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Summar y

This radiation survey was conducted to document current
levels of radicactivity at sites on or near Barnwell Nuclear
Fuel Plant (BNFP) and to compare these with historical data.
In October 1983 litter, humus and soil samples were collected
at eleven sites and analyzed in the laboratory. In situ
gamma-ray radiometric measurements were performed at twelve
sites. From this in situ data there appeared to be evidence
of the presence of elevated concentrations of 137Cs and 60Co
near the eastern boundary of the site at the Osborne Road
air/rain station. However., because of the proximity of
possible radiation sources on the adjacent property, special
litter, humus and soil samples were taken at seven locations
in January 1984 to resolve whether the high activities
measured In situ at the Osborne Road site resulted from
contamination in the soil or from possible sources of
radiation on the adjacent progerty. Gamma-ray analyses of
these samples convirm that the 137Cs levels in the soil and
litter /humus at the Osborne Road site are consistent with
normal 137Cs fallout levels measured throughout the area.
Cobalt~60 is present in the soil and litter /humus at the
Osborne Road site, but in concentrations consistent with
levels reported in 1976~-1979. Neither the 137Cs nor Lhe 60Co
concentrations in these terrestrial samples accounted for the
high in situ readings at Osborne Road. The most likely
sources to produce these high in situ readings are parked
trucks and other cperations on the adjacent Chem-Nuclear
property. There is no evidence that past operations at BNFP
have contributed measurable activity to the local environment.



) Introduction

The radiological survey presented in this report is part
ot the process of preparing the Barnwell Nuclear Fuel Flant
for a period of inactivity, Although the plant has never been
utilized for any of the principle functions for which 1t was
constructed, 1.e., fuel storage and reprocessing, Lt R
decided to conduct a radiological survey to assure for the
record that no adverse radiological impacts have resulted from
any oprrations conducted on the site.

5

0 Description of Study

The survey conducted was designed to provide a rapid but
tllustrative Iindication of the presence of radiocactivity other
than that expected from fallout and naturally occurring
radionuclides. Since the initial in situ survey conducted in
October 1987 showed the presence of unexpected radioactivity
N the vicinity of the Osborne Road air/rain station, further
sampling and analysis were nerformed in this area in January
1984, The radiological survey consisted of the following:

d«1 Laboratory Litter /Humus and Soi1l Measurements

The October 1983 study consisted of laboratory-~conduc ted
QAamma -ray spectrometr i« anal yses o+ iftter / humus and soil
samples collected at eleven of the twelve representative
sites. At each site litter /huius was collected from three
randomly chosen 0.5 square meter plots. A core consisting of
the top 5 centineters of soill was taken from each of the three
plots at each site. The soi1l and litter /humus was dried and
composi ted to gQive " single soill and a single litter /humus
composite sample from sach site. These samples wer e then
anal vz ed tor the presence of radiocactivity by high resolution
gamma-ray spectroscopy.

For the January 1984 study seven sampling locations wer e
selected AN the vicinity o the Ushorne Koad airlr/rain
monitoring station. Litter, humus and snil was collected at
each of these locations I1n the manner previously described and
L bhsequently analvzed 1n the laboratory for the presence of
radioactivity,

e In ttu Gamma~-Ray Anal vysi s

In si1tu gamma-ray radiometric measurenents were pertormed

in October 1983 at twelve terrestrial sites near or similar to
those used over the past years for the preoperational program
at BNFP (1+-2). This measurement technique has been used with
great success for A numb er ot YRArs to make rapid and
eftfective determinations of environmental radiation fi1eldes and

the resulting radiation syposure rates. (5~1 . The in ttu
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method, when properly applied and interpreted is a powerful
tool for long term radiological environmental monitoring. In
situ wspectroscopy can provide the concentration of certain
radionucl ides in the soil, the deposition in pCi/Zcm of ar
deposited radionuclides and the total gamma-ray sxposure rate
at a particular site. However, becauss of the sensitivity of
this method to all sources of radiation, care sust be used
when measuring and reporting soil concentrations that the
source of radiation is in fact in the soil layer and not
extraneous to 1t, The in situ method is used to detect and
characterize the radiation environment at nuclear facilities
and to identify changes in the levels of radioactivity on
subsequent surveys (10, 14), 0OFf particular importance i1s the
rapidity with which this technique can furnish a good estimate
of the spectrometrically specifie. gamma-ray sxposure rate,
dose assessment being an important goal of any environmental
monitorine  program. A detailled description of the squipment
and in situ methodology is presented in Appendix A,

2.3 Water Sample Analysis

Gross alpha, gross beta and tritium concentration
measurenents wer s made of water samples taken at six specially
selected sites within the boundary of BNFP, Elevated
concentrations 1§ found would indicate the need for gamma-ray
spectrometric analysis of the sample,

3.0 Description of Sites
3.1 October 1983 Sites

The twelve terrestrial sites are listed in Table 1 and
shown in figures 1| and 2. Samples from these sites are
identified by the letter § for soil and LMW for composite
Litter /humus. For example, the soil composite sample from
Terrestrial Station 3 is (dentified as sample number TH3S,
Terrestrial sites 1, 2 and 5 are located on the boundaries of
the plant site. Site 3 lies near the process area; site 4 s
located north of Osborne Road; and the Osborne Road site is
located near the road at the eastern boundary of BNFP,
ad jacent to Chem-Nuclear property. The Circular Turkey Oak
and Carolina Bay sites are at the northern boundary of the
plant, The wsites outside the plant boundary are located in
sectors 4, 5 and & of the sastern gquadrant shown in figure 2.

The water samples were taken from Beacon Pond (samples
1«3), from a ditch near the process area (sample 4) and near
the boundary in the flow direction from the process area
(samples % and &), Plans had been made to sample several
carolina bays and pond holding areas; however, sufficient
ground water was not present at the time of the study for
these samples to be collected.
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3.2 January 1984 Sites

The seven sampling locations for January 1984 are shown
in Figure 3. The sampling locations are nusbered | through 7.
The samples are identified by the letters OR for Osborne Road,
LM for Litter/MHumus or 8§ for Soil, and then the sampling
location number, e.9g. ORLMHI is the litter/humus composite
sample from sampling location nusher 1. Locations | through 5
are along the unimpr oved road which paralliels the
BNFP /Chem-Nuc lear boundary fence on the BNFP property. These
five sites havo little litter and almost no humus layer, The
soil in this location has been graded and disturbed. The road
area is well washed and covered by low, thorny undergrowth,
At sampling location number 3 (Osborne Road alr/rain station)
no litter or humsus was present and no Litter /humsus sample was
collected. Sampling locations & and 7 are away from the road
and are relatively undisturbed forest sites.

The following is & brief description of each location
sampled in the vicinity of the Osborne Road air/rain station
in January 1984,

Location 1. At the telephone pole on Chem-Nuclear Road
approximately 30 meters from the gate on to
Osborne Road, Samples taken between boundary
fence and Chem-Nuclear Road.

Location 2. In bend of Chem-Nuclear Road where UOhio Road
intersects. UOne sample between Chem-Nuclear Road

and boundary fence, two samples across
Chem-Nuc |l ear Road.

Location I, At the Osborne Road air/rain station. Three soil
samples within | meter of Ailr/Rain  Station, No
litter /humus samples collected,

Location 4, Approximately &0 meters from the Oshorne Road
air/rain station north on Chem-Nuclear Road.
Samples collected from area on BNFP  side of
Chem-Nuc |l @ar Road. Location ad jacent to
Chem-Nuc lear shop building.

Location 9. Approximately 120 meters from the Osborne Road
air/rain station north on Chem-Nuclear Road, At
intersection ot Chem-Nuc lear Road and an
unimproved Road on BNFF  property., Location
ad jacent to telephone pole and large tree stump
on Chem-Nuclear Property,

Location &. Approximately 40 meters perpendicular to  Chems -
Nuclear Road toward BNFP plant site from the
Osborne Road air/rain station.
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Location 7. Approxivately B0 meters perpendicular to Ches-
Nuclear Road toward BNFP plant site from the
Osborne Road air/rain station,

4.0 Resul”s
4.1 Radionuclides in Soil ~ October 1983

The concentrations of radionuclides in soll measured In
the laboratory are summarized Iin tables 2 through A,
Spectrometric data from each individual sample is presented in
Appendix B, The radionuclides observed in the soll are the
fallout nuclide 137Cs and the terrestrially naturally~
occurring 226Ra, 21400, 2327Th, P TS and A0k, The
concentrations of 137Cs ranged from 1.3 pCi/g te 0,39 pCi/g.

4.7 Radionuclides in Litter /Humus -~ October 1983

The concentrations of radionuclides In Litter /humus
samples taken at all terrestrial sites and seasured in the
laboratory are summar | zed in Tablos b thr augh L
Spectrometric data from sach individual sample 1s presented in

Appendix C,

The radionuc] ides observed in the litter/humus are the
nuclear weapon fallout radionuc]ides 144Ce, 137Cs and 12980
cosmic-ray produced 7heg &OCa and the terrestrially
naturally-occurring radionuclides 226Ra, 214Ph, 232Th, 220hc
and 40K, The concentrations of the fallout radionuelides,
although very small, were stil]l observable in the laboratory
but not Iin the in situ measurements. The main reason for this
was the relatively higher gamma-ray efficiency and higher
resolution of the laboratory Ge(lLi) detector and the longer
counting times (12 hours) used in the laboratory compared to
the field measurements. Table 5 shows that no significant
concentrations of fallout radionuclides except 1170Cs were
obser ved in the Litter /humus samp |l ow. The 137Cs
concentrations were, as expected, about twice those found iIn
the soil.

4.7 Radionuclides in Soil ~ Osborne Road -~ January 1984

The radionuclides oceurring naturally i seoil, 226Ra,
214Ph, 232Th, 2080Ac and AOK appear in the soll samples
collected near the UOsbhorne Road air/rain station in
concentrations similar to those at the sites sampled in
October 1983, This may be seen by a4 comparison of Table 8
with Table 2. The mean concentration of 40K near the ODshorne
Road site is higher than the mean for all other sites although
the range 1s similar., No significance is attached to this,
The mean concentration of 177Ce in the sail near the Osborne
Road wite is almost exactly that of the mean for all stations
sampled in October 19807,
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Table 9 presents the measured concentrations of the
radionuclides &0Co, 134Cs, 137Cs and "Be in soil at the seven
Osborne Road sampling locations, These three radionuclides
were not detected in any soil samples collected at any station
sampled in October 1903, They were, however , obhserved in  the
in situy spectrum taken at the Osborne Road Site. A trace
amount of naturally occwrring 7Be was detected once at
location Aumb e | Cobal t-60 and 1 34Cs appear in
concentrations less than those ssasured in 19761977 (1% an
soil from the Osborne Road ALr /Rain ftation Site,
Concentrations of 117Cs in the top 35 centimeters of soill  near
the Osborne Road alr/rain station are comparable to or |ower
than 137Cs concentrations in soil seasured in 19741977 (1%,
The Sample Analysis Reports for sach soil sample are contained
in Appendix D,

4.4 Radionuclides in Litter /Humus ~ Osborne Road-January 1904

Concentrations of the naturally eccurring radionuclides
F36Ra, 214Pn,  232THh, 220Ac  and AOK in Litter /humus samples
from the sampling locations in the viecinity of the Oshorne
Road alr/rain station are generally similar to concentrations
of these radionucliides I1n lLitter/husus samplos from the
stations sampled in October, 1983, A comparison of Table 10
with Table 5 shows this, and also shows the wide variation in
the concentration of these radionuclides from site to site,
There (s nothing unusual In the concentration of these
naturally occurring radionuc] ides In the vicinity of the
Osborne Road site,

Table 11 presents concentrations of the radionuelides
S0Ca, 485In, 134Ce, 137Ce, 7he, B54Mn, 141Ce, 144Ce and 12%Eb in
Litter /humus samples from the vicinity of She Osbhorne Road
site collected in January, 1984, Table 13 shows the
concentrations of these radionuc ]l ides measured 1n 19741977,
Concentrations of 137Cs, 144Ce, 12980 and 7he in i ther /husus
samples callected near the Osbarne Rosd site in January, 19894
are similar to those from all stations sampled in October 1903
and are alun consistent with measurements made in 19741977
(16, 17, (Table %, The radionuc] ides |34Cs, S54Mn and 141Ce
were not detected at stations sampled in October 198 . These
radionucl tdes were detected near the Usbharne Road air 'rain
station in 19741977 (2.5 (Table 120 &t e an levels
considerabliy higher than those ssasured 8 this study,
Line A8 wan detected at one locatiung this radionuclide has
not heen previously observed in the vicinity of BNFPF, The
radionucl ilde A0Co appears at the locations sampled in this
study at levels above those at the stations sampled in October
1983, Cobalt-40 ground contamination was studied in  the
vicinity of the Osborne Road site 0 197801979 (1),  Present
A0CH levels in the vicinity of the site are conwistent with
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concentrations of this radionuclide reported n 19781979
(I, Sample Analysis Reports for litter /husus semples are
contained in Appendis B,

A8 In Bitu Gamma-Ray Malysis

The results of the in situ Qamma - ray measuressnts are
present ed n Tables 11 the ough 17, The principle
radionuc i ides observed at all sites were the fallout nuelide
137Ca, cosmicray produced 7he and the terrestrial nucl ides
AOK and those of the ranium and Thorium series, With  the
excoption of 137Cs and &OCe readings at Osbhorne Road, the
concentrations of thess nuclides are similar ta those abser ved
in the precperational progras,

Assuming & value of 0,24 c.“ far & for 1370 (the average
value meanur od dur i ng the preaperational years), the
depositions for 1170s were caloulated, These are shown in
Table 17 with the ssception of Oshorne Road., The value fter &
for the terrestrially naturally-sccwrring nuelides was taken
to be intinity, For 7The, % was tero, sinee this radionuelide
i assumed 'o e entirely deposited on the surface,

Elevated levels of 117Cs and A0CH were measured at  the
Ouborne Moad site, The radionul ides | J4Cs, B4Mn and SEBLO were
also obaserved at Osbhorne Road, Because no  Lititer husus or
soil samples were collected at the Oshorne “ead site in
Octaber 190, these samples were taken in January 1984 o
determine (¢ in fact these radionucl ides were 10 or on the
soil, Assuming that the radionuel ides are all .n‘nn an the
surface, that (s, & = 0O, the depositions in pli/7en”™ would have
beens 2100/07 taw 1370, S.8%/-0. 4 for 134808, 1. 84/0, 2 tw»
SAMn, 1OW/=9% dor A0CH and 185+/-) tor BBC (see Tabie 10,
This assumption, W = O, s probably net correet, bBut 4t
permits caleuliation af what the approvisate deposition would
have too be ta result in the ohserved radiation levels,
However , laboratory seasurements of the Litter /fhusus and soil
samples collected in January 1984 confirm that thess readings
resul t primarily from sources located on the adjscemt
Chem-Nucloar property rather than from the pressnce oF unusuasl
concentrations of these radionuclides 1/ the soil near the
Osbarne Road site,

The gamma-ray suposure rale in uR/he ot one  seter  above
the greund s caleulated based an bnown contribut lone from
Sach radionuclide detected, This includes all gammarays from
parents  and daughters 0 the decay thain, When thesse are
summed over all radionuel ides present an sspasurs rate
Sach site s obtained, The total gamma ray ssposure rate al
Sach site (s shown (s Table 19, however, |t should be Aoted
that the eswposure rate at the Debherne Foad site was found ta
he a4 result of sowrces and operations an  the  ad acent
Chem-Mue loar property and nat from seill comtamnat ion at BNee,
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4.5 Water Sample Malysis

The radiolegical measuresent data for the water samples
are  shown In able 20, Gross alpha and gross hets positive
results were only found for one sansple which was taken near
the process ares. A subsequent gasma ray spectral analysis
showed ne ganma-rays from fiasion or activation products, One
other sample, sample &, showed ne gross alpha activity, but
did show & gross bets concentration of Be/-3 pti /),

Twe sanples showed the presence of tritium -~ sample 4
with & tritium concentration of 7. 4470, 4 pli/ml and sample 5
with & tritium concentration of 2.04/90,3 pli/ml, These
levels are consistent with concentrations abserved (0 the BN

sonitaring program (Appendis ¥, Table 330,

8.0 Discunalon
S Litter /lumus and Soil Labar atory Measur esent s

A all sites sanpled with the ssceplion of the Oshorne
Road air/rain station the concentrations of radionue l ides
rmansured in the Litter/husus and in the seil are those
eipectiod o be ohserved fram current fallout predictions and
the presence of natuwrally orcurring radionuel ides, Fuceptions
may be ACa and 137Ce levels which are not i/ any case
attributable to BNIF aperations, ALl seaswred concentrations
a“re . 1o te be of no environmental  significance,
Concentrations of 137Cs in soil similar o those mseasursd 0
this swrvey 0 Litter and husus have been asasur od by S
during their 1992 pr an I8 and Apperdis F, Table 10, The
presence of S4Mn, | and 12080 at soms of the BNFP sites is
auestionabie dus to the dittieulty ot aheerving these ssall
peaks in the spectrus,

Types ant conemntrations of radionuecl ides at  the seven
lcations in the vitinity of the ODsbharne Road air/rain station
mmanured in January, 1984, while eertainly ditterent trom
thone stations  sampled in Detober 199, represent e
signiticant changes fram simiilar data tabken five vmar s
previously At the Osharne Boad site, fhe types and
conmcentrations of radionue i tdes appear ing now sl the  Dehor ne
Road site are naturally secwrring, fallout or consistent with
seasrenents sade 10 1974197%, M that  Lise  thesse unusual
radisisatopes appear o have heen the result of the resaval of
an under ground storage tank at Ches MNuelear a0 1977 10,

The types and concentrat ione of radionue i Ldes ssasured | n
January 1984  (n o soi ]l andd Litter /numus 10 the vieinity of the
Oaborne Road site are not consistent with the Detaber 198 n
Fity mepasure  seasuresent results gieen an Tabile 19, In
particular, 17708 lovels seanured 10 the laberatery in senl
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and  Litter /humus samples collected near the Osborne Road site
are no ditterent from the 1370 levels at all other stations
sampled in October 1993 and yet the deposition of 137Cs
seasured in situ at the Usbhorne Road site 18 higher than that
4t the other sites by an order of sagnitude. Cobalt 50 was
not oheerved (0 the sail and Litter /husus samples collected at
Oubhorne Road but was observed in situ at the same location.
Cobalt~40 levels in the soill and in the litter/humus are
consistent with levels asasured in 19781979, however , the in
fity results from these Lime periods at the Osborne Road wsite
are ditterent, This i1s shown in Table 18 and in reference 10,
The concentrations of the naturally occurring radionuclides
P26Ra, 14PN, A0k, 2000c and 232Th measured in this study are
similar from site to site over the BNFF property.

It appears from this study that the slievated levels and
presence of the radionucl ides obaserved in sifu in the vieinity
of the UDshorne Road air/rain station in October 198 are not
attributable ta sources located in the soitl and L Lter 7husus
an the BNFF property, and therefore sust be attributable to
sources on the Uhes-Nuclesar property,

5.2 In ity Measursments

Mith the esveeption of the Osbhorn Road site the
concentrations, depositions and essposure rates seasured in
fitu are similar within the esperisental uncertainty to
seasureasnts sade 10 the preoperat ional years since 19785, M
Osbhorne Foad in October 1981 there 18 definite esvidence of
increased levels ot 137Cs and &0CG, These increased levels
detinitely are not the result of soitl contamination on  BNFP
property But rather are attributalle ta sources located o lose
to the Oshorne Road site outside the plant boundary, The
radinactivity in alr seasured (n the BRP 1992 program at the
nearest air/rain station ta BNFP (Mighway 2171470 showed no
whusual concentration of radioactivity (Appendis F, Table %),

S50 Water Samp .0 Aralynis

The radialogical studies of water samples show no unusual
levels of wither gross alpha, gross bheta, tritium or gamma-ray
ativity, The roncentrations af alpha and beta 10 ane sample,
Beta in one sample and tritium 10 ten samples are similar to
thase sepected fram the background 0 this  ares, Bimilar
cancentrations were abhessrved In waler sumple sesasuresent s
taben by BRF during their 1982 program (Appendis F, Table 220,

6.0 Cone lusion
Based on the seasurenents made in this survey 4 is

cone | uded that there 18 ne evidente that any  unusual
cancentrations of radionuel ides svist on the plant site, Very
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low levels of 60Co and 137Cs are present at some sites but
these were expected to be present. The 60Co is the resuit of
a slight contamination arising from operations at Chem-Nuclear
and has been present for several years and the 137Cs is from
world-wide fallout. Operations at the Barnwell Nuclear Fuel
Plant have contributed no measurable radioactivity to the
local environment.
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Figure 1: On-Site Stations for In Situ Gamma Ray Spectroscopy,

and Water Sample Sites, BNFP, October 1983.
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Figure 2: Off-Site Stations for In Situ Gamma Ray Spectroscopy,
BNFP, October 1983.
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Figure 3:

Soil and Litter/Humus Sampling Locations in the Vicinity
of the Osborne Road Air/Rain Station, BNFP, January, 1984
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€ Table 1

Abbreviations of Site Names for October 1983 In Situ
Investigation in the Vicinity of BNFP

%
Station Abreviation

Terrestrial Station 1 TS1

@ Terrestrial Station 2 82
Terrestrial Station 3 TS3
Terrestrial Station 4 TS4
Terrestrial Station S TSS
Circular Turkey Oak CTO
Carolina Bay CB

kY Osborne Road A/R OR
Natural Station 1 NS1
Forest Soil Litter 4 FSL4
Forest Soil Litter S FSLS
Forest Soil Litter & FSL&

®

L

&

»




SAMFLE TYFE:

NUCLIDE
226RA
214FR
232TH
137CS
228AC

40K

SOILx*

MEAN
Q. S49TE+00
0,469BE+00
0.S481E+00
0., 7773E+00
0.5912E+00
0.42T2E+00

Soil Core Composites
BNFP October 1983

Table 2

Summary

pCi/gm

A1l stations except Osborn Road

STD DEV
0.2181E+00
0, 1593E+00
0. 1S62E+00
0,253I9E+00
0. 1701E+00
0., 2490E+00

FREQUENCY

11/
11/
11/
11/
11/
11/

11
11
11
11
11
11

MAX IMUM

‘0. 1064E+01

0,8951E+00
Q.83T0E+00
0.,13T7E+01
0, 246E+00
0. 113BE+01
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MINIMUM
Q. 3294E+00
0, 33IIFE+0Q0
Q.3J4TE+O0
0.38B0E+0Q0
0,345S2E+00
0. 2493E+00



<
Soil
¢
Yerr Lore C
est o
. pPOsS
Stat g
10
on
:
| -5

)N
f ‘\|" ‘9
JO .-‘\Dt‘.
oy 1
] . -

/gm




SAMFLE TYFE:

NUCL IDE
226RA
214FE
232TH
137C8
228A/C
40k

SOTLX

MEAN
0.42T9E+00
Q. 3I7T1E+00Q
0.2887E+00
O, 6996E+00
Q. 4202E+00
0. J4S0E+QO

Soil Core Composites
Forest-Soil-Litter (FSL) Stations 4-6

BNFP

STD DEV
0O, 158%9E-01
0.4265E-01
0,.5496E-01
0, 2886E+00
0,868624E~01

O, 1220E+0Q0

Table 4

Summary

October 1983
pCi/gm
FREQUENCY
37 .
>/ k3
S/ X
-/ =
>/ 3
%/ 3

MAX IMUM
O, 4THTE+QO
0.4185E+00
0. 4442E+00
0,95 76E+00
O, 470E+0D0
0, 4824E+00
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MINIMUM
0.4061E+00
Q, ZEZIQE+GO
0, 3Z4TE+O0
0. IBBOE+OG
0, I4S52E+00
0, 2495E+00



Table

Summary

Litter and Humus Composites
BNFP October 1983

pCi/gm
stations except Osborn Road

MaX ITMUM

1 S89E




Table 6

Summary
Litter and Humus Composites
Terrestrial Stations 1-5

BNFP October 1983

pCi/gm

MAX IMUM MTINIMUM
1S72E+00
1 60E+0Q0

« D226E+0

=846 O 1

SJOAKBE +0O1




Table 7

Summary

Page 22

Litter and Humus Composites

Forest-Soil-Litter (FSL) Stations 4-6
BNFP October 1983

pCi/gm
SAMFLE TYPE: LITTERX
NUCLIDE MEAN STD DEV FREQUENCY MAX TMLUM MINIMUM
144CE 0.1329E+00 0.I670E-01 2/ 3 0. 1S89E+00 0. 1070E+00
226RA 0, 3I96FE+00 0. 1616E+00 3/ 3 0. S280E+00 0.2163E+00
214FPR O, 3582E+00 0.S029E-01 SZ S 0. 2877E+00 0, J001E+00
7BE 0, 1250E+01 0,3961E+00 >/ 3 0.177SE+01 0, 6021E+00
232TH 0. Z670E+00 0,57356E-01 o/ 3 0, 4269E+00 0. F121E+00
137CS 0,2019E+01 0.3094E+00 3/ 3 0,2271E+01 0. 1664E+01
228AC 0. 4086E+00 0,3726E-01 3/ 3 0. 4690E+00 0.3551E+00
4000 0. 1050E-01 0. 0000E+00 1/ 3 0, 10S0E-0O1 0. 1050E~-01
40k 0.772SE+00 0. 1667E+00 \ 7 . 0, 9460E+00 Q. &136E+GO
125SHE 0.487BE-01 0.8004E-02 2/ 3 0,5404E-01 0.4272E-01



SAMPLE TYPE: 2SOIL%

SPECIES: %
REMARKS: x

NUCL I1DE
226RA
214PB

7BE
232TH
137CS
228AC
40K
60C0
134CS

MEAN
0.6487E+00
0.5144E+00
0.7902E-01
0. 6858E+00
0.778SE+00
0.7664E+00
0.8514E+00
0.2658E+00
0.2107E-01

o

Fage 2

Table 8

Summary
Soi1l Core Composites
Osborne Road Air/Rain Station

BNFP January 1984

pCi/g
STD DEV FREQUENCY MAX IMUM MINIMUM
0.1704E+00 7 7 0.937SE+00 0.4109E+00
0.1014E+00 v 7 I ; 0.6544E+00 0. 3628BE+00
0.0000E+0Q0 32 7 0.7902E-01 0.7902E-01
0. 16SBE+00 77 7 0.9389E+00 0.4664E+00
0.5384E+00 v O 0. 185S9E+01 0.1961E+00
0.1897E+00 7/ 7 0.1039E+01 0.5S097E+00
0.S031E+00 ¥ S 0. 163SE+01 0.3632E+00
0.2367E+00 &/ 7 0.4076E+00 0.1263E-01
0.144S5E-01 4, 7 0.3368BE-01 0.8382E-02
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Table 9
Concentrations of Radionuclides in Soil at Sites in
the Vicinity of New Osborne Road Air Rain Station

January, 1984

pCi/gm—-dry wt

Site 60Co 134Cs 137Cs 7Be
o T g e B - 0.204/-0.01  0.08+/-0.03
2 0.013+/-0.003 - 0.31+/-0.02 =
3 0.61+/-0.03 0.034+/-0.008 0.75+/-0.04 -
“ 0.20+/-0.01 0.008+/-0,005 0.72+/-0.04 -
S 0.42+/-0.02 0.009+/-0.006 0.76+/-0.04 -
& 0.34+/-0.02 0.033+/-0.009 1.9+/-0.1 e

7 0.014+/-0,003 0.85+/-0.05 -
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Table 10

Summary
Litter and Humus Composites
Osborne Road Air/Rain Station

BENFF January 1984

pCi/qg

SAMPLE TYPE: 2LITTERZ®
SPECIES: &%
REMARKS: X
NUCLIDE MEAN STD DEV FREQUENCY MAX IMUM MINIMUM
226RA 0.5801E+00 Q.3464E+00 &/ & 0.1130E+01 0.2854E+00
214PB 0.4122E+00 0.2212E+00 &/ 6 0.78&64E+00 0.1661E+00

7BE 0.S627E+01 0.3294E+01 &/ b6 0.8753E+01 0.1211E+01
232TH 0.5947E+00 0.3350E+00 &/ & 0.1090E+01 0.2SS6E+00
137CSs 0. 706SE+00 0.5193E+00 &/ 6 0. 1394E+01 0.2288E+00
228AC 0.754SE+00 0.4627E+00 &/ & 0.1378E+01 0.2429E+00
60C0 0.4513E+00 0.3S73E+00 &/ 6 0.8676E+00 0.7669E-01
40K 0.1721E+01 0. 1694E+01 &/ 6 0.485S6E+01 0.5870E+00
134CS 0.4615E-01 0.5S398E~-01 2/ 6 0.8432E-01 0.7987E-02
S4MN 0.1588E-01 0.4985E-02 2/ 6 0.1941E~-01 0.1236E-01
144CE 0.1102E+00 0.0000E+00 1/ 6 0.1102E+00 0.1102E+00
141CE 0.1900E-01 0. 0000E+00 1/ & 0.1900E-01 0.1900E-01
125SB 0.4978E-01 0.0000E+00 0.4978E-01 0.4978E-01
6SZN 0.3370E-01 0. 0000E+00 1/ &6 0.3370E-01 0.3370E-01
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Table 11
Concentrations of Radionuclides 1n Litter and Humus at
Sites in the Vicinity of New Osborne Road Air Rain Station

January, 1984

pCi/gm—dry wt

Site 60Co 1Z4Cs 137Cs 7He

1 0.1084/-0.009 SR 0.234/-0.01  8.14/-0.4
2 0.077+/-0.009 - 0.23+/-0.02 3.94+/-0.2
3%
B 0.60+/-0.03 0.008+/-0.006 0.52+/-0.03 8.7+/-0.5
S 0.82+/-0.04 - 0.55+/-0.03 3.14/-0,2
& 0.87+/-0.05 0.08+/- 1.314/-0.07 8.8+/-0.5
7 0.24+/-0.02 - 1.394/-0,07 1.2¢/-0.1

— s ——— o ————————— ——— —— ——— ———— o — ————— —— e ——— - —————

¥ No Litter and Humus sample collec . ed this site.
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Table 11 Continued
Concentrations of Radionuclides in Litter and Humus at
Sites 1n the Vicinity of New (Osburne Road Air Rain Station

January, 1984

pCi/gm—-dry wt

Site S4Mn 141Ce 144Ce 1255b
T T g PR R T T T T e e P
2 - - - ~
3%
43 - - - -
S 9 - - - -
6 0,019+/-0,009 - - -
7 0.0124/-0.005 0.019+/-0.009 0.11+/-0,.03 0.05+/-0,01

. . S —— —— . ———————— —— ——————— —————— — ————— . ——— —— . —— — —— ——— . ——— —— -

¥ No litter and Humus sample collected at this site.

? &65In detected at Site S —— 0.034+/-0,009 pCi/g-dry wt.
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Table 12
GAMMA-EMITTERS IN FOREST LITTER
AT THE OSBORN ROAD AIR/RAIN STATION
June, 1976 - November 1977

pCi/g
7'. l.‘ Sbnn ‘.co "!l’ l.’& 1’591 l‘7c. lhlc. lhbc.
Mean® 9.1 5.0 0.20 2.1 1.0 0.55 0.40 2.0 0.95 1.8
se 1.47 - 0.026 0.62 0.21 0.05 0,195 0.10 0.029 0.32

Frequency of

Detection 5/5 1/5 3/5 5/5 5/5 /5 2/5 5/5 L/5 5/5

a) Means calcula<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>