose Rates at 1 &m

the Surface surface Above the Surfiace
(urR/R) {uR/h) (urad/h)
3208 1160E 11 il 34
3208 1200F 9 .0 10
3208 1240E 9 g 14
3208 1280E a 8 27
3205 1320E 9 8 24
3205  1360F a 8 25
3205  1400F 3 8 13
3205  144QF & 2] 29
3205 14B0R G 8 5
3208  I505% 10 10 11
3605 1009E 26 25 54
1608 N40E 20 0 20
3608 108CE 14 14 30
3608 1120E 13 13 34
3605 1160 12 12 38
3605 1200E 10 11 11
3605 1240E 9 10 21
3608 1280F 19 1G 19
3605 13208 Y 4 42
3608 1360F 11 10 10
3608 1400F 10 9 22
3508 1440 a9 £ 20
3608 1480E 10 12 21
3605  1505E 10 10 1C
4008 10098 30 27 hé
L0085  1040F 22 23 23
4005 1080E 17 17 37
4008 1120 13 14 34
4008 1160% 12 12 31
4008  1220E 10 11 18
4008 1240 9 11 17
4008 1280F 8 10 30
4008 13208 9 8 8
4008  1360E 9 8 10
4005  1400EF 8 3 8
4005 1440E 9 3 g
4008 1480E 1C 9 20
4005  1505E 8 9 11
4405 1011E 31 30 41
4408 1040 23 25 45
4405 1080% 16 b 19

]

2



TABLE 2, cont.

DIRECT RADIATION LEVELS SYSTEMATICALLY

MEASURED AT 4G M GRID INTERVALS

Grid Gamma Exposure Gamma Lxposure Beta—Gamma
Location Rates at 1 m Above rates ar Lhe Douse Ratwes a6 1 cm
the Surface Surface Above the Surface
(ur/h) {uR/h) (urad/h)
4408 L12CE 14 14 24
4408 116CE 12 12 15
4408 1200E 10 1l 24
4408 1240F 10 10 39
4408 1280 3 9 9
44038 1320E 1) g 9
440%  1360E 19 1l 12
4408  L400E g 10 17
4405  1440E 9 g 12
440% 1480E 9 8 g
4408 1505E8 10 11 34
4578 1020E 29 27 33
4575 1040FE 22 23 56
4575 10BOE 17 17 17
4575 1120E 14 14 25
4575 1160% 12 12 29
4575 1200E 12 12 36
4578 1240FE 8 8 17
457% 12808 10 10 26
4578 1320 11 12 18
4573 1360E 10 10 19
4638 14Q0E 10 9 25
4808  1440FE 8 11 27
4808 1480E 2 8 8
LBOE  1508&F 11 12 31
4878 1440F 10 9 16
5108  1480E 10 8 18
5138 1507% 10 i1 35

4 Grid point not accessible due ta landfills and treatment ponds,
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TABLE 3

RADIONUCLIDE CQONCENTRATIONS IN SURFACE S0IL SAMPLES
FROM 40 M AND 20 M GRID INTHRVALS

Crid Locatlon

Radionuclide Concentrations (pCi/g)

Ra—226 ~235 U-238 Cs-137 Th-232
40N 1016E 1.13 + 0,242 <0.20 1.43 + 1.28 <0.04 0.63 + 0.32
40N 10408 0.80 F 0.22 {20 €451 L0014 1.07 + 0.37
G0N 108OE 0.79 ¥ 0.23 <014 0.95 + 0.45 0,03 + 0,30 0.82 ¥ 0,30
408 1120E 0.75 % 0.24 <0.18 0.30 + 0.48  0.09 ¥ 0.07  0.91 + 0.3%
4ON 1160 2.71 ¥ 0.29 <0.17 0.82 ¥ 0.98  0.05 ¥ 0.06  0.78 * 0.35
50N 1200E 0.81 * 0.23 <0.24 1.09 + 1.48  0.06 1 0.08  0.92 * 0.38
40N 1740 0.79 ¥ 0.24 <0.20 1.88 ¥ 1.30 0,07 ¥ 0.06  0.86 * 0.67
40N 1280E 0.79 % 0.26 <0.20 1.91 + 1,45 0.15 £ 0.10  0.87 *+ 0.37
40N 1320F 0.81 ¥ 0.24 0,27 08S <003 1.07 *+ 0,30
40N 1360E 1.03 ¥ 0.33 <0.28 L.61 + 0,90 <004 111 + 0.37
40N 1400k 1.21 7 0.30 <0.33 <114 <0.07 1,08 T 0.47
G0N 1440E 1.06 & 0.31 <0.21 <0.7% 0.67 + C.16  0.64 * 0.36
GON  148OE 0.68 ¥ 0.25 <0.23 1.35 + 1.61  0.67 * 0.15  D.86 + 0.57
40N 150/E .oy + U.18 W.1é <. 38 Ua.3b + U.10 v.74 + 0.30
200 1015E 0.95 ¥ 0.19 <0.12 1.04 + 0,66  0.07 ¥ 0,06 0.71 ¥ 0.32
20N 1040 0.69 + 0.23 <0.16 1.07 + 1.15 <004 0.75 * 0.23
200 1080 0.1 F 0.8 .20 1.0% F 1,28 <0.03 0.70 ¥ V.24
208 11208 0.80 * 0.20 <0.19 1.29 ¥ 1.35 <0.03 0.83 ¥ 0.27
200 11608 0.90 ¥ 0.20 <0.19 1.13 ¥ 1.05 <0.03 0.89 ¥ 0.27
208 12008 1.03 ¥ 0.25 <0.20 <0763 <0.02 0.62 ¥ 0.38
208 12408 0.86 ¥ 0.21 <0.28 2.56 + 1.10 0,13 + 0.10  1.26 ¥ 0.39
208 1280E 0.95 % 0.25 <0.31 <1,00 0.20 % 0.08 1,16 & 0.42
200 1320 0.98 ¥ 0.24 €0.20 1.21 + 1.4l <0.05 0.88 ¥ 0.49
200 1360E 0.66 T 0.23 <0.14 1.28 T 0,43 0.06 + 0.07  0.83 ¥ 0.29
20N 1400 114 ¥ 0.35 <0.27 0.38 ¥ 1.50 <005 1.56 ¥ 0.47
20N 1440E 0.95 * 0.23 0,17 0.89 + 1,13 0,52 + 0.13  1.04 T 0.49
0 1025K 0.85 ¥ 0.20 0.1 2,66  1.46 <004 1.20 ¥ 0.56



TABLE 3, cont.

RADTONUCLIDE CONCENTRATIONS IN SURFACE SOTI. SAMPLES
FROM 40 M AND 20 M GRID INTERVALS

Grid Location - Radionuclide Concentrations (pCifg) = o

Ra-226 U-235 U-238 Cs—137 Th-232
0 1040E 0.9 + 0.31 <0.28 2.0% + 1.04 <UL 04 0.91 + 0.40
n T400R 0.76 + 0.23 <0.13 <0.39 0.0 £ 0.04 0.85 + 0.3%
0 14408 0.93 % 0.24 <0.30 1,22 + 1,72 <0.03 1.04 + 0.41
] 14808 0.95 + 0.30 <0.30 2.82 + 1.32 0.84 + 0.15 1.7% + 0.38

0 15078 0.60 1 0,18 <0.23 1.32 + 1.50 <0.03 <0.10
408 1025E 0.61 + 0.19 0.33 + 0.29 0.79 + 0.78 <0.03 0.72 + 0.29
405 1040F 0.86 + 0.23 <0.14 1.11 + 0.51 <0.03 0.61 + 0.27
"oE 12108 0.7% + 0.24 <028 1.82 + 7.1% <0104 1.14 + 0.48
408 1400E 0.83 + 0.36 £0.25 (.93 + 0.82 0.31 + 0.08 0.72 + 0.48
408 1440E 0.78 + 0.19 <0.13 0.23 + 0.32 <0.03 0.54 + G.28
408 1480K 0.73 + 0.24 <0.28 1.79 + 0.95 0.18 + 0.06 0.8% + 0.39
405 1509E 0.95 + 0,29 <0.26 0.92 + 0.87 0.88 + 0.22 0.83 + 0.51
8058 10258 0.69 + 0.23 <0.15 <0.38 <N.30 0.83 + 0.36
805 1040E 1.00 + 0,27 <0.29 0.88 + 1.74 <0.04 1.01 + 0.37
808 14008 1.08 + 0.26 <0.27 1,29 ¥ 1.80  0.20 + 0.06 1.3} + 0.39
308 1440E 0.94 + 0.25 <0.16 1.47 + 0.54 .10 + 0.0% 0.65 + 0.37
203 148DE G.90 ¥ 0.2 <0.16 144 £ 0,60 0,08 3 0,04 0.71 & 0.32
805  150D9E 1.19 ¥ 0.34 <0.23 1.68 ¥ 0.78 1.3 * 0,21 0,76 1 0.35
1208 102508 0.58 + N.23 Dalb 1.22 + 0,45 <0.03 0.96 4+ 0,43
1208 10408 0.80 * 0.18 <0.15 1,42 1 0.56 <0.03 0.71 4 0.32
1205 1400E 0.95 ¥ 0.23 <G.16 1.82 + 0,80 0,06 + 0.06  0.73 % 0.28
1205 1440F 0,76 + 0,24 0,21 + 0,37 0,94 + 0,55 0,12 ¥ 0.09  0.88 + 0,30
1205 14801 0.73 * 0.20 <0.16 1.02 * 0.56 <000 1.01 1 0.33
1208 1509E 0.89 ¥ 0,29 <0.20 0.98 % 1.72  0.79 4 0.16  1.00 ¥ 0.44
1558 1 100K 0.65 + 0,20 <015 0.69 + 0.73 <0.03 .83 + 0.30
1605 10258 0.76 ¥ 0.23 <0.14 1.03 T 0.34 <0.02 0.67 * 0.20
1605 1040k 0.66 T 0.20 <0.14 5.77 ¥ 0.99 <0.02 1.49 ¥ 0.39
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TABLE 3, cont,

RADTONUCLIDE CONCENTRATIONS YN SURFACE SOIL SAMPLES
FROM 40 M AN 20 M GRID INTERVALS

Grid Location e Radionuclide Concentrations (pCi/g) o
Ra-226 U-235 U-238 Cs-137 Th-232

1603 1210E 0,58 + 0.21 <0.11 0.71 + 0.44 <0.03 .67 + 0.31
1608 14008 0.85 + 0.31 <0.17 2.19 + 0.62 0.20 + (.07 0.97 + 0.38
1608 1440 1.03 + 0.24 <0431 1.28 + 2.06 B.12 1 0.06 0.99 + 0.45
1605 14B0F 0.85 + 0.25 <0.15 L4 + 0,62 0.21 + 0.07 0.9¢ + 0.40
1608 15035 1.19 + 0.28 <0.27 1.86 + 1.00 367 + 0414 0.60 + 0.28
2008 1025E 0.41 + 0,14 0,13 1.32 + 0,86 <.03 0.73 + 0.29
2008 1040% D.68 + 0,24 0.13 0.79 + 0,47 <0.02 0.81 + 0,26
2008 1400w n_gaS + 0.20 D15 7.49 + 1.51 £0.03 1.19 + 0.38
2008 1440E 0.95 + (.33 <0.29 <N.88 <0.04 0.94 & 0.40
2005 14B0E 1,15 + 0.39 0.69 + 0.59 1.96 & 1.63 0.12 + 0.09 0.72 + 0.29
2008 15095 0.85 + 0.18 <0.13 1.0F + 0,90 <0.03 0.88 + .25
2103 L100F 0.70 + 0.18 <0.19 0.71 + 1,14 <0.03 0.66 + 0.30
2408 1025E 0.95 + 0.24 <0.79 <l.02 <0.05 1.14 + 0.52
2605 1040E 0.70 * 0,23 <9.15 1.57 + 0,75 <0.04 0.93 T 0.29
2408 1210E 0.6l + 0.23 <0.l4 1.29 + 0.74 <0.03 0.82 + 0.30
2508 1400L 0.84 + 0.22 <0.28 2.12 + 1.11 <0.05 0.70 + 0.41
2405 14%0L 0.89 & 0.19 <0.15 1.35 + 0.58 <0.03 0.94 + 0.34
2408 14B0E 0.80 + 0.18 <0.30 <088 <0.04 1.32 + 0.39
26085 1509K 0.96 + .28 <0.20 1.74 + 0,65 D.69 + 0.15 Lel3 4+ 0,35
80 1025L 0.96 1 0.22 <0.16 1.26 + 0.50 <0.02 0.84 ¥ 0.34
2808 1040E 1,14 + 0,23 <033 2.00 + 2.07 <0.05 1.15 + 0.40
2928 1080E 1.23 + 0.24 <0.31 §.76 + 2.04 <G.04 1443 + 0,44
2925 1120E 1.11 ¥ 0425 <0 .28 1.71 ¥ 1.25 <0.03 1.14 1 0.47
2928 1160T 1.05 + 0,25 <0.2%9 1.22 + 1.62 <0.06 0.74 + 0.38
2925 1200E .85 + 0.25 <0.15 1.33 + 0.76 <004 0.80 + 0.35
18035 1240E 0.80 ¥ 0.23 <0.34 2.05 ¥ 2.48 0.47 + 0.13 1,10 * 0,38
2803 1280 1.05 + 0.28 <0.28 1.26 + .85 0.14 + 0,11 .11 + 0.33
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TABLE 3, cont.

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES

FROM 40 M AND 20 M GRYD [NTERVALS

Grid Location

Kadionuclide Concentrations _( pci/g)

Ra-226 U-235 U-238 Cs~137
2808 1320E 1.08 + (.22 <0.33 <1.00 <0.06
2808 1360E 0.78 + 0.28 <G6.16 0.84 + 0.50 <0.04
2808 1400E 1.00 + D.26 <0.28 1.37 + 1.34 <0.03
2808 14408 D55 + 0,19 <0.15 1.00 + (.71 <0.03
2808 1480 0.83 + 0.20 {0411 <032 <0.03
2808 1509E 1.14 + 0.33 0446 G20 + 3,18 1.82 + 0425
3208 1020E 1.0l + 0.25 <0.29 1.48 + 1.37 0.08 + 0.08
3208 I04DE M.A1 + 0.21 .11 1.12 ¥ 0.97 <0ong
3205 10608 075 + .23 <0.17 1.12 + 0.52 <0.03
3208 1080E 0.9% + 0.22 <£0.31 <0.95 <0.04
3205 HI20E 0.89 + 0.24 <0.18 N.83 + 0.82 <0.03
3205 1160E 1.09 + 0.25 <0.29 2,50 + 1.14 0.09 + 0.07
3208 1200F, 0.85 ¥ 0.22 <0.t4 <0.43 0.11 1 71.07
3208 1240 0.66 + 0.26 <0.15 0.68 + 0.78 0.10 + 0,08
3208 12808 0.94 + 0,23 <0.26 <0.93 <0.04%
3208 1320E .86 + 0.25 {0.15 0.9% + (.64 <0.02
3208 1360F 0.91 ¥ 0.22 <026 1.04 % 1.75 <0.03
3208 1400E 0.86 + 0,19 0.19 + 0.28 140 + 0.51 <0.03
3208 1440F 0.88 * 0.26 <0.28 1.64 + 1,65 <0.04
3208 14008 0.05 T 0.20 <n.13 0.63 T 0.78 <0.04
3208 1509E 1.90 + 0.348 £0.23 0.99 + 0.76 137 + 0.21
3408 1N09K 1.85 + 0,26 <0.31 <0.,96 <0.04
3608 1009E 1.16 ¥ 0.23 <0.16 1.20 + 0.86 <0.03
3608 10208 L.40 + 0,30 £0.31 <0,92 0.17 + 0.09
3605 1040E 0.73 ¥ 0.25 <0.14 0.84 + 0.45 <003
3605  1060E 0.86 * 0.20 <0.15 0.70 ¥ 0.46 £6.02
3608 1080L 1.18 + 0.28 <0.28 <0.89 <0.04

T Th-232
1.01 + 6.35
1.00 & 0.32
0.66 + 0.23
0.59 % 0.33
0.52 % 0,29
146 + 6.80
0.99 + 0.61
0.81 + (.43
0.64 + 0.33
1.07 + 0.40
0.95 + 0.39
0.97 + 0.32
0.71 + 0.25
1.00 + 0,27
1.15 + 0.38
0.70 + 0.32
1.02 + 0,30
0.90 ¥ 0.32
1,62 + (.34
.06 A 0.24
1,12 + 0.40
0.88 + 0.40
0.77 + 0.31
0.75 1 0.35
0,75 + 0,34
Q.87 * 0.24
1.12 ¥ 0.35
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TABLE 3, cont.

RADIONIICLTDE CONCENTRATIONS IN SURFACE SOII, SAMPLES
FROM 40 M AND 20 M GRTD TNTERVALS

Crid Location - Radionuclide Concentrations (pCifg) .
Ra=-226 =X 0~238 Cs~137 Th-232

3608 11008 G.86 + 0,19 Culs G.88 + (.76 <(.03 0.89 + .25
3608 11208 0.85% + 0.30 <0.29 <01.93 <£0.04 1.16 + 0.49
3608 1 140E .80 + 0.25 <0.13 0.78 + 0,93 <0.03 0.74 4 0.27
3605 1160E 0.88 * 0.29 <0.30 4.60 £ 1.86  0.13 + 0.09  1.33 T 0.63
3605 1200E 0.79 + 0,21 £0.14 0.77 + 0.87 <0.03 0.85 + U.44
3608 1240F 1.10 + 0.24 <0.31 £0.88 £0.05 0.76 + 0,27
3605 12808 0.75 % 0,34 <017 1.07 + 0.77 <0.03 0.90 + Q.54
3605 1320E 0.73 ¢ 0.18 £0.25 £0.86 <0.04 1.15 + 0.38
3605 1360E 0.54 ¥ 0.26 <014 1.79 + 0.61 <0.03 1.06 + 0.40
3608 14008 0.59 + 0.15 <0.32 <0.99 0,04 0.82 + 0.37
3608 1440E 0.74 * 0.28 0.26 + 0.28 0.41 + 0.50 0.06 + 0.0 0.85 + 0.28
3e0s L4BOE 1.38 + 0.25 <0,33 3.47 + 1,30 <0.05 1.61 + 0,59
3605 15098 2,36 + 0.48 .23 1,92 + 1.77 0.33 + .14 1.10 + 0,71
3808 1009E 1.23 & 0.35 <0.32 <098 0.91 + 0.17 D.85 + D.45
4005 1009E .96 + 0.23 <0.17 1.60 # 0.59 (.22 + 0.10 0.79 * 0.43
4008 1020 0.95 + 0.19 0,33 + 0,54 <0,84 0,16 + 0.09 117 + 0042
4003 1040E 0,92 + 0.186 0. 14 0.67 1 D.47 <303 0.91 1 0.30
4008 10608 1,35 + 0,30 <0.37 3.54 + 1.55 <Q.04 2.27 + 0.47
4008 10808 0.78 + 0.18 <G.15 0.87 + 0.76 <003 D.88 + 0.34
400% 11G0E 0.99 + 0.26 <0231 LU.84 <0.05 0.75 T 0.24
4005 1120E 0.74 + 0.20 <0.13 0.79 + 0.73 <0.03 0.69 + 0.26
5005 1140E 0.88 + 0.21 <330 <0.86 <003 1.07 + 0,32
4008 1160K 0.91 + 0.31 .34 + 0.24 0.97 + 0.52 <0.03 0.84 + 0.34
4005 1200F 1.06 + .24 <0.29 2.94 + 0.95 <0.03 1.22 + 0.32
4008 1240E 0.74 + 0.24 <0.13 1.10 + 0,79 <0.03 0.93 + 0.36
400% 1280E V.89 F 0030 <30 .93 Uuii + 041D L1l ¥ 0434
4008 13208 0.95 + 0.24 {1.18 2.56 + 1.18 0.5 + 0.13 0.92 + 0.3%
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TARLE 3, cont.

RADTONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES
FROM 40 M AND 20 M GRID INTERVALS

Grid Locatiom U Radionuclide Concentrations (pCi/g)
Ra-226 U-235 -238 Cs-137 Th-232

4005 1360k 1.10 + 0.26 <0,35 1.34 + 1.81  0.19 £ 0.13 1.35 + 0.43
4nns L4DOE 1.16 £ 0.40 <0.24 2.49 £ 0.86  0.86 + 0.20 1.22 + 0.43
4008 L4408 1.06 ¥ 0.23 €0.13 4.37 + 1.28 <06 1.37 + 0.39
4008 1480F 121 1 0.3 <0.2}) 3.00 + 0.79 0.92 + 0,15 0.76 + (1,59
ANGS 1509K 1.66 F 0.43 0,51 3.24 F 1.86 2,10 £ 0.30  2.84 ¥ 1,08
4208 1009E 1.38 + 0.26 0.7 0.78 + 0.79 0.09 + 0.07 0491 + D.45
4408 1009E 1.14 ¥ 0.26 <0.28 3.91 F 137 0.23 T 0,10 0,83 % 0.36
4408 10208 1.06 + 0.95 <14 0.29 ¥ 0.34 <004 0.68 + 0.30
4408 10408 1.00 + 0.29 <0.29 1.15 ¥ 1.39 <0.04 1.12 ¥ 0.29
4408 1060E 0.74 + 0.20 <. 14 Q.77 + 0.72 <004 0.75 + 0.34
4408 1080E 0.90 + 0.34 <0.29 <U.88 <0.04 0.89 * 0.37
4408 1100F 0.89 + 0.23 <0.16 0.37 + 0.34 <0.02 0.77 + 0.32
4408 1120E 0,85 + 0.23 <0.31 <0.94 <0,05 1.20 + 0,36
4408 1140E 0.85 + 0.20 <0.14 U.79 ¥ 0.46 <0,02 0.60 + 0.32
4408 1160E 0.88 + 0.26 <n.29 1.98 ¥ 1.72 <0.04 1.11 + 0,29
4408 1200F 1.10 + 0.25 <0.14 0.82 + 0.47 <0.03 0.85 % 0.36
4405 1240E 1015 + 0425 <0.31 €0.99 0.31 + 0.10 0.93 + 0.37
4408 1280E 0.98 + 0.50 0,29 1.40 + 1.46 4.87 + D.42 0.57 + 0.33
4408 1320E 1,19 + 0.45 <0.50 1.43 + 3.12 1.92 + 0.25 1,19 4 0.89
4403 13601 1.93 1 0.35 <0.22 1.31 ¥ 0.69 1.80 + 0.23  0.96 + 0.60
4408 1400E 1.63 + (.64 <0754 7.40 + 3.62 3.26 + 0.47 2.45 + 1.11
4408 1440E 0.86 + 0.26 <0.17 1.67 + 0,65  0.24 % 0,11 0.86 % 0.32
4408 1480E 1413 T 0.34 <045 F.27 1 2477 D.88 1 0,17 1.76 + 0,47
44058 1509k 1.23 + 0040 0,22 4 0.25  2.65 + D.82 1.38 + 0.21 1.16 + 0.%7
4575 10208 3,10 + 0.45 <045 3.6% + 2.10 L.01 + 0,16 1.3 + (.62
4575 1060E 1.08 * 0.24 <0.16 1.22 T 0.99 <U. U4 0.98 T 0.40
45758 1060E 1,23 + 0.21 <0.29 <0,84 0,14 + 0,07 1.24 + 0.28
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TABLE 3,

cont

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES
FROM 40 M AND 20 M GRID INTERVALS

Grid Location

4575
ASTS
4578
4578
4575
4578
4578
4578
4578
4578
58035
4808
4808
3105

LOB0E
YIOOE
1120E
1140E
1160E
1200E
12408
1280E
13208
1360E
L4408
L480OE
1309E
L48GE

Radionuctide Concentrations (pCi/g)

Ra-226 U-235 U-238 Ce-137 Th~232
0.86 + 0.23 <0.28 2.20 + 1.00 <0.04 1,01 + 6.32
1.0R X 0.25% 015 0.91 + 0.50  0.07 + 0.08  0.92 * 0.36
0.68 ¥ 0.40 <0.26 1.13 ¥ 1.26 0.66 * 0. 0.76 + 0.29
0.64 + 0,20 <0.14 0.90 * 0.45  0.54 + 0. 0.57 + 021
1.64 + 0.26 <0.34 150+ 2.07  0.64 £ 0.13 1.48 + 0.42
0.86 + 0.25 <0.14 0.78 + 0.63  0.25 + 0.09  0.57 * 0.32
1.04 + 0.24 <0.28 1,92 * 1.66 <0.04 0.86 3 0.41
0.90 + 0.20 <0.14 2,57 + 0.83  0.63 + 0.13  0.54 % 0.42
0.69 ¥ 0.19 <0.27 <0.86 0.40 ¥ 0. 0.94 + 0.39
1.14 * 0.33 <0.14 0.99 + 0.81  0.35 ¥ 0. 1.42 ¥ 0.43
D.85 ¥ 0,20 40,17 1,48 ¥ 052 0,08 * D.04 0,78 I 0.31
L.53 * 0.41 <0.44 10,1 ¥ 3.1 1.B1 ¥ 0.25  2.17 ¥ 0.73
2.39 + 0.41 <0.21 1.78 + 0.71 0.52 + D.14 0.7+ 0435
1.03 1 0.40 <034 2,22 ) 2,02 <0.e5 1.24 F 0.69

i

2 Friuww die 29 lbdased on countiog statistics.



TABLE 4

RADIONUCLLDE CONCENTRATIONS IN BOREHOLE SOIL SAMPLES

0¢

Rarshale orid hepth .. Radjonuelide Concentrations (pCifgy __
No.? Localion (m) Ra--226 U-235% -238 Cs-137 Th-2732
H1 I2N 1080E Surface 1.08 + 0.15b <0.25 LaZh + 1412 <GL,03 .60 + 0,20
0.5 .98 + 0.24 £0.14 0.93 + G.95 <0.03 ¢.95 + 0.32
1.0 .81 + (.98 0016 086 + 1.37 <003 0.92 + n.29
H2 30H 1280F Surface 0.89 & 0.20 <0.23 3.47 4+ 1.42 <0.03 0.74 + 0,21
0.5 1.05 * 0.24 <0.13 0.80 ¥ 0.73 <0.03 0.82 ¥ 0.3
1.2 3.03 £ 0.35 <0,.3% 6.69 + 1.96 <0.04 l.14 + 0.35
2.0 .01 + 0,23 <0.22 <0.83 <0.04 .12 + 0.5%
H3 408  1470E Surface 2,68 + 0.23 {0.14 101 + 0.45 013 + 0.07 0.88 T .26
0.5 0.58 + 0.17 <16 0,46 <0.02 0.33 &+ 0.35
1.0 .88 + 19 . 30 1.59 + 1.30 K004 1.0} + 0.35
H4 2008 1025E Surface 0.81 + 0.19 <012 <0.30 <{1.03 0.66 + 0.28
0.5 0.90 ¥ 0,33 <0.25 2.29 1 1.84 0,04 D.66 1 0,32
1.0 0.86 + 0,26 <0,20 1.57 + 0,99 <0.03 0.87 + 0.42
H3 2195 1311E surfave 0.89 + 0,23 AU 1459 + 0,55 <0 .21 1 0.27
0.5 1.05 + 0.24 <0.22 <U.79 <L 04 1.98 + 0.41
1.0 2,28 + (.46 0.33 + (.58 2.82 + 2.16 0,12 + 0.10 2,06 + 0.57
b 4555 1025E Surface L.06 + 0.31 <0.23 1.21 + 1,57 0.08 + 0.07 1.28 + 0.36
7.3 1.88 + 0.25 0.22 + 0.35 1.07 + n.69 <0.03 0,60 + (.39
2.1 0.93 + 0.24 <0.29 <0.83 <0.03 1.01 + 0.32
B/ 45685 1160E Surface 0.80 + 0.22 <0.16 <Q.h2 0.07 + 0.06 0.85 + 0.51
(9] bl ;i‘_ Ual4 <u.ll (U T * (VI 0.0z 0.74 * D32
1.2 1.0l + 0.24 <0.30 <0, 90 <0.04 1.19 + 0.42



TARLE &, onar,

RADIONUCLIDE CONCENTRATIONS KN BOREHOLE SOIL SAMPLES

Tt

Borchole Crid Nepth ___  Radionuneclide Concentracions {piisg) I

o, Lacation {m) Ba-226 U245 U-238 Cs—-137¢ Th-2732
HY 4558 13208 Surface 0.75 + 0,13 <0.11 0.88 + 0,41 .25 + 0.06 0.55% + 0.17
0.5 0.75 + 0.28 <1y 0.86 + 1.30 <0.03 0.80 + 0.37
2.0 0.53 + 0.24 <018 138 + 1.17 <003 074 + 0.3
HY 5108 1503E Surcface 0.74 4 0,18 0.39 + 0,51 1.23 + 1.28 .14 + 0.09 0.83 + 0,29
Oal 1.10 ¥ 0.40 0,29 3.70 1 2207 <004 0.006 + (.43
2.l <96 + 0.31 <0.18 170 + 1.04 ML 1.50 + 0,54
H10 4045 11228 Surface 0.76 * 0,18 <0.13 1.29 + 0.453 <0.02 0.71 1 0,32
1. .84 + .22 .18 1.58 + 0.76 RO MIX] N6l + (.31
2.0 1.05 + 0.23 €0,27 <0.83 <(.03 0.96 + 0.4b
HIL 4245 1137E Surface 0.93 + 0.24 {0.28 2.01 + 0.85 <004 1,12 + 0.464
0.5 1.1) + 0,361 <0LAD <1411 0.25 + 1,11 1.20 + .49
| u.¢b i u, 22 <13 1.4y :L .85 Ualy j‘_ . .9 i .33
Hiz 1208 100K Surface 070 + 0.24 0.25 + 0.5% <0.69 <L 04 0.84 + .34
0.2 073 + 0,24 0,21 1,78 + 1445 <0.03 1.01 + .37
1.8 0.69 *+ 0.20 0,23 070 <002 ¢.81 + 8.30
3.3 0.68 + 0,18 <n.lz 0.62 + 0.60 Q.02 N7+ 0.23
Hi3 3638 1103E Surface .63 + G.19 0.32 + 0.42 0.71 + 1.33 0.N2 0.49 + 0.26
0.6 0.74 + 0.20 <0.17 56 <0.03 0.75 + 0.32
1.5 0,80 + 0.19 <0,22 0,69 <0.03 .76 + 0.24
3.3 0.54 + 0,35 <016 0.86 + 0.79 0.03 + 0.03 U.54 + 0,27
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TABLE 4, cont.

RADIONUCLIDE CONCENTRATIONS IN BOREHOLE SOIL SAMPLES

Radivnuclide Concentrations (pCifegd

Rorehole Grid Depth _ e
No. Location {m) Ra-226 U-235 -238 Cs—-137 Th-232
H14 4038 1109E Surface 0.68 + 0,41 <0.23 2.16 + 1.50 <0.05 0.82 + 0.41

1.3 0.80 ¥ 0.20 <0.15 <0756 <0.03 061 F 0.3]
1.8 0.80 + 0.24 <0.23 {0.64 <0.03 0.57 + 0.18
3.3 0.93 + 0.25 <0.20 <0.50 <004 0.84 + 0.53

4 Refer to Pigure 4,
Errors are 2g based on counting statistics.
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TABLE 3

RADIONUCLIDE CONCENTRATTIONS IN WATER SAMPLES

Sample Sample Type Grid Location® Radionuclide Concentrations {pCifl)
Tdencification Gross Alpha Gross Beta Ra~226
Wl Subsurface, Barehole Hl 32N 10B0E 6.50 + 2.13 4.71 + 1.64 -
W2 Subsurface, Borehole 2 JON 128GE 3.84 + 1.21 2.78 + 0.93 ——
W3 Subeurface, Rorehole HY A0S 14708 210 4 160 2.30 + 1.22 e
W Subsurface, Borehole H4 2008 1320FE 3.84 + 3.03 5.01 + 2.76 -
W5 Subsurface, Borehole Hb 4558 1025E 4.94 1.74 2.47 + 1.36 ——
W6 Subsurface, Borehole H8 4558 13208 47.5 * 9.2 30.0 ¥ 5.8 <0.13

i

A Refer to Figure 4.
Frrors are 2g based on counting statistics.
€ Dash indicates analyses not performed.
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INSTRUMENTATION AND ANALYTICAL FROCEDURES



APPENDLX A

Instrumentation and Analytical Procedures

Gamma Scintillavion Measurement

Walkover surface scans and measurements of paoma exposure rates were
performed using Eberline Modesl PRM=-6 portable ratemeters with Victereen
Model 489-55 gamma scintillation probes containing 3.2 cm x 3.8 co NaI(Tl)
scintiliation cerystals. Count rates were converted Lo exposure rates
(uR/h)  using factors determined by comparing the response of che
secintilliastion detector wath that of a Rewter Stekes wodel R35=111

pressurized ionization chamber at locations on the Niagara Falls Storage

fite and off-zite properties.

Beta~-Gamma Nose Rate Measurements

Measurements were performed using Eberline "Rascal," Model PRS-1,
portable scaler/ratemeters with Model HP-260 thin-window, pancake G-M, beta
probes., Dose rates (yrad/h) were determined by comparison of the response

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

Borehple Logging

Borehole gamma radiation measurements were performed using a Victoreen
Model 48955 gamma scintilliation probe, connected to a Ludlum Model 2200
portable scaler. The scintillation probe was shielded by a 1.25 em thick
lead shield with four 2.5 e¢m x 7 mm holes evenly spaced around the region
of the scintillation ¢rystal. The probe was lowered ipte each hele using a
tripod holder with a small winch. Measurements were performed at I35-30 cm
intervals in all holes. The logging data was used ro identify regions of
possible residues and guide the selection of subsurface soil sampling
locations, Due to the varying ratios of Ra-226, U-235, U~-238, Th-232, and
Cz-137, there was no attempt to estimate soil radionuclide concentrations

directly from the logging results.



301l angd Sediment Sample Anslysis

Seil and sediment samples were dried, miwmed, and a portion placed in a
0.5 liter Marinelli beaker. The quantity placed in each bezker was chosen
to reproduce rthe rcalibrated ecounting geometry and ranged frow 600 ro 800 g
of seil. Net soil weights were determined and the sagmples counted using
intrinsic germanium and Ge(lLi) detectors (Princeton Gamma Tech) coupled to
2 Nuclear Data mode) ND-0BD pulse height analyzer system. Backgrovad and
Compton stripping, peak search, peak identification, and concentration
calculations were performed using the computer capabilities inherent in the

analyzer 3system. Energy peaks used for determimation of radionuclides cof
concern were;

Ra=-226 - 0.609 MeV from Bi~214 (gorrected for equilibrium conditions)
U=-235 = 0,143 MeV

U-238 =~ 0.094 MeV frow Th-234 (seculag wguilibriue assuwwed)

Th-232 ~ 0.911 MeV from Ac-228 (secular equilibrivm assumed)

Cs~137 - 0.662 MeV

Water Sample Analvsis

Water samples were rough~filtered through Whatman No. 2 filter paper.
Remaining suspended solids were removed by subsequent filtration through
0.45 ym membrane f£ilters. The filtrate was acidified by addition of 10 ml
of concentrated nitric acid. A known volume of each sawmple was evaporated
to dryness and c¢ounted for gress alpha and gross beta using a Tennelec

Model LB 5100 low-background proportional counter.

Aunalysis for BRa=220 was perforwed wsiag the standard teclhnigque ERA

6§00/ 4~80-032 (august 1980).

Calibration and Quality Assuranee

With the exception of the exposure and dese rate conversion factors

for portable survey gamma and beta-gamma meters, all survey and laboratory

A-2



instruments were calibrated with NBS~traceable standards. The calibration

procedures for these portable inscruments are described above.

Quality contrel procedures on all instruments included daily
background and check~source measurements to cenfirm equipment operation
within acceptable statiatical fluctuations. The ORAU laboratory
patticipates in the EPA Quality Assurance Frogram.
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SUMMARY OF RADIATION GUIDELINES
APPLICABLE TQO QOFF-SITE PRQOPERTIES AT THE NIAGARA FALLS STORAGE SITE



U. 5. DEPARTMENT OF ENERGY

INTERIM RESIDUAL CONTAMINATION AND WASTE CONTROL GUIDELINES
FOR
FORMEKLY UTILIZED SITES REMEDIAL ACTION PROGRAM (FUSRAP)
AND
REMOTE SURPLUS FACILITIES MAKAGEMENT PROGEAM (SFMP)} SITES

(Review Within DCE Continuing)

Presented here are the residugl contamination clesanup and waste control
guide}}nea of geveral applicability to the FUSRAP project and rewoete SEMP
sites— . A site-specific analysis will be prepared for each FUSRAP and remote
5FMP site prior to determining residual contamination guidelines for a zpecific
site. In additfon, it is the policy of the DOE to decontaminate sites in a
wanner consistent with DOE's ag—low-as-~reasonably-achievable (ALARA) policy.
ALARA Will be c¢ongidered in reducing levels of residual contamination below
applicable dose limits. ALARA will be implemented using cost/benefit
considerations, and applied on a site-specifiec basis.

The soil residual cootsmination guidelines were developed on the basis of
limiting maximum individual radiation exposure to DOE limits specified in DOE
Drder 3480_1A exclusive of exposure from natural background radiariom or
medical procedures. The radiuvw-226 and thorium—230 guidelines include an
additional liriration for buildup of radorn~222 decay products in buildings. The
aggregate of the contribution from all major pathways, based on scenarios 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.
Algo, conservative assunptlions were used in deriving these guidelines to ensure
that a particular dese limir would not be exceeded. Use of thege guidelines is
additionally conservative because the pathways considered in the derlvation of
the guidelines assume all water iotake and wost food Intake is from the site.
Algo, the FUSRAP and remote SFMP sites often have limited agricultural
capabillity and the contaminarion is geverally not homogeneous. The cowbined
effect of these factors is suveh that the probable radiarion exposure to the
averagé population on, or in the wicinity of, FUSRAP or remote SFMP sites
decontaminated to these guidelines will not be appreciably different from that
normally received from natural background radiationm.

The residual contamination guldelines for surface contamination of strucrtures
were adapted from guidelines developed by the U. 5. Muclear Regulatory
Commiooioen (NRC) for decontamination of facilitics aud equipment prior to
raelease for unrestricted useZ?r texmination of licenses for byproduct, sovrce,
or special nuclear material = . The waste control guidelines are consistent
with applicable DOE Ordergs and EPA'g raogulatisns for inactive urinium milling
sites, 40 CFR Part 192.

EjA remote SFMP site is one that is excess to DOE programmatic needs and is

March 21, 1984
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A,

located mureide & major operating DOE R&D or preduction arca,

Remote sites

are more likely to be released to the public or execessed to other government

agencies after deceontamination than are sites leogated with majer Ral or

production areas.

U. 8. Nuclear Regulatory Commission 1982 Guidelines for Decontamination

of

Facilities and Equipment Prior te Release for Unrestricted Use or Termination
of Licenses for Byproduct, Source, or Special Nuclear Marerial. Division of
Fuel Cycle and Material Safety, Washingtom, DC.

"RESIDUAL CONTAMIBATION GUIDELIKES FOR FORMERLY UTILIZED SITES AND REMOTE

SURPLUS FACILITLIES MANAGEMENT PROGRAM S1TES

The following guidelines represent the maximum residual contamination
limits for unrestricted use of land and structures coutaminated with
radionuclides related to the nuclear fnel cycle at FUSRAP and remote SFMP
gites, A site-specific analysis will be prepared for each site prior to
deternining residual coutaminetion guidelines for a specific site. Tt is
the poliey of DOE to decontaminate sites to contamination levels at or
below the limits amd in a maooer cousisteut wilh DOE's
ag-low-as-is—reasonably-achievable (ALARA) policy on a site-specific basis.
Site-gpecifle guidelines and ALARA policy will be determined by DOE on =
site-gpocifiec basie and au ALARA report filed on completion of rewcdial
action at a site, Existing srate and federal standards will be applied for
water protection. Residual contamination limits for ,other nuclides will be
developed when required using the same methodology—' ar was ured for thnse
represented here.

1. 5pil (Land) Guidelines (Maximum Limits for Unrestricted Uge)

Soil Criteriazf’gj’ﬁj

Radionuelide (pCi/g above background)

U-Nargra13/ 75

U“ZJB*/ 150

u-z3a§7 150

Th-230%/ 15

Ra—226 5 pCifg, averaged over Lhe

‘ first 15 em of s50ll below
the surface; 15 pCi/g when
averaged over 15 om thiek
soll layers more tham 15 cm
below the surface and less
than 1.5@m balow the surface.

u-2358/ 140

Pa-23] 40

Ac—227 190

Th-232 15

Am—ZﬁlS/ 60

Pu=241- 2400

Pu~238, 239, 240 300

Cs-137 80



Br-40 300
H-3 (pCi/ml so0il moisture) 5,200

l/DE..*M:J:.‘I'.'bEd in ORO-83]1 and ORO-832.

2/ ) . .

~ In the event of occurrence of mixtures of radionuelides, the
fraction contributed by each radivuvclide Lo its guldeline snall be
determined, and the sum of these fractions shall not exceed 1. There
are two special cases for whieh this rule wust be wodified:

(a) 1If Ra~226 is present, then the fraction for Ra~226 should not be
included in the sum if the Ra~226 concentration iz less than or
equal ro the Th—730 concentrarienm. If rthe Ra=-226 concentration
exceeds the Th=230 ceoncentration, then the sum zhall be
evaluated by replacing the Ra-226 concentration by the
difference between the Ra=226 and Th=230 coencentrations.

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

E/Except for Ra-226, these guidelines represent unrestricted-use
residval concentratlons sbove background averaged acrogs any i5 em
thick layer to any depth and over amy contigucus 100 v surface zarea.
The same conditions prevail for Ra-226 except for soil layers bemneath
1.7 w; bencath 1.5 m, the allowable Ra-226 concentration may be
affected by site-specific conditions and must be evaluated
accordingly.

4/

- "Lacalized concentratlions in excess of these guidelines are
allowable provided that the average over 100 m”™ iz not exceeded.
However, DOE ALARA policy will be considered on a site-specific basis
when dealing with elavared locallzed concentrationg.

~!A curie of watural uranium mezns the sum of 3.7 x 1010

dizintegrations perlaecond (dis/s) over anv 15cm thigk lavers from
U-238 plus 3.7 x 107" disfs from U=234 plus 1.7 x 10 dis/s from

~235. One curle of natural uravive is eguivalent to 3,000 kilegrams
or 6,600 pounds of natural uranium,

EfAsaumes no other uranium isotopes are preseant.

ijhe Th-230 guldeline is 15 pCifg to account for ingrowth of Ra~226
ag Th-230 decays. Ra-226 is a limiting radiovuclide becausa its
decay product is Ro-222 pas.

8/

—'The Pu-24} guideline was derived from the Am—241 concentration.

Structure Guidelines (Maximm Limits for Unrestriected TUsze)

a. Indoor Radon Decay Froducts

A structure located on private property and intended for
uwnrestricted use shall be subject to remedial action as necessary

B~3



to ensure the annual average concentration of radon decay products
is less than 0.03 WL within the structurec.

Indoor Gamma Radiation

The indoor gamma radiation afrer decontaminaricn shall not exceed

20 microrecentgen per hour (20 R/h) above background in any

occupied or habitable building.

Indoor/Outdoor Structure Surface Contamination

Allowable Surface Rmﬁiduaa Con:ﬂminatiou+l
{dpm/100 cm™)
Radionuclidesil Avcrageéj’if Maximumi/’éj Removablei/’é/

Transuranics, Ra-226,

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

Pa-231, Ac 227, 1-125,

I-129 100 300 20

U-Natural  Th=-232

5r-90, Fr~-223, Ra-224,

U-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

Bera-gamma emirters

(radionuclides with

decay modes other than

alpha emisslon or

spontanepus fission)

except S5r-90 and others

noted above 5,000 15,000 1,000

l! As used in this table, dpm (disintegrations per minute)}
mezns the rate of emission by radiocactive wmaterial as
determined by correcting the counte per minute observed by an
appropriate detector for background, efficliency, aund geowmerric.
factors associated with the instrumentation.

&/ Where surface contaminarion by both alpha— and
beta~gamma~enltting radicvuclides exists, the limits
established for alpha- and beta-gamma—emitting radionuclides
shall apply independently.

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

i/

The average aund maximum radiacion levels assoclated wirh

surface contamination resulting from beta-gamma emitters should

-4
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not exceed 0.2 mrad/h at 1 cm and 1.0 mrad/h at 1 cm,

respectively, measured through not wore than 7 mg/cm‘ of total
absorber.

The wmaximum cuntﬁmination level applies to an area of not
more thao 100 e¢m™.

—  The gmount of remcvable radicactive material per 100 cmz of
surface area should be determined by wiping that area with dry
filrer or soft absorbent paper, applying moderate pressure, and
assessing the amount of radicactive materizl on the wipe with
an appropriate instrument of kpnown efficiency. When rewovable
contamination on objects of less surface area is determined,
the pertinent levels shall be reduced proportionately and the
entire surface shall be wiped.

CONTROL OF RADIQACTIVE WASTES AND RESIDUES FROM FUSRAP AND REMOTE SFMP

SITES

Specified here are the control requirements for radicactive wastes and
residues related to the nuclear fuel cycle at FUSRAP and remote SFMP sites.
It ig the pelicy of DOE to store radicactive wagtes in 2 meunex

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

1., Interim Storage

A1l operational and control reguirements specified in the following DOE
Orders aud other items shall apply:

a. 5480.1A, Eovironmentsal Prorection, Safety, and Bealth Protection
Program for DOE Operations.

b. 5480.2, Hazardous aund Radiocactive Mixed Waste Management.

. D5483.1, Occupational Safety and Health Program for Government-Owned
Contractor-Operated Faclilities.

d, 5484,1, Envirommental Protéctiomn, Safery, and Health Prorection
Information Reporting Requirements.

e. 5484.2, Dousual Occurrence Reporting System.
f. 5820, Radioactive Waste Management,

g£. Control and stabilization features will be designed ro ensure, to

the extent reasonably achievable, an effective llfe of 50 years,
and in 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 an
average concentration of 30 pCi/l1 for the facility site, or (2)
exceed an average Rn-222 concentratiom at or above any locatien
outside the facility site of 3.0 pCi/fl (above backgrouud).

B-5



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

Long-Term Management

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

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

c. Rp—222 gmanation to the atmosphere from facility surfaces or
openigg shall not (1) exceed an average release rate of 20
pCi/m“/s, or (2) increase the annual average En~222 concentratiom

at or sbove any location outside the facility site by more than 0.3
pCi/l.

d. For water protection, use existing state and federal standards;
apply site-specific measurecs where nceded, '

e. Prior to placement of any potentially biodegradable contaminated
wastes in a Long~Term Management Facility, such wastes will be
properly conditioned to (1) emsure that the generation and escape
of biogenic gases will not cause the requirement in paragraph 2.c.
to be exceeded, and (2} ensure that biodegradation within the
facility will pot result in premature structural failure mot in
accordance with the requirements in paragraph 2Z.b.. 1If
biodegradable wastes are conditioned by incivneration, incineration
operations will be carried outr in compliance with all applicable
federal, state, and local alr emission standards and requirements,
inecluding any standards for radionuclides established pursuant to
40 CFR Part 61, National Emiszgion Standards for Hazardous ALY
Pollutants (NESHAPR).

EXCEPTIONS

Exe¢eptions may be wade to the guidelines presented herein following
auaslyoin of the sitc—specific aospects of a condidate pite. Specifie
situations that warraut consideration for modifyivg these guidelines are:

1.

Where remedial actions wouvld pose a clear and present risk of injury o

workers or meobers of the publie, notwithstaoding reasconable measures
to avoid or reduce risk.

Where remedial actions would produce enviroomental harm that is clearly
excessive compared to the health benefits to persons living on or mear
affected sites, now or im the future, motwithstanding reasonable
measures to limit damage to the envireoament. A clear excess of
environmental harm is harm that is long~term, manifest, aud grossly
disproportionate to health benefits that may reasonably be anticipated.



5.

Where the cost of remedial actions for contaminated soil is
unreasonably high relative to long~term benefits and the residual
radivactive materials do not pose-sz clear present or futurc haszard. The
likelihood that buildings will be erected or that people will spend
long periods of time at such a site should be considered in evaluating
this hazard. Remedial actions will gencrally not be necessary where
residual radiocactive materials have been placed semiperwmanently in a
location where gite-specific facrors limit their hazard and from which
they are costly or difficult to remove, or where only miner quantities
of residual radicactive materials are involved. Exawmples are residual
radicactive materials under hard surface publie roads and sidewalks,
around public sewer lives, or in fence-post foundationg., Supplemental
standards shall net be applied at such sites, however, if iondividuals
are likely to be exposed for long periods of time to radiatiom from
such materials at levels agbove those that would prevail in Subpart A.

Where the cost of cleanup of a contsminated building is clearly
unreasonably high relative to the benefits. Factors that shall be
included in this judgment are thie anticipated period of ocecupancy, the
incremental radiation level that would be affected by remedial actions,
the residual wgeful lifetime of the building, the potential for future
congtruetion at the site, and the applicability of less costly remedial
methods than removal of residual radicactive materigzls.

Whare there is no kpnown remedial acriem,

GUIDELINE SQURCE

Residual Contamination Criteri

Guideline Source

alj

Soil Guideline DOE Order 5&80.%&,

40 CFR Part 192-

Structuré Guideline 40 CFR Part 192,

NRC Guidelines for
Doewontamination of
Fagilities and Equip—
ment Prior to Release
for MMorestrictaed Use or
Termination of Licenses
for Byproduct, Source,
or Sperial Nuclear
Material {July 1982).

Coutrol of Radlioactive Wastes and Residues

Interim Storage DOE Order 5480.1A
Long~Term Management 40U CFR Paxt 192



1 .
m/The bases of the residual contaminmation guidelines are developed in
ORO—-B31 and ORO-832,

E/Based on limiting the concentratien of Ra-222 decay products to 0.03 WL
within structures.
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DETECTION SCIENCES GROUP
INTRODUCTION AND SUMMARY

On September 7, 1983, Detection S5ciences Group performed a ground-penetrating
radar survey of the systemetic borehole Tocations on Property € at the
former Lake Ontario Ordnance Works, Lewiston, New York., The survey was
performed in accordance with Oak Ridge Associated Universities, Inc. Purchase
Order Mo, £-2399232-007, Letter Release No, 7, dated September Z, 1383 and
Amendment No. (-29943-007-A dated September 30, 1983. The survey work was
conducted under the field direction and instructions of 0.R.A.U, personnel.

On Property C, a total of 9 boring locations were inspected. (This procedure
has been described in detail 4in the Final Report on Property G, dated
August, 1983, and will not be iterated here.} Potential drilling obstacles
were found at 4 of the 9 locations. The proposed locations for the 9 borings
and the final locations of the borings are listed in Table I (attached).

The designations of the borings, C1 through C9 for the systematic borings,
are designations assigned by Detection Sciences Group in accordance with the

sequence in which the borings were dnspected, and are not designations
assigned by O.R.A.U.

On September 8, 1983, a grid-survey was made on Area C. The survey ran from
3645 to 4245 covering 1102E to 1137E, as illustrated on Figure 1. There is a
cluster of buried metal objects located at 3635, between 1101.5E and 1105E
at a depth of 5.0 feet. There is buried material at 4035, running between
1104E and 1115E, at a depth of 4.0 feet. There is a buried pipe at 4235,
}137E at a depth of 4.5 feet. Table II summarizes the locations of these
gaturas,

A separate binding, titled “Radar G&Graphic Charis", contains all of the
radar charts made in Area . The proposed location of the boring is the
centerpoint of each chart, shown by a pair of vertical dashed lines. The
fimal location of each boring is shown by the arrow ot the top of each
chart. The vertical scale for all charts is 1 inch = 1 foot. The horizontal
scale is in meters, as marked at the top of the charts. The radar graphic
charts for the grid surveys have a vertical scale of 1" = 2 feet.



DETECTION SCIENCES GROUP

Boring
Number

1
(2
€3
C4
C:
£s
c7
c8
€9

BORING LOCATIONS DETERMINED BY RADAR

AREA C - SYSTEMATIC BORINGS

TABLE [

Divection of

Relocation

Move 1m South

Move Tm East

-

Mave Tm East
Mave 1m West

Proposed

Location

32N,
30N,
405,
403,
2005,
1658,
4565,
4555,
510s,

1080E
1280k
1470E
1018E
1024
1025E
1160E
1320E
1503E

Final

31N,
30N,
403,
403,
2005,
4555,
4565,
4555,
5165,

Location

1080F
1280E
1470E
T1018E
1025E
1025E
1160E
1321¢
1502E
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Tablie II.

AREA C

LOCATIONS OF RADAR ANOMALIES

{hart Line Locatton Depth, Ft.
¥7 3635 1101.58 -~ 310%E 5.0°
#3 4035 1T04E - 111&E a4.0'
#1 4235 1137E 4.5

Description

Buried Metal
Buried Material

Buried Pipe



DETECTION SCIENCES, INC.

1100E 11106 1120 2130E 1149

3535 e W

Buried Metal
5.0 Dewp

3735
3838 .
3935 —
BOIE e e A - sososes "
Buried Cbjects
4,01 Deep
4135
4235 X
Buried Pipe
4.8 Deep
Figure 1.
AREA C

RADAR TRANSECT LINES AND ANOMALIES
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