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COMPEEHENSIVE RADIOLOGICAL SURVEY

QFF-SITE PRQPERTY S
NIAGARA FALLS STORAGE 3ITE
LEWISTON, NEW YORK

INTRODOCTION

Beginning in [944, ¢he Manhattan fngiveer Discriat and its successor, the
Atomic Energy Commission (AEC), used portions of the Lake dntario Qrdnance
Works (presently referred to as the ¥Niagara Falls Storage Site (NFS5) and
off-~site properties), approximately 3 km northeast of Lewliston, New York, for
storage of radipactive wastes. These wastes wera primarily vesidues from
uranium processing operatlons; however, they also included: gontaminated
rubble and scrap from decommissiouning acrivitles, bloleglcal and miscellaneous
wastes from the Universiry of Rochester, and low-level fisslon-product waste
from conraminated-liquid evapeorators at the ¥nolls Atormie Power Laboratory
(KAPL). Receipt of radiocactive waste was discortinued in 1954, and, following
cleanup activities by Hooker Chemical Co., 525 hectares of the original
6l2-hectare NFSS wers declared surplus. This property was eventually sold by

the General Services Administration <o various private, commercial, and

governmental agenciea.l

SCA Chemical Services, Inc., (8CA) is the current owner »f a traes
identified as off-site property $ (see Figure l). A radiological survey of

that ctract, conducred in April — Junme 1983, lv the sublect of this report.
SITE DESCRIPTION

Floure 2 iz a plot plan of off-gite property 5. The properry occupiss
approximately 9.2 hectares, and is bounded on the north by "M" Street and on
the east oy Campbell Street. The Department of Energy's Niagara Falls Storage
Site is located directly south of property 5, and the town of Lewiston owns

the parcel of land bordering the site on the west.



Thic property ig prasenctly wnused and 4% partially overgrown with
brush, weeds, and trees, There are no structures on the site; however, there
15 a concrete pad adjacent to "M" Screet. The Central Drainape Ditch passes
through the property in a north/south direction,

Radiological History

There 18 no evidence of storage or burial of contaminated material on
Lhis property. Previous surveys have ilndlicared elevaued cvadiatlon levels
along portionag of the Central Drainage BDitch and along Campbell and "M"
Streats. These lattar aveas way be attributable to naturally oaecurring

radionuelides In the roadbed slag.l_:'l

SURVEY PROCEDURES

A couwprehensive survey of NP3S8 off-site property 5 was performed by the
Radiological Site Assessment Program of (ak Ridge Associlated Undiversicies
(ORAUY, during the period of April 13 - Jupe 2, 1983. The survey was in
aceordance with a plan dated Maren 14, 1983, approved by the Department of
Energy's QMllce of Huclear IZnergy- The objeccive and procedurcs from that
plan are presented in this section, It shouwld be noced that the Central
Drainage Diteh and an easement. 13 m either side of the upper bank of the
dizeh, are being surveyed and dredged by E&?hcel National, Inc.; this area was

therefore excluded froom the ORAU survey.

Objautive

The objective of rhe survey was to provide a comprebensive assessment of
the radiological condicions on property 5. Radiological information collected

included:
I. direct radiation exposure rates and surface beta-gamma dose tates,
2. loaations of elevated surface residues,
3. soncentrations of radionuclides in surface and subsurface soil,

ba concentrations of radlonuclides in surface and ground water, and

=



Procedures

1.

concencrations oI Tadionuslides in sediment samples from drainage
ditches.

Site Preparation

a. Brush and weeds were cleared as needed to provide access for
gridding and surveying, and a 40 =a grid saystem was
established. These services were provided by Mclntosh and
Molncosh of Lockport, NY, under subconiract. This grid

system Ly shown on Flygure 3.

| An arpa, W om x 50 m, around 3 enonecrete pad adjacent to M"
street was subdivided ince 5 © intervals by the ORAU survey
team, This subdivision was performed as a result of the
generally elevated direct radiation levels noted in this

area during the walkover scan.

Gamma exposurs raLe peasurements were made at the surface and at
Il m above the surface at each accessible intersection of major
grid lines, Measurements were performed using portable gamma
Nal(Tl) scidntillation survey woetcors, Coaversion of these
measurements to exposure tatas ln microroentgens per hour (uR/h)
wags 1in  accordance with eress calibration with a pressurized

fonization chamber.

Beta-pgamma dose rate measurements were performed | com above the
surface at each accessible grid 1line igtersection. Theae
measurements were conducted using thin-windew (<7 mg/cmz} G-M
detectors and portable scaler/ratemeters. Measurements were also
abtained with the detector shielded to evaluate contributions of
nonpanetrating beta and low-energy gamma rvadiatlons. Meter
readings were converted to dose-rate in microrads per hour
{urad/h}, based on cross calibration with a4 rhin-windeow lonization

champet,
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Surface {0=13 cm) sotl samples of approximately 1 kg each were

coliected at each accessible grid line intersection.

Walkover surface scang were conducted over all accessible areas aof
the property, Scanning intervals were 1-2 m along ropads and in
areas where 2lavated radlation levels were observed; 1n other
areas scanniag was at 2=-5 mw intervals. Portable gamma
scinzillation survey meters were used Zfor these scans. Locaticns

of clevared contact radiation levels were noted.

At locations of elevated surface radiation levels, gomms exposure
rates at 1 m above the surface and beta-gamma doge raotes at | com
above the surface were measured. Surface soll samples were
abtained from these locaricns and, following sampling, the surface
axposure levels were remeasured to evaluate the effectiveness of

shallow sampling on removal of the radlation souree.

Detection Sciences Group <f Carlisle, MA, performed ground
penetrating radar surveys in the vicinity of the concrate pad and
at proposed borehcle locatlons. The purpese of these radar scans
was to iddencify subsurface objects or anomaliaes which might be .
indicative of burials on the site and to ildentify the presence of

underground pilping or utilicdies which would preclude borehole
drilling.

Bareheles were drilled to provide a mechanism for Jlogging
gubsurface direct radiation profiles and colleeting subsurface
s50il and water samples. Seven boreholes rto ground water depth
{2=6 m) and ten shallower {1.0~1.5 m) boreholes were drilled hy
Site Engineers, inc., of Gherry Hill, WJ, uslog 4 Lruck nounced
20 ¢m diameter hollow-stem auger. The shallow borsholes were
primarily at locations whera diract radiatioan measurements hacd
indicated possible contamination, The loecarioas of these

boreholes are shown on Figure 4.



The bLureholes were gamma scanmed over their coeire length for the
presence of subsurface residues. Radiation profiles in the
berehoeles were determined by measurements of gamma radiation at
15-30 ¢m intervals betwsea the surface and ground water (deep
holeg) or the hole bottom (sShallow heoles) and at locations of
elevared readings ildentified by the borehole scan. &4 collimated
gamma  seintillatlion detector and portable sgaler were used for

rhese measurements.

Water samples of approxdimately 3.3 liters each were collected from
six borehole Tlocations wusing a hand bailer. S0ll samples of
approximately 1| kg each were ¢ollaectad from variows daprhs in the
holes by acraping the sides of rthe borshole with a apecially

constructed sampling tool.

9. One water sample was collected from an on-site ditch {see
Figure 5).
10. Sediment samples were collected from four locations in on-site

ditches {see Figure 5).

1l Twenty soil samples and seven water samples were collected from
the Lewleten araa (bat wnot  on NFRS  or  asencdatad off-site
properties} te provide baseline conceutracions of radionuelides
for comparison purposes. Direct background radiatiom levels ware
measured at leocatlons where basellne soll samples were collected.
The locations of the baseline samples and background measurements
are shown on Flgure 6,

Sample Analyses and Interpretation of Results

Soi1l and sediment samples were analysed Ly gawma spectrometbry.
Radium=-226 was the wmajor radionuclide of conecern, altheugh spectra were
reviewed for Cs-137, U=235, U-238, and other gamma emitters. Water samples

were analyzed for gross alpha and beta concentrations. ‘Two samples were also



analyzed for 2a-2256 concentratlons. Additional information conecerning

analytical equipment and procedures 1s contained in Appendix A,

Results of this survey were ccmpared to the applicable guidelines for
formerly wtilized radiocactive materials handling sites, which are presentad In

Appendix H.

RESULTS

Background Levels and Baseline Concentrations

RBackground exposure rates and baseline radionuclide concentrations in
soll, determined for 20 locations (Figure 6) in the vieginity of the Niagara
Falls Stovuge Slte, are presenied [u Table 1-sa, Expubure rakes rauged foom
6.8 to 8.8 uR/h (typical levels for this area of New York). Concentrations of
radionuelides fn gedl wers: Ra=226, <0009 to .22 plifg (picacuries per
gram); U-233, <C.14 €0 Q.46 pCi/g; U-238, <2.20 te 6.26 pCifg; Th-232,
0.32 to 1.18 pCi/g: and Cs5~137, <0.02 to 1.05 pCi/g. These concentrations are

typlical of the radionuclide levels normally encountered in surface soils.

Radigactiviey levels 1n haseline water samples are presented in
Table |-B. The gross alpha and gross beta conecentratlens ranged <Efrom
.53 to l.87 pCi/l  (plcocuries per Lliter) and <U.63 to 14.3 pCi/l,

Tespectively, These are rcypical of concentrations normally oeccurring in

surface water.

Diract Radfariorn Levelsz

Direct radiation levels, weasured ab 40 m grid ntervals, are presented
in Table 2., The gamma exposure rates at [ m above the surface ranged from
9 to 16 uwrR/h (average 11 uR/h). Surface contact expesure rates alse ranged
from 9 to 16 uR/h (average 11 uR/h). Beta-gamma dose vates at the surface
ranged from 3 to 1% urad/h (average 12 urad/h). Measurements performed with
the detector shielded averaged approximately 20%Z less than those with the
unshialded detector. This indicates only a small portion of the surface dose

rate s due Luv nonpenetrating beta or low energy photon radiamtiona. Theac

peasurements indicated slightly higher levels alang Campbell Street.



The walkover survey dIdentified oue area of generally higher dffrect
radiation levela. This ares was berween grid lice 5%, 305, I, and 50W, ia the
viciniry of a concrete pad. Table 3 presents direct radiation levels measured
at 5 m intervals in that area. Exposure ratas at thesa locations ranged fron
10 to 32 uR/h at | w above cthe surface and from 10 te 50 WR/h at surface
contact., DBetaw-gamma dose rates ranged from 10 td 130 prad/h. Levels were
genevally higher on the east, west, and south sides of this pad.

Several  small, isolated regioms with contaect radiation levels
silgnificantly higher than those on adjacent areas were also fdentified by the
surface scan. These locations are shown onm Figure 3, and the assoclated
radiation levels arc preeented in Tabla 4.  Goamma exposuara rates st asntact
with these reglons ranged from 24 to 88 uR/h. The highest level was measured
at grid point 225,11W near the concrete pad. Surface beta-gamma dose rates at

these locationa ranged from 35 to 100 urad/h.

At most locarions, contact exposure rates were not reduced by soil
sampling; exposure rates actually Increased following sampling at saveral of
the locations. For example, the contact exposure rvate after sampling at
225,11W (location 3) was 120 uR/h as cowmpared to the level of 88 uR/h before
sampling. These results 1ndicate chat the contaminatilon extends greater than

15 cm below the surface and/or is diffused rather than in discrete deposits.

Radionuelide Concentrations in Surface Soil

Table 5 lists the concentrations of radionuclides measured in surface
soll from 40 m grid intervals. These samples contained Ra-226 concentrations
ranglog from 0.31 to 2.90 pli/g. The highesc level was in the sample from
Zrid location 35,120W. All samples collectad along the shoulder of ™" itreet
contained slightly elevated Ra-226 levels, ranging from 1.48 te 2.90 pGi/g.
Ra=226 concenbrations in other systematie samples and concaentratlons of U=235,
U=238, and Cs—137 were not signiflcantly differeut frowm those in baseline soil

samples,

Concentrations of radionuclides 1n surfaece soil samples, collected at 5 o

intervals from the vizinity of the concrete pad, are pregsented In Table &,



Ra-226 concentrations 1n these samples ranged from (.55 to 34,9 pCi/g. These
gsamples contaired U-238 concentrations ranging from <0.84 to 34.2 pCi/g. The
U=238 and Ra-226 levels were generally equivalent within the statistical
errors  of neasurement. Thiz equilibrium suggests naturally ceccurring
material, The elavated areas arouvnd the pad were noted to contain a layer of
crushed roeck. X-ray flucrescence and neutron activation analyses of samples
of this rock showed the composition to be primarily caleiuwm and silicon with
smaller or trace levels cof irom, stromtdum, titanium, lead, manganese, zing,

copper, alumisuw, chromium, zireonium, rubidiivm, thorlium, and uraniua.

The tesults indicate that the vock is probably pseudowallastonite - a
slag material produced during the scparation of elemental phosphorus.
Previows dinvestigations by Oak Ridge National Laboratory have shown this
material te be commonly uzed for f1i1l and as a paving base in the Niagara

Falls, New York area.”

There is no evidence that this material was associated
with previous Manhactan Enpgineer District or Atomic Energy Commission

activities on tha property.

Analytical resulits for samples collected from lacations of elevated
vontact radiation levals are presented 1in Table 7. All of these samples
contained Ra-2Z26 concentratiocns exceeding the baseline levels. Samples BI-B3
were from the vieinivy of rhe concrate pad; other analyses indlcate that thedr
radlionuclide content I3 net attributable ¢ governmen: operatioms .at thie
site. Samples Bl~A and Bl~B are also of the same composition. Sauwple B2 (grid
paint 1925, 47E) contalns 62.3 pCifg of Ra=226 and 12.2 pli/p of U=238, This
sample consists mainly of soil, and the unequal levels of Ra-225 to U-2133
indicate that this 1s probably contamination resulting from previous MED/AEC
activities at this site. These sapples did not contain Gs-137 or other

radionuclides at levels differing from those normally presenr in soil.

Ground Penetrating Radar Findings

The subcontractor's report, summarizing the ground peneftating radar
survey results {or property S5 is provided in Appendix C. Subsurface
interferences (probably piping) were detected at several points proposed for
boreholes. necessitating slight relocation of drilling points. There was ne

indicarion of buried objects in the vieinity of the conerete pad.

(=41



Borehole Gawma-Louwxing Measurewents

Zlevated seintillation measurements were noted only in boreholes drilled
in the vielnity of the consrete pad and at locations of elevated surface
radiation levels. Iz all casas these aneasurements Lndlicated that the
contamination is confined within 15 to 30 cm of the surface. As evidenced by
sample analyses, the pgamma cownkt rates detersdined by the borehole measurements
were rellable indicators of elevated subsurface radloouclide leweals. "Howaever,
the gamma logging data was not useful dn guanctifying the radiouuclide
concentrations In the subsurface soll, because of the warying ratios of Ka-226

and U-238 occurring in soil and roek from this sice.

Badiouuclide Copcentrations in Subsurface 5oil

Table 8 presents the radionuclide concentrations measured in soll samples
from “boreholes. The seven boreholes (HI-#7), selected to provide a
representaktive goverage of the property, had subsurface vadionuclide
concentrations either in the range of baseline samples or less than the

minimum detectable activity (MDA},

poreholes HB=-H1H were i1z the wiginity of che concrece pad, where the
walkover scan survey had ldentified elevated direct radiatlon levels. Gamma
radiation logging did not identify the presence of aignificant subsuriface
residues. The waximum subsurface Ra~226 concentration was 3,43 pCl/y,
Boreholes H16 and Hl7, near isolated areas of elevated direct rvadiation, did
not contain Ra-226 laevels differing from those in baseline solls. None of the
subsurface samples contained elevated concentrations of U-235, U=-238, Cs=137
or other gamma emitting vadlonuclides.

Radionueclide Concentrations in Warer

The results ot water sample analyses are presencted in Table 9. IL should
be noted that all water samples contained high concentrations of dissolved

solids, vesulting in residues, which adversely affected the measurement



geneitlvitios and crreras fer the grose alpha and gross bata procedurs.,  The
surface water sampled, collected from z drainage diteh, contained 15.1 pCi/l

and 4..4 pCi/l, gross alpha and gross beta, respectively.

Water obtained from six of the boreholes contained gross alpha
concentrations ranging from <1.70 to 4.87 pCi/l and gross beta concentratlons
ranging frem <2.75 to 26.3 pCi/l. The surface water sample and the sample
frop borenale H1 were also analyzed for Ra-226 and found to contain .27 pCi/l
and 0,28 pCi/1l, respectively.

Radionpelide Concentrations in Sediment Samples

Concentrations of radionuclides in four sediment szamples collected from
drainage ditches (other than the Central Orainage Ditch) on property 5 were in
the ranges of levels in baseline soll.

COMPARISON OF SURVEY RESULTS WITE GUIDELINES

The guldelines applicable to ecleanup of the Niagara ralls Storage Site
off-site properties are presenced In Appendix B. All exposure rates at 1l m
above the ground surface oo preperty § are well below the 60 upR/h criterda

established for open land areas.

There is an ares adjacenr to the concrete pad where the Ra-216 sodil
concentrations, averaged over 100 mz, axceed the level of 5 pll/z above
background. Further analysis of samples from this area indicates rthac the
elevated radionuclide levels are contained in a rock slag commonly used for
-11l and as a paving base, This material originates from chemical processing
operations and the radius and uranium levels contained in i, do ot result
from previpus government zctivitles on this sire. A simllar material has been

nated at numercus locations on the NESS and the off-site properties and in the

Whlagara Falls and Lewlston arcas. There is onc small isolated aren ab grid
location 1923, 47E which appears o be Ra—-226 contamination asscgciated with
previous site activities; however, the concentrations averaged over 100 nl

would be below the 5 pli/g criteria level.

LG



Cround-penetrating radar did not indicate tha presaence of subsurfzce
odbjects which would suggest buried materials. Borehole measurements and
sampling indicate all subsurface soil concentrations are within the applicable
guidelines of 15 pCl/g for Ra-226.

Radionuclide concentrations in subsurface water samples are within the
EPA Interim Drinking Water Standards. The one surface water sample collected
from a drainage ditch slightly exceeded gross alpha concentratfion limits of
15 pCi/1, but the Ra=-226 level In the sample (0.27 pCi/l) was well within the
limit set by the EPA.
SUMMARY

A comprehensive survey of off-slte property $ at the HNiagara Falls
Storage B8ite was conducted by Oak Ridge Associated Universities during
April=June 1983. The survey included surface radiation scans, measurements of
dirvect radiation levels, and analyses of rtadlonuclide concentratious i1n
surface and subsurface soil and water samples. Analyses of sediment samples
were also performed. Ground penetrating radar was used to ldentify subsﬁrface

anomalies, which might suggest buried materials.

Tae resulta of the survey indicated areas of cruahed zwock  containing
Ra=226 and U-238. This material is belleved to be chewmlcal processing slag
conmonly wsed for f1ill and as a paving base in the Nlagara Falls area. It 1s
not attributable to previous radicactive waste handling and storapge activities
at this site.

Mo subsurface soil ¢ontamination was noted. Water samples are within the
EPA Incerim Drioking Water Standards, with the exception of the one surface

water sample.

Radionuclide levels on this property do not pose potential health risks
and there 1s ne evidence that migratioa of the radicastive materizls is

adversely affecting adjacent properties or the ground water.

11
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RADIONUCLIDE CONCENTRATIONS IX BASELINE SOIL SAMPLES

TABLE 1-A

BACKGROUND EXPOSURE RATES

AND

Exposure Ratel

Radionuclide Concentrations (pCifg)

Location?
(uRfn} Ra-216 U~235 U-238§ Th-232 Cs-137
1 6.8 N_.74 & D_16¢€ <0.19 <Z.89 0.70 + 0.46 0.29 + 0.08
2 6.8 0.75 + 0.19 <0.19 <3.35 0.86 + 0.24 0.24 + 0.08
3 8.3 0,71 + 0,158 0.46 + 0.41 <3.72 0.88 x 0.33 0.34 + 0.09
& 7.9 0.67 5 0.18 <0.22 <410 .18 4+ N.3% .12 £ 0.07
3 1.3 0.70 & 0.16 <0.17 <3.34 0.68 + 0.24 0.14 + 0,07
6 1.7 0,50 + 0.15 <0.16 £2,33 0.52 + 0.38 0.17 » 0,09
} 7.7 0.62 + 0.13 <0.17 2,73 0.83 + 0.24 0.35 &+ 0.0/
8 7.6 0.59 + 0.12 <0.14 <2.20 0.54 + 0.23 <0.02
9 7.1 0.63 + 0.20 <0.23 <&, 16 0.83 + 0.38 0.69 + 0.11
10 7.1 6.70 + 0.16 <0.19 <2.,98 0.59 + 0.25 0.69 + 0.10
11 6.7 <0.09 <0.1% <2.83 0.4% + 0.31 0.48 + 0.14
12 7.1 0.48 + 0.13 <0.16 <2.84 .65 + 0.26 0.68 + 0.10
13 6.7 0.57 + 0.14 <0.17 <2.36 6.49 + 0.26 0.41 + 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 foh 0.91 + 0.17 <071 <3.38 9.83 + 0.28 0.61 r 0.09
17 1.0 0.48 + 0,14 <0.16 2,13 0,32 + 0.22 0.38 + 0,08
18 7. 0.73 + 0.16 <0.18 6,26 + 8,23 1,01 + 0,44 .32 + 0,12
19 8.8 1,22 + 0.22 0,23 <3,7% 1.08 + U.49 1.05 # U,13
20 8.6 0.83 + 0,17 <B.21 <3,39 0.84 + 0,29 0.08 + 0,07
Range 5.8 to 8,8 0,09 to 1,22 <G 04 to 0.486 <2,20 to 6.26 0,32 to 1,18  <0,02 to 1.05

2 Refer to Figure 6.
Measured at 1 m above the surface.
€ Errors are 20 based on counting statistics.



TABLE 1-E

RADIONUCLIDE CONCERTRATIONS IN BASELINE WATER SAMPLES

Location® Radionuclide Coneentzatiens (pCi/l)
Groes Alpha Gross Beta
Wi 0.95 + 0.93 b 4.79 4 1.15
Wi 0.95 + 0.94 9,17 + 1.31
W3 0.55 + 0,78 2.73 &£ 1.05
W4 0.83 + 0.B9 5.37 + 1.17
W 0.73 % 0.68 <0.64
Wh 1.87 » 1.84 14.3 + 2.4
W7 1.16 + 0.66 <0.63
Range 0.55 to L.87 £0.63 to 14.3

4 Refer to Figure 6.

Errore are 20 based on counting statlstics.
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DIRECT RADTATION LEVELE MEASURED

TARLE 2

AT 40 M GRID INTERVALS

Grid amma Exposurs Gamma Exposurs BeLa=Gamum Duse
Location Rates ar ) m Above Rates at rhe Rates at 1 cm Above
the Surface surface the Surface
(u2/h) (uR/h) {urad/h)
0 , S0E® 12 22 12
G, 40E 12 13 13
¢, 0 12 13 13
0, 40W 13 12 15
0, S2WP 13 13 17
0, 97wh 12 13 13
0 LL20W 12 13 13
0 ,160W 12 12 12
0 ,EOCH«IE1 11 13 14
0 ,235W 1] 12 12
40s, 50u2 16 16 18
408, 40% 11 12 12
408, 0 11 11 15
4 40W 11
483, 5Ewb ﬁ ié 12
408, 95WP 10 10 10
408,120W 10 10 18
4028, 160U 10 19 10
B80S, S0E? 16 16 16
808, 40E 10 10 10
gos. 4EF 10 10 10
08, 40W 10 11 16
808, S4WR L1 12 18
805, 95wd 10 11 11
BOS,120W 0 0 15
808,165WC 9 10 10
B0S, 200W L0 10 11
1203, 50 14 14 WA
1208, 40E g 9 9
1208, 0 10 L0 12
1208, 40W 1 I 12
1208, S55WP 11 11 12
1208, 95uP 10 10 10
1208,120W 10 10 13
1208, 160W W0 10 LI
1208, 200W 0 10 10
1608, SDE® 14 14 14
160s, a0E 10 10 }é
1608, 0 Ll 10
1608, 40W 1c 11 3
1608, 53Wb " 10 15



TABLE 2, wcunt.

DIRECT RADTATION LEVELS MEASURED
AT 40 M INTERVALS

Grid Gamma Exposure ;amma Exposure feta=Gamma Doge
Location Races at 1 m Above Rates at the Rates at 1 cm Above
the Surface Surface the Surface
{uR/1) (uR/ M) (urad/h)
1605, $6uP 10 0 15
1608, 1200 10 L0 10
1608, 160W 10 10 10
1605, 200W 16 9 9
2005, SOE4 16 16 16
2008, 40F 1 10 10
2008, 9 10 10 19
2008, 6GOW 10 I 16
2008, 560 10 10 10
2005, 97ub 10 11 11
2008,120W 10 10 10
2008 ,160W g 9 11
2005 ,200W 19 10 10
2408, 50E2 13 16 18
2405, 40E 12 L0 il
2408, 0 10 10 16
2408, 40W 10 10 10
2408, 3wk L0 10 o
2408, 9SWD 10 1 L
2605,120W L0 1C 20
2408, 160W 9 9 1
2808, SOE® 16 16 16
2808, 40E 11 10 10
2808, © 10 LG 10
2805, 40W 10 10 12
2805, 5S4WP 10 11 11
2805, 95WP 10 10 13
2808, 120W 10 11 11
2805, 160W 10 10 10
2808 ,200W 9 12 12
3203, S0E? 15 15 L6
3208, 4OE 11 19 Le
3205, 0 10 10 10
1208, 404 1n 11 13
3208, SiWP 11 11 11
3205, 95Wb L0 10 11
3208,120W 10 20 10
1208,160W 9 10 12
3208,200W 10 0 10
3605, SOEA 14 16 15
3605, 40E 12 11 11



TABLE 2, cent.

DIRECT RADIATION LEVELS MEASURED
AT 40 M INTERVALS

Grid Gamisa Exposure Gamma Exposute Beta-Gamma Dose
Locntion Rates ar . m Above Rates at the Rates at ] ocm Above
the Surface surface the Surfacse
(uR/ ) (uR/ 1) THrasd/l)
3n0s, 0 10 10
3608, LOW 11 H 15
3608, 53WP 11 10 11
1608, 95WP 10 10 19
3608,120W 10 10 11
3608, 160U 9 10 12
3608,200W 10 10 10
40ns, S0p® 16 16 17
4005, 4QE 10 1 11
4005, 2 11 1. 12
s003, sawb n 10 1
4005, 96WP 10 11 11
4008,120W 10 10 10
4005,160W 10 10 13
4005,200W 1C 10 11

o

Measurement performed at property boundary.

Meagurement perfeormed at edge of drainage ditch easement.

40 m zrid intersection not accessible; measurement performed at closest
accessible poing.

23



TABLE 3

LIRECT RADTATION LEVELS MEASURED AT I M GRID INTERVALS

IN THE VICINITY OF THE CONCRETE PAD

Grid Gamms Expasure Gangs Exposure Beta~Gamma Dose
Location Rates at 1 @ above Rates at the Rates at 1 om Above
the Surface Surface the Surface
(uR/h2 fuz/n) (pzad/h)
285, 0 16 11 13
58, 5w 11 11 11
58, 10w 14 16 16
28, 15w 11 10 11
55, 20W 1l 11 15
58, 25W 10 12 12
58, 30uW 10 12 12
58, 35w 11 13 15
58, 40W 14 21 21
58, 45W 10 12 15
58, S0wW 11 12 21
105, C 10 11 14
108, 5W 11 12 i2
105, ICW 16 Z0 20
105, 15W 12 14 16
08, 20W 12 1z 17
L0858, 25w 13 12 12
105, 0OW 12 11 15
108, 38w 13 11 18
108, 40W 12 13 18
108, 45w 12 12 12
105, 50w s 12 15
153, 0 Pl 11 11
158, 5W 23 12 44
155, 1JW i6 14 43
t55, 15W 14 12 12
155, 20w 10 10 19
135, 20W 10 11 11
135, 30W 10 11 12
135, 35v 12 L2 12
185, 40w 27 15 %]
158, 45W 14 i3 13
158, 50W 12 14 14
M5, 0 11 11 13
208, 5W 13 12 15
<08, 10W 3G 30 26
c25, I5W 12 H 11
205, 20W 10 10 10
2058, 25W 11 10 10
205, 30w 11 10 14



TABLE 3, cont.

DIRECT RADIATION LEVELS MEASURED AT 5 M GRID INTERVALS
IN THE VICINITY

OF THE CONCRETE FPAD

Grid Gamma Exposure Gamma Expogure Beta-Gamma Dose
Locatdion Kates at 1 m Above Rates at the Rateg at 1 cm Above
the Surface Surface the Surface
(ur/ ) (uR/ L) Curad/h)
208, 35W i 10 10
208, 4OW 28 49 120
208, 45W 12 11 16
208, 5JW 11 il 11
258, 0 10 i 12
258, 5W 19 21 64
258, 10W 32 42 130
255, 15w 2 19 42
258, 20W 21 27 73
238, 25%W 27 23 52
255, 3N 21 22 27
158, 35W 24 22 75
255, 40W 29 37 110
258, 45W 17 12 15
258, 50w - Il 11 i4
085, 0 11 11 11
305, 5W 12 11 il
308, 10W 3 11 11
305, I5W 16 12 12
38, 20w 1¢ 12 12
ing, 25w 19 12 la
35, oW 16 12 12
305, 35w 14 13 13
308, 40W 14 12 12
308, 45w 11 11 11
305, 50w 17 1G 13




DIRECT

RADIATION LEVELS AT LOCATIONS

IDENTIFIED BY THE WALKOVER SURFACE SCAN

Exposure Rate (pR/h} Surface Contact Exposure
Location®  Grid Locatlon Contact 1 m Above Suvface Dose Rate Sampleb Rate Afrer Sample
fpradih) Removal (pRSh)

1 3¢, A2E 24 16 40 Bl A & B 24
2 1925, 47E 4] 22 100 B2 73
3 225, 11W 88 82 82 B3 120
4 135, 154 28 19 117 B4 30
5 85, &8H 38 18 6l BS 35
6 55, 39W 28 L7 35 B6 25
7 145, 394 38 27 69 B? &1
8 205, 40 75 30 100 B8 70

2 pefer rta Figure 3.
b goi1 concentrations presented in Table 7.
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TARLE 5

RADIGNUCLIDE CONCENTRATIONS IM SURFACE SOIL SAMPLES

FROM 4D M GRID INTERVALS

Grid Radionueclide Concentratlons (pCi/fg)

Locatiaon Ra-226 -235 p-238 Cs~-137
75, t’lUEb 2.28 + 0.48% <0.27 <1.06 1.69 + 0.20
4g, n 1.78 ¥ 0.41 <0.78 1.55 + 0.99 0.71 + 0.16
is, 4onb 2,03 + 0.38 £0.27 2.7 + 2.0 0.63 + D.16
35, 52WPeC 2,31 ¥ 0.39 <0.31 2,32 ¥ 1.82 0,53 ¥ 0.14
1g, erwbic 2.91 % aua <0.27 1.94 ¥ 2.20 0.73 X 0.15
35, 12000 2,90 * 0.4] <0.11 <127 0.76 ¥ 0.16
3S,|69Wb 1.75 + 0.36 <0.26 2417 + 1,87 0,70 + 15
1g, 900w 1.48 % N.13 <0.2% 1.93 + 2.09 0.76 + 0.14

405, 40E 0.94 + 0.3} 0.40 + 0.05 2.471 + 1.19 0.28 + 0.16
405, 0O 1.0 + 0.38 <0.13 0.73 + 0.83 0.2 + O.11
408, 40W 0.66 + 0.25 <0.24 1.58 + 1.13 0.38 ¥+ 0.11
405, S4WC 0.96 + 0.23 <050 1.06 + 0.69 <0.09

408, 95uC 0.61 ¥ 0.28 <0.22 1.47 ¥ 0.93 D.44 + 0.15
405, 120H .05 + 0,42 <0.21 <{1.95% 0.67 + 0,14
405,160 0.81 + 0.21 {0.4% 0.96 + 0.79 0.67 + 0.10
405, 2000 0.8 + 0.21 <0.52 0.88 + 0.78 0.67 + 0.14
8018, 40K .04 T 0.34 <01.22 <0.94 0.8 ¥ 0.18
808, 4" 0.73 ¥ 0.28 <0.49 0.6 + 1.04 0.21 ¥ 0.08
808, 40W 0.58 + 0.23 0.14 + 0,08 1,72 + 1,54 L0.04

ang, 54 N.69 + 0.17 .St 0.8% + 0.86 <0.07F

808, 958¢ D.76 * 0.33 <020 1.76 + 1.89 0.49 + 0.11
308, 1200 0.84 + 0.30 <0.51 0.67 + 0.9 0.67 + 0,12
ADS  1HSW N80 F N.76 <020 'IN+Y) 0.68 X 0.16
805,200 0.78 + 0.23 <0.23 <0, 47 D.65% + 0,14

1208, &0 074 + 0,28 <0.27 £1.04 0.72 % 0.15

1208, 0 095 & 094 .07 1.47 + 1.58 0.1 & 0.1

1208, 40M 1.08 ¥ 0.33 .27 1.27 ¥ 1.98 0.39 ¥ 0.11



TABLE 5. cont.

RADIONUCLIDE CONCENTRATIONS I SURFACE SOIL SAMPLES
© FROM 40 M GRID INTERVALS

Grid Radionuclide Concentrations (pCi/fg}

Location Ra-226 U-235 U-238 Cs—-137

1208, 55W° 0.78 + 0.21 <0.51 L4t + 0.69 <0.07

1908, 95uC 0.45 & 0.23 <0.44 <094 0.33 + 0.10
1208, 1204 0.85 + 0,20 <0.29 1.70 + 2,18 0.96 + 0.16
1208, 160W 0.74 + 0.40 <0.33 1.78 + 2.8 L.00 + ¢.17
1205, 2000 0.66 + 0.23 <0.27 1.6 + 1.93 0.49 + 0.11
1608, 40E 0.91 ¥ 0.30 <0.26 2.59 + 1.566 0.67 + 0.13
1608, 0 0.83 + 0.23 <0.48 1.19 + 0.81 0,11

L60S, 40M 0.70 ¥ 0.26 <0.21 €0.90 0.26 + C.11
1608, 53u° 0.70 ¥ 0.25 <0.27 <0.97 0.22 ¥ 0.13
1605, 96WC 0.79 + 0.30 0.26 + 0,12 5.12 + 1.88 0.68 + 0.13
1608, 1200 0.84 t 0.24 <6.20 1.24 + 2.3 0.75 + 0. 14
1608, 160K 0.99 + 0.32 <0.30 2.72 + 0.58 0.55 + 0.20
1603, 2004 0.54 * 0.40 <0.20 <0.88 0.69 ¥ 0.14
2008, 4O0E 0.80 + 0.26 <0.49 0.98 + 0.91 0.78 ¥ 0.12
2008, 0 0.76 + 0.21 .21 1,22 + 1.64 0.70 + 0.14
2008, 40W 0.78 ¥ 0,28 <0.29 <0.94 0.61 ¥ 0.14
2008, S4HC 0.95 ¥ 0.26 0.23 + .12 <0.91 0.52 * 0.19
2008, 9w 0,33 + 0,30 <0,24 <0.89 0.71 + 0,14
2008, 120 0.65 + 0.25 <0.25 2,25 + 1.54 0.65 + 0.14
Z008, LAOW 0.45 F N.20 <n. 34 0.63 + 0.62 0.50 * 0.10
2008, 2000 0.73 + 0.21 <0.51 1.51 + 0,57 0,67 + G.11
2408 4OE 0.91 + 0,38 <,25 2.02 + 1,57 0,39 ¥ 0.11
7508, 0 0.79 F 0.30 <. 21 <0.84 0.45 ¥ 0.12
2408, 40W 0,78 + 0.33 <0.22 <0.88 0.38 +.0.10
2408, 5¢ 0.80 + 0.33 <0.20 2.1+ 1,31 0.78 + 0.17
2408, 95WE 1.01 + 0.30 <n.23 <0.89 0.64 + 0.18
2408, 1208 0.68 + 0.21 0.27 + 0,22 0.50 + 0.78 0.78 + 0.18
2408, 1604 0.70 ¥ 0.30 <G.21 <G.81 0.24 ¥ 0.13
2408, 2004 0.66 + 0.23 <0.53 0.75 + 0.94 0.64 + 0.15



TALBE 5, cont.

RADIONUCLIDE CONCENTRATIONS IM SURFACE SO1I. SAMPLES
FROM 40 M GRID INTERVALS

Grid ‘ , Radionuclide Concentrations (pCi/fg) )
Location Ra—225 U-735 U-238 T ee-137
2808, 40E 0.79 + 0.23 <047 1.2 + 0,67 0,24 + 0.0%
2808, 0 0.81 + 0.28 0.12 + 0,07 1.62 + 2,12 0.31 + 0.09
2805, 40M 0.51 ¥ 0.35 €0.26 €087 0.52 ¥ 0.14
2808, 54K° .64 ¥ 0,31 0.74 + 0,34 0.80 + 0,45 0.95 ¥ 0.15
2805, 95M° 0.84 + 0,30 <0.20 <0.93 0.60 F 0,17
2808, 1208 0.66 + 0.28 <0.27 3.60 + 1,65 0.44 + 0,17
2805, 160M 0.55 ¥ 0 18 <0.48 0.56 T 1.29 0.50 ¥ 0.14
2805, 2000 0.66 + 0.23 0.1% + 0.15 2,89 * 1,28 0.69 + 0.19
3205, 40 .91+ 0,25 <022 2,17 % 1.78 0.88 ¥ 0.18
3208, 0 1,01 + 0.24 <0.54 0.61 + 1,39 0.79 + 0.15
205, 409 0.3 1 0,25 <f3.29 40.20 0.7} + 0.15
3205, swe 0.73 + 0,28 <0.21 <0.95 0.78 + 0.17
3208, §5uc 0.79 + 0,28 0.53 + 0,46 2,17 1 1,42 0.66 + 0,17
3205, 1200 0,63 | 0,29 £0.34 2,25 + 1,55 0.87 + Q.16
3208, 160M 0,69 + 0.26 <0.23 <33 0.95 + 0.24
3203, 200 0.88 + 0.26 <0,30 1.7+ 1,12 0.57 + 0,12
26035, 401 1.03 ¢ 0,34 0,23 <090 1.03 + 0,19
3665, 0 0.65 + 0.25 <0. 50 .03 + 0.581 0.68 ¥ 0.12
3505, 404 0.94 ¥ 0.25 <0.49 0.59 + 1.07 0.67 ¥ 0.16
604, ST 0.73 -+ 0.28 0.26 + 0.42 1,60 + 0.92 0.80 + 0.135
3608, 950C 0.64 + 0.25 €0.23 <096 0.58 + 0.14
3608, 1200 0.74 + 0,21 <0.29 3.30 + 1.62 0.68 ¥ 0.20
3605, 1600 0.31 ¥ 0,25 <0.17 W 0.61 ¥ 0,12
3608, 2000 0.46 + 0.30 <0.41 1,33 + 0.69 0,42 ¥ 0,10
4008, 40E 1.03 ¥ 0.33 <n.25 <0.94 0.67 ¥ 0.15
G003, O O.74 + Q.29 <0.22 £0.9¢ Qu66 1 0,13
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TABLE 5, cont,

RADTONUCLIDE CONCENTRATIONS IN SURFACE SOTL
FROM 40 H GRID INTERVALS

SAMPLES

Grid Radionuclide Concentrations {pCi/fg)

Location Ra-226 U~235 U-238 Cs-137

4005, 40W 0.79 + 0.52 <0.27 <0.96 0.80 + 0.15
4008, S3HC 1.10 + G.28 <0.27 <1.09 0.63 E 0.13
4008, 96WC ﬂ.gh_t 0.23 0,54 D441 + 0.13 Q.76 + 0.15
4008, 1200 0.89 + 0.28 0.25 + a2 <0.98 0.52 + 0.13
4005, 1600 0.75 + (.28 W24 P24 + 2,06 0.79 + .16
4005,200W 0.65 + 0.30 <0.19 <0,.93 0.81 + 0,15

2 Errors are 20 based on
b o4g grid intersection

counting statistics.
not accesslble or soil not available;

sample collected from nearest avallable location.
€ Sampling at edge of drainage ditch easement.

wit



1¢

RADIONUCLIDE COMCENTRATIONS IN SURFACE SOIL SAMPLES

TALBE &

FROM 3 M QRID INTERVALS
IN THE VICINITY OF THE COWNCRETE PAD

Grid Radisnuclide Concentrations (pCi/g)

Location Ra-226 U-235 U-238 Cs—137
58, © 0.74 + 0.308 <054 1.50 + 0.89 0.78 + 0.16
58, SW 1.1 + 0.31 <0.57 0.84 + 1.17 0.66 + 0,12
58, 10W 5.13 F 0.63 0.59 + 0,82 1.86 + 3.69 0.55 + D.18
58, 150 0.70 ¥ 0.23 <0.54 0.86 ¥ 0.85 0.32 ¥ 0.11
58, 20 Lald + 6,34 <0D.29 <1.13 0.61 + 0.17
58, 25W 0.79 + 0,30 <0.21 £0.95 0.53 + 0.15
55, 30U L1l ¥ 0.21 ¢0.51 1.30 + 0.80 0.54 % 0.12
55, 35V .11 T 0.28 0.21 + 0.07 <1503 0.36 * 0.12
58, 40W 3.19 + 0.45 <0.28 2.45 1+ 1.62 0.32 + 0.13

105, 0O 1.15 + (.33 <0.28 1.59 + 1.61 G.58 + 0.20
105, »5W 0.75 + 0.16 <0,.59 1.03 £ 0,63 G6.05 + 0.07
105, 10W 2.31 ¥ 0.35 <0.31 2.24 ¥ 2.41 0.13 ¥ 0.10
108, 15W 1.89 ¥ 0.39 <0.33 2.30 ¥ 1.24 0.18 ¥ 0.11
105, 20 0.91 + 0.31 <0.26 1.88 + 1.29 0.10 + 0.08
108, 25H 0.86 * 0.28 <0.27 1.68 ¥ 1.13 0.13 ¥ 0.06
108, 30u 1.01 + 0.29 <0.23 2.55 + 1.25 0.15 + 0.09
105, 35W L.64 + 0.34 <0.31 E.50 + 0,99 0.13 + 0.09
105, 40U 0.95 + 0.20 <D.54 0.63 + 1.28 <0.10 -

108, 454 1.00 ¥ 0.34 £0.34 40,94 <0.05

108, 50U 1.48 F 0.40 <0.26 1.67 + 1.24 <0.05

158, 0 1.03 ¥ 0.35 <0.29 2.00 T 1.05 0.3 + 0.10
158, 5W 1.16 + 0.30 <0.20 1.5 * 2.01 0.24 ¥ 0416
158, 10W 0.98 + 0.23 €0,45 0.97 + 0.70 0.06 + 0.07
155, 15W 1,03 + 0.25 <0.25 4.28 + 2,12 0.34 + (.09
158, 20M 0.99 T 0.45 £0.36 1.38 T 2.34 6.11 ¥ 0.07
158, 25W 0.84 * 0.26 <0.22 3.62 + 1.15 0.08 * 0.05
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TARLE &, onnt,

RADIONUCLIDE CONCENTRATIONS IN SURFACE SDIL SAMPLES

FROM 5 M CRID TNTERVALS

IN THE VICINITY OF THE COWCRETE PAD

Grid Radfonuclide Concentrations (pCifg)

Location Ra~226 U-235 U~238 Cs-137
158, 30w 0.91 + 0.18 D.18 + 0.1 2.22 +1.71 L 08
158, 354 U.956 + 0.29 <0.28 1.28 + 1.49 0,30 + 0.14
158, 40W 5.25 + 080 .52 5,28 + 2.02 D43 + 0,19
15%, 450 0.96 + 0.35 <0 .28 1.25 + 1.62 0.29 + 0.09
155, 50U 1,90 + 0.36 <026 2.94 + 2,43 0.54 ¥ 0.16
208, 0 0.68 ¥ 0.15 0.30 + 0.03 117 + 1.67 0.36 + 0,12
208, Su 0.88 + 0,20 <0, 48 <1.09 0.43 + 0.08
208, 104 26.9 + 1.1 <0.99 25.8 + 3.7 1.5 £ 0.20
208, 15W b b b b
2008, 20U b b b b
208, 25W b b b b
208, J0M b b b b
208, 354 b b b b
208, 40V 3.9 4 1.2 <1.16 3.2+ Ak 0,40 + 0.7
205, 45W 0.84 * 0.30 <0.23 1.36 + 1.70 0.54 * 0.13
208, 50U 0.98 ¥ 0.23 <0.52 £.26 * 0.72 0.68 ¥ 0.15
255, 0 0.55 + 0.19 <0.21 <0.84 0.40 + 0.15
158, 5W 1.04 ¥ 0.28 0.3 2,37 + 1.84 0.64 + 0.16
25¢, 10W 31.5 * 1.0 1.94 + 1.30 15.2 % 1.9 0.65 & 0.14
258, 15U 5.51 * 0.59 <9.93 3.19 + 2,39 0.46 T 0,15
255, 20W 16.7 + 0.9 1.86 + 1.27 1.6 + L. 0.41 + 0.13
158, 25W 2.98 1 0.48 <0Lad 2.88 T 3.3% 0.78 t 0.16
255, 30W 6.89 * 0,68 <0.55 3.47 F 1,94 0.55 + 0.19
255, 35H 2.55 + 0,38 <0.25 2.99 % 2.60 0.48 + 0.18
258, AUU 15.9 + 0.8 0.96 + 1.00 12 ¥ 2.3 0.98 X 0.17
258, 454 0.78 + 0.29 <0755 L2 + 0,79 478 F 0415
255, 50W 145 + 0.31 <0.24 1.63 + 1.88 0.07 + .11
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TABLE 6, cont.

RADTONUCLIDE CONCENTRATIONS IN SURFACE S01L SAMPLES
FROM 5 M GRID INTERVALS
IN THE VICINITY OF THE CONCRETE PAD

Grid Radionuclide Concentrations (pCifg)

Losatlon EETNA =215 u-238 Ca-137
08, 0 0.91 + 0.35 <0.55 1.45 + 1.08 0.65 & 0.14
308, SW 0,95 ¥ 0.29 <0.24 <0.97 0.64 ¥ 0.13
308, 10M 0.71 ¥ 0,28 <0.20 1.80 + 2,59 0.57 ¥ 0.16
30s, 15W 0.59 ¥ 0.43 <0.28 <1,03 0.59 + 0,24
308, 20M 0.70 ¥ 0.20 <0.27 2.47 + 1,67 0.45 ¥ 0.12
308, 25U 0.83 ¥ 0.34 €0.28 2,25 ¥ 1.19 0.75 ¥ 0.16
308, 300 0,95 + 0.31 <0.27 <0.93 0.5 ¥ 0.14
308, J5W 0.70 ¥ 0.26 0.32 + 0.51 . <0.85 0.54 + 0.15
108, 40N 0.98 ¥ 0.25 <0.47 1.10 + 0.79 <, 25
08, 45W 1.06 ¥ 0.79 <0.77 1.52 + 1.27 0.70 + 0.18
308, S0M 0.65 + 0.20 <0.52 0.97 F 0.75 0.12 F 0.08

8 Errors are 2¢ based on counking statlstics.
b Sample not avallable due to presence of concrete pad.



TABLE 7

RADTOWUCLIDE CONCENTRATIONS IN BUHFACE SAMPLES
FROM LOCATIONS IDENTIRIED BY THE WALKOVER SCAN

Sampled Grid Kadisnuclide {oncentraticns (pcifg)b

No. Location Ra~226 U-235 U-238 Cs~137
Bl-4 {(Gravel) 233, 42E 8.47 + 0.71¢ .48 9.68 + 4.04 .65 + 0.16
BI-B (Rock) 228, 42 168 T 7 10.3 + 11.1 126 1 23 <064
B2 1925, 47E 62.3 + 1.8 <1.46 12.2 + 7.2 1,59 + 0.24
B3 228, W 32.1 F 1.2 <0.91 32.2 1+ 4.9 0.92 + 0.18
B4 138, 15W 11.6 + 0.7 . .58 6.21 + & Q4 0.53 + 0.13
BS 8%, B 23.7 + 1. <(r.%8 2.0 + 3.7 G.55 + 0.16
B6 58, 394 15.9 + 0.8 <0.82 15.5 + 4.5 0.34 + 0.12
¥ 148, Aay 4.33 * 0.42 <.E1 2.56 + 1.56 0.23 1‘0715
BS 208, 40W 33.2 + 1.2 <l.10 26.6 + 4,0 0.26 + 0.13

4 gefer to Figure 3.
b gefer to Table & for direct radiation levels.
€ Errocs are 2o based on counting statistlcs.
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TARLE &

RARIONUCLTDE CONCENTRATLONS IN BOREHOLE SOIL SAMPLES

Borehole? Grid Depth Radionuclide Concentrations (pCi/fg)

No. Location {m) Ra-226 U-235 U-238 0s-137

H1 2785,220W Surface 1.18 + 0.73b <0.29 1,58 + 1.3% 0.450 + 0.10
0.5 0.78 + 0,26 <0.21 2,01 + 1.49 <0.03
1.0 0.78 + 0.20 <n.21 091 + 1.77 <n.03
2.0 0.83 + 0.29 .23 <0.82 [N
3.0 .03 T 0.24 0.27 <0 .85 <0.03

H2 165, 173V Surface 0.88 + 0.20 <0.26 1.70 + 079 <03
0.5 0.65 + 0.24 <0.18 0.63 + (37 <0.0%
1.0 0.90 ¥ 0.19 <O.th 0.52 F 1.60 <011k
2.0 0.74 + G.18 <.t? .51 + 0.29 <0.032
3.0 0.76 + 0,24 <0.20 0.87 + 0.89 .03

i3 328, 97U Surface 0.7 + 0.23 <0.20 .41 + 1.48 0.10 + 0.05
.5 1.96 + 0.26 <0.24 0.64 + .51 <0.03
1.0 0.84 ¥ 0.21 <n.z21 1.45 ¥ 0.51 <0.03
2.0 b.14 + 0.39 <0.33 2.58 + 3.65 <0.06
3.0 .85 ¥ 0.28 <0.20 1.08 ¥ 1.85 <0.03

{0 258, sy Surface 0.96 + 0.29 £0.29 <0.92 <03
0.5 0.85 + 0.25 <0.17 1,49 + 1.45 {0.04
1.0 080 + 0.23 <N.RR <L Be <004
2.0 0.94 + D.33 <0.22 L.00 + 0.74 <0.07
3.0 0.64 + 0.19 <0.20 1.3% + L.bb <0.04

H5 225, 30E Surface 0.70 + 0.23 0,22 1.62 + 1.75 0.9 + 0.07
0.5 0.91 + 0.24 a0, 20 0.83 + 1.41 <G.03
1.0 0.69 + 0.24 L0070 1.02 + 0.867 <y .n3
2.0 1.39 + 0.41 <0.32 2,05 + 1.99 <0.05



9t

TABLE &, cont.

RADIONUCLIDE CONENTRATIONS IN BOREHOLE SOIL SAMPLES

Borehole Grid Depth Radionuclide Cencentratlons (pCi/fg)

No. Location (m) Ra-226 U-235 U-238 Cs—137

Hé 1605, 45E Surface 0.67 + 0.25 <0.20 2.44 + 1.69 <0.03
0.5 0.84 + 0.20 <N.20 1.07 £ 0.75 <0.04
1.0 0.78 &+ 0.24 <0.20 .82 <0 .04
2.0 0.77 + 0.21 <0.22 L7+ 0,80 <0.03

w7 2968, 45  Surfaca 1.26 + 0.33 €0.25 .63 % 2.11  0.68 + 0.13
0.5 0.90 ¥ 0,19 <0.24 2,04 ¥ 0.62 <0704
1.0 0,91 + 0.31 <22 1.90 + 0.61 <0.04

H8 195, 40W Surface 21.7 + 0.8 1.78 + 0,99 17.8 + 1.5 .32 + 0.10
0.5 3.43 + 0,55 <0.23 2.37 + 2.13 <0.02
1.0 1.70 + 0,33 <0.35 <1.19 <{}.05

H3 las, 37W Surface 6.73 + 0.58 <0.37 4o56 + 2.53 0.33 + 0.09
G.5 2,30 + 0.34 <0.26 2.30 + 1.74 <0.04
1.0 1.55 + 0.36 <0.25 1.16 + 0,56 <004

H10 BS, 41w Eurface 0.9 + 0.20 <i.al Z.98 + 1.23 0.04 + 0.0
0.5 0.88 + 0.1% <0.29 1.5 + 1.71 <004
1.0 1.08 ¥ 0.26 <0.24 1.00 ¥ 0.53 <0.04

11l 135, 234 Surface 0.89 + 0.19 £63.20 0.74 + 0.65 <004
0.5 0.69 + 0.25 <0.20 1.39 + L.76 .04
1.0 0.89 T 0.29 <0.23 1.66 ¥ 1.70 <0 D

H1Z 135, 194 Surface 1.93 + 0.35 .23 2.14 + 1.09 0.19 + 0.10
0.5 0.23 + 0.20 €0.22 £0. 86 004
1.0 0.92 * 0.26 <0.23 L.59 + [.77 <0.04



TABLE &, cont.

RADIGHUCLIDE COHCENTRATIONS IN BORENULE SOTL SAMPLES

BoTERG e
I\

HiA

H14

Hl5

Ly
~a

the

HIT

Gl Deplh Radluviucllde CongentraLions (pGLig)
Location {m) Ra-226 =235 0-238 Cs-137
138, 8W Surface 0.18 + 0.26 K0.18 1.56 + 1,42 0.06 1 0.05
0.5 .78 1_0.38 <0.21 2,38 i.l.lﬁ <004
L. 0.79 ¥ 0,24 <0.21 1.01 + 6.5t 0.0
225, 10" Surtace 4434 + 0,40 .66 + 0.45 3.74 i_ﬂ.ﬁ? 0.23 + 0.10
0.5 .83 + 0.40 {0.25 1.14 + 1.80 {1.03
1.0 1.05 + 0.23 <0.21 <uL.87 <0.03
2545, 29U Surface 1.08 + 0.25 <020 1.87 + 1.98 0.06 + 0.10
N.5 0.84 + 0.24 {0.22 1.71 + 0.66 0.05 + 0.08
1.0 0.91 ¢ 0.24 <0.29 2.81 + 0.62 <0.04
235, 41E  Surface  0.99 + 0.25 <0.23 L4 £ 052 0.09 1 0.09
0.5 0.89 + 0.26 B.20 <085 S
1.0 0,95 + .24 20 X0.73 <003
1935, 46E Surface .84 + 0,23 <0.20 1.18 + 1.99 <0, 04
0.5 0.84 + 0.28 LG.24 1,02 1 1.09 N04
1.G 1.04 + 0.23 <0.27 2.3 + 0,02 <0.05

2 Refer Lo Flgure §.
Errvors are 20 based on counting statistics.



TABLE 9

RABIONUCLIDE COMCENTRATLIONS TN WATER SAMPLES

Sample Sample Grid Radlonuclide Goncentrations {pCi/fl)

No. Type Location Gross alpha? Gross Beta Ra~220
Wl surface®  (Dralnage Direh) 1355, 54¥ 15.1 + 2.19 414 + 3.l .27 + 0.06
W2 Subsurfaece (Borehole H1)© 27§,2200 6.87 + 3.17 26.3 + 3.7 0.28 + 0.06
4] Bubgurfacs (Borahola u2}C 165,173W 2.57 + 2_hh <375 ——
Wa Subsurface (Borehole H3)¢ A28, 9 b.21 ¥ 2,32 19.7 + 3.8 —
W5 subsurface (Borehole H4)® 258, 52w 3.49 + 3.20 7.70 + 3.69 —
e Gubgurfaca (Borehole HSHIC 228, 10E ¢%.19 15.h + 7.5 ——
W7 Subsurface (Borehole HI)© 2965, 4SE <1.70 7.99 + 4u12 ——

4 large amounts of dissolved solids resulted in relatively poor detection sensitivities.
b pefer to Figure 5.
€ Refer to Figure 4.
Errors are 2¢ based on counting statlstics.
€ pash indicates the analysis was not performed.
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TABLE 10

RADIONUCLIDE COMCENTRATIONS IM SEDIMENT SAMPLES FROM DRAINAGE DITCHES

Sauplad Grid Radionuclide Concentratlons (pCifg)
No. lLocatian Ra-226 U-235 H-238 Cs—137
s1 355, 54W 0.81 + 0.23b <0.49 0.57 + 1.36  0.08 + 0.10
52 355, 0 1.19 E 0.29 0.08 + 0.11 <0.83 0.15 + 0.07
53 1185, 951 0.69 + 0,24 <0.39 0.49 1 0,51 0.25 + 0.06
sS4 118,130 .00 * o.16 <0.23 0 .99 1.27 * Q.20

8 pafer to Flgure 5.
Errars are 2a based on counting statistics.
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APPENDIX A
Instrumentacricn and Analytical Procedures

Gamma Scintillation Megsurements

Walkover surface scans and measurements of gamma exposure rates wera
performed using Eberline Model PRM~6 portable ratemeters with Victoreen Model
489-5% gamma gcintillation probes containding 3.2 em x 3.8 em Nal(Tl)
crystals. Count rates were coaverted to exposure levels (uR/h) uwsing factors

deteruined by comparing the response of the scintiilation detectors with that
of a Reuter Stokes Model RSS~111 pressurized ionlzation chamber at several

locations ¢n Che Niagara Falls Storage Site and off-site properties.

Bata~Gamma Dose Rate Measurements

Measurements were performed using Eberline “Rascal”, Model PRS-1,
scaler/ratemeters with Model HP~260 thin-window, pancake G-M, beta probes,
Dose rates (prad/h) were dectermined by comparing the response of a Victoreen
Model 440 ionization chamber sgurvey meter to that of the G-M probes.

Borehole Logging

Borehale gamma radlation measurements ware performed using a Victoreen
Model 489=55 pamwa scintillation probe, coanescted to & Ludiuc Medal 2200
pertable scaler. The scintillation probe was shielded by a 1.25 em thick lead
shield with feur 2.3 mm % 7 mm hnlas evenly spaced around the region of the
scintillation detector. The probe was lowered into each hole using a tripod
holder with a small wineh., The borehole was scanned and measurements were
performed at intervals of 15-30 c¢m to identify regions of possible residues
and gulde the gelection of subsurface soll sampling locations. Due to the
varying ratios of Ra-226, U=235, U-238, and (s~3il7 on the NFSS properties
there was no atrtenpt to estimate soil radionuclide concentrations directly
from the logging resulcs.
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S0i1 and Sediment Sample Analysais

S50il and sediment samples were dried, mixed, and a portion placed in a
0.5-1iter Marinelli beaker. The quantity placed in each beaker waszs chosen to
reproduce the calibrated counting geometry and ranged from 600 to 800 g of
soll, Net soll weights were determined and samples counted using solid state
Ge(Li) and intrvineic germanium detectors coupled to a Nuclear Data Model
ND=-680 pulse height analyzer system. Background and Compton stripping, peak
saarch, peak fdentification, aad concentration calculatlons were performed
usdng the computer capabilicies inherent in the analyzer system. Enorgy pooks

used for determination of radionuclides of concern were:

Ra~226 ~ {0,609 MeV from Bi~214 (corrected for equilibriom conditions)
U-235 = 0,143 MeV u

U-238 =~ 0.093 MeV from Th=234 (secular equilibrium assumed)

Cs=137 - Q.662 MeV

Water Sample Analysis

Water sampleg were rough—filtered through Whatman No. 2 filter paper.
Remaining suspended a0lids were romoved by subsequent filtration through
0.45 uym wembrane filters. The filtrate was acidified by addition of 10 ml of
conecentrated nltric acid. A known voelume of each sample was evaporated Co
dryness and couated for gross alpha and gross beta using a Tennelec Model

LB 5100 low-background proportional counter.

Analysls for Ra~226 was performed using the standard technique EPA
600/4=-75-008 (revised).

Callbration and Quality Assurance

With the exceprisn of cuposurc and dosa rata conversion facters for
portable survey gamma and beta-gamma meters, all survey and laboratory
instruments Were calibrated with HNBS-traceable standards. The calibration

procedures for these portable instruments are described above.
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Quaiity contrel proceduras an all dnsrrumenrs {neluded daily backgreund
and check=-source measurements to ceonfirm lack of malfunctilons and

nonstatistical deviations in equipment. The ORAU laboratery participates in

the EPA Quality Assurance Program.



APPENDIX B

AUMMARY OF RADTATTON GUIDFLTNRS
APPLICABLE TO OFF-3ITE PROPERTIES AT THE
" NIAGARA FALLS STORAGE SITE



U. 5. DEPARTMENRT OF ENEZRGY

RESIDLAL CONTAMIRATION AND WASTE CONTROL CRITERIA

FOR .
FOFMERLY UTILIZED SITES REMEDIAL ACTION PROGRAM (FUSRAP)
AND

AEMOTL SURPLUS FACILITIES MANAGEHENT PROGRAM (SFMP)Y SITES

Fresented here are the residual contamination sleanup and waste coatrol

:ritey}a of reneral applicability to the FUSRAP project and remote SFMP

With the ewxception of limits for radium=-226, the sall residusl ceontaminatien
criteris were developed on the basis of limiting maximum individual raciation
exposure to DOE limits specified in DOE Order 54B0.1A excluzive of exposure
froe natural background radiation or wedical procedurss. The aggregate of the
contritucion froc all majer pathways, based oo scenaries for permanent
intrusien, e.g., establishing residences on the site, bas been assumed. In
most circemgrances, the probablility 45 low that such an intrusionm will ozeur,
Alwn, congervative assuapricons wvere uced ir deriving these crireria tn ensure
that a particular dose limit would not be exceeded. Use of thege eriteria is
acdditicnally conservative because the pathways considered in the derivarion of
the criteriz assuze all water imtake and aost food intake is from the site,
Also, the sites gften have limited agricultural capabilit¥ and che
contaxzination is generally not homegeneous. The combined effect of these
facters is such that the probable radiation exposure to the average popularion
on, or in the vicinity of, FUSRAP sites decontaminaced ke these criterdia limits
will not be appreciably different frow that sormally received from natural
background radiation.

The residual contamination criteria for surfage contamination of structures
were developed frow a proposed ARSI standard®’ modified as appropriate to be
consistent with DOE Order 5480.1A and the spacific needs of FUSRAP for
cost-effective, workable guidelines which provide an adequate safety margin.
The waste sontrol criteria are consistent with applicable DOZ Orders and EPA's
regulstions for dnartive wrarfoum milling sites. 40 CFR 192.

-LfA remote SFMP site Is onme that i1s excess To DOE programcatic needs and is
located outside 2 zajor operating DOE RED or production area. Rewote sites

are more likely to be released to the public or excessed to other government
agencies after decontarination than are sites located With wajor RéD or

production areas.

E/ARSI N13.12 (preopesed) —— am adaptation to be applied, as appropriate.
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RESTDUAL CONTAMINATLION CRITERIA FOPR FORMERLY UTILIZED SITES AND PEMITE

SURPLUS FAJILITIES MANAGEMEN] PROGEAM SITES

The follewing sriteria represent the maximus residual contamination limits
for unrestrizred use of lard and structures contaminated with radlonuclides
related to the nuelear fuel cycle at FUSRAP and revote SFMP sites. 1t is
the pelicy of DOE to decontaminate sites tc contamination levels at or
belov the limits and in a wmanner consistens with DOE‘s
as-low-acs~ig~reasonably-achievable (ALARA) policy. Residual centazinzzion
limits for ?iher nuclides will be developed when required using Lhe same
methodolopes’ as was used for thoese represented here,

1o Soil (Langd) Criteria (Maximum Licits for Unrestricted Use)
27,37 ,4/
wmw

S0il Criceri

Radionuclide {pCi/g above background)
U-Natutalif "5

u-236¢ 150

U-EBL—%I 150

Th 230~ 18

Ra~226 5 pli/g, averaged over the

First 15 em of secil below
the surface; 15 pCi/g when
averaged wver 15 cm thick
soill layers more than 13 em
below the surface and lessg
than 1.5%¢ belcor the surfare.

v-235%/ 140
Pa=~23] 40
Ac—-227 180
Th~232 15
Am*ZﬂlB/ 20
Pu~241< 800
Pu=-238, 239, 240 100
Cs=137 BC
Sy-8s 160
E=3 {pCi/wml seil molsture) 5,200

ljDescribed in ORO-B831 and ORO-B32.

gjln the event of cccurrence of mixtures of radﬁanuclides, the
fraction contributed by each radionuclide to its limitc shall be
determined, and the sum of these fractiens shall net exceed 1. There
are uwo special cases for which this rule wust be modilied!

B-2



(a) 1f Ra-226 L1s present, then the fraction for Ra=-226 should mot be
ingluded in the sum 1f the Ra-2286 concentration 1s less thar ot
equal e the Th-230 concenttatieon. 1 the Ra-220 concensration
exteads the Th-23C concentration, -then the sum shall be
evaluated by replacing the Ra~226 concentration by the
diffearence matuveer the R2=226 and Th~230 concantrationc_

{b) If Ac-227 ir present, then the sgme ruie given In (a) for Ra-276
relative te Th-230 applies for Ac—-227 relative to Pa=23),

é/-xcept for Ra=226, these criteriy represent unrestricted-use
residual concentrarions above background averaged acreogs any 15 ox
thiek laver o anv depth and over any contiguous 100 n™ surface area.
The same conditions prevail for Ra-Z2€ except for so0il lavers beneath
1.5 m; beneath 1.5 m, the aliowable Ka~3226 concentration may be
affected by sice=specific cupditions and must be evaluvated
accordingly.

—/Lacalized concenrratians in exress of thase limits are allowable
provided thar the average over 100 B~ is not exceeded.

}

Q'A curie of matural uranium means the suww of 3.7 x 1010 10
disintegrations per secogd (dis/g) from U-238 plus 3.7 x 10" " dis/e
from U-234 plus 1.7 x 107 dis/s from U-235, Cne curle of nztural
vranium is equivalent to 3,000 kilograms or 6,600 pounds of marnural
vraniu.

6/
- Assumes no other uranium lsotopes are present,

lfrhe Th=230 guideline is 15 pCifg to account for ingrowth of Ra-22¢
as Th~230 decays. Ra-22¢ 1s a limiting razdionuclide because 15
decay preduct is Rn-222 gasm.

E’The Pu=24] eriterion was derived from the Am-241 concentration.

Strucrure Triterdia {(Mavimum Liwmits for lUnrestricred Use)

a. Indeor Radon Decay Products

& structure located on private property and intended for
unrestricred use ghall be subject to Temedial action as necessary
te ensure the annusl average ¢onccatration of radon deday preducts
is less than 0.03 WL within the strueture.

h. Indooar Gamemis Eaddiarion

The indoor gamma radiation after decontamination shall ngr exceed
20 microroentgen per hour (20 pR/h) above background.



c. Indoor/Qutdeor Structure Surface Contazmination

Allowable Surface
residual Contaainatiunw

1/

{dpn/100 en™)

Radionualides

GrnuR 1:

Radionuclides fer which the
uncontrolled area concentratiorn
guide iz air aBove backgraun&=J is
2 x 10" Ci/n” or less or for
which the uncontrolled area cop-
centration,guide in watgr aboye
background=" 1is Z x 10 Cl/m

or less; includes Pa—-231, Th-228,
Th=-230, Ac=227, Ra=-226, Ra-228, and
Pb-210.

GrnuE 2: 1,000

Radionuclides not 1u Group 1 for
vhich the uncontrolled ares con-
centragion guide in,air atgve hack-
ground- 15 1 x 10 Cl/e™ or less
or for which the uncontrollied area
concentrat§9n guide In ¥arer ghove
backgrouynd= 15 1 x 10 ~ Ci/o” or
less: includes U232, U-238, Th-232,
Ra=223, and Po-210.

Group 3: 5,000

Those radisnuclides net in Group

] or Group 2; includes U-234,
U-235, and Ra~2234

and all other beta-ramma enmliters.

Removable

20

200

1,000

/ :
-l-'Ihe levals may be averaged cver ! w provided the maxizum
activity in any area of 100 em”™ 15 less than 3 tizes the limiz

value; dpm = {isintegrations per minute.

In the event of

ceeurrence of mixtures of vadionuclides, the fraction contribured
»y each radionucliide to i:is liwmit shall be decermined, and che

sum of these fractions shall not exceed 1,

2/

~' Given in Attachment ! to Chapter XI, Table II, DOE Order

5480.14.



CONTROL OF RABIOACTIVE WASTES AND RPESIDUES FROM FUSEAP AND RPEMOTI S¥up

SITES

Specified here sre the control requirements (eriteria} fer radicactive

vastes an? residues related to the nuclear fuel cycle at FUSRAF and reccote
EFMP sites,

1.

Irterin Storage

All cperational and control requirements specified in the foilowing DOE
Orders 3hall apply:

h.

580,14, Environmental Protection, Safery, and Healch Proteerion
Program for DOE Cperasions.

5480.2, Hazardous and Radivactive Mixed Waste Management,

5483.1, Ceccupstional Safety and Health Program for Government-Owned
Contractor~Dperated Faciliciles.

5484,1, Envirormental Protection, Safery, and Health Protection
Information Reporting Requirements.

54384.2, Unusual Gccurrence Reporting System.

Cocntrol and stabilization fegtures will be designed to ensure, to
the extent redsonably achievable, an effective life of 50 years,
and in any cage, ar least 25 years.

Rn-222 concentrations in the atmosphere above facilitry surfaces or
openings shall not {1} exceed 100 pCi/l at amy given polnt, or &n
average concentration of 30 pCi/l for the facility sitve, or (2)
exceed an average Rn-222 concentratien at or above any locatien
outside the facility site of 3.0 pCL/1 (above background).

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

Leng~Term Management

A

All operational reguirements smpecliled for Interic 3torage
Facilities (B.1) will applr..

Contreol anéd stabilization features will be dasigned te ensurs to
the extent reasonably achievable, an effective life of 1,000 vears
and, in any case, at least 200 years. Other disposal site design
featuras shall conform with 40 CFR Part 192 performance
guidelines/requirements.



G

Rn-122 emarnation te the at=zosphere frop facility surfaces ot

openigg s$kall net (1) exceed an average release rate of 20
pCi/m"/s, or (2) increase the annual average Rn-222 concentration
at or above any location outside the-faclliry site by more than (.0

pCi/l.

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

&, FPrior to placement of any. potentially hiodegradable contazloated
wazstes in a Long-Term Managewernt Facility, such wastes will be
properly conditioned to (1) enmsure that the generation and escape
of bisgenic gazes will met cause the sritewda In paragraph 2.e. te
be exceeded, and (2) ensure that biodegradarion within the facility
will pot Tesult in premature structural fallure wot in accordance

with the eriteria in paragrapk 2.b..

1f kiodegradable wastes are

conditioned by incineration, inclneration operations will be
carried out in compllance with all applicable federal, state, and
local air emission standards and requirements, including asy
standards for radienuclides established pursuant to 40 CFR Pari 6],
Narional Emission Standards for Hazardous Alr Pollutants (NESEAPS).

- EXCIPTIONS

l. ‘Procedure —— Analysis of site~specific conditioms.

2. Applicability = Where health and safety would be endangered, or

vhere cost clearly outweighs benefits.

CRITERIA SOURCE

Criteris

Residual Contaxzination Criterialf

Seil Criteria

Structure Lriteris

Control of Radicacrtive Wastes and Residues

Interix Storage
Long-Term Management

B~

Source

DOE Order 5480.14,
AG CFR Fars 192&

40 CFR Part 192,
Froposed ANGT wNi3_ial

DOE Order 54B0.1A
40 CFR Parr 192



Exeentions

Frocedure 40 CFR Parr 192
Applicabilicy 40 CFR Part 192
'y”l“he bases of the resicdual cenrtaminarion criteria ere developed in

QRG-831 as supplemented and ORO~832.

2
—/Bascd on liwmlting the ceoncentratien of radon—3212 deeay products te
0.03 WL within structures,

B-7
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DETECTION SCIENCES GROUP
INTRODUCTION AND SUMMARY

Beginning April 25, and continuing through April 3C, 1983, Detection Sciences
Group conducted & ground-penetrating radar survey on Arga 5, G and F at the
former Lake Ontario Oranance Works, Lewiston, New York. The radar survey was
performed in accoraance with Oak RKidge Associated Universities, In¢, Purchase
Graer No. C-29923-001, Letter Release No. 1, dated April 14, 1983, and per
“ield instructions received from C.R.A.U. pérsonnel.

The first area to be surveyed was a site at the northern edge of Area S,
just south of "M" Street. The radar survey zone was from @5 to 305,
extending from @W to 5@W. The rader onomalies and the radar survey lines dre
shown in Figure 1. A total of 77 ooreholes were surveyed in Area 5. Of these
17 locations, 10 appeared to have possible subsurface obstructions, anc were
moved to mare berign locarions no more than 5 meters from the original
locations. The results o the borehole surveying and the co-ordinates of
relocated boreholes are given in Table I. Not al) subsurface targets are
drilling obstacles: a ball of clay, for example, will show up as a discrete
object, yet it would present ne drilling problem, The conservative approach,
however, is to regard all such subsurface targets as potential obstacles,

and to move the boring to a location where the radar chart is cemoletely
berign.

The section within Area € that was grid-surveyed containec a few areas that
show up as having a strong contrast to the surrounding natural subsurface
strata. Some of the radar signatures appear to be caused by the reinforcing
steel used in a concrete slab. There are distinct “edge scars" observed with
these repar-like signatures, further suggesting the presence of buried slabs
cf reinforcec congrete., Because of the former industrial use of the site, it
is likely that the signatures are, in fact, due to buriec concrete slab
foundations. '



DETECTION SCIENCES GROUP
DESCRIPTION OF THE SURVEY

For this survey, Detection Sciences Sroup used the 120 Mhz antenna with its
radiation shield. The 120 Mhz antenna prcvides creater penetration than can
be ootained using higher frequency antennas. Because of prevailing ground
conditions at tne site, the wuse of & high frequency antenrz woulc not
provice sufficient penetration *n many cases,

Using the survey vehicle to tow the antanna oroved to 2e impractical on this
survey. Much of the area covered by the 10 meter grid system was located in
areas of rough terrain containing earth mounds, trees, tell stalky arowth,
aid  swampy areas. Towing the antenna with a vehicie reguires a relatively
smootk, uninterrypted terrain; for these reasons thz racar transect lines
were oone by hand, pulling tne antenna across all propecsed survey lines,

The borehole surveying was done with our time-saving method employing a
knottes rope with a center pivot. The rope is 12 meters lcng witn a loop as
a center pivot, anae painted knots spaced 2 metars apart. The rope g
stretched taut with the center lcop, or pivos, over the proposed borehu?g
Tocation. Upon completion of the first survey line, the rope is aivoted 90

to act as a cguide for the second, orthogonal survey lime without the
necessity of laying out & surveyors tape. Orange pin flags nad been placed
by D.R.A.U. at tne sites of proposed boreholes. Upon completion of the radar
survey, the pin flags were marked by Detection Seciences Group with the grid
coordinates and the borehels descination. The norehcle designations assigned
by Detection Sciences Group are numbered to show tne area and the sequence
in which the radar survey was done. (The desicnation sequence is assigned by
Cetection Sciences Group for reperting purposes only, ana are not O0.R.A.U.
designations.) The grid coordinates and borehcle designations are listed in
Tabie I of this report. ‘



DETECTIUN SCIENCES GROUP

RESULTS OF TKE SURVEY

ir. Area S a section 50 meters by 30 meters was surveyed in a grid pattern
witn 5 meter spacing between radar transect iines., This section of Area §
was grid-pattern surveyed zc locate any concentration of buried materials,
anc  to obzair information about any subsurface disturbances that might
irterfere with the placement of a number of shallow borinas. The cnarts for
this area indicate the presence of what appears o be industrial deoris
(repars from concrete foundations, sheet Tetal, pipes, etc.). The shallow
borehoies were therefore located where the radar did not show any potertial
cbstacies and the appearance of the ground was relatively berign. The radar
charts shuwing vertical profiles of tThe survey transéct lines for Area > are
bound separately in book ferm. The radar charts for Area 5 are laneled #1
through #1%, in the sequence in which the data was recorded. (The cnart
rumbers are keyed to the entry numbers in the Field Logs contained in the
Appendix of this report.) On the charts, the subsurface anomaliazs are
kighlighted with orange marker. A listing of these anomalies is compiied in
Table II, together with a descriostion of the anomaly.

Before beginning the radar survey, Detection S5Sciences Group was presented
with a map containing proposed locatiors for boreholes. The bdoreholes for
tnis site were designated either "deep” or "shallew” by UK. AU, Most ot the
locations shown on the map were markea 1in the Tield by orange pin-flags
placed by O.R.A.U., but there were a few ltocations that had not opeen
flagged. At the locaticns that had not been sreviously flagged, Detection
Sciences Group placed orange pin-flags at the approximate lccations, as
scaled from the map. Prior to surveying each borehcle, Detection Sciences
Group used a waterprocf felt-tip marker to write the coorcinates and the
specific torehole cesignation on each orange pin-flag. A total of 17
poreholes were surveyed at this site, they were designated $1 through 517. Of
these 17 borehoie locations, 10 were retocated because of subsurface distur-
nances. “he Dporencles were moved if: 1) the driltling rig night possibly
encounter difficulty drilling through subsurface materials at the proposed
location; 2, there are utilities present; or 3} the proposad location is
inacecssible to the radar antenna. A detailed list of the proposed co-
ord'linates. ane the final co-ordinates for the borehole lccations is shown in
Table [.
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FIGURE 1.
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Boring

Numher

51
52
$3
54
55
56
§7
58
§9
510
5N
512
313
514
515
S16
517

BORING LOCATIONS DETERMINED BY RADAR

Direction of

Move
Move

Mave

Move

Move

Move

Move
Move

Move

Move

-

am
Zm
2m

]
2m
em
em
dm

5m

4m

Relocation

West
South

West

South

East

West

East
West

South

Narth

TABLE 1

AREA &
Proposed
Locatinn

2200, 275
171, 165
97u, 308
52W, 255
41E. 235
45E, 1608
4bE, 295.5%
40, 195
3o9W, . 145
39, 85
25W, 258
S5W, 133
15W, 138
10W, 225
B.5W, 7.58
30k, 225
46E, 1938

Final
2204, 7%
VT3M, 16%

97W, 32%
B2W, 258
39E, 235
45,  160%
45E, 295,55
40w, 215
37W, 145
41, 8%
25W. 2585
23, 13%
19U, 13%
10W, 225
8.5, 12.8%
30¢, 225
46C, 1898
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Chart Line
#4 40u
&7 30uW

£10 16W

#14 5%

#17 205

#18 255

#18 253

#19 305

Coordinates
208 225
265 278

22.55 305

12.8W  15W
390 AIW

bW 6W
45W  47W
34W  38W

TABLE 11

RADAR ANOMALIES

AREA 3

3.0
5.4
Near
Naar
Near
4.5
3.3

Near

Depth, Ft,

surface

surface

surface

surface

Notes

High dielectric
Concentration of Material
High dielectric

Concentration of Material

- Concentration of Material

Hyperbola {metal)
High dieltectric

Coneentration of Material



DETECTION SCIEMCES GROUP

RROAR EQUIPMENT

Detection Sciences Group owns a modifiee SIR SYSTEM-3 radar system with an
integrai Moterola MESO0 microprocessar unit, Our proprietary modificatianms
to the racar system have proviced increased range anc sensitivity, as wel’
as imoraving the overall efficiency of the data-¢athering process. Detection
Sciences Group has also developed special auxiiliary equipment to facilitate
auwr radar surveys. The individual Zomponents of the radar equipment are:

3551 Model 4800 Control Unit. The control wnit contains the bulk of al:
the radar electronics and system contrels, ond has arn oscilloscope
displiay.

= Motorpla Model MGESBMMO1A/1A2 Monoboard Microcomputer. The minrocomputer
has real-time processing capability for bacxground removal, digital
filtering, running averages, and other radar signal-processing algorithms,

* Hewlett-Packard Model 39643 Instrumentation Tape Recorder. This igh

quality, four-channel tape reccrder provides master tapes of a1l cata
recorded in the field,

+ EPC laboratories, Inc. Model 2800 Chart Recorder. This scanning chart
recorder generates the harc-copy radar graphic charts {vertical profilas)
used to interpret the radar data.

+ @551 Radar Antenna Units. The radar antennas operate at different
frequencies; the depth requirements of the survey determine the operating
fregquency selected for the survey:

[ 1900 MHz [ J 600 M4z [ ] 300 MHz ( ] 120 #Hz [ ] 80 MHz [ ] 10 Myz

« Sears 500VA Solid State Inverter. This power supply unit provides bath
120 volt ac power as well as 12 volt de power for operating all field
equipment from the survey wehinle's electrical system,

Honda SOOYA Genertor. This gascline-powered generator is used for surveys
in remote lccitions where vehicle access is not possible.

* Remote Stop/Start Unit. The remote stop/start feature 2llows the operat-
or to contrcl the racar system from the antenna location.

*  Odometer Wheel Assembly. This "#ifth wheel" attached to the survey
vehicle provides automatic logging of ‘ncremental  distance traveled
along tne survey path, and autematically legs the ground stations on the
radar charts.

* Support Equipment. The various support equipment includes the Micro-compu-
ter Control Box, the Rermote Jontrol/Market Unit, Hand-neld Market Unit,
towing sleds, towing narnesses and miscellaneous electrical zables and
connectors.
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